
 
   

   
        

 

 
 

 
 
 
 
 

  
 

        
  

#100462419v1

For assistance in accessing this document, please contact Quality@epa.gov.

EXHIBIT 1 

EPA March 2022 Denial Letter of RFC 21005 

Request for Reconsideration 
RFC #21005 (Chloroprene) 

Submitted on behalf of Denka Performance Elastomer LLC 



 

Jai-~~o srq~~. 
s 

K"' ~~ '"~ UN17Eb STATES ENVIRONMENTAL PROTECTION AGENCY 

~~ ~~/1 ~ WASHINGTC?N, D.C. 20460 

, 
~rq< PRi)<<~ 

March 14, Zoz2 

otricF of 
Rf.9EARCH AND I7FVF.LOPMFN'f 

Patrick Walsh 
Denka Performance Elastomer LLC 
S60 Highway 44 
Laplace, LA 70068 

Dear Mr. Walsh, 

This letter is in response to the Request for Correction (RFC} received by the U.S. 
Enviranrnental Protection Agency (EPA) from Denka Performance Elastomer LLC (Denka) on 
July L5, 2021. The ItFC request was assigned :[tt'C' 2.1.005 for tracking purposes. In the RI~C 
letter, Denka asked EPA to re-evaluate certain conclusions presented in the 2010 i.xrs 
Ctilorgi~rene Toxicological [2eview in consideration of new scientific information concerning the 
cancer effects of chloroprene on humans. The materials submitted by Denka present new 
analyses and express views on how these products should be used in the risk assessment of 
ehloroprene, but the Denka submission does not identify errors in the 2010 IRIS assessment. 
After careful consideration, EPA has concluded that the underlying information and conclusions 
presented in the 2014 IRIS Toxicological Review of Chloroprene and its supporting materials are 
consistent with EPA's Information Quality Guidelines (U.S, 2002). Hence the RAC is denied. 

The RFC process is intended to provide a mechanism to correct errors where the disseminated 
product does not meet information quality standards. The 2010 rRIS Chloroprene Toxicological 
Review was subject to ri~or~ttti.incizpenden. .t..}~ee~-_r~y cw.~~r~c „public comment in 2010. 
Consistent with the EPA Information Quality Guidelines, this peer review is presumptive of 
objectivity and "best available" science at the time it was developed. The Tnfarmation Quality 
Guidelines commits EPA to ensure, "to the extent practicable," that: 

"The substance of the information is accurate, reliable, and unbiased. This involves the use of 
(i) the best available science and supporting studies conducted in accordance with sound and 
objective scientific practices, including, when available, peer- reviewed science and 
supporting studies". , , ." In applying these principles, "best available" usually refers to the 
availability at the time an assessment is made." 

EPA Information Quality Guidelines recognise that scientific knowledge about chemical hazards 
and risk changes and xnay need to be updated over time. However, the RFC process is not a 
mechanism to commit EPA to undertake scientific updates of its risk assessment products, such 
as IRIS Toxicological Reviews. EPA Inforinatio« Quality Guidelines recognize explicitly that a 
decision to launch an updated assessment depends on important programmatic factors and 
resource availability. Given the finite resources of the TRIS Program, IRIS assessment activities 
are based on the prio►•ity needs of EPA National Program and Regional Offices identified 
through a structured internal nomination process. Any new scientific information submitted 



 

through the RFC process would be considered if an update was initiated based on (1) the topic is 
identified as a National Program or Regional Office priority need, and (2) acceptance of the 
nomination by the IRIS Program given available resources. Importantly, the availability of new 
scientific information does not necessarily mean that existing IF~IS toxicity values are outdated 
or not based upon the best available science. For example, EPA's 2018 denial of a prior RFC 
submitted by Denka indicated that the new scientific information described in that RFC would 
not alter the conclusions of the 2010 IR[S Assessment (see Ja~~uary 24,.?O1.R, EPA_Response to 
CtFC",_I,7Q02 Attachment 2 "Systematic Review of Chloroprene [CASRN 126-99-8] Studies 
Published Since 2010 IRIS Assessment to Support Consideration of the Denka Request for 
Correction (RFC)"). 

The RFC process does not require that EPA evaluate the potential impact of new scientific 
information on an existing IRIS toxicity value. 

However, EPA is providing a courtesy technical review in its response to thrs RFC (Appendix 
A). This courtesy review substantially exceeds EPA's commitment toward addressing an RFC 
and should not be interpreted as setting a precedene for any future RFC c-equest. Within the scope 
of the courtesy review, open science issues were identified concerning the PBPK model 
predictions proposed by Denka. EPA engaged external expert peer reviewers for aspects of this 
courtesy review (Versar. 2021_). It should he noted that, even if the PBPK model predictions 
provided by the Denka were accepted at face valve, the findings of EPA's courtesy review do not 
support Denka's assertion that applying the submitted PBPK model would lead to a large 
decrease in estimated risk compared with the existing IRIS assessment. 

Your Right to Appeal 

If you are dissatisfied with the response, you may submit a Request for- Reconsideration (RFR) 
as described in EPA's Information Quality Guidelines. The EPA requests that any such RFR be 
submitted within 90 days of the date of the EPA's response. If you choose to submit an RFR, 
Tease send a written request to the EPA Information Quality Guidelines Prvc~ssing Staff via 
mail (Information Quality Guidelines Processing Staff, Mail Code 282IT, USEPA, 1200 
Pennsylvattia Avenue, NW, Washington, DC 20460); or electronic mail (c~~tali.fy(r~,~p~~~~). If 
you submit an RI'R, please reference the case number assigned to this original Request for 
Correction (RFC #21005). Additional information about how to submit an R.FR is listed on the 
EPA Information Quality Guidelines website at htt}~s:.,'%tv~~~c~~.c;,}~a;gov;site_/ci~f,'aul,t/files/202_. 
02/documents/epa-info-quality-guidelines t~df ~-e~•sion.~~c1f. 

Sincerely, 

,,7 
/' ~~C 7 

Maure . Gwinn, Ph.D, 
Principal eputy Assistant Administrator 



Cc: Vaughn Noga, Chief Infor+nation Officer and Deputy Assistant Administrator for 
Environmental information, Office of Mission Support 

Katherine Chalfant, Director of Enterprise Quality Management Division, Office of 
Mission Support 

Appendjx A: EPA Courtesy Technical Review of New Scientific Information Presented in RFC 
21005 
Appendix B: References 



 

Appendix A: EPA Courtesy Technical Review of New Scie~~tific information Presented in 
RFC 21005 

A. Background on the Denka RFC Submission 

In 2010, EPA disseminated the IRIS Program's peer-reviewed Chloroprene_TUxicolo ~i_cal. 
Review, EPA's consideration of phaimacokinetic (PK) modeling in the chloroprene assessment 
dates to this 20101RIS assessment and peer review, where a model by Himm~lstein et Vi i. (20g4) 

proposed dosimetry estimates. The 24101R1S assessment explained why the Himmelstein 2004 

results were not sufficient for incorporation into the IRIS assessment. In 201`1, Denka filed an 
RFC (~RE?C',17O02) submitting results of modeling by Yan~ct al. (20~, which extended the 
Himmelstein study with some additional in vitro data and expanded statistical modeling. On 
January 24, 2018, EPA rejected the 2017 RFC submitted by Denka. EPA evaluated the Yang 
results as part of its RFC response, noting limitations in the work (see At~acl~ment..2 of EPA's 
denial). For example, the specific computer code used in the ~'ai~g zt al, (2012}model oould not 

be obtained. SPA needed the code to be able to adequately evaluate the model quality, Since the 
rejection of the 2017 RFC, SPA has engaged extensively with Denka and RamballZ on the 
scientific issues related to Denka's proposals for applications of PBPK modeling which they 
view as supporting lower risk estimates for chloroprene. Notably, much of the core set of in vitro 
metabolism data underpinning the original Himmelstein et al. (2004) model remains at issue with 
Denka. 

Denka responded to EPA's rejection of the 2017 RFC by filing a RFR (R.F:R _1._70U2A) on July 24, 
2018, which contained an updated and, at that time, unpublished model that had not been peer-
reviewed developed by Ramboll addressing the same in vitro data set. EPA engaged substantially 
with Denka in the 2018-2020 period, contributing to quality assurance of the Ramboll model and 
providing suggestions on how to address model deficiencies (e.g., modeIing of uptake of 
chloroprene by the in vitro reaction max) and extend the model to a#tempt to address the fate of 

reactive metabolites. importantly, while EPA provided feedback on quality assurance, EPA does 
not consider these discussions to constitute a formal quality assurance review, as the discussions 
alone did not satisfy the QA requirements outlined in the Quality Assurance Project Plan (QAPP) 

for Dosimetry and Mechanism-Based Models developed by the U.S. EPA's Office of Research 
and Development (t ~.5, "(.).?Qh). 

With Denka and Ramboll's cooperation, EPA hosted an extensive incie~encleyxt panel ~~ec.r re~~iew 
irs,Octohei_..20?() to evaluate the revised model and supporting in vitro nnetabolic model, with 
resulting paranneters, model predictions, and uncertainty analyses described by Ramboll (2020), 

and the alternate uncertainty analysis described by U,S. EPA (2020). The external peer reviewers 
identif`i~ci a substantial number of key ("tier 1") recommendations necessary for: strengthening 

the scientific basis for the PBPK model, reducing model uncertainties, and accurately evaluating 
such uncertainties before the model is applied for risk assessment (see F:iiial <'.t)?0 Chl~~rc~~,rcri 
PHPi~._af~cl IJ..nccrt~u.i.aty .Ai~alys~s t'ccr.Kc~~c~y. Rc~c~ct). The tier 1 issues identified by peer 
reviewers are technical matters that would require resolution before application of the model 
would be recommended. 



After further technical interactions with EPA, Denka ~~~thd►~ew its RFR (RFR 170U2A) on March 
1, 2021. Subsequently, Denka submitted the current RFC in July 2021 (kI~C__._?_l.._~~5.1. This RFC 
contains new unpublished modeling analyses of the same rn vitro database, more extensive 
statistical analyses, comparison with one in vivo study, and introduces modeling for reactive 
metabolites that has not been previously reviewed. To assist in preparing a response to RFC 
210Q5, EPA conducted afollow-on independent letter peer review of the revised 2021 PBPK 
model, the results of which have been made available (see Ve~~s~c.,_ZO21_}. However, EPA is not 
obligated to review unpublished works submitted under the R~C/RFR process. 

B. Technical Consideration of the 2021 Denka RFC 21005 

Under EPA's Information Quality Guidelines, the RFC process does not require that EPA 
evaluate the potential impact of new scientific information on an existing IRIS toxicity value. 
However, because of significant investment by both Denka and EPA in considering the new 
PBPK approaches (discussed above), EPA is providing a technical analysis as part of its 
consideration of the July 2021 RFC. [n this response, the EPA is addressing the following 
assertions raised in Sections III and IV in the Denka RAC 21005: 

Assertion 1 IUR Shoutd Be Corrected to Reflect tl~e 2021 Ramboll PBPK Model 
(Exhibit A4 in the RFC). Denka states that: "The IUR Should Be 
Corrected to Reflect the 2021 Ramboll PBPK Model. Overall, the 
application of the 2021 PBPK model is expected to result in the estimation 
of an IUR that is approximately two orders of magnitude below that of the 
2010 IUR." 

Assertion 2 Major New Follow-Up Epidemiological Study by Dr. Gary Marsh et al., 
Released in 2020, Shows No Increased Cancer Mortality among U.S. 
Chloroprene Workers (summarized in Exhibit BS in the RE'C). 

Assertion 3 New Cancer Incidence Data from the Louisiana Tumor Registry Shows 
the Incidence of Cancers near the Denka Faculty are At or Below State-
wide Averages far Cancers of Potential Concern (summarized in Exhibit 
BS in the RFC}. 

EPA Response to Assertion 1: IUR Should be Corrected to Reflect the 2021 Ramboll PBPK 
Model 

EPA approached this submission by asking available peer reviewers from the Fall 2020 peer 
review to examine the new modeling work and advise on the extent to which it resolved tier 
identified issues and was suitable for application (see V~rSar,.202 I ). The peer reviewers noted 
significant improvements in the model analysis, but multiple reviewers' comments and 
recommendations indicate that key uncertainties remain. These uncertainties include 
fundamental model assumptions, e.g., that chloroprene itself is treated as inactive but maybe 
reactive and that data from studies on a different compound can be used to infer key metabolic 
rates. Some reviewers raised questions regarding whether the model was sufficiently reliable for 
use in risk assessment or, minimally, that additional experimental data should be obtained, and 
further analyses conducted to more fully quantify uncertainties. For example, two reviewer 
comments identify ongoing uncertainty about whckher 7-ethoxycoumarin activity is an 



appropriate predictor of chloroprene's oxidative metabolism and the extent to which cytochrome 
P450s (CYPs) enzymes other than CYP2E1 might contribute to this activity. In addressing the 
discrepancy between model predictions and the mouse in vivo pharmacokinetic (PK) data, one 
reviewer noted that chloropxene has constitutive chemical reactivity that may result in loss of the 
parent compound ttu~oughout the body. The model over-predicts blood concentrations observed 
after inhalation exposure to mice and the reviewer commented that this over-prediction may 
occur because it does not account for this constitutive reactivity. This constitutive reactivity may 
also explain the cancer incidence in mouse and rat tissues which do not have significant CYP 
enzyme metabolic activity. A separate example is noted by another reviewer regarding the 
statistical analysis of uncertainty in the metabolic parameters, where it appears that the joint 
uncertainty in Kgl may not have been incorpoxated. Kgl is a parameter that determines the rate of 
chloroprene transport between the air and liquid phases in the in vitro metabolic system that was 
used to determine the metabolic parameters for the rate of chloroprene oxidation in the lung and 
liver of mice, rats, and humans. Because the estimated values of those parameters depend on the 
value of Kgl, uncertainty in Kgl has an impact on the uncertainty of the metabolic parameters 
and hence overall quantitative uncertainty of the PBPK model in which they are used. Some of 
the uncertainties may require additional experimental data to resolve (e.g., CYP 2E1-specificity 
and evaluation of Kgl at the mixing speed used in the in vitro metabolic studies). 

In addition, the Ramboll PBPK model seeks to quantify the impact on cancer risk due to 
differences between mice or rats and humans. These metabolic data are foundational to the 
PBPK modeling, and if all significant uncertainties in the PBPK model were addressed, the 
model predictions would incorporate these metabolic differences. In this regard, as pointed out 
by one of the reviewers, the Ramboll analysis does not address cancer risk outside of the lung. 
The limits of applicability of the Rannball model is important because the National Toxicology 
Program (NTP) chronic mouse and rat inhalation bioassays, upon which the inhalation unit risk 
(iUR} for chloropropene was based, demonstrated the occurrence of multiple tumors beyond the 
lung (Na~ioncil To,~:icology,.,.l ~)~)8). The NTP chronic bioassays reported significantly increased 
incidence of neoplasms in liver, lung, forestomach, Harderian gland, mammary gland, Zymbal's 
gland, kidney, and the circulatory system in mice and in the lung, mammary gland, thyroid, 
kidney, and the oral cavity in rats. These tumor incidence results are summarized in 
"~Back~rc~unci Desc~•.i}~tiun_foi~ Cl~lc~i.~u~rene_ Pf3F'K Mc~cielin~", provided for the 2020 external peer 
review of the PBPK modet. The 2010 IRIS assessment also cited human evidence of an 
association between liver cancer risk and occupational exposure to chloroprene and found 
suggestive evidence of an association between lung cancer risk and occupational exposure in 
support of reaching a hazard conclusion of"likely to be carcinogenic to humans." 

Rambo(1's analyses assert that the risk of human lung cancer is minimal compared to mice, 
making the current IRIS IUR an overestimate of risk. EPA has not undertaken the technical 
analysis to reach a conclusion on concurrence with this assertion. But, if accepted at face value, 
the lung only accounts for about 40% of the total cancer incidence in mice (N~tional 'l'~xr_ul~~y 
199h.). Since the existing Ramboll model cannot be used to address risk in other tissues, the same 
standard inter-species scaling as used in the 2010 IRIS Toxicological Review would need to be 
applied to estimate cancer risk for those other tissues. Overall, the U.S. EPA concludes that even 



if the current Ramboll PBPK model were accepted at face value and applied to the extent 
possible, the total estimated cancer risk would be reduced by no more than 50%. This factor of 2 
difference is wel l within the generally accepted uncertainty far cancer risk estimation. Hence, 
EPA concludes that the 2010 Toxicological Review did not over-estimate the human cancer risk 

by multiple orders of magnitude, as contended by Denka and Ramboll. 

EPA Response to Assertion 2 and Assertion 3: Major New FQUow-Up Epidemiological 
Study by Dr. Gary Marsh, et al., Released in 2020. Shows No Increased Cancer Mortality 
arnone U.S. Chloroprene Workers; and New Cancer Incidence Data from the Louisiana 
Tumor Re~istry Shows the Incidence of Cancers near the Denka Faculty are At or Below 
State-wide Averaees for Cancers of Potential Concern 

In addition to the PI3PK model discussed above, the RFC referenced a recent update Martih et al, 

~?0~l) to a prior epidemiologic study (Marsh et al_?~U7~) described as providing evidence of 

no increased cancer mortality among a worker cohort exposed to chloroprene. In fxliil~it l3 ~~f t~lie 
submtted.,RFC (see Section 4), unpublished analysis of Louisiana Tumor Registry data 
conducted by Denka (and consultants) concluded there was average or below average cancer 
incidence near the Denka facility for lung and liver cancer, Exhibit B of the submitted RkC also 

provides Denka's critique of a community survey that concluded the 23-year period prevalence 

of all cancer (combined) in the residential area closest to the Denka facility is elevated due to 
environmental exposures from the Denka facility Nara et a1. 202 (~. 

As part of considering this RFC, the published studies were evaluated using the study evaluation 

approach undertaken for IRIS assessments (LT.S,_2020a) and general comments were provided on 

Ramboll's unpublished Louisiana Turnor Registry analysis. Importantly, the studies and analyses 

provided by Denka and Ramboll present some new N~~,ra ~t al. (202 l~. and updated Mai~sli et al. 
(2021„~ epidemiological information, but do not identify errors in the 2010 IRIS assessment. The 

new epidemiological evidence provided in the 2021 Denka RFC would also not alter the 2010 

IRIS conclusion given the study evaluation results presented below. 

The tilarsl~ et aL (202 I) study is a follow-up analysis of additional pexson years for a previously 

published occupational cohort (1~iarsl~ et,_al~. 20U7a, V) used to examined liver, breast, and 
respiratory cancer mortality in relation to chloroprene exposures. The results of this study are 
similar to earlier analyses by Marsh et al. (2007} that were considered in the 2010 IRI5 

`The two primary cancers of interest identified in the occupational cohort stud(es by (Marsh et a1~20D7a, b}are 

cancers of the liver and respiratory system. For example, increased risks of respiratory system cancers (inclusive of 

larynx, bronchus, trachea, lung, and other respiratory cancers) were detected in 3 of 4 plants (all but Plant L in 
LnuisvillP, KY) reported in the 2007 Marsh internal rate analysis. Their more recent internal rate analysis Marsh et 
al.._~ZQZi~ still showed increased risks for1of 2 plants {Plant P in Pontchartrain, lA) but without explanation did not 

include data on the other 2 plants with elevated respiratory system cancer risk. Some of chase increased risks 
detected again in Plant P were strong in magnitude (RRs ranging from 1.42-5.2~ across different exposure metrics. 

Liver cancer rates also remain elevated in Plant L based on the updated Marsh_et.al._~2021j internal rate analysis, 
although there was no evidence of an exposure-response relationship (elevated RRs ranged from 1.2-2.5). A new 
analysis showed that breast cancer rates were also consistently elevated across mast exposure categories and 
metrics based on the internal rate analysis --which is deemed less prone to different biases. Although these risks 



Toxicological Review and by the independent peer review committee at that time. Far ~rtarsh et 
~1.,..~2(121_), several study quality evaluation domains were considered deficient and led to an 
overall judgment of low corif:de~ice (Figure 1-1). The epidemiological analyses had not been 
conducted with optimal exposure, confounder, or outcome data, and several analysis decisions. 
likely led to substantial biases that would largely be expected to bias towards the null (i.e., not 
finding an association). For example, the extensive amount of healthy worker effect in the 
standardized mortality ratio (SMR) analysis limits the interpretation and use of these data. The 
healthy worker effect is a type of selection bias that can impact study validity when inappropriate 
comparison groups, such as external citizen groups, nre compared to occupational cohort studies. 
This arises from the fact that less healthy individuals from the general population are more likely 
to be unemployed compared to those in the workforce. The healthy worker effect tends to reduce 
the association between an exposure and the outcome because workers, as a group, are healthier 
than general population comparison groups. Exposure misclassification is also anticipated in the 
Mardi~t,.~l,,,,.(?.0?,I„j. study given the lack of sampling data to estimate exposures; this reduces 
confidence that the study can accurately characterize any true effect of exposure. The approach 
for exposure categorization is also unclear and seems to have been based on cancer deaths and 
not on an a priori exposure distribution targeted to contrast higher exposure groups with an 
unexposed ar lower exposed referent. Limited information on some key potential confounders 
(e.g., smoking data for respiratory cancer, and alcohol use for liver and breast cancers) precluded 
their full consideration and likely resulted in residual confounding. Lastly, inclusion of only part 
of the occupational cohort (i.e., the American plants located in Louisville, KY and in 
Pontchartrain, LA) raises concern over selective reporting, especially since associations 
(including some exposure-response relationships) were reported earlier fox some outcomes in the 
European cohorts. These limitations reduce the study sensitivity and the ability to detect an effect 
that may be present. 

'The Nara tt_z1,~2U21~ analysis is based on a field epidemiology investigation of residents of 
census tracts 708 and 709 in St. John Parish, LA (within a 2.5-km radius of the Denka facility) 
conducted by non-profit and local citizen groups. For the Nags et al. (2021 ~ study, major 
limitations resulted in several domains that were considered deficient and led to an overall 
confidence of uninformative (Figure 1-1). The study's design and conduct likely resulted in 
selecCion of bias given that respondents who were aware of kheir exposure status (i.e., residential 
proximity to the plant) may have selectively participated and differentially reported health 
outcomes. This stems from considerable publicity and lawsuits surrounding these community 
concerns, as well as community meetings. The health outcome measures were also deficient for 
various reasons, including self-reported outcome data without medical confirmation and use of 
proxies to report an the health status of other household members over a 23-year time period. in 
addition, the small samples not only reduced the study sensitivity, but the examination of total 

were not monotonic, the anticipated exposure misclassification and unclear exposure categorization approaches 
used likely precluded detection of exposure-response relationships across these outcomes. 



 

cancer as the primary outcome precluded analyses of more targeted and etiologically-relevant 
cancer-specific hypotheses related to chloroprene. 
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Figure 1-1. Study evaluation results for March et al. and Nagra et al. (see 
interactive data ~ratnhic for rating rationales). 

In Exhibit B Uf the RI=.C. (see Section 4), Denka conducted a tumor registry analysis to estimate 

cancer rates in St. John the Baptist Parish and its constituent census tracts. Denka propose that if 
the National Air Toxics Assessment (NATA) risk assessment was accurate, then the tumor 
registry analysis would identify higher• cancer incidence rates in St. John the Baptist Parish than 

elsewhere. With respect to examining tumor registry analyses in isolation, it is important to 
emphasize that these data are quite limited for use in evaluating cancer risk for specific 
exposures, such as chloroprene. in genera(, and especially when epidemiologically linked with 

exposure data, tumor registry data are most informative when comparisons are made between 

local more homogenous populations. This allows for less potential for confounding and other 

sources of bias due to better comparability across different risk factors, demographics, and 
socioeconomic status. This is important as lifestyle factoxs and exposure to other carcinogens 

that different populations may be exposed to over time and location are not fully considered or 
controlled for when considering just tumor registry data alone. Tumor registry data may also be 

subject to notable differences in resources and surveillance rigor and effectiveness across 
healthcare systems in different regions. Many cancers are also often multifactorial in nature, and 

examination of tumor registry data by itself doesn't readily inform hypotheses on specific links 

to certain chemical exposw'es such as chloroprene. Thus, comparisons based on the tumor 

registry data alone do not further inform drawing causal inference related to specific exposures 

such as chloroprene. Tn the context of a hazard characterization, tumor registry data could be 
considered more descriptive and does not readily permit the examination of epidemiological 

associations to evaluate specific etiologic hypotheses. In addition, several limitations were noted 

by EPA of Denka's statewide tumor registry analysis, including that data on liver cancers are not 



 

available in the Louisiana Tumor Registry at the parish level, which precludes examination of 
whether liver cancer rates are elevated in the St. John Baptist Parish compared to other• relevant 
areas in Louisiana. 

The evaluation of the epidemiological evidence, and the consideration of multiple lines of 
evidence to draw the conclusion that chloroprene is a likely human carcinogen, was unanimously 

supported by the external peer review panel for the IRIS Chioroprene Toxicological Review. In 
pa~•ticular, the following specific points were evaluated by the peer review panel based on 
Charge Question 8 (Appendix A, pages A-10 to A-12) which asked: "Under the EPA's 2005 
Guidelinesfar Carcinogen .Risk Assessment (2005)", the Agency concluded that chloroprene is 

likely to be carcinogenic to humans by all routes of exposure. "Please comment on the cancer° 
weight of evidence characterization. Is the cancer weight ofevidence characterization 
scientificallyjustified"? All six of the peer x•eviewers commented that the characterization of 
chloroprene as "likely to be carcinogenic to humans" was appropriate and justified based on the 
animal and genotoxicity data. Three reviewers commented that the animal data provided ample 

evidence of carcinogenesis in both sexes of two rodent species (mouse and rat) at multiple organ 

sites, many of which were distal to the point-of-contact. Two independent peer reviewers further 

suggested that the strength of the epidemiological evidence was sufficient to change the 

descriptor to "carcinogenic to humans." The new and updated scientific evidence provided in the 

2021 Denka RFC across all the evidence streanns would not alter this conclusion, given the study 

evaluation results presented above 
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~` ~~ ~` January Z5, 2018 

hobert Holden 
Liskow & :Lewis 
One Shell Square €~~ ~:~~~c = ~, ~, ~ ,; ~ ~,~~r, cur 
701 F'oydras Street, Suite S000 
New Orleans, LA 70]39 

Dear 1V1r. Holden: 

This letter is in response to the Request for Correction. (RFC) received by the U.S.: Environmental 
Protection Agency (EFA) on June 26, 2017, which was:assigned RFC #17002 for :tracking purposes. The 
letter was pravided on behalf of Denka Performance Elastamer LLG (DPE~', In the RFC letter, DPE slates 
that the Toxicological Review o~Chloro~nrene (CASNo: 126-99-~Y) In Support ofSummary Information on 
the Integrated Risk Information System (IRIS); disseminated by EPA's Office of Research and 
Development (ORD) in 2Q10 (referred to herein. as the "IRIS chloroprene assessment"), does not reflect. 
the "best available science" or "sound and objective scientific practices" and requests correction.. 

Su~aflnary of the 12equest 

The DI'E RFC requests the IRIS chloroprene assessment be corrected in three ways: 1) the. EPA-derived 
inhalation unit risk (NR) of 5 x 10"4 per ug/m3 be replaced with a value derived by Rarnboll Environ of 

3.2 x 10'6 per ug/m~, or withdrawn;. 2) the EPA cancer classification of chloroprene as a "likely" human 

carcinogen }~e classified instead as a "suggestive" human carcinogen; and 3) the EPA derived Reference 
Concentration (RfC) be withdrawn pending further IRIS review. The RFC letter indicates, as an 
alternative, that the EPA irnmeaiately withdraw the IRIS IUR and RfC values pending.further review.. 

To support the RFC, DPE provided a document "...organized into six sections: Section I demonstrates 

that the 2010 IRIS Review constitutes "information." "disseminated" to the public; Section II shows that 

the 201U IRIS Review is subject to hei~htenea infarmat ~n quality standards because it is influential 

scientific information; Section III. explains how the 2010 IRIS Review fails to comply with the EPA 

Guidelines; Section IV shows flow EPA's correction of the 2010 IRIS Review would benefit DPE, which 

has been harmed. by its criers; Section V provides DPE's contact information; and Section VI sets forth.. 

the relief that DPE is seeking.." 

The EPA. Re~~canse tca I)PE Request for Correeti~n 

In the Attachments to this response, El'A addresses the assertions and topics xaised in Section. TII of the 

RFC as this section is relevant to the science evaluation represented in the IRIS chloroprene assessment. 

under EPA's Uuic~el nesfor Ensuring and Maximzzrng the Quality, Objectivity, Utility and Integrity of 
Information Disseminated by the Env r~nmentcrl Protection Agency (IQG). The information and assertions 

in the other sections are either not in dispute or are not pertinent to the evaluation of science issues under 

the RFC. 

ar.~p~.gca~~~ir,t~:m~t ~d~r~~~ 4[.J ~.} ~ ~~ ~~. ~.~ 
fay:~y~f~c~6t~e~y~l~a~ta-~t~rint~~ wv9~t~ ~ ~rkat5l~ ~I€ ~~~~~3 I~~a~ c~~~ 9~?:~~'~ ;~~ ~:~c+t~stta~wrr 9~r a~ ~ t~l~farte~~ ~~~~ f~~~y~l€r<f F~~pasr 



 

Conclusion 

The EPA, after careful review of the RFC submitted by DPE, has concluded that the underlying 
information and conclusions presented in the Toxicological .Review of~Chloroprene (CAS No. ,(26-99-8) 
In Support ofSummary In,formation on the Integrated Risk Information System (IRIS) are consistent with 
the EPA's Information Quality Guidelines. 

Your Right to Appeal 

If you are dissatisfied with the response, you may submit a Request 1`or Reconsideration. (RFR) as 
described in EPA's Information Quality Guidelines. The EPA requests that any such RFR be submitted 
within 90 days of the date of the EPA's response. If you choose to submit a RFR, please send a written 
request to the EPA Information Quality Guidelines Processing Staff via mail (Information Quality 
Guidelines Processing Staff, Mail Cade 2821T, USEPA, 1200 Pennsylvania Avenue, NW, Washington, 
DC 20460); or electronic mail (c~iialit~u^c~~~~.~~c>.~_). If you submit a RFR, please reference the case 
number assigned to this original Request for Correction (RFC x#17002). Additional information about 
how to submit an RFR is listed on the EPA Information Quality Guidelines website at 
~llL~l. ,~l)~l.L+o~ ~~t~~~i~i~_irlli~r~»illl(>.11!?LtI~IC~illf:l<'lI1Cj~':._I11111I. 

Sincerely, 

~~,~v~~. 

ennifer Orme-Zavaleta, Ph.D. 
Principal Depufiy Assistant Administrator for Science 

Ce: Tina Bahadori, ScD ORD/NCEA Director 
Stephen dine, PhD, Acting Chief Information Officer 
David Gray, EPA Region 6 Director of External Affairs 
Vincia Holloman, Director of Enterprise Quality Management Division 
Anne Idsal, JD, Region 6 Administrator 
Kristina Thayer, ORD/NCEA IRIS Division Director 
John Vandenberg, ORU/NCCA RTP Diviszon Director 

Attachment 1: U.S. EP~1. Response t4 the Denka Performance Elastomers (DPE) Request for Correction 
of the Toxicological Review of Chloroprene (CAS No. 126-99-8) 7n Support of Sunnmary Information on 
the Integrated Risk Information System (IR.IS) 

Attachment 2: Systematic Review of Chloroprene [CASRN 126-99-80] Studies Published Since 2010 
IRIS Assessment to Support Consideration of the Denka Request for Correction (RFC). January 2018. 
USEPA, ORD, NCEA-IRIS, Washington DC. 
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The following sections provide technical responses to science issues that have been raised by the 

United States Environmental Protection Agency (USEPA) both in the denial letter to Denka 
Performance Elastomer LLC (Denka) dated March 14, 2022 (Section II of this Technical 

Response), as well as Appendix A of the denial letter that provides a "courtesy" technical review 

of new scientific information presented in Request for Correction 21005 (Section III of this 

Technical Response). In addition, specific responses to the recent peer review of the chloroprene 

PBPK model (Versar 2021) are provided (Section IV of this Technical Response). 

Overall, the scientific issues surrounding the 2010 Chloroprene Toxicological Review have been 

discussed through continuous interactions between Denka and the USEPA via email, telephone, 

and face-to-face meetings over amulti-year period. These initially included identification by 

Denka of errors in the 2010 IRIS Chloroprene Toxicological Review, specifically related to the 
misinterpretation of the epidemiological evidence, the lack of consideration of the toxicological 

evidence related to differences in pharmacokinetics across species, and lack of consideration of 

evidence related to the mode of action (MOA) and the role of metabolism in the potential 

mutagenicity of chloroprene (Section II of this Technical Response). These interactions between 

USEPA and Denka also indicated that in order for USEPA to reevaluate the chloroprene IRIS 

assessment, new data or analyses would be needed to justify the assessment (see 
https://iris.epa.gov/Events/#stakeholderMeetings; further discussion in Section II of this 

Technical Response); these new data/analyses were provided in Denka's RFC 21005. 

In the courtesy technical review provided by USEPA as part of the March 2022 denial letter, there 

were three main responses related to assertions stated in Denka's RFC (21005) regarding the 

chloroprene science. The first was regarding the estimation of an Inhalation Unit Risk (IUR) 

value two orders of magnitude lower than the IUR in the 2010 IRIS assessment when the PBPK 

model was applied, while USEPA suggested that the application of the model would only result in 

a factor of 2 difference. USEPA ignored an informal request to provide a clear explanation of how 

their estimate was derived, but it appears to have been performed using a scientifically 

inappropriate approach (see Section III of this Technical Response for further discussion). 

Application of the model to multiple tissues using methods consistent with other IRIS 

assessments (e.g. vinyl chloride) suggest an IUR roughly 35-fold lower than the IUR from the 

2010 IRIS assessment. 

The remaining two assertions in the technical review were related to the evaluation of the 
epidemiological evidence for cancer following exposure to chloroprene. The most significant error 

in both the IRIS assessment and in the current USEPA technical review is the misinterpretation of 

the epidemiological data presented in Marsh et al. (2007a, 2007b). USEPA incorrectly concluded 

that the results from these studies provide evidence of excess risk of liver and lung cancer in 

workers. In fact, the study results do not show evidence of increases in risk or exposure-

response relationships between exposure and cancer risk in the occupational cohorts (see Section 

III of this Technical Response for further discussion). The cohort of the exposed Louisville 

workers in the Marsh et al. (2007a, 2007b) study had an SMR below 1.0. Use of the 2010 IUR 

estimates an excess on the order of thousands of tumors in the cohort when no excess deaths 

were observed. Using the PBPK model produces an IUR that estimates excess cancers on the 

order of 100 cases, when no excess deaths were observed. The IUR based on the PBPK model, 
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which is approximately 1/35t" of the 2010 IUR, provides a conservative estimate considering that 

no excess was actually observed. 

Further, USEPA misinterpreted the reasons for presentation of the Louisiana Tumor Registry 

(LTR) data. As discussed further in Section III of this Technical Response, we have not proposed 

using the LTR data to evaluate the risk associated with specific exposures or as evidence for the 

cancer classification of chloroprene, but rather to test the validity of USEPA's assertions regarding 

the magnitude of the cancer risk in the Parish surrounding the Denka facility. We found no 

evidence of high cancer risks in St. John the Baptist Parish where the Denka facility is located. 

Finally, Section IV of this Technical Response provides responses to the Tier 1and 2 

recommendations contained in the recent peer review of the chloroprene PBPK model (Versar 

2021). Overall, there were no Tier 1or 2 recommendations that would result in significant 

changes to the model or that would impact the validity of the current results (see Section IV of 

this Technical Response for responses to the individual peer reviewer comments). Further, of 

those reviewers responding to questions regarding the reliability of the PBPK model for use in risk 

assessment, the responses indicate that the PBPK model is scientifically sound and reliable for 

use in a risk assessment for chloroprene. 

In the denial letter provided to Denka Performance Elastomer LLC (Denka), the United States 

Environmental Protection Agency (USEPA) indicated that the recent Request for Consideration 

provided by Denka on July 15, 2021, did not identify errors in the 2010 IRIS assessment. 

However, the errors related to the science of chioroprene in the 2010 IRIS Chloroprene 

Toxicological Review have been noted in previous submissions by Denka (Request for Correction 

dated June 26, 2017) and include: 

• Interpretation of the epidemiological evidence from the Marsh et al. studies 

o The USEPA IRIS summary of this study indicates incomplete evaluation and 
misinterpretation of the published results. Properly interpreted, the evidence does 

not demonstrate an association between occupational chloroprene exposure and 

human cancer incidence. 

Interpretation of the toxicological evidence related to the differences in pharmacokinetics 

between mice and humans 

o The available science demonstrates differences in pharmacokinetics between the 

mouse and the human that contribute to differences in response. These differences 

should be accounted for in the estimation of the IUR. 

• Integration of evidence for mode of action 

o Evidence that supports an alternate MOA than that proposed by USEPA (Request for 

Correction dated June 26, 2021) 

o Current analysis provided as part of the peer review of the chloroprene PBPK model 

supporting total metabolism rather than the parent chemical as the toxic moiety. 

These issues have been documented in previous submissions by Denka to the USEPA and are 

part of the justification leading to the peer review of the chloroprene PBPK model in 2020. These 

errors have also been noted by the external peer reviewers of the draft IRIS Chloroprene 
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Assessment in 2010 and are noted in Appendix A of the 2010 IRIS Assessment, as well as 

Ramboll's own peer-reviewed, published research on the subject. 

Further, USEPA notes that the materials submitted by Denka present new analyses and express 

views on how these products should be used in a risk assessment. The information provided in 

the recent RFC is based on interactions and conversations with USEPA over amulti-year period 

(2017-2022). Meetings with USEPA during the RFR process indicated new data were necessary 

for IRIS to be revised. In the notes from the meeting between Denka and USEPA on June 12, 

2019 (https://iris.epa.gov/Events/#stakehoiderMeetings) the following are provided: 

• Denka asked if USEPA would remove the 2010 IRIS assessment or its IUR value only based 

on the outcome of discussions. 

o USEPA stated the IRIS assessment will not be changed or removed unless science 

presented since the Request for Correction necessitated reassessment. 

o The process was reviewed (slide 7/USEPA): peer review model and address 

feedback; apply model to assessment (if appropriate); update IRIS assessment (if 

appropriate), building on earlier response to RFC; peer review IRIS Update (if 

appropriate). 

• Denka asked whether USEPA's consideration of the RFR included the interpretation of the 

occupational epidemiology studies of workers exposed to chloroprene, 

o USEPA reiterated that those issues were addressed in the response to the Request 

for Correction; unless there were any new studies or results, the epidemiology would 

not be revisited. 

In the background section of Appendix A of the denial letter, it states that: 

"While USEPA provided feedback on quality assurance, USEPA does not consider 

these discussions to constitute a formal quality assurance review, as the discussions 

alone did not satisfy the QA requirements outlined in the Quality Assurance Project 

Plan (QAPP) for Dosimetry and Mechanism-Based Models developed by the USEPA's 

Office of Research and Development." 

However, in USEPA's response (dated June 13, 2018) to a PBPK workplan provided by Denka and 

Ramboll, USEPA indicated that: 

"The Pharmacokinetic Workgroup (PKWG) at the USEPA has developed a Quality Assurance 

Process Plan (QAPP) for computational modeling, focused on PBPK models, which we sent 

previously for your consideration. Prior to application of a PK model in its assessment 

work, NCEA will conduct a review according to this QAPP. Such review will be significantly 

facilitated if corresponding documentation is created during the modeling process. It is 

much easier to record this information as the modeling is being conducted than to attempt 

to reconstruct the information later." (Emphasis added.) 

"If sources and calculations for model parameters are not fully documented, this is likely to 

delay significantly USEPA's QA review of the model, hence possible use in consideration of 

the case for correction." 
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Based on the QAPP provided by USEPA, the PBPK model revised documentation considering the 

recommendations from the initial peer review (Versar 2020) and as requested by USEPA was 

developed consistent with the QAPP and provided in the recent Denka RFR 17002A. 

The following sections provide technical comments on the USEPA responses to the scientific 

assertions regarding the chloroprene science contained in the Denka RFC 21005. 

USEPA Response to Assertion 1• IUR Should Be Corrected to Reflect the 2021 Ramboll PBPK 

Model (Exhibit A4 in the RFC) Denka states that: "The IUR Should Be Corrected to Reflect the 

2021 Ramboll PBPK Model Overall the application of the 2021 PBPK model is expected to result 

in the estimation of an IUR that is approximately two orders of magnitude below that of the 2010 

IUR." 

• USEPA notes that "Some reviewers raised questions regarding whether the model was 

sufficiently reliable for use in risk assessment or, minimally, that additional experimental 

data should be obtained." 

In the follow-up peer review of the PBPK model (Versar 2021), there was a question (number 11) 

that specifically requested comments "on the capacity of the PBPK model to provide sound 

estimates of chloroprene inhalation dosimetry in mice, rats, and humans." Reviewers were also 

asked to comment on the reliability of the model predictions of the rate of chloroprene 

metabolism in liver and lung for use in animal-to-human extrapolation." Of the 6 recent 

reviewers, 5 participated in the initial peer review (Versar 2020) and only three provided 

comments in response to Question 11 regarding the reliability of the model for use in the risk 

assessment. They indicate that the model is scientifically sound and reliable for use in a risk 

assessment for chloroprene. 

Dr. Kenneth Portier - "Under the WHO/IPCS (2020) guidance on acceptability of 

predictions, Ramboll has shown that the PBPK model has the capacity to provide sound 

estimates of chloroprene inhalation dosimetry in mice, rats, and humans across a wide 

range of possible values for input and state parameters. Also, this PBPK model has been 

shown capable of reliably predicting rates of chloroprene metabolism in the liver and lung 

of animals and humans to within 2 orders of magnitude or less. Within the limitations of 

available data and with this accuracy acceptability target, the model should be considered 

a reliable tool for predicting chloroprene metabolism and for providing sound estimates of 

chloroprene inhalation dosimetry." 

Dr. Kan Shao - "Overall, the quality of the report has been significantly improved. 

Supported by deliberated sensitivity and uncertainty analyses, the results and conclusions 

presented by the report are scientifically sound." 

Dr. Jordan Smith - "Overall Ramboll's efforts has improved the model and increased 

confidence in its ability to support to chloroprene risk assessment in humans. Due to 

integration of many measured aspects of chloroprene pharmacokinetics (e.g. metabolism, 

portioning, etc.) and physiology (e.g, ventilation rates, body weights, etc.) into a model 

capability of extrapolating dosimetry across species, and quantitatively integrating 

uncertainty, this model offers an improved risk assessment tool compared to traditional 

standardized uncertainty factors." 

Dr. Nan-Hung Hsieh, the single new reviewer, provided a response that only demonstrated 

his misunderstanding of the purpose of the in vivo model validation study, a mistaken 
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opinion that would have been corrected by the other reviewers if he had participated in the 

initial review. 

The remaining comments are largely based on the responses from one peer reviewer, who stated 

repeatedly during the initial peer review that his primary concern was that if the model were 

used, the risk estimates for chloroprene carcinogenicity might decrease. In our view, this 

reviewer's comments confused the goals of accurate quantification of risks with policy 

considerations relating to managing risks, which was outside the scope of the peer review. The 

USEPA was clear in the charge to the peer reviewers that the review was to focus only on the 

scientific validity of the PBPK model. This was consistent with the goals of risk assessment 

versus policy, as defined by the Office of Management and Budget in the Updated Principles of 

Risk Assessment (Dudley and Hays 2007). 

The PBPK model for chloroprene was developed to support the USEPA's goal of using the best 

available science in order to obtain the most accurate estimate of human risk possible. In 

previous USEPA efforts to use the best available science, the agency has applied similar PBPK 

models in the risk assessments for methylene chloride and vinyl chloride, despite the fact that 

the use of the models resulted in substantially lower risk estimates. Moreover, as with the case 

of vinyl chloride (Clewell et al. 2001), a comparison of animal and epidemiological data on the 

carcinogenicity of chloroprene has demonstrated that the PBPK model for chloroprene provides a 

more accurate estimate of human risk than a default approach based on animal data (Sax et al. 

2020). 

• USEPA notes that remaining uncertainties in the PBPK model include, ~~Fundamental model 

assumptions, e.g. that chloroprene itself is treated as inactive but may be reactive and 

that data from studies on a different compound can be used to infer key metabolic rates." 

The sole reviewer who suggested that chloroprene is directly reactive in tissues (Dr. Raymond 

Yang) was apparently unfamiliar with the extensive experimental data on chloroprene that 

contradicts his opinion. This evidence was thoroughly reviewed in Denka's initial RFC submission 

and was also reported in a peer reviewed publication (Sax et al. 2020) that unfortunately was not 

provided to the peer reviewers by USEPA. Briefly, the studies carried out on chloroprene 
overwhelmingly demonstrate that it is not genotoxic in vivo or in mammalian cells and is only 

genotoxic in bacterial systems when metabolism capability is added (NTP 1998; Shelby 1990; 

Shelby and Witt 1995; Tice 1988; Tice et al, 1988). A comprehensive review of the evidence for 

chloroprene mutagenicity is provided in Sax et el. (2020). 

An additional uncertainty noted by USEPA is'~...whether 7-ethoxycoumarin activity is an 

appropriate predictor of chloroprene's oxidative metabolism and the extent to which 

. cytochrome P450s (CYPs) enzymes other than CYP2E1 might contribute to this activity." 

The use of the ratio of 7-ethoxycoumarin activity in the lung and liver as a surrogate for CYP2E1 

substrates such as chloroprene has for strong scientific reasons previously been accepted by the 

USEPA in the current IRIS assessment for methylene chloride (USEPA 2011). Moreover, the . 

value obtained from 7-ethoxycoumarin was further supported by an alternative approach using 

the CYP mRNA expression ratio. The concern raised in the initial peer review regarding the 

possibility that enzymes other than CYP 2E1 might contribute to the metabolism of chloroprene is 

unfounded. In the follow-up peer review, one of the reviewers who had previously raised the 

issue (Jordan Smith) indicated that he now considered the metabolism data with inhibitors from 

Himmelstein et al. (2001 and 2004) to serve as direct experimental evidence for the role of 

CYP2E1 in the metabolism of chioroprene, and his Tier 1suggestion was that we cite that 
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evidence in our report to provide additional support for our modeling approach. Most 
importantly, Himmelstein et al. (2001) demonstrated that the metabolism of chloroprene was 
almost completely inhibited by 4-methyl pyrazole, a specific inhibitor of CYP 2E1. 

While the current Ramboll PBPK model focuses on cancer risk for the lung, the USEPA 
concludes that the model cannot be used for tissues outside the lung in which tumors were 
observed in the NTP (1998) bioassay. 

The PBPK model for chloroprene includes metabolism in the three tissues where the metabolism 
of chioroprene has been characterized: liver, lung and kidney. The USEPA has suggested that 
the tumors in other tissues are due to circulating reactive metabolites or direct reactivity of 
chloroprene itself, but there USEPA has not cited, and Ramboll is not aware of, any evidence to 
support either of these assertions. It is more likely that tumors in other tissues result from local 
metabolism in the tissue, just as occurs in the liver and lung. Many other tissues that contain 
CYP2E1, such as the mammary glands and Harderian glands (Nishimura et al. 2003), would also 
be able to metabolize chloroprene. In support of this possibility, the tissues in which tumors 
were observed in the rodent bioassays for chloroprene are nearly identical to the tissues in which 
tumors were observed for the structurally similar compound vinyl chloride, which is also a 
CYP2E1 substrate (Clewell et ai. 2001). Moreover, studies on vinyl chloride have established that 
the carcinogenicity of vinyl chloride is due to its metabolism, and that the metabolites produced 
are too reactive to circulate to other tissues (Bolt et al. 1980). This evidence is significant 
because the metabolites generated from chloroprene are expected to be even more reactive than 
those from vinyl chloride (Plugge and Jaeger 1979). In the IRIS assessment for vinyl chloride, 
the cancer risk assessment was based on the PBPK model-based dose metrics for liver, assuming 
that the mode of action for the carcinogenicity of vinyl chloride would be the same across all 
tissues: metabolism to reactive metabolites. The USEPA in the 2010 IRIS assessment for 
chioroprene also stated that, regardless of the tissue, the mode of action is expected to be the 
same: metabolism to reactive metabolites. 

• USEPA concludes that lung cancer only accounts for about 40% of the total cancer 
incidence in mice and that even if the Ramboll PBPK models were applied for the lung, the 
total estimated cancer risk would be reduced by no more than 50% or a factor of 2. 

The USEPA did not provide a clear explanation of how their estimate was derived, but it appears 
to have been performed by simply comparing the 2010 IUR for all tumors with an IUR based on 
tumors in all tissues except the lung, based on inhaled concentration in the NTP (1998) study of 
the female B6C3F1 mice. However, any such calculation would be based on the false assumption 
that the chloroprene PBPK model can only be applied to estimate risk of tumors in the lung. As 
the USEPA scientists who evaluated the model are aware, and as indicated by the reviewers' 
responses to Question it in the follow-up peer review, the submitted model already includes the 
necessary dose metrics to calculate risks for all tumors in the lung and liver. Therefore, the 
model submitted to USEPA can be applied to estimate dose metrics for angiosarcomas, 
angiomas, carcinomas and adenomas in both the lung and the liver, which account for the vast 
majority of the observed tumors. 

Moreover, the USEPA's suggestion to use a default dose metric for tumors observed in some 
tissues and not in others is scientifically inappropriate, because the mode of action for 
chloroprene is the same in all tissues: the generation of reactive products directly in the tissue 
due to local metabolism of chloroprene. Therefore, the risk assessment should be conducted 
following the same approach used by the USEPA in their IRIS assessment for vinyl chloride, 
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where the agency was faced with a similar situation: the tissues in which tumors were observed 

in the rodent bioassays for vinyl chloride were nearly identical to the tissues in which tumors 

were observed for chloroprene. Based on their determination that the mode of action for vinyl 

chloride carcinogenicity in all tissues would be the same, the agency used a PBPK model to 

perform animal-to-human extrapolation based solely on liver tumor incidence (the preponderant 

tumors), where the scientifically appropriate PBPK dose metric could be applied. We have 

applied this approach with the submitted model and have determined that the risk based on all 

tumors in lung and liver would be roughly 35-fold lower than the IUR from the 2010 IRIS 

assessment. This result is similar to the difference that resulted from applying the PBPK model in 

the USEPA IRIS risk estimate for vinyl chloride, 

USEPA's suggestion of using the default approach (based on inhaled chloroprene concentration) 

for the small number of tumors that were observed in tissues where quantitative metabolism 

data are not available is not scientifically supportable. As with many other chemicals whose 

carcinogenicity results from its metabolism to reactive compounds, the mouse is much more 

sensitive than other species (Table 1). It has been clearly demonstrated that the tumorigenicity 

of chloroprene across species is not consistent with inhaled concentration, but the use of total 

metabolism estimated by a PBPK model provides a reliable cross-species extrapolation of tumor 

incidence in the lung (Himmelstein et al. 1994; Clewell et al. 2019). The same result was 

obtained for the liver tumors from vinyl chloride (Clewell et al. 2001). Although quantitative 

metabolism data may not be available for some of the other tissues where tumors were observed 

in the mouse bioassays, the ratio of metabolism between human and mouse in these tissues 

would most likely be in the same range as the ratios for liver and lung, meaning that the 

additional risk from the small number of tumors in other tissues would not significantly impact 

the human risk estimate. In fact, some of the other tissues in which tumors were observed in 

the mouse, such as the harderian gland, zymbal gland and forestomach, are not even present in 

human and should not be included in the assessment. 

Table 1. Exposure-Dose-Response for Rodent Lun Tumors 

Exposure 
Concentration 

m 

PBPK 
Internal 

Dose 

Lung Tumor 
Incidence 

Number of 
Animals 

Extra Risk 
(%) 

0 0 0 100 0 

Hamster 10 0.18 0 97 0 

50 0.88 0 97 0 

0 0 0 13 0 

Wistar Rat 10 0.18 0 100 0 

50 0.89 0 50 0 

0 0 3 50 0 

Fischer Rat 
12.8 
32 

0.22 
0.55 

3 
6 

49 
50 

0.3 
7.7 

80 1.37 9 50 14.0 

0 0 15 50 0 

B6C3F1 12.8 3.46 32 50 48.3 

mouse 32 5.30 40 50 70.4 

80 7.18 46 50 89.9 
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USEPA Response to Assertion 2 and Assertion 3 (ORD letter to Denka): Maior New Foilow-Up 

Epidemiological Studv by Dr Gary Marsh, et al. Released in 2020, Shows No Increased Cancer 

Mortality among U S Chloroprene Workers• and New Cancer Incidence Data from the Louisiana 

Tumor Registry Shows the Incidence of Cancers near the Denka Faculty are At or Below State-

wide Averages for Cancers of Potential Concern 

In their denial letter, the USEPA claimed that the available epidemiological data, including 

the update provided by Marsh et al. (2021) and observations available in the LTR, did not 

demonstrate errors in the 2010 IRIS risk assessment for chloroprene. The association 

between occupational exposure to chloroprene and human lung cancer risk was 

characterized as `suggestive" in the 2010 IRIS assessment. 

These USEPA claims demonstrate an incorrect understanding of the weight of the epidemiological 

evidence. When correctly evaluated, the available epidemiological evidence does not suggest an 

association between occupational exposure to chloroprene and lung cancer risk. 

The 2010 Toxicological Review of Chloroprene (USEPA 2010) correctly noted that the early 

occupational cohort studies of chloroprene exposure and cancers of liver and biliary passages 

(Bulbulyan et al. 1998, 1999; Leet and Selevan 1982; Li et al. 1989) and lung cancer (Bulbulyan 

et al, 1998; Colonna and Laydevant 2001; Li et al. 1989; Pell 1978) suffer from substantial 

methodological limitations. The methodological problems include lack of control for other 

carcinogenic chemical exposures, poorly defined or enumerated comparison groups, lack of 

information on potential confounders, and low statistical power due to small numbers of cases 

and/or short follow-up periods. More information about the methodological limitations of the 

early occupational cohort studies is available in published review papers (Acquavella and Leonard 

2001; Bukowski 2009; Marsh and Egnot 2018; Rice and Boffetta 2001; Sax et al. 2020), in the 

2010 Toxicological Review of Chloroprene, and in Appendix 1of Denka's 2017 Request for 

Correction. Because of their methodological limitations, the results of these studies are 

unreliable and cannot be used to draw causal inferences. Furthermore, the overlapping 

populations in several of these studies means that they do not provide independent observations, 

therefore counting each one as providing an independent unit of evidence over-states the weight 

of evidence. 

The USEPA denial letter stated, 'For Marsh et al. (2021), several study quality evaluation 

domains were considered deficient and led to an overall judgment of low confidence 

(Figure 1-1)." 

These statements represent an incorrect understanding of the methods used by Marsh et al. 

(2021), (originally described in Marsh et al. (2007a, 2007b)) which was specifically designed to 

address the methodological limitations of prior studies, and also an incorrect understanding of 

the healthy worker effect. 

Bukowski (2009) reviewed the weight of the epidemiologic evidence for the carcinogenicity of 

chloroprene using study quality criteria suggested by USEPA (Bukowski 2009). He noted that 

Marsh et al. (2007a, 2007b), in contrast to the earlier studies, was larger, characterized 

exposure more completely, and scored in the highest or second highest category for all USEPA 

criteria on methodological quality (Bukowski 2009). 

Marsh et al. (2007a, 2007b) did not identify an increase in cancer risk in the employee 

populations compared with the relevant regional populations for all cancers (combined) or for 

liver or lung cancer. This was demonstrated by the standardized mortality ratios (SMRs) all 
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being below 1.0, indicating fewer deaths from these causes in each study population compared 

with the relevant populations where the plants were located. Neither of the cohorts most 

relevant to the USEPA risk assessment (Louisville, KY and Pontchartrain, LA), showed elevated 

SMRs for all cancers (combined) or for liver or lung cancers when compared with regional or 

national populations. SMRs were calculated for categories of both duration and amount of 

exposure, and there was no evidence of an exposure-response relationship associated with 

increasing duration or amount of exposure. The SMRs for the least exposed employees were 
substantially below 1,0 when compared with the general population. When used as a referent 

category for internal analyses, the very low risk in the lowest exposure group creates the 
mathematical possibility of internal relative risk ratios greater than 1.0 in the higher exposure 

groups, even if those higher exposure groups did not produce more cancer cases than expected 

(Bukowski 2009; Marsh et al, 2021; Marsh and Egnot 2018, section IV). 

• The USEPA denial letter suggested that the low SMRs calculated for the occupational 

cohorts compared with the general population referents could be due to the healthy worker 
effect (HWE). 

The HWE, if operating, tends to reduce the apparent association between the occupational 

exposure and the cause of death of interest due to the presence in the general population of both 

sick and healthy people. If there were a true relationship between an occupational exposure and 

a cause of death, and if the HWE were operating, it would cause the magnitude of the observed 

relationship to be closer to the null value of 1.0 than it should be, indicating no association or 

less association between occupational exposure and the cause of death of interest (Checkoway et 

al. 1989, p 78; Chowdhury et al. 2017; Thygesen et al. 2011). 

The HWE is of concern when the outcome affects working-age people, when the outcome has a 

relatively short latent interval, and when the follow-up period is short. The HWE does not 

typically affect the estimation of risk of diseases that are more common in older persons, like 
cancer, or when follow-up is long, as it was in Marsh et al. 2021 (Burns et al. 2011; Chowdhury 

et al. 2017; Thygesen et al. 2011). When it is a factor, it is generally expected that the HWE will 

lead to approximately a 20% to 25% reduction in deaths observed among the occupational group 

compared with the general population, which would yield an SMR of approximately 0.75 to 0.80 if 

the true SMR were 1.0, i.e. if the occupational exposure was unrelated to the cause of death 

under study (Burns et al. 2011; Chowdhury et al. 2017). 

For the HWE to explain the very low SMRs for liver and for lung cancers reported by Marsh et al. 

(2007a, 2007b, 2021), the chloroprene-exposed workers would have to have developed cancers 

and left the workforce in large numbers, and they would have had to have been lost to follow-up 

to be counted among the deaths in the general population rather than as deaths among cohort 

members (see Chowdhury et al. 2017 on the HWE as a confounder and on the healthy worker 

survivor effect). Had this been the case, more of the deaths from cancer would have been 

counted in the general population and fewer of them would have been counted in the 
occupational cohort. In fact, Marsh et al, (2007a) had very little loss to follow up, 0% for 

Pontchartrain, LA, 0.2% for Louisville, KY, and 3.5% for Grenoble, France. Marsh et al, were 

unable to locate records for 191/1,357 employees from Pontchartrain (12.3%) during cohort 

enumeration. Those individuals were considered unlikely to have been exposed to chloroprene 

during their employment based on their job titles and status as salaried employees (Marsh et al. 

2007a), and thus would not have contributed exposure-dependent deaths to the analysis. 

Another 18 employees chose not to participate in the study (Marsh et al. 2007a). This very low 
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rate of employees lost to follow-up cannot have produced a HWE large enough to have affected 

the study results to the degree suggested in the USEPA denial letter. 

The USEPA denial letter criticized the exposure estimation methods used by Marsh et al. and 

hypothesized a sufficient degree of exposure misclassification to render the estimated effect of 

chloroprene exposure unreliable. 

As discussed in Bukowski (2009) and Sax et al. (2020), as well as the USEPA response to Public 

Comment 2 (page A-32) in Appendix A.3.1 of its 2010 Toxicological Review of Chloroprene 

(USEPA 2010), the exposure estimation methods used by Marsh et al. were more sophisticated 

than the methods used in any prior investigations. The earlier occupational studies characterized 

employees' exposure levels based on job titles, only. As described in Marsh et al. (2007b), the 

quantitative exposure estimates were based on work history and duration of employment in a 

particular job, accounting for the characteristics of the processes in use in that job, plant, and 

time-period. 

If there were errors in the individual records used to reconstruct work history, the exposure 

reconstruction method used by Marsh et al. (2007b) could lead to misclassification of exposure. 

For such errors to have affected the study results, however, the likelihood of their occurrence 

would have to correlate with the likelihood of death due to cancer overall, and due to specific 

types of cancer. For example, the employees who eventually died from lung cancer would have 

had to be systematically more likely to have been misclassified as having lower exposure than 

employees who did not die from lung cancer, or those who survived would have been 

systematically more likely to be misclassified as less exposed than those who died. There is no 

reason to expect such systematic errors, and, in fact, exposure estimates were validated against 

measured exposures when measurements were available (Marsh et al. 2007b). 

The authors of the USEPA denial letter stated that they did not understand the exposure 

categorization methods used by Marsh et al.: "The approach for exposure categorization is 

also unclear and seems to have been based on cancer deaths and not on an a priori 

exposure distribution targeted to contrast higher exposure groups with an unexposed or 

lower exposed referent". 

This is an inaccurate interpretation of the methods used by Marsh et al. As described in Marsh et 

al, (2007b), the authors defined exposure categories based on the exposures experienced by 

cohort members who died from any type of cancer (i.e. all types, combined). Marsh et al. used 

the distribution of exposures among those who died of cancer to develop the categories because 

the vast majority, more than 92%, of the cohort members, were exposed to chloroprene. The 

categorization method selected by Marsh et al. was designed to maximize the possibility of there 

being a sufficient number of cases and amount of person-time available for analyses of specific 

types of cancers to produce stable statistical results. If the referent category had comprised only 

the 8% of employees who were not exposed to chloroprene, the statistical results would have 

been even more unstable than those reported, i.e. the 95% confidence intervals around the point 

estimates would have been even wider than they were. 

The authors of the USEPA denial letter noted that for the Marsh et al. studies "Limited 

information on some key potential confounders (e.g. smoking data for respiratory cancer, 

and alcohol use for liver and breast cancers) precluded their full consideration and likely 

resulted in residual confounding." 
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It is unlikely that residual confounding explains the relationships reported by Marsh et al. For 

residual confounding to have reduced the observed relationship between chloroprene exposure 

and death from a given type of cancer in the SMR analyses, the confounder would have to have 

been more common among the employed compared with the general population, e.g. the 

employees would have to have used more tobacco and alcohol than the general population. For 

residual confounding to have reduced the relationship between chloroprene exposure and cancer 

deaths in the internal analyses, the confounder would have to have been more common among 

the less exposed cases than among the more exposed cases, e.g. the less exposed cohort 

members would have to have used more alcohol and tobacco than the more highly exposed 

cohort members. This distribution of potential confounding factors is unlikely to have occurred, 

as was noted in the USEPA response to comment 31 in Appendix A.2 of its 2010 Toxicological 

Review of Chloroprene (USEPA 2010, p A-27). 

• With respect to the occupational epidemiology data, the authors of the USEPA denial letter 

also provided their opinion that the Marsh et ai. (2021) update, which focused on two US 
plants and did not report updated information for the two European plants, might indicate 

selective reporting. 

The focus in Marsh et al. 2021 on the two US plants and the exclusion of the Grenoble and 

Maydown plants is appropriate for evaluating the risk to the community around the Denka facility 

in St. John the Baptist Parish, LA, which is the subject of the USEPA risk analysis. The reason for 

focusing on the US plants is to mitigate the likely effects of underlying differences between 

employees of different nationalities, including differences in risk due to genetic and 
cultural/behavioral factors that are difficult to identify, measure, and quantify. In Marsh et al. 

2007a, 2007b and Marsh et al. 2021, all results are presented on aplant-specific basis to avoid 

introducing uncontrolled confounding by these characteristics as well as confounding due to 

identifiable international differences in industrial processes, exposure levels to both vinyl chloride 

and chloroprene, and the availability of vital status data. Furthermore, the data presented in 

Marsh et al. (2007a, 2007b) did not show evidence of increases in risk or exposure-response 

relationships between exposure and cancer risk in its two European cohorts. In addition, the 

early studies conducted in European cohorts that did report associations have been criticized, 

including in the chloroprene risk assessment concluded by USEPA in 2000, for their 

methodological limitations. Taken together, there is no reason to believe that data from the 

Grenoble and Maydown plants would add meaningful information to the assessment of cancer 

risks in the two US cohorts that are subject to USEPA regulation. 

Our presentation of data from the Louisiana Tumor Registry (LTR) is in direct response to 

the USEPA assertion, based on the 2011 NATA report, that St. John the Baptist Parish has 

the highest cancer risk in the US. 

If it were true that St. John the Baptist Parish has the highest cancer risk in the US, the cancer 

registry data provided by the LTR would show higher numbers of cancer cases and cancer 

incidence rates in St. John the Baptist Parish than elsewhere. In fact, the LTR demonstrates that 

cancer rates in St. John the Baptist Parish are lower than in other parts of Louisiana, including 

parishes that are part of the Industrial Corridor (i.e. presumed to have higher concentrations of 

air toxics) and parishes that are further away from the Denka facility (i.e. presumed to have 

lower concentrations of air toxics). The NATA risk estimate must be incorrect, based solely on 

the comparison between the number of cancer cases observed among residents of St. John the 

Baptist Parish and elsewhere. 

12/40 



The conclusion that the NATA risk estimate is incorrect is further supported by using the IUR 

together with the mean or median occupational chloroprene exposure concentrations estimated 

by Marsh et al. (2007a, 2007b) to calculate the expected number of excess cancers, as was 

incorrectly done in Appendix A (page A-17) of the Toxicological Review of Chloroprene in support 

of the IRIS Program (USEPA 2010). In that document, the expected number of excess cancer 

cases was calculated assuming the median occupational exposure concentration in the Louisville 

plant of the Marsh et al. (2007a, 2007b) study had been experienced as lifetime (i.e, 70 years) 

residential exposure (i.e. 24 hours per day, seven days per week). This exercise assumes that a 

proposed composite IUR of 1.4x10-4 per ~g/m3, developed using the results from a chronic 

bioassay conducted in male mice (NTP 1998), correctly characterizes potential cancer risk for 

humans. Note that the final IUR recommended by USEPA, 5x10-4 per ~g/m3, was based on the 

female mouse and also was adjusted for other, age-specific factors. The female mouse is a more 

sensitive receptor than the male mouse, so the final IUR will predict more cancers than the IUR 

based on the male. 

To estimate the upper bound on the predicted risk, the calculations shown on page A-17 of 

Appendix A (USEPA 2010) correctly converted the median cumulative exposure estimated for the 

Louisville cohort to a lifetime residential exposure estimate. Leaving aside the important 

questions of whether the composite cancer risk derived from the incidence of tumors observed in 

the male mouse is applicable to humans, and whether it validly estimates the potential risk of 

human liver and lung cancer specifically, USEPA (2010) incorrectly applied this upper bound 

predicted risk (0.13) only to the number of individuals in the Louisville plant with known cause of 

death. Risk estimates must account for all exposed individuals in a population, regardless of 

whether or not they experienced the outcome under investigation. Applying the predicted risk 

(upper bound) only to the individuals with a known cause of death (n=2,282) reduced the 

number of cancer deaths expected and resulted in a number of cancer cases (upper bound) that 

was similar to the number of liver and lung cancer deaths observed in the Louisville cohort, i.e. 

293 vs. 283 observed the in the cohort. Had the predicted risk (upper bound) been correctly 

applied to the entire exposed cohort, i.e. all individuals who were at risk of developing cancer due 

to chloroprene exposure if chloroprene in fact causes cancer (n=5,486), the number of expected 

cancer deaths would have been 713 compared to 283 observed in the cohort. Of note, the 

number of liver and lung cancer deaths expected for the cohort based on the SMR analyses was 

373. Applying the final IUR of 5x10-4 per ~g/m3 to the number of persons exposed to 

chloroprene in the Louisville plant (5,486) provided an estimate of 927 excess cancers versus 

283 observed in the cohort, if the median exposure concentration experienced by the 

occupational cohort was converted to a lifetime residential exposure. If the mean occupational 

exposure level were used instead, which is more representative of the exposure, the number of 

predicted excess cancers would have been 3,891. Thus, using the best quality data available 

from Marsh et al. (2007a, 2007b) demonstrates a substantial disagreement between the animal 

and human data. Marsh et al. observed no excess cancers after exposure to chloroprene in an 

occupational setting. 

The exercise described in Appendix A (page A-17) of USEPA (2010) attempts to demonstrate that 

an IUR based on rodent tumors using a default approach can be used to estimate the number of 

excess cancer cases expected in the occupational cohort, even though the SMR analyses 

completed by Marsh et al. (2007b) failed to demonstrate an excess exists. As documented in 

Marsh et al. (2007b), occupational exposures were highest in the past, declining from 20 ppm, or 

approximately 1035 ~g/m3, before 1960 to less than 0.5 ppm (approximately 26 ug/m3) in 1990 
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(see page 303 of the publication). Thus, in spite of the highest occupational exposures being 

experienced longest ago, relevant to the fact that cancer develops over the course of decades, 

there were no excess liver or lung cancers in the cohort even with the latest update (Marsh et al. 

2021): SMR values for both lung and liver cancers were <1.0. An accurate IUR should not 

predict a large (or any) excess in the occupational cohort. Furthermore, the occupational 

exposure concentrations documented in Marsh et al. (2007b) are higher than the levels expected 

for residents of St. John the Baptist Parish due to dispersion over distance from the source. It is 

implausible to suggest significant excess risks in current residents of St. John the Baptist Parish 

when no excess was observed at the much higher occupational exposures experienced by the 

cohort. 

• The authors of the USEPA denial of Denka's RFC incorrectly interpreted the presentation of 

the LTR data as an epidemiological analysis that aimed to link an exposure with an 

outcome. 

The only reason for providing the LTR data was to test the validity of USEPA's assertions 

regarding the magnitude of the cancer risk in St. John the Baptist Parish. 

The authors of the USEPA denial of Denka's RFC raised concerns that "Tumor registry data 

may also be subject to notable differences in resources and surveillance rigor and 

effectiveness across healthcare systems in different regions." 

The LTR covers the entire state of Louisiana and the management and administration of the 

registry is the same for all parishes. Furthermore, the LTR is part of the US Centers for Disease 

Control and Prevention (CDC) national Surveillance, Endpoints and Epidemiology Registry (SEER) 

program. The LTR has not only adhered to the guidelines for managing a cancer registry set 

forth by the CDC, it has received awards for the quality of its data (see, for example, ~SU Health 

New Orleans 2018). The completeness of the LTR specifically for St. John the Baptist Parish has 

been validated in an audit conducted by Louisiana State University (Williams et al. 2021). 

The authors of the USEPA denial letter reiterated their misunderstanding of our purpose in 

presenting the LTR data in their statements, "Many cancers are also often multifactorial in 

nature, and examination of tumor registry data by itself doesn't readily inform hypotheses 

on specific links to certain chemical exposures such as chloroprene. Thus, comparisons 

based on the tumor registry data alone do not further inform drawing causal inference 

related to specific exposures such as chloroprene." And "In the context of a hazard 

characterization, tumor registry data could be considered more descriptive and does not 

readily permit the examination of epidemiological associations to evaluate specific etiologic 

hypotheses." 

We have not proposed using the tumor registry data to evaluate the risk associated with specific 

exposures, only to test the validity of USEPA's assertions regarding the magnitude of the cancer 

risk in the Parish. We found no evidence of exceptionally high cancer risks in St. John the Baptist 

Parish, therefore, USEPA's risk calculations have overstated the hazard. 

The authors of the USEPA denial letter misunderstood the meaning of the censored data 

elements in the LTR reports, evidenced by this statement: '~In addition, several limitations 

were noted by USEPA of Denka's statewide tumor registry analysis, including that data on 

liver cancers are not available in the Louisiana Tumor Registry at the parish level, which 

precludes examination of whether liver cancer rates are elevated in the St. John Baptist 

Parish compared to other relevant areas in Louisiana." 
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The Louisiana Tumor Registry adheres to data privacy protocols that prohibit reporting data for 

cancers when too few cases are available for anonymized analyses. Liver cancers were among 

the types of cancer that occurred too infrequently in St. John the Baptist Parish to allow reporting 

by the Tumor Registry. This censoring therefore provides additional evidence that liver cancer 

rates are not elevated in St. John the Baptist Parish. Data are provided on the LTR website that 

compare Parish-level data for 2014-2018 to the state, overall. These data indicate that St. John 

the Baptist Parish has incidence in the bottom quartile for Louisiana for liver and lung cancers 

and for all cancers, combined. 

This section lists the Tier 1Key Recommendations and Tier 2 Suggestions from the reviewers in 

the follow-up peer review report (Versar 2021) and provide Ramboll's responses. 

Tier 1: Key Recommendations -Recommendations that are necessary for 

strengthening the scientific basis for the PBPK model, reducing model uncertainties 

(especially with respect to typical expectations for a PBPK model) or accurately 

evaluating such uncertainties before the model is applied for risk assessment. 

Tier 2: Suggestions -Recommendations that are encouraged in order to strengthen 

confidence before the PBPK model is potentially applied in risk assessment. It is 

understood that other factors (e.g. timeliness) may also be considered before 

deciding to conduct the suggested additional research or model revisions. 

The responses are organized by question, with the question from the charge to the peer 

reviewers noted with each comment. We have indented the peer reviewers' comments and 

followed them with our responses. All Tier 1and Tier 2 comments have been addressed 

and resolved. We do not believe that there are here are any remaining issues that would 

argue against using the PBPK model in a risk assessment for chloroprene. To the contrary, 

the evidence described in the responses to the reviewers' comments demonstrates that the 

chloroprene PBPK model is based on the best available science, which is especially 

important when deriving an Inhalation Unit Risk involving extrapolation across species to 

estimate the potential human carcinogenicity of compounds, like chloroprene, whose 

toxicity results from reactive metabolites. Previous risk assessments for similar chemicals 

have demonstrated that the default cross-species extrapolation using inhaled concentration 

is highly inaccurate for this toxic mode of action. 

Question 1-Please evaluate the quality of the revised analysis and estimation of 

metabolic parameters using the two-phase in-vitro metabolism model. 

The revised analysis for estimating the metabolic parameters is acceptable, and the joint 

MCMC estimation of Vmax, Km, and Kgl using male mouse liver data is informative and a 

correct step in the right direction. A few technical issues remain to be clarified and 

corrected. (Zhu -Question 1, Tier 1) 

o In Supp Mat B (page 6, last paragraph) the authors stated: 
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• "Therefore, we conducted a re-analysis of the data on metabolism in the male 
mouse liver to simultaneously estimate Vmax, Km and Kgl ..." 

o Also in Supp Mat B (page 9 in the paragraph following equation 1) the authors 
stated: 

• "The flux of chloroprene between air and media (Kgl) was estimated by fixing the 
Km in the male mouse liver microsomal study to 1.0 ~mol/L and estimating both 
Vmax and Kgl." 

o These two statements were inconsistent and confusing. The latter indicated the 
estimation of Kgl and Vmax were based on a fixed Km, not simultaneous. 
Clarification is needed. 

Response: Unfortunately, the sentence on p. 9 of Supp Mat B was missing a few words 
that confused its meaning (italicized here): "The flux of chloroprene between air and media 

(Kgl) was estimated by fixing the Km to the value in the male mouse liver microsomal 
study of 1.0 ~mol/L and estimating both Vmax and Kgl." This has been corrected. 

Ramboll's re-analysis reported ~~best" estimate of Kg1=0.22E/hr. It is unclear if it was the 
posterior mode. The statement (Supp Mat B p9 2nd paragraph following equation 1), 'The 
geometric mean of Kgl was retained as a fixed value for the analysis of all the in vitro 
studies including the male mouse liver which was re-analyzed to estimate Vmax and Km 
after the Kgl was fixed" suggests that it was the mean, The footnotes of Figure B-5 also 
suggest the same. The posterior mode for In(Kgl) was about -1.88 (Figure B-4), giving 
Kgl=exp(-1.88)=0.15. Under MCMC framework, it is crucial to use the posterior mode as 
the best estimate, especially when the posterior distributions are skewed, as likely the case 
seen for Km and Kgl (Figure B-4). It is strongly recommended that posterior modes 
reported and used as the estimate of the metabolism parameters. Note that only when the 
posterior distributions are symmetric, posterior mode and mean would be comparable. 
Therefore, Ramboll should examine the posterior distributions carefully. 

Response: The final choice of Kgl was not based on the posterior analysis of Vmax, Km 

and Kgl in the male mouse liver. Due to the high correlation between Km and Kgl, and to 

a lesser degree between Vmax, Km and Kgl, we found the simultaneous identification of all 
three parameters very challenging, including having to bound some distributions from 
below. Based on our evaluation of the posteriors, we determined that for our purposes it 
was more appropriate to use the mean rather than the mode in this case. In order to 
evaluate the impact of this decision, we conducted a sensitivity analysis on the value 
assumed for Kgl. As described in the main text of the revised PBPK model documentation, 
the choice of 0.22 L/hr for Kgl was based on a goodness of fit analysis, which also included 

a value of Kgl = 0.175, which was as close to the posterior mode as it was possible to use 

and still be able fit the in metabolism data (Figure 1). 

• In simultaneous estimation, posterior modes for Vmax and Km should be reported in 
conjunction with that of Kgl, in conjunction with a highest posterior density or highest 
credibility region/interval, the counterpart of a confidence interval in the Frequentist 
approach. 

Response: The choice of Kgl was not based on the posterior analysis of Vmax, Km and 
Kgl in the male mouse liver. Due to the high correlation between Km and Kgl, and to a 
lesser degree between Vmax, Km and Kgl, we found that identification of parameters when 
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all three are included in the calibration was not reliable. Therefore, in order to evaluate 

the impact of the value assumed for Kgl on the estimation of metabolism parameters and 

dose metrics, we conducted a sensitivity analysis. As described in the revised PBPK model 
documentation, the choice of 0.22 L/hr for Kgl was based on a goodness of fit analysis 

using the data in the female liver, which indicated that the mean value of Kgl estimated 

from the male mouse data provided the best fit to the female mouse data (Table 2). 
Therefore, this value was selected for use during the in vitro calibrations in the subsequent 
evaluation of metabolic parameters: 

'~Overali, the value of Kgl = 0.22 that was selected for use in the in vitro modeling 
(Supplemental Materials D) is both scientifically defensible and risk-conservative, 
based on (1) it was derived from a joint MCMC analysis for Kgl and Km in the male 
mouse, which was the most informative metabolic data (Supplemental Materials B), 

(2) it provides the best goodness of fit of the in vitro model to the experimental 
metabolism data in the human liver (Table 2), and (3) lower risk estimates would be 
obtained using higher values of Kgl, While a value of Kg1=0.175 would provide a 
higher risk estimate, it did not provide as good a fit to the in vitro data as Kgl = 
0.22; in fact, attempting to decrease Kgl any further than 0.175 made it impossible 
to fit the data at all." 

Table 2. Goodness of fit in vitro model to the experimental data based on sum of squares error 
(SSE) for different values of Kgl 

Sum of Ratio to Sum of Ratio to Sum of Ratio to 
KGL Squares 

Error 
KGL = 
0.022 

Squares 
Error 

KGL = 
0.022 

Squares 
Error 

KGL = 
0.022 

0.175 0.108 1.002 4.59 1.004 0.535 1.039 

p.Z2 0.108 1.000 4.57 1.000 0.515 1.000 

0.44 0.107 0.987 4.54 0.994 0.594 1.155 

0.88 0.108 0.999 4.54 0.994 0.520 1.016 

1000 0.108 0.998 4.54 0.993 0.580 1.126 

Question 2 -The Ramboll report demonstrates that estimates of the metabolic parameter 

Km depend on the value of Kgl but evaluated the impact of the resulting uncertainty in the 
metabolic parameters on predicted dosimetry in mice and humans, in particular estimates 

of human lung cancer risk. The revised analysis investigates a wide range of values for the 

mass transfer coefficient, Kgl. Please discuss whether this evaluation adequately 
addresses uncertainties regarding the parameter Kgl. 

• To address whether the uncertainty was impacted by the ~Kgl' value, the lower and upper 

bound of the estimated parameters (e.g. Km) should be presented and compared for 
different values of ~Kgl'. (Shao -Question 2, Tier 1) 

Response: The issue being addressed by the Kgl analysis was not the impact of 
uncertainty in Kgl on the estimated metabolism parameter values, it was the impact of 

uncertainty in Kgl on model-predicted dose metrics. The results of this analysis were 
provided in Table 3 of the revised PBPK model documentation: 
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Table 3. Sensitivity of the dose metric predictions from the model to the value of Kgl 
used in the in vitro parameter estimation 

KGL value: 0.175 0.22 0.44 0.88 1000 

Species 
Inhaled 

Concentration 

Amt. 
Metab. 
Lung 

Amt. 
Metab. 
Lung 

Amt. 
Metab. 
Lung 

Amt. 
Metab. 
Lung 

Amt. 
Metab. 
Lung 

12.8 ppm 0.85 0.85 0.85 0.86 0.86 
Female 
Mouse 

32 ppm 1.29 1.29 1.29 1.29 1,29 

80 ppm 1.69 1.69 1.69 1.69 1.69 

Human 1Ng/m3 3.59E-06 3.24E-06 2.73E-06 2.54E-06 2.33E-06 

The current report contains an extensive discussion on the mass transfer coefficient Kgl, 

including details on estimation of Kgl. Importantly, Ramboll had the opportunity to apply 

the MCMC analysis on male mouse liver to other tissue/sex/species to obtain a range of Kgl 

estimates, therefore gaining valuable insight on the variabilities/uncertainties of Kgl. 

Instead Ramboll used the value Kg1=0.22 obtained from male mouse liver for all analyses 

on other tissue/sex/species. To a lesser extent, Ramboll could have also used values 

chosen within the 95% credibility interval of Kgl to investigate the propagating impact of 

Kgl on predicted dose metrics. Note that 95% credibility interval capture mostly 

uncertainties associated with sampling variations, not those associated with model and 

parameter. (Zhu -Question 2, Tier 1) 

Response: No MCMC analysis was performed with the male mouse liver metabolism data, 

because the collinearity of Kgl with Vmax and Km prevented convergence. As described in 

the revised PBPK model documentation, the choice of 0.22 L/hr for Kgl was based on a 

goodness of fit analysis, and was fixed during the in vitro calibrations in the subsequent 

evaluation of metabolic parameters. 

• In assessing the sensitivity of cancer risk quantification to the PBPK model prediction of 

dosimetry in general and Kgl in particular, the multi-stage Weibull dose-response model 

was used quantify the dose-response relationship. No justification was given to the choice 

of Multi-stage Weibull model as opposed to other models (e.g. Weibull model). Note also 

the multi-stage Weibull model is no.longer supported by USEPA's BMDS software. (Zhu -

Question 2, Tier 1) 

Response: There are two major reasons for using the Multi-stage Weibull model in our 

analysis. First, there is a statistically significant difference in the survival of the dose 

groups of the female mice versus the survival in the control group which supports the use 

of a time-to-tumor model to account for the probability of survival until the tumors occur. 

Second, we wished to be as consistent with the USEPA methods as possible where we 

considered them to be appropriate. In the 2010 toxicological Review of Chloroprene 

(USEPA 2010), the USEPA used the multi-stage Weibull in their analyses citing the 

following reasons: 

~~Due to the occurrence of multiple tumor types, earlier occurrence with increasing 

exposure, and increased mortality with increasing exposure level, methods that can reflect 

the influence of competing risks and intercurrent mortality on site-specific tumor incidence 

rates are preferred. USEPA has generally used the multistage Weibull model, because it 

incorporates the time at which death-with-tumor occurred." 
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Although it is true that the Multi-Stage Weibull model was never directly a part of the 
USEPA BMDS software, it has been available on the USEPA website for many years and can 
presently be located at the following Web address: 
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Question 3 -Please comment on the pool sizes for the human microsomes used to 

estimate chloroprene metabolic rates in vitro, and the number of tissue samples (donors) 

evaluated for 7-ethoxycoumarin activity, for the estimation of average metabolic activity 

for human adults. 

• No Tier 1or 2 recommendations 

Question 4 -Discuss the appropriateness of the data used and the statistical modeling 

approach for evaluating average (or mean) adult human, mouse, and rat metabolic 

parameters. Please comment on whether sufficient microsomal samples (incubations) 

were analyzed to represent the average values and to characterize metabolic variation 

across species, sexes, and tissues. 

Address the implied recommendation of the 2020 review panel to better characterize the 

individuals who provided microsomal samples." (Portier -Question 4, Tier 1) 

Response: The necessary information is not available to characterize the individuals from 

which microsomal samples were obtained, due to the age of the Lorenz et al. (1984) study. 

However, the USEPA has previously used this study for the same purpose in their PBPK-

based IRIS assessment for vinyl chloride. 

• This and Yang's (Yang et al 2012) analyses both demonstrated evidence of between-

species and between-sex differences in metabolic parameters. The authors of this analysis 

noted the visible differences between this analysis and that of Yang et al 2012. For 

example, the estimates of Km in the male mouse lung and liver from this analysis were 

only half of those from Yang's analysis. Incorporation of a mass transport parameter Kgl 

made the current analysis biologically sound. However, it is plausible that Kgl could be 

different across tissue or sex (as evidenced by its dependence with affinity Km). The fact 

that the current analysis failed to obtain an acceptable estimate for the metabolism 

parameters in multiple species and both sexes indicating limitation in these data as well. 

Therefore, this analysis did not provide strong evidence that the microsomal samples or 

data were sufficient. (Zhu -Question 4, Tier 2) 

Response: Kgi was a fixed parameter in Ramboll analyses of in vitro Vmax and Km for all 

tissues and genders. It is not plausible that Kgl could be different across tissue or gender: 

Kgl is a physicochemical parameter that represents the diffusion limitation for chloroprene 

uptake into the media from the air in the vial. Kgl is independent of Km, but the 

collinearity of Kgl and Km complicates the process of estimating values for both 

parameters simultaneously from the in vitro data. To address this issue, the value of 

Kg1=0.22 was derived in two separate ways: (1) from scaling of the mixing rate in the 

experimental determination of Kgl to the mixing rate in the metabolism studies, and (2) 

from simultaneous estimation of Kgl, Km and Vmax using the data for the male mouse 

liver, which had the highest rates of metabolism, and therefore served as the most 

informative data for the simultaneous estimation of Kgl and Km. The Kgl estimated from 

the male mouse liver could then be used for the estimation of Vmax and Km in all of the 
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other tissue data, because the mixing conditions in the vials were the same throughout the 

studies. There is no scientific justification for using a different value of Kgl in different 

tissues or genders. 

Question 5 -Please comment on the use of the relative 7-ethoxycoumarin activity in 

human lung vs. liver tissue to predict the average rate of chloroprene oxidative metabolism 

in the human lung. 

Isuggest Ramboll include metabolism data with inhibitors from Himmelstein et al. (2001 

and 2004) in their report as direct experimental evidence for the role of CYP2E1 in 

metabolism of chloroprene. (Smith -Question 5, Tier 1) 

Response: We thank the reviewer for highlighting the key evidence demonstrating that 

chloroprene is primarily metabolized by CYP2E1. In particular, Himmelstein et al. (2001) 

found that the metabolism of chloroprene in the mouse liver was almost completely 

inhibited by 4-methyl pyrazole, a specific inhibitor of CYP 2E1. 

Has Denka and Ramboll contacted the UK folks in Syngenta Central Toxicology Laboratory 

and University of New Castle where the work in the Cottrell et al. (2001) and Munter et al. 

(2003, 2007) papers were done? If these two groups of scientists could do the 

experiments, there should be other laboratories in the world with equivalent expertise and 

facilities to do such work. (Yang -Question 5, Tier 1) 

Response: As pointed out by another reviewer, Jordan Smith, Himmelstein et al. 2001 

reported that the metabolism of chloroprene in the mouse liver was almost completely 

inhibited by 4-methyl pyrazole, a specific inhibitor of CYP2E1. Therefore, no new studies 

are needed to demonstrate that chloroprene is primarily a substrate of CYP2E1. 

Irecommend that Ramboli colleagues calculate Vmax and Km using enzymatic formation 

of 3a,b (i.e. 1-chloroethenyl oxirane) data in Table 1 [page 1296, Munter et al. (2003)]. 

These metabolic constants are then compared with the equivalent constants in Table 3 

(page 23) of what Himmelstein et al. (2004) produced. . This way we could get an idea 

what differences are there between two excellent groups of experimental scientists 

produced, using two approaches, on "total" metabolism of CP in rat, mouse, and human. 

This comparison will also afford us, at the very least, a ballpark idea whether there is/are 

major problems with the present Ramboll (2021) approach. Yes,Iam aware of the fact 

that the Munter et al, (2003) work involved the use of acetonitrile as a solvent and, yes,I 

am also aware of the fact that production of 3a,b is not "total metabolism." It doesn't 

matter here becauseIam trying to avoid 'major errors." (Yang -Question 5, Tier 1). 

Response: As requested, we have calculated kinetic constants from Munter et al. (2003) 

to compare with those from Himmelstein et al. (2004). Importantly, these two studies 

provide different measures for a maximum velocity of metabolism (Vmax). Himmelstein et 

al. (2004) examined loss of CP from headspace, providing a measure of total oxidative 

metabolism, i.e. production of 1-CEO, 1-CEO-diol (3a,b and 4a,b from Munter) and the 

amount going to 2-CEO, which in liver was estimated to be 95% of total metabolism. The 

reported values of Vmax and Km were, respectively, 0.23 mmole/hr/mg protein and 1.03 

mM. 
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Munter et al. (2003) added CP in 5uL acetonitrile (i,e, 3.93 mg based on a molecular 

weight of 41.053) with liquid phase concentrations of CP ranging from 10 to 10000 ~M. 

The acetonitrile concentration in the absence of CP would be 95.7mM. The liquid phase 

concentration depends on the volumes of liquid (1ml) and air (9mL) in the gas tight 

syringe and the liquid air partition coefficient, 0.69. Based on this partition coefficient, the 

liquid phase concentration after equilibration will be 7.1% of the CP added in the liquid. 

Even at the highest CP concentration, there is close to a 10-fold excess of acetonitrile with 

the ratio of acetonitrile to CP increasing with decreasing [CP] and the liquid phase [CP] 

concentrations vastly exceed the blood [CP] in the mice exposed to 90 ppm which was 

10~M, 

The amounts of product formed in the assays -the sum of R- and S-1-CEO and R- and S 

1-CEO diol -and the calculated liquid phase concentrations are shown in Table 4. 

Table 4. Rates of formation of 1-CEO roducts usin rat liver 

CP-concentration Product formed Ad"usted rate 

uM nmoles/30 min/1.5 m rotein nmoles/hr/m rotein 

0.0 0.0 0.0 

0.71 1.23 1.64 

7.1 7.42 9.89 

71 25.29 33.72 

710 31.3 40.75 

The adjusted rate of production was fit to a Michaelis-Menten equation: 

V = Vmax*[CP]/(CP + Km). 

The best fit using a single M-M equation was Vmax = 42.14 nmoles/hr/mg protein (0.042 

umoles/hr/mg protein) and Km=19.38 uM (Figure 1). This Vmax needs be adjusted for the 

proportion of oxidation that produces 2-CEO in rat liver, estimated by Himmelstein to be 95% of 

the total. The adjusted Vmax for total metabolism, assuming the in vitro conditions in Munter et 

al. (2003) produce a similar split between 1-CEO and 2-CEO would be 0.042/0.05 or 0.84 

~amoles/hr/mg protein. Therefore, the estimated Vmax for the two studies differs by a factor of 

3.65 and the Km values differ by a factor of 18.8. 
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Figure 1: Michaelis-Menten Plot of data from Munter et al. (2003). Predicted values were 

obtained using Vmax=42.14 nmoles/hr/mg protein and Km=19.38 uM. 

The large difference in Km is almost certainly due to the presence of high concentrations of a 

competitive low molecular weight alternative substrate, acetonitrile, in the Munter et al. (2003) 

study. The ratio of CP/acetonitrile varies somewhat at higher CP concentrations where the ratio 

of CP/acetonitrile increases. The Michaelis-Menten relationship for competitive inhibition 

(Andersen et al. 1987) is: 

V = Vmax*S/(S+Km ((KI+I)/KI) )= Vmax*S/(S+(KM*(1+I/KI)) 

WhereI is the concentration of the inhibitor and KI is the equilibrium dissociation constant for 

binding of the inhibitor to the active site of the enzyme. Based on the observed Km from Munter 

et al. (2003), (1+I/KI) would be 18.8. Since the concentration of acetonitrile,I was 95.7 mM, 

the KI to give the observed inhibition would be 5.3 mM. 

Thus, the difference in Km between the two studies is consistent with inhibition between 

acetonitrile and CP, It bears emphasis that the Km value from Himmeistein et al. (2004) is 

consistent with in-life Km values determined by gas uptake methods for a variety of low 

molecular weight chlorinated urethanes, ethanes and ethylenes (Supplemental Materials B of the 

PBPK Model Documentation). If the Munter et al, (2003) experimental design had been intended 

to assess CP metabolic constants at relevant exposure levels, gas phase introduction of CP with 

equilibration between the gas and liquid phase would have been a preferred design, The study, 

however, was intended to identify metabolites not to assess kinetic constants for the high affinity 

pathways that dominate metabolism at concentrations relevant to the rodent bioassays and 

potential human exposures. 

The higher estimate of Vmax in the Munter et al, (2003) study is likely to be due to the use of 

such high concentrations of CP. At these very high concentrations, lower affinity but higher 

capacity pathways, such as oxidation by CYP1A and 2B family cytochrome P450s, can also 

contribute substantially to total metabolism. Treatment of rats with PB (a CYP26 family inducer) 
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or with PCBs (a mixed CYP2B and CYP1A family inducer) increased metabolism of another 
chloroalkene, trichloroethylene (Clewell and Andersen 2004). 

• it is not clear whether the use of relative 7-ethoxycoumarin activity in humans and lungs is 
a reliable way to predict the average metabolism rate. However, in the current analysis, 
the calculated Vmax/Km in the liver is about 4680 times (14.51/0.0031) greater than in 
the lung. Even in Himmelstein et al. (2004), the highest metabolism ratio between liver 
and lung was not over 100. (Hsieh -Question 5, Tier 2) 

Response: We believe the Al approach used by USEPA in the IRIS assessment for methylene 
chloride remains the best approach for estimating human lung metabolism. The analysis in 
Himmelstein et al 2004a only represented an upper-bound estimate of metabolism in the case of 
the human lung, As explained in our report, the in vitro metabolism studies conducted with 
chloroprene were unable to detect any metabolism in the human lung, as evidenced by the fact 

that the rate of change in chloroprene concentrations in the human lung metabolism vials was 
similar to, and in some cases less than, the rate of change of chloroprene concentrations in the 
control vials. Because the slow rate of metabolism in the human lung made it impossible to 
estimate both Vmax and Km from their in vitro data, Himmelstein et al. (2004) attempted 
instead to estimate afirst-order rate constant for metabolism in the human lung. Unfortunately, 

this approach was not biologically appropriate, because the metabolism of chloroprene, 
regardless of tissue, results from high-affinity, low-capacity enzymes. Therefore, in our analysis 

we followed the same approach as in the USEPA IRIS assessment for methylene chloride, another 
compound where data on metabolism was not available for the human lung; that is, we assumed 

that the Km for the CYP 2E1 protein would be the same in liver and lung and estimated Vmax in 
the human lung based on the Vmax for the liver using the 7-ethoxycoumarin activity ratio 
between liver and lung as a surrogate for other CYP 2E1 substrates. This approach was also 
supported by an alternative approach based on the ratio of CYP RNA in the two tissues. 

Question 6 -Please evaluate the choices of extrapolation factors and formulas used for the 
IVIVE calculations. Please discuss the soundness of the metabolic parameters in Table S-4 as 
estimates for average adult female and male mice and rats, and average adult humans 
(combined sexes). 

Na Tier 1or 2 recommendations 

Question 7 -Please assess whether the analysis adequately addresses the overall quantitative 
uncertainty due to other factors in the IVIVE application. Please identify any factors in the IVIVE 

calculation or parameters in the PBPK model for which variability or uncertainty have not been 

adequately considered. State any concerns about predictions of the rate of chloroprene 
metabolism in liver and lung which should be addressed. Please discuss whether the possible 
ranges for metabolic parameters (upper and lower bounds) have been sufficiently estimated such 

that they can be used with confidence for animal-to-human risk extrapolation. 

• Clarify how the Monte Carlo assessment of uncertainty of physiological parameters was 
perfiormed. (Portier -Question 7, Tier 1) 

Response: The parameter distributions for the physiological parameters are based on using the 

set value as the mean +/- 2.5 SD with the SD calculated using a CV fraction of the mean 
parameter listed in Table 5. Metabolism parameters were based on the posterior chain. 
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Table 5. Rodent tumor sites in in bioassa s for chloro rene and vin I chloride 

Female
Parameter CV Human CV Distribution 

Mouse 
BW 0.04 0.11 70 0.3 Normal 

PC 29.1 0.56 24 0.3 Normal 

CC 20.1 0.083 16.5 0.1 Normal 

LC 0.161 0.3 0.227 0.2 Normal 

FC 0.07 0.6 0.052 0.3 Normal 

SC 0.159 0.4 0.191 0.15 Normal 

KC 0.9 0.3 0.175 0.2 Normal 

VLC 0.055 0.06 0.0257 0.05 Normal 

VLUC 0.0073 0.3 0.0076 0.1 Normal 

VFC 0.1 0.3 0.27 0.3 Normal 

VRC 0.08098 0.3 0.0.533 0.1 Normal 

VSC 0.384 0.3 0.4 0.3 Normal 

VKC 0.0167 0.3 0.0044 0.1 Normal 

PL 1.26 0.2 2.37 0.2 Lo -Normal 

PLU 2.38 0.2 2.94 0.2 Lo -Normal 

PF 17.35 0.3 28.65 0.3 Lo -Normal 

PS 0.59 0.2 1 0.2 Lo -Normal 

PR 1.76 0.2 2.67 0.2 Lo -Normal 

p6 7.8 0.2 4.5 0.2 Lo -Normal 

PK 1.76 0.2 2.67 0.2 Lo -Normal 

Discuss how known/assumed correlations among partition coefficient parameters are 

handled in the Monte Carlo assessment of uncertainty of physiological parameters. (Portier 

- Question 7, Tier 1) 

Response: Partition coefficients (PC) are usually sampled with independent distributions. 

That is, blood:air and tissue:blood PCs are assumed to have independent variability and 

uncertainty in the Monte Carlo analysis. 

• Clearly identify the variables referred to as having the "joint posterior distribution" from 

which samples are drawn in the analysis to address statistical dependency among Vmax, 

Km and Kgl. If possible, provide a graphic to illustrate what this joint posterior distribution 

looks like. (Portier -Question 7, Tier 1) 

Response: There is little to be gained from plotting the joint posterior distribution for a 

calibration that is not converged. The posterior estimate for Kgl from the male mouse liver 

incubation was not the basis of Kgl in the calibration to the in vitro experiments (see 

response to question 1above). Given that the calibration of Vmax, Km and Kgl failed to 

converge, Kgl was based on the best fit to the human liver incubation in the goodness of fit 

evaluation shown in Table 2. 

Question 8 -Please discuss the appropriateness of the PBPK model structure presented 

by Ramboll for estimation inhalation dosimetry in an USEPA Toxicological Review of 

chloroprene. Please focus on the model structure for the liver and lung, i.e. tissues in 

which chloroprene metabolism is predicted by the model. 
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• From the perspective of PBPK modeling, the present Ramboll model "over-predict" the 

blood CP levels comparing to their experimental data [Figure 7, Ramboll (2021)], I would 

recommend the Ramboii colleagues to consider CP, itself, as a part of the internal dose and 

incorporate an adduct-formation rate constant in the following compartments of the PBPK 

model: lung, slowly perfused, rapidly perfiused, liver, and kidney, based on the multiple 

tumor sites reported in NTP TR467 (NTP 1998) as quoted above. This would certainly 

render CP less available in the blood stream; thus, the end results of such an incorporation 

into the PBPK model would have been a better fit of the simulation curves with the 
experimental data. Regarding "model reduction" (see discussion below under Item 2) 

then, the Ramboll colleagues might consider only the two-component internal dose of the 

parent compound CP plus "the total dose metabolized" in their PBPK modeling. In that 

case, the "dose metric" calculations as presented on page 27 of the Report (Ramboll 2021) 

would have been different. (Yang -Question 8, Tier 1) 

Response: This set of comments from Dr. R. Yang raises the possibility of direct reactivity 

of CP with tissue macromolecules, specifically DNA. If such reactions occurred at a 

significant level, the dose metrics used for the risk assessment would have to include the 

rates/amount of direct tissue reactivity of CP as part of the dose metric. The basis for 

suggesting that CP would react directly was two-fold - (1) the lack of fit to the in-life blood 

CP concentration results in the exposures at 13.2, 32 and 90 ppm and (2) the observation 

of cancer in tissues other than the lungs and liver. Dr. Yang suggests evaluating the 

reaction of CP with calf thymus DNA, following procedures in Munter et al. (2007) where 

the authors were evaluating the reactivity of the 1-CEO epoxide with DNA and of reactive 

aldehydes derived from CP metabolism, identifying DNA adducts formed by (Z)-2-
chlorbut-2-en-l-al, areactive aldehyde (structure 7 in Munter et al. (2007). The issues 

raised by Dr. Yang are fully addressed in the discussion below and no further evaluation 

should be necessary: 

Is CP expected to react with DNA? While no studies have been conducted to assess CP 

binding to calf thymus DNA, multiple studies have assessed the mutagenicity of CP. While 

there were initially conflicting results of mutagenicity in Ames assays, Westphal et al. 

(1994), examined the mutagenicity of both freshly prepared CP and aged CP. Freshly 

prepared CP showed no mutagenic response while samples aged for several days showed 

mutagenicity. The authors identified a group of cyclic CP dimers that were responsible for 

mutagenic responses. While these results do not rule out CP reactivity with DNA, they 

show that CP itself does not react with bacterial DNA to levels sufficient to cause mutations 

in an Ames assay. 

Does the lack of "fit'indicate extrahepatic reactivity of CP? Dr. Yang also notes that 

the lack of fit to the in vivo data may be due to failure to include extra-hepatic metabolism 

which could increase systemic clearance (see equation (9) in Andersen, 1981) and reduce 

the blood concentrations of CP. Two questions to address here are a) the comment of 

failure to fit the in-life data and b) the nature of extra-hepatic metabolism that would be 

required to reduce the blood levels in the in-life study. 

The curves in Cleweil et al. (2019) were not generated using fitted parameters, because 

they were intended to demonstrate that using the previously determined default model 

parameters, including the metabolism parameters based on in vitro data, the model was 

able to provide a reasonable prediction the in vivo kinetics of CP in the female mouse. The 

model used experimentally measured parameters and showed that the use of these in vitro 
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derived constants provided an acceptable prediction of the data - within a factor of 2 -for 

the data sets, which themselves had significant variability, To respond to Dr. Yang's 

comments, we have conducted a Monte Carlo analysis of the PBPK model predictions for 

the in vivo results, allowing the parameters to vary using physiologically and biochemically 

reasonable distributions, in the same fashion as in the Monte Carlo analysis of dose metric 

uncertainty in Clewell et al. (2019). The resulting distributions for predicted blood 

concentrations (Figure 2) demonstrate that the model predictions are entirely consistent 

with the experimental data. 
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Figure 2. Monte Carlo simulation of the acute chloroprene time-course data from a single 

6-hour exposure to chloroprene in female mice (12.3 ppm -red lines and circles, 30 ppm -

blue lines and circles and 90 ppm -orange lines and circles). Solid lines represent the 

median and upper and lower dashed lines represent the 2,5 and 97.5 percentile of 5000 

iterations of the model. Individual animal data are represented by the circles. 
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Importantly, the model predictions for the rate of clearance of CP at the end of exposure 

show good agreement with the experimental data. The most important parameters 

affecting the steady-state blood concentration during exposure are the blood:air partition 

coefficient and the degree of systemic extraction due to high affinity metabolism in liver. 

Even in the post-exposure phase, the metabolic processes required to influence the 

decrease in blood concentration would have to be high affinity, consistent with microsomal 

oxidation rather than direct reaction of CP with tissue components through lower affinity 

pathways or a relatively low, second order rate of reaction between CP and tissue 
components. Therefore, the comparison of model predictions with the mouse in vivo study 

does not provide any evidence of direct reactivity of CP. 

Is there evidence that compounds like CP have lower affinity metabolism in 

tissues? In the 1970's and early 1980's several groups developed gas uptake methods to 

assess metabolism and associated kinetic parameters for various low-molecular weight 
chlorinated urethanes, ethanes and ethylenes (Filser and Bolt 1979; Andersen et al. 1979). 

Most of the tested compounds were metabolized by high affinity, low-capacity oxidation 

(see Gargas et al. 1986). Several chlorinated compounds, including ethylene dichloride 

(D'Souza et al. 1988) and dihalomethanes (CH2Cl2 and CHBrCI), showed a second 

pathway related to reaction with glutathione (GSH). With the chlorinated ethylenes, there 

was little evidence for these secondary GSH-pathways, and when present, they were much 

less active than oxidative pathways. The only evidence then for alterative metabolic 

pathways is related to reaction, either directly or through enzyme catalyzed processes, 

with glutathione, and not direct reactivity with tissue macromolecules. 

Does the appearance of tumors in mu/tip/e organs indicate direct CP reactivity 

throughout the body? CP causes tumors in multiple organs (Table 6), leading to 

speculation that circulating reactive metabolites such as 1-CEO, formed in lung, liver, etc. 

might be responsible for the carcinogenicity in these tissues. Vinyl chloride (VC), another 

halogenated ethylene that causes tumors in many of these same tissues, is metabolized to 

an epoxide intermediate that is not sufficiently stable to circulate throughout the body. For 

vinyl chloride and its reactive epoxide and for CP and the reactive 2-CEO metabolite, tissue 

exposures to these reactive products are only expected in tissues with Cyp2E1. The 

mapping of tumors following long-term VC or CP exposures is equivalent mapping tissues 

with significant levels of CYP2E1. CYP2E1 has been measured in several tissues 
(Nishimura et al. 2003). 

Summary: Overall, we offer several conclusions regarding reactivity of CP. First, there is 

no evidence for direct tissue reactivity of CP at concentrations close to those used in 

animal testing. Second, if direct reactivity of CP were involved in altering the in-life time 

course, it would require a very high second-order rate constant to reduce circulating CP 

and there is no evidence with CP or similar compounds for these high degrees of reactivity. 

Lastly, there is no need to invoke CP reactivity or distribution of metabolites to remote 

tissues, because the presence of CYP2E1 in multiple tissues, as mapped by VC tumors and 
measures of content in a more limited set of tissues (Nishimura et al. 2003), indicates that 

tumors in these multiple tissues arise from similar modes of action to those present in 

lung. 
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Table 6. Rodent tumor sites in in bioassays for chloroprene and vinyl chloride. 

Tissue Tumor Type Chloroprene Vinyl Chloride 

Liver 
Carcinoma, 
hemangiosarcoma 

Y Y 

Lung 
Carcinoma, 
hemangiosarcoma 

Y Y 

Kidney 
Renal tubule adenoma 
Nephroblastoma 

Y 
Y 

Brain Neuroblastoma Y 

Forestomach Squamous cell carcinoma Y Y 

Skin Sarcoma Y Y 

Nasal cavity Carcinoma Y 

Bones 
Osteochondroma, 
Leukemia 

Y 

Mesentery/ Sarcoma 
Mesothelium Abdominal mesotheliomas Y Y 

Harderian gland Carcinoma Y 

Zymbal's gland Carcinoma Y Y 

Mammary gland Carcinoma Y Y 

Other sites Hemangiosarcoma Y Y 

Iwould recommend Ramboll/Denka colleagues at least conduct a CP DNA covalent binding 

study using double stranded calf thymus DNA and identify the DNA adduct of CP as 

described by Munter et al. (2007) on page 329, column 2. (Yang -Question 8, Tier 1) 

Response: While no studies have been conducted to assess CP binding specifically to calf 

thymus DNA, multiple studies have assessed the direct mutagenicity of CP. Multiple studies have 

shown that fresh chloroprene itself (in the absence of metabolism or impurities) does not react 

with bacterial DNA to levels sufficient to cause mutations in an Ames assay. Further, Wadugu et 

ai. (2010) examined the potential DNA cross-linking of 1-chloroethylene oxide (CEO) using a 

denaturing polyacrylamide gel electrophoresis to monitor possible formation of interstrand cross-

links compared to other structurally similar DNA cross linkers including diepoxybutane (DEB) and 

epichlorohydrin (ECH) to better understand the cellular mechanisms associated with chloroprene 

toxicity. The authors determined that CEO did not form cross-links at physiological pH. 

I would urge Ramboll colleagues to study the Transtrum et al. (2015) paper, if you haven't 

already done so, and examining carefully if any of such shortcomings mentioned in the paper, 

existed in your PBPK modeling and analyses. (Yang -Question 8, Tier 1) 

Response: Transtrum et al. (2015) discusses uncertainty in models of complex systems where 

the behavior of the model is controlled by a relatively small number of parameter combinations. 

There is no question that PBPK models fit within this description; therefore, we have made every 

effort to consider this concern in every PBPK model that we have developed over the last 40 

years and have written a number of publications on the topic of model reliability. 

Question 9 -Given these data, please evaluate the likelihood that changes in respiration rate or 

metabolic induction might be factors in the observed PK relationship between exposure and 
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internal dose. Please comment on any other physiological or biochemical mechanisms that might 

be explanatory factors in the apparent discrepancy or whether experimental variability in the 

data may explain these differences. 

• No Tier 1or 2 recommendations 

Question 10 -Given the specific considerations above, please comment on the appropriateness 

of the values selected for the physiological parameters in Table S-1 and partition coefficients in 

Table S-2, for prediction of chloroprene dosimetry. 

• Discuss the importance of having an accurate estimate of PB. Address how uncertainty in 

the estimate of PB might or might not impact the uncertainty of estimates of other 

partition coefficients or critical model parameters. (Portier -Question 10) 

Response: Along with ventilation rate, cardiac output and liver blood flow, the blood-air partition 

coefficient (PB) is one of the parameters to which model predictions of blood concentrations in 

the mouse validation study are highly sensitive, as shown in Figure 8 of the model 

documentation. However, its impact on model predictions of total metabolism dose metrics is 

relatively small. As shown in Figure 9 in the documentation, the most sensitive parameters for 

prediction of dose metrics are the metabolism parameters and volumes of the metabolizing 

tissues in the model. This question is also addressed in the previous response to one of Dr 

Yang's comments on Question 8. 

Isuggest that physiologies from male, female, or both independently at this stage could offer a 

more realistic and useful parametrization of the model. Cites ICRP 2002 as a source. (Smith -

Question 10) 

Response: We agree with the reviewer that formal application of the PBPK model in a risk 

assessment should make use of the appropriate physiological parameters for both male and 

female humans. 

Question li -Please comment on the capacity of the PBPK model to provide sound estimates of 

chloroprene inhalation dosimetry in mice, rats, and humans. Please comment on the reliability of 

model predictions of the rate of chloroprene metabolism in liver and lung for use in animal-to-

human extrapolation. 

• No Tier 1or 2 recommendations. 

However, one reviewer commented: "In the current analysis, the blood concentration data 

for female B6C3F1 mice were used to validate the model performance of the PBPK model. 

However, lungs and liver are the target organs that dominates the metabolism of 

chloroprene. It is surprising that the current analysis only collected the blood sample to 

conduct PBPK modeling without collect and analyze other tissue, simultaneously. The 

limitation of the in vivo data is a crucial factor that can reduce the reliability of model 

predictions and also be applied in animal-to-human extrapolation." (Hsieh -Question 11). 

Response: This reviewer was added for the follow-up peer review and did not have the 

opportunity to benefit from the reviewers' discussions during the initial peer review. He 

apparently does not understand the purpose of the mouse in vivo study that was performed in 

response to USEPA's concern, identified during the 2010 IRIS assessment; namely, that the 

ability of the model to perform in vitro to in vivo extrapolation should be confirmed by an 

experimental study. The study did provide the data necessary to confirm this. There would be 
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no value in harvesting tissues from the liver and lung in this study because chloroprene is too 

volatile and could not be reliably measured following an in vivo exposure and its metabolites are 

too reactive to quantify by analytical methods. 

Question 12 -Please review the Tier 1and Tier 2 comments from the initial review and note any 

which you believe have not been adequately addressed by the revised analysis. If the comment 

has not been adequately addressed, please provide specific suggestions as to how this can be 

resolved. 

• No Tier 1or 2 recommendations specifically for this question. One peer reviewer referred 

to his comments on question 8 (see responses to question 8, above). 

• However, one reviewer commented that: 'some in-vivo information (e.g. PK data) from 
mice and human are necessary. Since the PBPK model can only be used to make 
predictions. These predicted results still need to be "verified" by the real data. This critical 

issue should be addressed before the model is applied in risk assessment." (Hsieh -
Question 12) 

Response: This reviewer was added for the follow-up peer review and did not have the 
opportunity to benefit from the reviewers' discussions during the initial peer review. In contrast, 

Dr. Portier, one of the peer reviewers who participated in the initial review, provided a very 

positive response to this question: "I noted no Tier 1and Tier 2 comments that had not been 

addressed by Ramboll. Most of the replies appear reasonable. For some of the 
recommendations that address issues that are outside my area of expertise or experienceIwas 

unable to assess adequacy of the response." 

Question 13 -Please comment on how well the biochemical processes and assumptions 
presented in Supplemental Material F represent the likely fate of chloroprene's reactive 
metabolites. 

No Tier 1or 2 recommendations 

Question 14 -Please comment on the quality and accuracy of the parameter values selected in 

Supplemental Material F, Table F1, based on details provided in the corresponding text and 

supporting references. 

• The list of discrepancies identified from Supplemental F should, at a minimum, be 
discussed (Portier -Question 14) 

Response: Model parameters for a model used to simulate more than one species/sex are not set 
in the base model code. Simulation scripts are used to establish the parameter sets for a specific 
species/sex. All of the physiological parameters are shown in Exhibit A (Supp_Mat_E). 

Additional parameters for the epoxy submodel are reported in Table F1. Given our conclusion 

was that the epoxy submodel should not be used for the risk assessment, the additional files 

were not included in the supplement but are available upon request. 

• Correct or justify the assignment of a value of 62.1 (mg/h/BW^0.75) as a reasonable 

value for VMAXCI for female rat in Table F1. (Portier -Question 14) 

Response: The original epoxy submodel was established for chloroprene equivalents and the in 

vitro metabolic rates were scaled using the MW of chloroprene. The correct 1-CEO hydrolysis 

rate constants for the female rat are 73.32 mg/hr/KG^0.75 for VMAXCI and 4.34 mg/L for KM1 

and for the female mouse are 12.57 mg/hr/kg^0.75 for VMAXCI and 2.18 mg/L for KM1. The 
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oversight has been corrected; however, since both species were scaled the same, there 
essentially no difference in our simulations or conclusions regarding issues surrounding the use of 

1-CEO as the dose metric for chloroprene. The confounding relationship between the clearance 

of 1-CEO in the female mouse and female rat livers remains. 

Question 15 -Please comment on whether the results shown in Figure FS-C preclude the 

possibility that 1-CEO tissue concentration is a reasonable predictor of chloroprene-induced lung 

cancer risk. 

No Tier 1or 2 recommendations -However, comments from each reviewer below. 

o Hsieh -Although the experiment results from Fischer female rat did not show a 

significant dose-response relationship in tumor incidence. The dose-response can still 

be observed in the mice. Also, over 0.004 of 1-CEO concentration, the tumor incidence 

in rats had observed higher value than low concentration, Hence, it is not a piece of 

strong evidence to preclude 1-CEO as a predictor for lung cancer risk. 

Portier -This is not my area of expertise, but ...Iam concerned that the 8-to-9-fold 
difference of female rat to female mice seen in Figure 4 is a result of the difference in 

estimated values of VMAXCI assigned to rats and mice as discussed in my response to 

Question 14 bullet 4. This 8-to-9-fold difference in VMAXCI could also be producing the 

differences observed in Figure 5-C. Before I could conclude that 1-CEO is not a 

reasonable predictor or chloroprene-induced lung cancer,Iwould need clarification of 

the proper value for VMAXCI for female mice and rats as raised in Question 14 bullet 3. 

o Shao -This is outside my area of expertise, andIhave no comments to add. 

Smith -Figure F5 shows the relationships of cancer incidence as a function of 3 different 

predicted dose metrics: total amount of chloroprene metabolized, the concentration of 

total reactive products, and 1-CEO concentration in female mice and rats. Predicted 1-

CEO concentration shows little if any predictive value compared to the other two 

predicted dose metrics evaluated across animal models. As such,Iagree that these 

simulations provide evidence that precludes 1-CEO as a sole predictor of chloroprene-

induced lung cancer risk. 

Yang -I have no problems with using the'~total amount metabolized" as a dose metric 

because we really don't know much, particularly quantitatively, about the metabolic 

processes beyond the first step oxidative transformation of CP by CYP enzymes. 

However, as I discussed in detail under Charge Question 8, the probability of CP, itself, 

being adirect-acting carcinogen cannot and should not be overlooked. 

Zhu -This is not my specialty. It is interesting that the authors reported a consistent 

dose-response pattern between female rat and female mouse under both total 

metabolized amount and reactive products. The measurement of consistency was 

neither reported nor tested. It seems plausible that the between-specie difference in 

metabolism of chloroprene resulted in lower level of reactive products and higher 
concentration of 1-CEO in female rats compared with female mice, therefore leading to 

seemingly greater difference in the dose-response as seen in Fig F5-C where 1-CEO was 

the dose metric. It remains highly plausible that the dose-response could be different 

between mouse and rat under either the total metabolites or reactive products if we can 

further extend the dose-response curve for the rat to higher levels of the exposure. 
Furthermore, the authors' observation was limited to two species of a single sex with 

very limited data. I feel that the evidence is not sufficiently strong to support the 
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statement that the total metabolized amount and reactive products are metrics that can 
consistently predict lung cancer risk across species. More research is needed. 

Question 16 - Piease comment on whether the results shown in Figures F5-A or F5-B 

demonstrate that the corresponding dose metrics are consistent inter-species predictors of 

chloroprene-induced lung cancer risk. That is, given chloroprene exposures which produce the 

same value for either of the proposed dose metrics (~~total amount metabolized per gram lung" 

and "concentration of reactive products") in female mice as female rats, can one infer that the 

same tumor incidence would occur in those species? 

This is not my specialty. It is interesting that the authors reported a consistent dose-

response pattern between female rat and female mouse under both total metabolized 
amount and reactive products. The measurement of consistency was neither reported nor 

tested. It seems plausible that the between-specie difference in metabolism of 
chloroprene resulted in lower level of reactive products and higher concentration of 1-CEO 

in female rats compared with female mice, therefore leading to seemingly greater 
difference in the dose-response as seen in Fig F5-C where 1-CEO was the dose metric. It 

remains highly plausible that the dose-response could be different between mouse and rat 

under either the total metabolites or reactive products if we can further extend the dose-
response curve for the rat to higher levels of the exposure. Furthermore, the authors' 
observation was limited to two species of a single sex with very limited data. I feel that 

the evidence is not sufficiently strong to support the statement that the total metabolized 

amount and reactive products are metrics that can consistently predict lung cancer risk 

across species. More research is needed. (Zhu -Questions 15 and 16, Tier 2) 

Response: The analyses shown in Figures F5-A and F5-B are far from the only data that support 

the use of total metabolism as the dose metric for the carcinogenicity of chloroprene, as 

documented in Clewell et al. (2019). However, this new comparison adds significantly to the 

existing evidence that the carcinogenicity of chloroprene, like that of the structurally similar 

compound, vinyl chloride, requires metabolism. A similar analysis (Himmelstein et al. 1994) has 

also demonstrated the effectiveness of the total metabolism dose metric to explain the 
differences in tumor dose-responses in male mice, rats and hamsters. 

Question 17 -Please comment on whether the results for the lung shown in Figure F5-A can be 

used to refute or support the use of the corresponding dose metrics for estimation of liver cancer 

risk. 

• It is not recommended to use the experiment result from the lung to support the liver 

cancer risk assessment. They are two different organs and have different metabolic 
mechanisms. The additional bioassays to support this viewpoint are recommended. (Hsieh 

- Question 17, Tier 2). 

Response: The reviewer appears to be unaware of the fact that the existing NTP bioassays 

provide ample data on chloroprene carcinogenicity in both lung and liver, and the necessary 

liver- and lung-specific metabolism data are already incorporated in the model. In addition, 

there are extensive data supporting the conclusion that the carcinogenic mode of action (and 

therefore, the most appropriate dose metric) is the same in both tissues, and the experimental 

data used to develop the extended model of chloroprene metabolites were obtained in studies 

with both lung and liver tissues (Sax et al. 2020; Clewell et al. 2019). 
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Empirical dose-response based on these two studies is in itself insufficient for drawing such 

a conclusion. Mechanistic evidence would be useful to determine the validity of 1-CEO as a 

dose metric for toxicity and carcinogenicity. Ido not have sufficient expertise to comment 

on the strength of mechanistic evidence. (Zhu -Question 17, Tier 2). 

Response: We agree with the reviewer that the empirical dose-response from these studies of 

the evidence for the appropriate dose metric for the lung would not, in itself, be sufficient for 

drawing a conclusion regarding the liver. However, the experimental data used to develop the 

extended model of chloroprene metabolites were obtained in studies with both lung and liver 

tissues, and there are extensive data supporting the conclusion that the carcinogenic mode of 

action (and therefore, the most appropriate dose metric) is the same in both tissues (Sax et al. 
2020). 

Other Tier 1or 2 Recommendations 

Lack of in-vivo data that can be used to verify the "real-world" toxicity effects in the 
human population. (Hsieh -General Impressions, Tier 2) 

Response: The reviewer appears to be unaware that there are indeed real-world data on the 

potential for toxicity effects in the human population. As discussed in Section III of this 
document, the epidemiology study by Marsh et al. (2007a, 2007b) did not identify any increase 

in cancer risk in the employee populations compared with the relevant regional populations for all 

cancers (combined) or for liver or lung cancer. This was demonstrated by the standardized 

mortality ratios (SMRs) all being below 1.0, indicating fewer deaths from these causes in each 

study population compared with the relevant populations where the plants were located. As 

calculated in Sax et al. (2020), based on the IUR from the USEPA 2010 assessment, an excess of 

several thousand tumors would be expected in the occupational cohort, whereas no excess was 

observed. The predictions of the PBPK model, on the other hand were consistent with the 

negative result in the study, supporting its real-world relevance. 

A few issues should be addressed in the report for clarification around the BMD/BMDL 

analysis: (1) what is the purpose to calculate BMD and BMDL? It should be clearly stated. 

Based on results presented in Table 7 and associated explanation in that section, it seems 

that the purpose is to use the ratio of BMD/BMDL (about 3) as an indicator to justify that 

the estimation uncertainty is within a reasonable range. (2) How were the BMD and BMDL 

in Table 7 calculated? Is that a mean value over the 5,000 iterations? If so, it is more 

reasonable to calculate the BMD/BMDL ratio in each iteration then present the mean value 

of the ratio with its lower and upper bound. (3) As mentioned on Page 15, correlation 

analysis was performed between BMDLOis and PBPK parameters. What is purpose for this 

analysis? BMDL estimates are much more uncertain than BMD estimates because of the 

algorithms used in BMDS, so using BMD estimates in the analysis is a more reasonable 

choice. (Shao -Overall Impressions, Tier 2) 

Response: The BMD/BMDL analysis was conducted to provide an illustration of the overall 

variability of PBPK model dose metric predictions resulting from variability in the PBPK model 

input parameters. The calculation of a BMDL (rather than a BMD) for the animal dose-response 

was consistent with USEPA practice for cancer risk assessments based on animal bioassay data. 

No BMD/BMDL rations were calculated. The 95% confidence interval for the resulting dose 

metric distribution spanned a range from roughly 3-fold below the mean to 3-fold above the 

mean, consistent with the results of previous analyses on similar PBPK models. Correlation 
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analysis was performed to assess the sensitivity of the predicted BMDLs to the model 
parameters. 
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I. INTRODUCTION 

The U.S. EPA CPHEA is currently evaluating a Request for Reconsideration (RFR), specifically to 
consider use of a PBPK model in a potential IRIS reassessment of chloroprene, CAS No. 126-99-8. 
The 2020 report by Ramboll entitled "Incorporation of In Vitro Metabolism Data in a 
Physiologically Based Pharmacokinetic (PBPK) Model for Chloroprene," describes new analyses 
and corresponding revision of a PBPK model for chloroprene, specifically using metabolic 
parameters derived from in vitro studies. Initial quality assurance evaluation by EPA of the 
previously published versions of the model (Yang et al., 2012) (for dosimetry in mice, rats and 
humans) identified issues which the additional data and analyses described in the report seek to 
address. These unpublished results have not been subjected to a formal peer review process. Such a 
peer review process is important in establishing the appropriateness, validity, and applicability of 
the revised PBPK model, in particular considering that no in vivo PK data are available to validate 
or calibrate model predictions in humans. Further, the model predicts the rate of metabolism of 
chloroprene to presumed toxic metabolites, but not the tissue concentrations of these metabolites. 

Typically, metabolism and clearance of chemical entities in humans is assumed to be slower than in 
smaller mammals, with scaling by BW0~ 75 used to predict the relative clearance in the absence of 
specific data. However in vitro data have been previously reported by the oxidative metabolite (1-
chloroethenyl)oxirane (1-CEO) (Himmelstein et al., 2004). Further, while the report suggests that 
the toxic metabolites) may be completely consumed in the metabolizing tissues (liver and lung), 
this is contradicted by the induction of tumors in distal sites, in particular mammary tissue, which 
suggests that clearance by blood perfusion is a factor. Therefore a supplemental analysis (U.S. EPA, 
2020) has also been developed to extrapolate the in vitro clearance of 1-CEO by the observed 
pathways to in vivo, to make the various rates comparable to each other and to clearance by blood 
perfusion, and to ultimately obtain relative total clearance rates in human and rodent liver and lung, 
and systemic distribution rates, that can be used to evaluate relative risk and whole-body dosimetry. 

In October 2020, Versar, an EPA contractor, convened an independent peer review on the draft 
documents, Physiologically Based Pharmacolcinetic (PBPK) Modeling for Chloroprene (Ramboll, 
2020) and Supplement: Uncertainty Analysis of In Vitro Metabolic Parameters and of In Vivo 
Extrapolation (IVIVE) Used in a Physiologically Based Pharmacokinetic (PBPK) Model for 
Chloroprene (U.S. EPA, 2020). A final peer review report was published in December 2020. 

For this peer review, Versar convened six (6) experts that previously served or were willing to serve 
on the panel to focus on revisions made following the original peer review and prepare written 
comments regarding the confidence in and applicability of the PBPK model to obtain metrics foj-
animal-human risk extrapolation. These six (6) experts with experience and expertise in one or 
more of the following areas: physiologically based phar~nacokinetic (PBPK) modeling, statistics 
with expertise in global sensitivity analysis, and metabolic rates in vitro were selected as peer 
reviewers to answer 17 charge questions and to evaluate and provide written coininents on a report 
on physiologically based pharmacolcinetic (PBPK) modeling for chloroprene (Ramboll, 2021). 
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II. CHARGE TO REVIEWERS 

Charge Questions: 

Estimation of Mass Transfer Resistance in the In Vitro Metabolism Experiments 

A model of the iT~ vitYo incubation system was used to estimate the metabolic parameters from 
the iTa vitro data. This model is based on certain assumptions and physical parameters, such as the 
volume of the in vitro incubation vials and volumes of air and liquid media in the vials. 
The model of the in vita°o system initially used for the analysis of the ifa vitro experiments to 
estimate the coi-~-esponding metabolic parameters (Yang et al., 2012; Himtnelstein et al., 2004) 
assumed that the chloroprene in the air and liquid (incubation medium) phases was always at 
equilibrium, i.e., concentration in the medium was set equal to the concentration in the air times 
the equilibrium partition coefficient (CM = CA*P). At EPA's suggestion, the model was 
changed to explicitly describe separate air and liquid media compartments, with amass-transfer 
coefficient (Kgl) luniting the rate of distribution between them, as described by I~euzer et al. 
1991 and others, and the authors selected a specific value (0.22 L/h) as the best estimate. 

Rainboll also performed a Bayesian analysis which incorporates uncertainty in the value of Kgl, 
together with the metabolic parameters being estimated. 

1. Please evaluate the quality of the revised a~aalysis aizd estimation of~metabolic 
parameters using the twophase in-vitro metabolism model. 

2. The Ramboll report demonstrates that estimates of the metabolic pa~~amete~~ Km depend 
ojz the value ofKgl but evaluated the impact of the Yesulting unceYtainty isz the metabolic 
parameters on predicted dosirz2etry in mice and humans, iiz particular estimates of hui~zan 
lung canceN risk. The Yevised analysis investigates a wide range of valuesfo~~ the mass 
t~~ansfer coefficient, Kgl. Please discuss whether this evaluation adequately addresses 
uncertainties regarding the parameter Kgl. 

"`he. ~~~.«~~~i:~1..i..~~~ c~~ie~t:i~~n~ <:~t•e ~~e~3e~~teci (t~~it:la «~in~~r eci.it5l ~:~'~z~~ 1he c~ri~;:i:i~.~zl cl~atq~;~. 'I~hc: 7~e~-ied~-c~-s 
arc a:~:lced tc~ ~~r-i~r~~trily e;c%al~at~ .lta~rtl:~c~ll'~ r~spor~:~c;s a~~d cl~iarr~es ~~n~c~c; tca address the ctri~;irlal 
~~;ti•ic~~ cc~~r~~~~~~~1~. 

Estimation of Metabolic Parameters from In Vitf~o Metabolism Experiments 

The following questions address the robustness of the available metabolic data for application in 
the model. The questions are written with the assumption that the choice of Kgl is appropriate. 
Using this value of Kgl while evaluating the remaining analysis of in vitro metabolic data as 
described in Supplemental Material B of the Ramboll results in parameter values listed in Table 
S-3 of Supplemental Material A of the Ramboll report. For the chloroprene in vitro experiments, 
the human liver microsome samples were obtained from a pool of 15 donors while the human 
hang microsomes were obtained from a pool of 5 individuals (Himinelstein et al., 2004). For the 
7-ethoxyeouinarin in vitro experiments used to estimate the relative lung:liver metabolic activity, 
represented by the parameter A1, tissue samples were not pooled; activity was measured in liver 
microsomes obtained from 10 donors while the human lung activity was measured using 
microsomes from 12 donors (Lorenz et al., 1984). 
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Other information on the specific microsomal samples, preparation methods and in vitro 
experiments are in Lorenz et al. (1984), Himmelstein et al. (2004) and Yan et al. ,2012). 

3. Please comment on the pool sizesfor the human microsomes used to estimate 
chloropj~ene metabolic rates in vitro, and the number of tissue samples (donors) 
evaluatedfor 7-ethoxycoumarin activity, for the estimation ofaverage metabolic activity 
for hui~zan adults. 

4. Discuss the appropriateness of the data used and the statistical modeling appNoaclafor 
evaluating ave~~age (o~~ mean) adult human, mouse, and rat J~2etabolic parameteJ^s. Please 
comment on whether• sufficient ~nicrosomal samples (incubatioJzs) were analyzed to 
i°epresent the average values and to char~ctei~ize metabolic va~~iation across species, 
sexes, aizd tissues. 

Additional discussion on the estimation of lung metabolic parameters in rats and humans is 
provided in Supplemental Material C of Ramboll in a section entitled "IVIVE for first order 
metabolic clearance in rat and human lung." However, the metabolic rate parameter values for 
the human lung were ultimately selected as described in the main report in a subsection entitled 
"Estimation of chloroprene metabolism in the human lung" because the i~z vitro chloroprene 
experiments with human lung microsomes showed minimal metabolism. 

5. Please comment on the use of the relative 7-ethoxycoumarin activity in human lung vs. 
liver tissue to predict the average rate ofchloroprene oxidative metabolism in the human 
lung. 

IVIVE Calculations for Chloroprene 

IVIVE extrapolation is summarized in the Model Parameters section of the Rainboll report, with 
details on scaling factors in Supplemental Material C of Ramboll and results in Table S-4 of 
Supplemental Material A. (Calculations are provided in an Excel workbook, Supplemental 
Material D of the Ramboll report. The U.S. EPA performed aquality-asslu~ance evaluation of the 
workbook to assure the calculations are as described in the report text and tables.) Wood et al. 
2017 evaluated the ability of IVIVE to predict clearance for oral dosing of multiple 

pharmaceutical compounds with data in rats and humans and reported a systematic bias towards 
under-prediction with increasing clearance. 

However, the Wood et al. (2017) results may not be relevant to chloroprene because of 
differences in the route of exposure, chemical properties, metabolizing enzymes, and rate-
determining processes for the set of compounds analyzed. In particular, Wood et al. (2017 
evaluated IVIVE for oral dosing of drugs, but not for the inhalation of volatile compounds like 
chloroprene. While, IVIVE for oral exposure to drugs may be mote difficult and is subject to 
additional sources of uncertainty compared to inhalation of volatile compounds due to variability 
in intestinal absorption and metaUolism (Moon et al., 20l 2; Liao et al., 2007), analysis of Wood 
et al. (2017) specifically focuses on predictions of hepatic clea~raface of drugs, for which 
metabolism in the liver is a significant component. Thus, the analysis of Wood et al. (,201.7) may 
be considered relevant to chloroprene since it addresses the ability to predict metabolic clearance 
via IVIVE, not oral absorption. The U.S. EPA is not aware of a systematic evaluation of IVIVE 
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accuracy like that of Wood et al. (2017~but focused on volatile organic (chlorinated) compounds 
like chloroprene for the inhalation route. 

6. Please evaluate the choices of extrapolation,factors andformulas usedfoY the IVIVE 
calculations. Please discuss the soundness of the metabolic par•aineters in Table S-4 as 
estin2atesfor avev~age adultfe~sZale and male mice a~~d pats, and average adult hu»ia~as 
(combiized sexes). 

7. Please assess whether the analysis adequately addresses the ove~^all qua~~titative 
unce~~tainty due to othe~~factors in the IVIVE application. Please identify anyfactors in 
the IVIVE calculation or parameters in the PBPK model,for which variability or 
uizcei-tainty have not been adequately conside~~ed. State any concerns about predictions of 
the rate of chloroprene metabolism in liver and lung which should be addressed. Please 
discuss whether the possible rangesfor metabolic parameters (upper and lowev~ boufzds) 
have been sufficiently estimated such that they can be used with confidencefor animal-to-
hunia~a risk extrapolation. 

PBPK Model Structure, Ph~s ~ical Parameters, and Partition Coefficients 

8. Please discuss the app~~opYiateness of the PBPK f~zodel structure presented by Ran~boll 
.for estimation inhalation dosimet~y in an EPA Toxicological Review ofchloroprene. 
Pleasefocus on the model structurefor the liver and lung, i.e., tissues in which 
chloroprene metabolism is predicted by the model. 

Arterial blood concentrations in B6C3F1 mice after inhalation exposures to chloroprene are 
shown in Figure 3 of the Ramboll report. It is noted that when chloroprene exposure was 
increased 2.5- fold from 13 to 32 ppm, the mean arterial concentration increased less than 1.5-
fold. Further, the mean arterial concentrations from 90 ppm exposure, which is seven (7) times 
higher than 13 ppm, are only about 4 times higher than those measured at 13 ppm. These data 
might indicate that soiree process not included in the PBPK model may have reduced chloroprene 
uptake or somehow increased metabolic efficiency at 90 and 32 ppm relative to 13 ppm. A factor 
to be considered is the high variability with large standard deviations for many of the data points, 
as illustrated in Figure 3 of the Ramboll report. The PBPK model structure implies that blood 
levels should increase in proportion to exposure while blood concentrations remain below the 
level of metabolic saturation and should increase at a faster rate above saturation, unless there is 
some other exposure-related change in model parameters. However, the plethysmography data 
evaluated do not show a clear or significant dose-response in the Ramboll report. 

Figure 7 of Ramboll presents the extent of agreement of the model predictions with the blood 
concentrations in mice following inhalation exposure. It is noted that the inhalation PK data are 
from a single exposure (animals were not previously exposed to chloroprene) and the non-
proportionality is evident by the 3-hour time-point. 

9. Given these data, please evaluate the likelihood that changes in respi~~atioJz rate o~~ 
metabolic induction might befactors in the observed PK i~elatioizship between exposure 
and iJ~teT~nal dose. Please cofnment on any other• physiological or biochemical 
mecha~zisms that might be explanato~~yfacto~~s in the apparent discrepancy o~ whethe~~ 
experimental variability in the data may explain these differences. 
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In the Model Parameters section of the Ramboll report, the authors describe the apparent 
discrepancy between the rate constant for cardiac output (QCC) from Brown et al. (1997) and 
other data. The sensitivity of the predicted blood concentration to unsealed cardiac output is 
shown in Figures 5 and 6 of the report. 

10. Given the specific coi2siderations above, please comment o~z the appropriateness of the 
values selectedfor the physiological parameteJ~s in Table S-1 andpartition coefficients in 
Table S-2, forprediction ofchloroprene dosimetry. 

Overall PBPK Model Soundness and Applicability 

Model-predicted doses in model tissue compartments corresponding to tissues in which 
neoplasm were observed in the rat and mouse bioassay, with corresponding cancer incidence for 
80 ppm chloroprene inhalation exposure, are provided in the EPA background document. In 
potential application to human health risk assessment, the relative risk of tumors in human liver 
and lung will depend on the relative rate of metabolism predicted in those tissues, compared to 
the mouse or rat (as well as the relative rate of clearance). Estimation of risks for tissues other 
than liver and lung could depend on the relative estimates of chloroprene venous blood or tissue 
concentration. An evaluation of the model's applicability and degree of uncertainty should 
consider both the absolute model predictions (i.e., does the model accurately predict the absolute 
rates of metabolism and blood/tissue concentrations in each species?) and the ability to predict 
the relative rate of metabolism or relative concentration in human vs. rodent tissues, though some 
inaccuracy in the absolute values may exist. See "Background for the Peer Review" document 
for additional context. 

Demonstration of the PBPK model's ability to predict in vivo PK data is shown by the level of 
agreement between model predictions and chloroprene venous blood concentrations in Figure 7 
of the Ramboll report. For reference, where there are data, and as a rule of thumb, EPA often 
seeks dosiinetric estimates from a model that are within a factor of two of empirical results. The 
results of the sensitivity analysis shown in Figure 8 for arterial concentrations indicate that these 
data and specific predictions are not sensitive to the estimated metabolic parameters: a relatively 
large range in the estimated metabolic parameters (such as the apparent difference between male 
and female mouse parameters) would yield similar predictions of blood concentrations. 
However, as demonstrated in Figure 9, the estimation of lung dose metrics is sensitive to the 
estimated metabolic parameters. 

11. Please comment on the capacity of the PBPK model to provide sound estimates of 
chloropre~ze inhalation dosimetry in mice, rats, ar~d humans. Please cofTzment on the 
reliability of model predictions of the rate ofchlor-opreize nzetabolisf~2 in liver and lung 
fog use in animal-to-human extrapolatiota. 

12. Please review the TieJ-1 arzd Tier 2 comn2entsfrom the initial review a~zd note a~ay which 
you believe have not been adequately addressed by the Yevised analysis. If tl~e comnTent 
has not been adequately addressed, please pJrovide specific suggestions us to how this can 
be resolved. 

6 
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In response to comments from Dr. Yang during the initial review, Ramboll has inh~oduced a new 
analysis (sub-model) of the fate of chloroprene's metabolic products, Supplemental Material F. 
Since this material has not been previously reviewed, the reviewers are asked to give it careful 
consideration as appropriate to your areas of expertise. 

13. Please comment on how well the biochemicalprocesses aJzd assu~npti~~is presented in 
Supplemental Material F represent the likelyfate of chloroprene's reactive i~~etabolites. 

14. Please comn2ent on the quality and accuracy of the parameter values selected in 
Supplemental Mate~~ial F, Table Fl, based on details provided in the co~~responding text 
and supporting refeYences. 

In Supplemental Material F, Ramboll concludes that the concentration of the less reactive 
metabolite, 1-CEO, is not an appropriate dose-metric for cross-species extrapolation, given the 
lack of concordance of female mouse and female rat dose-response relationships, shoyvn in 
Figure FS-C. The authors also conclude that either the total amount of chloroprene metabolized 
(predicted by the primary PBPK model) or the concentration of reactive products (predicted by 
the new sub-model) provide a consistent prediction of cancer dose-response based on results 
depicted in Figures FS-A and FS-B, respectively. 

15. Please comment on whether the results shown in Figure FS-Cpreclude the possibility 
that 1-CEO tissue concentration is a reasonable predictor ofchloroprene-induced lung 
ca~2cei~ Yisk. 

16. Please comment on whether the results shown in Figures FS-A or FS-B demonstrate that 
the correspondiizg dose metrics are consistent inter-species predictors of chloroprene-
inducecl lung cancer Yisk. That is, given chloroprene exposures which produce the sajne 
valuefo~~ either of the proposed dose met~~ics ("total amount metabolized pei~ gi~a~n lung" 
and "coszcentration of ~~eactive products) infemale rrcice asfemale rats, can one infer 
that the same tumor incidence would occur in those species? 

17. Please comment on whether the resultsfor the lu~zg shown i~a FiguYe FS-A can be used to 
refute oy~ support the use of the co~~responding dose metricsfor estimation of liveY cancer 
risk. 
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L GENERAL IMPRESSIONS 

Generally, the current report provides a lot of evidence and updated information to support their 
study approach by incorporating in-vitro metabolism data and the PBPK model in chloroprene. 
Integrating the in-vitro and in-vivo data into the PBPK model also provides reliable evidence in 
parameter estimation and model application. This information is helpful for regulated agencies to 
apply in risk assessment. However, despite there are many data and comprehensive research 
approaches that had been applied in the cui7~ent analysis, it might be challenging to use the 
current result as "strong" evidence in risk assessment due to the lack of in-vivo data that can be 
used to verify the "real-world" toxicity effects in the human population (This issue can be tier 2). 
This limitation has also been mentioned in the Discussion. Therefore, in my opinion, this IVIVE 
+ PBPK approach is a powerful approach in prioritization of the chemical exposure risk. But for 
this case, it might still need more comprehensive information to support the risk assessment. 

Aside from the above general comment, I appreciate that the current report provides a lot of 
supporting infoi7nation (e.g., model code) that can be used to check and verify the computing 
result. But it will be better if the research groups can provide the comprehensive source code for 
review and verify the correctness of their computation process. That can improve the process in 
this review and also answer the question that did not mention in the main text. The comment is 
also mentioned below. Overall, this is well-conducted research with detailed information. 
Hopefully, the research group can have further improvement from this review. 

II. RESPONSE TO CHARGE QUESTIONS 

Estimation of Mass Transfer Resistance in the In Vitro Metabolism Experiments 

A model of the iii vitro i~zcubation system was used to estimate the metabolic paramete~^sfrom 
the in vitro data. This model is based on ceNtain assumptions andphyszcalparameters, such as 
the voCuf~ie of the in vitro i~icubatiori vials and volumes of aiY acid liquid ~zTedia in the vials. 

The ~zodel of the in vitro system initially usedfor the analysis of the in vitro experinzefzts to 
estis~zate the corresponding metabolic paramete~•s (Yc~n.~ et al., 2012; Himmelstein et aX., 2004) 
assu»zed that the chloroprene in the air and liquid (incubation medium) phases was always at 
equilzbNiu~n, i.e., concentration in the nzediunz was set equal to the co~zcentration in the aiN 
times the eyuilibFiutn partition coefficient (CM= CA*P). At EPA's suggestion, the ~zodel was 
changecC to explicitly descNibe separate air and liquid media co~nparti~zeiits, with a nzass-
transfeN coefficient (Kgl) lirrzitirzg the rate of distribution betweeiz ther~i, as descYibed by 
Kreuzer• et al. (1991) and others, and the authors selected a specific value (0.22 L/h) as the best 
estihiate. Ra~nboll also peYfoNhzed a Bayesian a~ialysis which inco~^poNates u~zce~~tainty iii the 
value ofKgl, together with the metabolic paratrzete~^s being estii~zated. 

0 
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1. PCease evaluate the quality of the revised a~zalysis and estinzatio~i of»ietabolic paYaf~ieters 
arsi~ig the two~Izase in-vitYo metabolzsin i~aodel. 

The whole data preparation and modeling process are very comprehensive. But, it might need 
some further information (source code or spreadsheet) to explain details (e.g., the model equation 
that is used to simulate Figure B-1 & B-2). It is difficult to verify the result without this 
infoi-~nation. 

2. The RanzbolZ report de»zoizstrates that estimates of the ~zetabolic para»zeter K~z depend on 
the value ofKgl but ev~cluated the impact of the resultiizg unceNtc~inty i~z the »ietabolic 
parameters on predicted dorimetry in mice and hu~na~zs, i~z pas^titular esti»Zates of hu»za~z 
lung cancer Yisk. The Yevised a~zalysis investigates a wide ~^ange of valacesfor^ the f~zass trayzsfer 
coefficient, Kgl. Please discuss whetlZer this evaluation adequately addresses uncertainties 
~^egarding the parameter Kgl. 

I appreciate that there is a lot of information provided about the Bayesian modeling that is 
applied in the uncertainty analysis. However, the current analysis did not conduct the posterior 
predictive check and compare the predictive result with the experiment data. It is necessary to 
conduct the posterior predictive check and exam if the 95%confidence interval can explain the 
in-vitro experiment data. Under reasonable circumstances, the experiment should be located in 
95% CI from the prediction. It is a common way to examine the uncertainty in Bayesian 
inference (This can be tier 3 issue). 

'~I~c ~-eln~jining questii~~zs ire X-L~~~;~~ied (c~~ztl~i r~~i~~or ~.clits} 1~~-c;i~~ the ori~ i~~ial cl~ar~e. The ~-~;~-ietvers 
~trc a~l~.e:d t~~ }~t-i ~~r-ily €~~~~rluat~ .1~~€x~~,t>I1'; re°s~jn~;,;~; an€1 ch~~n~~.s macic; tc~ 4~ci~frc4~ the c}ri~n~l 
~~e~-i~~~~ cc~rzax~7.e.nts. 

Estimation of Metabolic Parameters from In Vitro Metabolism Experiments 

Thefollowing questions address the robustness of the availabCe metabolic datafor application 
in the model. The questions are wrztterz with the assumption that the choice ofKgl is 
appropriate. Using this value ofKgl while evaluating the Nernaining analysis of in vitro 
metabolic data as desc~^ibed in Supplemental Material B of the Raniboll Yesults in paNameter 
values listed in Table S-3 ofSupplef~zental Material A of the Ramboll report. For the 
chloYopr^ene in vitro expeYiynents, the human liveY »zicYoso~~ze samples were obtainedfYom a 
pool of IS donors while the human Zuiig ~iicrosomes were obtai~zedfroirz a pool of S 
individuals (Hr»z~nelstein et al., 2004). For the 7-etlzoxycounzarin in vitNo experiments used to 
esti»zate the relative Zu~ig:liveY ~raetabolic activity, Yeprese~zted by the parameter A1, tissue 
samples were notpooled; activity was nieasuwed i~z lzver ~nicNosomes obtainedfrom 10 do~iors 
while the human lung activity was rreeasured usi~zg ~nicr~osomesfNom 12 donors (Lorenz et al., 
1984). 

OtheN i~zforr~zation on the specific nzicrosonaal sa»zples, prepa~^ation methods a~zd in vitNo 
ezperifnents are in LoNe~zz et uC. (1984), H1112~1Blstein et al. (2004) and Yung et ul. (2012). 

3. Please comment on the pool sizesfor the hunzari »zzc~^osornes used to esti»zate cltloFoprene 
metabolic Notes in vit~~o, and the narn2be~ of tissare samples (donors) evaluatedfor 
7-ethoxycoui~zarifz activity,for the estini~ctio~i ofaverage nzetubolic activityfor^ liunzan adults. 



  

Follow up -External Peer Review of a Report nn Physiologically Based Pharmacokinetic (PBPK) Modeling fm• Chlm•oprene 

The data used for the estimation of metabolic parameters are reasonable. Actually, the pool sizes 
are not an issue in the calibration of the model parameter. Since the modeling process is under 
the Bayesian approach. The most iir~portant thing is the credibility of the simulated result with 
the group of validation data. If the simulated results can correspond with the validation group, 
then we can trust the estimation of the parameter (tier 3). 

4. Discuss the appYopNiate~zess of the data used and the statistical modeling appYoach for 
evaluating average (oF mean) adult huma~i, mouse, and rat metabolic paNa~zeteNs. Please 
comment o~z wlzetlzeN sufficient mrcrosoiraal samples (incubations) were analyzed to repYesent 
the average values and to chaNacterize yrzetabolic vaNiation ac~^oss species, sexes, asad tissues. 

The answer is the same as the above question. I'm not woi-~~ied about the sample sizes used in the 
parameter estimation. But I would like to ask if there are sufficient data that can be used to verify 
and convince that the parameter setting is adequate. 

Additional discussion o~i the estimation of lung metabolic paNa»zeters in rats and Izuf~zans is 
provided in Supplemental Material C ofRarnboll i~z a sectio~z entitled "IVIVEforfzrst order 
metabolic cleara~zce in rat and hacman laing."However, the hzetabolic rateparameter values 
for the human lung were ultimately selected as descNibed in the main report in a subsection 
entitled "Estimation of chloNoprene r~aetabolism in the human lung" because the in vitro 
chloNopYene expe~^inze~its with human lung nzicvosomes showed fniizimal metabolism. 

5. Please comment on the use of tlae relative 7-ethoxycou»zarin activity in human lung vs. liver 
tissue to predict the aveNage rate of chloroprene oxidative metabolism in the hui~zan lung. 

It is not clear whether the use of relative 7-ethoxycouinarin activity in humans and lungs is a 
reliable way to predict the average metabolism rate. However, in the current analysis, the 
calculated Vmax/Km in the liver is about 4680 times (14.51/0.0031) greater than in the lung. 
Even in Himinelstein et al. (2004a), the highest inetabolisin ratio between liver and lung was not 
over 100. In my opinion, this issue can be tier 2. 

IVIVE Calculations for Chloroprene 

IVIVE extrapolation is sacmmarizecl irz the Model PaYameteYs section of the Ra~nboll Neport, 
with details on scalingfactors in Supple»zental MateNzal C ofRas~zboll and Nesults in Table S-4 
ofSupplemental Material A. (Calculations aNe provided in an Excel wo~•kbook, Supplemental 
Material D of the Ra~nboll report. Tlie U.S. EPA perforr~zed a quality-assuNance evaluation of 
the workbook to assure the calculations are as descNibed in the repot text a~zd tables.) Wood et 
al. (2017) evaluated the ability ofIVIVE to pr°edict cleaYancefoY oNal dosing of multiple 
pharmaceutical compounds with data iii rats and humans a~zcl reportecl a systef~zatic bias 
towards underprediction with increaszrig cleuYa~2ce. Howevev, the Wood et al. (2017) YesuCts 
nZay not be relevant to chlorop~^ei2e because of differences in the Noute of exposure, che»zical 
properties, metabolizing enzymes, aizd rate-dete~^i~zining pNocessesfoN the set of compou~zds 
analyzed. In particular, Wood et cal. (2017) evaluated IVIVEfoi~ oral dosiizg of drugs, but ~zot 
for the inhalation of volatile compou~zds like chloroprene. While, IVIVEfoN oNal exposuNe to 
drugs ynay be y~ioYe difficult and is subject to additional souvices of uncevtainty compaYed to 
iizhalation of volatile compounds due to vaNiability in intestilzal absorption ccnd metabolism 
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(Yoon et aC., 2012; Liao et al., 2007), a~zalysis of Wood et al. (2017) specificallyfocuses o~z 
predictions of hepatic clea~~ance of drugs, for which metabolism in the liver is a sig~zificai2t 
co»zpo~zent. Thus, the analysis of Wood et al. (2017) may be consideNed Nelevant to 
chlo~^oprene since it addYesses the ability to predict »Tetabolic cleaYance via IT~IVE, not oral 
absorption. The U.S. EPA is not t~waYe of cc syste»zatic evaluation ofIVIVE accuYacy like that 
of i~T'ood et ul. (2017) butfocused o~i volatile oNga~zic (clzlori~zated) compounds lilze 
chlor^oprenefoY the inhalation route. 

6. Please evaluate the choices of extrapolationfactors andfoY»iulas usedfoY the IVIVE 
calculations. Please discuss the soundness of the metabolicparameters in Table S-4 czs 
esti»zatesfor average adult.female and i~iale mice and rats, and average adult Izu»ians 
(combined sexes). 

In Table S-4, most parameters in PBPK model look reasonable and coi7espond with Yang et al. 
(2012). However, for female mice, there is no estimated kidney Vmax and Km in this analysis 
due to the data being insufficient. However, this value had been estimated in Yang et al. (2012). 
Since all metabolism parameters were estimated by MCMC. It is suggested to use the previous 
value as prior- and update the parameter in inference (Tier 3). Theoretically, the value will not be 
changed due to the estimated Vmax/Km is extremely lower than liver and lung. .. 

7. Please assess whether the analysis adega~ately addresses the overall quantitative uncertainty 
due to otherfactors in the IVIVE c~pplicatioiz. Please identify anyfactors in the IVIVE 
calculation of paYa»aete~s in the PBPK i~zodelfor which vaNiability o~ uncertai~zty have not 
been adequately consideYed. State any concerns aboutpredictions of the rate of chloropNene 
metabolism in liver and lung which should be addressed. Please discuss whether the possible 
rangesfor f~ietabolic para~neteYs (upper and lower bounds) Izave been sufficiently estimated 
such that they can be used with confidencefor animal-to-human risk extrapolation. 

Based on the description in the section of Uncertainty Analysis, the uncertainty of the 
metabolism and other parameters in the PBPK mode had been well address in this study. 
However, it seems that the MCMC simulation only quantified the uncertainty of the parameter in 
the modeling process. The estimated parameters in the Supplement Materials A Table S3 can 
only be seen as the distribution population mean. All coefficient of variations are less than 30%. 
The current result might not be sufficient to be used for risk estimation to represent the 
population in risk assessment. It is suggested to incorporate the population variability in MCMC 
simulation to obtain more information to quantify the variability (Tier 3). 

PBPK Model Structure, Ph~s logical Parameters, and Partition Coefficients 

8. Please discuss the appropriateness of the PBPK model stYucturepNesented by Rar~aGolC or 
esti»zation inhalation ~losinaetry iii an EPA Toxicological Review of chloNoprene. Pleasefocus 
on the modeC structurefor^ the liver and lc~izg, i.e., tissues in which chloroprene i~zetabolisnz is 
pYedicted by the model. 

There is no critical issue found in the PBPK model code since it is a general PBPK structure that 
integrated the M-M metabolism in the lung liver and kidney. The only thing I want to point out 
here is the PBPK diagram in figure 1. According to the model code (supplement materials E), the 
"alveolar space" is not a dynamic compartment that is described by a differential equation. 
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Therefore, it causes confusion using figm~e 1, which has an independent compartment to describe 
alveolar space, as the PBPK diagram. 

Arterial blood co~centYations in B6C3F1 mice after inhalation exposures to chloroprene are 
shown in FiguNe 3 of the Ras~zboll repoYt. h is ~zoted that when chCoroprene exposure was 
i~icNeased 2.S-foldfro»z 13 to 32 pp»z, the mean ar^terral co~zcentration increased less tha~z 1.5-
fold. FuYtheY, the mead aYterial concentrationsfYonz 90 ppm exposuNe, which is seven (7) 
times higheY than 13pp~n, aNe only about 4 times Higher than those »aeasured at l3pp~z. 
These data might indicate that some process ~zot inclacdecl in the PBPK model may have 
reduced claloropre~ze uptake oY so»zehow irzcNeased metabolic efficiency at 90 and 32 ppm 
relative to 13pp~z. A factor to be co~2side~^ed is the high vaNiability with large standard 
clevrationsfoi~ many of the data points, as illustYated in FiguYe 3 of the Ramboll repoNt. The 
PBPK model structuNe is~zplies that blood levels should i~zcrease in propoNtion to exposuNe 
while blood concentrations ~emazn below the level of metabolic satuYation and should increase 
at afaster rate above satuYation, unless there is some other exposure-Nelated change in model 
parameters. HoweveN, the plethys~nogr^aphy data evaluated do not show a clear or significant 
dose-Yespo~zse zn the Ramboll Neport. 
FiguYe 7 ofRa»zbollpresents the extent of agv~eel~zent of the »zodelpredictions with the hlood 
concesztrations in micefollowing inhalation exposure. It is noted that the inhalation PK data 
aNefNo~n a single exposure (animals weYe ~2ot previously exposed to chloNop~ene) and the no~z-
pNoportionality is evident by the 3-hoair timepoint. 

9. Given these data, please evaluate the likelihood that changes in respiration rate or 
metabolic induction might befactors in the observed PK relationship between exposure and 
internal dose. Please comr~zent on any other physiological or biochemical mechanisms that 
might be explanatoNyfactors in the apparent discYepancy or whether experimental variability 
in the data nay explain these differences. 

Changing the metabolic parameter is definitely a key factor to reflect the observed PK 
relationship between exposure and internal dose. Also, the chemical-specific parameters (e.g., 
partition coefficient, metabolic-related parameters) are more important than physiological 
parameters due to the higher uncertainty in IVIVE. If the current parameter setting of the PBPK 
model is not able to properly describe the relationship between internal and external dose from 
the observed data, the additional Bayesian MCMC inference with extra collected data (observed 
organ concentrations) might be required (Tier 3). 

In the Model PaNa~neteNs section of the Rc~nzboll repoYt, the authors describe the appaNent 
discrepancy between the Yute constantfor cardiac output (QCC)from Brown et al. (1997) and 
other data. The sensitivity of the predicted blood concentration to unsealed cardiac output zs 
shown in Figures 5 and 6 of the repoNt. 

10. Given the specific consideYations above, please comment on the appropriateness of the 
values selectedfor the physiologicalpaYaf~zeteNs in Table S-1 andpartition coefficients in 
Table S-2, foNpvediction of chCoropre~ze dosimetNy. 

The PBPK model in this analysis is based on Yang et al. (2012). Some default settings of 
physiological parameters (QCC and QPC) are different. The reason to use the different default 
settings had also been provided in the Model Parameters section. Also, the partition coefficients 
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used in the current analysis are similar to Yang et al. (2012), which is based on the experiment in 
Himmelstein et al. (2004b). Therefore, there is no concern for these parameters. 

Overall PBPK Model Soundness and Applicabilit 

Model~~^edicted doses iii ~nocl~l tissue co~zzpartme~zts corYespoiiding to tissues in which 
neoplasm were observed in the f•at and mocise bioassay, with corresponding cancer incidence 
for 80 ppm chloropNene inhalation exposuNe, are provided in the EPA background document. 
In potential application to human health risk assessment, the relative risk of tumo►^s in Izus~ia~z 
Zzver and lung will depend on the relative Yate of'~zetabolism predicted iii those tissues, 
compared to the mouse or rat (as well as the relative rate of cleaNance). Estis~iation of risksfor 
tissues other than liver and lung could depend on the relative estimates of chloYopYene venous 
blood oN tissue concentNation. An evaluation of the model's applicability and degYee of 
a~nce~tainty should consideY both the absolute »aodelpredictions (i.e., does the model 
accurately predict the absolute Hates of nzetabolisni and blood/tissue concentrations in each 
species?) and the ability to predict the relative Nate of metabolism or Yelative concentration i~z 
human vs. rodent tissues, though so»ae inaccuYacy in the absolute values may exist. See 
"Backgr^ou~zdfor the Peer Review" docui~zentfoN additional context. 

DemonstYation of the PBPK »zodel's ability to predict in vivo PK data is shown by the level of 
agreement between modelpredictions and clzloropr^ene venous blood concentrations in Figure 
7 of the Ra~zboll report. FoN reference, where there ar e data, a~zd as a rule of tlzui~zb, EPA 
often seeks dosimetric estimatesfYonz a »aodel that are within afactor of two of empiNical 
results. The Yesults of the sensitivity analysis slzowsi in Figure 8foN arteNial concentYations 
indicate that these data and specific pYedictions are not sensitive to the estimated metabolic 
parameters: a relatively large range in the estiy~zated metabolic parameters (such as the 
apparent difference between male andfef~zale mouse paNameters) wouldyield similar 
predictions of blood concentYations. HoweveY, as deynonstNated in FiguNe 9, the estimation of 
lung dose fiaetrics is sensitive to the esti:~aated »zetabolic paYameters. 

ll. Please co»tfnent on the capacity of the PBPK model to pNovide sound estif~iates of 
chloNoprene inhalatio~z dosi»zetry in mice, pats, and hu»zans. Please comment on the veliability 
of modelpredictions of the Nate of chloropNerze metabolism in livev~ acid lungfor use in aiiimal-
to-human extrapolation. 

In the current analysis, the blood concentration data for female B6C3F1 mice were used to 
validate the model performance of the PBPK model. However, lungs and liver are the target 
organs that dominates the metabolism of chloroprene. It is surprising that the current analysis 
only collected the blood sample to conduct PBPK modeling without collect and analyze other 
tissue, simultaneously. The limitation of the in vivo data is a crucial factor that can reduce the 
reliability of model predictions and also be applied in animal-to-human extrapolation. 

12. Please review the Tier°1and TieN 2 corzzmentsfi^ona the initial review and note any which 
you believe have not bee~z adequately addressed by the revised analysis. If the comment laas 
not been adequately r~dd~^essed, please pNovicle specific suggestions as to how this can be 
resolved. 

D 
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The recommendation is the same as above. The most challenging part of the current result is 
"data". There is sufficient in-vitro information that can be used to apply in the PBPK model. 
However, this information can only be used in "calibration". Ultimately, we might want to exam 
the model performance in the "validation" part. Therefore, some in-vivo infoi-~nation (e.g., PK 
data) from mice and human are necessajy. Since the PBPK model can only be used to make 
predictions. These predicted results still need to be "verified" by the real data. This critical issue 
should be addressed before the model is applied in risk assessment. 

In Yesponse to co»i»zentsfrom DY. Yang duri~zg the initial Yeview, Ramboll has introduced a 
new analysis (sub-»zodel) of thefate of chlor°opYene's metabolicpNoducts, Suppleme~ztal 
Material F. Since this nzateNial has not been previously reviewed, the reviewe►^s are asked to 
give it careful co~iside~^atio~z as appYopr^zate to youY aYeas of expeNtise. 

13. Please co»z~nent on how well the biochemicalpYocesses and assumptionspresented in 
Supplenzentczl MateNial F NepNesent the likelyfate of chloropNene's reactive metabolites. 

I'm not an expert on this question. 

14. Please comfnerzt on the quality and accuNacy of the para~neteY values selected in 
Supplemental MateNial F, Table FI, based on details provided in the corresponding text and 
supporting Nefe►^ences. 

The value selected in Table F1 is reasonable (with reference as supparting evidence). But, there 
is no evidence to support the accuracy of the model prediction. The current table only selects the 
central estimate of the parameter, therefore, might not be able to quantify the uncertainty in the 
simulation. 

In Supplemental MateNial F, Rai~zboll concludes that the concentNution of the less reactive 
metabolite, 1-CEO, zs riot an appropriate dose-i~aetricfor cross-species extrapolation, given the 
Cack of concoNdance offemale mouse andfemale rat dose-response relationships, shown in 
FiguYe FS-C. The autho~^s also co~zclude that eitheN the total amount of clzloroprene 
~netabolzzed (predicted by the primary PBPK model) or the concentration of reactive pNoducts 
(pNeclicted by the ~zew sub-model) pNovide c~ consistentprediction of cancer dose-response 
based on Nesults depicted in Figures FS-A and FS-B, respectively. 

15. Please co»z»ze~zt on whether the results shown in Figure FS-Cpreclude the possibility that 
1-CEO tissue concentration is a reasonable predictor of chloroprene-induced lung cancer 
risk. 

Although the experiment results from Fischer female rat did not show a significant dose-
response relationship in tumor incidence. The dose-response can still be observed in the mice. 
Also, over 0.004 of 1-CEO concentration, the tumor incidence in rats had observed higher value 
than low concentration. Hence, it is not a piece of strong evidence to preclude 1-CEO as a 
predictor for lung cancer risk. 

16. Please co~n»zent on whether the results shown in FiguNes FS-A oN FS-B de»zonstrate that 
the coYYesponding dose metrics are consistent inter-speciespredictors of chloropr~ene-indarced 
lung canceN r^isli. That is, given clzloroprene exposuYes which pYoduce the wine valuefor 

10 
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eitheN of the pYoposed dose metrics ("total amou~zt metabolizedper grant lung" a~zd 
"concentYation of►~eactive pYoducts') i~z female r~zice asfemale rats, can one ilzfer that the 
same tui~zor incide~zce would occur i~z those species? 

It is "likely" that the dose metrics used in Figut-e FSA and SB are consistent inter-species 
predictors of chloroprene-induced lung cancer risk. The experiment result is significant in 
B6C3F1 mice. But the outcome was only observed in mice. Fischer rats did not have an obvious 
dose-response relationship. This might be due to the metabolite rate is much lower than mice. 

17. Please co»zf~zerzt oii wl2ether the Yesults,for the lung shown i~a Figure FS-A cast be used to 
Fefute or support the use of the coNwespondi~2g dose metNzcsfoN estimatio~z of liver cancer ►^isle. 

It is not recommended to use the experiment result from the lung to support the liver cancer risk 
assessment. They are two different organs and have different metabolic mechanisms. The 
additional bioassays to support this viewpoint are recommended (Tier 2). 

III. SPECIFIC OBSERVATIONS 

Page Paragraph 
Comment or Question on the draft report PBPK modeling for 
chloro rene (Ramboll, 2021 

Table The distributions of Vmax, Km, KG, and AO mentioned here should be 
B-2 uniform not to -uniform since the value has been to -transformed. 

The estimated Km (0.62) after adding the transport limitation only half 
of the reference value (1.34) is reasonable. However, the distribution of 

Page 7 the Km cannot cover the reference value. Also, since the Km can be set 
Figure paragraph as informative prior with reference value as the central estimate, why 
B-4 1 not used normal distribution? 

Same as above question. The prior distribution of Vmax, Km, and KG 
Table have informative reference value. Therefore, they should be set to the 
B-2 normal distribution with truncated at 3-4 times SD. 

Figure 
B-4 Should be: Posterior chains left and distribution ri ht 

P17 The pool PK data is informative. But I would like to recommend 
Figure adding the result of raw data for the individual (by the line plot) to 
3 visualize the trends. 

11 



Follow up -External Peer Review of a Repm•t on Physiologically Based Pharmacokinetic (PBPK) Modeling for Chloroprene 

Kenneth M. Portier, Ph.D. 
Independent Consultant 
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Follow up -External Peer Review of a Report on Physiologically Based Pharmacokinetic 
(PBPK) Modeling for Chloroprene and a Supplemental Analysis of Metabolite Clearance 

Kenneth M. Portier, Ph.D. 
September 7, 2021 

I. GENERAL IMPRESSIONS 

Overall, the revised documentation (referred to as Ramboll, 2021 -Exhibit A, dated July 15, 
2021) of the PBPK model for chloroprene appears to accurately describe the additional research 
and subsequent modifications to the model and parameter estimation methodology in response to 
the recommendations of the external peer review conducted in October, 2020. Supplemental 
materials provided helped greatly to understand the work performed. The greatest issues were 
found with the material provided in Exhibit A —Supplemental Materials F. 

II. RESPONSE TO CHARGE QUESTIONS 

Estimation of Mass Transfer Resistance in the In Vitro Metabolism Experiments 

A model of the rn vitro incubation systene was used to estimate the metabolic parametersfYo~n 
the i~a vitYo data. This model is based on ceYtain assumptions andphysicalpaYa»zeteYs, such as 
the volume of the in vitro incubation vials and volumes ofaiN and liquid media in the vials. 

The model of the i~z vitYo system initially usedfor the analysis of the in vitNo experi~aents to 
estif~zate the corYesponding metabolic parameters (Yang et al., 2012; Himmelsteirz et cal., 2004) 
assur~aed that the chloNoprene zn the air and liquid (incubation niediuf~z) phases was always at 
equilibrium, i.e., concentration in the medium was set equal to the concentratio~z in the ai►^ 

times the equilibrium paYtition coefficient (CM = CA *P). At EPA's suggestion, the rrcodel wus 
changed to explicitly descrihe separate aiY and liquid i~zedia corrcpar^tnzerzts, with a ~nass-
tNansfer coefficient (Kgl) limiting the Yate of distribution between tlzeni, as descYibed by 
Kreuter et al. (1991) and others, and the authors selected a specific value (0.22 L/li) as the best 
estimate. Ramboll also perfoNmed a Bayesian analysis which incorporates uncertainty ii2 the 
value ofKgl, togethef• with the metabolic paNa»zeters being esti~n~ted. 

1. Please evaluate the quality of t/ie revised aszalysis uncl estiNzation ofs~ietabolic paYunaeters 
using the twophase i~z-vztNo ynetabolis»a model. 

The estimated value for Kgl (0.024 L/hr) for chloroprene from the new experimental shady is not 
very different from that reported in 2020, validating the initial estimation methodology. The 
value of Kgl actually used in the re-estimation of the metabolic parameters (0.22 L/hr) remains 
based on conjecture and not on experimental results. Despite this, the argument for- using the 
0.22 L/hr estimate for Kgl remains quite plausible. 

The revised analysis and estimation of metabolic parameters is described in Supplemental 
Materials B: Re-estimation of Metabolism Parameters and summarized on page 11-12 and results 
on pages 17-20 of the 2021 Ramboll report. In the supplement, the MCMC estimation process 
for metabolism parameters is described and seems to have been implemented properly. The 
major difference between the 2021 and 2020 re-analysis estimates seems to be due to the 
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introduction of a prior distribution for AO (initial amount in vial). The discussion of metabolism 
parameter re-estimation accurately summarizes and discusses the findings reported in Tables S-3 
and S-4. The method of estimating metabolism parameters for the human lung (discussed on 
page 20) has reasonable justification and should produce appropriately conservative values. 

Conclusion: The revised analysis and the estimation of metabolic parameters using the two-phase 
in-vitro inetabolisin model is clearly described and the estimation approach reasonably justified. 
No changes/recommendations are suggested. 

2. TJze Ra»zboll report dei~zonstJ^ates that estimates of the metabolic para»zeter Kai depend on 
the value ofKgl but evaluated the zmpact of the resulting uncertai~zty in the f~zetabolic 
par~ameteYs on pNedicted doszmetYy in i~zice arzd /iut~zans, in particulaN estimates of Izuinan 
Zu~2g cancer risk. The revised analysis investigates a wide range of valuesfoY the mass transfer 
coefficie~it, Kgl. Please discuss wlietlzer this evaluation adequately addresses uncertainties 
regc~Ncli~ag the parameter Kgl. 

The sensitivity/uncertainty analysis methodology is discussed on pages 12-15, results presented 
on pages 21-28, with the Kgl sensitivity analysis results in particular presented on pages 23-25 of 
the 2021 Ramboll report. The Kgl sensitivity analysis results are clear and accurately 
characterized. The range of Kgl values used is properly justified, and the argument for retaining 
the Kgl value of 0.22 L/h for use in the in vitro modeling properly justified and risk conservative. 

The results of the PBPK model parameter sensitivity analysis are as expected. The Al 
uncertainty analysis is clearly described, and results seem reasonable from a statistical point of 
view. Clearly the 2021 Ramboll report presents a better assessment of the sensitivity of the 
model and subsequent risk estimates to parameter uncertainty than did the 2020 Ramboll report. 

Conclusion: The revised analysis on the impact of uncertainty in the metabolic parameters is 
clearly described and the analysis reported is an improvement from that previously provided. No 
changes/recommendation are suggested. 

'I'I~e r~;n~~inir~~ c~t~esii<,~ts 4~~~c re}~e~~i~;c1 {r~-ith n~ir~c>r e<~its) fi~€~~r~ ih~ c~~~i~in~~! cl-~ar~~, ~ ,1}c; i~~;~.ic;~~~~s-s 
~~s~; a.~icc;~ tc~ pg•ira~aE~ily ~valu~t~; It.~~ bc~ll's ~Ls~7c~ra.ses anc~ chat~~e;s z~~a~e tc~ ~~cic~-~~s t~zc: c~r- i€~i_n~I 

Estimation of Metabolic Parameters from In Vitro Metabolism Experiments 

Thefollowing questions address the Nobustness of the available metabolic datafor application 
in the model. The questions are wNitten with the assumption that the choice ofKgl is 
czpp~^opriate. Using this value ofKgl while evaluating the re»zaining analysis of in vitNo 
metabolic data us described in SupplenzentaC Material B of the Ramboll Yesults in parameter 
values listed in Table S-3 ofSupple»zentul Material A of the Rai~aboll ►^eport. For the 
chlo~°op~^eiae i~z vitNo expe~^is~zents, the Izus~za~z liver ~zicrosome samples were obtai~zedfvonz a 
pool of IS donoNs while tJze human lung ~iicrososnes wer^e obtainedfi^o~r~ u pool of 5 
individuals (Hir~~f~zelstei~z et al., 2004). For the 7-ethoxycoumarin in vitro experiments used to 
estimate the relative lung:liver metabolic activity, repNesented by the parameter^ A1, tissue 
sanz~les weYe riot pooled; activity was r~zeasuYed in ZiveY naici~osoi~zes obtainedfro»a 10 tlonoNs 
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while the human lung activity was measuNed using inicroso»zesfYom 12 donors (Lorenz et al., 

19841. 

OtheY rnfornzation on the specific ~nicrosomal samples, pYeparation ~zetlzods and in vitYo 
experinaents are in LoNenz et al. (1984), Hi~nrnelstein et al. (2004) and Yuiz~ et al. (2012). 

3. Please cofnment on the pool sizesfor the human micf~osofnes used to estimate chloropre~2e 
nzetaGolic Nates rn vitro, and the nui~abeY of tissue samples (do~ioYs) evaluatedfor 
7-ethoxycou~nari~i activity,for the estimation ofaverage metabolic activityfor human aduCts. 

One 2020 Panel member recommended (Tier 2) that an estimate of the standard deviation of Al 
(liver/lung activity ratio) be computed along with an approximate confidence interval and that 
these be used to discuss the likelihood that Al is close to 1. The Ramboll response on pages 13, 
25-27 indicated that a bootstrap sampling approach was used to derive an estimate of the 
distribution of Al and to compute upper and lower 95% confidence bounds. This 
recommendation was full addressed in the 2021 Ramboll report. In addition, Ramboll 
performed an extensive literature search for information that might further inform appropriate 
values for Al and presents three additional estimates in Table 5 for human lung and liver tissues 
from two separate studies. Two of these three values are within the estimated 95% CI computed 
earlier, but the estimate using mRNA data from Bieche et al. 2007 (0.01086) is much larger than 
the Al upper bound (0.00413). The reports suggests that this disparity reflects the difficulty of 
harvesting and preserving mRNA from tissue comparted to direct measurement of metabolism. 
This seemed reasonable. 

One 2020 Panel member recommended (Tier 2) that Ramboll assess whether information on 
metabolic conversion of model substrates are available for the microsomal badges that have been 
used for the in vitro kinetic studies. Ramboll indicated that these data are not available for the 
Lorenz et al. (1984) study and hence could not be compared to other metabolic conversion data 
from well-characterized batches of human microsomes. 

One 2020 Panel member questioned whether the pool size for the human (liver) microsomes 
used to estimate chloroprene metabolic rate i~z vitro and number of tissue samples significantly 
impacted the setting of bounds on the prior distributions for Vmax and Km. The Ramboll 
response to this concern was to point out the large range for the prior distributions used, that the 
prior distributions were uninfoi7native and that the bounds on the prior distribution range did not 
seem to impact uncertainty/sensitivity analysis results. The Ramboll response was con•ect and 
reasonable. 

Conclusion: The revised report appropriately estimates the standard deviation of Al and 
computes an approximate 95% confidence interval. The report shows that the wide and 
uninformative priors for Vmax and Km do not adversely impact the uncertainty/sensitivity 
analysis results. Ramboll indicated that it could not address uncertainties in metabolic conversion 
of model substrates for microsomal badges from the Lorenz et al. (1984) studies due to lack of 
data. It seems that other metabolic conversion data from well-characterized batches of human 
microsomes is available, but these data are independent of the Lorenz study. While I am not an 
expert on this, it seems that this suggest the following recommendation. 
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Recommendation (Tier 3): Find or encourage research that provides quality information on 
metabolic conversion of model substates that better inform the in vitro kinetics and that also 
ret~licates or improves on the other findings of Lorenz et al. (1984) that are key to estimating 
relative lung:liver metabolic activity. The number of donors in this study should be sufficiently 
large to achieve reasonable confidence in the estimate of Al. The donor group should include 
adequate representation of sex and racial subpopulations. 

4. Discuss the appropriate~zess of'tlze data used and the statistical modeling app~^oach foY 
evaluating average (or mean) adult human, mouse, and rat metabolic paranzeteYs. Please 
co»zhient o~z wl~etlter sufficient niicrosoi~aal samples (incubations) were a~zalyzed to represeizt 
the average values and to characterize ~zetabolic vaYiation acNoss species, sexes, and tissues. 

Although one 2020 Panelist questioned the representativeness of the individuals used to provide 
the microsomal samples used to characterize metabolic variation across species, sexes and 
tissues, no film recommendation to address this issue was presented in the report hence Ramboll 
did not respond to this issue. This may have been an oversight on the part of the 2020 Panel 
whose recommendations on this issue centered on 1) better presentation of the available data in 
the final report and 2) development of new data that is better characterized and for which 
representativeness can be better assessed. Ramboll does not seem to have addressed either of 
these recommendations. The issue remains that data from only one human male is used to 
characterize lung cytosol levels. 

Additional discussion on the estimation of lung metabolic parameters in rats and humans is 
provided in Supplemental Material C of Ramboll in a section entitled "IVIVE for first order 
metabolic clearance in rat and human lung." However, the metabolic rate parameter values for 
the human lung were ultimately selected as described in the main report in a subsection entitled 
".Estimation of chloroprene metabolism in the human lung" because the in vitro chloroprene 
experiments with human lung microsomes showed minimal metabolism. 

Recommendation (Tier 1): Address the implied recommendation of the 2020 review panel to 
better characterize the individuals who provided microsomal samples. 

Recommendation (Tier 3): Find or encourage research to provide better (mean) estimates of 
adult human, mouse, and rat metabolic parameters. Such studies should utilize sufficient 
numbers of individuals to provide acceptable confidence in the estimated mean. The mean for 
humans should be based on samples that have acceptable representation of sex and racial 
subpopulations. Rat and mouse estimates should be based on data from more than one species, 
preferable from those species commonly used in animal toxicity/carcinogenicity studies. 

5. Please comment on the use of tlae Yelative 7-ethoxycou»iarin activity in human lung vs. liver 
tissue to predict the average Nate of chloroprene oxidative metabolism zn the lzut~za~i lung. 

This topic is outside my area of expertise and experience, and I have no 
comments/recommendations to add. 
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IVIVE Calculations for Chloroprene 

IVIVE extrapolation is sum~nar^ized in the Model Paras~zeters section of the Ra»zboll report, 
with details on scalingfactors in Supplemental Material C of'Ramboll and vesults ire Table S-4 
ofSuppCe»tental MateYial A. (Calculations aNe provided in an Excel wor°Izbook, Supplemental 
MateNial D of the Ramboll Yeport. The U.S. EPA performed aquality-assuNa~ace evaluation of 
the workbook to assuYe the calculations are as descNzbed in the repoYt text and tables.) Wood et 
crl. (2017) evaluated the ability ofIVIVE to predict cleaNancefor oYal dosing of multiple 
plzarniaceutical compounds with data in rats and humans a~zd repoNted a syste»zatic bias 
towards underpYedictio~z with increasing clearance. However, the Wood et cal. (2017) results 
nzay snot be relevant to chloroprene because of dzffeNences in the route of exposure, che»zical 
pf~opef~ties, metabolizing enzyr~zes, and rate-determiningpYocessesfoY the set of compounds 
analyzed. In paYticular, Wood et al. (2017) evaluated IT~IVEfor oral dosing of d~^ugs, but not 
for the inhalation of volatile compounds like chloYoprene. While, IVIT~Efor o~^al exposuYe to 
cl~^ugs muy be ~noNe difficult and is subject to additio~zal souYces of uncertainty co~ripared to 
inhalation of volatile cofnpounds due to vaNiability in intestinal absorptio~z and ~zetabolism 
(Yoon et al., 2012; Liao et al., 2007), analysis of Wood et al. (2017) specificallyfocuses on 
pYedictions of hepatic clearance ofdrugs,for which metabolism rn the ZiveN is a significa~zt 
correpo~ze~zt. Thus, the analysis of Wood et al. (2017) may be co~zsideYed Yelevant to 
chloroprerie since it addresses the ability to predzct metabolic clearance vza IVIVE, not oral 
abso~^ption. The U.S. EPA is not awaNe ofa systematic evaluation ofIVIVE accuracy like that 
of Wood et al. (2017) butfocused on volatile oNganic (chloYiizated) compounds like 
chloropYenefor the inhalation Youte. 

6. Please evaluate the choices of extrapolationfactors andformulas usedfor the IVIVE 
calculations. Please discuss the soundness of the metabolic paranzeter^s in Table S-4 as 
estimatesfor average adultfef~zale and frcale mice and pats, and average adult humans 
(combined sexes). 

This topic is outside my area of expertise and experience, and I have no 
comments/recommendations to add. 

7. Please assess whetheN the analysis adequately addresses the oveYcill quantitative unceNtainty 
clue to otheYfactors in the IVIVE application. Please ide~ztify a~zyfactors in the IVIVE 
calculation oY paraT~zeters in the PBPK modelfoY which vaYiability or uncertainty have not 
been adequately considered. State any concerns aboutpredictions of the rate of chloroprene 
snetabolisna in ZiveN and lung which should be addNessed. Please discuss whet{zer the possible 
ra~igesfoN ~~zetabolic paranzeteNs (upper and lower bounds) have been sufficiently estimated 
such that they ca~i be used with confidencefoN animal-to-lzuinan risk extrapolation. 

I ain not qualified to address other factors in the IVIVE application related to model structure. I 
will address "other factors" in the context of the physiological parameters used in the PBPK 
models (Table S-1) and the partition coefficients (Table S-2). The discussion of the uncertainty 
analysis described on pages 14-15 of the 2021 Ramboll report describes an uncertainty analysis 
that seems reasonable. Whether the uncet~tainty analysis is adequate cannot be fully assessed 
unless additional information is added to the report as discussed below. 
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The PBPK model relies on three lcey physiological parameters, body weight (BW), unsealed 
alveolar ventilation (QPC), and unsealed cardiac output (QCC) to derive all other physiological 
parameters. In addition, the value for QCC is often derived by dividing QPC by a constant, 1.45, 
the derivation of which is discussed in the 2021 Ramboll report. Given this, it is not clear how 
the Monte Carlo assessment of uncertainty of physiological parameters was performed. Two 
approaches are possible. In one, variability is assigned to BW and QPC and the remaining 
physiological variables are derived from the BW and QPC randomly generated values before 
each model run. With this approach correlations among physiological parameters are accounted 
for- through their relationship to BW and QCC, but it is not clear whether the variation observed 
in, or generated for, the derived physiological variables is similar to that reported in Clewell and 
Jarnot (1994), the reference mentioned in the report. The other approach is to generate random 
values separately (independently) to each of the (11) physiological parameters before the model 
is run. This approach would likely not recreate the strong correlations typically seen among 
physiological parameters unless multivariate distributions were used to generate the random 
variables. Using independent distributions, "improbable" (e.g. not likely to be seen in nature) 
sets of values would be generated, and when entered into the model would produce "improbable" 
results. Regardless of the method used, the Monte Carlo runs need better description and 
discussion. 

Recommendation (Tier 1): Clarify how the Monte Carlo assessment of uncertainty of 
physiological parameters was performed. 

Typically, discussion of correlations among parameters occurs in the context of population 
(inter-individual) variability for such parameters. While it is true that correlations are a bigger 
issue when attempting to recreate population variability in outcomes, correlations can be 
observed and be important in uncertainty distributions because some of these parameters are so 
highly correlated leading to concerns related to estimation. 

The above issue also applies to the partition coefficient parameters (PL, PLU, PF, PS, PR, PB, 
and PK). Since each is assigned a value independently of the others, the potential for "unlikely" 
sets increases since known correlations among these parameters may not have been accounted 
for in the analysis. This issue should also be addressed in the report. 

Recommendation (Tier 1): Discuss how known/assumed correlations among partition coefficient 
parameters are handled in the Monte Carlo assessment of uncertainty of physiological 
parameters. 

In the Ramboll response to a 2020 Report review panelist's question on statistical dependency 
among Vmax, Km and Kgl (Question 3) and the way the MCMC analysis was performed, there 
is mention that the Metropolis Hasting algorithm draws samples from the "joint posterior 
distribution." It is not clear to which variables this refers, but it is likely it refers to the 
metabolism parameters. There are no graphics to illustrate what this joint posterior distribution 
looks like. If this does refer to the joint (posterior?) distribution of Vmax and Km (conditional on 
the Kgl value set for the analysis). This distribution addresses the issue around covariation in the 
uncertainty in estimation of metabolic parameters, but not other parameters. As a result, the 
upper and lower bounds on metabolic parameters seem to have been adequately estimated with 
the MCMC analysis. 
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My overall assessment is that the estimates of upper and lower bounds on metabolic parameters 
can. be used with confidence for animal-to-human risk extrapolation. 

Recommendation (Tier 1): Clearly identify the variables referred to as having the "joint posteriar 
distribution" from which samples are drawn in the analysis to address statistical dependency 
among Vmax, Km and Kgl. If possible, provide a graphic to illustrate what this joint posterior 
distribution looks like. 
PBPK Model Structure, Physiolo~,ical Parameters, and Partition Coefficients 

8. Please discuss the appropYiateness of the PBPK ~~iodel stNuctur°e presented by Ranaboll or^ 
estz~nation inhalation dosi»aet~y in an EPA Toxicological Review of clzloroprene. Pleasefocus 
on the model straccturefoN the liver and lu~zg, i.e., tissues in which cliloropYene frzetabolism is 
predicted by the model. 

This topic is outside my area of expertise. I have no comments/recommendations to add. 

AYteYial blood concentrations in B6C3F1 mice aftev inhalation exposures to chloropNene are 
shown in Figure 3 of the Ra~zboll report. It is noted that when clzloropYetae exposure was 
incYeased 2.5-foldfront 13 to 32ppm, the fnea~z arterial concentYation incYeased less than 1.5-
fold. Further, the mean arterial concentrationsfrom 90 pp~a exposure, which is seven (7) 
times higher than 13ppnz, aNe only aboa~t 4 times higher than those measured at13ppm. 
These data might indicate that sor~ie pNocess not included in the PBPK model may have 
Neduced chlorop~^ene uptake or somehow increased »aetabolic efficiency at 90 and 32pp~n 
relative to 13ppm. A factor° to be considered is the high vaYiability with ZaYge standard 
deviationsfor many of the data points, as illustYated in Figure 3 of the Ramboll repoNt. The 
PBPK model structure implies that blood levels should increase in propo~^tion to exposure 
while blood concentNations remain below the level of metabolic saturation and should iszcrease 
at afasteN Yate above saturation, unless tlaer^e is some other exposuYe-Yelated change in »zodel 
parameters. However, the plethysynogYaphy data evaluated do not show a clew^ or significant 
dose-response in the Ramboll report. 
Figure 7 ofRar~ibollpNese~zts the extent of'agreer~zent of the »iodelpredictio~zs with the blood 
concentrations in micefollowing inhalation exposuNe. It is noted that the inhalatioiz PK data 
arefNoin a single exposure (c~~zimals weYe not previously exposed to chloroprene) and the non-
proportionality is evident by the 3-hour timepoint. 

9. Given these data, please evaluate the likelihood that cliariges in Yespiration Yate oY 
metabolic induction might befactovs in the observed PK ~elationsJzip between exposure and 
znternal dose. Please comment on any otheY physiological o~ bioche~Tzical meclia~ais~rzs that 
might be explanatoryfactors in the appaNent discrepancy or whether expeNznzental variability 
iii the data may explain these diffeNences. 

Physiological and biochemical mechanisms of action is not my area of expertise. I have no 
commentsh•ecoinmendations to add. 
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In the Model Para»aeters section of the Ramboll repo~~t, the authors describe the apparent 
discYepancy between the Yate constantfoY caYdiac output (QCC)f~^onz Brown et al. (1997) un~l 
other data. The sensitivity of the predicted blood conce~ztratio~z to unsealed caYdiac output is 
shown in Figures 5 and 6 of the repoYt. 

10. Given the specific co~zsideNations above, please comment o~i the appYop~iate~iess of the 
values selectedfor the physiologicalparameters i~z Table S-1 andpartition coefficients in 
Table S-2, for preclrction of chloroprene dosis~zetry. 

This topic is outside my area of expertise and experience. But . . . 

The fact that Ramboll has been successful in linking their estimate foi- cardiac output (QCC) to 
similar estimates used in PBPK models for similar chemicals, such as methylene chloride, lends 
credence to the value used in this model. Similarly, the linking of the estimate of the blood-to-air 
partition coefficient (PB) used in the chloroprene PBPK model to similar estimates used in other 

PBPK models for similar chemicals adds credence to the estimate used. Looking at the model as 
coded, one can understand the importance of getting an accurate estimate of QCC. This leads to 
deriving good estimates for other flows to tissues. It is less clear looking at the code of how 
getting an accurate estimate of PB supports having good estimates for the other partition 
coefficients since they don't seem to be linked. 

Recommendation (Tier 2): Discuss the importance of having an accurate estimate of PB. Address 
how uncertainty in the estimate of PB might or might not impact the uncertainty of estimates of 
other partition coefficients or critical model parameters. 

Overall PBPK Model Soundness and Applicability 

Model~Nedicted doses in model tissue compartments corresponding to tissues in which 
neoplasm were observed zn the rat and fnouse bioassay, with corYespo~zdi~ag cancer incidence 
for 80 ppm chloropr^ene inhalation exposure, aye provided in the EPA backgvound document. 
In potential application to hu»ian health Yisk assessme~zt, the relative r^isli of tunzoNs in Izunian 
liver and lung will depend on the Nelative rate of i~zetabolism predicted in those tissues, 
cosnpaNed to the f~zouse oN Nat (as well as the Nelative rate of cleuvance). Estimatio~Z of YisksfoN 
tissues other than ZiveN and lung could depend on the relative esti~eates of chloropre~ze venous 
blood or tissue concentration. An evaluation of the t~zodel's applicability and degree of 
unce~tai~zty should consideY both the absolute Modelpredictions (i.e., does the model 
accurately predict the absolute rates of ~netabolisni and blood/tissue concentrations i~z each 
species?) and the ability to predict the relative rate of naetabolis~lz ow relative co~zcentration i~z 
human vs. rode~zt tissues, though Bonze inaccuNacy in the absolute values may exist. See 
"Backgroundfor tlae Peer Review" documentfog^ additional context. 

DernonstYation of the PBPK model's ability to pYedict in vivo PK data is shown by the level of 
ccgreehze~it between nzndelpYeclictions and chCorop~^e~ze venous blood concent~^ations in FrguYe 
7 of the Ra~nboll report. For reference, where there are data, aiad as a raffle of tlzunib, EPA 
often seeks dosirnetric estis~zatesfroyrz a model that aNe wrtlzz~i «factoN of two of e~~aprYical 
results. The results of the sensitivity a~zalysis slzow~z i~z FiguNe 8foN a~^terial concentrations 
indicate that these data and specificpredictions aye not sensitive to the estimated metabolic 
pccrai~zeters: a relatively large range in t12e estinz~ted metabolic parameters (such as the 
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appaYent difference between male andfei~zale mouse pcz~^a~neteYs) wouldyield si»zilaf^ 
pYedictions of blood concentrations. Howeves~, as de»zonstYated in FigarYe 9, the estimation of 
lu~zg dose ~rtetrics is sensitive to the estimated »zetabolic parat~zeters. 

11. Please co»z~ze~zt o~z the capacity of the PBPK model to provide sound esti~7zates of 
chloroprene r~zhalatio~z dosis~zetvy in mice, Nats, and humans. Please co~nnzent on the reliability 
of modelpredictions of the rate of clzloropNene i~zetubolis~z in lives• and lungfor^ arse in animal-
to-human extNapolation. 

Under the WHO/IPCS (2020) guidance on acceptability of predictions, Ramboll has shown that 
the PBPK model has the capacity to provide sound estimates of chloroprene inhalation dosiinetry 
in mice, rats, and humans across a wide range of possible values for input and state parameters. 
Also, this PBPK model has been shown capable of reliably predicting rates of chloroprene 
metabolism in the liver and lung of animals and humans to within 2 orders of magnitude or less. 
Within the limitations of available data and with this accuracy acceptability target, the model 
should be considered a reliable tool for predicting chloroprene metabolism and for providing 
sound estimates of chloroprene inhalation dosiinetry. 

I have no other comments/recommendations to add. 

12. Please review the Tier1and Tier 2 commentsfi^om the initial review and note any which 
you believe have not been adequately addNessed by the ~^evised analysis. If the comment Izas 
not been adequately addressed, please provide specific suggestions as to how this can be 
resolved. 

I noted no Tier 1 and Tier 2 comments that had not been addressed by Ramboll. Most of the 
replies appear reasonable. For some of the recommendations that address issues that are outside 
my area of expertise or experience I was unable to assess adequacy of the response. 

I did note concern that a number of Tier 2 recommendations suggested the need for additional 
chloroprene metabolism studies to validate some key assumptions. In each case, Ramboll's reply 
was that the laboratory at which the chloropre~ae metabolism studies were performed is no 
longer• active and we were unable tofind any cominef~cial oi~ academic laboratories that could 
perform such studies with chloroprene. I am surprised at this response, particularly the part that 
no academic laboratory could be found to perform any of these studies. The real issue was likely 
timeliness and costs. I have no recommendation on how this issue can be addressed other than 
through future funding of targeted research. See, for example, my Tier 3 recommendation under 
Question 4 above. 

In response to co~nnzentsfrom DN. Yang duNing the initial review, Rcc»zboll lzas introduced a 
new a~ialysis (sub-y~zodel) of thefate of chloroprene's nietaholic products, Supplemental 
Material F. Since this material has not been pf~eviously Yeviewed, the Yeviewe~^s aNe asked to 
give it careful consicleNatio~z as appropriate to youY aNeas of expeYtise. 

13. Please com»zeizt on how well the bioche»zica!processes and assumptionspvesented in 
Supplemental Material F v~epresent the lilrelyfate of chloroprene's Neactive metabolites. 

This is not my area of expertise. I have no comments/recommendations to add. 
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14. Please co~ny~zent on the quality and accuNacy of t12e paYa~neteY values selected in 
Supple~iental MateYial F, Table Fl, based on details provided iii the corresponding text a~zd 
suppoNting references. 

While I am not qualified to comment on the quality or accuracy of the parameter values selected, 
I did note the following discrepancies. 

1) The flow rates, fractional blood flows, fractional volumes and partition coefficient 
parameter values shown in the model code (Appendix 1, pages 21-22) are values reported 
for (male and) female mice in Table S-] and Table S-2 in Supplemental Materials A -
Supplemental Tables A, page 2-4. The chloroprene tissue-specific metabolism parameter 
values assigned in the model code are similar but not identical to those given for female 
mice in Table S-4. 

2) The values reported in Table Fl (page 6 of Supplemental Material F) for the 1-CEO 
Partition Coefficients are not the same as those reported in the model code (Appendix 1, 
pages 21-22). Nor are these estimates similar to those reported in Table S-2 in 
Supplemental Materials A -Supplemental Tables A, page 4. 

3) The value for BETA (fraction of 1-CEO production available for hydrolysis/oxidative 
inetabolisin or release to blood) is set at 0.33 in Table F1, but 0.67 in the model code 
(page 22). On page 7 of the Supplemental Material F, the derivation of BETA is 
described as being "set equal to the ratiofor epoxybutene (Campbell et al. 201S) where 
67% of the amount of epoxybutene producedfi~om the l~zetabolism of butadiene was 
furtheN metabolized due to co-localization of~enzymes (i.e. CYP P450 and EH) ira the 
endoplasmic reticulum. " 

4) The values for VMAXC1 (Scaled VMax for Hydrolysis Pathway:Liver -10.65 mouse or 
62.1 rat) in Table F1 are different from the values of 7.95 assigned on page 22 of the 
model code. These values are also different from those given in Table S-4 of 
Supplemental Materials A -Supplemental Tables A, page 6. While the value of VmaxC 
of 8.88 or 7.99 for female mouse from Table S-4 compares to the 10.65 for VMAXCI 
from Table F1, the value for female rat of 62.1 in Table F1 is much larger than the 
VmaxC value of 9.37 or 6.36 of Table S-4. The discussion on page 7 of Supplemental 
Material F does not mention specifically why the female rat estimate for VMAXCI is so 
much higher than that of the female mouse. I think these number are attributed to 
Himmelstein et al. (2004) but I am just not clear on this. 

5) Similar issues are found with 
a. KMl (0.041 in model code, 1.9 or 3.7 in Table F1), 
b. VMAXCLU1 (0.18 in model code, 0.65 or 0.85 in Table F1), 
c. KMLU1 (0.26 in model code, 4.6 or 8.0 in Table Fl), 
d. VMAXCIO (7.95 in model code, 2.25 in Table F1), 
e. KM10 (0.041 in model code, 1.5 in Table F1), etc. 

6) Some of these differences may be due to one value not being adjusted for BW**(3/4). 
Just not clear. 

It is difficult to determine if the results reported in Section 3 of Supplemental Material F come 
from the code as reproduced in the Appendix or a modification of this code, not shown, that uses 
the Table F parameter values. 
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Recoininendation (Tier 1): The discrepancies identified above should, at a minimum, be 
discussed and/or the code/documentation corrected/commented to reflect the values actually 
used. 

IN ANSWERING QUESTION 15, 16 AND 17, ONE MUST ASSUME THE MODEL CODE 
AS PRESENTED IN THE APPENDIX IS NOT THE MODEL CODE ACTUALLY USED TO 
PRODUCE FIGURE 5 OF THE REPORT. I ASSUME THE MODEL CODE ACTUALLY 
USED WAS RUN WITH PARAMETER VALUES ASSIGNED AS INDICATED IN TABLE 
F1. 

Assuming model code was run with Table F1 values, I still question the assignment of a value of 
62.1 (mg/h/BW^0.75) as a reasonable value for VMAXCI for female rat in Table F1, given the 
values for VmaxC (mg/h/kg**3/4) presented in Table S-4 for female mouse and female rat. If 
this value is coi-~-ect it needs to be better explained. I am concerned that a decimal has been 
misplaced and the value should have been 6.21 which would make it closer to the 6.36 value of 
Table S-4. 

Recoimnendation (Tier 1): Correct or justify the assignment of a value of 62.1 (mg/h/BW^0.75) 
as a reasonable value for VMAXC1 for female rat in Table F1. 

In Supplemental Material F, Ramboll concludes that the concentration of the less reactive 
metabolite, 1-CEO, is riot an appYopNiate dose-inetNzcfor cross-species extrapolation, given the 
lack of concordance offe~zale mouse a~zdfemale rat dose-Nesponse relationships, shown in 
FiguYe FS-C. The authors also co~zclude that eitheN the total amount of chloYoprene 
metabolized (predicted by the primary PBPK model) or the concentration of reactivepYoducts 
(predicted by the new sub-model) pNovide a consistentpNediction of cancer dose-response 
based on results depicted in Figuves FS-A and FS-B, respectively. 

1S. Please conZt~ze~Zt on whether the ►^esults shown in Fzgure FS-Cpreclude thepossihility that 
1-CEO tissue concentration is a reasonable predictor of chloYopYene-induced laing cancer 
rislr. 

This is not my area of expertise, but . .. 

I am concerned that the 8-to-9-fold difference of female rat to female mice seen in Figure 4 is a 
result of the difference in estimated values of VMAXCl assigned to rats and mice as discussed 
in my response to Question 14 bullet 4. This 8-to-9-fold difference in VMAXCI could also be 
producing the differences observed in Figure 5-C. Before I could conclude that 1-CEO is not a 
reasonable predictor or chloroprene-induced lung cancer, I would need clarification of the proper 
value for VMAXCI for female mice and rats as raised in Question 14 bullet 3. 

Recommendation (Tir 3): Address this comment as part of the last recommendation of Question 
14. 

16. PCease coinr~ze~zt on whether° the results shown i~z Figa~Nes FS-A or FS-B dei~aonstNnte that 
the cor~^esponding dose metrics a~^e co~zsistent inter-species pNedictoNs of chloroprene-induced 
lung cancev risk. Tlzat is, given chlovoprene exposures which pYoduce the same valuefoY 
either of the proposed dose nzetNics ("total amount r~zet~bolizedper gr~na lung"and 
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"concentNation of reactive pYoducts") in fe»zale »zice asfemale pats, can one i~zfer that the 
same tu»zor ir2cidence would occuY in those species? 

This is not my area of expertise. See my comments for Questions 14 and 15. 

17. Please cof~z»ze~zt on whether the resultsfow the lung shown in Figure FS-A can be used to 
refute or support the use of the corresponding dose metYicsfor estimation of liver cancer Yisk. 

This is not my area of expertise. See my comments for Questions 14 and 15. 

III. SPECIFIC OBSERVATIONS 

Page Paragraph 
Comment or Question on the draft report PBPK modeling for 
chloro rene (Ramboll, 2021) 
First reference to "R" should include the reference citation "R Core 
Teain (2017). R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. URL 

12 3 htt s://www.R- ro'ect.or /." 
12 3 First reference to "ACSL" should include a reference citation. 

First reference to "Crystal Ball (ver 11.1.2.3)" should include a 
13 4 reference citation. 

Simply stating "Databases ofpeer-reviewed literature . . ." with an e.g. 
is inadequate these days. The details of the protocol used for the 
literature search and decisions made on each citation found need to be 
reported in an appendix. See any of the most recent TSCA chemical 

13 5 sco in documents for how this needs to be done. 
Using uncon-elated random pairs for the lung and liver Al parameter 
values in the uncertainty Monte Carlo simulation will produce "slightly 
broader distribution of Al than if they were positively correlated" as 
stated. If the two parameters are highly correlated (say correlations 
greater than say +.7 or less than -.7) quite "unlikely" pairs could be 
generated. The correlation should be reported to help the reader judge 

13 4 for themselves whether our- a roach was reasonable. 
"Crystal Ball Release 11.1.2.3.850 was used to obtain the parameter 
values . .." Crystal Ball actually generates random values for 
parameters according to the distribution assigned. This needs to be 

14 4 clearer. 
Bounds should be +- 2.5 x the standard ei7-or of the estimates when 
talking about uncertainty and 2.5 x standard deviation when discussing 
variability. When a parameter is bounded below by zero (or any other 
value) is the upper bound still the mean + 2.Sse? Wouldn't this produce 

14 4 a 97.5% CI instead of the 95% CI intended? 
Shifting the x axis a little to the right would allow better visualization 
of the 0 ppm response and range. Caption is inadequate —what do the 

16 Fi ure 2 hash marks re resent? 
I think the "error bars" represent mean +- one standard deviation. Be 

17 Fi ure 3 mores eci~c in ca tion. 
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Comment or Question on the draft report PBPK modeling for
Page Paragraph 

chloro rene (Ramboll, 2021) 
Both graphs are titled "Human Lung". Caption does not help reader 
discriminate right image from left. Are these two different 

19 Fi ure 5 ex eriments? Two different -axis scales? 
20 2 First sentence is vei lon 1/2 of ara rah . 
22 Fi ures 8,9 No Y-axis label should sa somethin like "Sensitivit " 
23 Fi ure 10 No Y-axis label should sa somethin like "Sensitivit " 
25 Fi ure 11 Are there units on A1. If so, add to -axis label. 
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Kan Shao, Ph.D. 
Indiana University 
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Follow up -External Peer Review of a Report on Physiologically Based Pharmacokinetic 
(PBPK) Modeling for Chloroprene and a Supplemental Analysis of Metabolite Clearance 

Kan Shao, Ph.D. 
September 7, 2021 

L GENERAL IMPRESSIONS 

My overall evaluation of this revised report is that, with very detailed sensitivity and uncertainty 
analyses regarding some important model parameters, the reliability of the PBPK model and its 
associated results has been significantly improved. The comprehensive and informative 
responses to reviewers' comments together with other- supplemental materials prepared by 
Ramboll have substantially complement the main report regarding its presentation clarity and 
scientific rigor. 

The Ramboll team conducted a robust sensitivity analysis to address how the value of the mass-
transfer coefficient "Kgl" may impact the estimated model parameters and associated results, 
which was one of my critical comments on the previous version of the report. The added 
sensitivity analysis should be applauded for its scientific credibility. It would be even better if 
one or two more values of "Kgl" in the range 1 10 or 10100 are examined and compared for 
model parameter estimates and other quantities listed in Tables 1 to 4. Additional uncertainty 
analyses on the PBPK model parameters and associated quantities justify that the soundness of 
the estimated results. 

On the other- hand, the clarity of the report still can be improved. For example, brief explanation 
can Ue added to the "Kgl Sensitivity Analysis" section on Page 23 to 24 to clarify some of the 
quantities compared (e.g., "Ratio to KGL = 0.022") and why. 

One. major change in revised report is that the target tissue dose metrics for the bioassay 
exposures were used in time-to-tumor modeling of the incidence of lung tumors to calculate 
benchmark dose and its statistical lower bound (i.e., BMDL) given BMR = 0.01. This process 
was repeated 5,000 times, i.e., BMD and BMDL were calculated for each iteration. A few issues 
should be addressed in the report for clarification: (1) what is the purpose to calculate BMD and 
BMDL? It should be clearly stated. Based on results presented in Table 7 and associated 
explanation in that section, it seems that the purpose is to use the ratio of BMD/BMDL (about 3) 
as an indicator to justify that the estimation uncertainty is within a reasonable range. (2) How 
were the BMD and BMDL in Table 7 calculated? Is that a mean value over the 5,000 iterations? 
If so, it is more reasonable to calculate the BMD/BMDL ratio in each iteration then present the 
mean value of the ratio with its lower and upper bound. (3) As mentioned on Page 15, correlation 
analysis was performed between BMDLOI s and PBPK parameters. What is purpose for this 
analysis? BMDL estimates are much more uncertain than BMD estimates because of the 
algorithms used in BMDS, so using BMD estimates in the analysis is a more reasonable choice. 
(All the comments related to BMD/BMDL are Tier 2). 

Overall, the quality of the report has been significantly improved. Supported by deliberated 
sensitivity and uncertainty analyses, the results and conclusions presented by the report ate 
scientifically sound. 
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II. RESPONSE TO CHARGE QUESTIONS 

Estimation of Mass Transfer Resistance in the In Vit~~o Metabolism Experiments 

A »zodel of the i~z vitwo i~icubation system was used to esti»zate the metabolic pa~^ahzetersfro~a 
the in vitro data. This model is based on ceNtain assumptions a~zdphysicalpara»ieters, such as 
the volume of the in vitYo incubation vials and volumes of air and liquid media in the vials. 

The model of the in vitro system initially usedfoN the analysis of the in vitro expeNi~ie~zts to 
estis~aate the coYYesponding metabolicpar°ametel°s (Yang et al., 2012; Hr.nr.nielstein et al., 2004) 
assumed that the chlo►^op~ene iiz the air and liquid (incubation medium) phases was always at 
equilibYium, i.e., concentration in the mediaam was set equal to the concentration in the aiY 
times the equilibYiuf~a partitio~z coefficient (CM = CA ~P). At EPA's suggestion, the model was 
changed to explicitly describe separate air and liquid media compart`nents, with a mass-
transfeN coefficient (Kgl) limiting the gate of distribution between tIZe~Z, as descYibed by 
Kreuze~~ et al. (1991) and others, and the authoNs selected a specific value (0.22 L/h) as the best 
estimate. Ranzboll also performed a Bayesian analysis which incorporates u~zceNtainty in the 
value ofKgl, together with the metabolic parai~ieteNs being estimated. 

1. Please evaluate the quality of the revised analysis and estimation of metabolic parameters 
using the twophase in-vitro metabolisfn model. 

One of my critical comments on the previous version of the Ramboll report was about the 
necessity of using the mass-transfer coefficient "Kgl" and its impact on the estimated parameters 
and risk estimates. The revised report with its supplemental materials has presented a detailed 
sensitivity analysis indicating that the specific value of Kgl (i.e., 0.22 L/h) has limited impact on 
the results. Especially, a wide range of possible values of Kgl covered the sensitivity analysis has 
well demonstrated the reliability and robustness of the sensitivity analysis. 

2. The Ru~nboll report de~~zonstrates that estimates of the ~aetabolic paYameter Knz depend on 
the value ofKgl but evaluated the ii~apact of the Yesulti~zg uncertainty in the metabolic 
para~nete~^s o~z predicted dosimetYy in »nice and humans, in particular estimates of human 
lung cancer^ visk. The revised analysis investigates a wide range of valuesfov the mass transfer 
coefficie~at, Kgl. Please discuss whether this evaluation adequately addresses unceYtainties 
regarding the purameteY Kgl. 

I am wondering if this charge. question was accurately worded. I think that "resulting difference" 
is more appropriate than "resulting uncertainty". If the charge question is intended to ask about 
"resulting uncertainty", then the revised report didn't adequately address the uncertainty caused 
by the value of "Kgl". To address whether the uncertainty was impacted by the "Kgl" value, the 
lower and upper bound of the estimated parameters (e.g., Km) should be presented and compared 
for different values of "Kgl" (this will be Tier 1 if the charge question was formed accurately). 

Additional explanation should be provided for clarification. For example, it is not clear how the 
value in the column "Ration to KGL = 0.022" was calculated or what the values are for. 
Actually, if it is not much work, I would like to see additional results in Tables 1 to 4 for some 
Kgl values between 0.88 and 1000. It is a little difficult to identify or determine if there is a clear 
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trend in the estimated values when limited Kgl values were examined (this could be Tier 3 
suggestions). 

T1~~ ~-c;~~n€~it~in~ c~u.estif»~s ire r~~;}~e~~~. ;cl {~~~itl~~ lnir~i~r ~;clits) fi-c~~n the c~ri~i~~it~l c1~ar~e. Tl~~ ~-c;~,~ier~-~.rs 
sire a ~l~c;ci t~~ }grim{t~~ ly €~~~~rluscte Ita l~t:~ll'~; re> ~:~n~~,~ anti cht~n~~s made tt:~ t~~~c re:~s the c~ri~inal 
~-Lvxc~~ cc~rz~z~le~ts. 

Estimation of Metabolic Parameters from In Vitro Metabolism Experiments 

Thefollowing questions address the robustness of the available metabolic datafor application 
in the ~zotlel. The questions are wNitten with the assumption that the choice ofKgl is 
appYopr~iate. Using this value ofKgl while evaluating the remaining analysis of in vitNo 
ynetabolic data as described in Supplemental Material B of the Ra»zboll results in parameter 
vaCues Zisted in Table S-3 ofSupplemental MaterialA of the Ramboll report. For the 
chloYopYe~ae in vitNo experii~:ents, the lzur~aarz ZiveN i~aicrosof~ze samples were obtainedBona a 
pool of IS donors while the human Zung naicrosomes were obtainedfNo»a a pool of 5 
individuals (Hu~tmelstein et al., 2004). For the 7-etlzoxycoumarin in vitro experiments used to 
estimate the relative lung:liver metabolic activity, Nepresented by the paYameter Al, tissue 
sa`nples were ~zot pooled; activity was measuYed in liveY microsomes obtainedfrom 1D donors 
while the hu~2an lung activity was fneasured using »zicrosomesfro»z 12 do~zors (Lorenz et al., 
1984). 
OtheY info~^mation on the specific hzicrosomal say~zples, pNepar^atio~z methods and in vitNo 
experiments ar^e in Lorenz et al. (1984), Himmelsteifz et al. (2004) and Yana et al. (2012). 

3. Please comment on the pool sizesfor the hu~zan microso~nes used to estimate chloropNene 
metabolic Hates in vitro, and the nu~zher of tissue samples (donoNs) evaluatedfoN 
7-ethoxycou»zarin activity,for the estimation ofaverage metabolic activityfor human adults. 

In my comments to the previous version of the report, I mainly used the lower and upper bound 
of the estimated parameters to determine if the pool size was adequate and then recommended to 
use sensitivity analysis to examine the impact of priors on the estimated range of the parameters. 
Given the response and additional explanation provided by the Ramboll, I think my previous 
concern has been well addressed. 

4. Discuss the appropriateness of the data used and the statistical ynodeling appNoach for 
evaluating average (or mean) adult hufnan, »zouse, and Yat metabolic parameters. Please 
comment on wlzetlzer saifficient microsof~zaC samples (incubations) were analyzed to Nepresent 
the average values c~nd to characteNize ~~tetabolic v~rr^iation across species, sexes, and tissues. 

My previous coininents on this charge question mainly focused on the reliability of the MCMC 
sampling results given the specific settings of model parameter priors. My concern was that the 
priors might be too specific. As clarified in Ramboll's responses to previous review comments, 
the priors are uninformative and with a wide range. Therefore, I believe that the adequate results 
generated given such uninformative priors suggest that the data and statistical modeling approach 
are reasonable. 
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Additional discussion on the estimation of lung metabolic parameters in rats and humans is 
provided in Supplemental Material C of Ramboll in a section entitled "IVIVE for first order 
metabolic clearance in rat and human lung." However, the metabolic rate parameter values for 
the human lung were ultimately selected as described in the main report in a subsection entitled 
"Estimation of chloroprene metabolism in the human lung" because the iiz vitro chloroprene 
experiments with human lung microsomes showed minimal metabolism. 

5. Please comment on the use of the relative 7-etlzoxycounaarin activity in human lung vs. lzver 
tissate to predict the average rate of chloroprene oxidative »aetabolism in the human lung. 

This is outside my area of expertise, and I have no comments to add. 

IVIVE Calculations for Chloroprene 

IVIVE extYc~polation is sumrzec~rized in the Model PaNameteNs section of the Ramboll r^epoYt, 
with details on scalingfactoNs in Supplemental Material C ofRa~nboll and results isz Table S-4 
ofSupplemental Material A. (Calculatio~zs aNe provided in an Excel workbook, Supplemental 
Material D of the Ramboll Yeport. The U.S. EPA performed aquality-assurance evaluation of 
the workbook to assuYe the calculations aye as described in the repoYt text and tables.) Wool et 
aL (2017) evaluated the ability ofIVIVE to pYedict cleaYa~zcefoN oYal dosing of multiple 
plzarnzaceaitrcal compounds with data in rats and humans and repoYtecl a systematic bias 
towaYds underprediction with incYeasing cleaNance. However^, the Wood et al. (2017) Nesults 
may not be relevant to chloropNene because of diffewences in the route of exposure, chemical 
propeYties, metabolizing enZyynes, and rate-deteytniningpYocessesfoY the set of compounds 
analyzed. In particular, Wood et al. (2017) evaluated IVIVEfor oral dosing of drugs, but not 
foN the inhalation of'volatile compou~zds Zike chloropNene. While, IT~IVEfor oral exposure to 
dYugs may be moNe difficult and is subject to additio~zal sources of uncertainty conzpaYed to 
in{aalation of volatile compounds due to vaNiability in intestinal absoYption and metabolism 
(Yoorz et al., 2012; Liuo et al., 2007), analysis of Wood et al. (2017) specificallyfocuses on 
predictions of hepatic clearance of drugs,for which metabolisne in the liver is a significant 
coynponent. Thus, the analysis of Wood et al. (2017) may be consideNed relevant to 
chla~^opre~ze since rt addNesses the ability to predict metabolic cleaNance via IVIVE, not oral 
absorption. The U.S. EPA is not aware ofa systematic evaluation ofIVIVE accuracy like that 
of Wool et al. (2017) butfocused o~z volatile organzc (clzloNiizated) compounds litre 
chloYoprenefor the inhalation route. 

6. Please evaluate the choices of extrapolationfactors andformulas usedfor the IVIT~E 
calculations. Please discuss the soundness of the metabolic parameters in Table S-4 as 
estii~zatesfor average adultfe»zale anc~ male mice and Hats, and aveNage adult humans 
(combined sexes). 

This is outside my area of expertise and I have no comments to add. 

7. Please assess whethew the analysis adegatateCy addresses the overact quantitative uizceNtainty 
clue to otherfc~ctoYs iii the IVIVE applrcatio~z. Please ide~ztify czrzyfactors zn the IVIVE 
calculation ow pava»zeteNs i~z the PBPK »zodelfor which vaYiability or uncevtainty have not 
been adequateCy considered. State any concerns aboutpredictions of the gate of chloroprene 
rrzetabolrsi~a in live~~ and lu~zg wlziclz should be addressed. Please discuss whether the possible 
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rangesfoY metabolic para»ieters (upper and Zower bou~zds) have been suffzcie~ztly estznzated 
sa~cTz tJzat they can be acse~l with confidencefor anir~zal-to-Izuman Yisk extrapolatioiz. 

This is outside my area of expertise, and I have no comments to add. 

PBPK Model Structure, Physiological Parameters, and Partition Coefficients 

S. Please discuss the appYopYiateness of the PBPK model structure presented by Ramboll or 
estimation inhalation dosii~iet~y in an EPA Toxicological Review of chloropYene. PCeasefocus 
on the model structurefoY the live►• a~zd lung, i.e., tissues i~z which clzloroprene ntetabolisni is 
predicted by the model. 

This is outside my area of expertise and I have no comments to add. 

ArteYial blood concentYations in B6C3F1 mice after inhalation exposures to chloropNene are 
shown in Figu~^e 3 of the Ranzboll report. It is ~zoted that when chloroprene exposure was 
incNeased 2.5-foldfrom 13 to 32 pp~n, the mean arterial concentration increased less than 1.5-
fold. Further, the mean arterial concentrationsfrom 90 pp~n exposuNe, which is seven (7) 
times higlzeY than 13pp~~z, ar^e only about 4 times higheY than those measuNed at13ppnz. 
These data might indzcate that soy~ze process ~znt included in the PBPK model may have 
redacted clzloNoprene uptake or somehow increased »aetabolic efficiency at 90 and 32 pp~n 
relative to 13pp~z. A factor to be considered is the high variability with large standard 
deviationsfor many of the data poi~zts, as illustrated in Figure 3 of the Ramboll repo~^t. The 
PBPK model structure implies that blood levels should increase in propowtion to exposure 
while blood concentrations Nenzain below the level of~zetaboCic saturation and should increase 
at afaster ^ate above saturation, unless tlieNe is some other exposure-related change in »zodel 
parametews. However, the plethysfnogNaphy data evaluated do not show a cleaN or significant 
dose-Yespohse in the Ramboll repoNt. 
Figure 7 ofRar~aboll presents the extent ofagreement of the »aodelpredictions with the blood 
concentrations in (nicefollowing inhalation exposacYe. It is noted that the inhalation PK data 
arefi^om a single exposuNe (ani~~aals were notpYeviously exposed to chloroprene) and the ~zon-
pNoportionality is evident by the 3-hour timepoint. 

9. Given these data, please evaluate the lilielilzood that changes in Yespiration rate o►^ 

metabolic i~zdacction Haight befactors in the observed PK relationship between exposure and 
internal dose. Please cona»zent on any other plZysiological or biochet~tical meclzaiiis»as that 
migJzt be explanatoryfactoNs in the appaYent discNepancy or whether experimental variability 
in the data may explain these diffev~ences. 

This is outside my area of expertise, and I have no comments to add. 

In the Moclel Para»zeters section of the Ranzboll repoYt, the autlioYs describe the apparent 
discNepancy between the Yate consta~ztfoN cardiac output (QCC)froi~a By~own et czl. (1997) uncl 
other data. Tlae sensitivity of the predicted blood co~zcentration to a~nscaled ca~^diac oactput is 
shown in FigacYes 5 acid 6 of the ~~epoNt. 
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10. Given the specific considerations above, please comment on the appropriate~iess of the 
values selectedfor the physiologicalpavamete~^s i~z Tuble S-1 andpartition coefficients in 
Table S-2, for^ p~~ediction of chloroprene dosinzetYy. 

This is outside my area of expertise, and I have no comments to add. 

Overall PBPK Model Soundness and Applicability 

Modell~redreted doses in model tissue compaNtnie~zts corNesponding to tissues i~z which 
neoplasm were observed i~z the i~at and mouse bioassay, with correspondii2g cancer^ incidence 
for 80 ppm chloNop~°ene inhalation exposure, ar^e pFovided in the EPA background document. 
I~z potentircl appCzcatior2 to human health Yisk assessment, the relative Yisk of tumovs in human 
ZiveN and lung will depend on the relative rate ofs~zetabolis~n predicted in those tissues, 
compared to the ~~aouse or rat (as well as the Yelative rate of clearance). Estif~iation of risksfor 
tissues other than ZiveN and lung could depend on the Yelative estimates of chloYoprene venous 
blood oY tissue corzcentNation. An evaluation of the model's applicability a~zd degree of 
uncevtai~zty should consider both the absolute f~iodel pNedictions (i.e., does the model 
accurately pv~edzct the absolute rates of metabolis~z and blood/tissue conceiztratio~zs in each 
species?) and the ability to predict the relative rate of metabolism or relative concei2tration in 
human vs. rodent tissues, though some inaccuracy in the absolute values s~zay exist. See 
"Backgroundfo►~ the Peer Review" documentfor additional context. 

Demonstration of the PBPK model's ability to predict in vivo PK data is shown by the level of 
agreement between modelp~•edictions and clzloNoprene venous blood concentrations in Figure 
7 of the Ra»aboll report. For reference, wheNe there are data, and as a rule of thumb, EPA 
often seelzs dosimet~ic estit~zatesfrom a model that are within afactor of two of ernpiNical 
results. The results of the sensitivity analysis shown in Figure 8for aNterial concentrations 
indicate that these data and specificpredictions are not sensitive to the estimated metabolic 
parameters: a relatively large range in the estimated metabolic parameters (such as the 
appuvent diffeNence between male andfemale mouse parameters) wouldyield similar 
predictions of'blood concentrations. HoweveN, as det~zonstrated in Figure 9, the estimatioi2 of 
lung dose metrics is sensitive to the esti»zated f~zetabolic paNameters. 

11. Please co»inzent on the capacity of the PBPK model to provide sound estimates of 
chloYopYe~ze i~zhalation dosiynetry in mice, Yats, and humans. Please comnae~zt on the reliability 
of modelpNedictions of the rate of clzloYopre~ze »zetabolism in liver and lungfoN use in a~iir~zal-
to-human extrapolation. 

My comments on the previous version of the report mainly expressed my concern on the 
reliability of the PBPK model impacted by the validity of some model parameters, e.g., Kgl. In 
this revised report, the sensitivity analysis focusing on the "Kgl" parameter has well justified that 
this parameter has limited influence on other parameters of PBPK model, and hence I believe 
that the reliability of the PBPK model has been improved. 

12. Please Neview the Tier 1and Tier 2 coyszmentsf~onz the initial review and note ar~y wlziclz 
you believe have not been adequately addNessed by the Yevisecl analysis. If the eoi~z~nent has 
not been adequately addressed, please pNovide specific suggestions as to how this can be 
resoCvecl. 

~~a 
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My comments here are mainly based on reviewing Ramboll's responses to my previous 
comments and their responses to some of other reviewers' comments on statistical and modeling 
methods. I think that Ramboll did an excellent job providing comprehensive responses to address 
reviewers' comments, especially providing detailed calculation process for clarification. 

In Yesponse to cof~zmentsfrom DY. Yang during the initial review, Ramboll has intYoduced a 
new a~ialysis (sub-model) of thefate of chloropNene's metabolic products, Supple»zental 
MateNial F. Since this material has not been previously reviewed, the reviewe~^s aNe asked to 
give zt careful consideYation as appNopriate to youN areas ofexpertise. 

13. Please coin»zeyat on how well the biochey~zicalpNocesses and assumptions pNesented in 
Supplemental Material F represent the likelyfate of chlornprene's reactive nzetaholites. 

This is outside my area of expertise, and I have no comments to add. 

14. Please comment o~z the quality and accuYacy of the parameter values selected in 
Supplemental Material F, Table FI, based on details provided in the corresponding text and 
supporting NefeNences. 

This is outside my area of expertise, and I have no comments to add. 

In Suppleme~ital MateNial F, Ramboll concludes that the conce~ztNatio~z of the less reactive 
metabolite, 1-CEO, is riot an appYopriate dose-rnetricfor cross-species extNapolation, given the 
lack of concordance offemale mouse andfemale r^at dose-response relationships, shown in 
Figure FS-C. The authoNs also conclude that either the total amount of chlor^opre~ze 
metabolized (predicted by the primary PBPK model) or the concentration of reactivepNoducts 
(pNeclicted by the new sub-fnodel) provide a consistentprediction of cancer dose-response 
based on Yesults depicted in Figures FSA and FS-B, respectively. 

I5. Please co~ny~zeizt on whether the Nesults sl2own in Figure FS-Cpreclude tlae possibility that 
1-CEO tissue conceizt~ation is a reasonable predictor of chloNoprene-induced lung canceN 
Nish. 

This is outside my area of expertise, and I have no comments to add. 

16. Please co~n»zent on whether the results shown in FiguNes FSA or FS-B demonstrate that 
the coNresponding dose »zetrics aNe consistent inter-species predictors of chloYopYene-induced 
lung cancer risk. That is, given chloroprene exposuNes which pNoduce the same valuefor 
either of the proposed dose ynetrics ("total amount metabolizedper g~^ar~z lung" ccnd 
"concentYation of reactive p~^oducts') iii female »nice asfemale rats, ca~z one infer tl2at the 
sa»ze tui~zor^ incidence would occuY in those species? 

This is outside my area of expertise, and I have no comments to add. 
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17. Please coi~2»zeizt orz whether the resultsfor the lung show~z in Figure FS-A can be used to 
Yefute or support the use of the coNrespo~zding dose metricsfor estimation of liven caizcer risk. 

This is outside my area of expertise, and I have no comments to add. 

III. SPECIFIC OBSERVATIONS 

Page Paragraph 
Comment or Question on the draft report PBPK modeling for 
chloro rene (Ramboll, 2021) 
For the three bigger columns, it is better to male the column names 

Tables 1 & consistent and in the same order, e.g., "Female Mouse Lung", "Female 
23,24 2 Mouse Liver", and "Human Liver" 
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Follow up -External Peer Review of a Report on Physiologically Based Pharmacokinetic 
(PBPK) Modeling for Chloroprene and a Supplemental Analysis of Metabolite Clearance 

Jordan Ned Smith, Ph.D. 
October 25, 2021 

L GENERAL IMPRESSIONS 

Ramboll developed a physiologically based pharmacokinetic model (PBPK) for chloroprene. 
Based on the success of previous PBPK models for risk assessment of methylene chloride and 
vinyl chloride, Rainboll proposed this model to support chloroprene risk assessment. 

In a previous review, I concluded that the chloroprene PBPK model has the potential to be useful 
for- human risk assessment based on its many strengths over conventional risk assessment 
techniques. Strengths of this approach include utility for integrating pharinacolcinetic knowledge 
and measurements (e.g. metabolism, partition coefficients, etc.) across a variety of sources and 
physiology values (e.g. ventilation rates, body weights, etc.) to quantitatively predict dose 
metrics in humans. This model was constructed by experts knowledgeable in the development 
and application of PBPK models. The model uses a conventional and well-accepted structure, 
and the most important parameters (metabolism parameters, partition coefficients, and a handful 
of physiological parameters) are either measured in vitro or are well-established reference 
values. Measured parameter values provide confidence over those predicted by algorithms or 
extrapolated from animal models. The model accurately simulates concentrations of chloroprene 
in blood of mice exposed chloroprene by nose only inhalation reasonably well. The model can be 
used to integrate uncertainty of sensitive parameters and translate that uncertainty to selected 
dose metrics of interest for risk assessment. 

Previously, I also identified several areas of improvement that would increase confidence in the 
ability of the chloroprene model to provide accurate predictions of human dose metrics relevant 
for risk assessment. Three specific concerns included the assumption of CYP2E1 as the primary 
enzyme responsible for metabolizing chloroprene, uncertainty regarding the mass transfer 
coefficient Kgl and downstream implications on measured rates of in vitro metabolism, and 
extending the model to predict the disposition of the ultimate toxicant of chloroprene could 
provide better predictive capability for human risk assessment. 

Ramboll addressed these primary concerns in this follow-up. Ramboll conducted' sensitivity and 
uncertainty analyses with Kgl and quantitatively translated the Kgl uncertainty to model 
predictions of relevant dose metrics. Ramboll provided additional evidence to support the 
assumption of CYP2E1 as the primary enzyme and extrapolation based on the substrate marker 
activity of CYP2E1. Rainboll developed a sub model to evaluate dose metrics of reactive 
metabolites in lung across two animal models to support dose metric selection. 

Overall Ramboll's efforts has improved the model and increased confidence in its ability to 
support to chloroprene risk assessment in humans. 
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II. RESPONSE TO CHARGE QUESTIONS 

Estimation of Mass Transfer Resistance in the In Vitro Metabolism Experiments 

A »zodel of the iii vitro i~icubation system was used to estimate the metabolic paNametersfYo~ra 
the iiz vitro data. This model is based on ceNtai~z assu»zptio~zs and j~hysicalpaNa~neters, such as 
the volume of the in vitYo incubation vials and volumes ofair acid liquid »zedia in the vials. 

The model of the in vitro system initially usedfor the analysis of tlTe in vitro expe~inie~zts to 
estir~iate the corresponding metabolicpaNametet°s (Yarx~ et al., 2012; Hinl~7zelstei~z et al., 2004) 
assui~zed that the chloroprene iii the air and liquid (incubation medium) phases was always at 
egaiilibria~m, i.e., co~zcenti~ation in the medium was set equal to the concentYatio~z in the aiY 
times the eyuilibriu»z paNtztion coefficie~it (CM = CA *P). At EPA's suggestion, the model was 
changed to explicitly descNibe sepaYate aiY and liquid ~zedia compa~t»zents, with a mass-
tv~ansfer coefficient (Kgl) limiting the rate of'dzstNibution between tlaenz, as described by 
KNeuzer° et al. (1991) and others, and the authors selected a specific value (0.22 L/li) as the best 
estiy~iccte. Ras~iboll also peYforyreed a Bayesian analysis which incorporates uncertai~zty in the 
value ofKgl, together with the metabolicparameters being esti»zated. 

1. Please evaluate the quality of the revised analysis and estimation of metabolic parameters 
using the twophase in-vitro metabolism »zodel. 

Equilibrium between the air and liquid phases is not instantaneous, and as such, the two-phase in 
vitro metabolism model seems appropriate for calculating the metabolic parameters. Since 
uncertainties of Kgl exist and it is not feasible to define experimentally today, the Bayesian 
approach used by Ramboll to estimate Kgl and uncertainty of Kgl seems appropriate and 
reasonable. 

2. The Rainboll repoNt demonstrates that estimates of the metabolic paYa~zeteN Knz depend on 
the value ofKgl but evaluated the impact of the YesuCting uncertainty iyt the metabolic 
para~neteNs osz predicted dosinzetry in ~zice and hu»zans, i~z paNticulaN estimates of lzuinan 
lung cancer risk. TIZe Yevised a~ialysis investigates a wide range of valuesfor the mass t~^ansfeY 
coefficient, Kgl. Please discuss wlzetlieN this evaluation adequately addresses uncertainties 
regaNding the parameter Kgl. 

This evaluation estimates the uncertainty of Kgl in the in vitro studies and translates that 
uncertainty to PBPK model simulations of chloroprene metabolism in the lung of humans, the 
proposed dose metric for risk assessment. Ramboll demonstrates that the Km for chloroprene 
metabolism in the lung of mice is moderately sensitive to predicting the relevant dose metric in 
mice (Figure 9), (~0.2-0.6 depending on the exposure concentration). Human chloroprene 
clearance in the lung is also sensitive (~1) for predicting the relevant dose metric. These 
moderate to high sensitivities demonstrate the importance of the Km for chloroprene metabolism 
in the lung of mice and chloroprene clearance in the human lung are important. Since lung 
metabolism values (Kin and Clint) depend on Kgl, the estimate of Kgl uncertainty is also 
important. Kgl uncertainty can be used to estimate the uncertainty of the predicted dose metrics. 
Ramboll applies appropriate methods to translate the Kgl uncertainty from the in vitro studies to 
PBPK model simulations and provides the estimated uncertainty in lung metabolism of 

Kul 
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chloroprene (Table 7). These values can be used in the risk assessment process to establish a 
conservative estimate of human risk in the context of Kgl uncertainty. 

TI~~; r~;~~~iai~Tin~ c~ue~tic~~~s are:1-~;~~~~~t~;cl {~~~itl~~ rr~i~~e~z- ~clitsl f~~~~?~ri t~~e c~ri~i~~t~I el~a~-€~c. Tlr~: r~;~-i~rce;rs 
~~r~. ~~;;lc~.<i t€~ ~~rim~~~~ily 4~~triut~t~: .~Zaa~n~i~:~ll'y res ~:~n~us aa~c~ ch~~n~~°s ~zcii; t~:~ ~~ ire: s thy. c~riginG~l 
a~~,~~ic~~% c~n~x~~c:~~ts. 

Estimation of Metabolic Parameters from In Vitro Metabolism Experiments 

Thefollowing questions address the robustness of the available nietr~bolic data foY application 
in the model. The questions are written with the assumption that the choice ofKgl is 
appropYiate. Using this value ofKgl while evaluating the Ye~naining analysis of in vitYo 
metabolic data as described in Supplemental Material B of the Ra~raboll results in paranzeteN 
values listed in TabCe S-3 ofSupplemental Material A of the Ranzboll report. For the 
chlo~^opre~ze in vitYo expeNir~zents, the lzu»aa~i liver nzicrosoi~ze sa~zzples were obtainedfro~i a 
pool of IS donors wJzile the human luszg ~zicYosomes were obtainedfNom a pool of 5 
indivicfurils (Hi~ahzelstein et cal., 2004). FoN t12e 7-ethoxycournarin in vitNo exper^invents used to 
esti»zate the relative lung:liver »aetabolic activity, repNesented by the parar~neter A1, tissue 
samples weYe notpooled; activity was measured i~2 liveY micYosomes obtainedfNom 10 donors 
while the human lung activity was measuNed using »zicrosomesfYo»z 12 do~zoYs (Lorenz et al., 
1984). 

Other information on the specific f~iicYosomal samples, prepaYation nzetlzods and in vitro 
expeYi~nents aNe in Lorenz et al. (1984), Hi~nmelstein et al. (2004) and Yana et ul. (2012). 

3. Please comment on the pool sizesfoY the human nzicrosomes used to estimate chloroprene 
metabolic Yates in vitro, and t/ie number of tissue samples (doizors) evaluatedfoN 
7-ethoxycoumarin activity,foY the estimation of aveYage nzetaboCic activityfoi~ human aduCts. 

I have no further concerns regarding the pool size used for metabolism translation. Since these 
translations are based on substrate marker activities, additional measures of the appropriate 
substrate marker activities in samples from individuals could provide a measure of inter-
individual variability of metabolism in humans. Comparison of reference substrate marker 
activities measured in Lorenz et al. (1984) to larger sample sizes of individuals could further 
inform of "representativeness" of the average human adult. 

4. Discuss the appNopriateness of the data a~sed and the statistical modeling approachfor 
evalu~cting aveNage (or mean) adult human, mouse, and Nat naetabolic parameters. PCease 
comment on whether sufficient mic~^osomal samples (incubations) were a~zalyzed to Yepwesent 
the average values and to characteNize metabolic variation acNoss species, sexes, and tissues. 

I have not further comments. 
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Additional cliscussio~z on the estimation of lung r~zetabolic paYarneters in rats and liuirza~is is 
pYovided in Supplemental Material C of Ra»zboll in a section entitled `7VIVEforfirst or~der~ 
metabolic clearai2ce iii Nat a~zd human lung.".However, the »zetabolic rate paranzeteN values 
for the human lung were ultimately selected as described in the main repoYt in a subsection 
e~ititled "Esti»aation of clzloropNeize »zetabolisnz i~z the hunia~z lung" because the in vitro 
chloropNene expe~i»zents with hu»ia~i lung microsofnes showed »iinimal metabolism. 

5. Please comment on the use of tlae relative 7-ethoxycou»aaNi~z activity iii huma~z lung vs. lzver 
tissue to predict the average rate of clzloropNe~ze oxidative metabolism in the Izuman lacng. 

The overall concept of Ramboll's approach of using substrate marker activities to extrapolate 
chloroprene metabolism from liver to lung seems appropriate and preferred over extrapolation 
approaches based on RNA expression levels. This approach requires proper identification of a 
dominant enzyme and proper selection the substrate marker to represent the activity of that 
enzyme for extrapolating metabolism. 

In my previous review, assuming CYP2E1 as the relevant enzyme for extrapolation was my top 
concern with Ramboll's approach, and I recommended that Ramboll experimentally determines 
which enzymes are responsiUle for chloroprene metabolism (Tier 1). 

Ramboll response: As explained in the Ra~nboll PBPK report, both CYP2E1 and CYP2F 
cos2tribute to the metabolism ofchloroprene in the mouse and rat. However, in the human, the 
activity of CYP2F1 is extremely low, so that the metabolic cleaYance in both liver and lung is 
dominated by CYP2E1. Therefo~~e, fuYthe~~ expeT•imentation is unnecessary. 

In the report, Ramboll assumes that CYP2E1 is the primacy enzyme responsible for metabolizing 
chloroprene based on surrogate data. Ramboll conducted a literature search of chloroprene 
surrogates to identify primary metabolizing enzymes. Among surrogates considered were 
trichloroethylene (TCE) and butadiene. Ramboll specifically used TCE as a surrogate for 
chloroprene to identify important enzymes based on "compounds with similar structures" (page 
26 paragraph 2). Forkert et al. (2005) identified CYP2E1 and CYP2F as primary enzymes 
metabolizing TCE at relevant internal concentrations. In Exhibit A Supp Mat C, Ramboll reports 
CYP2A6 and CYP2E1 are responsible for metabolism of butadiene (Duescher and Elfarra 1994), 
a more similar compound to chloroprene than TCE. CYP2A6 is present in the lung and liver and 
could be involved with chloroprene metabolism. Duescher and Elfarra (1994) indicate that 
CYP2E1 may be driving butadiene metabolism at lower concentrations, and CYP2A6 maybe 
driving metabolism at high concentrations. As such, CYP2E1 is probably more relevant than 
CYP2A6 for human exposures to butadiene, but does this translate to chloroprene? Ramboll's 
approach of identifying chemical similar surrogates indirectly implicates CYP2E1; however, it 
does not provide definitive, direct evidence for this enzyme. 

In a preliminary study, Hiinmelstein et al. (2001) measured metabolism of chloroprene in rat 
liver microsomes with the with and without the addition of 4-methylpyrazole, an inhibitor of 
CYP2E1 and alcohol dehydrogenase. Without the inhibitor', Himinelstein et al. observed 
chloroprene metabolism and, with the addition of the inhibitor-, did not observe metabolism 
(2001). Similarly in lungs of mice, Himmelstein et al. (2004) observed no oxidative chloroprene 
metabolism when 4-inethylpyrazole was included in the incubations. These experiments provide 
direct evidence that CYP2E1 drives oxidation of chloroprene in liver of rats and lung of mice 
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and supports Rainboll's use of substrate marker activity of CYP2E1 to translate metabolism from 
liver to lung. 

Tier 1 Key Recommendation: I suggest Ramboll include metabolism data with inhibitors from 
Himmelstein et aL (2001 and 2004) in their report as direct experimental evidence for the role of 
CYP2E1 in metabolism of chloroprene. 

Ramboll uses 7-ethoxycoumarin activity, as a substrate marker for- CYP2E1 activity, to 
extrapolate liver to lung chloroprene metabolism. In a previous review, I also recommend that a 
substrate marker activity is then selected based on which enzymes are identified experimentally. 
If CYP2E1 is indeed verified, I previously offered chlorzoxazone activity as a potentially 
preferred alternative to 7-ethoxycoumarin activity (Walsky 2004). 

Ran~boll response: Although chloNzoxazone has been used to assess CYP2E1 activity in drug 
evaluations, it is also f~zetabolized by CYP3A4, CYPIA2, CYP2A6, CYP2B6, and CYP2D6 
(Shinzada et al. 1999), so it would not provide a specific n2arkerfor CYP2E1. 

Ramboll's statement is true, however, at high substrate concentrations (>100 µM 
chlorzoxazone), CYP2E1 accounts >93% of chlorzoxazone 6-hydroxylatio and increases with 
higher chlorzoxazone concentrations (Yamamura et al. 2015). Furthermore, 7-ethoxycoumarin 
O-deethylation is also associated with several CYPs other than CYP2E1 like CYPIAI, CYP1A2, 
CYP1B1, CYP2A6, and CYP2B6 (Shimada et al. 1999). So, specificity of 7-ethoxycoumarin O-
deethylation to CYP2E1 is just as questionable as chlorzoxazone 6-hydroxylation. Inoue et al. 
(2000) showed chlorzoxazone 6-hydroxylation had a higher correlation to CYP2E1 levels than 7-
ethoxycoumarin O-deethylation in the same human liver microsome samples (i=0.93 vs. 0.84, 
respectively), suggesting chlorzoxazone 6-hydroxylation may be a superior substrate marker. 
However, I can appreciate that 7-ethoxycoumarin O-deethylation measurements in multiple 
tissues of various species (Lorzen et al. 1984) can facilitate extrahepatic extrapolation of 
metabolism and has done so in previous modeling efforts. Similar cross-tissue and -species 
comparisons using chlorzoxazone 6-hydroxylation appear to be limited according to Ramboll's 
literature search. 

Himmelstein MW, Carpenter SC, Hinderliter PM, Snow TA, Valentine R. The metabolism of 
beta-chloroprene: preliminary in-vitro studies using liver microsomes. Chem Biol Interact. 2001 
Jun 1;135-136:267-84. 

Walsky RL, Obach RS. Validated assays for human cytochrome P450 activities. Drug Metab 
Dispos. 2004 Jun;32(6):647-60. 

Yainamura Y, Koyama N, Umehara K. Comprehensive kinetic analysis and influence of reaction 
components for chlorzoxazone 6-hydroxylation in human liver microsomes with CYP 
antibodies. Xenobiotica. 2015 Apr;45(4):353-60. 

Inoue K, Yamazalci H, Shimada T. Characterization of liver microsomal 7-ethoxycoumarin O-
deethylation and chlorzoxazone 6-hydroxylation activities in Japanese and Caucasian subjects 
genotyped for CYP2E1 gene. Arch Toxicol. 2000 Sep;74(7):372-8. 
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IVIVE Calculations for Chloroprene 

IVIVE extrapolation is summarized in the Model Pavarrzeters section of the Ra~nboll report, 
with details on scaCingfactors in Supplemental Material C ofRa~nboll and Yesults in Table S-4 
ofSupplemental Material A. (Calculations aNe p~^ovicled in un Excel wog^kbook, Supplemental 
MateYial D of the Ramboll renoNt. The U.S. EPA perfor»zed aquality-assuNance evaluation of 
the woYkbook to assacre the calculations ave as described in the report text and tables.) Wood et 
al. (2017) evaluated the ability ofIT~IVE to predict clearancefoY oYal dosing of multiple 
pharmaceutical compounds with data in rats and humans and reported a syste»iatic bias 
towards undeNprediction with irzcreasi~zg clearance. However, the Wood et cal. (2017) Nesults 
may not be Nelevant to chloropNene because of differences in the route of exposure, chemical 
properties, metabolizing enzy~zes, and rate-deteY~niningprocessesfoY the set of compounds 
analyzed. In particular, Wood et al. (2017) evaluated IVIVEfor oYal dosing of dNugs, but not 
for the inhalation of volatile compounds like chloropNene. Wlzzle, IVIVEfog oral exposure to 
drugs may be nzor~e difficult and is subject to ccdditioizal sources of uncertainty compared to 
inhalation of volatile compounds due to vaNiability in i~ztestinal absorption and metabolism 
(Yoon et al., 2012; Liao et al., 2007), analysis of Wood et al. (2017) specificallyfocuses on 
pYedictio~zs of hepatic clearance of dNugs, for which metabolism in the liver is a significatzt 
conzpo~iesit. Thus, the analysts of Wood et crl. (2017) may be considered releva~zt to 
chloroprene since it addresses the ability to predict ~zetabolic cleaYance via IVIVE, not oYal 
absorption. The U.S. EPA is not aware ofa syste~natrc evaluation ofIVIVE accuracy like that 
of Wood et al. (2017) butfocused on volatile oYgrznic (clzloririated) compounds like 
chloroprenefoY the inhalation Noute. 

6. Please evaluate the choices of extrapolationfactors andfort~aulas usedfor^ the IVIVE 
calculations. Please discuss the soundness of the metabolic pa~anzeteNs i~z Table S-4 as 
estif~zatesfor average adultfemale and male mice and rats, acid average adult hu»zans 
(combined sexes). 

I have not further comments. 

7. Please assess whether the analysts adequately addresses the oveNall quantitative uncertainty 
due to otheYfactors in the IVIVE application. Please identify anyfactoYs in the IVIVE 
calculation oY paYamete~s in the PBPK modelfor which variability or uncertainty have not 
been adequately considered. State any concerns aboutpYedictions of the rate of chloropr^ene 
metabolis»a in ZiveN and lung which should he addNessed. Please discuss whether the possible 
rangesfof~ r~zetabolicpaNafazeters (upper and ZoweN bounds) have been sufficiently estimated 
such that they caiz be used with confidencefor^ anz~nal-to-Izuman Yisk extrapolatio~z. 

Possible uncertainty and population variability of all sensitive parameters should be evaluated in 
the risk assessment phase. For example, amount of microsome protein per gram of tissue could 
be important in the IVIVE process. However, researchers have demonstrated that technician and 
lab-to-lab variability dominate the observed uncertainty of this parameter. Ramboll describes 
evaluations of this parameter in Exhibit A Supp Mat C. My previous experiences in evaluating 
amount of microsome protein per gram of tissue for IVIVE agree with their assessment. 
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PBPK Model Structure, Ph~s gical Parameters, and Partition Coefficients 

8. Please discuss the appropriateness of the PBPK ~zodel structure presented by Ra~rboll oY 
esti»zation inhalation dosi»aetvy in an EPA Toxicological Review of clzloYopwene. Pleasefocus 
o~z the model structuYefor the liver c~izd lu~zg, i.e., tissues i~z which clzloroprene metabolism is 
pYedicted by the model. 

The model structure and dose metric selected by Ramboll is appropriate. In a previous review, I 
recommended (Tier 3) that Ramboll create a model to account for dosimetry of the ultimate 
toxicant for more accurate risk assessment predictions. Ramboll created this model and 
accounted for the disposition of other reactive metabolites as well. 

ArteNial blood concentrations itz B6C3F1 »nice after i~zhalation exposures to chloroprene are 
shows2 in Figure 3 of the Ramboll Yeport. It is rioted that when chlor~oprene exposure was 
iner^eased 2.5-foldfrom 13 to 32 pp~~a, the i~aea~z aNteNial conce~ztration increased less than 1.5-
fold. FuYther, the mean arterial concentrationsfrom 90 ppm exposure, which is seven (7) 
times higlze~ than 13ppi~2, are only about 4 times IirgheN than those yneasured at13ppsn. 
These data rnzght indicate that some process riot included in the PBPK model nay have 
Yeduced clzloropre~ze uptake oY somehow increased f~aetabolic efficiency at 90 and 32ppm 
Nelative to I3pp~a. A factor to be considered is the high vas^iability with large sta~zdard 
deviationsfor many of the data points, as illustrated in Figure 3 of the Ramboll Yeport. The 
PBPK model structure implies that blood levels should increase in proportion to exposure 
while blood concentNations rei~zaiiz below the level of metabolic saturatio~z and should increase 
at afaster rate above saturation, unless theYe is some other exposure-Yelated change in model 
parameters. However, the pletlzysr~zography data evaluated do hot show a cleat or significant 
dose-response in the Rat~Zboll repoNt. 
Figure 7 ofRa»zbollpresents the extent ofagreement of the »iodelpredictions with the bCood 
concentrations in micefollowing inhalation exposuYe. It is noted that the inhalation PK data 
arefront a single exposure (anir~zals weYe i2ot previously exposed to chloroprene) and the noiz-
pYoportionality is evident by the 3-hour timepoint. 

9. Given these data, please evaluate the likelihood that changes in respiYation Nate or 
metabolic induction might befactoYs in the obse~•ved PK relationship between exposure and 
irztewnal dose. Please cornnzent on any otheN physiological or biochemical meclzanisi~zs that 
might be explanatoryfactoYs in the appaNent discvepancy oN whether expeNimental variability 
iii the data may explain these differences. 

I have no further comments. 

In the Model ParanzeteNs section of the Ramboll report, the author°s descwibe the crppar^ent 
discrepancy between the rate constantfoN caNdiac output (QCC)fNo»z Brown et al. (1997) and 
other data. The sensitivity of the predicted blood concentration to ainscaled cardiac output is 
shown in Figures 5 u~ad 6 of the ieport. 

10. Given the specific consideratioi2s above, please comment on the appNopriate~zess of the 
values selectedfog the physiologicalparameteNs in Table S-1 andpaNtition coefficients in 
Table S-2, forprediction of chloroprene dosinzetNy. 
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Consistent with many PBPK models, Rainboll cites most physiological parameters from a 
standard source (Brown et al. 1997). Ramboll uses human physiological parameters that are 
mostly male as calculated in the 1975 Reference Man but includes mean male and female 
adipose volumes for the fat volume parameter. Previously, I suggested that male and female 
physiological parameters should be implemented independently to ensure that physiologies of 
both sexes are adequately considered (Tier 1). 

Ramboll response: Conce~~ns regardingpotential sensitive hui~2an populations, including the 
effect ofgender, is part of the application of'the modelfor a specific Yisk assessmeiat application, 
which USEPA will undertake if they accept the model. The physiological and metabolic structure 
of the PBPK moa'el provides the necessary,frameworlc.for conducting such investigations, and 
appiropriate pa~~ameteJ~s a~~e available in the lite~~atur~e (Clewell et al. 2004, Malliclz et al. 2020). 

I agree with Ramboll that potentially sensitive human populations could be evaluated later at the 
risk assessment stage. However, extrapolating to a standardized human model that contains 
mostly male parameters with a bend of finale and female fat volume seems a bit imprecise, 
especially considering that fat acts as a depot for chloroprene (partition coefficient fat:blood is 
28.65 in humans), although this parameter was not identified as sensitive. Using physiological 
parameters from male, female, or both independently at this stage could offer a more realistic 
and useful parametrization of the model ICRP (2002) offers updated physiological parameters 
across various life-stages by sex. 

Tier 2 recommendation: I suggest that physiologies from male, female, or both independently 
at this stage could offer a more realistic and useful parametrization of the model. 

ICRP, 2002. Basic Anatomical and Physiological Data for Use in Radiological Protection 
Reference Values. ICRP Publication 89. Ann. ICRP. 32. 

Overall PBPK Model Soundness and Applicability 

ModelI~Nedicted doses in nZodel tissue conzpart»tents corresponding to tissues in which 
neoplasm were obsevved i~z the rat and mouse bioassay, with corresponding cancer incidence 
for 80 ppm chloroprene inhalation exposure, aNe provided in the EPA backgNou~id document. 
In potential application to human health risk assessme~zt, the relative risk of tumors in human 
liveY and lung will depend on the relative Fate of»zetabolism pYedicted in those tissues, 
compared to the mouse or Nat (as well as the relative rate of clearance). Esti~aation of risksfor 
tissues other than liver and lung could depend on the relative estimates of chloNoprene venous 
blood oN tissue concentration. An evaluatio~z of the model's applicability a~zd degree of 
uncertainty should consicleN both the absolute modelpNedictions (i.e., does the model 
occur°ately predict the absolute rates of nzetabolis»z and bloocl/tissue concentrations in each 
species?) aizd the ahilrty to predict the relative rate of nzetabolis~n oN relative conce~ztration in 
human vs. Yodent tissues, though sonce inuccuYucy in the absola~te values nzay exist. See 
"Bacligroui2dfog^ the Peer Review" clocu~rzentfoN additional context. 

Demonstratiosz of the PBPK iatodel's ability to predict irz vivo PK data is shown by the level of 
agNeement between modelpreclrctions and chloNoprene venous blood conce~ztrations in FiguYe 
7 of the Ramboll report. For vefe~~ence, where theve aye data, and as a Yule of tliu»ab, EPA 
often seeks dosinzetric estirn~rtesfNo~i a model that are withiiz afactor of two of e»ipirical 
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Yesults. The results of the se~zsitivzty a~zalysis show~z irz Figure 8for^ a~^terial co~icentrations 
indicate that these data and specific predictions are not sensitive to the estimated metabolic 
paratneteNs: a relatively large range in the esti»iated metabolic paNanzeters (suclZ as the 
apparent difference between male andfemale mouse parameters) wouldyield si»zilaY 
pYedictions of blood concentrations. However, as de~no~istrated iii Figure 9, the estihzation of 
lu~zg dose ~zetrics is sensitive to the esti»z;xted »ietabolic pa~^ameters. 

11. Please cnm»ae~zt on the capacity of the PBPK model to provide sound estif7iates of 
chloroprene i~zhalatio~z dosi»zetYy in mice, rats, and hu»zans. Please conzme~zt on the reliability 
of modelpNedictions of the Nnte of clzloropNe~2e metabolism in liver a~zd lungfor use in a~iimal-
to-human extrapolation. 

The chloroprene PBPK model has the potential to be useful for human risk assessment. 
Sensitivity analyses identified metabolism parameters, partition coefficients, and a handful of 
physiological parameters (e.g. ventilation rates, blood flow to liver, cardiac output) as the most 
important parameters for determining chloroprene internal dosimetry. Most of these parameters 
have been measured using in vitro assays providing confidence in the parameter values. Mouse 
to human extrapolation of lung metabolism is based 7-ethoxycoumarin activity assuming that 
CYP2E1 is the primacy enzyme responsiUle for metabolizing chloroprene. This assumption 
needs additional evidence (e.g. identification of enzymes involved with metabolism, assess 
potential of enzyme induction) to support it (see Question 5). The model predicts concentrations 
in blood from 13 ppm inhalation exposures to mice reasonably well, but overpredicts higher 
exposures (32-90 ppm) by ~2-fold. Ramboll translates uncertainty of Kgl to simulated dose 
metrics and calculates a ~4-fold variation in the 95°/o confidence interval in lung dose metrics. 
Which, if assumed to translate proportionally to blood, accounts for the observed ~2-fold 
overprediction in chloroprene concentrations in blood of mice. No chloroprene concentration 
data in tissues was presented. The model was used to extrapolate human exposures of 0.0003 
ppm (1 µg/m3) or 4.5 orders of magnitude lower than exposures used with mice. This magnitude 
of differences in exposure creates some uncertainty. Due to integration of many measured 
aspects of chloroprene pharmacokinetics (e.g. metabolism, portioning, etc.) and physiology (e.g. 
ventilation rates, body weights, etc.) into a model capability of extrapolating dosimetiy across 
species, and quantitatively integrating uncertainty, this model offers an improved risk assessment 
tool compared to traditional standardized uncertainty factors. 

12. Please Yeview the Tier 1and TieY 2 conementsfrohi the initial review and note any which 
you believe have not been adequately addressed by the revised analysis. If the comment Izas 
not been adequately addressed, please provide specific suggestions as to hofv this can be 
Nesolved. 

See my responses to Questions 5 and 10. 

In response to commentsfr^orn Dr. Yung during the initial f~eview, Rainboll has introduced a 
new a~ialysis (sub-i~zodel) of thefate of chCoropr^ene's metabolic pYoducts, Supplemental 
MateNial F. Since this matewial has ~2ot been p►~evioatsly reviewed, the ~^eviewers aNe asked to 
give it careful coszside~ation as appropriate to youY areas of expertise. 

13. Please cos~z~nent on how well the biochernzcalpvocesses and assumptionspYesented in 
Supplemental Mate~iccl F represeizt the likelyfate of cliloYopYene's reactive metabolites. 

C~! 
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Like Dr. Yang, I also suggested modeling the disposition of the bioactivated metabolite (Tier 3). 
As such, I am pleased that Ramboll has undertaken this task. The biochemical processes, 
assumptions, and mathematical descriptions of those processes appear appropriate to my 
knowledge. One question that comes to mind is if the rate of GSH formation would increase with 
greater rates of GSH depletion as a compensatory mechanism rather than assumption of being 
constant regardless of GSH depletion status? 

14. Please co»zment on the quality and accuracy of the paNanzeter values selected in 
Supplemental MateNial F, Table FI, based on details provided in the coNNesponcling text and 
supporting refeYences. 

Parameter values appear accurate and to exhibit quality. Parameters are reported or derived from 
published, peer-reviewed studies. One question I have is should the in vitro parameters 
associated with 1-CEO be re-evaluated in the context of mass transfer limitations (e.g. Kgl) 
similar to chloroprene metabolism parameters? 

In Supplemental MateNial F, Ra»zboll concludes that the conce~ztration of the less reactive 
metabolite, 1-CEO, is not an appYopriate dose-y~ietricfor cross-species extYapolation, given the 
lack of co~zcordance offemale »zouse andfe»aale rat dose-response relationships, shown in 
Figure FS-C. The authoNs also conclude that either the total amoacnt of chloroprene 
metabolized (pr^edicted by the pNimary PBPK »zodel) or the concentration of reactiveproducts 
(predicted by the new sub-f~zodel) pNovide a consistentprediction ofcancer dose-response 
based on results depicted in Figures FS-A and FS-B, Yespectively. 

15. Please comment on whether• the results shown in FiguNe FS-CpYeclude the possibility that 
1-CEO tissue concentration is a Neasonable predictor of chlo~oprene-induced lung cancer 
Nisk. 

Figure FS shows the relationships of cancer incidence as a function of 3 different predicted dose 
metrics: total amount of chloroprene metabolized, the concentration of total reactive products, 
and 1-CEO concentration in female mice and rats. Predicted 1-CEO concentration shows little if 
any predictive value compared to the other two predicted dose metrics evaluated across animal 
models. As such, I agree that these simulations provide evidence that precludes 1-CEO as a sole 
predictor of chloroprene-induced lung cancer risk. 

16. Please co~n~nent on whether the results shown in Figures FS-A or FS-B de»zonstrate that 
the corresponding dose metvics are consistent inteN-speciespredictors of'chloroprene-induced 
lung canceY risk. That is, give~z clzloroprene exposures which pNoduce the same valuefor 
eitlieY of the proposed dose metrics ("total a»zount f~zetabolzzedper grain lung"and 
"concentYation of veactive pNoducts") irz fe»aale r~aice asfemale rats, can one i~zfeY that the 
same tumor zncidefzce would occur in those species? 

There appears to be a consistent relationship between predicted dose metrics and cancer 
incidence across females of two species that follows a conventional sigmoidal dose response. 
This suggests that it is plausible that these dose metrics are "consistent inter-species predictors". 
Additional data from male mice ar- rats, other species, and/or data from species at a consistent 
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dose metric (e.g. overlapping x-values) would certainly increase confidence in the assertion that 
this relationship is real and not just coincidence. 

17. Please comment on whether the Yesultsfogy^ the lung shown i~c Figure FS-A can be used to 
Nefute or suppoYt tlae use of the corYesponcling dose nzet~^icsfoN estimation of'liver^ canceN Nish. 

These results provide additional support the using the amount of chloroprene metabolized in the 
liver is an appropriate dose metric for risk assessment. Although somewhat limited in data, the 
demonstrated relationship appears predictive, and the proposed mode of action makes sense and 
is consistent with other similar chemicals. Further data to validate these model predictions and/or 
additional cancer incidence data in male mice or rats, other species, and/or data from species at a 
consistent dose metric (e.g. overlapping x-values) could further strengthen the evidence for' using 
this dose metric. 

III. SPECIFIC OBSERVATIONS 

Comment or Question on the draft report PBPK modeling for
Page Paragraph 

chloro rene Ramboll, 2021 
The reviewer rovided nos ecific observations/comments. 
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Raymond S. H. Yang, Ph.D. 
Colorado State University; Ray Yang Consulting, LLC 
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Follow up -External Peer Review of a Report on Physiologically Based Pharmacokinetic 
(PBPK) Modeling for Chloroprene and a Supplemental Analysis of Metabolite Clearance 

Raymond S. H. Yang, Ph..D. 
SeptemUer 12, 2021 

I. GENERAL IMPRESSIONS 

Once again, I wish to emphasize that the researchers involved in all the relevant studies to this 
Project, starting from the early 2000 until the present days, have all been reputable scientists 
from good laboratories and institutions in the fields of Toxicology and Risk Assessment. Their 
publications all appeared in top-notch peer-reviewed toxicology journals. The quality of their 
work was good and the studies were well planned and executed. Given the above, there is no 
reason to question the accuracy of the information presented. The clarity of presentation is good, 
and the conclusions, given the stated purposes and with the exceptions of the issues discussed 
below, are, in general, scientifically reasonable. 

For this review, first of all, I wish to thank Rainboll colleagues for their responding to the 2020 
peer review comments; in particular, my suggested assessment of the overall metabolism, the 
related simulations, and considerations of incorporating metabolic processes beyond the 
formation of epoxides (e.g., Exhibit A Supp Mat F and G). This revised report had somewhat 
strengthened their arguments, and consequently helped with their specific approach in using 
PBPK modeling for proposed update on chloroprene (CP) cancer risk assessment. However, 
while I appreciate very much their expertise on PBPK modeling and am somewhat willing to go 
along with their demonstrated conclusion that the metabolism beyond epoxidation might not be 
as important in their proposed cancer risk assessment approach, I still have reservations. 
Furthermore, there are clearly many remaining uncertainties with their- proposed update in the 
latest version of the report (Ramboll, 2021). Given below in responding to some of the Charge 
Questions, I will present these uncertainties and the respective discussions. 

With all due respect, my initial impression, in the October 2020 assessment, that the Ramboll 
colleagues seemed to be rather dogmatic to apply their approach which was used successfully for 
methylene chloride (and for vinyl. chloride) risk assessment. In their insistence of using 7-
ethoxycoumarin as a surrogate for estimating CP in vitro metabolic transformations, possible 
utilizations of CP metabolic data and/or data from a close analog, 1,3-butadiene, in the literature 
were dismissed. Unfortunately, this impression persisted in this peer-review. Please understand 
this is not a case of "my opinion is more important than yours"; rather, I am too worried about 
such a reactive and potent carcinogen as CP to be given relaxation on its risk assessment based 
on science with many uncertainties. Accordingly, under some of the Charge Questions, I have 
specifically recommended Tier l experimental and simulation work for a re-estimation of "dose 
metric" using new data on CP metabolism, as well as a comparison to the present Ramboll 
approach (Ramboll, 2021). Such a reference point will benefit Ramboll colleagues for their 
approach if the comparison turns out to prove the Ramboll (2021) estimated internal doses were 
right and us reviewers were wrong. It would also benefit the overall toxicology and risk 
assessment community to have atime-tested state-of-the-science approach. 
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II. RESPONSE TO CHARGE QUESTIONS 

Estimation of Mass Transfer Resistance in the In Vitro Metabolism Experiments 

A model of the i~z vitYo incubatio~~ syste~z was used to estimate the metabolic paYai~zeteYsfNo~n 
tlxe in vitro data. This model is based on certain assumptions andphysicalpara»zete~s, such as 
the voCunie of the in vitYo incubation vials and volumes of aiY acid liquid »iedia in the vials. 

The model of the in vitro syste»a initially usedfor the analysis of the i~a vitro experinie~zts to 
esti~iate the corYesponding metabolic pai^ameter~s (Yang et al., 2012; Hinrmelstei~7 et czC., 2004) 
assu»zed that the chloropNe~ze in the air and liquid (incubatio~z ~zediui~z) phases was always at 
equilibNium, i.e., co~zcentr^ation in the medium was set equal to tlae concentratio~i in the uzr 
times the eyuilibr^iu»i paNtition coefficient (CM= CA*P). At EPA's suggestion, the model was 
changed to explicitly describe separate air^ and liquid media compartnzefits, with a rnass-
transfer coefficient (Kgl) lifniting the rate of distribution between tlze~z, as described by 
K~euzer et al. (1991) and others, and the authors selected a specific value (0.22 L/li) as the best 
estiy~zate. Rcc~nboll also peNfoNmed a Bayesian analysis which incoNporates u~zce~~tczinty iii the 
value ofKgl, together with the metabolic parameters being estimated. 

1. Please evaluate the quality of the Nevised analysis and estimation of iraetabolic paYameteNs 
using the twophase in-vitro metabolism model. 

I have no further comments on this. 

2. The Rai~zboll Yeport demonstrates that estimates of the szaetabolic parameter Kin depend on 
the value ofKgl but evaluated the impact of the Nesulting uncertainty in the »zetabolic 
parayneters on ~~edicted dosimetNy in mice and humans, in particular estimates of human 
lung cancer^ ~islt. The Yevised aizalysis investigates a wide Yange of valuesfor the mass tYansfeY 
coefficie~it, Kgl. Please discuss whether this evaluation adequately addNesses uncertainties 
reguYrling the parameteY Kgl. 

I have no further comments on this. 

Tl~e; ~~e~~.~zc~i~~iiz~ c~uestzo~as Lire x~c;~~~;~tLd (u<<it1~. .~~~ixac~r ~:ciits) ~~ec~~~~ the o~~i~ ~~~~l cl~~ta~e. Tl~l: z~Lvic~i-e~~s 
are: ~~s1cc°cl tc~ ~~riir~€~~~i[y ~~~~~[~~at~° (~.a~ri~ic~ll';; r~4pc~ri~;~;~ arici ~;~~4~~~`~c:s rrlt~t~<; tc~ ~~cicire°4s t~~~; c~ribi~~al 

Estimation of Metabolic Parameters from In Vitro Metabolism Experiments 

Thefollowing questions addvess the robustness of the available i~aetabolic datafor application 
in the ~zodel. The questions are wNitten with the assumption that the choice ofKgl is 
uppYopriute. Using this value ofKgl while evaluating the ref~zaining analysis of in vitro 
i~ietabolic data as described in Supple~zental MateNial B of the Ras~zboll results in paYameter 
values listed in TabCe S-3 ofSupplemental Material A of the RambolC repot. For the 
chloropreize irz vitNo experi»aents, the liunia~2 liver^ nzicNosor~ze samples were obtai~zedf~^o~n c~ 
fool of1S donors while the human lu~ig ~zicNosomes were obtaiizedfi^of~z a pool of 5 
individuals (Hini~nelstein et al., 2004). For the 7-etlioxycoui~zaYin in vitro expe~ime~zts used to 
esti»iate the relative lurzg:liver metabolic activity, Nepresented by the paYanzeter A1, tissue 
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sat~zples were not pooled; activity was measured in liver microso~nes obtainedfroi~z 10 donors 
while the Izuman lung activity was measured usilzg micYosomesfro»i 12 donoFs (Los~enz et crl., 
1984). 

Other^ i~ifo~^i~iation on the specific micNosomal samples, prepaNatio~z methods cciid iii vitro 
experiments a~^e i~z Lorenz et al. (1984), Hin2melstein et al. (2004) and Yatz~ et al. (2012). 

3. Please conznZent on the pool sizesfoY the hu»zan »zicNoso~nes used to estimate chloroprene 
metabolic rates in vitro, a~zd the number of tissue samples (do~zoNs) evaluatedfor 
7-ethoxycou»~czriii activity, foN the estimation of aveNage metabolic activityfoN human adults. 

If 7-ethoxycoumarin is continued to be used as a surrogate for CP in this resubmission and 
beyond, an important question is: Do we have a sufficiently large N to have a decent probability 
distribution? If so, the Monte Carlo simulation technique advanced by Portier and Kaplan 
(1989) could be used to create "synthetic samples" from repeated sampling from the probability 
distribution to enlarge the N to a large number of samples (e.g., 1000) to obtain decent statistical 
analyses. 

References: 

Portier CJ and Kaplan NL (1989) Variability of safe dose estimates when using complicated 
models of the carcinogenic process a case study: methylene chloride. Fundam. Appl. Toxicol. 
13:533-544. 

4. Discuss the appropriateness of the data used and the statistical ~~zodeling approachfor 
evaluati~zg aveYage (or mean) adult human, nZouse, artd Yat nZetabolic paVanzeteNs. Please 
comment oiz wlzetlzer sufficient microsomal samples (incubations) were analyzed to YepNesent 
the aveNage values and to characteNize metabolic variation acYoss species, sexes, and tissues. 

See my comments under Charge Questions 3, 5 

Additioizal discussion on the estimation of lu~zg metabolic pa~^ameters in rats and hu»zaizs is 
pNovided ire SupplementaC Material C ofRa~nboll in a section entitled "IVIVEforfiNst order° 
metabolic clearance in r^at and human lung."HoweveY, the metabolic rate parameteN values 
for the hirrrcan lacng were ultimately selected as described in the mazn report in a subsection 
entitled `Bstiraaatio~z of chloropre~ie nzetabolisf~z in the hu»zan lung" because the i~z vitro 
chloroprene expe►^inzents with hui~zan lung microsonies showed »zinimaC metabolism. 

5. Please comment on the use of the relative 7-ethoxycouma~in activity in human lung vs. liver 
tzssue to pNedict the average rate of chloroprene oxidative nzetaboCism in the human lung. 

Starting from the meetings in October 2020, I have questioned the validity of using 7-
ethoxycoumarin as a surrogate for CP to derive the metabolic rate constants of CP in the human 
being. One principal reason was the drastically different physico-chemical properties between 
the two chemicals. My position has not changed. 

Throughout the deliberations in the October 2020 meetings to the discussions in the Ramboll 
(2021) Report, Supplemental Material C and the specific section on "IVIVE for first order 
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metabolic clearance in rat and human lung" included, the root of the problem appeared to be lack 
of human metabolism data, particularly human lung enzymatic transformation data. Because of 
this lack of human data, many metabolic parameters of CP in the PBPK modeling had to be 
based on assumptions which created more uncertainties persisted to this day. Thus, it seems to 
me that the best thing to do is to fill in the gaps of the missing human metabolic data not only to 
minimize the uncertainties, but to strengthen the sample size issues as well. Yes, I understood 
that the technical challenges to conduct such studies with CP are substantial and that the du Pont 
Haskell Laboratory where Dr. Himmelstein conducted his studies for Himmelstein et al. (2004) 
paper is no longer available. Has Denlca and Ramboll contacted the UK folks in Syngenta 
Central Toxicology Laboratory and University of New Castle where the work in the Cottrell et 
al. (2001) and Munter et al. (2003; 2007) papers were done? If these two groups of scientists 
could do the experiments, there should be other laboratories in the world with equivalent 
expertise and facilities to do such work (Tier 1 recommendation). As I stated before, such a 
reference point will benefit Ramboll colleagues for their approach if the comparison turns out to 
prove the Ramboll (2021) estimated internal doses were right and us reviewers were wrong. It 
would also benefit the overall toxicology and risk assessment community to have atime-tested 
state-of-the-science approach. 

In the meantime, I would also like to propose the following simple exercise to specifically 
compare the differences on Vmax and Km between using actual CP metabolism data from 
Munter et al. (2003) which were from direct enzymatic and instrumental analyses vs. what 
Himmelstein et al. (2004) found out which were from PBPK modeling optimized gas uptake 
enzymatic studies. Specifically, I recommend (Tier 1 recommendation) that Ramboll colleagues 
calculate Vmax and Kin using enzymatic formation of 3a,b (i.e., 1-chloroethenyl oxirane) data in 
Table 1 [page 1296, Munter et al. (2003)]. These metabolic constants are then compared with the 
equivalent constants in Table 3 (page 23) of what Himmelstein et al. (2004) produced. This way 
we could get an idea what differences are there between two excellent groups of experimental 
scientists produced, using two approaches, on "total" metabolism of CP in rat, mouse, and 
human. This comparison will also afford us, at the very least, a ballpark idea whether there is/are 
major problems with the present Ramboll (2021) approach. Yes, I am aware of the fact that the 
Munter et al. (2003) work involved the use of acetonitrile as a solvent and, yes, I am also aware 
of the fact that production of 3a,b is not "total metabolism." It doesn't matter here because I am 
trying to avoid "major errors." 

One additional comment related to the reading of the section on "IVIVE for first order metabolic 
clearance in rat and human lung" in Supplemental Material C. I found the discussion difficult to 
understand. For instance, CYP2E1 is a "high affinity, low capacity" enzyme (Andersen et al., 
1987); thus, its Km should be very small. When the discussion got to the range of substrate 
concentrations below Km (no page number, opening page on this section, 2°`~ paragraph), we 
should be dealing with first order process, not Michalis-Menten kinetics. Therefore, there will be 
no Vmax and Kin anymore, only a first order rate constant. 

References: 

Andersen ME, Clewell III HJ, Gargas ML, Smith FA, Reitz RH (1987) Physiologically based 
pharmacolcinetics and the risk assessment process for methylene chloride. Toxicol. Appl. 
Plza~^naacol. 87:185-205. 

51 



Follow up -External Peer Review of a Repm•t on Physiologically Based Pharmacokinetic (PBI'K) Modeling fbr Chla•oprene 

Cottrell L, Golding BT, Munter T, Watson WP (2001) In vino metabolism of chloroprene: 
Species differences, epoxide stereocheinistry and a de-chlorination pathway. Chem. Res. 
Toxicol. 14:1552-1562. 

Himmelstein, MW; Carpenter, SC; Hinderliter, PM. (2004). Kinetic modeling of beta-
cl~loroprene metabolism: I. In vitro rates in liver and lung tissue fractions from mice, rats, 
hamsters, and humans. Toxicol Sci 79: 18-27. http://dx.doi.org/10.1093/toxsci/kfh092 

Munter T, Cottrell L, Golding BT, Watson WP (2003) Detoxication pathways involving 
glutathione and epoxide hydrolase in the in vitro metabolism of chloroprene. Chen2. Res. 
Toxicol. 16:1287-1.297. 

Munter T, Cottrell L, Ghai R, Golding BT, Watson WP (2007) The metabolism and molecular 
toxicology of chloroprene, Chem Biol Int 166:323-331. 

Ramboll (2021) Inco~po~~ation Ofln Vitro Metabolism Data In A Physiologically Based 
Pha~~macokinetic (PBPK) Model For Chloroprene-Revised Documentation In Response To 
USEPA Peer Review. 

IVIVE Calculations for Chloroprene 

IVIVE extNapolatio~z is sunzhiarized in the Model Parameters section of the Ramboll report, 
with details on scalingfactoYs in Supplemental Material C of Ra~zboll and results ift TabCe S-4 
ofSupplemental Material A. (Calculations areprovided in an Excel workbook, Supplemental 
Material D of the Ramboll report. The U.S. EPA performed aquality-assuNance evaluation of 
the workbook to assuNe the calculations are as described iii the Neport text ccnd tables.) Wood et 
al. (2017) evaluated the ability ofIVIVE to predict clearancefor oral dosing of multiple 
plza~•~zaceutical compounds with data in pats and humans and Neported a systematic bias 
towards underprediction with increasing clearance. However, the Wood et al. (2017) Nesults 
naay not be Nelevant to chloroprene because ofdifferences in the route of exposu~^e, clzenzical 
pYoperties, metabolizing enzy»zes, a~zd rate-determiningpYocessesfor the set of compouizds 
aszalyzed. In paYticulaT, Wood et al. (2017) evaluated IVIVEfor opal dosing of dYugs, but not 
for the inhalation of volatile compou~zds like chloroprene. While, IVIVEfog^ oral exposuNe to 
dYugs may Ge sno~^e drffrcult and is subject to additional sources of uncertainty compaYed to 
inhalation of volatile compounds due to variability in intestinal absorption and f~ietubolisnt 
(Yonn et al., 2012; Liuo et al., 2007), analysis of Wood et al. (2017) specificallyfocuses on 
predictions of hepatic clearance of drugs,for which metabolism in the liveN is ~ significant 
conzponeizt. Thus, the a~zalysis of Wood et al. (2017) may be corzsideNed Nelevant to 
chloYopYe~ae since it addresses the ability to predict metabolic cleaYance via IVIVE, izot oYul 
absorptio~z. The U.S. E.PA is ~zot aware ofa systematic evaluation ofIVIVE accuracy like that 
of Wood et al. (2017) baitfocused on voCatile organic (clzlo~inated) compounds like 
chlor~opre~iefoN the inhalation Noute. 

6. Please evaluate the clzozces of extrapolationfactors andformulas usedfoN the IT~IVE 
calculations. Please discuss the souizdness of the metabolic parameteNs in Table S-4 as 
estimatesfoN aveYage adccltfemale and male mice and Yats, and average adult haununs 
(conabined sexes). 

See my comments under Charge Question 5 

7. Please assess whether^ the analysis adequately addresses the overall quantitative uhce~tainty 
due to other^factors i~z tlae IVIVE application. Please zderztify anyfuctoYs in the IVIVE 

52 

http://dx.doi.org/10.1093/toxsci/kfh092


 

Follow up -External Pcer Keview of a Repm•t on Physiologically Based Pharmacokinetic (PBPK) Modeling for Chloroprene 

calculation or para»zeters in the PBPK »iodelfor which variability oY unceYtai~zty have not 
been adequately considered. State any concerns aboutpYeclictions of'tlie rote of chlovopYene 
»zetabolis»z in liver^ and Zu~tg which should be addressed. Please discuss whether the possible 
rangesfor metabolic parameters (upper and lower bounds) Izave been suffcciently estimated 
such that they cart be used with confide~zcefor animal-to-Izunzczn risk ext►•apolatzorT. 

I have the following two concerns: 

1) In page 24, under the section of "Oxidative Metabolism of~CD" in Hiinmelstein et al. (2004), 
"...a maximum difference of about two-fold greater in the mouse than the human..." was 
stated, why are the "dose metrics" (i.e., internal dose calculated) in Table 6 on page 27 in the 
Ramboll (2021) to be approximately 46X or 30X different between the mouse and human at 
80 ppm for mouse vs. 100 ppm for human or 12.8 ppm for mouse vs. 10 ppm for human, 
respectively? Yes, I know that Himmelstein et al. was talking about liver microsomes when 
they made the statement but isn't liver the principal organ of metabolism and, therefore, 
responsible for a major share of the "total metabolism"? 

2) In their "Conclusions" on page 26 of Himmelstein et al. (2004), the statement "...the most 
dramatic of which was a faster rate of CD metabolism in the mouse lung compared with the 
other species.. ." Is this one principal reason why mouse lung tumors were chosen to do risk 
assessment in comparison to human to emphasize the vast difference between the two 
species? 

.References: 

Himmelstein, MW; Carpenter, SC; Hinderliter, PM. (2004). Kinetic modeling of beta-
chloroprene metabolism: I. In vitro rates in liver and lung tissue fractions from mice, rats, 
hamsters, and humans. Toxicol Sci 79: 18-27. http://dx.doi.org/10.1093/toxsci/kfh092 

Ramboll (2021) Inco~~oration OfIn Vitro Metabolism Data In A Physiologically Based 
PhaY~nacolzinetic (PBPK) Model For Chloroprene-Revised Docu~zentation In Response To 
USEPA Peer Review. 

PBPK Model Structure, Physiological Parameters, and Partition Coefficients 

8. Please discuss the appt~opriateness of the PBPK model structure presented by Rccmboll or 
estirnatio~z inhalation dosinzetry in an EPA Toxicological Review of chloYopFene. Pleasefocus 
on the nZodel structurefor the liver a~zd lu~ig, i.e., tissues in which chloYop~ene ~raetabolisna is 
pYedicted by the model. 

The lead scientists working on this project from Ramboll are top-notch people; they are also the 
pioneers in the PBPK modeling field. Thus, there is no reason for- me to question their PBPK 
model structure, code, and other simulation details on their PBPK modeling. This comment here 
is primarily to focus on the probable involvement of the parent compound, CP, in the 
carcinogenesis process, given the multiple tumor sites observed in experimental animal studies. 
Comments are also provided on possible impact on the PBPK modeling, the estimation of "dose 
metric," as well as the influence on the risk assessment of CP when the parent compound, CP, a 
direct-acting carcinogen is also part of the internal dose. Related to this, some specific concerns 
regarding complex, non-linear models and on Bayesian population modeling and Markov Chain 
Monte Carlo (MCMC) simulation are provided. 
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First, uncertainties related to the wide-spread carcinogenicity of CP in experimental animals: 

NTP Technical Report (TR) 467 (NTP, 1998) reported that, Fischer 344 rats, when exposed to 
CP at 0, 12.8, 32, or 80 ppm via inhalation for two years, produced oral cavity squamous cell 
papillomas and carcinomas; thyroid gland follicular cell adenomas and carcinomas; alveolar and 
bronchiolar adenomas and carcinomas; mammary gland fibroadenomas; renal tubule adenomas 
and carcinomas; and urinary bladder transitional epithelium papillomas and carcinomas. Similar 
studies in B6C3F1 Mice (NTP, 1998) produced alveolar and bronchiolar adenomas and 
carcinomas; harderian gland adenomas and carcinomas; mammary gland adenoacanthomas and 
carcinomas; hepatocellular adenomas and carcinomas; skin and mesentery sarcomas; 
forestomach squainous cell papilloinas; Zymbal's gland carcinomas; renal tubule adenomas and 
others. That multiple tumors occurred in these animals away from the lung, the portal of entry of 
CP, have the following toxicokinetic implications: 

a) In NTP TR 467 (NTP, 1998), Dr. Ronald Melnick, the lead Study Scientist, had provided 
rather detailed discussion related to the potential of CP, itself, being adirect-acting 
carcinogen. Regarding the contradictory mutagenic activities of CP reported in the litet•ature, 
Dr. Melnick indicated "...Clearly, in vivo and in vitro genotoxicity data were not predictive 
of the potent multisite carcinogenic effects of chloroprene. These results reveal the in-
adequacy of relying on oversimplified operational classification systems, such as genotoxic 
versus non-genotoxic, in regard to cancer risk rather than focusing on increasing the 
understanding of causal relationships between exposure and cancer outcome..." [page 97, 
column 1, NTP TR467 (NTP, 1998)]. Concerning the then unclear metabolic transformations 
of CP and the possible roles of suspected reactive metabolites, Dr. Melnick stated "...These 
postulated oxidative intermediates of chloroprene metabolism may be protein and/or DNA 
reactive and may account for the cytotoxicity and carcinogenic effects of this compound. 
Differences in stability, distribution, and reactivity of these various intermediates may 
account for differences in dose-related carcinogenic effects of chloroprene and 1,3-butadiene. 
Further studies are needed to understand the processes involved in chlotoprene 
carcinogenesis..." [page 97, column 2, NTP TR467 (NTP, 1998)]. The latter point regarding 
"stability, distribution, and reactivity" would certainly be true for the parent compound, CP, 
as well. It should be noted that throughout our discussions in the two-day virtual meeting 
organized by Versar on October 5 and 6, 2020, Dr. Clewell, the lead scientist of Ramboll had 
repeatedly emphasized the technical difficulties of conducting experimental work in vivo and 
in vitro on CP because of its reactivity. Such difficulties were also published as a cautionary 
note in the methodological section of the papers by Cottrell et al. (2001) and Munter et al. 
(2003). Therefore, the contradictory mutagenicity results reported in the literature might 
indeed reflect the experimental difficulties those investigators encountered rather than 
representing the true mutagenicity potentials in those experimental systems. 

CP, although highly reactive, is apparently stable enough to circulate in the body of 
experimental animals for a significant period of time (e.g., at least up to 6 hrs) as shown in 
Figures 3 and 7 of the Ramboll Report (Rainboll, 2021); these data were from Rainboll's 
own previously unpublished study. This being the case then CP, itself, could very well be an 
important adduct-forming reactive species far the chemical carcinogenesis. Given the above 
discussion by Dr. Melnick in the NTP TR 467 (NTP, 1998), the tumor formation at multiple 
sites in experimental animals, and the common scientific sense regarding CP's "stability, 
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distribution, and reactivity," it is highly likely that CP is adirect-acting carcinogen. Thus, the 
formation of further reactive species through metabolism of CP is not necessarily the only 
process leading to carcinogenesis as suggested by the Ramboll colleagues (Ramboll, 2021). 

b) In addition to the evidence discussed above for the formation of multiple tumor sites away 
from the portal of entry, other potential indicators supporting CP's own role in adduct-
formation leading to carcinogenesis might be: 

(i) From the perspective of PBPK modeling, the present Ramboll model "over-predict" the 
blood CP levels comparing to their experimental data [Figure 7, Ramboll (2021)]. I 
would recommend the Ramboll colleagues to consider CP, itself, as a part of the internal 
dose and incorporate an adduct-formation rate constant in the following compartments of 
the PBPK model: lung, slowly perfused, rapidly perfused, liver, and kidney, based on the 
multiple tumor sites reported in NTP TR467 (NTP, 1998) as quoted above. 'This would 
certainly render CP less available in the blood stream; thus, the end results of such an 
incorparation into the PBPK model would have been a better fit of the simulation curves 
with the experimental data. Regarding "model reduction" (see discussion below under 
Item 2) then, the Ramboll colleagues might consider only the two-component internal 
dose of the parent compound CP plus "the total dose metabolized" in their PBPK 
modeling. In that case, the "dose metric" calculations as presented on page 27 of the 
Report (Ramboll, 2021) would have been different (Tier 1 recommendation). Indeed, 
DNA adduct formation may be identified by using post-labeling and other techniques 
(Randerath et al. 1985; Stiborova et al., 1998; Munter et al. 2007; Balbo et al. 2014). I 
would recommend (Tier 1) Ramboll/Denka colleagues at least conduct a CP DNA 
covalent binding study using double stranded calf thymus DNA and identify the DNA 
adduct of CP as described by Munter et al. (2007) on page 329, column 2. 

(ii) The incorporation of vinyl chloride along with methylene chloride in their discussion in 
this updated report (Ramboll, 2021) was a good touch; this, however, brings in the issue 
of chemical reactivity, distribution, and stability in biological system in relation to their 
respective potencies of carcinogenicities for chemicals similar to CP such as vinyl 
chloride, 1,3-butadiene. If one looks at the dose levels of these chemicals in chronic and 
carcinogenicity studies (EPA, 2011; IARC, 2018; NTP, 1984; 1998) and their respective 
tumor incidences in the various tissues, one would likely reach the conclusion that CP, 
1,3-butadiene are in the same class of potent carcinogens; vinyl chloride, because of the 
formation of a rare tumor, angiosarcoma, is also in this potent carcinogen category. 
Along this line of discussion, methylene chloride, not adirect-acting carcinogen, is a 
totally different and a milder beast. 

Second, uncertainties related to complex and non-linear models: 

PBPK models are complex, non-linear models with many parameters. While Ramboll colleagues 
are highly respected scientists and their effort to thoroughly assess the metabolism of CP (e.g., 
Exhibit A Supp Mat F and others) is highly appreciated, this process did introduce more 
parameters (Table F1) into the already complex PBPK model; many of these parameters are 
without experimental data. Thus, the inherent uncertainty multiplies, probably exponentially. My 
nervousness on this stems from the reading of a recent perspective paper (Transtrum et al., 
2015). In particular, the exchanges between Fei-~ni and Dyson as well ~s the statement quoted on 
Von Neumann in the opening paragraph on "Pat-ameter Indeterminacy and Sloppiness" really 
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worries me because here we are talking about "genius" level people who were participants on the 
"Manhattan Project." Further, in their discussion on "Model Reduction," specifically on the case 
of Markov Chain Monte Carlo (MCMC) sampling of a Bayesian posterior" the issue of 
"Evaporated parameter" also worried me a lot. Many people, myself included, are impressed by 
Bayesian approach of PBPK modeling utilizing MCMC analyses because we are mostly ignorant 
in the finer details of such technologies. However, when we use such technologies to justify the 
relaxation of risk assessment on a very reactive chemical carcinogen such as CP which might 
have very significantly negative impact on people, particularly those without money, lawyers, we 
must be very, very careful. Since the Ramboll Report (Ramboll, 2021) repeatedly emphasized 
using "the best available science," therefore, I would urge Ramboll colleagues to study the 
Transtrum et al. (2015) paper, if you haven't already done so, and examining carefully if any of 
such shortcomings mentioned in the paper, existed in your PBPK modeling and analyses. (Tier 1 
recommendation) 
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Arterial blood coizcentrations irz B6C3Fl ~~zice after i~zhalation exposures to chloNoprene are 
shown in Figure 3 of the Ranzboll report. It is noted that when chCo►~opYene exposure was 
increased 2.5-foldfro»i 13 to 32 pp~n, the mean arterial concentration increased less than 1.5-
fold. Further, the mea~z arterial co~zcentrationsf~^oni 90 ppm exposure, which is seven (7) 
times higher than 13pp~z, are only about 4 times higheY than those measarYed at13ppm. 
These data might indicate that so»ze process not included in the PBPK model sraay have 
reduced chlor^opr^ene uptake oY somehow increased metabolic efficiency at 90 and 32 ppm 
relative to 13pp~a. A factor to be considered is the high variability with large standard 
deviationsfor neany of the data points, as illustrated i~z Figure 3 of the Ra»zboll report. The 
PBPK model stYucture iNzplies that blood levels shoaild increase in proportion to exposcrYe 
while blood concentYations ref~zai~z below the level of metabolic saturation a~zd should increase 
at afasteY rate above satuNation, unless there is sot~ze other exposure-related change in model 
parameteYs. However, the plethysy~zogrczphy data evaluated do riot show a clear or significant 
dose-vespo~zse in the Ramboll Nepor^t. 
Figure 7 ofRa~yzboll presents the extent of age^eement of the modelpYedictions with the blood 
concentNations in micefollowi~ig inhalation exposure. It is noted that the inhalatio~i PK data 
arefYom a single exposure (animals weNe notpreviously exposed to chCoropYene) and the non-
pNopoNtionality is evident by the 3-hour timepoint. 

9. Given these data, please evaluate the likelihood that changes in YespiYation rate or 
metabolic induction might befactors in the observed PK Yelationship between exposure and 
inteYnal dose. Please comment on any otheN physiological oN biochemical mechanisms that 
might be explanatoryfactoNs in the appaNent discNepancy oY whether experimental variability 
in the data may explain these diffeYences. 

See my comments under Charge Question 8 

In the Model Parai~zeters section of the Ratnboll report, the authors describe the apparent 
discrepancy between the Nate constantfor^ caNdiac output (QCC)fNoy~a Brown et ul. (1997) and 
otheN data. The sensitivity of the predicted blood concentNation to u~scaled cardiac output is 
shown in Figures 5 and 6 of the Neport. 

10. Given the specific considerations aGove, please comment on the appYopYiateizess of the 
values selectedfor the physiologicalparameters i~z Table S-1 andpartition coefficients in 
Table S-2, foNprediction of chCoy~oprene dosinzetry. 

No further comments other than those under Charge Question 8 
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Overall PBPK Model Soundness and Applicability 

Modelpredicted doses in model tissue co»ipart~aeizts correspnsiding to tissues in which 
neoplasm weFe observed in the rat and moarse bioassay, with coNresponding cancer incidence 
foY 80 ppnz chloNopYene inhalation exposuYe, ar^e p~^ovided in the EPA background document. 
In potential application to human health visk assessme~zt, the relative Nisk of tut~zows in Izunaan 
liver and lung will depend on the Yelative rate of i~zetabolis~n predicted in those tissues, 
conzpar^ed to the mouse or rat (as well as the relative Nate of clearance). Estir~zation of risksfor 
tissues other than liveN and lung could depend on the relative estimates of chlor^opNene venoacs 
blood oN tissue concentNation. An evaluation of the »iodel's applicability and degNee of 
unceNtainty should conszdeN both the absolute nzodeC pvedictio~zs (i.e., does the Model 
accuratelypredict the absolute Yates of metabolism and blood/tissue concentratio~zs in each 
species?) and the ability to predict the relative rate of nietabolisnz oY relative concentYation in 
human vs. rodent tissues, thoaigli some inaccu~^acy in the absolute values lnay exist. See 
"BackgYoundfor the Peer Review" documentfoN additional context. 

Demonst~^ation of the PBPK model's ability to pNedict in vzvo PK data is show~z by the level of 
agreerne~zt between modelpredictions and chloroprene venous blood concentNations iii Figure 
7 of the Ramboll report. For Yeference, where theNe are data, a~zd as a rule of thumb, EPA 
r~ften seelrs dosimetric estir~aatesfrom a model that aYe within afactor of two of er~zpiricaC 
Nesults. The results of the sensitivity analysis shown in Figure 8foN arteNial concentrations 
indicate that these data and specificpredictions are not sensitive to tlae estimated metabolic 
parameteNs: a reCatively ZaNge range in the esti»zated metabolicpara~aeters (such as the 
apparent difference between male andfef~zale mouseparameteNs) wouldyield sirnilaw 
predictions of blood concentrations. However, as de»zonstrated iiz Figure 9, the estimation of 
lung close metrics is sensitive to the estimated snetabolic parameters. 

11. Please comment on the capacity of the PBPK model to pYovide sound estimates of 
chloroprene inhalation dosi~zetry in mice, rats, and Izus~zans. Please coi~ament on the reliability 
of modelpredictions of the rate of clzloYoprerze metaGolisrn in liver and lungfor use in animal-
to-human extrapolation. 

See comments under Charge Question 8 

12. Please review the Tier 1and TieY 2 commentsfNom the inztial review cznd note any which 
you believe have not been adequately addressed by the Nevisecl analysis. If the comment lzas 
not been adequately addressed, pCease provide specific suggestions as to hotiv this can be 
resolved. 

I wish that the Ramboll colleagues were a little more receptive to my suggested utilization of the 
data from the UK scientists [i.e., Cottrell et al. (2001) and Munter et al. (2003)]. Even though the 
use of acetonitrile as a solvent is a concern, the exercise I outlined under Charge Question 5 
might be helpful. In many ways, we, the reviewers, are just tying to help; we are not your 
adversaries. 
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In response to co~aa~ne~ztsfrom Dn Yang duri~ig the initial Neview, Ra»aboll has introduced a 
new a~ialysis (sarb-model) of thefate of chloroprene's metabolic pYoda~cts, Supplemental 
Material F. Since this niate~^ial has not bee~z pVeviously reviewed, the revieweYs are asked to 
give it careful consideration as appvopr^iate to your aYeas of expertise. 

13. Please co»z»zerzt o~z how well the bioche~zzicalprocesses and assumptionspresented in 
Supplemental Material F Nepresent the likelyfate of chloYoprene's reactive metabolites. 

Once again, I appreciated greatly the effort of Ramboll colleagues provided detailed discussions 
on the various enzymatic transformation, as well as the roles of GSH in the overall metabolism; 
it was educational for me. I also appreciated very much the added model extension and the 
related PBPK modeling. See my other comments under earlier Charge Questions. 

14. Please comment on the quality and accuracy of the parameter values selected in 
Supplemental MateYial F, Table Fl, based on details pr^ovicled i~z the corresponding text and 
supporting refer^eszces. 

The quality and accuracy of Ramboll colleagues' work is unquestionably top-notch. See my 
other comments under earlier Charge Questions. 

In Supplemental MateNial F, Raniboll concludes that the concentration of the less ~•eactive 
metabolite, I-CEO, is not an appropriate dose-sraetricfor cNoss-species extrapolation, given the 
lack of concoNdance offe~zale mouse andfe»zale rat dose-Yesponse relationships, shown in 
Figure FS-C. The authors also conclude that eitlzeN the total amount of chloroprene 
metabolized (predicted by the primary PBPK i~zodel) or the concentration of reactiveproducts 
(predicted by the new sub-~raodel) pNovide a consistentprediction of cancer dose-Yesponse 
based on results depicted in FiguNes FS-A and FS-B, respectively. 

I5. Please cof~zr~zent on whether the results shown in FiguNe FS-Cpreclude the possibility that 
1-CEO tissue concentration is a reasonable predictor of chloropNene-induced lung cancer 
risk. 

I have no problems with using the "total amount metabolized" as a dose metric because we really 
don't know much, particularly quantitatively, about the metabolic processes beyond the first step 
oxidative transformation of CP by CYP enzymes. However, as I discussed in detail under Charge 
Question 8, the probability of CP, itself, being adirect-acting carcinogen cannot and should not 
be overlooked. 

16. Please conzr~zent on whether the results shown in Figures FSA oY FS-B demo~zstrate that 
the corresponding dose snetNics are consistent inteN-speciesp~^edictoNs of chloYopYene-induced 
lung cancer^ risk. Tlaat is, given chloNoprene exposures which pNoduce the sas~ze valuefor 
either of the proposed dose metrics ("total amount ~zetubolizedper g~^us~z lung"and 
"concentYation of Neuctive pNoducts") in female mice as,fe~naCe rats, can one infer that the 
same tu»zoN incide~zce would occur in those species? 

See my comments under- Charge Questions 7 and 8 
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17. Please co~nrnent on whether the NesultsfoN the lu~zg shown i~z FiguNe FS-A can be used to 
Nefute oY suppoYt the use of the cor^v~esponding dose metricsfogy^ estimation of liver ca~zceY Yisk. 

Because of the "highlight" by Himmelstein et al. (2004) "...the most dramatic of which was a 
faster rate of CD metabolism in the mouse lung compared with the other species. . ." (see more 
detailed discussion under Charge Question 7), I would be worried about placing too much stock 
in the mouse lung data to refute anything. 

III. SPECIFIC OBSERVATIONS 

Comment or Question on the draft report PBPK modeling for
Page Paragraph 

chloro rene (Ramboll, 2021) 
The reviewer rovided nos ecific observations/comments. 
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Follow up -External Peer Review of a Report on Physiologically Based Pharmacokinetic 
(PBPK) Modeling for Chloroprene and a Supplemental Analysis of Metabolite Clearance 

Yiliang Zhu, Ph.D. 
September 13, 2021 

I. GENERAL IMPRESSIONS 

The revised report (Exhibit A —Revised Chloroprene PBPK Model Documentation following 
EPA Peer Review 07122021 and supplement materials) provides adequate details on the 
revision and re-evaluation of the PBPK model for chloroprene, including MCMC analysis for 
PBPK parameter uncertainties. The improvements over the 2020 report are visible. There 
remains issues on clarity and completeness of the presentation. In particular, a lack of technical 
details and appropriate citations hampered the overall quality of the presentation. The authors 
appeared to have assumed readers all have intimate knowledge of kinetics and PBPK models. 
Throughout the report, the Michealis-Menten kinetics was repeated assumed without any 
description of or reference to the mathematical form. Similarly, a mass transportation kinetics 
(with transfer coefficient Kgl) was introduced to describe the impact of air:liquid interface on 
volatile compounds such as chloroprene; but the kinetic form was not given in the main report or 
supplemental material. The reader needs to go back to the 2020 version of the report 
(Supplement: Uncertainty Analysis of In Vitro Metabolic Parameters and of In Vitro to In Vivo 
Extrapolation (IVIVE) Used in a Physiologically Based Pharmacokinetic (PBPK) Model for 
Chloroprene), EPA_HQ-ORD-2020_0181-0003) to find appropriate description or references. 
Such deficiency is not uncommon throughout this report. If this report is intended for researchers 
and stakeholders who are not PBPK experts only, further polish of the report seems necessary to 
make it more self-contained with more adequate background and technical details. 

It is unclear why Supp Mat B was included in the review dossier. The inclusion of Supp Mat B 
may have raised impression of conflict of interest. Denka Performance Elastomer LLC is at the 
center of the enviromnental health concern of communities near Denka's Louisiana facility. 
EPA's charge questions do not concern epidemiological evidence. 

II. RESPONSE TO CHARGE QUESTIONS 

Estimation of Mass Transfer Resistance in the In Vitro Metabolism Experiments 

A model of the in vitro incubation system was used to estimate the metabolic paranzeteNsfront 
the i~z vit~~o data. This model is based on certain assu~zptions andphysicalpa~ay~ieteYs, such as 
the volume of the in vitro incubation vials and volumes ofair arzd liquid fnedia in the vials. 

The model of the in vitNo system initially usedfor the analysis of the irz vitro expeNi~zeizts to 
estrt~zute the cor►~esponding metabolicparamete~~s (Yang et al., 2012; Him~aelstei~z et ul., 2004) 
assumed that the chlnropre~ze iii the aiN and liquid (iizcubution ~rcedium) phases was always at 
equilibrium, i.e., conce~ztration i~ the mediiani was set equal to the concentration in the air 
times the equilzbr^iur~z paYtition coefficient (CM = CA *P). At EPA's suggestion, the model was 
changed to explicitly describe separate air a~zd liquid media contpaNt~ne~zts, with a nzass-
tNansfer coefficient (Kgl) li~~iiting the rate of distYibution between them, as described by 
Kreuzer~ et czl. (1991) and others, a~zd the authoNs selected a specific value (0.22 L/li) as the best 
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estimate. Rar~zboll also performed a Bayesian analysis which incoNpoNates uncertainty i~z the 
value ofKgl, togetlie~° with the metabolic paranzeteYs being esti»zated. 

1. Please evalaiate the quality of the revised analysis and estimation of metabolicpaYameters 
using the twophase i~z-vitro »zetabolism ~aaodel. 

(Tier 1): The revised analysis for estimating the metabolic parameters is acceptable, and the joint 
MCMC estimation of Vmax, Km, and Kgl using male mouse liver data is informative and a 
correct step in the right direction. A few technical issues remain to be clarified and corrected. 

In Supp Mat B (page 6, last paragraph) the authors stated: 

"Therefore, we conducted a re-analysis of the data on metabolism in the male mouse liver to 
simultaneously estimate Vmax, Km and Kgl . .." 

Also in Supp Mat B (page 9 in the paragraph following equation 1) the authors stated: 

"The flux of chloroprene between air and media (Kgl) was estimated by fixing the Km in the 
male mouse liver microsomal study to 1.0 µmol/L and estimating both Vmax and Kgl." 

These two statements were inconsistent and confusing. The latter indicated the estimation of Kgl 
and Vmax were based on a fixed Km, not simultaneous. Clarification is needed. 

Ramboll's re-analysis reported "best" estimate of Kg1=0.22L/hr. It is unclear if it was the 
posterior mode. The statement (Supp Mat B p9 2"d paragraph following equation 1) 

"The geometric mean of Kgl was retained as a fixed value for the analysis of all the in vitro 
studies including the finale mouse liver which was re-analyzed to estimate Vmax and Km after 
the Kgl was fixed" 

Suggested that it was mean. The footnotes of Figure B-5 also suggested the same. The posterior 
mode for ln(Kgl) was about -1.88 (Figure B-4), giving Kgl=exp(-1.88)=0.15. Under MCMC 
framework, it is crucial to use posterior anode as the best estimate especially when the posterior 
distributions are skewed, as likely the case seen for Km and Kgl (Figure B-4). It is strongly 
recommended that posterior modes reported and used as the estimate of the metabolism 
parameters. Note that only when the posterior distributions are symmetric, posterior mode and 
mean would be comparable. Therefore, Ramboll should examine the posterior distributions 
carefully. 

In simultaneous estimation, posterior anodes for Vmax and Km should be reported in conjunction 
with that of Kgl, in conjunction with a highest posterior density or highest credibility 
region/interval, the counterpart of a confidence interval in the Frequentist approach. 

2. The Ra~nboll repo~^t demo~zstrates that estimates of the metabolic paNa~~zeter Km depend on 
the value ofKgl but evaluated the impact of the Yesulti~zg uszce~tainty in the metabolic 
paranzetews o~z predicted dosimetNy in mice and humaizs, in paNticular estimates of human 
lung cancer^ risk. The revised analysis investigates a wide range of valuesfog the mass t~^ansfeY 
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coefficient, Kgl. Please discuss wlzetheY this evaluation adequately addresses uncertainties 
regarding the paYa~neteY Kgl. 

(Tier 1): The cui-~-ent report contains an extensive discussion on the mass transfer coefficient 
Kgl, including details on estimation of Kgl. Importantly, Ramboll had the opportunity to apply 
the MCMC analysis on male mouse liver to other tissue/sex/species to obtain a range of Kgl 
estimates, therefore gaining valuable insight on the variabilities/uncertainties of Kgl. Instead 
Ramboll used the value Kg1=0.22 obtained from male mouse liver for all analyses on other 
tissue/sex/species. To a lesser extent, Ramboll could have also used values chosen within the 
95% credibility interval of Kgl to investigate the propagating impact of Kgl on predicted dose 
metrics. Note that 95% credibility interval capture mostly uncertainties associated with sampling 
variations, not those associated with model and parameter. 

In assessing the sensitivity of cancer risk quantification to the PBPK model prediction of 
dosimetry in general and Kgl in particular, the multi-stage Weibull dose-response model was 
used quantify the dose-response relationship. No justification was given to the choice of Multi-
stage Weibull model as opposed to other models (e.g. Weibull model). Note also the multi-stage 
Weibull model is no longer supported by EPA's BMDS software. 

'"i'l~e t•~;rr~ainir~~ c~u~stic>zY:~ ~~~•e r~; c;~~t~cl (~~~ith mi~~c>r ~c zts) fi-«ix~ the c3~~.i~;inaf. charge. 'I'1.-~c~ re~~ic~~-~~~s 
ire asl~:ed to prin~t~~~i1y ~vt~l:~z~t:~. . .~~z~~c~ll's responses anc~ ch6~~~~es n~ad~ tc~ ~~c~c~.ress the or.i~;irzal 

Estimation of Metabolic Parameters from In Vitro Metabolism Experiments 

Thefollowing questions addNess the robustness of the available metabolic datafor application 
in the model. The questions aNe written with the assumption that the choice ofKgl is 
appNopNiate. Using this value ofKgl while evaluating the Yeinaining analysis of in vitro 
metabolic data as described in Supplemental Material B of the Ramboll results in parameter 
values Zisted in Table S-3 ofSupplemental Material A of the Ramboll repoYt. For the 
chloropNene in vitro experi~ients, the Izu~nan liveN »izcrosonze samples weNe obtainedfNom a 
pool of15 donors while the human lu~zg nzicrosornes were obtainedfront a pool of S 
individuals (Hzr~irnelstein et al., 2004). Foy the 7-etlzoxycoumarin in vitro experiments used to 
esti~zate the relative lu~2g:liver metabolic activity, Nepresented by the parameter A1, tissue 
samples were notpooled; activity was measured in liver microsos~zes obtainedfro~z 10 donors 
while the human lu~zg activity was measured using rnicrosoy~zesfror~z I2 donors (Lorenz et al., 
1984). 

Other infoYmation on the specific »zicrosomal saf~zples, prepaNatio~z nzetlzods and in vitro 
experiments a~^e in Los^enz et al. (1984), Hi~ramelstezn et al. (2004) and Ya~zg et al. (2012). 

3. Please comment on the pool sizesfor the hiu~zan nzicrosomes used to estimate chloropYene 
metabolic rates in vitro, and the nul~aber of tissue samples (doizors) evaluatedfor 
7-ethoxycounzarin activity,for the estimation ofaverage metabolic activityfor human adults. 

(Tier 3): Now that Rainboll has done extensive analyses to estimate the metabolic rates in vitro, 
it is feasible to conduct a statistical power- analysis to demonstrate the precision (not necessarily 
accuracy) of the estimates on the basis of the underlying models. Note however, a statistical 
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power analysis is not designed to evaluate the biological representativeness of the human 
microsomes and tissue samples used in this study. 

4. Disca~ss the appvopYiateness of the data used and the statistical modeling approachfor 
evaluating average (oN mean) adult human, mouse, and rat metabolic parahaeteYs. Please 
comment o~z wlzetlzer sufficient mic~oso~zzal samples (i~icubations) were analyzed to represe~zt 
the average values and to churacteYize metabolic vaYiation across species, sexes, acid tissues. 

(Tier 2): This and Yang's (Yang et a12012) analyses both demonstrated evidence of between-
species and between-sex differences in metabolic parameters. The authors of this analysis noted 
the visible differences between this analysis and that of Yang et al 2012. For example, the 
estimates of Km in the male mouse lung and liver from this analysis were only half of those from 
Yang's analysis. Incorporation of a mass transport parameter Kgl made the current analysis 
biologically sound. However, it is plausible that Kgl could be different across tissue or sex (as 
evidenced by its dependence with affinity Km). The fact that the current analysis failed to obtain 
an acceptable estimate for the metabolism parameters in multiple species and both sexes 
indicating limitation in these data as well. Therefore this analysis did not provide strong evidence 
that the microsomal samples or data were sufficient. 

Additional discussion on the estimation of lung metabolic par^ay~zeters in rats and lzuma~is is 
provided in Supplemental Material C ofRa»zboll in a section entitled "IVIVEforfiYst order 
metabolic clearaizce in rat and human lung."However, the i~ietabolic Nate pararreeter values 
for the human lung were ultimately selected as descNibed in the main report in a subsection 
e~ititled "Estimation of chloropYene metabolism in the human lung" because the in vitYo 
chlor~opre~ze experi~nerits with human lung microsonzes showed i~zinimal »zetabolism. 

S. Please comment on the use of the relative 7-ethoxycoui~iarin activity in human lung vs. liver 
tissue to pYedict the average Yate of clilorop~~ene oxidative metabolism in the human lung. 

Beyond my experience/knowledge areas. 

NIVE Calculations for Chloroprene 

IVIVE extrapolatio~z is summarized in the Model Parameters section of tlae Ramboll report, 
witJa details on scalingfactors in Sacpplemental Material C ofRamboll and results in Table S-4 
ofSuppler~ae~ztal Material A. (Calculations aNe provided in an Excel workbook, SupplementaC 
MateNial D of the Ramboll weport. The U.S. EPA performed aquality-assurance evaluation of 
the woNkbook to assure the calculations aNe as described zn the report text and tables.) Wood et 
uL (2017) evaluated the ability ofIVIVE to predict clearancefor oNal dosing of multiple 
pharmaceutical compounds with data in rats and humans and reported a systematic bias 
towards under~Necliction with i~zcreasi~ig clearance. HoweveY, the Wood et ul. (2017) Nesults 
nay not be relevant to chlof•oprene because of diff"eYences in the route of exposure, chemical 

propeNties, nzetaboliT.ing enzy»Zes, aizd Nate-deters~tii2ingpNocessesfoN the set of compounds 
analyzed. In paNticular, Wood et al. (2017) evaluated IVIVEfoN opal dosing of drugs, but not 
for the inh~clation of'volatile compounds like chloropNene. While, IVIVEfor oNal exposuve to 
dYugs may be »zo~^e difficult acid is subject to additional souNces of unceNtainty co~zpaNed to 
inhalation of volatile compounds due to vaYiability in intestinal absoNption and nzetabolis~a 
(Yooiz et ul., 2012; .Liao et ul., 2007), analysis of Wood et al. (2017) specificallyfocuses on 
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pNedictio~is of hepatic clearance of drugs, fnr^ which metabolism in the ZiveN is a significa~zt 
compo~ze~it. Thus, the a~ialysis of Wood et cal. (2017) may be consz~lered Yelevant to 
chloropYe~ie since it addresses the ability to predict metabolic clearance via IVIVE, not oral 
absoYption. The U.S. EPA is not aware ofa systematic evaluation ofIVIT~E accacracy like that 
of Wood et ccl. (2017) butfocused o~i volatzle organic (chloNinated) compou~zds litre 
chloropNe~zefogy^ the inhalation route. 

6. Please evaluate the choices of extrapolationfactors a~zdforf~zulas usedfor the IVIVE 
calculations. Please discuss the sou~zdness of the metabolic parameters in Table S-4 as 
estimatesfor avevage adultfemale and male s~zice and rats, and aveYage adult humans 
(combined sexes). 

Beyond my experience/knowledge areas. 

7. Please assess whether the analysis adequately addresses the overall quantitative unceYtai~zty 
due to otheYfactors i~z the IVIVE application. Please identify anyfactors in the IVIVE 
calculation or paNaineter^s in the PBPK modelfoN which variability or u~zcertainty have not 
been adequately considered. State any concerns about predictions of the rate of chloropYe~ie 
metabolism in liver and la~ng which should be addressed. Please discuss wlietheF thepossible 
Yangesfor »zetabolic parai~aeters (upper and lower bounds) Izave been sufficiently estimated 
such that they can be used with confidencefor animal-to-human risk extrapolation. 

Beyond my expertise areas. 

PBPK Model Structure, Ph~s gical Parameters, and Partition Coefficients 

8. Please discuss the appNopriateness of the PBPK model structure pNesented by Rafazboll or 
estimation inhalation dosimetYy in an EPA Toxicological Review of clilo~opYene. Pleasefocus 
on the model stYucturefoN the liver and luizg, i.e., tissues in which chloYoprene metabolism is 
predicted by the model. 

(Tier 3): The overall model structure appears to be sound. Ramboll conducted an extensive 
literature review to support the use of various physiological parameters and partition coefficient. 
It will be helpful to conduct uncertainty/sensitivity analysis by perturbing these physiological 
parameters and partition coefficients to see the extent these parameters will affect metabolism 
parameters, dosimetiy, and risk, down the stream in a cascading fashion. 

ArteNial blood co~zcentrations i~z B6C3F1 s~zice afteN i~zhalatzon exposures to chloropre~ze aYe 
shown in Figure 3 of the Ramboll repot. It is rioted that when chloroprene exposure was 
i~zcr^eased 2.5-foldfro~~z 13 to 32 ppnz, the mean arteNial concentration increased less than 1.5-
fold. Fu~theY, the mean arterial concentrationsfrom 90 ppnz exposure, which is seven (7) 
times higheN than 13ppnz, are only about 4 tinges higher than those r~zeasured at13pp~n. 
These data Might indicate that some pNocess not inclacded i~z the PBPK model ~~iay have 
reda~ced clzlor^opNene uptake or so»aehow increased i~aetabolic efficiency at 90 and 32 pp»z 
~^elative to 13ppm. A factor to be considered is the high variability with large standaYd 
deviationsfor many of the data points, as illustrated in Figu~^e 3 of the Ramboll report. The 
PBPK model str^uctu~^e implies that blood levels should increase in proportion to exposarYe 
while blood coizce~ztNatiorzs Nenaai~z below the level of metabolic saturation and should inc~~ease 
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at afaster f^ate above satuYation, unless there is soiree otheN exposure-related chafzge in »Todel 
pa~^ameteYs. HoweveN, thepletliysf~zogNaphy data evaluated do not show a cleat or significant 
dose-Yespo~zse iiz the Ra~raboll repoNt. 
FiguYe 7 ofRambollpresents the extent ofagreefnent of the modelpYedictions with the blood 
co~zce~ztNations in micefollowi~ig inhalation exposure. It is noted that the inhalation PK data 
a~~efNo»z a single exposure (ani»zals were notpNeviously exposed to chloNoprene) and the ~zoiz-
pYoportionulity is evident by the 3-hour timepoint. 

9. Given these data, please evala~ate the likelihood that changes i~z respiNation rate or 
metabolic induction nziglzt befactoYs in the observed PK Yelationship between exposuYe and 
inter~zal dose. Please conz»aent on any other pliysiological or bioche»zical mechanisms that 
might be explanatoNyfactoNs in the appaYent discrepancy oY whetlzeY expeYimental variability 
i~z the data may explain these differences. 

Beyond my expertise areas. 

In the Model Parameters section of the Rrzynboll NepoYt, the autlzor~s describe the apparent 
discNepancy betwee~i the rate constantfor cardiac output (QCC)fNo»z B~~own et al. (1997) and 
other data. Tlie sensitivity of the predicted blood conceyztration to unsealed caYdiac output is 
shown in FiguNes 5 and 6 of the Yeport. 

10. Given the specific consideNations above, please comment on the appYopriateness of the 
values selectedfor the physiologicalpara~ieters in Table S-1 andpartition coefficieizts in 
Table S-2, forprediction of chlo~oprene dosimetry. 

Beyond my expertise areas. 

Overall PBPK Model Soundness and Applicability 

Modelpredicted doses in model tissue compartments correspo~zding to tissues in which 
neoplasm weYe obseNved in the rat and mouse bioassay, with cowr^esponding cancer incidetzce 
for 80 ppm chloroprene inhalation exposuYe, areprovided in the EPA backg~^ouiid document. 
In potential applicc~tio~z to liu»zan health Nrsk assessment, the relative Yisk of tusnoYs in huy~zan 
liveY and lung will depend on the relative rate of metabolism predicted i~z those tissues, 
compared to the mouse oN Nat (as well as the Yelative Yate of cleaNance). Estimation of Nisksfov 
tissues other than liver and lung could depend on the relative estimates of chloroprene venous 
Glood or tissue concentration. An evaluation of the modeC's applicability and degree of 
uncertainty should consideY both the absolute s~zodelpredictions (i.e., does tlae model 
accurately predict the absolute rates of metabolism and blood/tissue conce~ztrations iii each 
species?) and the ability to predict the relative gate of metabolis»z oN relative conce~ztYation in 
human vs. rodent tissues, though soiree inaccuracy in the absolute values nzay exist. See 
"Backgrouszdfor the Peer Review" documentfor additional context. 

Demo~zstNation of the PBPK model's ability to pNedict in vivo PK data is shower by the ZeveC of 
ccg~°eenaerTt bet►veen modelpi~edictio~as and chloropr^ene venous blood concentYutzons in FiguNe 
7 of the Ra~nboll repoNt. Foy refereizce, wheNe there aye data, and as a rule of thumb, EPA 
often seeks dosimetYic estis~zatesfrom a model that are within afactov of two of e~~apirical 
Nesults. The results of the sensitivity analysis shown in Figure 8for arterial conce~ztNcrtions 

67 



Follow up -External Peer Review of a Report on Physiologically Based Pharmacokinetic (PI3PK) Modeling for Cliloroprene 

indicate that these data and specificpYedictions are not sensitive to the estimated metabolic 
paJ~a~neters: a Yelatively ZaNge Mange in the estimated metabolicpaYameteYs (such as the 
apparent diffeYence betwee~i wale andfet~zale ynouse parar~zeters) wouldyield sii~zilai~ 
predictioizs of blood concentrations. However, as demonstrated in Figure 9, the esti»zation of 
lu~zg dose ~netNics zs sensitive to the estif~zated »zetabolic parameters. 

11. Please co»zment on the capacity of the PBPK model to provide sound estiynates of 
chlor^oprerie irzlialatio~a dosii~aetNy i~z nZice, rats, a~zd Izutna~zs. Please cot~a~nent on the reliability 
of modelpredictions of the rate of clzloroprene metabolism in liver and lungfor use in ani»zal-
to-human extYapolation. 

None. 

12. Please review the Tier 1and TieY 2 commentsfYom the initial review and note any which 
you believe have not been adequately addYessed by the revised analysis. If the comment has 
not beeiz adequately addressed, please provide specific suggestio~zs as to how this can be 
resolved. 

No comments 

In response to co»inzentsfrom DY. Yang during the initial review, Ranaboll has introduced a 
new a~ialysis (sub-y~zodel) of thefate of chlor^oprene's metabolic pNoducts, Supplemental 
Material F. Since this material has not been pNeviously reviewed, the revieweNs are asked to 
give it caNeful consideration as appropriate to your areas of expertise. 

13. Please coninzent,on how well the biochemicalprocesses and assumptions presented in 
Supplemental Material F repNesent the likelyfate of chloroprene's reactive metabolites. 

Beyond my expertise areas. 

14. Please co»zf~zerit on the quality and accuracy of the parameter values selected in 
Supplemental Material F, Table Fl, based on detailsprovided in the corresponding text and 
supporting YefeNeiices. 

Beyond my expertise areas. 

In Supplemental Material F, Ra»zboll concludes that the concentNation of the less Neactive 
metabolite, I-CEO, is riot an appropriate dosea~zetricfor cross-species extrapolatio~i, given the 
lack of concoNdance offemale mouse andfemale rat dose-Nesponse Felationships, shown in 
FiguNe FS-C. The uuthoYs also conclude that eitheN the total amount of chloroprene 
metabolized (predicted by the primary PBPK »aodel) oY the concentYation of reactive pYoducts 
(pveclicted by the new sub-model) pYovide a consistentprediction of cancer dose-response 
based on results depicted in Figures FS-A and FS-B, respectively. 

I5. Please cofriyrzeizt o~z wlzethe~~ the Nesults shown in FiguYe FS-CpYeclude tlae possibility that 
1-CEO tissue co~zcentration is a reasonable preclictow of chlowoprene-induced lung cancer 
risk. 

.: 
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(Tier 2): See my comments on Q16 

l6. Please co»z~zaent o~i whether^ the Yesults show~z iiz FiguYes FSA or FS-B def~aorzst~ate that 
the corwesponding dose metrics are consistent inter-speciespYedictoYs of chloYop~~ene-inda~ced 
lung cancer risk. Tlzat is, give~z clzloropre~ze exposuYes which produce the sat~ie valuefor 
eitlzeY of'the proposed close metrics ("total amouizt »Zetabolizedpeg gNa»z lung" acid 
"concentration of reactive products") in female trice asfemale Yats, can one infer that the 
same tunaoN i~icide~zce would occur in those species? 

(Tier 2): This is not my specialty. It is interesting that the, authors reported a consistent dose-
response pattern between female rat and female mouse under both total metabolized amount and 
reactive products. The measurement of consistency was neither reported nor tested. It seems 
plausible that the between-specie difference in metabolism of chloroprene resulted in lower• level 
of reactive products and higher concentration of 1-CEO in female rats compared with female 
mice, therefot-e leading to seemingly greater difference in the dose-response as seen in Fig FS-C 
where 1-CEO was the dose metric. It remains highly plausible that the dose-response could be 
different between mouse and rat under either the total metabolites or reactive products if we can 
further extend the dose-response curve for the rat to higher levels of the exposure. Furthermore, 
the authors' observation was limited to two species of a single sex with very limited data. I feel 
that the evidence is not sufficiently strong to support the statement that the total metabolized 
amount and reactive products are metrics that can consistently predict lung cancer risk across 
species. More research is needed. 

17. Please comment on whether the NesultsfoY the lung shown in FiguNe FS-A can be used to 
refute or support the use of the corresponding dose metricsfor estimation of liver^ cancer Nisk. 

(Tier 2): See my comments on Q16. Empirical dose-response based on these two studies is in 
itself insufficient for drawing such a conclusion. Mechanistic evidences would be useful to 
determine the validity of 1-CEO as a dose metric for toxicity and carcinogenicity. I do not have 
sufficient expertise to comment on the strength of mechanistic evidence. 



 
   

   
        

 

 
 
 
 
 

  
 

         
        

 

  

#100462419v1

EXHIBIT 5 

January 26, 2010 – Final Reviewer Comments – External 
Peer Review Meeting on the Toxicological Review of 

Chloroprene 

Request for Reconsideration 
RFC #21005 (Chloroprene) 

Submitted on behalf of Denka Performance Elastomer LLC 



Follow up -External Peer Review of a Rcpm•t nn Physiologically Based Pharmacokinetic (PBPK) Modeling fm• Chloroprene 

III. SPECIFIC OBSERVATIONS 

Page Paragraph 
Comment or Question on the draft report PBPK modeling for 
chloro rene (Ramboll, 2021) 

Fig Supp Mat 
B6-B8 B Indicate mode in the osterior densit lots; 
Fig 
B9- Supp Mat Credibility region or highest posterior density region is a more 
B10 B a ro riate name than "confidence elli se lot". 

Supp Mat The correct relationship should be: "log_10(kgl)= - 0.85 ~ -1 
-9 G lc 1=0.14=0.10 " 
Supp 
Mat B Last 
4 ara rah "Collinearit " is an incorrect term here; "de endence" is a ro riate. 

The trace plot and posterior density plot showed up to 30000 chain 
Sup iterations. It is unclear if a burn-in period was excluded from the plots. 
Mat B Fi ure B-4 Includin an ade uate burn-in eriod is necessar 

Fig B-3 Log10 was the scale in Fig B-3 and In in Fig B-4. Use the same scale 
Sup and Fig B- would facilitate visual inspection and comparison. The scale of log was 
Mat B 4 also used in this re ort Su Mat . 

When a software was used, citation (include version) should be given. 
For example, PBPK simulation software acs1X is off shelf since Nov 
2015. 
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I. INTRODUCTION 

The Integrated Risk Information System (IRIS) is an SPA database containing Agency 
consensus scientific positions on potential adverse human health effects that may result 
from chronic (or lifetime) exposure, or in select cases less-than-lifetime exposures, to 
chei~nicals in the environment. IRIS currently provides health effects information on over 
500 chemical substances. IRIS contains chemical-specific summaries of qualitative and 
quantitative health information in support of two steps of the risk assessment process, i.e., 
hazard identification and dose-response evaluation. IRIS information includes a reference 
dose (RfD) for noncancer health effects resulting from oral exposure, a reference 
concentration (RfC) for noncancer health effects resulting from inhalation exposure, and 
an assessment of carcinogenicity for both oral and inhalation exposures. Combined with 
specific situational exposure assessment information, the health hazard information in 
IRIS inay be used as a source in evaluating potential public health risks from 
environmental contaminants. 

The IRIS program developed a Toxicological Review of Chloroprene, an assessment 
which has not previously appeared in IRIS. Chloroprene was nominated for IRIS 
assessment in 1999. The draft document contains a cluonic inhalation reference 
concentration (RfC) and a cancer inhalation unit risk. 
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II. CHARGE TO THE REVI.EWERS 

The U.S. Environmental Protection Agency (EPA) is seeking an external peer- review of 
the scientific basis supporting the human health assessment of chloroprene that will 
appear on the Agency's online database, the Integrated Risk Information System (IRIS). 
IRIS is prepared and maintained by the EPA's National Center for Environmental 
Assessment (NCEA) within the Office of Research and Development (ORD). Currently 
an IRIS assessment of chloroprene does not exist on the database. 

The draft health assessment includes a chronic reference concentration (RfC) and a 
carcinogenicity assessment. Below are a set of charge questions that address scientific 
issues in the assessment of chloroprene. Please provide detailed explanations for 
responses to the charge questions. 

General Charge Questions: 

1. Is the Toxicological Review logical, clear and concise? Has EPA clearly synthesized 
the scientific evidence for noncancer and cancer hazards? 

2. Please identify any additional studies that should be considered in the assessment of 
the noncancer and cancer health effects of chloroprene. 

Chemical-Specific Charge Questions: 

(A) Oral Reference Dose (RfD) for Chloroprene 

1. An RfD was not derived for chloroprene. Has the scientific justification for not 
deriving an RfD been clearly described in the document? Please identify and provide 
the rationale for any studies that should be selected as the principal study. 

(B) Inhalation Reference Concentration (RfC) for Chloroprene 

A clu-onic RfC for chloroprene has been derived from an inhalation toxicity study 
(NTP, 1998) investigating non-cancer effects in multiple organ systems. Please 
comment on whether the selection of this study as the principal study is scientifically 
justified. Please identify and provide the rationale for any other studies that should be 
selected as the principal study. 

An increase in the incidence of degenerative nasal lesions in male rats, characterized 
by olfactory epithelial atrophy and/or necrosis with increasing severity, was selected 
as the critical effect. Please comment on the scientific justification for combining the 
incidence of atrophy and necrosis and for selecting this endpoint as the critical effect. 
Please identify and provide the rationale for any other endpoints that should be 
considered in the selection of the critical effect. 

~a 
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Benchmark dose (BMD) modeling was used to define the point of departure (POD) 
for the derivation of the RfC. The POD was based on increased incidence of 
degenerative nasal lesions in male rats at a benchmark response (BMR) of 10% extra 
risk. Has the BMD approach been appropriately conducted? Is the BMR selected for' 
use in deriving the POD (i.e., 10% extra risk of degenerative nasal lesions of less than 
moderate severity) scientifically justified? Please identify and provide the rationale 
for any alternative approaches (including the selection of the BMR, model, etc.) for 
the determination of the POD and discuss whether such approaches are preferred to 
EPA's approach. 

4. Please comment on the rationale for the selection of the uncertainty factors (UFs) 
applied to the POD for the derivation of the RfC. If changes to the selected UFs are 
proposed, please identify and provide a rationale(s). 

(C) Carcinogenicity of Chloroprene 

1. Under the EPA's 2005 Guidelinesfor Carcinogen Risk Assessment 
(www.epa.gov/iris/backgr-d.htm), the Agency concluded that chloroprene is likely to 
be carcinogenic to humans by all routes of exposure. Please comment on the cancer 
weight of evidence characterization. Is the cancer weight of evidence characterization 
scientifically justified? 

2. A two-year inhalation cancer bioassay in B6C3F1 mice (NTP, 1998) was selected as 
the basis for derivation of an inhalation unit risk (IUR). Please comment on whether 
the selection of this study for quantification is scientifically justified. Please identify 
and provide the rationale for any other studies that should be selected as the basis for 
quantification. 

3. A inutagenic mode of carcinogenic action is proposed for chloroprene. Please 
comment on whether the weight of evidence supports this conclusion. Please 
comment on whether this determination is scientifically justified. Please comment on 
data available for chloroprene that inay support an alternative modes) of action. 

4. Data on hemangiomas/hemangiosarcomas (in all organs) and tumors of the lung 
(bronchiolar/alveolar adenomas and carcinomas), forestomach, Harderian gland 
(adenomas and carcinomas), kidney (adenomas), skin and mesentery, mammary 
gland and liver in B6C3F1 mice were used to estimate the inhalation unit risk. Please 
comment on the scientific justification and transparency of this analysis. Has the 
modeling approach been appropriately conducted? Please identify and provide the 
rationale for any alternative approaches for the determination of the inhalation unit 
risk and discuss whether such approaches are preferred to EPA's approach. 

5. Lung tumors have been alternatively treated as systemic or portal-of-entry effects in 
the modeling of cancer endpoints. Please comment on the scientific justification for 
this modeling approach. Please comment on whether the rationale for this decision 
has been transparently and objectively described. Please comment on data available 

www.epa.gov/iris/backgr-d.htm
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for chloroprene that may support an alternative method for modeling the observed 
lung tumors in mice. 

6. An oral slope factor (OSF) for cancer was not derived for chloroprene. Is the 
determination that the available data for chloroprene do not support derivation of an 
OSF scientifically justified? 

L! 
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III. GENERAL IMPRESSIONS 

Herman J. Gibb 

In general, the document lays out its arguments well. The discussion of the epidemiology, 
however, should be more transparent and perhaps could be better- organized (studies of a 
facility where cohar-ts overlap or could overlap discussed together). Elaboration on the 
transparency is provided in my response to Question C1. The epideiniologic studies 
should be evaluated more rigorously. 

Dale Hattis 

Overall, the judgments made in the draft IRIS document for chloroprene are sound. 
However the modeling of the cancer risk can be improved by taking into account the 
existing evidence for partial saturation of metabolic activation of chloroprene in the dose 
range studied in the NTP cancer bioassay. Using a simple Michaelis Menten dose 
response equation to model this approach to saturation indicates that low dose cancer 
risks in both the finale and female mouse bioassays are likely to be 2-3 fold greater than 
the risks indicated by application of a straight linear dose response model, as was done 
using the Weibull equation in the current cancer slope factor analysis. For the final 
assessment it would be desirable either to incorporate the Michaelis-Menten saturating 
form into the Weibull model or (less desirably) to multiply the Weibull model result by a 
factor derived from the Michaelis-Menten analysis of the lifetime tumor incidence 
information. The former approach is preferable because it will simultaneously take into 
account the time-to-tumor information and the apparent saturation of activating 
metabolism indicated by the incidence data. 

Ronald L. Mel~iick 

The draft document is awell-written, comprehensive review and assessment of published 
studies on the health effects of chloroprene in humans and in experimental animals. The 
information is clearly presented and the conclusions are generally scientifically justified 
and consistent with EPA policy. One exception is the rationale for the selection of 10% 
extra risk for the benchmark response. Specific areas for improvement of this review are 
described below in my response to the "chemical-specific charge questions." 

John B. MoNris 

From my perspective as an inhalation toxicologist with. expertise in rodent studies, the 
Toxicological Review of Chloroprene provides an in depth review of the toxicological 
literature on this compound. In many ways it is quite clear and thorough. The available 
database appears to be presented accurately and objectively. The overall conclusion, that 
chloroprene is an animal carcinogen whose mechanisms) may include genotoxicity and 
inutagenesis, appears well founded. In some aspects, the document is confusing and 
perhaps lacks transparency. For example, information is provided in the summary and 
synthesis sections that have not been discussed previously. There are some apparent 
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contradictions in interpretive approaches, for example the potential for systemic blood 
delivery for- the pulmonary but not nasal effects. The importance of some findings has 
gone unrecognized. For- example, the extraordinarily high pulinonaiy metabolism rates in 
the mouse calls into question the relevance of this species with respect to pulmonary 
injury. Overall, the fundamental conclusions appear sound; however, the document could 
be significantly improved with respect to clarity and interpretive issues. 

It is interesting that there are no charge questions relating to the toxicokinetics of 
chloroprene. Since the mode of action includes activation to an epoxide as the fiz•st step, 
the toxicokinetics becomes an issue of great importance. The toxicokinetic section 
describes the available information, but could provide much more information. 
Moreover, the toxicokinetic data is not adequately synthesized in the overall mode of 
action relative to potential species differences and extrapolation to man. PBPK modeling 
would be a highly appropriate way to incorporate kinetic data into the risk assessment. 
The published model of Hiinmelstein may provide a useful structure. Because it includes 
both nasal and tracheobronchial airway compartments the styrene model of Sarangapani 
may be a superior approach. 

Avima M. Ruder 

I can only validate accuracy for the section I compared to the original papers, that on 
human epidemiology. There are some key relevant references that were not cited and 
some points that should have been discussed (latency, age at diagnosis, etc.) that were not 
touched on (see 2.1). 

The conclusions about the human hazard potential do not evaluate the role of genetic 
polymorphism in genes coding for glutathione S-transferases, epoxide hydrolase, and 
other metabolic enzymes in clearing epoxide metabolites from the body. Approximately 
half the human population is clears those metabolites at a much slower rate [Musak, et al. 
2008], presumably making them more vulnerable to exposure. The conclusion also 
should point out that the noncancer effects (page 6-1, lines 24-33) were observed at levels 
lower than the current Permissible Exposure Limit. 

The statements of conclusions in section 6 are less clear than those in section 4.7. It is 
appropriate to include all relevant caveats about the conclusions, and all the details of the 
studies that support those conclusions, but the conclusions themselves should be 
succinctly stated. 

Richard B. SchlesingeY 

The background information that is provided to support the selection of the key studies is 
clearly and accurately presented. However, the derivation of some of the quantitative 
factors, as noted in subsequent comments in this document, could be made more 
transparent. In general, the overall conclusions appear to be sound.. 

D 
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IV. RESPONSE TO CHARGE QUESTIONS 

General Charge Questions: 

I. Is the Toxicological Review logical, clear and concise? Has EPA clearly synthesized 
the scientific evdence;fo~ noncancer cznd canceY Izazards? 

Herman J. Gibb 

In general, the Toxicological Review is logical, clear and concise. A more rigorous and 
ri-ansparent evaluation of the epidemiologic studies and an objective evaluation of how 
the epidemiologic studies integrate with the rest of the data should be performed, 
however. The descriptorof "likely to be carcinogenic to humans' is justified based on the 
animal and genotoxicty .information, but the document overstates the human evidence. 

Dale Hattis 

Generally, yes. I have some reservations and suggestions for incremental improvement, 
as will be appat•ent below. But the overall evaluation in the proposed IRIS document is 
sound. 

Ronald L. Melniclz 

While the Toxicological Review is clear and comprehensive, it is not obvious why a 
particular dose response model was selected for the determination of the benchmark dose 
for noncancer hazards, if more than one model provided an adequate fit to the data. The 
rationale for the selection of 10% extra risk for the benchmark response for non-cancer 
effects is not adequately justified. 

Based on the animal data, mechanistic findings, and "the reasonably consistent" evidence 
of increased risk of liver cancer mortality "among workers exposed to chloroprene in 
different cohorts in different continents," it is not clear why consideration was not given 
to the conclusion that chloroprene is "carcinogenic to humans." 

John B. MoYris 

In many ways, the toxicological review is logical and clear; however, the document could 
be significantly improved in this regard. See my specific comments (below) for more 
detail on this concern. 

Avima M. Ruder 

The review is logical but less clear and concise than it could be. In the section on human 
carcinogenicity, the discussion should have been consolidated by population and 
recommendations for additional analyses (by age at onset/death, with lags) and substudies 
(nested case-control) should have been included. Such analyses should be done as very 
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early age at cancer onset/death has been associated with occupational exposure [Kreuzer, 
et al. 1999; Ward, et al. 1988] and lagged analyses focus on exposure in time periods that 
are most relevant for the development of solid tumors [Villeneuve and Steenland 2010]. 
All the studies on the Louisville plant should have been discussed together. The original 
study includes ages at death from lung cancer for 16 workers, including four who died in 
their forties [Pell 1978], but no analysis of whether the ages at onset were earlier than 
expected (in another chloroprene cohort, earlier ages at onset among exposed workers 
were reported [Li, et al. 1989]). The NIOSH walk-through survey of the plant, which was 
not referenced in the Toxicological Review, provides useful details on plant history, 
processes, and personnel, noting that "there is a complete pre-einployinent physical" plus 
periodic re-examinations (presumably those who did not meet some standard of health 
were excluded from employment; no details were presented on how the periodic re-
examinations impacted continued employment [Jones, et al. 1975]. The NIOSH re-
analysis of DuPont demographic data included recommendations for improving the 
epidemiologic studies by including all plant employees from 1942 on [Leet and Selevan 
1982]. Blood draws from 846 of the workers employed in 1977 were compared for 
biochemical and hematological markers, with no significant differences in age-adjusted 
analyses [Gooch and Hawn 1981] and workers and plant sites were monitored for 
exposure, and workers interviewed [McGlothlin, et al. 1984](neither referenced in the 
Toxicological Review). 

One of the more recent University of Pittsburgh papers (not referenced in the 
Toxicological Review), presents SMRs for the Louisville cohort using the DuPont worker 
mortality database; these are significantly elevated for all causes of death, all cancers, 
respiratory cancers, and liver cancer [Leonard, et al. 2007]. Kentucky cancer mortality is 
significantly higher than U.S. national cancer mortality [U.S. Cancer Statistics Working 
Group 2009], and the incidence of lung cancer in both Jefferson county and all of 
Kentucky is almost 50% higher than the U.S. rate [Kentucky Institute of Medicine 2007], 
so comparisons of a working population to the population at large will show a 
pronounced healthy worker effect. Presumably an employment-based database would 
control for the healthy worker effect to some extent. The most recent studies are more 
comprehensive but could have included additional analyses by age at diagnosis/death, 
lagged analyses, comparisons with the DuPont employee mortality database, and 
inclusion of the pre-1949 PYAR [Marsh, et al. 2007a; Marsh, et al. 2007b]. Some 
discrepancies should be explored; for example, Jones stated that approximately 8000 
hourly and 1000 salaried (one-third foremen) employees had been employed to the time 
of the 1975 visit and over 1000 workers were employed in 1975; the Marsh analysis 
includes 5507 employees 1949-2000 [Jones, et al. 1975; Marsh, et al. 2007a]. 

Some discrepancies between the report of a 1985 NIOSH walk-through of the 
Pontchartrain, Louisiana, plant (neoprene production fi-oin 1968, 1264 warlcers to 1985) 
and the recent epidemiologic studies (chloroprene from 1969, 1258 workers to 2000) also 
need to be resolved [Fajen and Ungers 1985; Marsh, et al. 2007a; Marsh, et al. 2007b]. 

The studies of the plant in Grenoble, Isere, France, should also have been assessed 
together [Colonna and Laydevant 2001; Marsh, et al. 2007a; Marsh, et al. 2007b]. 
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As to possible human health hazards other than cancer, the two medical studies at the 
Louisville plant [Gooch and Hawn 1981; McGlothlin, et al. 1984] and the recent study of 
chromosomal aben-ations [Musak, et al. 2008] should be included. Apparently there are 
no studies of possible human reproductive effects more recent than Sanotslcii's in 1976. 

Richard B. SchlesingeN 

In general, the Review is well written and the toxicology of chloroprene is well 
synthesized. 
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General Charge Questions: 

2. Please identify a~zy additional studies that should be considered iiz the assessi~zent of 
the noncanceY and canceY health effects of clzloYopNe~ze. 

Hernzun J. Gibb 

The NIOSH reports by Fajen and Ungers (1985) and by McGlothin et al (1984) should be 
included as background on the Pontchartrain and Louisville plants, respectively. Copies 
were provided to the peer reviewers by Avima Ruder subsequent to the peer review 
meeting on January 6, 2010 and are attached. Dr. Ruder also described references of 
Jones et al. (1975), Gooch and Hawn (1981), and Leonard et al. (2007) in her comments. 
Jones et al. (1975) and Gooch and Hawn (1981) describe conditions and the population at 
the Louisville plant and should be added as background information on that facility. The 
Leonard et al. paper apparently presents mortality analyses of the Louisville cohort using 
a Dupont worker mortality database. These papers should be reviewed to determine what 
insights they may offer to the mortality analyses by Pell (1978), Leet and Selevan (1982) 
and Marsh et al. (2007a, 2007b). 

I am not aware of any additional original studies or reports that should be considered. The 
following reviews by Acquavella and Leonard (2001) and Bulcowski (2009) should at 
least be given consideration although they need not necessarily be referenced. The review 
by Acquavella and Leonard (2001) appeared in the same journal as the review by Rice 
and Boffetta (2001) which is cited in the current Toxicological Review. 

Acquavella JF, Leonard RC. 2001. A review of the epidemiology of 1,3-butadiene and 
chloroprene. Chemico-Biological Interactions 135-136 (2001) 43-52. 

Bukowski JA. 2009. Epidemiologic evidence for chloroprene carcinogenicity: review of 
study quality and its application to risk assessment. Risk Analysis 29(9):1203-16. 

Dale Hattis 

Pz•obably the most significant omission is an analysis by Dr-. DeWoskin of EPA of the 
potential to use a PBPK model for estimation of human vs. mouse and rat delivered doses 
in modeling cancer dose response relationships for chloroprene. Its omission from the list 
of references is surprising. The abstract of this paper I retrieved from a MEDLINE search 
is: 

PBPK models in risk assessment--A focus on chloroprene. 

DeWoslcin RS. 

Chein Biol Interact. 2007 Mar 20;166(1-3):352-9. Epub 2007 Feb 8. 

10 
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US EPA/NCEA (National Center for Environmental Assessment), Mail Drop B243-01, 
Research Triangle Parlc, NC 27711, USA. dewoslcin.rob@epa.gov 

Mathematical models are increasingly being used to simulate events in the exposure-
response continuum, and to support quantitative predictions of risks to human health. 
Physiologically based pharmacokinetic (PBPK) models address that portion of the 
continuum from an external chemical exposure to an internal dose at a target site. 
Essential data needed to develop a PBPK model include values of .key physiological 
parameters (e.g., tissue volumes, blood flow rates) and chemical specific parameters (rate 
of chemical absorption, distribution, metabolism, and elimination) for the species of 
interest. PBPK models are commonly used to: (1) predict concentrations of an internal 
dose over time at a target site following external exposure via different routes and/or 
durations; (2) predict human internal concentration at a target site based on animal data 
by accounting for toxicokinetic and physiological differences; and (3) estimate variability 
in the internal dose within a human population resulting fi-oin differences in individual 
pharmacokinetics. Himmelstein et al. [M.W. Himmelstein, S.C. Carpenter, P.M. 
Hinderliter, Kinetic modeling of beta-chloroprene metabolism. I. In vitro rates in liver 
and lung tissue fractions from mice, rats, hamsters, and humans, Toxicol. Sci. 79 (1) 
(2004) 18-27; M.W. Himmelstein, S.C. Carpenter, M.V. Evans, P.M. Hinderliter, E.M. 
Kenyon, Kinetic modeling of beta-chloroprene metabolism. II. The application of 
physiologically based modeling for cancer dose response analysis, Toxicol. Sci. 79 (1) 
(2004) 28-37] developed a PBPK model for chloroprene (2-chloro-1,3-butadiene; CD) 
that simulates chloroprene disposition in rats, mice, hamsters, or humans following an 
inhalation exposure. Values for the CD-PBPK model metabolic parameters were 
obtained from in vitro studies, and model simulations compared to data from in 
vivo gas uptake studies in rats, hamsters, and mice. The model estimate for total 
amount of metabolite in lung correlated better with rodent tumor incidence than did 
the external dose. Based on this PBPK model analytical approach, Himmelstein et al. 
[M.W. Himmelstein, S.C. Carpenter, M.V. Evans, P.M. Hinderliter, E.M. Kenyon, 
Kinetic modeling of beta-chloroprene metabolism. II. The application of physiologically 
based modeling for cancer dose response analysis, Toxicol. Sci. 79 (1) (2004) 28-37; 
M.W. Himmelstein, R. Leonard, R. Valentine, Kinetic modeling of beta-chloroprene 
metabolism: default and physiologically-based modeling approaches for cancer dose 
response, in: IISRP Symposium on Evaluation of Butadiene & Chloroprene Health 
Effects, September• 21, 2005, TBD--reference in this proceedings issue of Chemical-
Biological Interactions] propose that observed species differences in the lung tumor dose-
responseresult from differences in CD metabolic rates. The CD-PBPK model has not yet 
been submitted to EPA for use in developing the IRIS assessment for chloroprene, but is 
sufficiently developed to be considered. The process that EPA uses to evaluate PBPK 
models is discussed, as well as potential applications for the CD-PBPK model in an IRIS 
assessment. 

In reading the document, I don't recall coming across an explanation for why the 
implications of this model for cancer risk were not explored. It seems to me that the high 
dose saturation effects that are apparent in the tumor data could be explained in part by 
even a basic application of this kind of model. Explaining the high dose saturation of the 

mailto:dewoslcin.rob@epa.gov
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metabolic activation would, I think, (1) avoid the need to eliminate the high dose for 
some data sets and (2) lead to an increase in the estimate of the linear coefficients for the 
cancer dose response model. The PBPK model may well be considered not sufficiently 
tested against human data for un-caveated application to human risk projection, but I 
think its implications should at least be explored for sensitivity analyses. 

Ronald L. Melnick 

No additional studies were found that would significantly impact the overall assessment. 

John B. MoYris 

I am aware of no additional toxicity studies relative to chloroprene. The mouse 
bronchiolar airway lesions are reminiscent of those induced by naphthalene and styrene. 
In this regard, comparisons to these compounds might provide some useful perspectives. 

Avima M. Ruder 

Two recent studies of genetic damage in workers exposed to chloroprene are relevant to 
this review. 

Heuser VD, de Andrade VM, da Silva J, Erdtmann B. 2005. Comparison of genetic 
damage in Brazilian footwear-workers exposed to solvent-based or water-based 
adhesive. Genet Tox Environ Mutat/Mutat Res 583(1):85-94. 

This study compared Comet assay results for unexposed workers, workers using water-
based adhesives, and workers using solvent-based adhesives containing polychloroprene 
(and, presumably, some chloroprene as a contaminant), with a significantly higher 
damage index among the solvent-based adhesive users than either the unexposed or 
workers using water-based adhesives. 

It was not entirely clear from the article whether the solvent-based adhesive group used 
adhesives (and other compounds), as stated on page 90, or produced the polychloroprene 
(page 91). In either case, there are a number of additional exposures which might have 
been associated with the chromosome damage. Other than the chromosome results no 
health effects were reported. 

Musak L, Soucek P, Vodickova L, Naccarati A, Halasova E, Polakova V, Slyskova J, 
Susova S, Buchancova J, Smerhovsky Z and others. 2008. Chromosomal 
aberrations in tire plant workers and interaction with polymorphisms of 
biotransformation and DNA repair genes. Mutat Res 641(1-2):36-42. 

This study compared lymphocyte chromosoi~ne aberrations among smoking and 
nonsmoking tu•e workers (exposed to butadiene) and controls. In addition, participants 
were genotyped for polymorphisms in genes encoding metabolic enzymes. 
"Chromosomal aberrations were higher in subjects with GSTTI-null (2.4 f 1.7%) than in 

12 
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those with GSTT l -plus genotype (1.8 ~ 1.4%; F = 7.2, P = 0.008)." In light of the papers 
on diene (butadiene, chloroprene, isoprene) metabolism that indicate that the 
detoxification of a mutagenic metabolite goes through the GST pathway [Himmelstein, et 
al. 2004a; Himmelstein, et al. 2004b; Munter, et al. 2007; Munter, et al. 2003], this result 
is significant. It means that the fifty percent of the human population that is GST-null 
may be at higher- risk from exposure; any exposure-associated carcinogenicity could be 
higher in this susceptible subpopulation. 

Other studies to consider: 

Fajen JM, Ungers LJ. 1985. DuPont de Nemours and company, Pontchartrain 
Works, Laplace, LA, IWS-147-3L LA, Laplace: NIOSH, Cincinnati, OH. 1-18 p. 

Jones JH, Young RJ, Selevan S. 1975. du Pont de Nemours and Company, Inc., 
Louisville, Kentucky, IWS-87-10. KY, Louisville: NIOSH, Cincinnati, OH. 1-9 p. 

McGlothlin JD, Meyer C, Leet TL. 1984. E.I. DuPont De Nemours And Company, 
Louisville, KY, HETA-79-027-1459. KY, Louisville: NIOSH, Cincinnati, OH. 1-28 p. 

These NIOSH site visits provide concise histories of processes and chemicals at the 
plants, as well as descriptions of records and medical monitoring (Fajen and Jones 
reports) and a Health Hazard Evaluation (McGlothlin). 

Leonard RC, Kreckmann KH, Lineker GA, Marsh G, Buchanich J, Youk A. 2007. 
Comparison of standardized mortality ratios (SMRs) obtained fi•om use of reference 
populations based on a company-wide registry cohort to SMRs calculated against 
local and national rates. Chem Biol Interact 166(1-3):317-22. 

This study calculated SMRs for the Louisville and Pontchartrain chloroprene plants using 
the DuPont employee database as a reference population, rather than the U.S. national or 
local population. For the Louisville plant, "...the SMRs based on the total U.S. DuPont 
worker mortality rates for all causes of death (1.13), all cancers (1.11), and respiratory 
cancers (1.37) are statistically significantly increased. The SMR for liver cancer (1.27), 
although elevated, is not statistically significant." 

Richard B. Schlesinger 

There are none that I am aware of. 
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Chemical-Specific Charge Questions: 

(A) Oral Reference Dose (RfD) for Chloroprene 

I. An RfD was ~zot derivedfoY chlof^oprene. Has the scie~ztific justification fog^ not 
deYiving an RfD been clearly descYibed in the docui~zent? Please identify analpi~oi~irle 
t1Ze Nationale fa^ any studies that should be selected as the pFiszcipal study..._ _ _ .__ 

HeYnaan J. Gibb 

The scientific rationale for not deriving an RfD has been clearly described. 

Dale Hattis 

Yes. But such a derivation would be possible if the PBPK model (or some suitable range 
of models derived from sensitivity analyses) were used. 

The principal study selected for analysis is fine. 

Ronald L. Melnic/i 

Yes, the lack of an adequate multiple-dose oral toxicity study on chloroprene that could 
be used for adose-response analysis and the lack of information on the disposition of 
chloroprene after inhalation or oral exposure that would enable a reliable route-to-route 
extrapolation justify not deriving an RfD for this chemical. Because of a likely large first-
pass liver effect after oral exposure, the systemic distribution of parent compound and 
reactive metabolites could be very different after oral or inhalation expostu-es. 

John B. Morris 

An oral RfD was not derived for chloroprene. The current database is clearly described. 
The rationale for the decision to not derive an oral RfD is clearly and concisely described. 
The scientific justification is appropriate and the decision is well founded. 

Avima M. Ruder 

As the document states, there are no human data on oral exposure and only one lifetime 
animal study, so clearly the justification for not deriving an RfD exists. 

Rzchard B. SchlesingeY 

The decision not to derive an RfD is clearly justified in the document as based upon the 
lack of appropriate datasets for oral exposure. 

14 
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(B) Inhalation Reference Concentration (RfC) for Chloroprene 

1. A chNonic RfCfor clZloroprene has beeiz derivedfrom a~z i~ihalatio~i toxicity study 
(NTP, 1998) investigating non-cancer effects in multiple oYgan systems. Please co»zment 
o~z whether the selectio~z of'this study as the principal study is scie~ztifically justifier/. 
Please identify andprovide'the rationalefoY any otlzeY studies that should'be selected «s 
theprincipal study. 

He~nian J. Gibb 

The selection of this study is justified. The document states that the Trochimowicz et al. 
study was not chosen as the principal study "primarily due to the lack of observed effects 
at similar exposure levels as the NTP (1998) study"(page 4-39, lines 19-20; page 5-2, 
lines 26-29). That doesn't seem as strong an argument as the high mortality in the low 
dose animals which were suffocated by the ventilation system (page 5-2, lines 13-16, 29-
31). 

Dale Hattis 

The principal study selected for analysis is fne. 

Ronald L. Melnick 

The selection of the NTP chronic inhalation toxicity study as the principal study for the 
derivation of an RfC for chloroprene is scientifically justified. This was a well designed 
and conducted study, which identified several non-cancer effects in multiple organs of 
rats and mice exposed to a wide range of concentrations of chloroprene. A major strength 
of this study is the multiple histopathological reviews of lesions identified in rats and 
mice. The study clearly demonsriates the toxicity of chloroprene in multiple species and 
the data are suitable for dose-response analyses. 

John B. MoN~^is 

The selection of the NTP inhalation study as the principal study is scientifically justified. 
It was well conducted and subject to peer review. 

Avima M. Ruder 

The data files for two human studies conducted at the Louisville plant [Gooch and Hawn 
1981; McGlothlin, et al. 1984] might have some infot-ination on subchronic effects. 
Gooch and Hawn did biochemical and hematological assays on blood specimens from 
workers characterized by their duration of chloroprene exposure. McGlothlin and 
colleagues conducted medical interviews with workers who had been monitored for 
chloroprene exposure (personal zone air samples). The report does not present any 
tabular data on health effects. However, the lack of quantitative exposure data for Gooch 
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and Hawn and of quantitative medical data for McGlothlin et aL rule out their use as a 
principal study. Selection of the NTP study is justified. 

Richard B. Schlesirzgef~ 

This study is clearly the best one to use for derivation of the RfC. It has a range of 
exposure concentrations and examined two species and multiple organ systems. The other 
chronic bioassay of Trochimowicz et al. has a number of problems associated with it that 
in my mind preclude its use as the key study. 
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(B) Inhalation Reference Concentration (RfC) for Chloroprene 

2. An increase in the incidence ofdegenerative nasal lesions in »tale rats, characteNized 
by olfactory epitJzelial atyoplay and/or nec~^osis with incYeasing severity, w«s selected as 
the critical effect. Please cofranzent on the scientific justificatio~zfog^ co~~tbi~t ~zg the 
incidence of atYophy and necrosis andfoY selecting this endpoint as the c►•iticrr! effect.' 
Please identify andprovide the rationalefoN any otheN'eiidpuants that slzor~ld be 
considered in the selection n the critical eect. 

Her~zan J. Gibb 

It seems reasonable to combine the incidence of epithelial. atrophy and necrosis. The 
rationale for choosing degenerative nasal lesions over epithelial hypeiplasia or splenic 
hematopoietic proliferation (page 5-10, lines 4-10) is reasonable. 

Dale Hattis 

I think there is no problem with the selection of these endpoints for RfC derivation. 

Ronald L. Melnick 

Combining the incidences of the degenerative nasal lesions, atrophy and necrosis, seems 
reasonable, but does not make much difference on the overall determination —the 
incidence of atrophy alone in the control and three dose groups of male rats was 6, 24, 94, 
and 98°/o, while the combined incidence of atrophy and necrosis was 6, 26, 96, and 98%; 
and the derived human equivalent POD values were essentially the same (1.1 mg/m3 for 
atrophy and 1.0 mg/m3 for the combined lesions, respectively). 

Nasal degeneration is the appropriate effect for determination of the POD, because this 
was the most sensitive endpoint producing the lowest human equivalent POD. The 
document notes that candidate endpoints considered for the critical effect were those that 
were statistically increased in the lowest exposure concentration group. This limitation 
should not be unposed because it could result in exclusion of sensitive endpoints 
depending on the nature of the dose-response relationship. Other endpoints that should 
also be considered are renal tubule hypeiplasia in male rats (single and step section data) 
and renal tubule hyperplasia in male mice. RfCs should also be derived and presented in 
Figure 5-1 for- other endpoints, including olfactory effects in female rats, male mice, and 
female mice, and renal tubule hyperplasia in finale rats, female rats, and finale mice. 

John B. Mortis 

Nasal degenerative lesions in the rat were selected as the critical response because the 
POD-HEC derived from these data was the most protective. Several concerns could be 
raised relative to this recorrunendation. First, the rationale for combining lesions and the 
precise way in which the data were combined is poorly described. In my view, the 
concept that necrosis may precede atrophy is quite straightforward. Numerous agents 
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induce nasal olfactory necrosis and atrophy (esters, styrene, and naphthalene to name a 
few); critical evaluation of this database will provide insights into the typical progression 
of lesions. The concept that atrophy precedes necrosis, however, is bewildering to ine. I 
am not aware of a nasal toxicant in which it has been shown that atrophy results in 
subsequent necrosis. Such an example should be provided to support this concept. In the 
absence of such information, it is not reasonable, in my view, to assert that atrophy 
causes necrosis. I, therefore, do not concur with combining the lesions. I note that the 
difference in POD-HEC between combined and uncombined data is quite small; why 
invoke a poorly substantiated approach when it results in little difference? My other 
concerns focus on POD issues and are provided below. In my view, the POD should not 
be based on nasal lesions, making the issue of combination of lesions moot. 

Avif~ia M. RudeN 

Combining the effects of atrophy and necrosis appears justified. Table 5-1 does not 
provide the p-values for trend in dose response for various endpoints. However, it 
appears that the trend might be stronger for- the atrophy or necrosis, with percentages 
affected ranging from 6 to 98%with increasing doses, than for hematopoietic cell 
proliferation in the spleens of female mice, with percentages affected ranging from 26 to 
78%with increasing doses. 

Richard B. Schlesinger 

A portal of entry effect was used as the critical effect, which is appropriate for this 
chemical. The justification provided for combining these two degenerative changes as the 
overall effect of interest is appropriate, even though it would be assumed that necrosis 
would precede atrophy. While it appears that the chloroprene while non reactive is 
metabolized in the upper respiratory tract to a reactive epoxide, there needs to be some 
explanation as to why the nasal changes themselves were selected over effects in the 
bronchial tree or alveolar region that were observed at the 12 ppm exposure level as well. 
An explanation does appear on page 5-7 following results of modeling, but there should 
have been some indication earlier on as to why the upper respiratory rather than the lowei-
respiratory tract endpoint was selected in the first place. 
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(B) Inhalation Reference Concentration (RfC) for Chloroprene 

3. Benchmark dose (BMD) trzodeli~zg was used to defi~ze the point of ~lepcct•trrrc (POD)for 
the deNivation of the RfC. The POD was based on increased incirlencc of degeneratzve 
nasal lesions i~z male Yats at a be~ichnzark ►^espouse (BMR) of 1U% ext~~a ~~isk. Hcis the 
BMD a~pYoach been appropriately co~zducted? Is tTze BMR s~lecte~l,for use i~z rlei~rving 
the POD-(ie., 10% extNa risk of dege~ierativenasal lesions of less thrin m~~r~es~rrte 
,severity)scientifically justifzecl? Please identifyslidpYovide t1~c 1~~itin~lrrlefor ~ciiy 
~rlternative approaches (including the selectio~i of the BMX, »zorlel, etc.) fos~ the 
~leterirzination of the POD acid discuss whether such approacJacs are preferred to FPA's 

HeYnzan J. Gibb 

The BMD approach is preferred to other approaches for the given data. The arguments 
made by one of the peer reviewers, Di-. Morris, to reconsider the calculation of the RfC 
with regard to blood borne delivery versus airborne delivery are reasonable, and I would 
recommend that the Agency evaluate both approaches prior to performing dosimetric 
adjustment. If atrophy/necrosis is eventually selected as the endpoint, a BMR of 10% 
extra risk is reasonable given the arguments on page 5-4 of the document. 

Dale Hattis 

The saturation of metabolism to the active metabolites could be c(ar-ifieci with the use of 
the PBPK model mentioned earlier. This could facilitate. dose. response mc~delinb and 
perhaps lead to a somewhat lower point of departure for application of une~rtainty 
factors. 

At the peer review meeting an issue arose as to whether the 10%benchmark response 
level was appropriate in the light of the severity of the nasal lesions in some of the 
animals. 1f counts are available on the numbers of animals showing different levels of 
severity in relation to dose than this would seem to be a good case for the use of the 
EPA's categorical regression software. With that system it would be possible to take the 
severity infoi~nation into account and estimate a somewhat lower BMDs and BMDLs 
corresponding to a 10% extra t~isk of mildly adverse effects. 

In addition, EPA might consider a modifying the benchmark dose estimation to take into 
account the approach to saturation of metabolic activation derived from the cancer dose 
response information (see below). 

Finally I agree with some of the other reviewers that the RfC should be derived using the 
procedures for a category 3 rather than a category 1 vapor. 
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Ronald L. Meliziclz 

BMD modeling is the preferred approach to derive the POD because it uses all of the 
dose t-esponse data and is less impacted by the group size. Some discussion is needed on 
why a particular dose response model was selected for the determination of the POD in 
situations where more than one model provided an adequate fit to the data. If it is EPA's 
policy to select the model that yielded the lowest AIC value, then that rationale should be 
explicitly noted. The characterization of chloroprene as a Category 1 gas and the 
application of a dosimetric adjustment factor for portal-of-entry effects have not been 
adequately justified. 

The NTP study that was used to derive the RfC did not achieve a NOAEL, and the 
severity of the nasal lesions was greater than minimal in the lowest exposure 
concentration group. In fact, several male rats in the low exposure group (12.8 ppm) were 
graded with moderate severity for olfactory atrophy and necrosis. The benchmark 
response of 10% extra risk is not a NOAEL and the estimated BMDIo used to derive the 
RfC is approximately 60% of the lowest concentration used in the chronic toxicity study 
of chloroprene. Because the NTP study included 50 animals per group, a BMR of 2% or 
5% exri-a risk would likely provide a reliable estimate for the derivation of the POD 
without suUstantially increasing statistical uncertainty at the POD. Thus, I strongly 
recommend BMD modeling and derivation of the POD from the 2% or 5%extra risk 
response; if that is not done then an additional uncertainty factor of 3 to l OX would need 
to be applied to the human equivalent POD. 

John B. MoNris 

I do not concur with the approach used to derive the POD-HEC. Multiple POD-HEC 
values were derived for differing lesions and the most sensitive was then selected. I note 
that the POD values (prior to DAF correction) for all the lesions are virtually identical, 
spanning 2.1-8.3 ing/m3 range. The only reason the POD-HEC is lower for- the nasal 
lesions is that the DAF is so low. Thus, the selection of the nasal lesions as the most 
sensitive response is simply an artifact of the DAF (RGDR) calculation and not based on 
the primary experimental observations. 

My concerns relative to the RGDR are described below. Essentially they are: 1) the 
RGDR calculation is theoretically flawed and discordant with the inhalation dosimetry 
database, and 2) there is no basis to conclude that airborne rather than blood-borne 
chloroprene induces nasal olfactory lesions. The absence to consider blood-borne 
delivery is particularly confusing in light of the fact that the possibility of blood-borne 
delivery relative to pulmonary lesions received much attention. Why this was ignored for 
the nose is perplexing. The distribution of lesions (olfactory, but no respiratory mucosal 
damage) could certainly be reflective of a critical role for blood borne delivery and/or in 
situ metabolic activation. The absence of nasal respiratory injury suggests the parent 
compound and/or direct reactivity of the parent compound are not likely involved. 
Commonly a strong anterior/posterior gradient in respiratory inucosal injury is seen for 
vapors which are directly reactive. This is not the case for chloroprene, in fact, no 
respiratory mucosal lesions were seen. Were blood borne delivery considered I believe 
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the RDGR would be 1. In my view, the assumption that chloroprene is a category l gas is 
also flawed (see below). Given that numerous compounds produce nasal olfactory injury 
following parenteral administration, the observation of nasal olfactory injury cannot be 
used in support of a category 1 assignment. The partition coefficient of chloroprene is 
quite small (10) from a nasal dosiinetric view. It is difficult, if not impossible, to envision 
a scenario in which nasal backpressure does not influence dosiinetry and/or that nasal 
deposited chloroprene does not penetrate to the depth of the blood. In my view, 
chloroprene is a category 3 gas. 

At best, the assignment of category 1 status and the exclusion of blood-borne delivery 
mechanisms represent a weakness of the RfC derivation. An alternate approach would be 
to select the POD on a parameter closely associated with the collected data rather than to 
pick a value subject to artifact from the RGDR approach. Were this done, a differing 
critical lesion would be selected —likely alveolar epithelial hyperplasia and/or 
hematopoietic proliferation. Given that the subsequent text includes considerable 
discussion of the possibility of blood borne delivery relative to pulmonary injury, the 
selection of an inhalation based DAF of 2.3-4.1 would need to be critically discussed and 
supported were lung lesions selected as the critical effect. For the cancer risk 
extrapolation both inhalation based and blood-borne based DAF values were used. Why 
not use both approaches for the non cancer endpoints as well? The lack of consistency is 
striking. 

I am supportive of using a BMD approach as the database appears sufficiently robust to 
allow for this calculation. An extra risk of 10% of mild lesions is an appropriate endpoint 
in my view. However, if moderate grade lesions were observed at exposure 
concentrations approximating the calculated BMD10, it would suggest the calculated 
value is too permissive. As noted above, I would recommend selecting the endpoint 
based on the observed data and then petfonning a single DAF-based calculation based on 
those data. Such an approach would minimize artifacts due to complexities associated 
with selection of the most appropriate DAF. 

Avisraa M. RudeY 

I don't have the expertise in risk assessment to comment on whether the modeling and 
extrapolation from animal to human was appropriately conducted. However, a 10% 
increase in an effect appears to be a significant enough departure from good health to 
justify the calculation. Upon reflection, I agree with the argument made by Dr. Melnicic 
that the proposed benchmark dose does not represent a NOAEL and that it might be 
better to look at a lower response level (2-5%). From the responses from EPA staff at the 
review meeting it appears that a 2-5%extra risk response level was considered in internal 
EPA discussions. I also think that the issues raised by Dr. Morris as to whether 
chloroprene is a category 1 gas or not need to be clarified. 
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RrcliaYd B. Schlesinger 

The BMD approach is very well suited for the large data set of the principal study being 
used in this document and using chronic toxicity and carcinogenicity as endpoints. In 
general when using the BMD, a 10% level of acceptable risk is used. Thus, this document 
follows relatively standard procedures in this regard. However, based upon the data, this 
level maybe too high and it is suggested that a lower level, perhaps 5%, be used in this 
case. The document could be clearer in showing the different stages in the development 
of the RfC. It does provide a formula on page 5-4 but does not show the use of the 
formula with actual numbers from the principal study. It would be helpful to the reader if 
such a step by step actual derivation was provided. For example, it would help to see the 
actual value for the PODadj (mg/m3) that was used to derive the HEC. 
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(B) Inhalation Reference Concentration (RfC) for Chloroprene 

4. Please corrzi~zent on the Nationalefor the selection of the utzceNtaintyfactors (UFs) 
applied to the PODfoY the deYivation of the RfC. If changes to the selected UFs aYe 
pNoposed, please ide~ztify acid provide a ~atio~iale(s 

Her~zan J. Gibb 

The uncertainty factors seem reasonable. 

Dale Hc~ttis 

I have no quarrel with the selection of uncertainty factors made in the document. The 
analysis seems very standard. The only area of modest controversy might be the choice of 
a database uncertainty factor of 3. This seems adequately justified by the absence of a 
two-generation reproductive study, although the negative findings for- teratogenesis and 
dominant lethal effects could have been considered an adequate substitute. 

Ronald L. Melnick 

The selection of uncertainty factors of lOX for human variation, 3X for animal-to-human 
toxicodynamic uncertainty, and 3X for database insufficiencies are reasonable and 
consistent with EPA policy. However, it is not possible to know if the UFs selected for 
human variability and interspecies uncertainty adequately account for the extent of these 
variations. For example, human variability is greater than l OX for the activities of the 
enzymes involved in chloroprene metabolism (both activation of chloroprene and 
detoxification of the reactive epoxide intermediate). As noted in response #3 above, the 
BMD1 ~ is a true effect level with several animals diagnosed with moderate lesion severity 
(i.e., the severity level just below marked). The EPA assumption that the BMDIo 
represents a minimal biologically significant change that was less than moderate severity 
is not correct. Thus, an additional uncertainty factor of 3-lOX should be applied to the 
RfC derived from a BMDio; alternatively, the POD should be derived from a BMR or 2% 
or 5% extra risk. An additional deficiency in the database includes lack of data on 
potential neurodevelopmental toxicity, or other long-term effects following perinatal 
exposure. 

John B. MorNis 

The rationale for OF selection is clear and appears consistent with typical procedures. 
The discussion would be greatly enhanced by inclusion of discussion of the impact and 
uncertainty of selecting DAF factors based on airborne delivery. My concerns, in this 
regard, are provided above. In my view, it is important to recognize that the DAF 
calculation is subject to considerable uncertainty and, as such, should not be accepted as 
factually based. Discussion should also be included on the basis for inclusion of a 
database limitation uncertainty factor as amulti-generation study is available. It should 
be stated if this is policy-based rather than scientifically-based decision. 
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Avinza M. Ruder 

The uncertainty factors appear justified. As I commented above, there is probably 
considerable human variation in the metabolism of chloroprene, due to polyinorphisms in 
the genes coding metabolic enzymes. However, as Drs. Schlesinger, Hattis, and Melnick 
suggested during the review (or as I understood them to suggest), it might be more 
appropriate to change the benchmark dose response, rather than the uncertainty factors. 
Their arguments should be considered. 

RichuYd B. Schlesinger^ 

The specific UFs chosen are well justified and appropriate for the data set used and 
follow standard USEPA guidelines. 
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(C) Carcinogenicity of Chloroprene 

1. Under the EPA's 2005 Guideli~aes_for• CaYcino~en Risk Assessment 
(www.epa.gov/iYis/backgr-d.lztm) the A,;~ncy concluded that chloroprene is likely to be 
car~cino~enic to hu~zans by all Youtes of exposuNe. Please co~a~nent on the canceY 
weight of evidence chaeacterizatiof~. Is the cancer weight of evidence characteNization 
scientificallyjustified 

Her~accn J. Gibb 

The characterization is ~learly.jz~stili~cl based on the animalandgenato~cicity data,but the 
argumentfor the epidemiolo~ic data has becn_overstated_ 

The reported evidence ova liver cancer risk in the [~c~uisville cohort studied`by Marsh et 
al. (2007a, 2007b)'swnmar zed on pa~c ~- l b, li~~es 3-5 relies heavily on a purported dose 
response in4 cumulative exposure categories. The. c~4~cument does not describe what the 
relative risks (and confidencelimii~s) arc in each ol'the fourexposure categories butstates 
thaf the probability of the trend is 0.09 (~a~e 4- ] 3, Iit~es 13-17; page 4-71, lines 4-7) i'~. 
Furthermore, the document neglects to report what tine overall SMR for liver cancer is iz~ 
the Louisville cohort. Interestingly, the document concludes that there is no evidence of a> 
dose response relationship for 1~espirator~~ cancer yei describes the relative risks and 
confidence limits for i~es}~ir~3~oryr carlc~r by all lour ctnnulative exposure levels for all four 
facilities in the lYl~rsh et al: study (pate 4-14, ~l,abie 4-9). Why isn't the reader given that 
information far the liver cance~~ relative risks, at least -For the Louisville cohort, since tihe 
docwnent has gone to the point of'sug~,esting that the daza;indica~es that there is a l ver 
cancer dose respo~~se? rurthertn~i-e, in the discussion of "biological gradient" on page 4= 
71, no mention is made of Table 4-11 on page 4-17 showing that two studies demonstrate. 
evidence of a dose response for liver cancer, and two demonstrate no evidence of a dose 
response. The dose response in one of the studies (Leet and. Selevan 1982) would not 
even exist if only deaths from liver cancer were included in the analysis since two of the. 
three deaths from. cancer of the liver and bilary passage in the high exposure category 
were due to gall bladder cancer. The other study in Table 4-11 that suggests a dose 
response is Bulbulyan (1999); but the relative risks in the high. and low dose are not 
statistically different. The statement at the bottom of page 4-18 that there is evidence of a 
dose-response relationship in different cohorts in different continents (U.S., China, 
Russia, and Armenia) grossly misrepresents the evidence. 

Know1~ risk factors for Liver cancer include Hepatitis Band C infection, aflatoxin 
ingestion, certain inherited metabolic. diseases, cirrhosis' due to alcohol abuse; obesity; 
and certain inherited metabolic diseases:(American Cancer Society). None of these 
factors with t11e exception of alcohol consumption (page 4-69, lines 28-29) have been 

~ The document states on page 4-13, linesl5-17, and page 4-13, lines 4-71, lines 5-6 the r-ange for the three 
highest exposure levels was from 1.9-5.1 but doesn't state what the RR's for each of the four exposure 
levels are nor does it provide confidence limits on the RRs. 
' If the p = 0.09 is calculated by the authors of the EPA document (as opposed to Marsh et al.), that should 
be indicated. 
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discussed in the reviel~. Tt is interesting that in the Major Conclusions on page 6-2, lines 
27-29, the document totes that"These associations (respiratory cancer) are not 
considered asstrong as those ~~~ithliver cancer due to the inability to control for 
confounding by smolcin~ status, a strong indicator of lunb cancer." What about the well-
knowmrisk faotors fo1~ liver cancer`> Were they considered in the various studies? bn page 
4-69, lines 2829; the document indi~atcs that the lack of data an alcohol consumption is 
a "key limitation_" On lines 31-32, the document states that there is also a "high. 
likelihood of c~-ex~~osures ~~~hich Yr~ay he confounders." Nonetheless, the documentgoes 
on to blithely state that "Despite this potential, tihere is little evidence of substantial 
exposure to liver carcinogens in these populations." How can such a statement be made if 
the study authors never co~~sidered the major risk factors? 

Ofpartieular note with respect to the l~i et al: study is That the highest liver cancer rate in 
the world is China (asfnuch as 10~ that in the U:S.), primarily the result ofHepatiitis B 
infectionand aflatoxin ingestion. Giv~nthe considerableriskposed6y theseriskfactors 
in a Chinese population and that there ~veie only b liver cancer deaths in the'entire cohort 
working in a facility ~~~here there were multiple chemical exposures, it is impossible to 
conclude that the sfudy indicates an association'betweenchloroprene and lverca~ncer. 

The documentindeates on page4-8 that Bizlbulyan e~a1. (1998) found 11 deaths due to 
cirrhosis. It is possible that thesedeaths could haue beencaused by chloroprene,but 
alcohol and hepatitis ~3/C infections are the' most common causes of cirrhosis which 
should say something about the cohort. Liver cancer is about 50%higher in-Eastern 
Europe than it isinNorth Arn~;rica, and alcohol consumptionn Russia is reported to be 
almostdouble thatof the U:S. 

The analysis of the Bulbulyan (1999) study indicates that there was increasing incidence. 
of liver cancer by duration of einployrnent and by cumulative exposure. Presumably 
duration of exposure and cumulative exposure were not evaluated together in a multiple 
regression by the study authors (I do not have the original paper). Given that there was an 
increasing risk by duration of exposure, one cannot rule out that the increasing risk with 
cumulative exposure was not due to other exposures at the facility. Presumably; there was 
no analysis by intensity of exposure? If there was, what did it show? 

The document should be more transparent in the presentation of the human data on liver 
cancer. For example: 

• The liver cancer relative risks for all four exposure categories in the Louisville cohort 
studied by Marsh et al. should be reported. 

• The SMR for liver cancer should be reported for the Louisville cohort studied by 
Marsh et al. 

• Whether Marsh et al. (20Q7a, 2007b) and. Legit and Selevan (1982) Louisville cohorts 
are independent should be addressed. T~Leet and Selevan (1982) is a part of or t11e 
same as the Marsh et al. cohort (or even very similar), then use of the Legit and 
Selevan (1982) should not be described as providing independent results of dose 
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response, consistency, etc. The Same is true of the Colonna and Leydavant (2011) and 
the Marsh et al. studies of the Pontchartrain facility. 
The confounding factors fc~r liver cancer and whether studies addressed these risk 
factors. should be discussed. 
The statement in the Major Conclusiof~s ~>n page 6-2;lines19-20thaYthere was 
"some evidence" of liver/bil aa-t~ passage c~jncer risk being associated with 
chloroprene exposure isfollov~~ed by tl~e S~ate~~~ent on lines22-23 that thesemeasures 
of association were "strong, especially iii the p~~esence of healtkiy worker bias" is 
inconsistent. 
~1n association betweenlivec cancer aT~ci c~~loroprene exposure beil~g strengthened by 
the healthy worker effect as indicated i~~ the Major Conclusions is not evident in the 
summary of the overall~~eight ofevidence (some mention_of HWE is made on,page 
4-69, lines 21-25 but does not i»dicate That the evidence is strengthened): 
Furthermore; ahealt}~y ~~~oi~ker effect for liver cancel~~ Withsucha shortlife 
eYpeetancy follo~~in~ diagnosis, i would expect the healthy worker:effect for liver 
cancer to be minimal if it even exists. 
The small number of liver cancer cicaths/cases in the studies by Li et al., Bulbulyan 
(1998, 1999) and Leet ~~nd Selevan (1952) and tl~e variability-about such small 
numbers should be better descr~ibecl, pa~-ticula~~ly~ ila light of the limitations oftt~ose 
studies with respect to calculation of the erected deaths,'follow-up; etc. 

As the document acknowledges nn pa~.~c 4-17, there is little if any evidence that 
chloroprene increasesEhet~isk of ~~espir~~tory cancer. The Iii~nitations of the earlier studies 
(Li et al . 1989, Bulbulyan 199b, 1999) are significant with regardto whether or notthey 
indicate an inereas~d risk oi'livcr- caileer front chloroprene e~osure. The largest and 
what appears from the docwz~ent to be the best conducted study(Marsh et al:, Louisville 
cohort} provides little if an~~ ~vidcnce that a liver uancer''risk exists. Furthermore, the 
document has riot been transparent in its reasoning that there is a risk of liver cancer. 

In summary, the descriptor of"likely to be carcinobenic to humans" is supported by the 
anii11a1 and genotoxicity data] but not by the human data: While the descriptor is 
appropriate, the document should not try to make more of the epidemiologic studies than 
is warranted. 

Dale Hattis 

Yes. The ample information on carcinogenesis in many sites in animals, the clear 
metabolism information to mutagenic metabolites, and the analogies to related chemical 
carcinogens with analogous metabolic pathways to DNA-reactive metabolites all 
combine to make this conclusion unequivocal. As suggested by Dr. Melnicl<, the final 
document should consider whether the available evidence warrants an upgrade of the 
classification to "carcinogenic to humans. 
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Ronald L. Melnick 

Results from the NTP study demonstrating multiple organ carcinogenicity of inhaled 
chloroprene in both sexes of rats and mice are consistent with the EPA descriptor "likely 
to be carcinogenic to humans." Because the carcinogenicity of chloroprene is likely due 
to its epoxide metabolites, and because cytochrome P450-mediated epoxidation of 
chloroprene can occur in several organs including the liver, kidney, and lung, metabolism 
of absorbed chloroprene to a mutagenic intermediate can occur by any route of exposure. 
The systemic distribution of tumors in the NTP studies demonstrates that chloroprene can 
induce tumors beyond the sites of initial contact. Liver toxicity of chloroprene in rats 
after oral exposure (stomach tube) indicates the occurrence of oral absorption of this 
chemical. Chloroprene is absorbed by the skin (Hazardous Substances Data Bank; see 
page 3-1). 

However, the descriptor "carcinogenic to humans" may be more appropriate based on the 
multiple tumor response in two species, the fact that chloroprene is activated by CYP2E1 
to a DNA reactive intermediate (chloroethenyl oxirane) by rat, mouse, or human liver 
microsomes, the finding of a unique K-ras mutation (A—~T at codon 61) in chloroprene-
induced lung neoplasms in mice, and the relatively consistent evidence of an association 
between increased liver cancer mortality risk and occupational exposure to chloroprene. 
The EPA document does not adequately justify the characterization of chloroprene as 
"likely to be carcinogenic to humans" rather than "carcinogenic to humans," especially 
since many of the identified methodological limitations in the epidemiologic studies (e.g., 
exposure misclassifications, healthy war-ker effect) would result in an underestimate of 
risk. According to EPA's cancer risk assessment guidelines, the descriptor "carcinogenic 
to humans" may be applied when there is less than convincing epidemiologic evidence of 
a causal association between human exposure and cancer if there is strong evidence of 
carcinogenicity in animals, the MOA and precursor events have been identified in 
animals, and lcey precursor events in animals are anticipated to occur- in humans and 
progress to tumors. These conditions have been demonstrated for chloroprene. 

John B. MoYYis 

I concur that the weight of evidence supports the concept that chloroprene may be 
carcinogenic by all routes of exposure. Multiple tumors were seen in two species in 
inhalation bioassays. Additionally some data suggesting increased tumor risks in humans 
is available. Tumors were seen in non-site of contact sites in the rodent studies. (In this 
regard respiratory tract as well as gastrointestinal tract tumors may be considered as site 
of contact because of preening activity.) Moreover, there is discussion of the possibility 
of a critical role blood-borne chloroprene relative to nasal and pulmonary lesions. If there 
is, indeed, a role for blood borne chloroprene, then the possibility of carcinogenicity after 
multiple routes of exposure is elevated because systemic absorption and blood-borne 
delivery to multiple targets is possible. (The document indicates dermal absorption may 
occur.) Importantly, a potential increase in liver tumors was noted in some occupationally 
exposed cohorts. In my view, these epidemiological data support the concept that 
chlot-oprene may represent a carcinogenic hazard to ~nan. 
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Avihza M. RudeN 

The literature supports the likely carcinogenicity of chloroprene and the mutagenicity of 
its epoxide metabolites. The need for regulation of environmental (in addition to 
occupational) exposure to chloroprene is justified by a report on public health in the area 
where the Louisville DuPont plant and other industrial facilities, as well as residences, 
are co-located. In that report, the Agency for Toxic Substances and Disease Registry 
(ATSDR) stated that the volume of release of chemicals from the plants made it likely 
that soil and water (groundwater and the Ohio River) had been contaminated in the past; 
chloroprene air contamination was measured as 218 ppb or 789 µg/m3 in 1956-7 
downwind of the plants and 6 ppb or 2.68 µg/m~ in 1988 at a monitoring station in 
dov~ntown Louisville not downwind of the plants [Agency for Toxic Substances and 
Disease Registry 1998]. 

ATSDR provided a rationale for the greater vulnerability of children to toxic exposures: 
they are more likely to play outdoors and bring food into contaminated areas; are shorter 
and therefore closer to dust, soil, and contaminants; weigh less, resulting in higher- doses 
per unit body weight; and are developing rapidly [Agency for Toxic Substances and 
Disease Registry 1998]. The EPA's use ofage-adjustment factors seems appropriate. 

Richard B. SchlesingeY 

While the Guidelinesfor Carcinogen Risk Assessment are being followed in the 
chloroprene assessment, even though there are limited to no data on exposure other than 
inhalation, it seems that the mode of action of the chemical is such that it may not be 
carcinogenic via all routes, e.g., dermal exposure. It is nonreactive chemically and 
relatively insoluble in water. The weight of evidence characterization is clear and 
justified. The animal toxicological data support the conclusion that it may likely be 
carcinogenic to humans. While the epidemiological evidence in this regard is equivocal, 
the conclusion is also supported by the fact that the MOA involves conversion to 
epoxides. 
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(C) Carcinogenicity of Chloroprene 

2. A twoye~rr ifrlraCation cancer bioassay in B6C3F1 mice (NTP, 1998) was selected as 
tl7e basisfor ~ic~•i>>~rtion ofan inhalation unit ►^isle (IUR). Please eomment on whetheN 
the selectio~i of this studyfor quantification is scientifically justified. Please ide~ztify 
af~cll~rovi~le the rationale .for any other studies that should be selected as the basisfor 
yuccntificution. 

Her~zan J. Gibb 

The selection of this study is justified. The document states that the Trochimowicz et al. 
study was not chosen as the principal study "primarily due to the lack of observed 
neoplastic effects at similar exposure levels as the NTP (1998) study"(page 5-12, lines 5-
8). As with the response to Question 1 for the RfC above, high mortality in the low dose 
animals (page 4-39, lines 19-20; page 5-2, lines 13-16, 29-31) would be a stronger 
argument for not choosing the Trochimowicz study than would differences in observed 
effects between studies. Differences in study results can occur regardless of how well the 
individual studies are conducted. 

Dale Hattis 

Choice of the two-year inhalation bioassay is beyond dispute. However_ as nclicated 
earlier, the dosirnehy; in terms of active:metabolite concentration AUC, col~ld lave been 
informed 1~~ ap~~licaton of a preliminary PBPK model; 

Ronald L. Mel~iick 

The selection of the NTP 2-year inhalation carcinogenicity study of chloroprene in 
B6C3F1 mice for derivation of an inhalation unit risk is scientifically justified. The NTP 
study was well designed and conducted, and identified carcinogenic effects in multiple 
organs of rats and mice exposed to a wide range of concentrations of chloroprene. A 
major strength of this study is the multiple histopathological reviews of lesions identified 
in rats and mice. As with the related human carcinogen, 1,3-butadiene, the carcinogenic 
potency of chloroprene was greater- in mice than in rats. 

John B. MorNis 

In my view, the selection of the two-year inhalation bioassay done by NTP as the critical 
study is appropriate. This study was well performed and peer revie~~ved: It is true that the. 
Trochimowicz study provided contradictory results, but without. substantive rationale the 
NTP study cannot be ignored. Inclusion of the house lung tumor data for dose-response 
evaluation may be scientifically problematic. As is commonly observed, the mouse 
metabolic activity for chloroprene is 50-fold higher (Table 3-4) than that in tl~e 1lurnan or 
the rat (in which lung tumors were not increased). This fact should. be discussed. It is my 
view that the mouse lung data may overestimate the risk to humans. It is recobnized that 
exclusion. of tl-iese data may be problematic, but at a minimum a discussion of t11is 
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weakness should be provided: Because the metabolism rates in the rat appear similar to 
the human, the rat may'c~ff'er a better species for prediction. of human health risks. 
Certainly the documenf ~~~clulcl be improved by are explicit discussion. of the relevance of 
the mouse response consldcring its high metabolic capacity. 

Avima M. RudeY 

The text in section 5.4.4 explains the derivation of the inhalation risk but does not explain 
why inhalation in mice ~~~as chosen over inhalation in rats from the same study. I assw~e 
there are physiological differences which make mice a more suitable choice, but none 
were provided here. 

RichaYd B. Schlesinger 

The study selected I'or deri~~ation of the IUR is well justified based upon the''standard 
pro~edureuseci b}r USF.,PA in selecting themost sensitive animal model. However;-they 
may v~~ant to c~nsidcz~ the -Pact that metat~olic activation rate in tihe rat is closer to that 
occurring in humans than is thesituation in,inice. 
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(C) Carcinogenicity of Chloroprene 

3. tt ~iutage~iic ynode of caYcinoge~zic actiosz is proposedfoN chloNoprene. Please 
con~hi~nt on tivheNaer'tlze weight of evidence suppoYts this conclusion. Please comment 
on tinliether this determinatio~z is scientifically justified.Please comment o~z data' 
avuilal~le fog clzl~i~o~f•cne that inay support an alternative modes) ofaction. 

Heyman J. Gibb 

The hypothesized epoxide metabolite mode of action is reasonable. 

Dale Hattis 

Yes. The ample information on carcinogenesis in many sites in animals, the clear 
metabolism information to mutagenic metabolites, and the analogies to related chemical 
carcinogens with analogous metabolic pathways to DNA-reactive metabolites all 
combine to make this conclusion unequivocal. I am not aware of any evidence that 
comparably supports any other mode of action. 

Ronald L. Melnick 

Based on the fact that the predominant pathway of chloroprene metabolism is via 
cytochrome P450-mediated oxidation to aDNA-reactive epoxide intermediate 
(chloroethenyl oxirane), which is mutagenic in multiple strains of Salmonella, and the 
finding of activating K-ras and H-ras mutations mutations in tumor tissues obtained from 

mice exposed to chloroprene, including unique K-ras mutations (AST transversions in 
codon 61) in lung tumors, the proposed mutagenic mode of carcinogenic action is 
scientifically justified. This MOA is consistent with that of other epoxide-forming 
carcinogens, e.g., 1,3-butadiene and vinyl chloride. There is no scientific data supportive 
of any alternative mode of action. Recent experimental results presented to the Peer 
Review Panel. by DuPont demonstrated the induction of changes in gene expression 
related to DNA damage in the lungs of mice exposed to 2.5 ppm or higher concentrations 
of chloroprene (Figure 8, page 79). These data also support a mutagenic mode of 
carcinogenic action for chloroprene. 

John B. MoYris 

It should be stated that detailed assessment of mutagenic versus non-mutagenic modes of 
action is somewhat beyond my expertise. With this qualification, Iconcur- with the 
proposed mutagenic mode of action of chloroprene. Chloroprene metabolites) are DNA 
reactive and mutagenic in some bacterial strains. Data presented by DuPont suggests the 
induction of DNA repair responses in chloroprene exposed animals. Mutations were 
observed in vivo in lung tumors of animals exposed to chloroprene. Were a purely 
cytotoxic mode of action proposed it would be important to show appropriate temporal 
and dose-response data supportive of this mode. I am aware of no such data. In my view 
there are insufficient data to exclude the possibility of a mutagenic mode of action. There 

32 



RFR EXHIBIT G Page 35 of 69 
External Peer Review Meeting on the Toxicological Review of Clzlor-oprene 

appears to be multiple lines of evidence in support of this mode of action and it, 
therefore, appears scientifically justified. If, however, it is concluded that a metabolite 
represents the ultimate toxic species, then the quantitative risk assessment should be 
discussed/validated in light of the large species differences in metabolism rate. 

Avinia M. RudeY 

The metabolic pathways detailed in figure 3-1 (and in the toxicological literature from 
which this section is drawn) appear to justify this conclusion. The finding of increased 
chromosome aberrations among humans with variant metabolic enzymes that clear the 
epoxide metabolite more slowly [Musak, et al. 2008] also supports this conclusion. 

Richard B. Schlesinger 

There is much compelling evidence that chloroprene has a mutagenic mode of action due 
to metabolism into reactive epoxides. While this may not be the only MOA, it clearly is 
one of them. 
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(C) Carcinogenicity of Chloroprene 

4. Data oiz henzangio~nas/hemangiosarcomas (in all organs) and tumors ofthe lung 
(bYo~acliiolaY/alveolar ade~zomas and carcinor~zas),forestof~zach, H~Nderiun bland 
(adeno~iccs and carcinomas), kidney (ade~zo~aas), skin'and i~zeselite~y, jn~rnanzaNygla~icl 
and'liver in B6C3Fl mice were atsed to estimate the inhalation unit ri,ti•Ic. Please 
comment on the scie~ztific justification and transparency of this a~zaZysis: Has the 
modeling c~ppr^oach been appropriately conducted? Please identify andprovide the 
rationalefor afiy alteNnative approachesfor the determination of the inhalation unit 
risk and discuss whether such approaches are prefeYred to EPA's u~proach. 

Herman J. Gibb 

The rationale for combining risks from different tumor sites is reasonable given a 
mutagenic mode of action. It is interesting, however, that the inhalation unit risk estimate 
for chloroprene is an order of magnitude higher than the inhalation unit risk estimate for 
butadiene which is considered a structural analog and characterized by EPA as 
"carcinogenic to humans". A reality check on the unit risk for chloroprene by comparing 
it with an upper bound on the cancer risk in the Louisville cohort studied by Marsh et al. 
should be performed. The Louisville cohort has the best exposure information for this 
purpose. From the resulting comparison, it may be necessary to adjust the unit risk 
estimate. 

Dale Hattis 

The approach is transparent and reasonable as far as it goes. However, I think it is not 
ideal in that it fails to make explicit use of the information that there is likely to be high 
dose saturation of metabolic activation. 

As an alternative, at the peer review meeting I presented a series of model fits using a 
dose response form that incorporates an assumption of saturating metabolism on a 
systemic level (applicable to all tumors in the same way) but different effective 
background rates and potencies for the causation of tumors at low doses: 

Vmax * d 
-~9~~ i Km + d ~ 

P~U)~ = 1 - e 

where: 

d is the external experimental concentration in ppm 

P(d); is the fraction of animals with at least one tumor for- a specific tissue (i) 

q0 ; is a parameter estimated from data that is related to the background (control group) 
lifetime incidence of tumors in that tissue 
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V,,,aX is related to the maximum tumor yield over background for the specific tissue (i) 

K,~, is the external dose that produces half the maximal tumor yield over all tissues (based 
on an assumption that metabolic activation is systemic, rather than being effective for 
only one tissue due to local metabolism). 

This is essentially a quick and easy but approximate substitute for- doing a full PBPK 
model, but instead uses the tumor response nonlinearity at high doses for all the tumor 
sites to quantify the approach toward saturation of the activating inetabolisin. Compared 
to a PBPK modeling approach, this is not informative for the issue of interspecies 
projection, but it does provide information about the high-dose-to-low dose projection, 
assuming that the saturable activating metabolism is systemic and affects the tumor 
frequency in all tissues in the same way. This sort of treatment is warranted by the fact 
that, in nearly all tissues with an appreciable tumor yield in both male and female mice, 
the tumor incidence over background at the highest (80 ppm) chloroprene concentration 
is much less than double the tumor incidence at the next highest (32 ppm) concentration 
(see plots below). Contrasting the results for- the high-dose saturable metabolic activation 
model with those for a straight linear model allows us to assess how large the change in 
estimated low dose cancer slope might be relative to a case where there is only a term 
that is linear in dose: 

To maintain parallelism with the EPA analysis as much as possible, I made this 
comparison excluding the anomalous high-dose point for hemangiosarcomas in female 
mice. Because of this same anomaly, I choose to begin the discussion of the modeling 
and the model results with the observations in male mice. 

Figure 1 is a raw plot of the end of life tumor data for male mice used by EPA in its 
analysis (from a coimnent by Dr. Melnick, I understand that tumor results adjusted for 
mortality are also available in one of his papers; EPA should probably used those results 
for a more refined analysis.) 

A difficulty with the raw plot the tumor data is that one might object that of course there 
is a flattening of the curve at higher doses and tumor incidences because no snore than 
one tumor can be effectively detected and recorded in any specific tissue. Thus a more 
appropriate interpretation of the data is to say that each data point represents the fraction 
of animals that showed at least one tumor in each specific tissue studied. A more 
appropriate plot without the potential distortion due to multiple tumors per organ can be 
made by using a Poisson distribution formula 

Po ~U~,ors ~„ ~„ ~~ 6~~, = 1 -Fraction of Animals with at Least 1 tumor = e-"' 

where m =the mean number of tumor transformations per animal 

~~~ 
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Figure 1 

Plots of Raw Mouse Tumor Data by Site--Males 
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Given this, we can solve for in to find 

mean number of tumor transformations per animal = - ln(1-fraction of animals with at least1 tumor) 

Figure 2 is a plot of the male mouse tumor data using this transformations/animal 
parameter as the dependent variable. It can be seen that even after removing the 
truncation of the tumors/animal results at 1 in this way, there is still a pronounced 
flattening of the curves at the higher dose levels, indicating some approach to saturation. 
This is reminiscent of the vinyl chloride angiosarcoma case where there was saturation of 
metabolic activation at the higher exposure levels. 

One other advantage of the transformations/animal dependent variable is that we can add 
up the results for the different tumor sites. Figure 3 shows a revised plot of the male 
tumor data showing the sum of tumor transformations/animal at all five tumor sites. It 
can be seen that the sum of tumor transformations at all five sites still shows a 
pronounced convexity as one proceeds to the highest exposure levels. 

The fitting of the saturable and linear models was accomplished in Microsoft Excel 
workbooks designed to incorporate likelihood calculations according to the basic 
structure published by Haas (1994). Copies of the final workbooks themselves will be 
submitted to accompany this comment. I would be pleased to explain the detailed features 
and operation of the modeling system if any EPA personnel would like to pursue this. 
Basically, each workbook consists of 3 sheets: one for optimization of the maximum 
likelihood estimates and two for estimation of upper and lower confidence limits on the 
sum of transformations/animal at all tumor sites. The optimizations were all done with 
the Excel solver tool, generally with multiple suns of hundreds to thousands of iterations 
each. Because the maximum likelihood and confidence limit estimates are done on the 
sum of tumor transformations per animal for all tumor sites, no Monte Carlo post-
processing analysis is needed to derive confidence limits on the total tumor risk, as was 
needed for the separate Weibull model analyses done by/for EPA for the individual tumor 
sites. On the other- hand, a disadvantage of this modeling system is that it only 
incorporated total tumor incidences observed by the end of the bioassays; not the more 
detailed time-to-himor information used in the Weibull model analysis. 

Figure 4 shows the overall results of this fitting for both the saturable and linear models. 
In the case of the saturable model, the parameters estimated are a Vmax and background 
(zero dose) tumor risk for each organ, and a Km (external ppm needed to achieve half of 
the total saturated tumor yield) common to all organs—following the hypothesis of 
saturable metabolism at a systemic level followed by common exposure of all organs to 
the activated metabolite(s). It can be seen that the saturable model fit corresponds very 
well with the observations of total tumors per- animal (the P value is 0.51, meaning that a 
difference between data and model predictions as large as that observed would be 
expected to be produced about half the trine from chance sampling-ei-~-or fluctuations). 

Haas, C. N. "Dose Response Analysis Using Spreadsheets" Risk Analysis 14:1097-1100 
(1994). 
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Figure 2 

Plots of Tumor Transformations/Animal--Males 
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Figure 3 

Plots of Tumor Transformations/Animal, 
Including Total--Males 

[clil 
~— 
~— 

Lung 
Hemangiosarcoma 

Harderian Glaud 

Kidney 

rn Forestomach 
2.5 

~mm ~~ ~ Sum, All 5 Sites 

z.o 

1.5 

1.0 

o.s 

__ . 
o.a 

o zo ao so ao 

External Air Conc (ppm) 

39 



RFR EXHIBIT G Page 42 of 69 
External Peer Review Meeting on the Toxicological Review of Claloroprene 

Figure 4 

Comparison of Observed Tumor Transformations/Animal 
For All 5 Sites in Males with Maximum Likelihood 
Expectations for Linear and Saturable Models 
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The linear model fit somewhat less well at P = 0.06, although still barely within the 
conventional P = 0.05 criterion based on estimation of one fewer parameter (10, rather 
than 11, cot7-esponding to a background rate and atransformations/ppm parameter for 
each tumor site). 

The results in Figure 4 indicate a half saturation point (Km) of about 44 ppm, and an 
approximately 2-3 fold greater cancer potency at low doses for the saturable, compared to 
the linear model, depending on whether one makes the comparison based on MLE slopes 
or lower confidence limit ED10's. Thus the indication is that a simple linear formulation, 
as incorporated into EPA's Weibull model is likely to considerably understate the low 
dose potency indicated by the data for males. 

Figure 5 shows a plot of the female tumor data comparable to Figure 2. The same 
tendency for flattening at high exposure levels is apparent. Figure 6 shows the results a 
similar comparison of saturable and linear model fits for the female tumor data 
(excluding, as did EPA, the high dose point for the hemangiosarcomas). The overall fit in 
this case is less successful than for the male tumor data, with a P value of about 0.02, but 
the saturable model still fits a great deal better than the linear model with a P value of 

about 9 X 10 5. In this case the indicated Km is slightly lower (30 ppin) indicating a 
slightly greater effect of the indicated saturation of metabolic activation, and the saturable 
model again suggests a low dose cancer potency a few fold greater than expected with the 
linear model formulation. 

In summary results lead me to five conclusions/recommendations: 

• The tumor data are better fit by models incorporating systemic saturable 
metabolism. 

• Saturable models lead to 2-3 fold increases in expected low dose risks compared 
to simple linear models. 

• However, the current saturable models do not incorporate available tune-to-tumor 
information. 

• The best way forward would therefore be to add a saturable component to the 
Weibull time-to-tumor model. 

• A second-best approach would be to multiply the expected ratio of saturable vs. 
linear model-predicted low dose risk by the existing Weibull linear model 
coefficient (or make a similar adjustment downward in the Weibull model 
estimated ED10 or LED10). 
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Figure 5 

Plots of Tumor Transformations/Animal 
Excluding Hemangiosarcomas--Females 
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Figure 6 

Comparison of Observed Tumor Transformations/Animal 
For All 8 Sites in Females with Maximum Likelihood 
Expectations for Linear and Saturable Models 
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Ronald L. Mel~iick 

Yes, all of the induced tumor sites in mice should be used to estimate the inhalation 
cancer unit risk; an assessment based on separate modeling of each tumor type would 
underestimate the carcinogenic potency of chloroprene. Cancer potency estimates are 
increased only about 2-fold by combining all sites in the assessment compared to 
estimates based on only the most potent response in either male or female mice. Because 
of the reduced mortality of exposed mice due to induction of malignant tumors, a 
multistage Weibull tune-to-tumor model that accounts for differences in survival among 
groups is most appropriate. The chloroprene document should provide discussion on why 
no uncertainty factor (other than early-life susceptibility) for human variability was 
applied to the cancer unit risk estimate. There are certainly substantial differences in 
human metabolism of chloroprene and its reactive epoxide metabolite and in human 
susceptibility to chloroprene-induced cancer. 

The suggestion by Dale Hattis to apply a model that accounts for saturable metabolism of 
chloroprene to its epoxide intermediate should be pursued and incorporated into the 
estimate of the inhalation cancer unit risk. This analysis should use survival-adjusted 
tumor incidence values. The blood time-course data for chloroprene presented by DuPont 
(Figure B-1, page 99) to the Peer Review Panel clearly demonstrates saturable 
metabolism of chloroprene in mice at exposures between 13 and 90 ppm. 

John B. MorNis 

The modeling approaches for the quantitative risk evaluation of chloroprene 
carcinogenicity were transparently described. Cancer unit risks are calculated 
individually for- specific tumor types and an overall unit risk was calculated. Presumably 
the overall unit risk was calculated in concordance with accepted EPA procedures. It is 
beyond my expertise to comment on the generalized appropriateness of combining 
tumors in this way relative to overall cancer unit risk calculation. If tumors are to be 
combined then the human relevance of each tumor type must be considered. As noted 
above, in my view, some skepticism is appropriate relative to the quantitative importance 
of mouse bronchiolar tumors. The anode of action includes metabolic activation as the 
first step. The metabolic activation rates in the mouse exceed those ail other species by 
50-fold(Tahle 3-4). Clearly this isacritical observationrelative to quantitative risk 
extrapolation. This pattern of mouse vs. human bronchiolar metabolism is certainly not 
unique to chloroprene. .The large differences in house vs. human relative to pulmonary 
activation raise questions as to the relevance of the mouse lesions. At the very least, this 
issue needs to be discussed: Exclusion of the mouse lung tumors would influence the 
final overall unit risk estimate indicating this is not a trivial concern. 

It should be noted that the epidemiological data suggests the liver at the primary target, 
although this may be the xesult of statistical issues related to the high. incidence of lung 
tumors in humans obscuring a response. Nonetheless, a discussion of tl~e site discordance 
would strengthen clarity of the text. I don't know if it is possible, but some comparison of 
the unit risk versus. the observed tumor risks in the worker populatiol~s would seem 
warranted. Is it possible to estimate an upper bound risk from the human data? 



RFR EXHIBIT G Page 47 of 69 
External Peer Review Meeting on the Toxicological Reviex~ of Chloroprene 

Alternatively, is it possible to project human occupational risks from the unit risk factor 
to determine if the unit risk factors are consistent with epidemiologic observations? I 
recognize that only crude comparisons could be made, but a large discordance would be a 
cause of concern. 

Avif~za M. Ruder 

The assumption of tumor independence (p 5-20), based on the National Research Council 
risk assessment document, appears justified. However, the results of the animal studies 
should be evaluated to determine if there is a distinction (genetic, epigenetic, or other) 
between animals which get one tumor versus those which get more than one. 

Richard B. Schlesinger 

The derivation of the IUR could be made somewhat clearer in the text. 
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(C) Carcinogenicity of Chloroprene 

S. Lung tumors havebeen alternatively treated as systemic or por^talAof-e~ztry effects in 
the modeling ofcanceY endpoints. Please comment on the scieiztific justificationfor -
this modeling ap~rorach.:Please comme~zt on whether the Natio~zalefor. this decision has 
been transparently u~rrl uhjectively descYiUed. Please comment on data availablefor 
chloroprene that naay srip~zort an alter~zatve methodfov modeli~zg the observed Zui2g 
tumors iii' mice. 

HerhZan J. Gibb 

It makes sense that lung tumors could develop from a systemic as well as a portal-of-
entiy effect. The extent that the lung tumors occur by systemic vs. portal of entry effects 
may not be possible to determine, but the text should provide more elaboration for the 
reader so that they can better understand the approach. 

Dale Hattis 

The early results for the saturation modeling described in section 4 above strongly 
suggest that the lung tumors for both male and female mice are completely compatible 
with the systemic saturable metabolic activation model with ahalf-saturation point 
similar to that derived with data for other tumor locations. Therefore, I think the lung 
tumors should not be treated as if they depended on local metabolism and other portal-of-
entry specific processes. 

Ronald L. Mel~iick 

Both treatments of the lung tumor data are appropriate because these tumors may have 
arisen from metabolites formed in the hang, or in other organs, particularly the liver, and 
subsequently distributed to the lung. No data are available to distinguish the extent of 
these possibilities. The EPA document did note that the induction of tumors in multiple 
organs after inhalation exposure to chloroprene demonstrates the systemic distribution of 
carcinogenic metabolites by this route of exposure. 

John B. MoYris 

The importance of portal of entry versus systemic delivery of chloroprene is not known. 
A reasonable approach would be to make estimates using both approaches and then make 
a determination of whether- or not it is of quantitative importance. Naturally, the default 
approach would be to select the more health protective approach. In my view, the 
fundamental issue in this regard is actually based on the assignment of category 1 status 
to chloroprene. This assignment is not appropriate (see my other coininents), and at the 
very least needs to justified. Chloroprene should be determined to be a category 3 vapor 
in my view. It is a low partition coefficient vapor that does not appear to be highly 
reactive. Indeed, were it highly reactive it would be impossible to measure a partition 
coefficient. Moreover, the pattern of nasal injury (olfactory but not respiratory mucosal 
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damage) is inconsistent with a highly reactive vapor. Finally tl~e modeling efforts of 
Himmelstein would not have been successful were chloroprene highly reactive in tissues. 
True it is metabolized, but the provided data do not indicate it is metabolized to such an 
extent that it should behave as a category 1 vapor. If category 1 vapors do not penetrate to 
the blood in any sufficient degree and if they should be scrubbed very efficiently in the 
nose, then why are distal lung tumors and non-respiratot-y tract tumors observed? Were 
chloroprene to be determined to be a category 3 vapor, then I believe the whole issue of 
portal of entry versus system delivery will be moot because a DAF=1 would be assumed 
for both cases. The regional injury pattern in the respiratory tract (olfactory and 
bronchiolar injury) is suggestive for a critical role of local metabolic activation. It is 
possible however that active metabolite is formed in and then escapes from the liver. 

Avi~za M. Ruder 

If chloro~rene is indeed rapidly absorbed in mice, it makes sense that a systemic effect 
from the metabolite as well as a portal-of-entry effect could occur. From the text (p 5-21) 
I could not determine whether it is postulated that the portal-of-entry effect is from the 
parent compound or the metabolite; this could be made clearer. 

Richard B. SchlesingeN 

Since it is not clear, as noted in the Document, the extent to which chloroprene induces 
cancer via direct contact with the lungs or via systemic contact of lungs with metabolites, 
the approach used is valid. However, the application of this approach is not clear from the 
discussion in the document. 

G'~l 
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(C) Carcinogenicity of Chloroprene 

6. A~z or^al slopefactor (OSF)for cancer was riot derivedfoN clzlorop~ene. Is the 
determination that the available datafor clzloYopYene do ~zot suppoYt deYivation ofan 
OSF scientifically_justifled 

HeNnzan J. Gibb 

The determination is justified. There were no data on which to base an OSF and the 
PBPK model developed by Himmelstein (2004) (description on page 3-7) did not seem 
adequate to allow route-to-route extrapolation. 

Dale Hattis 

Not completely. With a PBPK model formulation, an oral slope factor could be 
estimated. 

Ronald L. Melnick 

Yes, the lack of an adequate multiple-dose oral carcinogenicity study on chloroprene and 
the lack of information on the disposition of chloroprene, including the AUC for the 
DNA-reactive epoxide intermediate, after inhalation or oral exposure that might enable 
reliable route-to-route extrapolation justify not deriving an oral slope factor for this 
chemical. Because of a likely large first-pass liver effect after oral exposure, the systemic 
distribution of parent compound and reactive metabolites could be very different after 
oral versus inhalation exposures. 

John B. Morris 

I concur with the determination that the available data do not support derivation of an 
oral slope factor. 

Avi~~za M. Ruder 

As there are no quantitative data on effects of oral administration (p 5-1), the 
determination appears justified. 

RiclzaYd B. Schlesinger 

The lack of oral exposure data clearly justifies not deriving an OSF. 

.• 
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V. SPECIFIC OBSERVATIONS 

Her»zan J. Gibb 

Page 4-1, line S: Delete "and" 

Page 4-3, line 1: Delete "also" 

Page 4-3, line 8: Delete "number" 

Page 4-3, lines 8-9: Delete "of these" 

Page 4-3, line 14: Delete the second "were" 

Page 4-S, lines 1-2: The document indicates that a limitation of Li et al. is that only three 
years of local area data were used to estimate the expected numbers of deaths which may 
not be representative with regard to the period of follow-up of the cohort. An issue not 
considered is the stability of the expected rates based on local data. 

Page 4-S, line 5: This discussion is unclear. If the general population had a higher 
mortality for a given disease during the periods not examined, then there would have 
been a higher number of expected deaths and the SMR for that disease would have been 
overestimated for the period of time that was considered, not underestimated. If the 
mortality was lower, then the SMRs would have been overestimated. In any case, the 
discussion is not clear. 

Page 4-6, line 18: Change "1979-1993" to "1979 to 1993". 

Page 4-6; line 22: Insert "the" before "general". 

Page 4-8, line 19: Change "1979-1988" to "1979 to 1988". 

Page 4-9, line 12: There is an inconsistency in how the SIR is reported on line 12 and in 
Table 4-6. Line 12 reports as 327 with 95% CI of 147 and 727; Table 4-6 reports as 3.27 
with 95% CI of 1.47 and 7.27. The epidemiology section has several examples of 
changing back and forth between the convention of using the convention of multiplying 
by 100 and the ratio. Need to make consistent. 

Page 4-9, line 23: Change "suggested" to "suggest" 

Page 4-9, line 23: What are "highly exposed operators"? High cumulative exposure? 
Intensity of exposure? Duration of exposure? It males a difference in the interpretation. 

Page 4-10, line 29: Insert "in the group employed" before "prior". Presumably the author 
is describing those employed prior to l 977 and not those who developed cancer prior to 
1977. 
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Page 4-10, line 33: The docurrient states that "all of tl~e SIRS exceeded 100" yet Table 4-
7 indicates no SIR is over 100. Again, the authors need to use a consistent convention 
(report as a multiple of 100 or not report as a multiple of 100). 

Page 4-l1, line 10: Change "cancers" to "cancer" 

Page 4-l1, line 15: Is there any indication of how many workers died or left the area 
prior to 1979? Does the author have an idea of how much impact this would have on 
results or is it part of a laundry list of study faults? The power of the study was low 
regardless of whether workers died or left. 

Page 4-14, lines 16-24 and Page 4-15, lines 1-3: It is not difficult to understand why 
Marsh et al, would conclude that their study provided no evidence of cancer risk 
associated with chloroprene exposures. Table 4-9 on page 4-14 shows little evidence of a 
dose response. It is inappropriate to conclude as is done in lines 1-3 on page 4-15 that 
Marsh et al.'s explanations are "not entirely consistent with the data presented". The 
authors of this document have chosen one interpretation; the authors of the study have 
chosen another interpretation. 

Page 4-15, lines 24-35: Some of the criticisms are too harsh. For example, how often are 
causes of death verified by histological confirmation or review of medical records? Nice 
if it can be done, but the vast majority of mortality studies would fall in the same boat. 
Incomplete enumeration of incident cases is a criticism that could be leveled at many 
incident studies. The statement that despite the lack of quantitative exposure information, 
occupational studies are still able to contribute to the overall qualitative weight of the 
evidence considerations (lines 31-33) states the obvious, but the statement should not be 
used as license to draw conclusions on studies that have serious limitations. 

Page 4-16, Table 4-10: All SMRs are reported as the multiple of 100 except for 
Bulbulyan et al. (1998). "Sullivan" should be "Selevan". It would be more logical to have 
the intermediate exposure column first, followed by the high exposure column, followed 
by the total cohort column. 

Page 4-17, Table 4-11: The relative risk is reported as a multiple of 100 for the high and 
intermediate exposures in the Leet and Selevan (1982) study but not for the other studies. 
"Sullivan" should be "Selevan." It would be more logical to have the intermediate 
exposure column first, followed by the high exposure column, followed by the total 
cohort column. 

Page 4-18, lines 7-8: The limited number of cases (one in each cohort) "precluding 
meaningful examination" states the obvious. 

Page 4-18, line l9: "these cancers"? Should this be "an increased liver cancer risk"? 
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Page 4-19, line 8: "No workers experienced loss of hair." This is the first place where 
loss of hair is mentioned. Since that is an unusual effect, it would be better to report the 
results of the distillation workers after the results of the polymerization workers. 

Page 4-63, line 13: What is "horizontal activity"? 

Page 4-66, line 30: Delete "based on available data". 

Page 4-67, Table 4-38: "Sullivan" should be "Selevan" 

Page 4-69, lines 6-8: "Although not statistically significant, these findings were 
comparable to results (RR range 2.9-7.1) detected in two other studies for high and 
intermediate cumulative exposures (Bulbulyan et al., 1999, 1998)." Given that there 
could have been considerable differences in exposure, follow-up, duration of exposure, 
etc, between the studies, such a statement is not justified. 

Page 4-69, lines 23-26: "only Bulbulyan et al. (1999) observed a statistically significant 
association between chloroprene exposure and liver cancer mortality." The preceding 
sentence suggests that this was done by an internal analysis, but the increase in liver 
cancer mortality was observed from an external analysis. 

Page 4-69, lines 29-30: "....although there is no direct evidence that alcohol is related to 
the exposure of interest (i.e., chloroprene)." There may be no "direct evidence that 
alcohol is related to the exposure of interest"; there is no direct evidence that is not either. 
More convincing that alcohol did not play a confounding role would have been clear 
evidence of a dose response to chloroprene since it would be unlikely that alcohol 
consumption would correlate with chloroprene exposure. Evidence of a dose response, 
however, is equivocal (see Table 4-11 on page 4-17). 

Page 4-70, lines 7-10: Criticizing mortality studies for not doing a medical record review 
or histological examination to confirm cause of death is extreme. Almost all mortality 
studies could be faulted for not doing that. 

Page 4-71, lines 21-24: What "current understanding" allows one to state that specificity 
is "one of the weaker guidelines"? Reference? 

Page 6-1, line 22: Replace "th" with "the". 

Dale Hattis 

1. Table 3.2 should express results in fraction of total metabolites rather than relative to 
butanol standard. Or it could be expressed in terms of absolute rates per unit tune per unit 
microsomal protein. Recalculate? 
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2. p. 3-S, lines 5-7: "Estimates for- Vmax and K,,, for oxidation of chloroprene in liver 
microsomes ranged from 0.068-0.29 µmol/hour/ing protein and 0.53-1.33 µM, 
respectively." 

The meaning of the ranges should be described. If these are in fact the ranges of all 
observations, then the number of observations should be given; also, there should be 
some way of describing the dependencies of the estimates of V,,,aX and Km values. 

3. Presentation of metabolic data in Table 3-4 is inadequate. No error bars or statements 
of how many animals tested independently (or pooled?), or more crucially, how many 
humans and how they differ in V,,,aX/K,,, for various organs (obtain original papers on 
metabolism). 

Source: Himmelstein et al. (2004a). 
Himmelstein, MW; Carpenter, SC; Hinderliter, PM. (2004a) Kinetic modeling of beta-
chloroprene metabolism: I. In vitro rates in liver and lung tissue fractions from mice, rats, 
hamsters, and humans. Toxicol Sci 79(1):18-27.. 

4. Table 3.5: Again, no error bars or description of the number of animals studied or 
experimental errors. 

5. p. 3-7, lines 4-5: "The clearance of these thioethers reached a threshold at 24 hours 
after dosing, indicating that elimination was rapid." 

Use of the word "threshold" here is unclear and ill-advised. If what is meant is that there 
was no further increase in thioether excretion, then that should be said explicitly. 

6. Table 3-6: Why are values not provided for the major physiological parameters (body 
weight, cardiac output, and alveolar ventilation)? 

7. Epi data discussion: The authors do qualify the discussion of the epidemiological data 
with the healthy worker effect. However, they do not as yet include suitable caveats for 
the "internal" comparisons by mentioning the distortions expected from the healthy 
worker survivor" effect —that longer exposed workers with higher cumulative exposures 
have lower mortality than shorter term workers. This must be incorporated into the 
analysis. Some language I have adapted from prior work (Hattis and Goble 2007) is: 

"The "healthy worker survivor" effect is a known phenomenon that produces 
established distortions in relationships between measured risks and measures of 
cumulative exposure, as shorter term workers suffer greater mortality than 
workers who work at exposure-producing jobs for longer periods of time 
(Steenland et al., 1996; Kolstad and Olsen, 1999; Garshicic et al. 2004; Siebert et 
al. 2001; Steenland and Stayner 1991). Adjustments for this effect are at the 
cutting edge of current practice for the treatment of human epidemiological data, 
but they are vital for achieving the best possible analysis of those data. Even if the 
data will not support the more complex analyses [and analyses of this sort are 

[.~►J 
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notoriously complex (Robins l 986; Ai-~-ighi and Hertz-Picciotto 1996; Hertz-
Picciotto, personal communication)], EPA could provide at least some discussion 
of how large the distortions might be by citing such previous cases as the cancer 
risks froi~n diesel pa►-ticles (Garshick et al. 2004; 2008) and the approach that 
California risk assessors (and possibly others) have taken to risk analysis where 
the healthy worker- survivor effect is even snore prominent than it maybe in this 
case. (For diesel particulates, initial estimates of the relative risk vs. cumulative 
dose curve even had a negative, rather than a positive slope.)" 

8. The discussions of both liver and lung cancer might benefit from soiree attempt at 
integrative meta-analysis, combining the effects of multiple studies for reasonably 
comparable levels of exposure. This, however, likely depends on obtaining some 
disaggregated data from the individual investigators, and that might not be possible. Even 
if the combination is somewhat speculative, it might be informative to make some 
attempt to combine the human evidence for comparison with the projections from animal 
studies. 

9. Chronic NTP exposures: For later modeling, the authors should report integrated 
average exposures that were measured, rather than the nominal target exposures. The 
difference may well be small, as indicated in the discussion, but the measurements should 
be used in preference to the target levels in the dose response modeling which appears 
later in the document. 

10. p. 4-54, lines 16-18: "Estimates for V,,,dX and K,,, for oxidation of chloroprene (into 
(1-chloroethenyl)oxirane) in liver microsomes ranged from 0.068-0.29 µmol/hour/mg 
protein and 0.53-1.33 µM, respectively." 

Again, what is the meaning of these ranges? Simple ranges of all best estimates for all 
species? 5%-95% confidence limits? What is the number of experiments based on how 
many different individuals in which species, particularly for humans? 

Undescribed ranges of this type are absolutely useless for understanding the uncertainty 
and variability of the data, or for drawing inferences for subsequent steps in the risk 
analysis. 

11. p. 4-61, lines 5-7: "A comparative report of the carcinogenicity of these compounds 
highlights the qualitative and quantitative concordance of their tumorigenic effects 
(Melnicic and Sills, 2001). The female mouse lung was the most sensitive site of 
carcinogenicity for both chloroprene and butadiene." 

It would be useful to have some quantitative comparison of cancer potency in rodents for 
these compounds. The full abstract is: 

Comparative carcinogenicity of 1,3-butadiene, isoprene, and chloroprene in rats and 
mice. 
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Melnick RL, Sills RC. 

Chem Biol Interact. 2001 Jun 1;135-136:27-42. 

National Institute of Environmental Health Sciences, National Institutes of Health, PO 
Box 12233, Research Triangle Park, NC 27709, USA. melnickr@niehs.nih.gov 

1,3-Butadiene, isoprene (2-methyl-1,3-butadiene), and chloroprene (2-chloro-1,3-
butadiene) are high-production-volume chemicals used mainly in the manufacture of 
synthetic rubber. Inhalation studies have demonstrated multiple organ tumorigenic effects 
with each of these chemicals in mice and rats. Sites of tumor induction by these epoxide-
forming chemicals were compared to each other and to ethylene oxide, a chemical 
classified by the National Toxicology Program (NTP) and by the International Agency 
for Research on Cancer (IARC) as carcinogenic to humans. For this group of chemicals, 
there are substantial species differences in sites of neoplasia; neoplasia of the mammary 
gland is the only common tumorigenic effect in rats and mice. Within each species, there 
are several common sites of tumor induction; these include the hematopoietic system, 
circulatory system, lung, liver, forestomach, Harderian gland, and mammary gland in 
mice, and the mammary gland and possibly the brain, thyroid, testis, and kidney in rats. 
For studies in which individual animal data were available, mortality-adjusted tumor rates 
were calculated, and estimates were made of the shape of the exposure-response curves 
and ED10 values (i.e. exposure concentrations associated with an excess risk of 10% at 
each tumor site). Most tumorigenic effects reported here were consistent with linear or 
supralinear models. For chloroprene and butadiene, the most potent response was for the 
induction of lung neoplasms in female mice, with ED10 values of 0.3 ppm. Based on 
animal cancer data, isoprene and chloroprene are listed in the NTP's Report on 
Carcinogens (RoC) as reasonably anticipated to be a human carcinogen. Butadiene is 
listed in the RoC as known to be a human carcinogen 'based on sufficient evidence of 
carcinogenicity from studies in humans, including epidemiological and mechanistic 
information', with support from experimental studies in laboratory animals. 
Epidemiology data for isoprene and chloroprene are not considered adequate to evaluate 
the potential carcinogenicity of these agents in humans. 

I believe the similarity of ED l Os for lung tumors is potentially helpful for the reader, 
however, a more comprehensive summary of potencies for other and/or all tumors would 
provide important background for the quantitative cancer risk analysis. Table 4-37 should 
be supplemented with a table giving quantification of the indicated potency for multiple-
and all sites. 

12. p. 4-69, lines 13-19: "One of the strengths of several of the more recent 
epidemiologic studies was improved exposure assessment data. These studies utilized 
industrial hygiene information to determine which areas or jobs were most likely to have 
received higher chloroprene exposures. This allowed for' examination of various exposure 
contrasts and helped reduce the potential for exposure misclassification. As such, valid 
internal analyses were conducted which were less impacted by bias due to the healthy 
worker effect. Despite these improvements, several study limitations added to the 
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uncertainty in addressing the weight of evidence of the epidemiologic data. 

The discussion following this paragraph should include the healthy worker survivor 
effect. 

13. Table 5-2: DAFs greater than 1 for lung and less than 1 for nasal epithelium deserve 
specific discussion. 

14. Page 5-20, top: Variability (uncertainty?) in slope factors follows a normal 
distribution? Try lognormal. 

15. Cancer modeling: In view of the saturation of the generation of active metabolite, 
and the need to drop high doses in some cases, there should be investigation of a 
Michaelis Menten transformation of dose, in lieu of a full PBPK model. Demonstrate 
results of this for the incidence of tumors in mice (without the Weibull factor for time 
dependent tumor observations). 
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Ronald L. Mel~iick 

Page 3-2 to 3-5. The discussion on chloroprene metabolism is deficient in its 
consideration of species differences in glutathione conjugation, catalyzed by glutathione-
S-transferase, in the detoxification of (chlaroethenyl)oxirane. 

Page 3-7 to 3-8. Discussion is needed on likely differences in chloroprene clearance 
among species. Factors influencing the clearance of chloroprene include fat:air partition 
coefficients, % of body weight as fat (mouse: 5%; rat: 7%; human 21%), metabolic 
elimination, etc. 

Page 4-13. It seems odd that of the 652 cancer cases in the Louisville facility, only 1 case 
was unexposed (Table 4-8). This might suggest that a large percentage of individuals 
classified as exposed were essentially unexposed. The document should provide greater 
emphasis on the potential impact of exposure misclassifications. 

Page 4-16 to 4-17. Use common units for SMR and RR values in Tables 4-10 and 4-11. 
On some cases the actual ratios are given, while in other cases the ratios are expressed as 
per cent. 

Page 4-22. Contrary to the statement on lines 2-6, the data in Table 4-14 show incidences 
of ovarian or mammary tumors in control female rats. 

Page 4-47, lines 5-7. Additional analyses are needed before dismissing the finding of 
increased resorptions in the 10 and 25 ppm exposure groups. 

Page 4-60. Delete lines 12-I 5. The hypothesis that chloroprene would only produce 
tumors in directly exposed tissues has been disproved by the NTP studies which 
demonstrated the multiple organ carcinogenicity of this chemical. 

Page 4-63, line a6. Severities were minimal to moderate, not minimal to mild. 

Page 4-73, line 7. The document specifies a mutagenic MOA involving the reaction of 
epoxide metabolites formed at target sites. Until studies are conducted evaluating blood 
levels of epoxide intet7nediates it would not be appropriate to impose this target site 
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limitation. It is not known if epoxide fot7nation occurs in all of the tumor target sites 
identified in the rodent carcinogenicity studies. 

Page 5-19, Table 5-7. The unit risk value for hemangiosarcomas/hemangiomas is 
incorrect — it should be 2.8 x 10-5, not 8.3 x 10-5. 

John B. MoYris 

Pages 3-1 - 3-6 

The data on partition coefficient should be discussed more completely. It is true that it is 
possible to infer information on tissue distribution from such data. It is also possible to 
snake inferences on regional respiratory tract absorption from these numbers. A vapor 
with a blood:air partition coefficient less than 10 is not likely to be scrubbed efficiently 
from the airstream in the upper airways. This is an important point because an inhalation 
cancer potency factor will be derived assuming category 1 status. 

More detail should be provided on the metabolism kinetics for chloroprene. The 
information on elucidation of putative metabolites is clear and concise, but the data on 
kinetics is incompletely presented data and is very difficult to interpret fully. The 
information in Table 3-1 needs to be more fully described. Is this table cited in the text? 
Precisely how were these data obtained, what is the meaning of these data, particularly 
with respect to rodent-human extrapolations? The relative level of metabolite 1 in the 
humans was approximately 10-fold lower than the F344 rat and mouse. The level of 
metabolite in the Wistar rat and hamster was lower as well. Were these quantitative 
differences synthesized into a coherent explanation of species differences in response? 

Similar issues could be related relative to Tables 3-4 and 3-5. The text should precisely 
indicate how the estimates for V,,,aX/K,n for lung metabolism were obtained. The mouse — 
human comparison for lung metabolism is particularly important, a fact that was not 
adequately considered in the risk evahiation. The ~3i~cs~nted data indicate the activity in 
human lung is 50-fold lower than in mouse lung ('fable 3-4). The liver activities in the 
mouse and man are much snore similar. Since metabolic activation is the first step in the 
mode of action and lung tumors in mice drives the risk extrapolation; Phis comparison 
becomes particularly important. Exactly how 'vas the value of 1.3-for Vm~/K,,, in the 
human obtained? What is the. reliability of this number? Cain it or can it not but used for 
quantitative species extrapolations? An explicit rationale fc~r not using these data in the. 
data synthesis sections needs to be provided. It should be noted that this type of species 
difference (mouse to human pulmonary metabolism) is hardly unique to chlaroprene: For 
example, consider styrene. 

Pages 4-1 - 4-18 
The section on human exposures to chloroprene appears to be objectively and concisely 
presented. Epidemiology is not within my area of expertise. My only comment is the 
thought that it would be useful if as much information as possible on occupational 
exposure levels would be presented in the text. At least to me, information on exposure 
concentrations in addition to cumulative (ppm-year) would be of value. If available, 
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recent published reviews of the epidemiological data relative to chloroprene should be 
cited. 

Page 4-25 

Clarity would be enhanced if the table also provided information on the magnitude of 
injury in Table 4-16 and subsequent tables. A footnote might be adequate. Alternatively, 
the average injury score might be provided parenthetically in each column. The wording 
of the text infers there was no observed histopathological damage in the lungs of mice in 
the 16 day study. Clarity would be enhanced if this were explicitly stated. 

Page 4-28 

Clarity would be enhanced if it were explicitly stated that lesions were not observed in 
the nasal respiratory mucosa in the 13-week study. All lesions in Table 4-19 were in 
olfactory mucosa, the reader must make the inference that respiratory mucosa damage 
was absent. This is an important issue relative to data interpretation. 

Page 4-29 

Clarity might be enhanced if it is stated that preening behavior might have lead to direct 
gastrointestinal exposure to chloroprene. If this is not thought to be the case, then it 
should be explicitly stated. 

Pages 4-30 - 4-43 

It is noted that all nasal lesions in Table 4-16 are presented under the heading of 
"olfactory," implying that no nasal respiratory mucosal lesions were observed. This needs 
to be explicitly stated. The subsequent text is quite ambiguous in this regard. For 
example, in the absence of any respiratory inucosal lesions, why include speculation on 
the relative expression of CYP450 in olfactory versus respiratory mucosa of the rat nose? 
(I did a quick scan of the NTP report to confirm, at least superficially, the absence of 
respiratory mucosal lesions.) All subsequent descriptions of these data, e.g. chronic nasal 
inflammation (p5-2) should be qualified to state chronic nasal olfactory inflammation (if 
this is, in fact, true). Site specificity of nasal lesions is a critical aspect in the evaluation 
of nasal response. 

Subsequent portions of the text refer to time to tumor data. Where are these data and 
derivation described? Should some discussion of maximum tolerated dose and whether it 
was exceeded be included in the text? 

Clarity would be enhanced if the text provided more detail on how the survival adjusted 
neoplasm rates in Table 4-28 were calculated. 

The description of the Trochimowicz et al. ].998 study indicates there was less chronic 
respiratory disease in exposed than controls. Perhaps more information should be 
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provided on the lesions that were present in control animals. This would seem to be a 
relevant issue with respect to interpretation. 

Page 4-54 

The text (line 20) indicates epoxide hydrolysis was faster for the human and hamster than 
rat or mouse. Where are these data presented? 

Pale 4-45 

The test (lines 27-32) indicates "some activity" was observed in strains TA97A and 
TA98. Subsequently (p. 4-65), it is stated the epoxide mutagenicity is "positive in all 
strains." Are these two parts of the text concordant? 

Pale 4-61, Table 4-37 

This table is very confusing. What was the basis for including data from the rat relative to 
"sites of increased incidence" of neoplasms? Listed are many sites in which statistically 
significant results were not enumerated in previous portions of the text. Obviously, clarity 
needs to be improved. 

Pages 4-62 - 4-65 

In general, this "synthesis" of the inhalation exposure data is not a synthesis but merely a 
reiteration of the results. Rather- than repeat the results study by study, it might be much 
preferable to organize this section on the basis of target organ. It could, for example, 
discuss the olfactory lesion data in toto, followed by the liver, etc. On page 4-62 line 15, 
it is stated that chloroprene is associated with reproductive and developmental effects, yet 
the earlier portions of the text concluded otherwise. 

Table 4-38 

Table 4-38 is somewhat confusing. Why was lung cancer- mortality listed under "rare 
tumors?" The table includes a reference to time to tumor, yet such data were not 
presented earlier in the text. 

Page 4-72 

Lines 11-12 include a listing of increased incidences of tumors, yet the basis for inclusion 
in this listing is unclear. Some organs are listed in which the tumor incidence was not 
significantly increased. The discussion of species differences (lines 27-31) should include 
reference to possible species differences in epoxide hydrolysis rates. Such data are 
presented earlier and its absence here is confusing. This section fails to include the most 
important species difference —the appearance of lung tiunors in mice but not rats. An in 
situ pulmonary metabolic basis might be provided, given that the metabolic activation 
rate in mice appears to be 50-fold higher than the rat but that in the liver differs by only 
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2-fold (Table 3-4 and 3-5). This woulc] also serve to emphasize the potential role of 
metabolism relative to carcinogenicity. Epoxide formation is thought to be important 
relative to the respiratory tract toxicity/carcinogenicity of naphthalene and styrene and 
the same species differences (lung tumors in mice but not in rats) is seen for these vapors. 
Line 32 includes a reference to Dong et al 1989; this study was not described previously. 

Page 4-75 

The statement that in vivo uptake of chloroprene involved the balance between epoxide 
formation and detoxification is confusing. Certainly the toxicity depends on the balance, 
but it is unlikely that uptake does. Uptake rates depend on the blood and tissue 
concentration of parent, downstream conversion of metabolite is not necessarily 
important in diffusion-based uptake. Greater clarity is needed. 

Page 4-76 

It is stated on lines 3-4 that there is remarkable similarities in the potency and shape of 
the dose response between butadiene and chloroprene. Such data are not presented in 
earlier portions of the text. 

Page 4-77 

It is stated that Melnick et al. (line 18) performed a 6 month exposure-6 month follow-up 
study. Where are these data presented? 

Pale 5-3, top 

The text needs to clearly describe how the atrophy and necrotic data were combined. I am 
not certain there are any data indicating nasal olfactory atrophy leads to necrosis (as 
stated on lines 5-6). The concept that necrosis may lead to atrophy is quite 
straightforward however. 

Page 5-5 

In my view, chloroprene is not a category 1 gas (see also my comments above). Its 
partition coefficient is only 10, clearly bacicpressure in nasal tissues controls the uptake 
process. The presence of non-respiratory tract tumors cleat-ly indicates it is absorbed into 
the bloodstream. This vapor does not possess the physical chemical characteristics 
required of category 1 gases; in my view, it is a category 3 gas. The text needs to 
rigorously support this conclusion with respect to the physical chemical characteristics of 
chloroprene relative to those required of category 1 gases. The presence of olfactory 
lesions is NOT evidence that the toxicant was delivered via the airstream. Numerous 
compounds produce selective olfactory injury after parenteral administration. Indeed, the 
presence of olfactory but not respiratory nasal mucosal injury might be considered to 
pz-ovide data in support of a blood-borne mechanism. Naphthalene is one example of this 
phenomenon. Importantly, the subsequent text describes in great detail how the lung 

•1 



RFR EXHIBIT G Page 63 of 69 
Extenlal Peer Review Meeting on the Toxicological Review of Ch[oroprene 

lesions may be due to blood-delivered rather than air-delivered chloroprene. The text 
needs to be consistent. Redistribution of chloroprene from fat stores during non-exposure 
periods is one potential mechanism for a role of blood borne chloroprene in inducing 
olfactory lesions. 

The RfC methodology is fatally flawed with respect to RGDR calculation. The 
derivations of these equations are based on the faulty assumption that the mass transfer 
coefficient is uniform throughout the nose. Dosimetiy predictions from RGDR-based 
evaluations are totally discordant with the data. For example, the RGDR-predictions are 
counter to the theoretically sound modeling and experimental data obtained for 
formaldehyde and vinyl acetate. The RGDR-based estimates of species differences in 
dosimetry are discordant with the database on acetaldehyde dosimetry in multiple 
laboratory animal species. While application of a flawed methodology may be consistent 
with EPA policy, it certainly is not consistent with the scientific state-of-the-art. Perhaps 
it is felt that chloroprene is truly a category 2 gas, but it is assigned category 1 status 
because of difficulty in implementing RGDR calculations for category 2 gases. If so, it 
should be explicitly stated. As noted above, its low partition coefficient and the existence 
of distal organ effects indicate chloroprene is likely a category 3 gas. 

The mode of action is assumed to include metabolic activation to the epoxide. The 
RGDR of 0.28 indicates the humans will receive roughly 4-fold more toxicant (1/0.28) 
than the rat. Is it meant to imply that the metabolic activation rate in the human nose is 4-
fold higher than the rat? Is there a single example of this being the case? The use of the 
RGDR needs to be discussed in light of the metabolically-based mode of action. 

Page 5-8 

I recognize that it may be policy to include a database limitation factor due to the lack of 
a two generation study, but I do not feel it is scientifically justified in this case. A 
multigeneration study does exist. The rationale for the selection of this uncertainty factor 
should include this study. 

Table 5-3 

Table 5-3 does not include a row in the consideration column for database limitation. 

Table 5-4 

This table provides time to tumor data, but such data have not been presented. 

Page 5-21 

Would it be possible to compare the tumor risk calculations with the human workplace 
experience? This might provide a useful "reality check." Even if the occupational 
exposure levels were only crudely known, it might be possible to determine if the 
estimated cancer risks were at least somewhat reflective of reality. 
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Page 5-25 

The cross-species scali~~gseetion is deficient in that it does notinclude consideration of 
metabolism rate. "1'hc fi~~st step in the mode of action is metabolic activation to an epoxide 
and the tox cakinetic data indicate the mouselung activity exceeds that in tie huulan by 
50-fold (Table 3-4). Clean}-, this is },;«hly relevant. Moreover, magnitude of species 
difference in metabolism is riot unique, co~isider styrene ar naphthalenes. One might 
convincingly argue that the enormous metabolic activation rate in the mouse coupled 
with the low epoxide hydrolysis rate renders thisspecies inappropriate relafiive to 
extrapolation ~f izzng tumors. "i~he a«tnors of the document may not agr~~, but a critical 
discussion and rationale f«r using the ni~~use data needs to be included ::.. 

Page 6-5 

The sentence on lines 18-19 is confusing. Lesions were specific to the olfactory mucosa, 
what is the relevance of cytochrome P450 in respiratory mucosa in this regard? 

Avi»ia M. Ruder 

Page 2-1 line 12. volume produced or volume used? 

Page 2-1 line 18. Is Mg a million grams? Not in List of Abbreviations. 

Page 2-1 line 22. Starting material for chloroprene synthesis is butadiene in the U.S. 

Page 2-21ine 15. Suggest rewording to: The polymerization process has been 
discussed.. . 

Page 3-21ine 5. Suggest inserting "that of'between "similar to" and "vinyl chlar-ide" 

Page 3-4 Figure 3-1 and caption. Why these numbers? Why not consecutive in 
key/caption? Why no 2, 3, 6, etc.? 

Throughout section 4, SMRs and SIRs should consistently use base 1 or base 100, not 
vary (cf pp 4-10 and 4-11). The adjectives low-exposure and high-exposure are not 
consistently hyphenated (cf p 4-2 lines 18 and 19 versus line 25, p 4.7 table 4-4 title vs. 
header for column 3). Deaths can. be in excess but cannot be elevated (cf p 4-3 line 13). 
SMRs can be elevated. Deaths in and of themselves cannot be statistically significant; 
SMRs can be (cf p 4-3 line 13). Mortality is a rate and therefore "Mortality rate" (cf page 
4-h line 22) is redundant. Check citations! Leet and Selevan becomes Leet and Sullivan 
in tables 4-10 and 4-11. 

Page 4-1 line 2. occupationally exposed should not be hyphenated. "during" not "from" 
the period . . . 

Page 4-1 line S. delete "and" at beginning of line 

62 



RFR EXHIBIT G Page 65 of 69 
External Peer Review Meeting on the Toxicological Review of Chloroprene 

Page 4-1 line 20. Need comma after 1957. Similarly page 4-3 lines 24-25, page 4-4 line 
13, etc. 

Page 4-21ine 14. Change "both internal...and" to "either internal...or" 

Page 4-2 lines 24-25. Needs commas after SMR and liver. 

Page 4-2 line 31. Lacic of adjustment (data were available) or lack of ability to adjust 
(data were unavailable)? 

Page 4-3 line 8. A total...was observed 

Page 4-3 line 13. Suggest rewording to: "observed cancer deaths were also in excess 
(SMR = 140) but the SMR was not statistically significant..." 

Page 4-3 line 14. Change last phrase to "and four deaths due to lung cancer" 

Page 4-3 lines 15-17. Suggest rewording to: "With five observed cancers of the urinary 
system (3 bladder and 2 kidney) the SMR was significantly elevated (300 compared to 
the DuPont population and 250 compared to the U.S...." 

Page 4-3 line 23. Suggest "accrued" instead of "worked for" 

Page 4-3 line 24. Should be "was identified" (subject is "a cohort") 

Page 4-4 line 3. Were exposures determined or estimated? 

Page 4-4 lines 8-10. The sentence as written doesn't actually state that males had 
increased exposure. Suggest "Males had statistically significant (p<0.005) greater 
exposure to chloroprene than females based on..." 

Page 4-41ine 1l. Subgroup has not been defined. 

Page 4-4 line 13. "their dates of death" 

Page 4-4 line 15. Suggest "sixteen reported cancer deaths occurred among..." 

Page 4-5 Table 4-2, row "researcher". All cause cell needs slash between 2'1 and 176. 

Page 4-S line 1. Suggest "One limitation of the Li et al. (1989) study was insufficient 
comparison mortality data" 

Page 4-5 line 2. "years we~•e not" 

Page 4-5 line 4. "time periods" 
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Page 4-5 line 6. Suggest ".. .during the time periods with no rates available,. .." 

Page 4-5 line 8. "there were no data..." 

Page 4-S line 17. "age at death was 12.7 years youngeN" 

Page 4-6 line 7. Not clear whether "lasting and making" is one or two departments 

Page 4-61ine 10. Locations or departments? 

Page 4-6 lines 11-12. Suggest: "year. They therefore devised a relative exposure system. 
Workers in the high-exposure departments were assigned..." 

Page 4-6 lines 19-20. Suggest: "Thirty-seven percent of cohort members (female/male 
distribution was not provided) contributing 26,063 person-years..." 

Page 4-61ine 22. Suggest: "Mortality of the general population of Moscow was used for 
comparison." 

Page 4-61ine 24. Suggest "available only" 

Page 4-6 line 25. "the rate of expected deaths" 

Page 4-6 lines 29-31. Need to specify that SMRs were elevated, not just statistically 
significant. What are "cancer-specific SMRs for liver cancer- and leukemia" as opposed to 
"SMRs for- liver cancer and leukemia"? 

Page 4-71ine 4. "low number". Is this a statistically significant decrease? Or provide 
expected. 

Page 4-71ine 8. Delete comma after leukemia. 

Page 4-4 Table 4-4 header. All cases or just high-exposure cases? 

Page 4-7 lines 10-11. Suggest: ". ..analysis by categories of duration of employment in 
high-exposure jobs (1-9..." 

Page 4-7 line 12. Need new paragraph starting with "The cumulative.." 

Page 4-71ine 15. "Kidney cancer was increased in all categories. . ." Are these categories 
of duration of employment as in lines 10-11 or tertiles oz- quartiles of cumulative 
exposure? 

Page 4-81ine 13. "Similar to the Li et al. study..." 
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Page 4-81ine 14. Suggest: ". . .values if mortality duf~ing these years was not 
representative..." 

Page 4-81ine 20. "Death certificates were coded by using the ICD-9..." 

Page 4-9 line 9. Suggest: "Cancer- incidence data were availablefo~~ 1979-1999..." 

Page 4-91ine 10. "...were identified, with six liver.." 

Page 4-91ine 13. "lung cancer in both the total.. ." 

Page 4-9 line 20. "noted in analyses using.. ." 

Page 4-9 lines 21-22. "...five cases in the highest cumulative exposure categoYy of. . ." 

Page 4-lO line 7. "adjusted for in either mortality..." 

Page 4-10 line 12. "time" of employment—era of employment or time of first 
employment? 

Page 4-lO line 23. "...estimated daily exposure..." ? 

Page 4-10 lines 29-30 states that 32 cancers occurred prior to 1977. How is that possible 
if the registry began in 1979? Does this mean 32 cancers occurred among those exposed 
prior to 1977? 

Page 4-lO line 32 states all SIRS exceeded 100. Table 4-7 presents SIRS using base 1. 
Page 4-11 Table 4-7 header 3'~`~ column. Cases Exposed before 1977? 

Page 4-11 lines 2-3. "lung cancers occurred in workers with >20 years of exposure..., 3 
in those with 11-20 years...and 1 in those with <10..." 

Page 4-11 line 10. "the lung cancer excess..." 

Page 4-11 line 11. "...smoking and alcohol consumption were..." 

Page 4-11 line 18. Suggest: ". . .using external regional rates and internal. comparisons..." 

Page 4-11 line 20. "...both chloroprene and a potential..." 

Page 4-12 throughout. As done in some places, but not consistently, label data with 
plant initials instead of providing a string of numbers and then stating "respectively". For 
example, line 9, change "1.54 and 0.094 ppm, respectively" to "1.54 (L) and 0.094 (M)". 
Similarly in lines 11, 24, 25. 
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Page 4-121ines 4-6. Suggest: "Kentucky, and Ponchartrain (P), Louisiana. The third one 
was the Maydown (M) plant in Northern Ireland and the fourth facility was the Enichein 
Elastomer plant in Grenoble (G), France." 

Page 4-12 line 8. Suggest "occurred at" instead of "existed in" 

Page 4-12 line 14. "cohorts" (as in line 10) 

Page 4-121ine 23 states 266, 48, 12, 10 for lung cancer deaths; table 4-8 has these 
numbers for all respiratory cancer deaths. Were all respiratory cancer deaths lung 
cancers? 

Page 4-12 line 26. Suggest: "deaths than expected fi~oin liver cancer were..." 

Page 4-12 line 29. Suggest: "~ier~ compared to expectations based on the general 
population. When..." 

Page 4-13 line 2. "trends across quartiles of exposure were examined" 

Page 4-13 line 14. "included" instead of "contained" 

Page 4-13 line 23. Delete "the" at end of line 

Page 4-141ine 4. ".. .work status was so highly..." 

Page 4-14 line 7. "They found inverse associations..." 

Page 4-15 lines 7-8. "cohorts hadfewer than 1000 workers, while the remaining cohorts 
hadfewer than 6000." 

Page 4-17, line 8. "...Louisville, Kentucky, plant." 

Page 4-18 line 16. "found in workers who. . ." 

Page 4-18 line 32. "...cohorts on different... 

Page 4-191ine 7. ". ..much lower numbers..." or "many fewer numbers" 

Page 4-20 line 1. ". . .19-23 employed. .." 

(I did not read section 4.2 as closely as the preceding section; there may be errors and 
ambiguities I did not catch.) 

Page 5-151ine 3. Delete period preceding 15` word in line 

Page 5-17 line 26. "multistage-Weibull..." 
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Page 5-21 line 21. EPA 1994A or EPA ] 994B? 

Page 7-3 lines 19-20. Only articles by the same author (which these are not) should be 
labeled 2001a and 2001b. 

Page 7-S line 33. "...life table analysis. .." 

Page B-2 Figure B-1. Abbreviations should be explained in a caption (similarly for other 
figures). What is the metric for the doses (horizontal axis)? 

Richard B. Schlesinger 

Section 4.6. The first paragraph of this section should have a subsection 4.6.1. Human 
Studies and the Animal Studies should be renumbered as 4.6.2. 

Section 4.7. This section could be better organized. The summary in section 4.7.1 should 
probably be moved to the end of the entire section on carcinogenicity. The human data 
are discussed separately in an Evidence for Causality section, yet this is not provided for 
the animal studies. A true synthesis would discuss Evidence for Causality across studies 
in all species. This could be integrated with the discussion in Section 4.7.3.3 on Mode of 
Action- to provide a stronger rationale for effects of chloroprene 
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INTRODUCTION AND PURPOSE OF MEMO 

Denka Performance Elastomer LLC (DPE) requested that Cardno ChemRisk provide a review of the 
epidemiological data underlying the EPA Integrated Risk Information System (IRIS) 2010 Toxicological 
Review of Chloroprene ("2010 Review") and the EPA January 25, 2018 denial ("the Denial") of Denka 
Performance Elastomer LLC's Request for Correction (# 17002). On behalf of Cardno ChemRisk, Dr. 
Gary Marsh and Dr. Natalie Egnot prepared this memorandum. The curriculum vitae of the authors are 
included as Attachments 1 and 2 to this memorandum. 

Overview ofMemo Contents and Conclusions 

• The epidemiological literature regarding chloroprene exposure and cancer mortality reviewed by 
the US EPA in the 2010 Review consists of evidence from seven independent worker cohorts, four 
of which were included within the most comprehensive and definitive study on this topic: the 2007 
University of Pittsburgh study of workers from the US, Ireland, and France who were occupationally 
exposed to chloroprene. 

• The University of Pittsburgh study did not identify statistically significant elevations in all-cancer, 
lung cancer, or liver cancer deaths among workers exposed to chloroprene compared to the 
appropriate national or regional population rates. 

• Similarly, no statistically significant evidence of a positive trend between the duration or level of 
chloroprene exposure and liver cancer was observed among workers in this rigorous study. 

• EPA incorrectly concluded in the 2010 Review that the University of Pittsburgh study revealed 
evidence of adose-response relationship between cumulative chloroprene exposure and liver 
cancer mortality risk. This conclusion was based on EPA's misinterpretation of certain risk values 
that were inflated by inordinately low liver cancer mortality rates in the baseline category used to 
calculate relative risks. 

• EPA's assertion of adose-response relationship for chloroprene and liver cancer starkly contrasts 
the University of Pittsburgh study authors' conclusion that the study provided no evidence of such 
an exposure-response relationship. 

• Overall, the available epidemiological evidence provides no consistent or credible evidence of 
chloroprene carcinogenicity in humans. 
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I1. BACKGROUND AND OVERVIEW OF MARSH ET AL. 2007 CHLOROPRENE STUDY 

In the early 2000s, I, Dr. Gary Marsh, along with colleagues at the University of Pittsburgh and 
collaborators from the University of Illinois and University of Oklahoma, conducted the largest and most 
comprehensive historical cohort study of industrial workers exposed to chloroprene. The study, which 
specifically investigated mortality due to malignant and non-malignant causes among workers exposed to 
chloroprene and vinyl chloride, included 12,430 individuals employed at one of two U.S. industrial sites 
(Louisville, KY (n=5,507) or Pontchartrain, LA (n=1,357)) or two European sites (Maydown, North Ireland 
(n=4,849) or Grenoble, France (n=717)). Investigators from the University of Illinois and University of 
Oklahoma conducted a comprehensive retrospective exposure assessment of chloroprene, and the 
results of that assessment were linked to the epidemiological data from the worker cohorts in order to 
evaluate exposure-response relationships for lung and liver cancer. We computed standardized mortality 
ratios (SMRs) comparing mortality rates among the chloroprene-exposed workers to the age-sex-race-
time-specific mortality rates of national and regional reference populations. We also conducted internal 
mortality comparisons (worker to worker comparisons) for liver and lung cancer in relation to duration and 
level of chloroprene exposure. 

This comprehensive and definitive study (referred to as the University of Pittsburgh or UPitt) study was 
designed to address the major limitations of prior studies regarding the health effects of chloroprene 
exposure, including but not limited to small sample size, inadequate exposure assessment, and 
questionably appropriate reference rates of cancer mortality for the regional or national population. The 
results of UPitt study were reported in 2007 in a series of publications in the peer-reviewed journal, 
Chemico-Biological Interactions (Esmen et al. 2007a; Esmen et al. 2007b; Hall et al. 2007; Leonard et al. 
2007; Marsh et al. 2007b, 2007a). 

Ultimately, the results of the UPitt study did not identify any elevated risks of cancer, including liver and 
lung cancers, among the cohort of chloroprene-exposed workers. In fact, my colleagues and i identified 
statistically significant overall deficits (that is, a smaller than statistically expected number of deaths) in 
mortality from all-cancers among the cohorts of workers when compared to the national or corresponding 
regional population. Specifically, when compared to their corresponding regional populations, we 
consistently identified overall deficits in both liver and lung cancer mortality rates among workers in the 
Louisville cohort (17 deaths, SMR=0.90 95% C1=0.52-1.44, and 252 deaths, SMR=0.75 95% C1=0.66-
0.85, respectively), Maydown cohort (1 death, SMR=0.24 95% C1=0.01-1.34, and 43 deaths, SMR=0.78 
95% C1=0.56-1.05, respectively), and Grenoble cohort (1 death, SMR=0.56 95% C1=0.01-3.12, and 4 
deaths, SMR=0.47 95% C1=0.13-1.20, respectively) (Marsh et al. 2007a). No cases of liver cancer were 
identified among workers in the Pontchartrain cohort; therefore, SMRs for this outcome could not be 
calculated for workers in this facility. However, similar to the other study sites, we observed a deficit in 
lung cancer mortality when comparing the Pontchartrain cohort to the regional population (10 deaths, 
SMR=0.55 95% C1=0.26-1.00) (Marsh et al. 2007a). 

We conducted additional analyses of certain subgroups, including only those workers who had been 
exposed to chloroprene. Across all plants, deficits in all-cancer mortality (806 deaths, SMR=0.71 95% 
C1=0.66-0.76), lung cancer mortality (330 deaths, SMR=0.75 95% C1=0.67-0.84) and liver cancer 
mortality (17 deaths, SMR=0.71 95°/a C1=0.42-1.14) were observed among the exposed workers. The 
deficits for all-cancer and lung cancer were statistically significant. Among liver cancer cases identified 
within the Louisville cohort (n=17), we conducted an exposure-response analysis to evaluate possible 
trends in liver cancer mortality risk associated with increasing chloroprene exposure. This analysis could 
only be conducted within the Louisville cohort because no cases of liver cancer were identified within the 
entire Pontchartrain cohort, and the investigation of the Maydown and Grenoble cohorts identified only 
one confirmed liver cancer case at each site. The exposure-response analyses revealed no statistically 
significant elevations in liver cancer mortality risk among individuals at any level of chloroprene exposure, 
and revealed no evidence of any statistically significant trends in liver cancer mortality risk relative to 
three metrics of chloroprene exposure (duration of exposure, average intensity of exposure, and 
cumulative exposure). 
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111. CRITIQUE OF EPA EVALUATION AND INTERPRETATION OF STUDIES PUBLISHED 
PRIOR TO UPITT STUDY 

In their 2010 Toxicological Review of Chloroprene, the EPA authors reviewed epidemiological studies 
conducted among seven worker cohorts from Armenia (Bulbulyan et al. 1999), China (Li et al. 1989), 
France (Colonna et al. 2001; Marsh et al. 2007b, 2007x), Ireland (Marsh et al. 2007b, 2007x), Russia 
(Bulbulyan et al. 1998), and the US (Marsh et al. 2007b, 2007x; Leet et al. 1982), each of which included 
individuals who were occupationally exposed to chloroprene. The authors of the 2010 Review made 
several critical errors when evaluating the studies published prior to the UPitt study. First, two of the 
studies considered in the 2010 Review assessed mortality among workers from the same facility that 
eventually constituted the Louisville cohort within the UPitt study (Leet et al. 1982; Pell 1978). The results 
of these studies were inappropriately considered as independent of the UPitt study within the 2010 
Review even though the UPitt study included members of the prior cohorts and was specifically designed 
to address limitations of these studies. Second, the epidemiological studies published before the UPitt 
study have substantial limitations in terms of study design and analytical methods, many of which were 
identified in the 2010 Review's evaluation of these studies. Despite acknowledging these limitations, the 
authors of the 2010 Review utilized the considerably flawed epidemiological literature published prior to 
the UPitt study to support their conclusion that chloroprene is "likely to be carcinogenic" in humans (US 
EPA 2010b). Third, when interpreting the epidemiological evidence used to support their conclusions 
regarding chloroprene carcinogenicity, the authors of the 2010 Review gave many of the poorer quality 
studies the same weight as the mare robust UPitt study. 

The 2010 Review should not have treated the Leet and Selevan study as independent of the UPitt study. 
In 1982, Leet and Selevan reanalyzed the data collected from the DuPont Louisville facility by Pell et al. in 
1978 using a modified life-table analysis, and identified a statistically significant elevation in liver/biliary 
cancer (4 deaths, p=0.01) among exposed workers. No statistically significant trends were identified in 
regard to latency or duration of chloroprene exposure. The Leet and Selevan findings were based on a 
crude, qualitative exposure assessment, and suffered from small sample sizes within stratified analyses. 
The UPitt study provided an updated and more thorough analysis of the Louisville cohort that had 
previously been evaluated by Leet and Selevan. The 2010 Review states that "sufficient differences 
between these two studies investigating the Louisville cohort warrant independent analyses of each" (US 
EPA 2010; pp.A-13). The differences in analytical approaches between these two studies do not 
supersede the fact that their subjects are not independent. Further, the UPitt study employed a more 
methodologically rigorous analytical strategy when evaluating the cohort of Louisville workers. Because 
these two studies included overlapping members of the same cohort and the UPitt study provided a more 
rigorous evaluation of these participants, it was not appropriate for the EPA to include the Leet and 
Selevan study in their evaluation of chloroprene carcinogenicity. 

The remaining cohort studies of chloroprene and cancer mortality that the EPA considered in the 2010 
Review suffer from substantial limitations such as a lack of an appropriate comparison group for effect 
estimate calculation, weak exposure assessment, and small sample size particularly in stratified analyses, 
all of which were addressed in the design of the 2007 UPitt study. For example, Li et al. published the 
results of a cohort mortality study of Chinese chloroprene-exposed workers in 1989 that lacked 
representative mortality rates to which the cohort could be compared, and conducted only a qualitative 
exposure assessment (Li et al. 1989). Specifically, although mortality follow-up was conducted from 
1969-1983, local age- and sex-specific rates used to calculate SMRs were obtained only from 1973-1975. 
Similar to the Chinese study, Bulbulyan et al. utilized local liver cancer incidence and mortality rates from 
only two years (1992-1993) in order to calculate SMRs for liver cancer among a Russian cohort although 
mortality follow-up lasted from 1979-1993 (Bulbulyan et al. 1998). Internal-comparison analyses were 
conducted based on a qualitative assessment of chloroprene exposure, duration of high exposure, and 
cumulative exposure. These anal-yses suffered from very small sample sizes, and imprecise risk 
estimates. For example, the only statistically significant result among these internal comparisons was an 
elevated relative risk (RR) of liver cancer (RR=45) based on only one observed case of liver cancer 
among those with 20+ years of high chloroprene exposure resulting in a 95% confidence interval ranging 
from 2.2-903. 
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Bulbulyan et al. also conducted a mortality study among an Armenian cohort of chloroprene-exposed 
workers which suffered from the same limitations as the Russian study, and resulted in similarly imprecise 
risk estimates due to small sample size (Bulbulyan et al. 1999). More recently, Colonna and Laydevant 
conducted a cohort study of chloroprene exposure and cancer incidence among workers at the 
Isere/Grenoble facility evaluated in the UPitt study (Colonna et al. 2001). This study collected cancer 
incidence data from 1979-1997 and utilized cancer incidence rates from a local registry for the same time 
period in order to facilitate comparisons. Only one case of liver cancer was identified among the cohort 
and no statistically significant elevations in incidence of all-cancers, lung cancer, or liver cancer were 
observed within the cohort. 

Ultimately, despite the substantial limitations of the studies published prior to the UPitt study, the authors 
of the 2010 Review gave the results of these studies equal consideration to the results of the UPitt study 
when forming conclusions regarding the epidemiological evidence of chloroprene carcinogenicity. The 
UPitt study overcame the limitations of the earlier studies by including a greater number of participants, 
conducting a more rigorous and comprehensive exposure assessment, and.using appropriate 
comparison groups for the calculation of SMRs. The UPitt study included more participants than all other 
studies conducted on this topic combined, and included more than 350,000 person-years of follow up. 
Moreover, the 2007 study utilized age-sex-race-time-specific mortality rates from appropriate comparison 
populations (national, regional, and internal), and included detailed data on participant demographic, work 
history and chloroprene exposure information that was lacking in the other cohorts. Therefore, the authors 
of the 2010 Review should have given the conclusions of the UPitt study greater weight than the other 
studies published on this topic when considering the epidemiological literature. Instead, the EPA's 
conclusion that chloroprene is likely carcinogenic in humans based on the epidemiological literature is 
reliant on the limited and biased studies published prior to the UPitt study. 

IV. EPA'S MISREPRESENTATION OF UPITT EXPOSURE-RESPONSE ANALYSIS FOR 
LIVER CANCER 

The authors of the 2010 Review also grossly misrepresented the results of the UPitt historical cohort 
study in their 2010 Report. Specifically, the 2010 Review focused on a limited series of results from the 
UPitt study based on internal comparisons among workers at the Louisville plant, and others based on 
comparisons among DuPont workers nationally. Our serious concerns about how the US EPA interpreted 
and reported the UPitt study results are described in further detail below. 

The 2010 Review suggests that the results of the UPitt study provide evidence in support of an exposure-
response trend between chloroprene exposure and liver cancer. Specifically, Appendix A of the 2010 
Review states, "Although no statistically significant increase in risk ofliver cancer was detected in the 
most recent and comprehensive cohort study involving workers at four plants (Marsh et al., 2007), the 
observed RR Hofliver cancer] increased with increasing cumulative exposure in the plant with the highest 
exposure levels, indicating adose-response trend " (US EPA 2010b). The US EPA authors obtained 
these results from a limited exposure-response analysis based on a total of only 17 liver cancer deaths 
observed in the Louisville cohort, which was fewer liver cancer deaths than statistically expected based 
on regional rates. Only two liver cancer deaths were observed among the other UPitt study sites 
combined. The Table below shows the relevant results from the Louisville cohort in the UPitt study. 
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Table: Exposure-response analysis for chloroprene and liver cancer by exposure metric. Louisville plant, 
relative risks (RR) and standardized morality ratios (SMR). From Marsh et al. 2007b. 

-_
Internal Rate Analysis External Rate Analysisb 

Observed 
Metrics Deaths Non-cases° RRd (95% CI) p-value Person-Yearse SMR (95% CI) 

Duration of Exposure (years) 

<10 6 1500 1.00 Global=0.24 131,276 0.61 (0.22-1.32) 

10-19 4 216 3.85 (0.76-17.09) Trend=0.36 30,404 2.08 (0.57-5.33) 

20+ 7 965 1.75 (0.49-6.44) 36,239 0.99 (0.40-2.04) 

Average Intensity of Exposuref 

<3.6216 3 714 1.00 Global=0.22 69,274 0.62 (0.13-1.80) 

3.6216-8.1245 7 568 3.81 (0.77-25.76) Trend=0.84 27,933 1.73 (0.70-3.56) 

8.1246-15.99 3 388 1.84 (0.22-15.74) 28,689 0.94 (0.19-2/74) 

16.0+ 4 1011 1.31 (0.20-10.07) 72,023 0.59 (0.16-1.52) 

Cumulative Exposure9 

<4.747 2 744 1.00 Global=0.17 68,918 0.43 (0.05-1.55) 

4.747-55.918 3 725 1.90 (0.21-23.81) Trend=0.09 56,737 0.59 (0.12-1.74) 

55.919-164.052 7 653 5.10 (0.88-54.64) 39,840 1.62 (0.65-3.33) 

164.053+ 5 559 3.33 (0.48-39.26) 32,424 1.00 (0.33-2.34) 

a Decimal places of cut points reflect precision needed for computational purposes only and not precision of exposure assessment 
b Local county rates 

The number of persons in decedents risk set used in calculation of RR 
d Adjusted for sex 
e Number of person-years used in calculation of SMR 
~ Ratio of cumulative exposure to duration of exposure (in ppm) 
9 Product of the number of dates in each job function and estimated average daily exposure (in ppm years) 

The 2010 Review inappropriately and inaccurately suggests that the results of the exposure-response 
analysis of the Louisville cohort shown above indicate a "dose-response trend" between chloroprene 
exposure and liver cancer mortality (US EPA 2010b). As shown in the table, statistical tests of trend by 
increasing exposure metrics including duration of chloroprene exposure, average intensity of chloroprene 
exposure, and cumulative chloroprene exposure were performed and were consistently not-statistically 
significant. Moreover, none of the risk estimates based on exposure-response metrics appeared to have 
a monotonic, or consistent, positive relationship with liver cancer risk based on statistical tests of trend. 
The interpretation of these results provided in the 2010 Review is in stark contrast to the interpretation 
provided by the UPitt study authors: "Although RRs for the cancer sites and exposure measures 
considered were elevated in many non-baseline categories due to the low baseline rates, we observed no 
consistent evidence that RRs were positively associated with increasing exposure in any of the study 
plants" (Marsh et al. 2007b). 

The not statistically significant elevation in RRs observed from the UPitt exposure-response analysis for 
liver cancer among the Louisville cohort can be attributed largely to the fact that the lowest exposure 
groups for each exposure metric, which served as the baseline category for the calculation of the RRs, 
had unusually low mortality rates of liver cancer. These inordinately low baseline rates are demonstrated 
by the large deficits in lung cancer mortality when each of the exposure groups is compared to the 
regional population. Specifically, the SMRs among the least exposed, or baseline groups, in terms of 
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duration of chloroprene exposure, average intensity of chloroprene exposure, and cumulative chloroprene 
exposure, were 0.61, 0.62, and 0.43, respectively. These inordinately low mortality rates in the baseline 
category create the impression of large excesses in risk among persons in the non-baseline categories. 
For example, the 5.1-fold elevation in liver cancer risk for workers in the third highest cumulative exposure 
category (7 deaths, RR=5.10, 95%C1=0.88-54.64) reflects the fact that persons in that exposure category 
had a moderate, not statistically significant 1.62 fold rate of liver cancer (SMR = 1.62, 95% C1=0.65-3.33) 
compared with the regional standard population, and these workers were compared with workers in the 
baseline category who had a 57% deficit in liver cancer mortality based on the regional comparisons 
(SMR = 0.43, 95% C1=0.05-1.55). Thus, an internal comparison of these two groups results in an 
apparent but misleading greater than five-fold excess in liver cancer mortality. 

Internal comparisons are an effective method of addressing healthy worker bias, which particularly affects 
risks of death from non-malignant causes such as cardiovascular disease or all-cause mortality. However, 
as illustrated above, risk estimates obtained from internal comparisons must be interpreted with caution 
as they may produce misleading estimates of mortality risk if workers in the baseline exposure category 
used to calculate internal RRs have an inordinately low (or high) risk of mortality compared with workers 
in the non-baseline groups. This phenomenon was addressed in a 2007 publication regarding this study, 
and has been observed and discussed in other cohort studies of workers exposed to acrylonitrile and 
formaldehyde (Marsh et al. 2007b; Marsh et al. 2001; Marsh et al. 2014). However, this explanation of the 
elevated RRs obtained from the exposure-response analysis was not discussed within the 2010 Review. 
It is also worth mentioning that this internal comparison analysis was conducted only among liver cancer 
cases from the Louisville cohort (n=17), and number of deaths in each of the exposure categories ranged 
from only 2 to 7. The small sample size evaluated within this portion of the analysis resulted in imprecise 
risk estimates as shown by the wide confidence intervals. The 2010 Review thus should not have given 
such large weight to unremarkable and not statistically significant results obtained from a limited 
exposure-response analysis of liver cancer conducted in only one study site in the UPitt study. 

V. EPA'S MISINTERPRETATION OF DUPONT EMPLOYEE INTERNAL COMPARISONS 
AND HEALTHY WORKER EFFECT IN UPITT STUDY 

In 2007, Leonard et al. published the results of an internal mortality analysis comparing chloroprene-
exposed workers from the Louisville and Pontchartrain facilities to regional and national samples of 
DuPont workers along with the series of publications regarding the UPitt study. There were no statistically 
significant elevations in liver cancer mortality among the Louisville workers compared to other DuPont 
workers regionally (SMR=1.21; p>0.05) or nationally (SMR=1.27; p>0.05) (Leonard et al. 2007). Again, 
because no cases of liver cancer were observed among workers in the Pontchartrain facility, risk 
estimates for this outcome could not be determined. 

The 2010 Review highlighted statistically significant elevations in all-cancer and respiratory cancer 
mortality that were observed when comparing workers from the Louisville cohort to a national sample of 
DuPont workers. When compared to DuPont workers regionally, only SMRs for all-cause mortality and 
lung cancer mortality remained significantly elevated in this cohort. The increase in SMRs observed in 
these specific analyses was not unexpected. Some of the increase in SMRs can be attributed to regional 
variation, while a reduction in healthy worker bias also likely played a role, particularly in regard to the all-
cause mortality outcome. However, the health worker effect is unlikely to have influenced the results 
related to malignant causes such as lung and liver cancers due to their relatively sudden onset, short 
survival time, and high case-fatality rate (Enterline 1976). Ultimately, these results provide evidence that 
workers may more strongly reflect their local and regional populations rather than a more widely 
dispersed population of workers in terms of their mortality experience. 

Interestingly, the 2010 Report does not mention that exposure-response SMRs for all-cancer and lung 
cancer were also calculated comparing the Louisville cohort to DuPont workers regionally, and the results 
were, with few exceptions, not statistically significant. Instead, evidence suggesting that there was no 
clear consistent positive trend across the increasing exposure groups was ignored by the 2010 Review. It 
is also worth mentioning that 48 effect estimates were reported in the Leonard et al. paper, which should 
be considered within the context of the series of six epidemiological publications that reported results of 
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the UPitt study. These results were not adjusted based on the fact that multiple statistical comparisons 
were made as part of this investigation. Therefore, it is misleading for the EPA to put such weight on 
these few statistically significant estimates comparing the Louisville workers to DuPont workers nationally 
when the vast majority of results obtained from this study were consistently null. 

VI. CRITIQUE OF EPA CONCLUSIONS BASED ON BODY OF EPIDEMIOLOGICAL 
LITERATURE 

a. Application of Bradford Hill Causal Criteria 

According to the 2010 Review, Bradford Hill causal criteria were utilized to assess the body of 
epidemiological literature as recommended by the EPA Guidelines for Carcinogenic Risk Assessment 
(Hill 1965; US EPA 2005). The EPA, however, did not apply the Hill criteria to the epidemiological studies 
of chloroprene exposure in a uniform or consistent way, rather their selective application of Hill criteria 
was misleading and overstated the evidence of a relationship between chloroprene and cancer mortality. 
A description is provided below of the selective Hill criteria with which US EPA misrepresented the 
epidemiological evidence or inappropriately inflated the results (strength of association, consistency, 
specificity, and biological gradient). 

Strength ofAssociafion 

When describing the strength of association between chloroprene exposure and liver cancer mortality, the 
2010 Review predominately relied upon risk estimates reported from the methodologically flawed studies 
described within section 1.2 of this critique (Bulbulyan et al. 1998; Bulbulyan et al. 1999; Leet et al. 1982; 
Li et al. 1989). The authors of the 2010 Review ignored the results from the UPitt study suggesting that 
there was no elevated risk among chloroprene-exposed workers compared to national or regional 
reference populations within this section of the 2010 Review. Instead, the authors discussed the not 
statistically significant elevation in risk among select exposure groups when workers with higher levels of 
exposure were compared to those with low exposure levels as though they were statistically significant. 

As discussed in Section 1.2.1 of this critique, only 17 deaths from liver cancer were observed among the 
Louisville cohort and were therefore included in the exposure-response analysis. In fact, some of the 
exposure subgroups discussed by the US EPA authors comprised only two individuals, which resulted in 
imprecise risk estimates and wide confidence intervals (Marsh et al. 2007b). Further, as noted above in 
Section 1.2.1 the elevated RRs observed in this analysis were primarily driven by the fact that the 
individuals in the lowest exposure or baseline groups had exceedingly large deficits in liver cancer 
mortality compared to what would be expected in the general regional population. Therefore, the EPA's 
argument that the epidemiological evidence demonstrates a strong association between chloroprene 
exposure and liver cancer is flawed due to its reliance on biased studies and the misinterpretation of UPitt 
study results. 

Consistency and Specificity 

The US EPA authors also incorrectly asserted that the epidemiologic evidence of a consistent and 
specific relationship between chloroprene exposure and liver cancer was observed among four 
independent epidemiological studies (Bulbulyan et al. 1998; Bulbulyan et al. 1999; Leet et al. 1982; Li et 
al. 1989). First, the effect estimates calculated within these limited studies vary tremendously with some 
of the significant estimates only identified in sub-analyses of small groups with the highest exposure (Li et 
al. 1989) or only among participants of one gender (Bulbulyan et al. 1998). Next, the Leet and Selevan 
study is not independent of the UPitt study, and therefore, should not be considered in the evaluation of 
the epidemiological literature as a whole. Lastly, the UPitt study included more person-years of 
observation than the four prior studies combined, and consistently reported no evidence of an association 
between chloroprene exposure and liver cancer among four worker cohorts. For these reasons, it is 
inaccurate for the EPA to say that there is consistent evidence of an association between chloroprene 
exposure and liver cancer. 
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Biological Gradient 

When describing the epidemiological evidence of a biological gradient, or exposure-response 
relationship, between chloroprene exposure and liver cancer, the US EPA cites the 1999 Bulbulyan'study, 
which conducted only a crude exposure assessment, did not account for confounding factors, and 
ultimately did not find a statistically significant trend of increased liver cancer risk among those with the 
highest chloroprene exposure (Bulbulyan et al. 1999). The US EPA authors also cited the UPitt study, 
claiming that elevated risks among the individuals with the highest exposures were reported. Again, 
contrary to the EPA's conclusions, there were no statistically significant elevations in liver cancer risk 
among any of the exposure groups. Furthermore, the highest risk estimates were not even among the 
individuals in the highest exposure groups (RR=3.85 for 10-19 years exposure vs. RR=1.75 for 20+ years 
exposure) indicating that a consistent trend between greater chloroprene exposure and increased liver 
cancer risk was not observed. 

b. Failure to Address Peer Review Comments 

Our observation that the 2010 Review greatly exaggerated the epidemiological evidence of an 
association between chloroprene exposure and liver cancer 2010 Review is echoed by the reviewer 
comments to the US EPA's original draft of the 2010 Review. Specifically, Dr. Herman Gibb, an 
epidemiologist who served on the peer review panel, stated in his comments to the EPA that the 
"document overstates the human evidence" and that the 2010 Review is not "transparent in its reasoning 
that there is a risk ofliver cancer" in regards to the epidemiological data (US EPA 2010a). The 
epidemiologic evidence of chloroprene carcinogenicity remains overstated and in many cases 
misrepresented in the final version of the 2010 Review. Due to the nature of the peer review process 
utilized by the EPA, the US EPA authors were not required to incorporate all reviewer comments and 
suggestions prior to publication. Therefore, it appears as though concerns, such as Dr. Gibbs, were left 
unaddressed within the final 2010 Review. In particular, the EPA did not change its conclusion that the 
epidemiological data provides evidence of adose-response relationship in different cohorts in different 
continents, which Dr. Gibb stated "grossly misrepresents the evidence" (US EPA 2010a). 

VII. CONCLUSION 

In conclusion, we maintain strongly that there is no consistent or credible epidemiological evidence of 
chloroprene carcinogenicity in humans. It is clear that the EPA based their conclusion on evidence from 
substantially flawed studies and a misinterpretation of the more rigorous UPitt study. Not only does the 
body of epidemiological literature not support this conclusion, but it is also not consistent with the 
International Agency on Cancer Research (IARC), which has classified chloroprene as "possibly 
carcinogenic to humans" (IARC 1999). In their 1999 monograph, IARC determined that there was 
inadequate evidence of the carcinogenicity of chloroprene in humans. This classification was determined 
even before the definitive UPitt study reported that there was definitively no evidence of a relationship 
between chloroprene exposure and cancer mortality across four worker cohorts. 
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Summary of Experience 

Gary M. Marsh, Ph.D., F.A.C.E. is a Consulting Senior Science Advisor for Epidemiology 
for Cardno ChemRisk. Dr. Marsh is also a Professor of Biostatistics, Epidemiology, and 
Clinical and Translational Science, and the Director of the Center for Occupational 
Biostatistics and Epidemiology at the University of Pittsburgh, Graduate School of Public 
Health. He is a Fellow of the American College of Epidemiology. 

Dr. Marsh directs occupational epidemiologic studies to investigate the long-term health 
effects of exposure to such agents as man-made mineral fibers, formaldehyde, acrylamide, 
acrylonitrile, arsenic, chloroprene, tungsten carbide with cobalt binder, petrochemicals, 
aromatic amines and pharmaceuticals. in addition, he conducts environmental 
epidemiologic studies of communities exposed to industrial pollutants or to hazardous 
waste site materials and is involved in basic methodological research related to 
longitudinal data analysis and quantitative risk assessment. 

Dr. Marsh has more than 250 publications in the areas of biostatistics, occupational/ 
environmental epidemiology, quantitative risk assessment, statistical computing and health 
services evaluation. He is the senior author of the computer software packages, OCMAP 
(Occupational Cohort Mortality Analysis Program), which is used as a standard analytic 
tool by more than 150 domestic and 40 foreign institutions involved in occupational health 
research, and RACER (Rapid Assessment and Characterization of Environmental Risks). 
Dr. Marsh is also developer of the original Mortality and Population Data System (MPDS), 
a repository and retrieval system for National Center for Health Statistics (NCHS) and U.S. 
Census Bureau data. 

Dr. Marsh is an active member of the American College of Epidemiology, the American 
Statistical Association, the Biometric Society, the International Society for Environmental 
Epidemiology, the Society for Epidemiologic Research, the Society for Occupational and 
Environmental Health and the international Commission on Occupational Health. 

Significant Experience 

University of Pittsburgh 

(~i~~c~u~te cfrca! cat I'~el~Fic ~-1~~Ifh 

> Professor of Epidemiology (2010-present) 
> Professor of Clinical and Translational Science (2010-present) 
> Director and Founder, Center for Occupational Biostatistics and Epidemiology 

(2008-present) 
> Interim Chairman, Department of Biostatistics (2007, 2009-2010) 

> Professor of Biostatistics (1991-present) 
> Associate Professor of Biostatistics (1984-1991) 
> Assistant Professor of Biostatistics (1978-1984) 

> Research Associate (1977-1978) 

a~itl~ ~, 2Ci"~a 
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> Professor of Clinical and Translational Science (2010-present) 

~;'~;r~~~~i~ ~'c~r r3virE~r~rr~~t~1~a1 ~:~ic~~rrri~~trc~y 

> Assistant Director (1983-1985) 

~c~~c~r~I of i~~~~Ifh f~~1~Pec~ ~'rofessir~~~s 

> Adjunct Assistant Professor of Health Related Professions (1981-1983) 

University of Minnesota School of Public Health 

> Faculty, Graduate Summer Session in Epidemiology (1984) 

Wesley Institute, Bethel Park, Pennsylvania 

> Mathematics Instructor (1974-1975) 

Consulting Experience 

Litigation Support 

Dr. Marsh has provided litigation support as both a testifying and consulting expert to in-
house and outside counsel on a variety of matters including: 

> Railyard work and brain cancer 

> Cosmetic talc and mesothelioma 

> Non-occupational asbestos exposure and mesothelioma 

> Asphalt adhesive and reactive airway dysfunction syndrome (RADS) 

> Fiberglass and idiopathic pulmonary fibrosis 

> Ethylene oxide and breast and lympho-hematopoietic tissue cancer 

> Diesel exhaust and lung cancer 

> Railyard work and hemaphagocytic lympohistiocytosis (HLH) 

~ > Firefighters and kidney cancer 

> Formaldehyde in hair straightening products and lung cancer 

> Electric power plant occupational exposures 

> Coal preparation workers and exposure to acrylamide 

> FEMA trailer residents and risks from formaldehyde exposure 
~ > Asbestos related diseases among workers and the community near an Italian 

manufacturing facility 

> Evaluation of possible association between PFOA exposure and adverse health 
outcomes 

> Worker exposure to amorphous silica 

> Risk of mesothelioma for brake workers 

> Evaluation of occupational exposures to hydroquinone and various cancer 
outcomes 

> Evaluation of occupational exposure and adverse effects from carbonless copy 
paper 

> Evaluation of risk of CML in workers exposed to benzene 

> Evaluation of ATSDR health studies in Libby, MT 

~~~zi~ ~. z(??ta 
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> Evaluation of community health issues associated with waste contamination near 
McCullom Lake, IL 

> Health effects in workers exposed to ortho-toluidine 

> Risk of respiratory health effects from exposure to fibrous glass in school buses 
> Risks associated with occupational exposure to formaldehyde 
> Advise on cases involving latex gloves and allergies 

> Evaluation of case involving anophthalmia/microphthaimia in a child with 
potential exposure to Benomyl 

Consulting Projects in Epidemiology and Biostatistics, and Advisory Positions 

Dr. Marsh has been retained by numerous private sector clients to assist and advise in the 
evaluation of health effects associated with a wide variety of chemical, radiological and 
other exposures. He also has assisted managed care organizations with evaluations of 
health care delivery systems. Specific examples include: 

> City of St. Louis, St. Louis, MO (2015-present) 
- Expert witness on case involving city firefighter 

> Monsanto, St. Louis, MO (2015) 
- Member of expert scientific panel to review and critique epidemiological 

studies of persons exposed to glyphosate 

> American Chemistry Council, Washington, DC (2015) 
- Review of epidemiological studies of persons exposed to ethylene oxide 

> inXsol, Phoenix, AZ (2012-2013) 
- Statistical evaluation of smartphone application for measuring airborne 

chemical exposures 

> Confidential Chemical Company, PA (2011-2012) 
- Advised on epidemiological study of brain cancer among workers at a 

chemical manufacturing facility 

> Arnold &Porter, LLP, Washington, DC (2011) 
- Advised on response to NAS report on health effects of formaldehyde 

> Hollingsworth, LLP, Washington, DC (2011) 
- Presentation and discussion of formaldehyde epidemiology 

> ENVIRON International Corporation, Boston, MA (2010-2012) 
- Member of advisory board to evaluate manuscript reviewing association 

between formaldehyde exposure and lympho-hematopoietic malignancies 
- Member of advisory board to prepare comments on EPA's draft toxicological 

review of chloroprene 

> Confidential Specialty Chemical Company, OH (2010-2011) 
- Advised on epidemiological evidence for association between formaldehyde 

exposure and cancer 

- Prepare presentations for NAS meeting on formaldehyde 

> Confidential Heavy Duty Vehicle Manufacturer, IL (2010-2011) 
- Advised on epidemiological evidence for association between diesel exhaust 

exposure and lung cancer 

it ... <:, :z t:~r s<5 
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Review and critique of epidemiological studies of metalworking fluids exposure 
R and cancer outcomes 

> Confidential Biotechnology Company, MO (2009-2010) 
- Designed probability sample to evaluate usage patterns of Botox 

> North American insulation Manufacturers Association, Alexandria, VA (2009) 
- Wrote updated review of health effects associate with exposure to man-made 

vitreous fibers 

- Presentation at NTP meeting on health effects of man-made vitreous fibers 

> International Truck and Engine Corporation, Chicago, IL (2007-2011) 
- Advised on epidemiological evidence for association between diesel exhaust 

exposure and lung cancer 

> Geyer Pathology Services, LLC, Pittsburgh, PA (2007) 
- Developed sampling design for selecting lung tissue for analysis 

> Burdock Group Consultants, Vero Beach, FL (2006) 
- Member of expert panel to review safety status of aspartame as a non-

nutrative sweetener 

> Energy Networks Association, London, UK (2006) 
- Member of expert panel to review epidemiological literature on health effects 

of EMF exposure 

> CEFIC AISBL European Chemical Industry Council, Brussels, Belgium (2006) 
- Reanalysis of data from NCI cohort study of formaldehyde workers 

> Gateway Health Plan, Pittsburgh, PA (2005-2009, 2013-2014) 
- Design and analysis of health care delivery evaluations 

> Confidential Construction Equipment Manufacturer, IL (2005-2010) 
- Design and analysis of epidemiology study to evaluate association between 

welding exposures and Parkinson's Disease 

R > Confidential Chemical Manufacturer, PA (2005-2007) 
- Advised on community studies to evaluate potential health effects of chromium 

exposure 
- Design and analysis of epidemiological study to evaluate suspected link 

between working in paint production plant and testicular cancer 

> FormaCare -European Chemical Industry Council (CEFIC), Brussels, Belgium 
(2005-2007) 
- Performed various re-analyses of data from the NCI cohort study of 

formaldehyde exposed workers 

> Formaldehyde Council Inc., Washington, DC (2004-2010) 
- Advised on various studies evaluating health effects from formaldehyde 

exposure 

> Pressley Ridge Child Care Services, Pittsburgh, PA (2004-2006) 
- Designed probability sample to evaluate effectiveness of child care services 

> Semi-Conductor Industry Association, Washington, DC (2003-2010) 
- Member of expert scientific panel to advise on design, analysis and 

~ operational aspects of industry-wide study of semi-conductor workers 

~ > Academy for Educational Development, Washington, DC (2003-2008) 
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- Advised on design and analysis of educational effectiveness studies 

~ > Confidential Petroleum Refining Company, IL (2003) 
- Design and analysis of a refinery cohort study to evaluate cancer mortality 

risks 

x > Formaldehyde Council Inc., Washington, DC (2002-2009) 
- Performed various re-analyses of data from the NCI cohort study of 

formaldehyde exposed workers 

> W.R. Grace Company, Leesburg, VA (2002) 
- Advised on Libby, MT zonolite health issue 

> NIOSH, Cincinnati, OH. (2001-2007) 
Follow-up Investigations of Suspected Health Effects of Exposure to Effluents 
from a Copper Smelter, Copperhill, TN (2001-2007) 

> Confidential Pharmaceutical Manufacturer, NJ (2001-2005) 
s - Design and analysis of epidemiological studies of pharmaceutical production 

workers 

> Coordinated Care Network, Monroeville, PA (2001-2002) 
- Statistical evaluation of coordinated care program for persons without 

traditional health insurance 

> Confidential Aerospace Company, CT (2001-2002) 
- Advised on feasibility of conducting large-scale cohort study of jet engine 

manufacturing workers 

> The Acrylonitrile Group, Washington, DC (2001) 
- Advised on plans for AN scientific conference 

> Dow Chemical Co., Midland, MI (2000-2013) 
- Statistical analysis of Dow benzene cohort data 
- Member of scientific advisory board for epidemiological research program 

> Confidential Metal Mining Company, UT (2000-2001) 
- Advised on epidemiological studies of copper and zinc smelter workers 
- Review and critique of protocol to evaluate association between smelter 

emissions and multiple sclerosis 

> The Sapphire Group, Inc., Beachwood, OH (2000) 
- Third-party review and critique of ethylene oxide risk assessment draft 

> New Jersey Department of Health and Senior Services, Trenton, NJ (1999-2003) 
- Advised on community studies to evaluate potential health effects of residing 

near Toms River, NJ chemical site 
- Advised on design and evaluation of mail survey of chemical exposures 

> University of Texas, Houston/Baylor Medical College, Houston, TX (1999-2003) 
- Member, Research Advisory Committee-advised on proposed bladder cancer 

screening and medical surveillance program 

> Confidential Chemical Manufacturing Company, MO (1999) 
- Review and critique of mortality surveillance program 

> Confidential Petrochemical Company, IL (1999-2002) 
- Advised design and analysis of epidemiological studies of workers exposed to 

acrylonitrile and nitrogen products 
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> Orthopedic &Reconstructive Center, Oklahoma City, OK (1999-2001) 
~ - Advised on study protocol to evaluate treatments for carpal tunnel syndrome 

> Confidential Chemical Company, PA (1999) 
- Review and critique of studies evaluating association between plasticizers and 

childhood asthma 

> TERRA Inc., Tallahassee, FL (1998-2003) 
- Advised on various studies evaluating health effects of chemical exposures 

> Confidential Chemical Company, NJ (1998) 
- Advised on possible cancer cluster study related to company. workers 

> Confidential Specialty Chemical Company, NY (1998) 
- Review and provided written critique of UAB, Tom's River Plant cohort study 

> The Acrylonitrile (AN) Group, Washington, DC (1997-2005) 
- Performed reanalyses of data from NCI cohort study of acrylonitrile-exposed 

workers 

> Dow Chemical Company &Dow Corning Corporation, Midland, MI (1999) 
~ - Presented seminar on application of Occupational Cohort Mortality Analysis 

Program (OCMAP) developed by G. Marsh 

> Consultant, Chemical Industry Institute of Toxicology, Research Triangle Park, 
NC (1998-2002) 

- Advised on reanalyses of cohort studies of formaldehyde exposed workers 

> National Academy of Sciences, Institute of Medicine, Medical Follow-Up Agency, 
Washington, DC (1998-2002) 

- Advised on statistical analysis of large scale cohort studies 

> Health Canada, Ottawa, CA (1998) 
- Participant in workshop on health effects of formaldehyde exposure 

> Highmark Blue Cross Blue Shield, Pittsburgh, PA (1997-1998) 
- Design and analysis of health care delivery evaluations 

> American Industrial Health Council, Washington, DC (1997) 
- Reviewed and critiqued epidemiological studies of chemical production 

workers 

> Confidential Chemical Manufacturing Company, NJ (1996-2012) 
- Design and development of Company Mortality Registry 
- Design and analysis of cohort study of formaldehyde exposed workers 

y - Design and analysis of cohort study of kidney cancer among workers exposed 
to acrylonitrile 

- Design and analysis of cohort study of workers exposed to acrylamide 
- Design and analysis of proportional mortality study of aerospace materials 

workers 
- Development of vital status tracing protocol for non-US workers 

> Confidential Building Products Manufacturer, PA (1996-2007) 
- Developed mortality surveillance program with periodic proportional mortality 

analyses 
- Statistical analysis of mesothelioma deaths 

> Electric Power Research Institute, Palo Alto, CA (1996-2006) 
- Advised on design, analysis and operational aspects of large cohort study of 

electrical power workers 
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- Member of advisory board to develop manuscript reviewing health effects 
studies of persons exposed to electromagnetic fields 

> Chemical Manufacturers Association, Washington, DC (1996-2001) 
- Reviewed health studies of chemical production workers 

> Confidential Petrochemical Company, OH (1996-2001) 
- Design and analysis of historical cohort study of workers exposed to 

acrylonitrile 

> Showa Denko America, New York, NY (1996-1997) 
- Member, Research Advisory Committee-advised on health studies of persons 

afflicted with eosinophilia myalgia syndrome (EMS) 

> Confidential Petrochemical Company, PA (1996) 
- Review and critique of Beaver Valley expanded mortality study 
- Reviewed health studies of refinery workers 

> International Center for Health Services Research, Verona, PA (1996) 
- Designed sampling plan for hospital imaging services study 

Group Health Plan, St. Louis, MO (1995-1996) 
- Design and analysis of health care delivery evaluations 

> Ecology and Environment, Buffalo, NY (1994-2003) 
- Advised on design of health survey in Kuwait 

& > Consultant, HealthAmerica, Pittsburgh, PA (1990-1995) 
- Design and analysis of health care delivery evaluations 

~ Research Experience 

University of Pittsburgh 

Cr~rc9r~t~~f~ ,~r~,•~~~~c~I ~~F='rai~fi~ t-{€;G~l~fa 

Since the early 1980s, Dr. Marsh has directed an academic research program focused on 
occupational/environmental biostatistics and epidemiology, and health services evaluation. 
He has received research funding from a number and variety of sources, including federal 

' and state government, foundations, trade organizations and corporations. Specific 
examples include: 

> Cytec Aerospace Materials, Inc. (2015-present) 
- Historical cohort study of aerospace adhesive materials 

> Eli Lilly and Company (2015-present) 

- Update of cohort mortality study of pharmaceutical production workers 

> Research Foundation for Health and Environmental Effects (2013-2015) 

- Additional reevaluation of the National Cancer Institute Formaldehyde Cohort 
Data 

- Commentary on methodological and interpretational issues in the National 
Cancer Institute Formaldehyde Worker Cohort Study 

> Eli Lilly and Company (2013-2014) 
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- Feasibility study of historical cohort study of pharmaceutical production 
workers at the Cosmopolis, Brazil site 

g ~ 
> INEOS Nitrites, Inc. (2012-2015) 

- Historical cohort study of workers exposed to acrylonitrile and nitrogen 
products 

> International Institute of Synthetic Rubber Producers (2011-2013) 
- Use of human exposure and epidemiology data in a physiologically based 

kinetic modeling risk assessment for chloroprene 

> The Acrylonitrile Group (2011-2013) 
- Statistical methods for adjusting risk estimates for potential confounding by 

smoking 

- Analysis of pooled data from the NCI and DuPont acrylonitrile worker cohort 
studies 

> Mining Awareness Resource Group (2011-2012) 
- Evaluation of uncertainty factors in NCI-NIOSH diesel exhaust in miners study 

exposure assessment and their impact on risk estimates and exposure-
response relationships 

> North American Insulation Manufacturers Association (2010) 
- Literature review of health effects from exposure to man-made vitreous fibers 

', 

> Pennsylvania Department of Health/International Tungsten Industry Association 
(2007-2017) 

- International historical cohort and case-control studies of workers exposed to 
tungsten carbide with cobalt binder 

> Pratt &Whitney (2002-2013) 
- Historical cohort mortality and incidence studies of jet engine manufacturing 

workers 

> International Institute of Synthetic Rubber Producers (2000-2005) 
- Historical cohort study of workers exposed to chloroprene 

> Owens Corning (2000-present) 
- Mortality surveillance and epidemiological support program 

~~ > Highmark Blue Cross Blue Shield (1999-2014) 
- A program of biostatistical support for the quality improvement department 

> Solutia, Inc. (1999-2002) 
A collaborative program of biostatistical and epidemiological support 

> Pennsylvania Department of Health (1998-1999) 
- Evaluation of the community health project 

&~ 
' > The Acrylonitrile Group (1997-2004) 

- A program of epidemiological and biostatistical support 

~ 
> Eli Lilly and Company (1996-2009) 

- Historical cohort and nested case-control studies of pharmaceutical production 
workers 
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~ > Health America of Pittsburgh (1994-1996) 
- A program of biostatistical support for research and clinical audit activities 

> Agency for Toxic Substances and Disease Control/Arizona State Health 
Department (1991-1995) 

- A population based case-control study of lung cancer in Arizona smelter towns 

> DuPont Company (1991-1994) 

- Enhancement, modification and update of an occupational and ecological 
Mortality and Population Data System 

> Chemical Manufacturers Association (1991-1992) 

- Identifying and responding to human disease clusters: a practical guidance 
document 

> DuPont Company (1991-1992) 

- A Model Program for Assessing Health Risks among Communities Near 
Hazardous Waste Sites 

> The Formaldehyde Institute (1989-1991) 
- A reanalysis of the national cancer institute study on mortality among industrial 

workers exposed to formaldehyde 

> The U.S. Environmental Protection Agency (1989-1991) 
~ - A mortality update and case-control study of workers exposed to arsenic in a 

copper smelter 

> Chemical Manufacturers Association (1989) 
- A review and critique of ecologic analyses as an epidemiologic research 

method 

- Development of decision and quality control criteria for conduct of pilot and 
epidemiology studies by ATSDR and SARA Section 110 

> American Cyanamid Company/Cytec Industries, Inc. (1987-2007) 

- Historical cohort and case-control studies of workers exposed to formaldehyde 

- Historical cohort study of workers exposed to acylamide 

> Pennsylvania Department of Health/NIOSH (1986-2006) 
- Bladder cancer screening program for former workers of the Drake-Kilsdonk 

chemical plant exposed to beta-naphthalmine 

> North American Insulation Manufacturers' Association (1985-1999) 
- Historical cohort and nested case-control studies of fiberglass and rock wool 

production workers 

> Shell Oil Company (1983-1987) 
- Historical cohort study of refinery workers 

> Smelter Environmental Research Association (1981-1986) 
- Factors associated with mortality among copper and zinc smelter workers 

> Development of Occupational Cohort Mortality Analysis Program (OCMAP) 
(1980-present) 

> Development of Mortality and Population Data System (MPDS) (1980-present) 
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> Monsanto Company (1980-84) 

I - Historical cohort study of workers in plastics producing plant 

> U.S. National Cancer Institute (1980-1982) 

- Cancer in arsenic exposed populations 

Service Activities 

University of Pittsburgh 

u~If7:s~~r3i`f Itf;§ ~Eid:1c~#`~`Y?}fi"r'~ 

> Member, PhD Admissions Committee (2015-present) 

~ > Member, Pittsburgh Cancer Institute (1990-present) 

> Member, PhD Student Admissions Committee (2015-present) 

> Faculty Associate, Center for Social &Urban Research (2000-present) 

> Member, Faculty Search Committee, Department of Epidemiology (2014-2015) 

> Member, Curriculum Committee (2010-2016) 

> Founder &Director, Center for Occupational Biostatistics and Epidemiology 
(2008-present) 

> Interim Chairman, Department of Biostatistics (2007, 2009-2010) 

> Member, Dean's Cabinet (2007, 2009-2010) 

> Chair, Committee to Evaluate Departmental Biostatistics Consulting Practicum 
(2006-2007) 

', > Chair, Committee to Evaluate Master's Comprehensive Examination (2004-2005) 

> Member, Health Sciences Library Advisory Committee (1997-2003) 

> Member, Faculty Advancement, Promotion and Tenure Committee (1999-2001) 

> Chair, Ad Hoc Search and Appointment Committees for Associate Professor and 
Director Occupational Medicine, Department of Environmental &Occupational 
Health (1996) 

> Member, Budget Policies Committee (1995-1998) 

> Member Fact-finding Committee for the Performance Review of Dean Mattison 
(1995-1996) 

- > Member, International Committee to Review Graduate Program of the Civil & 
~ Environmental Engineering Department (1995) 

Graduate School of Public Health 

> Member, Faculty Search Committee, Department of Epidemiology (2014-2015) 

> Departmental Representative, Faculty Advancement, Promotion, Tenure 
Committee (2012-2016) 

> Departmental Chair Representative, Planning and Budget Policy Committee 
(2009-2010) 

> Member GSPH Council (2007, 2009-2010) 

> Member, Committee to Evaluate MMPH Program (2005-2006) 

> Member, Committee to Develop MPH Comprehensive Examination (2000-2001) 

> Member, Search Committee for Dean (1999-2000) 
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> Member, Search Committee for Chair of EOH Department (1999-2000) 

> Member, Faculty Advancement Committee (1999) 

> Member, Recruitment Committee (1997) 

> President, Faculty Senate (1992-1994) 

> Chair, Faculty Senate Executive Committee (1992-1994) 

> Member, Strategic Planning Committee (1992-1994) 

> Representative, Accreditation Committee (1992-1993) 

United States and International Government 

> Invited Charter Member, U.S. Environmental Protection Agency, Science 
Advisory Board, Asbestos Panel, Washington, DC (2008) 

> Invited Member, Butadiene Risk Assessment Expert Panel, Sciences 
International Inc., Alexandria, VA (2006) 

> Invited Member, Electromagnetic Field (EMF) Risk Assessment Expert Panel, 
Energy Networks Association, Edinburgh, Scotland (2006) 

> Invited Member, Expert Panel to Assess Health Effects of Artificial Sweetener, 
Burdock Group, Washington, DC (2006) 

> Member, NIOSH Scientific Advisory Panel, Proposed NIOSH Study of Health 
Effects of Exposure to Electromagnetic Fields (EMF), Cincinnati, OH, May 4, 
2001 (2001-2003) 

> Member, CDC Scientific Advisory Panel to Review Protocol for Study of Long-
Term Health Effects Following Administration of Anthrax Vaccine, Atlanta, GA, 
May 14-15 (2002) 

> Invited Member, International Agency for Research on Cancer (IARC), Working 
Group to Re-evaluate the Carcinogenicity of Man-Made Vitreous Fibers, Lyon, 
France, October 9-16 (2001) 

> Invited Peer Reviewer, External Peer Review Workshop on Hazard Assessment 
and Dose-Response Characterization for the Carcinogenicity of Formaldehyde 
by Route of Inhalation. Health Canada and the U.S. Environmental Protection 
Agency, Ottawa, Canada, March-December (1998) 

> Invited Member, Site Visit Team, Veterans Health Administration, Office of Public 
Health and Environmental Hazards, Environmental Epidemiology Service, March 
1997, Washington, DC (1997) 

> Invited Member, Committee to Review the Health Consequences of Military 
Service During the Persian Gulf War, National Academy of Sciences, Institute of 
Medicine, Medical Follow Up Agency (1994-1996) 

> Guest Editor, "The First International Conference on the Safety of Water 
Disinfection: Balancing Chemical and Microbial Risks". International Life 
Sciences Institute, Health and Environmental Sciences Institute (1992-1993) 

> Reviewer, "Draft Health Assessment on Inorganic Arsenic", Health and Welfare 
Canada, May (1992) 

> Invited Participant, Workshop on Environmental Epidemiology, National 
Research Council, National Academy of Sciences, Washington, DC, June (1992) 

> Invited Participant, Advisory Committee on ATSDR Sponsored Project, 
"Community Health Effects of a Hazardous Waste Incinerator", The University of 
South Carolina, Columbia Campus (1991-1992) 
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x: > Invited Member, Study Section on Safety and Occupational Health, Centers for 
Disease Control/National Institute for Occupational Safety and Health (1989-
1992) 

> Invited Member, National Scientific Advisory Committee, CDC, Center for 
Environmental Health, Atlanta, GA (1987-1991) 

> B.S., Cum Laude (1973) 
> Adolf G. Kammer Merit in Authorship Award -Best Publication in Field of 

Occupational Health, American Occupational Medical Association (1981) 
> Delta Omega, Public Health Honorary Society (1985) 
> Tenure, University of Pittsburgh, Department of Biostatistics (1986) 
> Outstanding Teacher Award, Graduate School of Public Health (1994) 
> Biographical Entry in Who's Who in Science and Engineering (1997) 
> Fellowship, American College of Epidemiology (1997) 
> 50 at 50 Award, Graduate School of Public Health (selected as one of 50 

outstanding contributors in field of public health in 50 year history of school) 
(1999) 

> Biographical Entry in Who's Who in Medicine andHealthcare (2002) 
> Biographical Entry in 2000 Outstanding Scientists of the 215 Century (2003) 
> Biographical Entry in Who's Who in America (2004) 
> Biographical Entry in Who's Who in American Education (2005) 

> University of Pittsburgh Innovator Award for work on OCMAP software package 
(2006, 2008, 2009, 2013) 

> Albert Nelson Marquis Lifetime Achievement Award, Marquis Who's Who 

~ > American Statistical Association (1974-present) 
- Secretary, Vice President, President —Pittsburgh Chapter (1979-1982) 
- National Council Representative (1981-1982) 

> Biometric Society (1974-Present) 
> Society for Occupational and Environmental Health (1978-present) 

- National Governing Council (1986-1989) 
> Society for Epidemiological Research (1979-present) 
> Pennsylvania Public Health Association (1986-1995) 

- Member, Board of Directors (1989-1992) 
> International Society for Environmental Epidemiology (1988-present) 
> International Commission on Occupational Health (1996-present) 
> American College of Epidemiology (1997-present) 

- Fellowship (1997) 
> British Occupational Hygiene Society (2001-2010) 
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> Liu, Y., G.M. Marsh, and V.L. Roggli. 2018. Asbestos fiber concentrations in the 
lungs of brake repair workers: An updated analysis using several regression 
methods to handle non-detectable measurements. J Occup Env Med. Advance 
online publication, March 30, 2018. doi: 10.1097/JOM.0000000000001320. 

> Marsh, G.M., A.S. Riordan, K.A. Keeton, and S.M. Benson. 2018. Response to: 
'Reanalysis of non-occupational exposure to asbestos and the risk of pleural 
mesothelioma' by Finkelstein. Occup Env Med. Advance online publication, 
March 24, 2018. doi: 10.1136/oemed-2018-105020. 

> Duke, T.J., P.S. Ruestow, and G.M. Marsh. 2018. The influence of demographic, 
physical, behavioral, and dietary factors on hemoglobin adduct levels of 
acrylamide and glycidamide in the general U.S. population. Crit Rev Food Sci 
Nutr. 58(5):700-710. 

> Finley, B.L., S.M. Benson, and G.M. Marsh. 2018. Response to letters regarding 
"Cosmetic talc as a risk factor for pleural mesothelioma: A weight of evidence 
evaluation of the epidemiology." Inhal Tox. Advance online publication, Feb. 21, 
2018. doi: 10.1080/08958378.2018.143850. 

> Svartengren M, Bryngelsson IL, Marsh GM, Buchanich J, Zimmerman S, 
Kennedy K, Esmen N, Westberg H. 2017. Cancer incidence among hard metal 
production workers: the Swedish cohort. Journal of Occupational and 
Environmental Health, 59:e365-e373. 

> Marsh GM, Buch'anich JM, Zimmerman S, Liu Y, Balmert L, Graves J, Kennedy 
KJ, Esmen NA, Moshammer H, Morfeld P, Erren T, Grog J, Yong M, 
Svartengren M, Westberg H, McElvenny DM, Cherrie J. 2017. Mortality among 
hard metal production workers: Pooled cohort analysis. J Occ Environ Health, 
59:e324-e364. 

> Marsh, GM, A Riordan, KA Keeton and SM Benson. 2017. Non-Occupational 
Exposure to Asbestos and Risk of Pleural Mesothelioma: Review and Meta-
Analysis. Occ Environ Med. 74:838-846, 2017. 

> Westberg H, I Bryngelsson, GM Marsh, K Kennedy, J Buchanich, S Zimmerman, 
N Esmen and MSvartengren. 2017. Mortality among hard metal production 
workers: Swedish measurement data and exposure assessment. J Occ Environ 
Health, 59:e327-e341. 

> Dabass A, Talbott E, Rager J, Marsh GM, Venkat A, Holguin F. 2018. The 
Association of Systemic Inflammatory Markers Associated with Cardiovascular 
Disease and Acute and Chronic Exposure to Fine Particulate Matter Air Pollution 
(PM2.5) among US NHANES Adults with Metabolic Syndrome. Environmental 
Research, 161:485-491. 

> Finley, BL, SM Benson, and GM Marsh. 2017. Cosmetic talc as a risk factor for 
pleural mesothelioma: A weight of evidence evaluation of the epidemiology. Inhal 
Tox. 29(4):179-185. 

> Benson, SM, P Ruestow, KA Keeton, RM Novick, GM Marsh, and DJ 
Paustenbach. 2017. The 2014 crude 4-methylcyclohexanemethanol chemical 
reslease and birth outcomes in West Virginia. Arch Env Occup Health. Advance 
online publication, July 10, 2017. doi: 10.1080/19338244.2017.1350132.. 
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> Summers WK, RL Martin, Y Liu, B Pea and GM Marsh. 2017. Complex 
Antioxidant Single Blind Study for Memory. Aging Clinical and Experimental 
Research, In Press. 

> McElvenny, DM, LA MacCalman, A. Sleeuwenhoek, A Davis, BG Miller, C 
Alexander, JW Cherrie, KJ Kennedy, NA Esmen, SD Zimmerman, JM 
Buchanich, GM Marsh. 2017. Mortality among Hard Metal Production Workers: 
U.K. Historical Cohort and Nested Case-Control Studies. Journal of Occupational 
and Environmental Health, 59:e275-e281. 

> Westberg, H, IL Bryngelsson, GM Marsh, JM Buchanich, SD Zimmerman, KJ 
Kennedy, NA Esmen, M Svartengren. 2017. Mortality among hard metal 
production workers: Swedish Historical Cohort and Nested Case-Control Studies. 
Journal of Occupational and Environmental Health, 59:e263-e274. 

> Morfeld, P, J Gross, T Erren, B Noll, M Wei, K Kennedy, N Esmen, SD 
Zimmerman, JM Buchanich, GM Marsh. 2017. Mortality among hard metal 
production workers: German Historical Cohort Study. Journal of Occupational 
and Environmental Health, 59:e288-e296. 

> Kennedy, KJ, NA Esmen, SD Zimmerman, JM Buchanich, GM Marsh. 2017. 
Mortality among hard metal production workers: Occupational Exposures. 
Journal of Occupational and Environmental Health, 59:e297-e305. 

> Wallner, P, M Kundi, H Moshammer, SD Zimmerman, JB Buchanich, GM Marsh. 
2017. Mortality among hard metal production workers: Austrian Historical Cohort 
Study. Journal of Occupational and Environmental Health, 59:e282—e287. 

> Marsh, GM, JM Buchanich, SD Zimmerman, Y Liu, L Balmert, NA Esmen, KJ 
Kennedy. 2017. Mortality among Hard Metal Production Workers: U.S. Historical 
Cohort and Nest Case-Control Studies. Journal of Occupational and 
Environmental Health, 59:e306-e326. 

> Marsh, G. and S. Benson. 2017. Response to: 'Pleural mesothelioma and 
occupational and non-occupational asbestos exposure: Acase-control study with 
quantitative risk assessment' by Ferrante et al. Occup Env Med. 74:156-157. 

> Acquavella, JF, D Garabrant, GM Marsh, T Sorahan, D Weed. 2016. Glyphosate 
Epidemiology Expert Panel Review: A Weight of Evidence Systematic Review of 
the Relationship Between Glyphosate Exposure and Non-Hodgkin's Lymphoma 
or Multiple Myeloma. Critical Reviews in Toxicology. 46(Sup1):28-43. 

', 

> Williams, G, M Aardema, JF Acquavella, C Berry, D Brusick, M Burns, J De 
Camargo, D Garabrant, H Greim, L Kier, D Kirkland, GM Marsh, K Solomon, T 
Sorahan, A Roberts, D Weed. 2016. Glyphosate: Carcinogenic Potential — A 
Critical Review Using Four Expert Panels. Critical Reviews in Toxicology. 

> Hutter, HP, P Wallner, H Moshammer, GM Marsh. 2016. Dust and cobalt levels 
in the Austrian tungsten industry: workplace and human biomonitoring data. 
International Journal of Environmental Research and Public Health the 13:931. 

~ 

> Starr, T, Marsh GM. 2016. Commentary: Methodological Challenges in the 
Statistical Analysis of Epidemiology Studies: Use of Average Exposure Metrics in 
Historical Cohort Designs. Open Medicine Journal 3:238-242. 

~ > Dabass, A, E Talbott, R Bilonick, J Rager, A Venkat, GM Marsh, D Chunzhe and 
T Xue. 2016. Using Spatio-Temporal Modeling for Exposure Assessment in an 
Investigation of Fine Particulate Air Pollution and Cardiovascular Mortality. 
Environmental Research, 151:564-572. 
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> Dabass, A, EO Talbott, A Venkat, J Rager, GM Marsh, RK Sharma and F 
Holguin. 2016. Association of exposure to particulate matter (pm2.5) air 
pollution and biomarkers of cardiovascular disease risk in adult NHANES 
participants (2001-2008). International Journal of Hygiene and Environmental 
Health 219(3): 301-310. 

> Buchanich J, Balmert L, Pringle, J, Williams K, Burke D, Marsh GM. 2016. 
Patterns and trends in accidental poisoning death rates in the US, 1979-2013. 
Preventive Medicine, Apr 13. pii: S0091-7435(16)30062-7. doi: 10.1016/ 
j.ypmed.2016.04.007. 

> Balmert L, Buchanich J, Pringle J, Williams K, Burke D, Marsh GM. 2016. 
Pennsylvania patterns and trends in accidental poisoning deaths, 1979-2014. 
PLoS One. Mar 10;11(3):e0151655. doi: 10.1371/journal.pone.0151655. 
eCollection. 

> Benson, SM, EO Talbott, LL Brink, WC Wu, RK Sharma and GM Marsh. 2016. 
Environmental lead and childhood blood lead levels in US children: NHANES, 
1999-2006. Arch Env & Occ Health, D01:10.1080/19338244.2016.1157454. 

> Brink, LL, EO Talbott, GM Marsh, R Sharma, SM Benson, WC Wu and C Duan. 
2016. Revisiting nonresidential environmental exposures and childhood lead 
poisoning in the US: Findings from Kansas, 2000-2005.) Env Public Health. 
http://dx.doi.org/10.1155/2016/8791686. 

> Marsh, GM, P Morfeld, SD Zimmerman, Y Liu and LC Balmert. 2016. An 
updated re-analysis of the mortality risk from nasopharyngeal cancer in the 
National Cancer Institute formaldehyde worker cohort study. J Occ Med Tox, 
11:8 DOI 10.1186/s12995-016-0097-6. 

> Gathuru, I, D. Dolan, J Buchanich, GM Marsh. 2015. Health Hazards in the 
Pharmaceutical Industry: A Review of the Literature. Pharmaceutical Regulatory 
Affairs, http://dx.doi.org/10.4172/2167-7689.1000145. 

> Ferguson, AA, RA Bilonick, JM Buchanich, GM Marsh, and AL Fisher. 2015. 
How well do raters agree on the development stage of caenorhabditis elegans? 
PLoS One 10(7):e0132365. 

> Johnson, RM, T Johnson, SD Zimmerman, GM Marsh, and OGarcia-Dominic. 
2015. Outcomes of a seven practice pilot in a pay for performance (P4P)-Based 
program in Pennsylvania. J Racial Ethn Health Disparities 2(1):139-148. 

> Marsh, GM, and SD Zimmerman. 2015. Mortality among chemical plant workers 
exposed to acrylonitrile: 2011 Follow-Up. J Occup Environ Med 57(2):134-145. 

> Zimmerman, SD, GM Marsh, AO Youk, and E Talbot. 2015. Evaluation of 
potential confounding by smoking in the presence of misclassified smoking data 
in a cohort study of workers exposed to acrylonitrile. J Occup Environ Med 
57(2):146-151. 

> Allen, BC, C Van Landingham, Y Yang, AO Youk, GM Marsh, N Esmen, PR 
Gentry, HJ Clewell, 3rd, and MW Himmelstein. 2014. A constrained maximum 
likelihood approach to evaluate the impact of dose metric on cancer risk 
assessment: application to beta-chloroprene. Regul Toxicol Pharmacol 
70(1):203-213. 

> Marsh, GM, P Morfeld, JJ Collins, and JM Symons. 2014. Issues of methods 
and interpretation in the National Cancer Institute formaldehyde cohort study. J 
Occup Med Toxicol 9:22. 
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> Talbott, EO, LL Brink, RK Sharma, GM Marsh, and JR Rager. 2014. Ecological 
study of the potential association between county-level air lead and childhood 
blood lead levels: county-based results. . Journal of Environment and Public 
Health 2013:1-8, http://dx.doi.org/10.1155/2013/278042. 

> Brink, LL, EO Talbott, RK Sharma, GM Marsh, WC Wu, JR Rager, and HM 
Strosnider. 2013. Do US ambient air lead levels have a significant impact on 
childhood blood lead levels: results of a national study. J Environ Public Health 
2013:278042. 

> Kennedy, KJ, NA Esmen, RP Hancock, SE Lacey, GM Marsh, JM Buchanich, 
and AO Youk. 2013. Long-term health experience of jet engine manufacturing 
workers: VII: occupational exposures. J Occup Environ Med 55(6):676-689. 

> Marsh, GM, JM Buchanich, AO Youk, S Downing, NA Esmen, KJ Kennedy, SE 
Lacey, RP Hancock, ML Fleissner, and FS Lieberman. 2013. Long-term health 
experience of jet engine manufacturing workers: results from a 12-year 
exploratory investigation. J Occup Environ Med 55(6):652-653. 

> Marsh, GM, AO Youk, JM Buchanich, S Downing, KJ Kennedy, NA Esmen, RP 
Hancock, SE Lacey, JS Pierce, and ML Fleissner. 2013. Long-term health 
experience of jet engine manufacturing workers: VIII. glioblastoma incidence in 
relation to workplace experiences with parts and processes. J Occup Environ 
Med 55(6):690-708. 

> Marsh, GM, AO Youk, JM Buchanich, H Xu, S Downing, KJ Kennedy, NA 
Esmen, RP Hancock, SE Lacey, and ML Fleissner. 2013. Long-term health 
experience of jet engine manufacturing workers: VI: incidence of malignant 
central nervous system neoplasms in relation to estimated workplace exposures. 
J Occup Environ Med 55(6):654-675. 

> Youk, AO, GM Marsh, JM Buchanich, S Downing, KJ Kennedy, NA Esmen, RP 
Hancock, and SE Lacey. 2013. Long-term health experience of jet engine 
manufacturing workers: IX. further investigation of general mortality patterns in 
relation to workplace exposures. J Occup Environ Med 55(6):709-721. 

> Castle, T, MA Cunningham, and GM Marsh. 2012. Antidepressant medication 
adherence via interactive voice response telephone calls. Am J Manag Care 
18(9):e346-355. 

> Hesterberg, TW, R Anderson, DM Bernstein, WB Bunn, GA Chase, AL 
Jankousky, GM Marsh, and RO McClellan. 2012. Product stewardship and 
science: safe manufacture and use of fiber glass. Regul Toxicol Pharmacol 
62(2):257-277. 

> Liu, Y, CC Chang, GM Marsh, and F Wu. 2012. Population attributable risk of 
aflatoxin-related liver cancer: systematic review and meta-analysis. Eur J Cancer 
48(14):2125-2136. 

> Youk, AO, JM Buchanich, J Fryzek, M Cunningham, and GM Marsh. 2012. An 
ecological study of cancer mortality rates in high altitude counties of the United 
States. High Alt Med Biol 13(2):98-104. 

> Buchanich, JM, AO Youk, GM Marsh, KJ Kennedy, SE Lacey, RP Hancock, NA 
Esmen, MA Cunningham, FS Leiberman, and ML Fleissner. 2011. Long-term 
health experience of jet engine manufacturing workers: V. Issues with the 
analysis of non-malignant central nervous system neoplasms. J Registry Manag 
38(3):115-119. 
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> Cassidy, LD, GM Marsh, EO Talbott, and SF Kelsey. 2011. Initial and continued 
adherence with bladder cancer screening in an occupationally exposed cohort. J 
Occup Environ Med 53(4):455-460. 

> Marsh, GM, JM Buchanich, and AO Youk. 2011. Fiber glass exposure and 
° human respiratory system cancer risk: lack of evidence persists since 2001 IARC 

re-evaluation. Regul Toxicol Pharmacol 60(1):84-92. 

> Marsh, GM, AO Youk, and VL Roggli. 2011. Asbestos fiber concentrations in 
~ the lungs of brake repair workers: commercial amphiboles levels are predictive of 

chrysotile levels. Inhal Toxicol 23(12):681-688. 
~ > Shire, JD, GM Marsh, EO Talbott, and RK Sharma. 2011. Advances and 

current themes in occupational health and environmental public health 
surveillance. Annu Rev Public Health 32:109-132. 

> Buchanich, JM, AO Youk, GM Marsh, KJ Kennedy, NA Esmen, SE Lacey, R 
Hancock, MA Cunningham, FS Lieberman, and ML Fleissner. 2010. Long-term 
health experience of jet engine manufacturing workers: IV. A comparison of 
central nervous system cancer ascertainment using mortality and incidence data. 
Ann Epidemiol 20(10):759-765. 

> Marsh, GM, JM Buchanich, AO Youk, MA Cunningham, FS Lieberman, KJ 
Kennedy, SE Lacey, RP Hancock, NA Esmen, and ML Fleissner. 2010. Long-
term health experience of jet engine manufacturing workers: III. Incidence of 
malignant central nervous system neoplasms. Neuroepidemiology 35(2):123-
141. 

> Marsh, GM, AO Youk, P Morfeld, JJ Collins, and JM Symons. 2010. Incomplete 
follow-up in the National Cancer Institute's formaldehyde worker study and the 
impact on subsequent reanalyses and causal evaluations. Regul Toxicol 
Pharmacol 58(2):233-236. 

> Summers, WK, RL Martin, M Cunningham, VL DeBoynton, and GM Marsh. 
2010. Complex antioxidant blend improves memory in community-dwelling 
seniors. J Alzheimers Dis 19(2):429-439. 

> Buchanich, JM, AO Youk, GM Marsh, Z Bornemann, SE Lacey, KJ Kennedy, RP 
Hancock, NA Esmen, and FS Lieberman. 2009. Methodological issues in a 
retrospective cancer incidence study. Am J Epidemiol 170(1):112-119. 

> Kheifets, L, JD Bowman, H Checkoway, M Feychting, JM Harrington, R Kavet, G 
Marsh, G Mezei, DC Renew, and E van Wijngaarden. 2009. Future needs of 
occupational epidemiology of extremely low frequency electric and magnetic 
fields: review and recommendations. Occup Environ Med 66(2):72-80. 

> Marsh, GM, NA Esmen, JM Buchanich, and AO Youk. 2009. Mortality patterns 
among workers exposed to arsenic, cadmium, and other substances in a copper 
smelter. Am J Ind Med 52(8):633-644. 

> Youk, AO, JM Buchanich, GM Marsh, M Cunningham, and NA Esmen. 2009. 
Pharmaceutical production workers and the risks of mortality from respiratory 

R system cancer and lymphatic and hematopoietic tissue cancers. J Occup Environ 
Med 51(8):903-915. 

e > Cassidy, LD, J Buchanan, and GM Marsh. 2008. Proposed sampling plan for a 
national trauma registry for children. . Journal of Registry Management 35:113-
119. 

> Fong, J, GM Marsh, LA Stokan, S Weilian, C Vinson, and L Ruhl. 2008. 
Hospital quality performance report: an application of composite scoring. Am J 
Med Qual 23(4):287-295. 
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> Marsh, GM, JM Buchanich, AO Youk, MA Cunningham, FS Lieberman, KJ 
Kennedy, SE Lacey, RP Hancock, and NA Esmen. 2008. Long-term health 
experience of jet engine manufacturing workers: II. Total and cause-specific 
mortality excluding central nervous system neoplasms. J Occup Environ Med 
50(10):1117-1129. 

> Marsh, GM, JM Buchanich, AO Youk, MA Cunningham, FS Lieberman, KJ 
Kennedy, SE Lacey, RP Hancock, and NA Esmen. 2008. Long-term health 
experience of jet engine manufacturing workers: I. Mortality from central nervous 
system neoplasms. J Occup Environ Med 50(10):1099-1116. 

> Hall, TA, NA Esmen, EP Jones, H Basara, ML Phillips, GM Marsh, AO Youk, JM 
Buchanich, and RC Leonard. 2007. Chemical process based reconstruction of 
exposures for an epidemiological study. III. Analysis of industrial hygiene 
samples. Chem Biol Interact 166(1-3):277-284. 

> Esmen, NA, TA Hall, ML Phillips, EP Jones, H Basara, GM Marsh, and JM 
Buchanich. 2007. Chemical process-based reconstruction of exposures for an 
epidemiological study. Part II. Estimated exposures to chloroprene and vinyl 
chloride. Chem Biol Interact 166(1-3):264-276. 

> Esmen, NA, TA Hall, ML Phillips, and GM Marsh. 2007. Chemical process 
based reconstruction of exposures for an epidemiological study. I. Theoretical 
and methodological issues. Chem Biol Interact 166(1-3):254-263. 

> Esmen, NA, KJ Kennedy, TA Hall, ML Phillips, and GM Marsh. 2007. 
Classification of worker exposures. Chem Biol Interact 166(1-3):245-253. 

> Leonard, RC, KH Kreckmann, GA Lineker, G Marsh, J Buchanich, and A Youk. 
2007. Comparison of standardized mortality ratios (SMRs) obtained from use of 
reference populations based on a company-wide registry cohort to SMRs 
calculated against local and national rates. Chem Biol Interact 166(1-3):317-322. 

> Lippert, JF, SE Lacey, KJ Kennedy, NA Esmen, JM Buchanich, and GM Marsh. 
2007. Magnetic field exposure in a nondestructive testing operation. Arch 
Environ Occup Health 62(4):187-193. 

> Magnuson, BA, GA Burdock, J Doull, RM Kroes, GM Marsh, MW Pariza, PS 
Spencer, WJ Waddell, R Walker, and GM Williams. 2007. Aspartame: a safety 
evaluation based on current use levels, regulations, and toxicological and 
epidemiological studies. Crit Rev Toxicol 37(8):629-727. 

> Marsh, GM, AO Youk, JM Buchanich, M Cunningham, NA Esmen, TA Hall, and 
ML Phillips. 2007. Mortality patterns among industrial workers exposed to 
chloroprene and other substances. II. Mortality in relation to exposure. Chem Biol 
Interact 166(1-3):301-316. 

> Marsh, GM, AO Youk, JM Buchanich, M Cunningham, NA Esmen, TA Hall, and 
ML Phillips. 2007. Mortality patterns among industrial workers exposed to 
chloroprene and other substances. I. General mortality patterns. Chem Biol 
Interact 166(1-3):285-300. 

> Marsh, GM, AO Youk, JM Buchanich, S Erdal, and NA Esmen. 2007. Work in 
the metal industry and nasopharyngeal cancer mortality among formaldehyde-
exposed workers. Regul Toxicol Pharmacol 48(3):308-319. 

> Marsh, GM, AO Youk, JM Buchanich, IJ Kant, and G Swaen. 2007. Mortality 
patterns among workers exposed to acrylamide: updated follow up. J Occup 
Environ Med 49(1):82-95. 
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> Marsh, GM, AO Youk, and P Morfeld. 2007. Mis-specified and non-robust 
mortality risk models for nasopharyngeal cancer in the National Cancer Institute 
formaldehyde worker cohort study. Regul Toxicol Pharmacol 47(1):59-67. 

> Marsh, GM, and MJ Gula. 2006. Employment as a welder and Parkinson 
disease among heavy equipment manufacturing workers. J Occup Environ Med 
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Underascertainment of deaths using social security records: a recommended 
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Manchester, England, April 19. 

> "Mortality among industrial workers exposed to chloroprene and other 
substances: I. Methods and issues." 2005. International Symposium on 
Butadiene and Chloroprene, Charleston, SC, September 20. 

> "Mortality among industrial workers exposed to chloroprene and other 
substances: II. Results." 2005. International Symposium on Butadiene and 
Chloroprene, Charleston, SC, September 20. 

> "Overview of formaldehyde epidemiology." 2005. Toxicology Forum Annual 
Meeting, Brussels, Belgium, November 8. 

> "Pharyngeal cancer mortality among workers exposed to formaldehyde." 2004. 
Toxicology Forum, Washington, DC, February 2. 

> "Mortality patterns among pharmaceutical production workers at one U.S. site." 
2004. British Occupational Hygiene Society Annual Meeting, Stratford England, 
April 20. 

> "Bladder cancer among chemical workers exposed to nitrogen products and 
other substances." 2003. British Occupational Hygiene Society Annual Meeting, 
London, England, April 8. 

> "Does fiber glass pose a respiratory cancer risk in man? Findings from the Latest 
update of the U.S. cohort study of man-made vitreous fiber workers." 2001. Ninth 
Inhaled Particles Conference, British Occupational Hygiene Society, Robinson 
College, Cambridge, UK, September 2-6. 

> "Census 2000: Scientifically and politically correct?" 2000. Symposium Panel 
Member and Discussant, University of Pittsburgh, Graduate School of Public 

i Health, May 5. 
> "Industrial inorganic fibres: Assessing and controlling the risk to public health." 

2000. Presented at the 26"' International Congress on Occupational Health 
(ICOH): Mini-Symposium on Fibres-State of the Art, Singapore, August 28. 

> "Historical cohort study of U.S. fiber glass production workers. I. Initial findings of 
1992 Follow-Up." 2000. Presented at the 26~'' International Congress on 
Occupational Health (ICOH), Singapore, August 29. 

> "Staying healthy in an unhealthy world: Occupational and environmental health." 
2000. Presented at the "Mini-Medical School" Seminar Series of the University of 
Pittsburgh, School of Medicine, December 5. 

> "A program of biostatistical support for the research and quality improvement 
activities of Highmark Blue Cross Blue Shield." 1999. Presented at the Annual 
Meeting of the Pennsylvania Public Health Association, Pittsburgh, PA, October 
25. 

> "The role of epidemiology in an integrated workplace surveillance program." 
1999. Presented at the Eli Lilly & Co. Annual Health Fair, Indianapolis, IN, 
September 19. 
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> ~~ Mortality surveillance program for the United States man-made mineral fiber 
workers cohort: Mortality patterns among rock/slagwool workers 1989 Update." 
1995. Presented at the Symposium on the Health Effects of Fibrous Materials 

~ (excluding asbestos), Sydney, Australia, October 31. 
> "A population-based case-control study of lung cancer mortality in four Arizona 

smelter towns." 1995. Presented at the ATSDR International Congress on 
Hazardous Waste: Impact on Human and Ecological Health, Atlanta, GA, June 6. 

> "OCMAP-PLUS: A new occupational cohort mortality analysis program for 
multifactor work history and exposure-based analysis." 1994. Presented at the 
IARC Conference on Retrospective Assessment of Occupational Exposures in 
Epidemiology, Lyon, France, April 13-15. 

> "An expert computer system to accompany the model standardized risk 
assessment protocol for use with hazardous waste sites." 1993. Presented at the 
ATSDR International Congress on the Health Effects of Hazardous Wastes, 
Atlanta, GA, May 3. 

> "Drake Chemical Company superfund site. Notification and medical surveillance 
of workers at high risk of developing bladder cancer." 1993. Presented at the 
ATSDR International Congress on the Health Effects of Hazardous Wastes, 
Atlanta, GA, 

> "A preliminary evaluation of new fiber and co-exposure data for the U.S. man-
made vitreous fiber worker cohort." 1993. Presented at the 10"' International 
Congress on Occupational Health (ICOH), Nice, France, September 25. 

> "The University of Pittsburgh studies of man-made mineral fiber workers." 1992 
Presented at the 1992 Toxicology Forum, Washington, DC, February 18. 

> "Additional analysis of the National Cancer Institute study on mortality among 
~ industrial workers exposed to Formaldehyde." 1991. Presented at the American 

Industrial Hygiene Conference and Exposition. Salt Lake City, UT, May 23. 
> "The impact of exposure misclassification and confounding on the mortality 

s experience of U.S. man-made vitreous fiber workers." 1991. Presented at the 8th 
International Congress on Occupational Health (ICOH)- Epidemiology in 
Occupational Health, Paris, France, September 12. 

> "Long-term mortality studies of man-made mineral fiber exposure." 1991. 
Presented at the ICOH/Congrex Symposium on Health Aspects of MMMF. 
Rotterdam, Netherlands, September 13. 

> "Evaluating health risks in amulti-exposure environment: The case of 
formaldehyde." 1992. Presented at the Annual Meeting of the American 
Occupational Health Conference, Washington, DC, May 8. 

> American Industrial Hygiene Association Journal 
> American Journal of Epidemiology 

° > American Journal of Public Health 
> Annals of Epidemiology 
> Archives of Environmental Health 
> Cancer Causes and Control 
> Chemico-Biological lnteractions 
> Critical Reviews in Toxicology 
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> Epidemiology 

> Journal National Cancer Institute 

> Journal of Exposure Analysis and Environmental 

> Journal of Occupational and Environmental Hygiene 
> Journal of Occupational and Environmental Medicine 
> Lancet 

> Occupational and Environmental Medicine (U.K.) 

> Open Epidemiology Journal 

> Regulatory Toxicology and Pharmacology 
> Risk Analysis 

> Associate Editor, Open Access Epidemiology (2013-present) 
> Associate Editor, Epidemiology Research International (2009-present) 
> Associate Editor, Journal of Environmental and Public Health (2008-2017) 
> Associate Editor, Cancer Informatics (1995-present) 
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Summary of Experience 

Dr. Natalie Suder Egnot is a Health Scientist with Cardno ChemRisk in the Pittsburgh, PA 
office. She completed her undergraduate studies at the Pennsylvania State University, 
and obtained both a Master's of Public Health in Infectious Diseases and Microbiology 
and a Doctor of Public Health in Epidemiology from the University of Pittsburgh Graduate 
School of Public Health. Her master's thesis research examined the association between 
herpesvirus coinfection and non-Hodgkin's lymphoma among men living with HIV. Dr. 
EgnoYs dissertation work utilized novel statistical methods and imaging techniques in 
order to evaluate the role of inflammation in the development and progression of 
atherosclerotic cardiovascular disease. During her time at the University of Pittsburgh, Dr. 
Egnot also obtained certificates in Program Evaluation and Global Health. 

Significant Projects 

Epidemiology & Biostatistics 

~ Performed statistical analysis modeling a variety of health outcomes using techniques 
such as multivariable regression, linear mixed effects modeling, mediation analysis, 
principle component analysis, and structural equation modeling. Frequently utilized 
statistical analysis software including SAS, SPSS, and STATA. 

Conducted systematic reviews of epidemiologic literature and has contributed regularly to 
published manuscripts. 

Litigation Support 

Reviewed and summarized case materials related to occupational and para-occupational 
exposure to asbestos. Reviewed and interpreted epidemiologic literature related to 
asbestos exposure in preparation of expert reports and testimony. 

Program Evaluation 

Led evaluation of non-profit fellowship program in order to measure the impact of 
participation in the program among current and past fellows utilizing both quantitative and 
qualitative analysis methods. Detailed evaluation results in a final report for the fellowship 
program administrators and presented findings to fellowship program's board of directors. 

Public Health Policy 

~ 
Systematically reviewed and interpreted literature regarding strategies aimed at reducing 
drug overdose mortality among individuals who were recently incarcerated. Discussed 
existing policies with local stakeholders and developed actionable recommendations. 
Synthesized findings and recommendations into a white paper that was presented to local 
policymakers. 

,~ 
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National Heart, Lung and, Blood Institute T32 Pre-Doctoral Trainee (2014-2017) 
Environmental Fellow, The Pittsburgh Albert Schweitzer Fellows Program (2013-
2014) 

> American Heart Association, 2014- Present 

Peer-Reviewed Publications 

> Hsu, S, DE Rifkin, MH Criqui, NC Suder, P Garimella, C Ginsberg, AM Marasco, BJ 
McQuaide, EJ Barinas-Mitchell, MA Allison, CL Wassel and JH Ix. 2017. Journal of 
Vascular Surgery. In Press. 

3 
> Wassel, CL, AM Ellis, NC Suder, E Barinas-Mitchell, DE Rifkin, NI Forbang, JO 

Denenberg, AM Marasco, BJ McQuaide, NS Jenny, MA Allison, JH ix and MH Criqui. 
2017. Femoral Artery Atherosclerosis is Associated with Physical Function Across the 
Spectrum of the Ankle-Brachial Index: The San Diego Population Study. Journal of 
the American Heart Association. July 20;6(7). 

> Wukich, DK, KM Raspovic and NC Suder. 2017. "Patients with Diabetic Foot Disease 
Fear Major Lower-Extremity Amputation More than Death"Foot and Ankle Specialist. 
Feb 1. 

~ > Wukich, DK, TL Sambenedetto, NM Mota, NC Suder and BL Rosario. 2016. 
"Correlation of SF-26 and SF-12 Component Scores in Patients With Diabetic Foot 
Disease" Journal of Foot and Ankle Surgery. Jul-Aug; 55(4): 693-6. 

> Wukich, DK, KM Raspovic and NC Suder NC. 2016. "Prevalence of Peripheral 
Arterial Disease in Patients with Diabetic Charcot Neuroarthropathy" Journal of Foot 
and Ankle Surgery. Jul-Aug; 55(4):727-31. 

> Sadoskas, D, NC Suder and DK Wukich. 2016. "Perioperative Glycemic Control and 
the Effect of Surgical Site Infections in Diabetic Patients Undergoing Foot and Ankle 
Surgery" Foot and Ankle Specialist. Feb; 9(1): 24-30 

', > Wukich, DK, W Shen, KM Raspovic, NC Suder, DT Baril and E Avgerinos. 2015. 
"Noninvasive Arterial Testing in Patients With Diabetes: A Guide for Foot and Ankle 
Surgeons" Foot and Ankle International. Dec; 36(12): 1391-9. 

> Wukich, DK, BR Mallory, NC Suder and BL Rosario. 2015. "Tibiotalocalcaneal 
Arthrodesis Using Retrograde Intramedullary Nail Fixation: Comparison of Patents 
With and Without Diabetes Mellitus" Journal of Foot and Ankle Surgery. Sep-Oct; 
54(5): 876-82. 

~ > Wukich, DK, JW Dikis, SJ Monaco, K Strannigan, NC Suder and BL Rosario. 2015. 
"Topically Applied Vancomycin Powder Reduces the Rate of Surgical Site Infection in 
Diabetic Patients Undergoing Foot and Ankle Surgery" Foot and Ankle International. 
Sep; 36(9): 1017-24. 

> Suder, NC and DK Wukich. 2012. "Prevalence of Neuropathy in Patients Undergoing 
Foot or Ankle Surgery" Foot and Ankle Specialist. Apr; 5(2):97-101. 
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Oral Presentations 

> "Associations of Biomarkers of Inflammation and Coagulation with Plaque in the 
Femoral Artery" American Heart Association EPI/Lifestyle Conference Trainee 
Session. Portland, Oregon. March 2017. 

> "Recommendations for Reducing Morbidity and Mortality due to Heroin Overdose in 
Allegheny County" Presented to members of the Allegheny County Health 
Department on behalf of Health Policy and Management 2133: Law in Public Health 
Practice 

Lectures 

> "Introduction to Mentored Grant Writing" Epidemiology 2152: Student Workshop in 
Cardiovascular Disease Epidemiology, University of Pittsburgh Graduate School of 
Public Health 

> "Social Determinants of Health" Health Policy: 90-861, Carnegie Mellon University 
Heinz College 

> "Overview of Grant Writing" Epidemiology 2182: Design and Conduct of Clinical 
Trials, University of Pittsburgh Graduate School of Public Health 

Poster Presentations 

> Suder, N, E Barinas-Mitchell, M Allison, M Criqui, J Ix, N Jenny and C Wassel. 
"Associations of Biomarkers of Inflammation and Coagulation with Plaque in the 
Femoral Artery" American Heart Association EPI/Lifestyle Conference. Portland, 
Oregon. March 2017 

> Suder, N, E Barinas-Mitchell, M Allison, M Criqui, J Ix, N Jenny and C Wassel. 
"Higher Levels of C-reactive Protein and Interleukin 6 are Associated with Femoral 
Artery Plaque Burden, but not Plaque Characteristics: The San Diego Population 
Study" Presented at the American Heart Association Fellows Research Day 2017 

> Creppage, K, N Suder and L Torso. "A Legal Analysis of Laws Governing the Use of 
Naloxone (Narcan) in the United States and Pennsylvania" Presented at the 
Graduate School of Public Health Dean's Day 2016. 

> Creepage, K, N Suder and L Torso. "Interventions to Reduce the Risk of Opioid 
Overdose upon Release from Jail or Prison: A Review of the Literature" Presented at 
the 2016 Health Disparities Poster Competition, University of Pittsburgh. 

> Suder, N. "Knowledge Empowers: Communicable Disease Prevention in Abused and 
Neglected Children" Presented at IDM Research Day 2013, University of Pittsburgh 
Graduate School of Public Health. Poster based on Albert Schweitzer Fellowship and 
public health practicum experience. 

> Suder, N. "Communicable Disease Prevention in Abused and Neglected Children 
Living in Beaver County, Pennsylvania" Presented at the Annual Infectious Disease 
Public Health Forum 2013, University of Pittsburgh Graduate School of Public Health. 
Poster based on proposed public health practicum. 
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'°~ ~ '"~ ~' ~ ~'~`"" Denka Performance Elastomer LLC 
} ~~ ~ ù, ~ ~ ~ 

g 
~~~ ~ ~~; ~ 560 Highway 44 

~' 
~ ., .. 

~ ~ Laplace, LA 70068 

July 1 S, 2021 

Vza ElectYonic Mail (puality~c~,epa.~o~ 

Re: Request for Cotx•ection -Toxicological Revicw of Chloroprene (CAS No. 126-99-8) In 
Support of Summary Information on the Integrated Risk Infornlation System (IRIS) 

Dear Sir or Madam: 

On behalf of Denka Performance Elastomer LLC (DPE), I submit this Request fox 
Correction (RFC) under- the Information Quality Act and the U.S. environmental Protection 
Agency's (EPA or "the Agency") Information Quality Guidelines (IQG or "the Guidelines"). ~ 
Through the submission of this RFC, DPE asks EPA to 1~e-evaluate certain conclusions set forth in 
the "Toxicological Review of Chloroprene (CAS No. 126-99-8) In Support of Summary 
Information on the Integrated Risk Information System" in consideration of new scientific 
information concerning the cancer effects of chloroprene on humans, as discussed in this RFC and 
accompanying materials. 

I. INTRODUCTION 

In September 2010, the F.,PA released the "Toxicological Review of Chloroprene (CAS No. 
126-99-8) In Support of Summary Information on the Integrated Risk information System (IRIS)"z 
("2010 Review") for the Integrated Risk Information System (IRIS). In the 2010 Review, EPA 
calculated a human cancer Inhalation Unit Risk (IUR) of 5 x 10-4 per µg/m3 cancer risk for 70 
years of exposure based on data from the female B6C3F1 mouse. In 2010, in the absence of a 
sufficiently rigorous Physiologically-Based Pl~armacokinetic (PBPK) model to estimate human 
toxicological response based on the mouse data,3 EPA defaulted to the assumption that it would 
use the female B6C3F l mouse IUR as a proxy to estimate human risk from chloroprene inhalation. 
Without the use of a PBPK model to account for significant metabolic differences between humans 
and the female B6C3F1 mouse, the IUR developed by EPA overstated the risks associated with 

Guidelines for Ensua~ing and Maximizing the Quality, Objectivity, Utility, and Integrity, of Information 
Disseminated by the Environmental Protection Agency, EPA/260R-02-008 October 2002. Available at 
https://www.epa.gov/sites/production/files/2020-02/documents/epa-info-quality-guidelines_pdf version.pdf. 

z EPA/635/12-09/01OF (September 2010). 

3 See 2010 Review, pp. 21 and 132. 

https://www.epa.gov/sites/production/files/2020-02/documents/epa-info-quality-guidelines_pdf


 

 

human exposure to chloroprene. These risk estimates have caused unwarranted concern among 
mcmbcrs of the community surrounding DPE's facility, despite substantial epidemiological 
evidence indicating that CPA's risk estimate is unrealistically eonseivative. 

Despite DPE's belief that the facility's ~hloroprene emissions do not pose a risk to the 
community, at a cost of $35 million, and in just aver a year of work, DPE reduced its chloroprene 
emissions by 85 percent under a voluntary agreement with Louisiana Department of 
Environmental Quality (LDEQ) and because of DPE's commitment to excellence in environmental 
stewardship. Even so, we recognize that there continue to be concerns about the cancer risk posed 
by chloroprene, and DPE is committed to addressing those concerns based nn the best available 
scientific information. 

This RrC presents what DPI and its scientific consultants bclicvc is the best and most up-
to-date science for re-evaluating the 2010 NR, including impo~~tant new scientific information 
developed since 20l 0. Specifically, in support of this RFC, DPE is submitting the following: 

1. Anew PBPK model for chloroprene which underwent review by an EPA external 
peer review panel in 2020 and I~as been updated in response to comments from the 
peer review panel in 2021 (Exhibit A4); and 

2. Updated epidemiological data and studies published since 2010 (summarized in 
Exhibit BS). 

The above information supports the conclusion that chloroprene is less carcinogenic to humans 
than to the female B6C3F1 mouse. Based on discussions with EPA's Office of Research and 
Development, this RFC does not address all risk factors required for the determination of the IUR; 
however, considering the PBPK model results alone, it appears that the 2010 IIJR may overstate 
human risk by more than 2 orders of magnitude. 

DPE believes that the 2010 Review can be appropriately revised with a nai7owly focused 
update to Section 6.2.4 ("Cancer/Inhalation," consisting of one paragraph of text on the IUR 
estimation on pages 147 and 148) and supplements to sections 3.5 ("Physiologically Based 
Toxicolcinetic Models"), 4.1 ("Studies in Humans —Epidemiology, Case Reports, Clinical 
Controls"), and Section 5.4 ("Cancer Assessment"). We appreciate the opportunity to present this 
infoi-~nation to EPA, and we look forward to answering any questions you may have about this 
information. 

A. How This RFC Differs from DPE's 2017 RF'C 

This is DPE's second RFC requesting the correction of the chloroprene IUR. On June 26, 
2017, DPE fiiled RFC # 17002. EPA denied RFC # 17002 on January 25, 2018, primarily on the 
basis that DPE had not presented sufficient new information developed since 2010 to justify the 

4 Report by Ramboll entitled "Incorporation of in Vitro Metabolism Data in a Physiologically Based 
Pharmacokinetic (PBPK) Model for Chloroprene- Revised Documentation in Response to USEPA Peer Review," and 
crated July 15, 2021 . 

5 Report by Ramboll entitled "Epidemiological Basis for Supporting a Correction of the Chloroprene 
Inhalation Unit Risk (IUR): Update," dated July 15, 2021. 



 

request. In particular, EPA concluded that the Yang, et al. (2012) PBPK model used to support the 

2017 RFC lacked quality assurance and quality control review and that EPA did not have 

sufficient documentation to verify the PBPK model. DPE filed a timely Request for 

Reconsideration (RFR # 17002A) on that decision but withdrew the RFR on March 1, 2021, in 

order to submit a new RFC supported with new information, including the new Ramboll 2021 

PBPK model. 

DPE believes that this new RFC provides the new information EPA suggested would be 

necessary in the denial of RFC # 17002. The new information is set forth in two separate reports 

prepared by scientists at Ramboll: Exhibit A, entitled "Incorporation of In Vitro Metabolism Data 

in a Physiologically Based Pharmacokinetic (PBPK) Model for Chloroprene" and Exhibit B, 

entitled "Epidemiological Basis Supporting a Correction of the Chloroprene Inhalation Unit Risk 

(IUR)". 

Exhibit A documents the new PBPK model's results and methodology, and also includes 

Ramboll's additional documentation and analyses undertaken to respond to comments from the 

peer review of the 2020 PBPK model report that was overseen by EPA. It also contains a thorough 

response to each of the peer reviewers' Tier 1 and Tier 2 comments, as requested by EPA on 

December 15, 2020. 

Exhibit B provides follow-up epidemiological data on U.S. workers in Neoprene 

production facilities, including DPE's Louisiana facility through 2017, as published in 2021 by 

Dr. Gait' Marsh, et al., which shows no increased cancer mortality among any worker cohort 

exposed to chloroprene. Exhibit B also summarizes robust cancer incidence data available from 

the Louisiana Tumor Registry which shows only average and below average cancer incidence near 

the DPE facility for lung and liver cancers, the cancers of concern for chloroprene from the 

epidemiological studies as set out in the 2010 Review. 

B. This RFC Satisfies EPA's Information Quality Guidelines 

Section 8.23 of EPA's Information Quality Guidelines, provide the criteria for EPA to grant 

an RFC. We believe that this RFC satisfies these criteria for the following reasons: 

8.2 What should be Included in a Request for Correction of Information? 

Persons requesting a correction of information should include the following information in 

their Request for Correction (RFC): 

6 Yang, Y.; Himmelstein, MW; Clewell, HJ. (2012). Kinetic modeling of t3-chlaroprene metabolism: 

Probabilistic in vitro — in vivo extrapolation of metabolism in the lung, liver and kidneys of mice, rates and humans. 

Toxicol In Vitro 26: 1047-1055, available at http://dx.doi.org/10.1016/j.tiv.2012.04.004. 

~ A scientific review of the IRIS study by Ramboll scientists identified serious flaws in the 2010 Review. This review has 

been published in the peer-reviewed scientific journal Risk Analysis. Sax SN, Gently PR, Van Landingham C, Clewell HJ, Mundt 

KA. 2020. Extended Analysis and Evidence Integration of Chloroprene as a Human Carcinogen. Rislc Analysis. 40(2)294-318 , 

available at httus•/%nlinelibrary wilev com/doi/e~df/10.1l l lhisa.13397 

3 

http://dx.doi.org/10.1016/j.tiv.2012.04.004


• Name and contact information for the individual or organization submitting a 

complaint; identification of an individual to serve as a contact. 

• A description of the information the person believes does not comply with EPA or 

OMB guidelines, including specific citations to the information and to the EPA or 

OMB guidelines, if applicable. 

• An explanation of how the information does not comply with EPA or OMB 

guidelines and a recommendation of corrective action. EPA considers that the 

complainant has the burden of demonstrating that the information does not comply 

with EPA or OMB guidelines and that a particular corrective action would be 

appropriate. 

• An explanation of how the alleged error affects or how a correction would benefit 

the requestor. 

This RFC will go into snore detail below, but this RFC meets the above criteria as follows: 

First, this RFC is submitted on behalf of Denka Performance Elastomer LLC (DPE), 

located at 560 Highway 44, Laplace, Louisiana 70068. The undersigned maybe contacted by U.S. 

mail, by email at Patrick-walsh(cr~denka-pe.com, and by telephone at 504-536-7573. 

Second, the following sections of the 2010 Review contain information that does not 

comply with EPA and OMB Guidelines and that need to be revised or supplemented to reflect the 

best available scientific information: 

• 6.2.4 ("Cancer/Inhalation," consisting of one paragraph of text on the IUR 
estimation on pages 147 and 148); 

• 3.5 ("Physiologically Based Toxicokinetic Models"); 

• 4.1 ("Studies in Humans —Epidemiology, Case Reports, Clinical Controls"); and 

• 5.4 ("Cancer Assessment"). 

Third, Section 4.8 of the Guidelines commits EPA "to work to ensure that our many 

policies and procedures are appropriately implemented, synthesized, and revised as needed"; 

Section 5.1 commit EPA to using "quality" scientific information; and Section 4.2 commits EPA 

to using peer reviewed information, where possible, and preferably externally peer reviewed 

information of special importance. For influential scientific risk assessment information like the 

2010 Review, the EPA Guidelines (at page 22) require EPA to ensure that: 

(A) The substance of the information is accurate, reliable and unbiased. This 
involves the use of: 

(i) the best available science and supporting studies conducted in 
accordance with sound and objective scientific practices, including, 
when available, peer reviewed science and supporting studies; and 

(ii) data collected by accepted n2ethods or best available methods (if the 
reliability of the method and the nature of the decision justifies the use 
of the data). 

4 
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These criteria and others support this RFC, which requests that EPA update the 2010 IUR, which 
was based on a default assumption in the absence of a peer reviewed PBPK model, with the new 
Ramboll PBPK model, which was externally peer reviewed in October 2020 and which now 
contains supporting documentation to address the peer review panel's suggestions. 

Fourth, granting this RFC and applying the best available science to the estimation of the 
chloroprene IUR will benefit DPE, the only maker of Neoprene in the United States and the only 
major permitted emission source of chloroprene in the United States, because it will correct that 
misimpression that DPE's facility poses a cancer risk to people in the nearby community. It will 
also benefit federal and state agencies that administer air pollution laws because it will allow them 
to make decisions based on the best available science. This is explained in more detail in the 
Background section below. 

II. Background 

DPE's Neoprene production facility is located in the Pontchai~tain Works facility near Laplace, 

Louisiana, in St. John the Baptist Parish. The plant was originally built and operated by E. I. du Pont de 

Nemours and Company (DuPont) in the 1960s. Since then, a portion of the facility has produced Neoprene 

by synthesizing and polymerizing chloroprene. Neoprene is a synthetic rubber used to make medical and 

military equipment, clothing, and consumer products like cell phone cases. 

On November 1, 2015, DPE acquired the Neoprene production facility from DuPont and 

established its headquarters in St. John the Baptist Parish. DPE directly employs about 230 people and is 

the second-largest private employer in the Parish. 

1n December 2015, just weeks after DPE acquired the facility, EPA released the 2011 National Air 

Toxics Assessment (NATA). Among other things, 2011 NATA involved a nationwide review of chemical 

plant emissions and a screening for potential au•pollution-related health risks nationwide. The NATA used 

air dispersion models, 2011 emissions,stack parameters, and meteorology, along with available IRIS health 

risk values. Using the 2010 IUR for chloroprene, the 2011 NATA estimated on a screening level basis that 

the DPE plant produced the greatest offsite cancer risk of any chemical plant in the United States. 

Because of the concerns arising from the 2011 NATA, DPE invested more than $35 million to 

substantially reduce emissions fi-om the facility within 2 years after acquiring it from DuPont, even though 

DPE believed that these concerns were (and are) unwarranted. On January 6, 2017, DPE and LDEQ, in 

cooperation with EPA, entered into a voluntary Administrative Order on Consent (AOC), under which DPE 

committed to reduce chloroprene emissions by 85 percent compared to the faculty's 2014 emissions. The 

AOC involved: 
Interim measures (additional condensers) to reduce emissions in 2017; 

The construction and installation of a Regenerative Thermal Oxidizer (RTO) to control 

emissions fiom the Neoprene process area (started up in December 2017); 

The conshucrion ofand installation of the Monomer Emission Reduction Project (MERP) 

to route emissions from the Monomer process area to the facility's Halogen Acid 
Production Fiunace (started up in December, 2017); and 



 

 

 

 

 

 

• Wastewater and other controls in the Poly Building to reduce wall fan emissions. 

The total cost of these projects was more than $35 million, and LDEQ acknowledged that DPE successfully 

met the 85 percent emission reduction target.~ Since that time, DPE has continued to take meastues to further 

reduce emissions to the extent feasible. 

At the same time, DPE is concerned that members of the coi~nunity around the facility continue to 

be unduly alarmed by the 2011 NATA, its 2014 update, and the IIJR included in the 2010 Review. As a result, 

DPE has spent more than 3 years working with independent scientific experts and with EPA to assist in the 

development of a PBPK model in order to provide a better scientific basis for assessing the cancer risk posed 

by chloroprene. As discussed in Section III below, the PBPK model shows that the cturent Ii1R substantially 

overstates the risk of chloroprene. Flu-ther, as stunmarized in Section IV and E~ibit B of this RFC, recent 

epidemiology shidies ofNeoprene workers and community cancer data from the state-run Louisiana Tumor 

Registry (LTR) suggest that chloroprene emissions from the DPE facility do not pose increased cancer risk. 

III. The Development, Methodology, and Results of the 2021 Ramboll PBPK Model 

EPA's own assessment of the uncertainties of its 2010 cancer risk assessment is 
informative on the determination of the best available science today. Because EPA noted the need 
for a PBPK model in 2010 and recognized the uncertainties in its cancer risk assessment, those 
recognized limitations in the 2010 Review strongly suggest that the 2021 PBPK model effectively 
closes the self-identified gap in EPA's risk assessment in the 2010 Review. 

A. In 2010, EPA Recognized the Need for a PBPK Model 

PBPK models provide the best scientific approach for the quantitative adjustment for 
differences in pharmacokinetics among rodents and humans, which can potentially inform 
differences in response across species.9 By basing the IUR on toxicological response in the female 
mouse, EPA "assumed that humans are as sensitive as the most sensitive rodent sex/species 
tested," the female B6C3F1 mouse, even though "true correspondence is unknown."10 The 2010 
Review explained this as follows: 

The calculated composite unit risk is based on the most sensitive 
endpoint (risk of any tumor type) in the most sensitive species and 

R See letter from Lourdes Itutralde, LD~Q Assistant Secretary, to Patrick Walsh, DPI SHE Manager, dated 

May 20, 2020: https://edms.deq.louisiana.gov/app/doc/view?doc=12184387 

9 The U.S. EPA has long considered application of adequately validated PBPK models to be "accepted as a 

scientifically sound approach to estimating the internal dose of a chemical at a target site and as a means to evaluate 

and describe the uncertainty in risk assessments." U.S. EPA. Approaches for the Application of Physiologically Based 

PharmacolcineCic (PBPK) Models and Supporting Data In Risk Assessment (Final Report). U.S. Enviromnental 

Protection Agency, Washington, D.C., EPA/600/R-OS/043F, 2006, available at 

https~//cfpub epa s~ov/si/si~ublic record Report cfin'~Lab=NCEA&dirEnhyID=157668. 

10 2010 Review, p. 139 (emphasis added). 

https://edms.deq.louisiana.gov/app/doc/view?doc=12184387


 

sex (female mouse). There is no information on chloroprene to 
indicate that the observed rodent tuinor~s are not relevant to humans. 
Further, no data exist to guide quantitative adjustment for 
differences in sensitivity among rodents and humans.l l 

In the 2010 Review, EPA assessed the uncertainties in in the cancer risk assessment in 

Section 65.4.7, and noted that a PBPK model would reduce this uncertainty: 

Another source of uncertainty comes from the interspecies 
extrapolation of risk from mouse to human. The two rodent species 
for which bioassay data were available— mouse and rat—vary in 
their carcinogenic responses to chloroprene, in terms of both site 
specificity and magnitude of response (Section 4). Ideally, a PBPK 
model for the internal doses) of the reactive metabolites) would 
decrease some of the quantitative uncertainty in interspecies 
extrapolation; however, current PBPK models are inadequate for 
this purpose (Section 3). . . 

The 2021 Ramboll PBPK model has been developed with a carefully performed analysis 

of pharmacokinetic differences Uetween mice and humans, and the calculation methodologies have 

been carefully evaluated with sensitivity and uncertainty analyses, and when appropriate, 

parameter selection based on the most conservative choice. The multiple uncertainties of unknown 

significance identified in the 2010 Review compared with the 2021 PBPK model clearly show that 

the "best available science" standard under the EPA Guidelines supports the replacement of the 

2010 default assumption with the application of the 2021 PBPK model into the dose-response 

assessment. 

B. The Development of the Ramboll PBPK Model 

In the 2010 Review, EPA declined to use the Himmelstein (2004) PBPK model, concluding 

that that model was "inadequate for application for calculation of internal dose metrics or 

interspecies dosimetry extrapolations."12 Instead, and in the absence of a PBPK model it could use 

in 2010, EPA adopted the default assumption that humans were as sensitive and had comparable 

pharmacokinetics of chloroprene as the female B6C3F1 mouse strain, the most sensitive species 

and sex in the 1998 National Toxicity Program (NTP) studies of chloroprene. When DPE 

submitted its original RFC in 2017 (RFC 17002), it suggested that EPA use the Yang, et al. (2012) 

PBPK model, but in Attachments 1 and 2 to EPA's January 25, 20l 8 denial of the RFC, the Agency 

raised a number of concerns about the Yang, et al. model. 
In Apri12018, Rainboll submitted a work plan to EPA for the development of a new PBPK 

model to address the concerns that EPA noted in the denial of RFC17002. Since that time, EPA 

has conducted an extensive quality assurance review of the PBPK model development and of the 

final model. At EPA's request, Ramboll conducted an experiment to provide data to inform a 

~ ~ 2010 Review, p. 141 (emphasis added). 

'Z 2010 Review, p. 21. 



 

  

 

 

chloroprene mass-transport parameter (Kgl), a parameter also included in the model based on 
comments from EPA. The 2019 version of the PBPK model and its documentation was peer 

reviewed and published in Inhalatio~z Toxicology.13 

EPA continued the QA/QC work with Ramboll and retained Veisar, a third-party contractor, 

to oversee an external peer review of the 2020 Ramboll PBPK model. The peer review panel, 

which met on October- 5-6, 2020, included nine experts on toxicology, PBPK models, and statistics. 

The peer review panel comments were set out in its Post Meeting Peer Review Report dated 
December 17, 2020.14 

The Post Meeting Peer Review Report identifies approximately ls 50 Tier- 1 comments 

(issues necessary to address) and Tier 2 comments (issues suggested to be addressed). As part of 

this RFC, we are including "Rainbo~l's Response to External Peer Review Tier 1 and Tier 2 
Comments/Suggestions, "which addresses all of these comments (see Exhibit A, Supplemental 
Materials G) and provides a summary of important new calculations, sensitivity analyses, and 
parameter analyses that have been conducted as part of the revisions to the model. Exhibit A, 

Supplemental Materials F, ~ ~ provides the detail on the development of the sub model for the PBPK 

model to estimate epoxide and other metabolite concentrations. This was completed in response 

to a Tier 1 comment from a peer reviewer and is also summarized in Supplemental Materials G. 

We believe that all the Tier 1 and Tier 2 peer review comments have been resolved in the 2021 

model and associated documentation. 

In response to the peer review comments, Ramboll performed additional 
sensitivity/uncertainty analyses and literature searches. Also, at the request of the peer reviewers, 
Ramboll developed an extended version of the model to describe the downstream metabolism of 

chloroprene in order to compare model predictions using alternative dose metrics. The results of 

this extension of the model demonstrate that the use of a dose metric based on total metabolism is 
consistent with the cross-species relationship of the toxicity and carcinogenicity of chloroprene, 

but one based on epoxide area under the curve (AUC) is not. These results support the use of total 

metabolism as the most appropriate dose metric for the carcinogenicity of chloroprene. 

C. The IUR Should Be Corrected to Reflect the 2021. Ramboll PBPK Model 

Overall, the application of the 2021 PBPK model is expected to result in the estimation of 

an IUR that is approximately two orders of magnitude below that of the 2010 IUR. ORD has 

13 Clewell HJ 3rd, Campbell JL, Van Landingl~ani C, Franzen A, Yoon M, Dodd DE, Andersen ME, Gentry 

PR. 2020. Incorporation of in vih•o inetabolisin data and physiologically based pharmacokinetic modelling in a risk 

assessment for chloroprene. Inhalation Toxicology. 31(13-14):468-483. 

~^Post-Meeting Peer Review Summary Report, External Peer Review of a Report on Physiologically—based 
Pharmacokinetic (PBPK) Model foc Chloroprene (Ramboll, 2020) and Supplemental Analysis of Metabolic Clearance 

(U.S. EPA, 2020, December 17, 2020, U.S. EPA and Versar, Inc). 

15 Some comments have multiple parts, and some comments are redundant of others. 

~~ ExhiUit A, Supplemental Materials F, is entitled "Reactive Metabolite Modeling." 

https://Toxicology.13


 

 

  

requested that DPE limit its request for review to the adoption of the PBPK model, and that DPE 
not address all risk assessment factors that IRIS may consider in re-evaluating the IUR. However, 
the PBPK results strongly support the revision of the NR to include the application of the PBPK 
model t-ather than the default assumption that humans and mice metabolize chloroprene in the 
same manner, and therefore, would respond similarly. 

IV. New Epidemiological and Cancer Incidence Data Support the Findings of the PBPK 
Model and this RFC 

A. The 2010 Review 

As explained in Ramboll's report entitled "Epidemiological Basis for Supporting a 
Correction of the Chloroprene Inhalation Unit Risk (IUR): Update" (Exhibit B), the 
epidemiological evidence does not support a causal relationship between chloroprene and cancer 
in humans. Dr. Herman J. Gibb, one of the two epidemiologists on the peer review panel that 
reviewed the 2009 draft version of the 2010 Review, agreed with this conclusion and found that 
the epidemiology data reviewed by IRIS provided "little if any evidence" that chloroprene 
exposure increases the risk of either respiratory or liver cancer, the two cancers EPA indicated 
were associated with chloroprene exposure. At that time, Dr. Gibb wrote: 

As the document acknowledges on page 4-17, there is little if any 
evidence that chloroprene increases the risk of respiratory cancer. 
The limitations of the earlier studies (Li et al. 1989, Bulbulyan 1998, 
1999) are significant with regard to whether or not they indicate an 
increased risk of liver cancer from chloroprene exposure. The 
largest and what appears from the document to be the best conducted 
study (Marsh et al., Louisville cohort) provides little if any evidence 
that a liver cancer risk exists. Furthermore, the document has not 
been transparent in its reasoning that there is a risk of liver cancer. 

In summary, the descriptor of "likely to be carcinogenic to humans" 
is supported by the animal and genotoxicity data, but not by the 
human data. While the descriptor is appropriate, the document 
should not try to make more of the epidemiologic studies than is 
warranted. ~ ~ 

In its review of the epidemiological evidence on chloroprene exposure, the 2010 Review 
analyzed a study by Dr. Gait' Marsh, et al., the results of which were reported in 2007 in a series 
ofpublications lg (referred to collectively as "Marsh 2007") in the peer-reviewed journal, Chenzico-

~~ Final Reviewer Comments, External Peer Review Meeting on the Toxicological Review of Chloroprene 

(CAS No. 126-99-8), January 26, 2010, p. 27 (emphasis added). 

18 Marsh GM, Youk AO, Biicl~anich JM; Cunningham M, Esmen NA, Hall TA, Phillips ML. 2007x. Mortality 
patterns aulong industrial workers exposed to chloropre~le and other substances. I. General mortality patterns. 
Cl~e~nico-Biological Interactions.;l66(J-3):285-300; Marsh GM, Youk AO, Blichauicl~ JM, Cunningham M, Esmen 



 

 

 

 

 

 

Biological Inte~~actions. Marsh 2007 was the most comprehensive and methodologically robust 
[study available] based on the size of the cohort, amount of follow-up time, and completeness of 
exposure assessment, among other strengths. 19 The study involved 12,430 workers exposed to 
chloroprene at various industrial sites, including two US sites: the DuPont Louisville, KY, site 
(5,507 individuals) and the DuPont (now DPE) Pontchartrain, LA, site (1,357 individuals). Despite 
finding no evidence of elevated mortality risks from lung, liver, or other cancers between workers 
in either cohort and the coi7esponding regional populations, EPA considered Marsh 2007 as 
supportive of a causal association between chloroprene exposures and elevated mortality from 
liver cancer. This conclusion was based entirely on comparisons between exposure groups within 
the Louisville cohort, despite the very low liver cancer mortality rates among the Louisville 
employees and the fact that no instances of liver cancer mortality were observed in the 
Pontchartrain cohort. Again, when compared to liver cancer mortality rates in con~esponding 
regional populations, there were no excess liver mortalities among workers in the Louisville or the 
Pontchartrain cohort.20 

B. A Major New Follow-Up Epidemiological Study by Dr. Gary Marsh, et al., 
Released in 2020, Shows No Increased Cancer Mortality among U.S. 
Chloroprene Workers 

The conclusions of Dr. Gibb and Dr. Marsh were further confirmed by a new follow-up 
epidemiological study by Dr. Gary Marsh, et al., published in February 2021 in the Journal of 
Occupational afid Environmental Medicine and entitled "Mortality Patterns Among Industrial 
Workers Exposed to Chloroprene and Other Substances: Extended Follow-Up" ("Marsh 2021").21 

The express purpose of the new study was "[t]o update the U.S. portion of a historical cohort 
mortality study of workers with potential exposure to chloroprene (CD) and vinyl chloride (VC) 
with focus on lung and liver cancer."22 The subjects of the study were workers from the former 
DuPont Neoprene facility in Louisville, Kentucky (Plant L), and the Pontchartrain Works 
Neoprene facility in Laplace, Louisiana (Plant P) (the former DuPont, now the DPE Neoprene 
facility). The follow up period was from 2001-2017, and added 47,299 and 19,942 person-years 
of observation and 1399 and 214 new deaths to the Louisville and Pontchartrain Works cohorts, 
respectively.23 This resulted in improved statistical precision. 

NA, FIall TA, Phillips ML. 2007b. Mortality patterns among industrial worket-s exposed to cliloroprene and other 
substances. II. Mortality in relation to exposure. Che»~zico-Biological bzteractions. 166(1-3):301-16. 

19 Bukowski JA. 2009. Epidemiologic evidence for• chloroprene carcinogenicity: Review of study quality and its 
application to risk assessment. Risk Analysis, 29(9):1203-1216. 

20 Exhibit B, p. 4. 

21 Marsh GM, Kiuchten A, Buchanich JM. Mortality Patterns Among Industrial Workers Exposed to 
Chloroprene and Other Substances: Extended Follow-Up. J Occup Environ Med. 2021 Feb 1;63(2):126-138. 

Z3 Exhibit B, p. 5. 

2; Exhibit B, p. 5. 
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In their follow up study, Marsh, et al., again performed both external and internal mortality 
comparisons. The external comparisons revealed statistically significant deficits in deaths at both 
plants, and internal comparisons revealed no consistent evidence of exposure-response 
relationships. Marsh 2021 concluded that "the risk of death from all cancers or from the sites of 
a priori interest (lung and liver cancer) is unrelated to exposure to [chloroprene] at levels 
experienced by workers in the two U.S. sites."Z4 

EPA should reevaluate the 2010 IUR to consider the significant findings of Marsh 2021. 
As Dr. Gibb commented in 2009: 

A reality check on the unit risk for chloroprene by comparing it with 
an upper bound on the cancer risk in the Louisville cohort studied 
by Marsh et al. should be performed. The Louisville cohort has the 
best exposure information for this purpose. From the resulting 
comparison, it may be necessary to adjust the unit risk estimate.25 

This comment is even more relevant today with the additional information from the 2021 Marsh 
study. 

C. New Cancer Incidence Data from the Louisiana Tumor Registry Shows the 
Incidence of Cancers near the DPE Faculty Are at or Below State-wide 
Averages for Cancers of Potential Concern 

The PBPK model's findings are corroborated by the health data compiled and published 
by the Louisiana Tumor Registry (LTR), an independent and rigorous source of cancer incidence 
data which has been. recognized consistently as one of the leading cancer registries in the nation.26 

The LTR has compiled annual reports on cancer incidence for decades. Data that were compiled 
after the 2010 Review were recently published and have been compiled and released in various 
reports. These data show that St. Jolm Parish, the Parish in which the DPE facility is located, 

24 Marsh 2021, p. 135 (emphasis added). 

25 Final Reviewer Coimnents, External Peer Review Meeting on the Toxicological Review of Chloroprene 

(CAS No. 126-99-8), January 26, 2010, ~. 34. See also Sax SN, Gentry PR, Van Landiugl~ani C, Clewell HJ, Mtmdt 

KA. 2020. Extended Analysis and Evidence Integration of Chloroprene as a Human Carcinogen. Risk _Analysis. 

40(2):294-318. 

26 See FN 10. The National Cancer Institute, the Centers for Disease Contro] and Prevention, and the North 
American Association of Central Cancer Regis-tries lave consistently recognized and validated the Louisiana Tumor 
Registry's high-quality da-ta. The LTR was one of nine NCI-SEER registries awarded 1st Place for data quality in 
2020, the 11th consecutive year that tl~e Louisiana Tumor Registry was recognized for the high quality, completeness 
and timeliness of its data. The LTR also eanied Gold Certification again in 2020 by the North American Association 
of Central Cancer Registries (NAACCR). This designation recognizes registries that have achieved the highest 
NAACCR standard for complete, accurate, and timely data to calculate standard incidence statistics. LTR has earned 
this designation every year since 1997. The LTR was also given the Registry of Distinction Award from the Centers 
for Disease Control and Prevention's National Program of Cancer Registries this year. See "Cancer Reporting in St. 
John Parish Findings Vali-date Louisiana Tumor Registry Data," March 1, 2021. 
https://www.lsuhsc.edu/newsroom/Cancer%20Reporting%20in%20St.%20John%20Parish%20Findings%20Validat 
e%20Louisiana%20Tumor%20Regishy%20Data.html. 

www.lsuhsc
https://nation.26
https://estimate.25


 

 

 

 

experiences average, or even below-average rates of cancer incidence.27 As Ramboll summarized 
in Exhibit B, "LTR data at neither the Parish nor the census tract level indicate elevated rates of 
the cancers potentially associated with chloroprene exposure in St. John the Baptist Parish 
compared to Louisiana,"28 

V. CONCLUSION 

DPE believes that the Ramboll 2021PBPK model and the PBPK report responding to peer 
review comments provide a strong basis for updating the IUR included in the 2010 Review, which 
should make it better aligned with the epidemiological evidence. 

Because of the large toxicokinetic differences between mice29 and humans differences 
which EPA did not account for in its calculation of the IUR—the IUR dramatically overstates the 
human cancer risks associated with chloroprene exposure. The PBPK model does not address all 
risk factors that affect the determination of the IUR, but it provides the foundation for a full IRIS 
revision of the 2010 IUR. DPE respectfully requests that EPA grant this RFC and initiate a formal 
revision of the 2010 chloroprene IUR. 

Respectfully submitted, 

Patrick A. Walsh, CIH 
Safety, Health, and Environmental Manager 
Denka Performance Elastomer LLC 

27 Exhibit B, pp. 7-12. 

~~ Exhibit B, p. 7. 

29 For simplicity, all reference to "mice" or "the mouse" herein refer to the B6C3F1 mouse strain. 

ff~~ 

https://incidence.27
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Ramboll -Incorporation of In Vitro Metabolism Data in a Physiologically Based Pharmacokinetic (PBPK) Model for Chloroprene- Revised documentation in 

response to USEPA Peer Review 

~.~ 

A physiologically based pharmacokinetic (PBPK) model for chloroprene in the mouse, rat and 

human has been developed that relies solely on in vitro studies for the estimation of model 

parameters describing tissue metabolism and partitioning. The PBPK model accurately predicts in 

vivo pharmacokinetic data from a 6-hr, nose-only chloroprene inhalation study conducted with 

female B6C3F1 mice, the most sensitive species/gender for lung tumors in the 2-year bioassays 

conducted with chloroprene. This PBPK model has been developed to support an inhalation 

cancer risk assessment for chloroprene using in vitro data on the metabolism of chloroprene to 

reactive metabolites in the lung target tissue of mice and humans. The approach for calculating 

target tissue (lung) dose metrics was based on the PBPK modeling performed in support of the 

inhalation cancer risk assessment for methylene chloride and represents the best available 
science for determining the impact of species differences in metabolism of chloroprene. The 

original documentation of the PBPK model that was submitted to EPA has now been revised 

(Ramboll 2021 —current document) in response to the recommendations from a USEPA-

convened independent peer review panel advising on the suitability of the model for use in 

updating the IRIS assessment of chloroprene toxicity in humans. 

2/43 



Ramboll -Incorporation of In Vitro Metabolism Data in a Physiologically Based Pharmacokinetic (PBPK) Model for Chloroprene- Revised documentation in 
response to USEPA Peer Review 

~ ~~ 

• This document describes the development of a physiologically based pharmacokinetic 
(PBPK) model for chloroprene in the mouse, rat and human. The intended application of 
the model is to estimate target tissue dose metrics (total metabolism of chloroprene to 
reactive epoxides in the lungs) to support an inhalation risk assessment for lung cancer. 

The chloroprene model structure and dose metric selection are based on previous PBPK 
models for methylene chloride and vinyl chloride that were used in cancer risk 
assessments by the USEPA. As with methylene chloride and vinyl chloride, the observed 
carcinogenicity of chloroprene in the mouse is believed to be due to the generation of a 
reactive metabolite in the target tissue. The chief difference from previous models is that 
the tissue metabolism parameters for chloroprene were based on the published results of 
in vitro studies using microsomes, rather than inferring the parameters indirectly by 
fitting the model to in vivo pharmacokinetic data. 

To assess the validity of the PBPK model, results from a previously unpublished study 
conducted with female B6C3F1 mice, the most sensitive species/gender for lung tumors 
in the 2-year bioassay conducted with chloroprene, were considered (Clewell et al. 2019). 
The mouse PBPK model accurately predicted the in vivo pharmacokinetic data from a 6-
hr, nose-only chloroprene exposure. 

It was not possible to confidently estimate metabolism parameters for the model in the 
human lung due to the low rate of metabolism observed in this tissue. Therefore, an 
alternative approach, previously used in the USEPA risk assessments for methylene 
chloride, was applied. In the case of methylene chloride, there were no data available to 
estimate human lung metabolism to the reactive metabolite that was considered to be 
responsible for carcinogenicity. Therefore, the lung metabolism parameters were based 
on the parameters for liver metabolism together with the ratio of liver and lung activity 
for a standard substrate in an in vitro assay. More recent evidence for lung and liver 
expression of the isozymes that metabolize chloroprene supports the in vitro activity 
ratio. Applying this approach to chloroprene provides a conservative (health-protective) 
estimate of human lung metabolism compared to the values that could be inferred from 
the highly uncertain in vitro data for chloroprene metabolism in human lung microsomes. 

• The PBPK model was used to predict dose metrics -amounts of chloroprene metabolized 
in the lung per gram of lung tissue per day - in female mice and humans. The ratios of 
the human lung metabolism dose metrics to the lung metabolism dose metrics in the 
female mouse are roughly two orders of magnitude lower than those calculated on the 
basis of inhaled chloroprene concentration. 

In response to an external peer review panel conducted for the USEPA by an independent 
contractor in October, 2020, additional sensitivity/uncertainty analyses and literature 
searches were conducted to provide additional support for the data relied upon in 
estimating many of the parameters in the model. Also, at the request of one peer 
reviewer, an extended version of the model was developed (Ramboll 2021 -current 
document) to describe the downstream metabolism of chloroprene in order to compare 
model predictions using alternative dose metrics. The results of this extension of the 
model demonstrate that the use of a dose metric based on total metabolism is consistent 
with the cross-species relationship of the toxicity and carcinogenicity of chloroprene, but 
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response to USEPA Peer Review 

one based on epoxide area under the curve (AUC) is not. These results support the use 

of total metabolism as the most appropriate dose metric for the carcinogenicity of 

chloroprene. 

Conclusions: The revised chloroprene PBPK model is based on the best available science, 

including a new test animal in vivo validation study, an updated literature review and a 

new Markov-Chain Monte Carlo analysis to assess parameter uncertainty. Inclusion of 

the best available science is especially important when deriving an Inhalation Unit Risk 

based on species extrapolation for the potential carcinogenicity of a reactive metabolite, 

since previous risk assessments for similar chemicals have demonstrated that the default 

cross-species extrapolation using inhaled concentration is highly inaccurate for this mode 

of action. 
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response to USEPA Peer Review 

~.. 

Chloroprene (CAS# 126-99-8) is a highly volatile chlorinated analog of 1,3-butadiene that is used 

in the manufacture of polychloroprene rubber (Neoprene). A cancer risk assessment for 

chloroprene conducted by the USEPA (2010) calculated an inhalation unit risk (IUR) of 5x10-4 

per ~g/m3 based on tumor incidence data from female mice exposed to chloroprene for 2 years 

(NTP 1998; Melnick et al. 1999). The USEPA (2010) assessment used a default cross-species 

extrapolation approach which involved linear extrapolation to the low concentration region based 

on chloroprene exposure concentration, despite strong evidence of quantitative differences in 

chloroprene metabolism in mice and humans that would have a significant impact on the 

calculated risk (Himmelstein et al. 2004a, 2004b). The metabolism of chloroprene results in the 

formation of reactive metabolites that are considered to be responsible for its carcinogenicity in 

rodents (USEPA 2010). 

To determine the potential impact of species-specific differences in the production of these 

epoxides, a physiologically based pharmacokinetic (PBPK) model was originally developed in a 

collaborative research effort between DuPont Haskell Laboratory and the USEPA National Health 

and Environmental Effects Research Laboratory (NHEERL) and submitted for the USEPA (2010) 

IRIS Assessment. In vitro measurements of partition coefficients and metabolism parameters for 

chloroprene in mice, rats, hamsters and humans (Himmelstein et al. 2004a) were used in the 

PBPK model (Himmelstein et al. 2004b) to predict species-specific dose metrics for the production 

of epoxides in the lung, the most sensitive tissue in the mouse bioassay. The dose metric chosen 

for this comparison is consistent with the dose metrics used in previous PBPK-based risk 

assessments for methylene chloride and vinyl chloride, which are also metabolized to reactive 

metabolites that are considered to be responsible for the observed carcinogenicity in rodents. 

Closed-chamber exposures of mice, rats and hamsters were used to validate the PBPK model's 

ability to predict the pharmacokinetic behavior of chloroprene in vivo. The USEPA (2010), 

however, did not make use of the PBPK model from Himmelstein et al. (2004b) in their risk 

assessment, citing the lack of blood or tissue time course concentration data for model 

validation. In addition, USEPA indicated that they did not consider the comparisons of model 

predictions with the closed-chamber studies to be adequate because the data were limited to 

chloroprene vapor uptake from the closed chambers. 

After the time of the USEPA (2010) evaluation, subsequent studies (IISRP 2009b) provided 

additional data for refining the PBPK model of Himmelstein et al. (2004b). To supplement the 

data in Himmelstein et al. (2004a) on liver and lung metabolism in male mouse, male rat, and 

pooled human cells, subsequent studies (IISRP 2009b) measured liver and lung metabolism in 

female mouse and female rat, as well as kidney metabolism in male and female mouse, male and 

female rat, and pooled human cells. The totality of the data from the Himmelstein et al. (2004a) 

and IISRP (2009b) in vitro .metabolism studies was then used to refine the metabolism parameter 

estimates for the chloroprene PBPK model using Markov-chain Monte Carlo (MCMC) analysis. A 

comparison of lung dose metric estimates in mouse, rat and human was then performed using 

the updated metabolism parameters (Yang et al. 2012). These dose metrics were subsequently 

used in a study comparing genomic responses to chloroprene in the mouse and rat lung (Thomas 

et al. 2013) and a study comparing human risk estimates derived from mouse bioassay and 

human epidemiological data (Allen et al. 2014). 

The objectives of the present study were to: 1) characterize the in vivo pharmacokinetics of 

chloroprene via analysis of whole blood concentrations in female B6C3F1 mice during and 
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following a single 6-hour nose-only inhalation exposure, and 2) determine respiratory parameters 

(breathing frequency and tidal volume) during chloroprene exposure. We also demonstrate the 

ability of the refined chioroprene PBPK model to reproduce new in vivo validation data and 

calculate PBPK dose metrics that can be used to support an inhalation cancer risk assessment 

that properly considers species differences in pharmacokinetics and metabolism. 

In October 2020, an independent peer review of the chloroprene PBPK model was conducted by 

the USEPA specifically to consider use of this model in a potential IRIS reassessment of 

chloroprene (USEPA 20ZOa -external peer review report). In the charge to the peer reviewers 

(USEPA 2020b), USEPA requested that peer reviewers prioritize their comments to indicate their 

relative importance as follows: 

Tier 1: Key Recommendations -Recommendations that are necessary for strengthening 

the scientific basis for the PBPK model, reducing model uncertainties (especially with 

respect to typical expectations for a PBPK model) or accurately evaluating such 
uncertainties before the model is applied for risk assessment. 

Tier 2: Suggestions -Recommendations that are encouraged in order to strengthen 

confidence before the PBPK model is potentially applied in risk assessment. It is 
understood that other factors (e.g. timeliness) may also be considered before deciding to 

conduct the suggested additional research or model revisions. 

Tier 3: Future Work -Recommendations for useful and informative scientific exploration 

that may inform future evaluations of key science issues arising from any aspect of the 

modeling and analysis presented. These recommendations are likely outside the 
immediate scope and/or needs of the current PBPK model review. 

The current documentation of the model provides updates in response to the peer reviewers' Tier 

1and Tier 2 comments as EPA requested of DPE by USEPA on December 15, 2020. A listing of 

all of the Tier 1and Tier 2 comments from the peer reviewers by topic is provided in 

Supplemental Materials G, along with Ramboll's responses to each of the comments, describing 

how the comments were addressed in the current documentation of the model. 
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Nose-only Exposure Study 

Test Substance and Atmosphere Generation 

The test substance, (3-Chloroprene (CAS# 126-99-8) containing polymerization inhibitors, was 

supplied by the sponsor as a clear liquid. Exposure atmospheres were generated by metering 

saturated chloroprene vapor from astainless-steel pressure vessel reservoir (McMaster Carr, 

Atlanta, GA) into the nose-only exposure chamber air supply. The concentrated chloroprene 

vapor was metered through a mass flow controller (MKS Instruments Inc, Andover, MA) and 

mixed with HEPA-filtered air approximately six feet upstream of the nose-only inlet. Chloroprene 

vapor was introduced counter-current to the dilution air to facilitate mixing of the vapors with the 

dilution air. Chloroprene concentrations were monitored on-line using a gas chromatography 

system with flame ionization detector (GC-FID). Calibration of the GC-FID for chloroprene 

analysis was conducted through the analysis of a series of calibration standards produced by 

introducing pure chloroprene into Tedlar0 bags containing known volumes of nitrogen gas 

(nitrogen was metered into the bag using a calibrated flow meter). 

Test Animals andHousing 

Female B6C3F1 were purchased from Charles Rivers Laboratories, Inc (Raleigh, NC) at 8 weeks 

of age and acclimated to their surroundings for approximately two weeks prior to use. Following 

acclimation animals were assigned to a dosing group by randomization of body weights using 

Provantis NT 2000, assigned unique identification numbers, cage cards, and housed (1/cage) in 

polycarbonate cages with standard cellulose bedding. Animals were housed in a humidity and 

temperature controlled, HEPA-filtered, mass air-displacement room provided by the Association 

for Assessment and Accreditation of Laboratory Animal Care International (AAALAC) accredited 

animal facility at The Hamner Institutes. This room was maintained on a 12-hour light-dark cycle 

at approximately 64oC-79oF with a relative humidity of approximately 30-70%. Rodent diet 

NIH-07 (Zeigler Brothers, Gardners, PA) and reverse osmosis water was provided ad libitum 

except during exposures. Food and water were withheld from all animals during the chloroprene 

exposures. Prior to the start of the chloroprene exposure, animals were weighed, and their 

weights were recorded. 

The Hamner Institutes for Health Sciences was fully accredited by the AAALAC during the time 

the study was performed. Currently acceptable practices of good animal husbandry were 

followed per the National Research Council Guide for the Care and Use of Laboratory Animals and 

were in compliance with all appropriate parts of the Animal Welfare Act. In addition, the study 

design and protocol were approved by The Hamner Institutes' Institutional Animal Care and Use 

Committee (IACUC) prior to the initiation of the study. 

Inhalation Exposures 

Inhalation exposures were conducted at 13, 32, and 90 ppm for 6 hours. Blood was collected by 

cardiac puncture at a total of 6time-points, 0.5, 3, and 6 hours during exposure and 5, 10, and 

15 minutes post-exposure. To support collection of whole blood during the exposures, nose only 

towers were fitted with specially designed nose only exposure tubes. These exposure tubes were 

manufactured from 50 mL polypropylene bulb irrigation syringes (Sherwood Medical, St. Louis, 

MO). Three elongated holes (0.625" x 1.125") were drilled into the wall of the syringe to allow 

access to the thorax of the mouse during chloroprene exposure. A second irrigation syringe was 
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cut to form a sleeve around the first syringe to provide an airtight barrier during the exposures. 
This sleeve was pulled back during the exposure to allow for the injection of pentobarbital (100 
mg/kg) while the animal continued to inhale chloroprene. Blood was removed directly from the 
mouse via arterial-side cardiac puncture while the mouse was still housed in the syringe and 
breathing chloroprene. 

Plethysmography 

A total of 16 mice (4 per exposure group including air controls) were used for the purpose of 
collecting tidal volume and breathing frequency. Data were acquired using modified nose only 
Buxco plethysmograph tubes for pulmonary function monitoring. Data from control mice were 
collected prior to the first chloroprene exposure. Plethysmography data from both control and 
exposed mice were collected for 2-3 hours. 

Blood Sampling 

Whole blood was collected at 0.5, 3, and 6 hours during exposure and 5, 10, and 15 minutes 
post-exposure. Whole blood collection during chloroprene exposures (0.5, 3, and 6-hour time 
points) were done using the specially designed nose only exposure tubes described above. 

Blood Analysis 

Quantification of chloroprene in whole blood was conducted by headspace sampling with analysis 
by gas chromatography mass spectrometry (GC/MS). The sampling method to be used, 
headspace analysis, as well as the GC/MS method were based on the previously published 
method for the analysis of 1,3-butadiene in whole blood from mice and rats (Himmelstein et al. 
1994). 

Briefly, 200 ~L of whole blood, obtained by cardiac puncture, was transferred into pre-labeled, 
capped, and weighed airtight headspace vials (1.5 mL autosampler vial). Sample vials were 
weighed to obtain an accurate estimate of sample size and allowed to equilibrate at room 
temperature for 2 hours. Once equilibration was complete, samples were analyzed using an 
Agilent 5973 mass spectrometer coupled to an Agilent 6890 gas chromatograph. The mass 
spectrum was run in electron impact mode with selective ion monitoring (instrumental conditions 
are listed below). 

Calibration curves were prepared by spiking stock control whole blood with known amounts of 
chloroprene obtained as a certified standard solution of chloroprene in methanol. Quality control 
samples were prepared by spiking control rat plasma with a certified chloroprene standard. QC 
samples were spiked to low (near the first calibration point), medium (near the middle of the 
calibration curve), and high (near the highest point of the calibration curve) levels. Aliquots of 
the prepared QC's were placed in sealed GC vials (3 aliquots for each level, 9 total) and kept 
frozen at -80°C until required (GC vials had a minimum of headspace prior to freezing). On the 
blood collection days, a toes-, middle-, and high-level QC was thawed and allowed to come to 
room temperature for 4 hours. After this time, the QC samples were "sampled" with a syringe 
identical to those being used for the collection of whole blood, placed in a GC vial in a manner 
identical to that of the whole blood collection, and analyzed along with the samples and 
standards. 

Additional details of the nose-only inhalation study can be found in IISRP (2009a). 
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Chloroprene PBPK Model 

The development and documentation of the chloroprene PBPK model has been conducted in a 

transparent manner consistent with the WHO/IPCS (2010) guidance on PBPK modeling. The 

following sections describe the basis for the model structure and parameterization, as well and 

the methods used for sensitivity/uncertainty analysis and risk assessment application of the 

model. 

Model Structure 

The structure of the PBPK model used in this study (Figure 1) is based on the PBPK model of 

chloroprene described in Himmelstein et al. (2004b), as modified by Yang et al. (2012). As in 

previous models of volatile organic compounds (Ramsey and Andersen 1984; Andersen et al. 

1987), the blood is described using asteady-state approximation and the model assumes blood-

flow limited transport to tissues and venous equilibration of tissues with the blood. Metabolism is 

described in the liver, lung and kidney using Michaelis-Menten saturable kinetics. 

~"~ Alveolar space ~~ '~""""~"" inhale ~~ ~ ~ ~x Exhale 

~1 ~ ~~~, ' ~ cA 

~~ Metabolism 

Siowly perfused ~g 

CVS tissue group ~~ 

Rapidly perfused I~ 
tissue group ~ CA 

Fat tissue group ~ Q~ 
CVF ( CA 

QL 
Liver

CVL CA 

~~ Metalaalism 

QK 
Kidney ~ACVK 

L~~~~~~~ Metabolism 

Figure 1. Chloroprene PBPK model diagram. Abbreviations: QP -alveolar ventilation; CI -

inhaled concentration; CX -exhaled concentration; QC -cardiac output; CA -arterial blood 

concentration; CV -venous blood concentration; QS, CVS -blood flow to, and venous 

concentration leaving, the slowly perfused tissues (e.g. muscle); QR, CVR -blood flow to, and 

venous concentration leaving, the richly perfused tissues (most organs); QF, CVF -blood flow to, 
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and venous concentration leaving, the fat; QL, CVL -blood flow to, and venous concentration 
leaving, the liver; QK, CVK -blood flow to, and venous concentration leaving., the kidney. 

Model Parameters 

All physiological parameters in the model for mouse, rat and human (Table S-1 in Supplemental 
Materials A) are taken from Brown et al. (1997) except for the cardiac output in the mouse and 

the alveolar ventilation and cardiac output in the human. While the alveolar ventilation in the 
mouse is taken from Brown et al. (1997), relying on the value of cardiac output reported in 
Brown et al. (1997) would result in a value of 11.6 L/hr/bw3/4 for cardiac output (QCC). If used 

with the Brown et al. (1997) value of 29.1 L/hr/bw3/4 for alveolar ventilation (QPC), this would 

result in a serious mismatch between ventilation and perfusion (V/Q ratio»1). Andersen et al. 

(1987), the developers of the PBPK model for methylene chloride that was used in the USEPA 

(2011) IRIS assessment, suggested that it would be more biologically realistic to assume that the 

V/Q ratio was close to 1at rest, and stated that their previous experience with PBPK modeling of 

data on clearance of chemicals in the mouse under flow-limited metabolism conditions supported 

the use of a higher value for QCC. Therefore, the value of QCC in the current model was 
calculated by dividing the alveolar ventilation from Brown et al. (1997) by an estimate of V/Q = 
1.45 for the mouse based on pharmacokinetic data for exposures to another volatile organic 
chemical, methylene chloride (Marino et al. 2006), which was used in the USEPA (2011) 
inhalation cancer risk assessment for that chemical. In the case of the human, it is more 
appropriate to use the default USEPA ventilation rate of 20 L/day, reflecting an average activity 

level, rather than a resting value (Clewell et al. 2001). Since the values for alveolar ventilation 

and cardiac output in Brown et al. (1997) are resting values, we used the values calculated for 

the PBPK model of vinyl chloride (Clewell et al. 2001), which was used in the USEPA (2000) 
cancer risk assessment for that chemical. The parameter values, which were calculated to be 
consistent with the USEPA default ventilation rate of 20 L/day, were QPC = 24.0 L/hr/ bw3i4 and 

a QCC of 16.5 L/hr/ bw3~4 (V/Q ratio of 1.45). 

Apart from the physiological parameters, the model parameters are based entirely on in vitro 
data. The partition coefficients (Table S-2 in Supplemental Materials A) were calculated from the 

results of in vitro vial equilibration data reported by Himmelstein et al. (2004b), using the 
partition coefficients for muscle and kidney to represent the slowly and rapidly perfused tissues, 
respectively. To obtain the model parameters for metabolism in the liver, lung and kidney, the 
original in vitro chloroprene metabolism time-course data (Himmelstein et al. 2004a; IISRP 

2009b) were re-analyzed using a MCMC analytical approach similar to the one performed in Yang 

et al. (2012). The key differences between the new analysis and the Yang et al. (2012) analysis 

were: (1) the incorporation of an additional parameter in the analysis of the in vitro metabolism 

data (Kgl) to describe the rate of transfer of chloroprene from the headspace to the media in the 
metabolism studies, (2) the use of updated tissue microsomal protein concentrations for scaling 
the in vitro results to in vivo values appropriate for the PBPK model, and (3) the adoption of a 

previously published approach for estimating the metabolism parameters in the human lung 
(Andersen et al. 1987). 

Re-estimation of in vitro metabolism parameters: Schlosser et al. (1993) suggested that mass 
transport limitations should be assessed when estimating metabolism from in vitro experiments 
conducted with volatile compounds where there is an air liquid interface. Since the potential for 

a mass transport limitation was not addressed in the in vitro metabolism studies conducted with 

chloroprene (Himmelstein et al. 2004a; IISRP 2009b), a new experimental study was performed 
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by Denka Performance Elastomer LLC at the request of USEPA to estimate a Kgl for chloroprene 

following a protocol based on Schlosser et al. (1993). The new experimental study, which is 
described in Supplemental Materials B, resulted in an estimated value of 0.024 L/hr for Kgl, 
similar to the value previously reported for benzene (Schlosser et al. 1993). However, this 
experimentally estimated value of Kgl was not consistent with the high rates of liver metabolism 

observed at low concentrations of chloroprene; that is, the mass transport associated with a Kgl 

of 0.024 L/hr was too slow to support the observed rates of metabolism in the media. 

We considered it likely that the much faster uptake of chloroprene in the metabolism studies than 

in the Kgl study was due to more effective mixing during the incubations, together with non-
specific surface binding of chloroprene to the microsomes, which provide a lipophilic binding 
component in the aqueous media. No microsomes were present in the Kgl experiments for 

chloroprene or benzene (Schlosser et al. 1993). Although the rate of shaking in the metabolism 

studies (Himmelstein et al. 2004a; IISRP 2009b) was not reported, we were able to determine 

that these studies used a Gerstel MPS2 autosampler with an agitating heater, which was set to 

an agitation rate of 500 rpm (Himmelstein 2019, personal communication), in comparison to the 

60 rpm agitation rate used in Schlosser et al. (1993) and the present study. While the agitation 

rate in the Himmelstein studies was much higher than that used in the Schlosser et al. (1993) 

study, if the high-speed agitation had denatured the microsomal enzymes, it would be apparent 
in the time-course and dose-response relationships of the experimental data. In particular, the 

fact that the data in the liver tissues from the Himmelstein et al. studies are well described by a 

Michaelis-Menten metabolic description is clear evidence that the microsomal enzymes were 
functioning normally. 

To account for this difference in agitation rates, it was suggested (Paul Schlosser 2019, personal 
communication) that the value of Kgl in the metabolism studies was likely to be higher than the 
value in the new experimental study by roughly the ratio of the mixing rates, that is, 
Kgl(metabolism studies) = Kgl(experimental study)x500/60 = 0.024x500/60 = 0.2 L/hr. To 
confirm this expectation, we conducted a new MCMC analysis to simultaneously estimate Kgl, 

Vmax and Km from the metabolism data for the male mouse (Himmelstein et al. 2004a), which 
provided the strongest information regarding the dose-response for the clearance of chloroprene 

in the vials. The resulting value of Kgl estimated from this analysis was 0.22 L/hr, with a 95% 

confidence interval of 0.19 — 0.33 L/hr, consistent with the estimated value. The estimated value 

was then used in the re-estimation of the metabolism parameters for all tissues (Supplemental 

Materials B). The results of the new in vitro metabolism parameter estimation are provided in 

Table S-3 in Supplemental Materials A. 

Selection of tissue scalingparameters: Based on a review of the literature (Supplemental 

Materials C), an updated set of scaling parameters was chosen: 35, 40, and 40 mg protein/g liver 

for mice, rats, and humans, respectively, Medinsky et al. (1994) for mouse, Medinsky et al. 

(1994) and Houston and Galetin (2008) for rat, and Barter et al. (2007) for human. For the 

lung, 20 mg protein/g was used for all species (Medinsky et al. 1994 for rat and mice, Boogaard 

et al. 2000 for rat, mouse and human). A microsomal content of kidney of 18 mg protein/g was 

used for mouse and rat and 11 mg protein/g for human (Yoon et al. 2007 for mouse and rat; 

Scotcher et al. 2017 for human). The maximum velocity and 1st order clearance rate constants 

were scaled allometrically (mg/hr/BW°•75 or L/hr/BW°•75) using the species and sex specific time 

and survival weighted average BW from the control group reported in the chloroprene bioassay 

(NTP 1998) for mouse and rat and 70 kg for human. The in vivo metabolism parameters derived 

using these revised scaling parameters with the in vitro metabolism estimates in Yang et al. 
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(2012) and with the results of the present re-analysis are listed in Table S-4 in Supplemental 
Materials A and the IVIVE calculations are provided in Supplemental Materials D. 

Estimation of chloroprene metabolism in the human lung: Unfortunately, we found that the 
extremely low rates of chloroprene metabolism observed in the human lung (Himmelstein et al. 
2004a) made parameter estimation for this tissue highly uncertain. Therefore, in the application 
of the model to calculate dose metrics we estimated the metabolism parameter for the human 
lung using the approach applied in the USEPA (2011) risk assessment for methylene chloride, 
which relied on the PBPK model developed by Andersen et al. (1987), In that model, the Km for 
metabolism in the human lung was assumed to be the same as the Km in the human liver, and 
the Vmax in the human lung was calculated from the Vmax in the human liver using a parameter 
(A1) derived from the ratio of the specific activities for metabolism of 7-ethoxycoumarin, a well-
studied CYP2E1 substrate, in liver and lung (Lorenz et al. 1984). 

Model Simulations 

The previously published version of the chloroprene PBPK model (Yang et al. 2012), which was 
written in the Advanced Continuous Simulation Language (ACSL), was translated into R, an open 
source programming language, to improve its portability. The R code for the model is included in 
Supplemental Materials E. The full model code, including the scripts for running the model, is 
provided separately. 

To model the experimental data from the nose-only inhalation exposures reported here, only the 
alveolar ventilation and cardiac output were altered. The average ventilation rate measured in 
the mice during the study was used to calculate an alveolar ventilation for use in the model, 
assuming 2/3 of total ventilation is alveolar (Brown et al. 1997), and the cardiac output was then 
calculated by dividing the alveolar ventilation by the V/Q ratio from Marino et al. (2006), as 
described in the results. 

Parameter Sensitivity/Uncertainty Analyses 

Parameter sensitivity analysis: An analysis of the sensitivity of model predictions to the values of 
its parameters was conducted with the model under two scenarios: (1) the prediction of blood 
concentrations in the mouse nose-only study, and (2) the prediction of dose metrics for the 
mouse bioassay exposures and for the human at 1ppm continuous exposure. The results were 
calculated as normalized sensitivity coefficients (fractional change in prediction divided by 
fractional change in parameter) for parameters with a coefficient greater than 0.1 in absolute 
magnitude. A positive coefficient indicates the direction of change of the prediction is the same 
as the direction of change of the parameter. The parameters were changed by 1%, one at a 
time. 

Kql sensitivity analysis: In response to peer reviewer comments, an additional analysis was 
conducted to determine the impact of uncertainty in the value chosen for Kgl (0.22) on estimates 
of the metabolism parameters, dose metrics and resulting risk estimates predicted with the 
model. The same MCMC approach described above for the re-estimation of the in vitro 
metabolism parameters was used, holding Kgl fixed at a range of alternative values. Metabolism 
parameters were estimated using Kgl values of 0.175 (the lowest value of Kgl for which the 
MCMC analysis was able to converge in the female mouse liver), 0.22, 0.44, 0.88, and 1000 (well 
mixed assumption), The goodness of fit of the in vitro model to the metabolism data using the 
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various Kgl values was assessed and the impact of the resulting in vivo metabolism parameters 
on model-predicted dose metrics and risk estimates was determined. 

Al uncertainty analysis: To address peer reviewer concerns, amulti-faceted analysis was 
performed to assess the potential impact of uncertainty in the estimate of Al on risk estimates 
obtained with the PBPK model: (1) Estimation of the 95% confidence interval for Al based on the 

data in Lorenz at al. (1984), (2) Performance of an new, in-depth literature review for data to 
support an alternative estimate of an Al for chloroprene, including the use of CYP mRNA 
expression data. 

95% Confidence interval for Al from Lorenz et a/. (.1984,~Data from Lorenz et al. (1984) were 

used to define the distributions of metabolic activity in human lung and liver in units of nmole of 
enzyme/min/mg protein. 

Truncated normal distributions were established using Crystal Ball (ver 11.1.2.3). These 
distributions were used to determine the distribution of Al values where Al was defined as the 
ratio of metabolic activity in lung and liver A distribution of results was determined using 5000 

iterations of a Monte Carlo run using Latin Hypercube sampling with a bin size of 100. From this 
distribution, the 2.5th and 97.5t'' percentiles were calculated to provide a 95% confidence interval 
around the mean. The Crystal Ball calculations were performed assuming that the two 
distributions of enzymes were not correlated, which provides a slightly broader distribution of Al 

than if they were positively correlated 

Literature Review related to estimation ofA1: A thorough review of the literature was conducted 

to determine whether there were additional data that could be used as an alternative to, or in 
support of, the Al value for 7-ethoxycoumarin reported in Lorenz et al. (1984). The search was 
specifically targeted (1) to determine whether CYP isozymes other than 2E1 and 2F1 might 
contribute significantly to chloroprene metabolism, (2) to identify any additional studies similar to 
Lorenz et al. (1984) providing useable data on the in vitro metabolism of a CYP2E1 substrate in 

both human liver and human lung tissue fractions and (3) to identify any additional studies 
similar to Nishimura et al. (2003) providing usable data on tissue CYP isozyme mRNA expression. 
Initially, separate searches were performed to identify human metabolism data on compounds 
with similar structure or CYP affinity to chloroprene (e.g, butadiene, vinyl chloride, 1-
ethoxycoumarin, chlorzoxazone, chlorinated alkenes). For the third objective, the following 
keyword search string was developed based on the content of the Nishimura et al. (2003) study 

and the comments from the peer reviewers: [Human AND (mRNA OR expression) AND (P450 OR 

CYP) AND (liver OR lung OR kidney)]. Databases of peer-reviewed literature (e.g. PubMed, 
Toxline) were searched and the abstracts of identified publications screened to identify potentially 
relevant studies for detailed review. The studies identified in the initial searches were then used 

as the basis for further searching to identify additional studies of potential interest, and this 
iterative process was continued exhaustively (i.e, until only previously identified studies were 
produced). 

Dose metric calculations 

Consistent with previous PBPK modeling of chloroprene (Himmelstein et al. 2004b; Yang et al. 
2012), the dose metric calculated with the PBPK model is micromoles of chloroprene metabolized 

in the lung per gram lung per day. This dose metric was chosen because the lung is the tissue 
with the highest tumor incidence in the chloroprene inhalation bioassays (NTP 1998) and the 
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carcinogenicity of chloroprene in rodents is believed to result from its metabolism to reactive 
epoxides in the target tissue (Himmelstein et al. 2004a, Z004b). The dose metric selected for 
chloroprene is consistent with the dose metrics used in previous PBPK-based risk assessments for 
both vinyl chloride (Clewell et al. 2001; USEPA 2000) and methylene chloride (Andersen et al. 
1987; USEPA 2011), which were also based on the production of reactive metabolites. 

The PBPK model was first used to simulate the NTP (1998) bioassay exposures (12.8, 32 and 80 
ppm; 6 hours/day, 5 days/week) and calculate the corresponding target tissue dose metrics (in 
this case, average daily production of epoxide metabolites in the lung per gram lung). The PBPK 
model was then used to estimate the same target tissue dose metric in a human exposed 
continuously to chloroprene at a concentration of 1~g/m3 for their lifetime. Due to the low rate 
of chloroprene metabolism in the human lung observed in the in vitro studies (Himmelstein et al. 
2004a), the human lung metabolism parameters were estimated using the approach in the 
methylene chloride PBPK-based risk assessment (Andersen et al. 1987; USEPA 2011), where the 
affinity of lung metabolism was assumed to be the same as in the liver, and the relative capacity 
of lung to liver was based on in vitro data for a standard substrate, 7-ethoxycoumarin. As in the 
case of methylene chloride, this was done to provide a conservative (high-sided) estimate of the 
human dose metric, given the insufficiency of the in vitro chloroprene data for the human lung. 

Uncertainty Analysis 

Monte Carlo uncertainty analysis was conducted with the chloroprene PBPK model to estimate the 
uncertainty in the dose metrics resulting from the uncertainty in the estimates of the model 
parameters, particularly the metabolism parameters estimated from the in vitro studies 
(Himmelstein et al. 2004a, IISRP 2009b). For the purpose of evaluating uncertainty in the dose 
metrics, the posterior distributions for all metabolism parameters from the MCMC analysis were 
used, together with the uncertainty distribution of the Al values derived from a data in Lorenz et 
ai. (1984), as described above. Variability in the physiological and partitioning parameters was 
taken from Clewell and Jarnot (1994). 

Crystal Ball Release 11.1.2.3.850 was used to obtain the parameter values for the mouse and 
human parameters used in the PBPK model. The values reported in Lorenz et al. (1984) were 
used to define the specified distributions for the physical parameters. Most of the parameter 
distributions were truncated on both the lower and upper ends of the distribution at mean f 2.5 
x std except where noted (i.e. parameters where the lower bound would be less than zero). 
Normal distributions were used for the body weight, tissue volumes and blood flows. Log-normal 
distributions were used for the partition coefficients. Five thousand iterations were performed in 
Crystal Ball and the data from the iterations were extracted for use as input values for the PBPK 
model. 

The metabolism parameters were obtained by random selection without replacement from the 
last 5000 iterations of the Markov Chain Monte Carlo simulation, to pair with the iterations of the 
parameters estimated using Crystal Ball. The mouse metabolism parameters were randomized 
separately from the human metabolism parameters. 

The target tissue dose metrics (average daily production of epoxide metabolites in the lung per 
gram lung) were estimated using these parameters for the mouse bioassay exposures (12.8, 32 
and 80 ppm for 6 hours/day, 5 days/week) in the PBPK model. Human dose metrics were 
obtained using 5000 iterations of the human parameters obtained from Crystal Ball with a 
constant external exposure concentration of 1~g/m3. 
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The target tissue dose metrics for the bioassay exposures were then used in time-to-tumor 
modeling of the incidence of lung alveolar/bronchiolar adenomas and carcinomas with the 
Multistage-Weibull model provided with the EPA BMDS software (February 25, 2010 version). 
The Multistage Weibull model has the following form: 

P(d,t) = 1 — exp[-(b0 + b1 x d + b2 x d2 + ... + bk x dk) x (t — t0)c] 

BMDS was used to obtain a benchmark dose (BMD) and the 95% lower bound on that dose 
(BMDL) associated with a benchmark risk (BMR) of 0.01 for each of the 5000 iterations. The 
data used with the Multistage-Weibull model was the NTP (1998) female mouse combined 
incidence of alveolar/bronchiolar adenomas and carcinomas. For this dataset, the one animal for 
which the class of tumor was unknown was excluded from the analyses and the BMD and 
BMDL01 calculations were for incidental extra risk of 0.01 at t = 105 weeks. 

In addition to the target tissue dose metrics for the mice, human dose metrics were obtained 
using the 5000 iterations of the human parameters obtained from Crystal Ball and a constant 
external exposure concentration of 1~g/m3. 

Correlation analysis was performed between the calculated BMDL01s and the PBPK model 
parameters used in the calculation of the dose metrics. 
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Chloroprene Exposure Atmospheres 
Chloroprene concentrations were monitored in the nose only chambers during the 13, 32, and 90 

ppm exposures, as well as in the control nose-only tower. All three target concentrations were 

well within 10% of their nominal levels. 

Plethysmography 
Figure 2 shows the measured minute volumes for the three exposure groups and controls. The 

data are represented as average values (circles) with standard deviation error bars. The data are 

provided in Table S-5 in Supplemental Materials A. There is no evidence of a concentration-

related effect of short-term exposure to chloroprene on ventilation in mice. The average 

ventilation rate across all four exposure groups, including controls, was 56.2 mL/min. The 

average body weight for the mice in the study was 22g; therefore, this ventilation rate equates 

to a model parameter for alveolar ventilation (QPC) of 39.4 L/hr/bw3/4. The corresponding 

model value of QCC in this study is obtained by dividing QPC by the V/Q ratio of 1.45 for the 

mouse (Marino et al. 2006), yielding a value for QCC of 27.2 L/hr/bw3/4, which compares well 

with the QCC of 24.2 estimated for mouse exposures to methylene chloride (Marino et al. 2006). 
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Figure 2. Measured minute ventilation during exposures. 
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Arterial Blood Chloroprene Concentrations 
Figure 3 shows the average chloroprene (CD) blood concentrations at multiple timepoints for all 

three single day exposures (Data are provided in Table S-6 of Supplemental Materials A). 
Average blood chloroprene concentrations are represented by the symbols with standard 
deviations for each treatment group represented with error bars. 

~I 

Figure 3. Arterial blood chloroprene concentrations during and following a single nose-only 
exposure of female B6C3F1 mice to chloroprene at 13, 32 or 90 ppm for 6 hours. Average blood 

chloroprene concentrations (symbols) and standard deviations (error bars) are shown for each 

treatment group. 

Re-estimation of Metabolism Parameters 
The mean and 95% confidence intervals for the in vitro metabolism parameters (Vmax and Km) 
resulting from the MCMC re-analysis are shown in Table S-3 of Supplemental Materials A and the 

scaled-up parameters for the PBPK model are listed in Table S-4. In our re-analysis of the in 

vitro metabolism data, we found that the extremely low rates of chloroprene metabolism 

observed in vitro (Himmelstein et al. 2004a; IISRP 2009b) made parameter estimation for 

several tissues highly uncertain: female mouse kidney, male and female rat lung, human kidney 

and lung. For the human lung, this uncertainty resulted from the very low rate of metabolism 

observed in these tissues during the in vitro studies conducted with chloroprene (Himmelstein et 

al. 2001; IISRP 2009b) compared to other sources of variability in the experiments. In 
particular, the data on loss of the chemical from control vials in the studies indicate that non-
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metabolic losses contributed substantially to variability between assays. Unfortunately, the 
experimental protocol used in Himmelstein et al. (2001) and IISRP (2009b) did not include the 

use of internal controls to characterize non-metabolic losses in the vials in which metabolism was 
measured. The effect of the lack of internal controls cannot be completely overcome by a 
posteriori analysis. 

Despite this experimental limitation, it was possible to reliably estimate the parameters for the 
capacity (Vmax) and affinity (Km) of metabolism in the majority of tissues because the 
enzymatic metabolism of chloroprene is known to be a saturable process (Michaelis-Menten 
kinetics), whereas the data from the control vials in the in vitro studies demonstrate that the 
other losses of the chemical from the vial are independent of concentration. Thus, whereas the 
other losses result in parallel lines on a log plot, metabolism results in downward concave curves 

with slopes that increase as the concentration decreases. Figure 4 shows the fit of the parameter 
estimates (curves) to the data (solid circles) for the in vitro metabolism studies in the mouse 
(left) and human (right) liver. It also shows the data from control vials that did not have any 
metabolism (open circles), which were only collected at some of the concentrations. The losses 
from the control vials are linear and parallel, while the rates of loss from the metabolism vials 
increase as the concentration decreases. Because the data spans concentrations from above to 
below saturation it was possible to estimate reliable values of both the capacity (Vmax) and 
affinity (Km) of metabolism. 
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Figure 4. Predicted (curves) and measured (solid symbols) concentrations of chloroprene during 

in vitro metabolism experiments in the mouse (left) or human (right) liver. Open circles are data 
from control vials that lacked metabolic activity. 

Metabolism in the female mouse lung (Figure 5) is much slower than in the liver, but the 
clearance from the metabolism vials (solid circles) is still clearly nonlinear, while the losses from 

the control vials (open circles) are linear. This systematic difference between the control and 
metabolism vials makes it possible to estimate both Vmax and Km. 
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Figure 5. Predicted (curves) and measured (solid symbols) concentrations of chloroprene during 
in vitro metabolism experiments in the mouse lung. Open circles are data from control vials that 
lacked metabolic activity. 

In the human lung, however, there is essentially no evidence of metabolism in the in vitro 
studies. Figure 6 shows the data from the metabolism vials (solid circles) along with the 
predictions (curves) from a model of the in vitro system that assumed there was no metabolism 
occurring. The slopes of each pair of lines represents the range of loss rates associated with 
taking samples from the vial headspace as well as losses associated with leakage through the vial 
septum after puncturing. The latter loss rates were estimated from all the control data in the in 
vitro studies (Supplemental Materials B). Controls for the human lung study were only 
performed at the lowest concentration (open symbols). The loss rate in the metabolism vial is 
within the range of loss rates in the control vials. 
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Figure 6. Measured concentrations of chloroprene during in vitro metabolism experiments in the 
human lung. (Solid symbols: metabolism vials; open symbols: control vials). Curves are model 
predictions assuming no metabolism is occurring. 

In their analysis, Yang et al. (2012) attempted to estimate linear metabolism parameters in 
tissues where the MCMC analysis was unable to converge on estimates of both Vmax and Km. 
However, we have determined not to use that approach for two reasons: (1) estimation of a 
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pseudo-linear metabolic parameter would only be appropriate for concentrations well below Km, 
which for CYP2E1 is in the vicinity of 1NM, but most of the data on chloroprene is at much higher 
concentrations, and (2) estimates of a linear metabolism component were unreliable due to 
confounding by other linear losses from the vials, as demonstrated by the high variability in 
controls. 

Given the unreliability of the human lung data for chloroprene, we chose to estimate the 
metabolism parameters for the human lung using the same approach as the USEPA (2011) risk 
assessment for methylene chloride; that is, the Km for metabolism in the human lung was 
assumed to be the same as the Km in the human liver, and the Vmax in the human lung was 
calculated from the Vmax in the human liver using a parameter (A1) derived from the ratio of the 
specific activities for metabolism of 7-ethoxycoumarin, swell-studied CYP2E1 substrate, in liver 
and lung (Lorenz et al. 1984). Using the human value of Al (0.00143), together with the 
estimated values of Vmax and Km in the human liver from the MCMC analysis (0.052 
~mol/hr/mg protein and 0.32 umol/L), results in a metabolic clearance in the lung of 0.24 L/hr/g 
microsomal protein. This human lung metabolism estimate is similar to the value of 0.32 L/hr/g 
microsomal protein previously estimated for chloroprene by Yang et al. (2012) and is within the 
confidence interval estimated by our new analysis of the in vitro data. In support of the 
applicability of Al to chloroprene, the value of Al in the male mouse (0.414) from Lorenz et al. 
(1984) is close to the ratio of the in vitro Vmax in the lung and liver of the male mouse in our 
new analysis (0.56, see Table S-3). The value of Al is also consistent with the reported ratio of 
total CYP2E1 plus CYP2F1 mRNA expression in human lung and liver of 0.00059 (Nishimura et al. 
2003), which is about a factor of two lower than A1. 

For the tissues where metabolism was too slow to characterize (female mouse kidney, male and 
female rat lung, and human kidney), the model parameter for Vmax in that tissue was set to 
zero. Ignoring metabolism in these tissues did not perceptibly alter model predictions. In 
particular, it did not affect the predicted dose metrics in the female mouse lung. 

PBPK Modeling of the Nose-Only Inhalation Study 
The nose-only study described above was simulated with the chloroprene PBPK model using the 
parameters in Tables S1, S2, and S4, except for QPC and qCC, where the study-specific values 
derived from the plethysmography data were used. As shown in Figure 7, using only in vitro-
derived metabolism and partitioning parameters the model predictions for blood concentrations 
during and after the 6-hr chloroprene exposures are in good agreement with the data collected in 
the study; consistent with the WHO/IPCS (2010) guidance on the use of PBPK modeling in risk 
assessment, model predictions are generally within roughly a factor of two of the means of the 
experimental data. It was not necessary to adjust any of the model parameters to provide 
agreement with the new data. 
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Figure 7. PBPK model predicted (dotted lines) and measured (symbols) blood concentrations 
during and following 6-hr exposures of B6C3F1 mice to chloroprene at 12.3 (green), 32 (fuchsia) 
or 90 (blue) ppm. The same data and model predictions are shown using a linear y axis (left) 
and a logarithmic y axis (right). The linear plot provides a better comparison for concentrations, 
whereas the logarithmic plot provides a clearer comparison for the post-exposure clearance. 

PBPK Model Parameter Sensitivity 
As shown in Figure 8, when simulating the nose-only exposures only 4 model parameters have 
sensitivity coefficients greater than 0.1 in absolute magnitude: alveolar ventilation, cardiac 
output, blood air partition coefficient and fractional blood flow to liver. All these parameters were 
either directly measured or based on data from the literature, as described in the Methods, and 
can be considered to have low uncertainty. When predicting I~ng dose metrics in the female 
mouse (Figure 9), the sensitive parameters include the same parameters as those for the 
predictions of blood concentrations, with the addition of the parameters for lung metabolism and 

the body weight. The sensitive parameters for predictions of lung dose metrics in the human 
(Figure 10) are the same as those in the mouse, except that a single clearance parameter is used 
in the human due to the low rate of metabolism in the human lung. These analyses of the 
sensitivity of the model to uncertainty in its parameters suggest that performing a human in vivo 
validation study would be unlikely to provide a significant added value for model evaluation. 
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Figure 8. Parameter sensitivity coefficients for the chloroprene PBPK model for the prediction of 

arterial blood concentrations in the nose-only study. 
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Figure 9. Parameter sensitivity coefficients for the chloroprene PBPK model for the prediction of 
lung dose metrics in the female mouse for exposures in the 2-year bioassay. 
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Figure 10. Parameter sensitivity coefficients for the chloroprene PBPK model for the prediction of 

lung dose metrics in the human for continuous exposure at 1ppm. 
Y 

Kg/ Sensitivity Ana/ysis 

Analysis of the goodness of fit to the experimental data based on sum of squares error (SSE) for 

different values of Kgl (Table 1) indicates that the best fit to data for the human liver was 

obtained with Kgl = 0.22. For the female mouse liver and lung, higher values of Kgl (faster 

mixing) provided a slightly better fit. 

Female Mouse Lung Female Mouse Liver Human Liver 

Sum of Ratio to Sum of Ratio to Sum of Ratio to 
Squares KGL = Squares KGL = Squares KGL = 

KGL Error 0.022 Error 0.022 Error 0.022 

0.175 0.108. 1.002 4.59 1.004 0.535 1.039 

0.22 0.108 1.000 4.57 1.000 0.515 1.000 

0.44 0.107 0.987 4.54 0.994 0.594 1.155 

0.88 0.108 0.999 4.54 0.994 0.520 1.016 

1000 0.108 0.998 4.54 0.993 0.580 1.126 

Table 1. Goodness of fit of in vitro model to the experimental data based on sum of squares 

error (SSE) for different values of Kgl 
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Female Mouse Liver Female Mouse Lung Human Liver 

Kgl (L/hr) Vmaxc Km Vmaxc Km Vmaxc Km 

0.175 0.101 0.365 0.0215 2.37 0.054 0.308 

0.22 0.105 0.448 0.0215 2.37 0.055 0.349 

0.44 0.111 0.615 0.0213 2.37 0.057 0.431 

0.88 0.113 0.691 0.0210 2.34 0.058 0.465 

1000 0.115 0.771 0.0210 2.361 0.060 0.523 

Table 2. Sensitivity of resulting in vitro metabolism parameter estimates to the values of Kgl 

assumed during the MCMC analysis of the in vitro metabolism data. The values in the human 

lung were obtained from the human liver values using the Al approach. 

As can be seen in Table 2, there was little impact of the choice of Kgl on the values estimated for 

Vmaxc: for Kgl values ranging from 0.11 to 1000 there was less than 10% variation from the 

values obtained with Kg1=0.22. The effect on estimates of Km (except in the mouse lung) were 

somewhat larger (40 - 70% variation from value for Kg1=0.22), which would be expected due to 

the observed collinearity of Kgl and Km in the in vitro modeling (Supplemental Materials B). 

Table 3 shows the sensitivity of the dose metric predictions with the model to the value of Kgl 

used in the in vitro parameter estimation. The female mouse dose metrics are essentially 

unaffected by the value of Kgl assumed, while the human dose metric decreases as Kgl is 

increased. 

KGL value: 0.175 0.22 0.44 0.88 1000 

Species Inhaled Amt. Amt. Amt. Amt. Amt. 
Concentration Metab. Metab. Metab. Metab. Metab. 

Lung. Lung Lung Lung Lung 

Female 12.8 ppm 0.85 0.85 0.85 0.86 0.86 
Mouse 32 ppm 1.29 1.29 1.29 1.29 1.29 

80 ppm 1.69 1.69 1.69 1.69 1.69 

Human 1Ng/m3 3.59E-06 3.24E-06 2.73E-06 2.54E-06 2.33E-06 

Table 3. Sensitivity of the dose metric predictions from the model to the value of Kgl used in the 

in vitro parameter estimation. 

As shown in Table 4, human risk estimates for lung tumors based on the model-predicted dose 

metrics decrease as Kgl is increased. 

KGL BMDL (Nmole/gram Continuous human IUR Per Ng/m3 
lung tissue/day) exposure at 1Ng/m3 

0.175 0.0090 3.59E-06 4.0x10'6 

0.22 0.0090 3.24E-06 3.6x10'6 

0.44 0.0090 2.73E-06 3.Ox10-6 

0.88 0.0093 2.54E-06 2.7x10'6 

1000 0.0093 2.33E-06 2.5x10'6 

Table 4. Sensitivity of human risk estimates to the value of Kgl used in the in vitro parameter 

estimation. 
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Overall, the value of Kgl = 0.22 that was selected for use in the in vitro modeling (Supplemental 
Materials D) is both scientifically defensible and risk-conservative, based on (1) it was derived 
from a joint MCMC analysis for Kgl and Km in the male mouse, which was the most informative 
metabolic data (Supplemental Materials B), (2) it provides the best goodness of fit of the in vitro 
model to the experimental metabolism data in the human liver (Table 1), and (3) lower risk 
estimates would be obtained using higher values of Kgl. While a value of Kg1=0.175 would 
provide a higher risk estimate, it did not provide as good a fit to the in vitro data as Kgl = 0.22; 
in fact, attempting to decrease Kgl any further than 0.175 made it impossible to fit the data at 
all. 

Al uncertainty ana/ysis 

The results of the analysis demonstrate that there is minimal uncertainty in an estimate of Al 
derived from Lorenz et al. (1984). The 95% Confidence interval for the estimate ranged from 
3.59x10-4 to 4.13 x10-3 (Figure 11) with a median of 1.44 x10-3, a mean of 1.64 x10'3, and 
standard error of the mean of only 1.37 x10'5. The standard deviation was 9.69 x10-4, resulting 
in a coefficient of variation of 0.69, consistent with only modest variability across samples. 

Figure 11. Distribution of Al estimated from Lorenz et al. (1984) 

Alternative values for A1: The new literature search did not identify any studies, apart from 
Lorenz et al. (1984), that provided in vitro metabolism data in both human lung and liver for a 
suitable analog of chloroprene based on structure or CYP affinity. Therefore, the only alternative 
source for an Al value would be the use of data on mRNA expression of relevant CYPs in different 
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tissues. The literature search using the keyword string [Human AND (mRNA OR expression) AND 

(P450 OR CYP) AND (liver OR lung OR kidney)] resulted in the identification of 5,810 studies. 

Iterative screening of the most relevant 200 publications based on titles and abstracts identified 

6 studies that were reviewed in detail (Amet et al. 1997, Bieche et al. 2007, Crawford et al. 
1998, Hakkola et al. 1994, Hukkanen et al. 2002, Nishimura et al. 2003). Of these, only the 

Nishimura et al. (2003) and Bieche et al. (2007) studies provided data relevant to characterizing 

a potential value for A1. 

Based on data for compounds with similar structures, the high-affinity isozymes that primarily 

contribute to the metabolism of chloroprene at low (micromolar) concentrations are CYP 2E1 and 

2F1 (Forkert et al. 2005). At higher (millimolar) concentrations, 2A6 may also play a role 
(Deuscher and Elfarra 1994). Alternative values for Al were calculated using the tissue mRNA 

content data from Nishimura et al. (2003) and Bieche et al. (2007). 

The equation for calculating the ratio of VmaxC in the kidney (or lung) to the liver using mRNA 

content data is given in Sasso et al. (2013): 
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The value of Al (lung/liver activity ratio) that is used in the PBPK model is represented by the 
term in the first brackets in the equation, which represents the ratio of the metabolic rate per mg 
microsomal protein (MSP) in the two tissues. The Al value currently used in the model was 

derived from data on the ratio of the metabolic rate per mg microsomal protein (MSP) for 7-
ethoxycoumarin (Lorenz et al. 1984). The Vmax in the PBPK model is obtained by multiplying Al 

by the ratio of mg MSP/g in the lung and liver (11/40) and by the ratio of the lung and liver 

tissue weights (0.0076/0.0257). 

Following the approach used in Sasso et al. (2013) it can be assumed that the first term in the 
equation above is unity (assuming that the metabolic efficiency of the 2E1 protein is the same 

across tissues). Sasso et al. (2013) measured CYP 2E1 mRNA/mg microsomal protein (MSP), but 

Nishimura et al. (2003) and Bieche et al. (2007) measured whole tissue CYP mRNA expression 

and reported the ratio of CYP mRNA content in a tissue to mRNA content of GAPDH. GAPDH is a 

"housekeeping protein" that is expected to be similarly expressed in all tissues and is used as a 

reference value for comparisons across tissues. The resulting CYP isozyme mRNA expression 

ratios provide a measure of the relative whole-tissue protein concentrations rather than 

concentration per mg MSP. Therefore, the term in the second brackets in the equation is 
unnecessary, and it is only necessary to multiply the CYP ratio by the ratio of the organ weights 

to obtain the Vmax in the lung from the Vmax in the liver. To obtain values of Al on a per mg 

MSP basis, they were divided by the ratio of the tissue MSP content. The best estimates for 

tissue MSP content in the human (Supplemental Material C) are 40 in the liver and 20 in the 

lung. 

26/43 



Ramboll -Incorporation of In Vitro Metabolism Data in a Physiologically Based Pharmacokinetic (PBPK) Model for Chloroprene- Revised documentation in 
response to USEPA Peer Review 

Study A1: 2E1+2F1 

Nishimura et al. 2003 0.00112 

Bieche et al. 2007 0.01086 

Geometric average: 0.00349 

Table 5. Estimated values for Al based on CYP 21 and CYP 2F1 mRNA content data from human 

lung and liver tissues in two separate studies (Nishimura et al. 2003, Bieche et al. 2007. 

The values of Al derived from the two mRNA studies are shown in Table 5. The disparity 

between the two studies may reflect the difficulty of harvesting and preserving mRNA from tissue 

donors/trauma victims. While the use of mRNA data may entail greater uncertainty than direct 

measurement of metabolism, it is significant that the geometric average of the Al values 

calculated from the two mRNA datasets (0.00349) is within the 95% confidence interval for the 

Al estimated from Lorenz et al. (1984) of 0.00036 to 0.00413. 

PBPK-Based Dose Metrics for Chloroprene Lung Carcinogenicity 

The dose metrics for lung metabolism in the female mouse bioassay and for human continuous 

exposure are shown in Table 6. These estimates were obtained with the chloroprene PBPK model 

using the parameters in Tables S1, S2, and 54. As illustrated in Table 6, predicted dose metrics 

increase less than linearly above an inhaled chloroprene concentration of 1ppm. 

Exposure Concentration Dose metric 

12.8 ppm 0.85 

Female mouse bioassay 32 ppm 1.29 

80 ppm 1.69 

100 ppm 3.70 x10-2 

10 ppm 2.88 x10-2 

1ppm 8.91 x10-3 

Human continuous 0.1 ppm 1.12x10'3 

0.01 ppm 1.15x10-4 

1ppb 1.16x10-5 

1 fag/m3 3.24x10-6 

Table 6. Dose metrics for lung metabolism (average mg metabolized per gram lung per day) in 

the female mouse bioassay and for human continuous exposures 

PBPK Model Uncertainty Analysis 

Monte Carlo uncertainty analysis was performed to evaluate the impact on risk estimates 

associated with uncertainty in the PBPK model parameters. The input parameter distributions are 

provided in Table S-6 in Supplemental Materials A. The results of the analysis are presented in 

Table 7. 
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Means and 90% Confidence Intervals from Monte Carlo Analysis 

Exposure Concentration Mean 5th percentile 95th percentile 

12.8 ppm 1.11 0.52 1.99 

Female mouse bioassay 32 ppm 1.70 0.84 3.07 

80 ppm 2.21 1.12 4.02 

Female Mouse BMDL 0.012 0.0034 0.028 

Human continuous 1~g/m3 4.2x10'6 9.7x10'' 1.1x10-5 

Table 7. Means and fifth and ninety-fifth percentiles of daily lung metabolism dose metric 
distributions in the mouse bioassay, with the resulting BMDLs, and for a human continuous 
exposure to 1~g/m3 chloroprene using the newly estimated parameters in this study based on 

the in vitro assays. 

The results of the Monte Carlo uncertainty analysis indicate that the variation in the predictions of 

the model for the animal dose metrics and the resulting BMDLs, as well as in the human dose 

metrics is on the order of a factor of 3 from the mean. This result is consistent with results 
obtained with previous similar PBPK models (Clewell and Andersen 1996). 

It should be emphasized that this Monte Carlo analysis does not fully address all potential 
sources of human inter-individual variability, such as age and genetic polymorphisms. The 
intention of the Monte Carlo analysis conducted with the chloroprene PBPK model was to 
characterize the uncertainty in model predictions in the general population. Previous evaluations 

of the impact of interindividual variability in pharmacokinetics on PBPK model-based risk 
estimates (Clewell and Andersen 1996) have suggested that the confidence interval for inter-
individual variability in human internal dose is generally consistent with the default expectation of 

a factor of ten; that is, the ratio of a sensitive individual (95th percentile) to an average 
individual is on the order of a factor of 3. More recently, a MCMC evaluation of the variability in 
human risk estimates with the PBPK model for methylene chloride (David et al. 2006), which 

included consideration of a polymorphism for the metabolism of methylene chloride, found that 

the upper 95th percentile risk in the US population was still within a factor of 3 of the mean risk 

estimate. 
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In this study, we characterized the time course blood concentrations of chloroprene in female 

B6C3F1 mice during and following a single 6-hour nose-only inhalation exposure over the range 

of concentrations used in the NTP (1998) bioassays. These data, including both arterial whole 

blood concentrations and respiratory parameters (breathing frequency and tidal volume) during 

and after these exposures provide a reliable basis for evaluating the ability of the chloroprene 

PBPK model to predict in vivo pharmacokinetics in the bioassays. We have then applied the PBPK 

model to calculate dose metrics to support a risk assessment that considers species differences in 

pharmacokinetics. The use of a PBPK model for this purpose is consistent with the conclusion of 

the National Academy of Science (NRC 1987) that: "relevant PBPK data can be used to reduce 

uncertainty in extrapolation and risk assessment." The application of the model is also consistent 

with recommended practice for the use of PBPK modeling in risk assessment (WHO/IPCS 2010). 

It is important to note that, due to the low rates of metabolism in the in vitro assays for the rat 

and human lung, the original chloroprene model (Himmelstein et al. 2004b; Yang et al. 2012) 

used a linear description of metabolism in these tissues, which would only be appropriate in the 
concentration range below Km in the lung. Thus model-based metabolism predictions for human 

exposures significantly greater than 1ppm would greatly overestimate the associated risk. 
Moreover, as described in the results section, estimates of linear metabolism from the in vitro 

data for chloroprene in the human lung are unreliable due to the high variability in other linear 

loss rates. One approach for dealing with the inability to estimate the parameters for saturable 

metabolism in the human lung is to use the value of Km estimated in the human liver, together 

with data on the ratio of metabolic activities in the liver and lung. This approach was applied by 

the USEPA in their risk assessment for methylene chloride using a PBPK model (Andersen et al. 
1987) and in the present analysis. The impact of saturable metabolism on human dose metric 
predictions is shown in Figure 12. Without estimating a value for Km, the model-predicted risks 

above 1ppm would continue to increase at a biologically implausible rate. 
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Figure 12. Inhaled concentration dependence of lung metabolism in the human for continuous 

exposures to chloroprene predicted with the PBPK model. 
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Interestingly, comparison of the Kms for chloroprene in liver and lung for male and female mice 

(Table S-3), which are based on the strongest data sets for estimating Kms, suggests that Km 

may be higher (lower affinity) in the mouse lung than in the mouse liver. This difference in 

apparent affinities in mouse liver and lung is consistent with differences in the relative tissue 

abundances of the murine CYP2E1 and CYP2F isozymes, both of which exhibit high affinities for 

chlorinated alkenes (Yoon et al. 2007). Whereas CYP2E1 is the predominant high affinity 

isozyme in the mouse liver, CYP2F is the predominant high affinity isozyme in the mouse lung 

(Yoon et al. 2007) and, consistent with the estimated Kms for chloroprene, the affinity of 

rCYP2E1 is roughly 3-fold higher (lower Km) than rCYP2F2 (Simmonds et al. 2004). However, 

since CYP2E1 is the predominant isozyme in both the lung and liver in the human (Nishimura et 

al. 2003), the estimation of human lung Km based on the human liver Km is appropriate. 

It should be emphasized that the parameters in the chloroprene PBPK model represent estimates 

for an average mouse or human and this analysis does not address human inter-individual 

variability. The intention of the analysis conducted with the chloroprene PBPK model was to 

characterize the risk for an average individual. Previous evaluations of the impact of 
interindividual variability in pharmacokinetics on PBPK model-based risk estimates (Clewell and 

Andersen 1996) have suggested that the confidence interval for inter-individual variability in 

human internal dose is generally consistent with the default expectation of a factor of ten; that 

is, the ratio of a sensitive individual (95th percentile) to an average individual is on the order of a 

factor of 3. More recently, a MCMC evaluation of the variability in human risk estimates with the 

PBPK model for methylene chloride (David et al. 2006), which included consideration of a 

polymorphism for the metabolism of methylene chloride, found that the upper 95th percentile 

risk in the US population was within a factor of 3 of the mean risk estimate. 

Selection of Dose Metric 
The dose metric calculated with the PBPK model in this analysis is micromoles of chloroprene 

metabolized in the lung per gram lung per day (Himmelstein et al. 2004b; Yang et al. 2012). 

This dose metric was chosen because (1) the lung is the tissue with the highest tumor incidence 

in the chloroprene inhalation bioassays (NTP 1998) and (2) the carcinogenicity of chloroprene in 

rodents is believed to result from its metabolism to reactive epoxides in the target tissue 

(Himmelstein et al. 2004a, 2004b). The dose metric selected for chloroprene is consistent with 

the dose metrics used in previous PBPK-based risk assessments for both vinyl chloride (Clewell et 

al. 2001; USEPA 2000) and methylene chloride (Andersen et al. 1987; USEPA 2011), which were 

also based on the rate of production of reactive metabolites. The dose metric selected for the 

liver carcinogenicity of vinyl chloride was total mg vinyl chloride metabolized per kg liver per day, 

representing the production of the reactive chloroethylene epoxide. Due to the presence of 

chlorine in the epoxides generated from the metabolism of chloroprene, they are considered 

likely to have a reactivity comparable vinyl chloride (Haley 1978; Plugge and Jaeger 1979). The 

methylene chloride dose metric was average daily metabolism by the glutathione conjugation 

pathway in the lung per gram lung, which was selected based on evidence that the 
carcinogenicity of methylene chloride was associated with the local production of a reactive 

metabolite from the glutathione conjugate of methylene chloride. As with vinyl chloride and 

chloroprene, the assumption inherent in the dose metric was that the reactive metabolite would 

be completely consumed within the tissue where it was generated (Andersen et al. 1987). 

""Himmelstein et al. (2004b) have previously demonstrated that using the PBPK dose metric is able 

to harmonize the dose-responses for lung tumors in mice, rats and hamsters. However, they 

only had metabolism data for male animals. Figure 13 shows an update of the analysis from 
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Himmelstein et al. (2004b) that includes the results for the female mouse and rat. While the 

revised PBPK model is still able to demonstrate the consistency of the tumor incidence across 

male animals of different species and strains, female mice exhibit a higher tumor incidence than 

male mice at the same rate of lung metabolism. 
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Figure 13. Comparison of Dose-Response for Lung Tumors in Chloroprene Bioassays in Rodents. 

This discrepancy could indicate either of two possibilities: (1) the selected dose metric, rate of 

metabolism of chloroprene in the lung, is incorrect, or (2) the female mouse lung is more 

sensitive to the effects of chloroprene metabolites than the male mouse lung. Relatively few 

studies have been conducted to explore gender differences in the responses'to chemical insult in 

the mouse lung. However, Yamada et al. (2017) provides evidence of a proliferative response of 

Club cells to the toxicity of permethrin in the female mouse lung that is not observed in the male 

mouse lung, and studies of naphthalene lung toxicity have demonstrated a greater sensitivity of 

the female mouse lung to both acute and repeated toxicity (Van Winkle et al. 2002, Sutherland et 

al. 2012). The greater susceptibility to a proliferative response to lung toxicity in the female 

mouse appears to result from gender differences in the tissue response to damage rather than 

metabolism (Laura Van Winkle, personal communication). The more sensitive response of the 

female mouse to oxidative stress and to a proliferative response may underlie the apparent 

potency difference indicated by Figure 13. Using the metabolism dose metric appropriately 

considers the greater sensitivity of the female mouse in a manner that is health protective, since 

the greater sensitivity of the female mouse results in a lower BMDL01 than would be obtained 

from the male mouse. 

The risk assessment for vinyl chloride (USEPA 2000) demonstrated that the use of a PBPK model 

to estimate target tissue dose (based on total metabolism per gram liver per day) was able to 

produce similar human risk estimates using data from animal bioassays and human occupational 

exposures. As a similar test of the chloroprene PBPK model to support cross-species 

extrapolation, Allen et ai. (2014) used a statistical maximum likelihood approach to compare risk 
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estimates obtained using external (air concentration) and internal (PBPK model estimated) 
metrics for the female mouse bioassay and human occupational exposures. The analysis 
concluded that if inhaled concentration was used as the dose metric, the estimates of human 
cancer risk using animal and human data were statistically significantly different, whereas using 
the PBPK metric consistent risk estimates were obtained across species. As with vinyl chloride, 
the use of the PBPK-based metric effectively reconciled the differences in mouse and human low-
dose risk estimates. 

In an independent external peer review of the PBPK model submission conducted by the USEPA, 
concerns were raised that the use of total metabolism as the dose metric might underestimate 
human risk due to potential differences in the clearance of the epoxides produced from 
chloroprene, and that a more appropriate dose metric might be the average concentration (area 
under the curve, AUC) for the epoxide concentrations. In response to this concern, a description 
of the downstream metabolism of chloroprene to epoxides and other reactive products was added 
to the model. The development of the extended PBPK model, and a comparison of dose-metric 
predictions, is described in Supplemental Materials F. The results of the reactive product 
modeling support the use of total metabolism as the most appropriate dose metric for the 
carcinogenicity of chloroprene and demonstrate that the use of a dose metric based on epoxide 
AUC is inconsistent with the cross-species relationship of the toxicity and carcinogenicity of 
chloroprene. The epoxide concentration dose metric was inconsistent with the relationships for 
both toxicity and carcinogenicity between the female mouse and female rat. The lack of evidence 
for a significant role of 1-CEO epoxide as a dose metric is due to the key role of tissue toxicity 
and glutathione depletion in determining the dose response for lung tumors. At the bioassay 
concentrations, the predicted portion of metabolism producing 1-CEO epoxide is 0.4% of the 
proportion leading to reactive products in the female mouse and less than 5% in the rat. The 
correlation with metabolism indicates that other reactive products dominate the mode of action 
for chloroprene both in determining the shape of the dose -response curve and the incidence of 
tumors. 

Use of In Vitro Metabolism Data 
The most notable aspect of the chloroprene PBPK model is that, apart from the physiological 
parameters, the parameters in the model are based on data derived solely from in vitro studies. 
The PBPK model for chloroprene is structurally similar to the PBPK model for methylene chloride 
(Andersen et al. 1987) and, just as in the case of the methylene chloride risk assessment, model 
predictions needed to support a risk assessment are critically dependent on parameters that can 
only be derived from in vitro metabolism experiments. 

At the time the methylene chloride PBPK model was developed, the use of in vitro data to predict 
in vivo metabolism was a relatively new concept, but in the intervening years it has become 
common practice both for pharmaceuticals (Rostami-Hodjegan 2012) and environmental 
chemicals (Yoon et al. 2012). While regulatory agency acceptance of PBPK models that are not 
based primarily on in vivo data still presents a challenge (FURL ECVAM 2017), "next generation" 
physiologically based modeling (NG PBK, Paini et al. 2019) has gained widespread acceptance for 
supporting regulatory decision making. In this regard, it is important to distinguish two forms of 
NG PBK: high-throughput IVIVE (HT-IVIVE) and chemical-specific PBPK/QIVIVE. In the HT-IVIVE 
methodology, a simplified generic pharmacokinetic model is applied across chemicals regardless 
of the potential impact of chemical-specific properties on the processes affecting their disposition 
and the nature of their metabolism. The simplified generic models used in HT-IVIVE necessarily 
ignore many factors that could be an important determinant of steady-state blood concentrations 
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for a particular chemical, including incomplete absorption, pre-systemic intestinal metabolism, 
bypassing of hepatic pre-systemic metabolism by lymphatic uptake (in the case of lipophilic 
compounds), -and active renal clearance or resorption. Due to the imprecision associated with 
this simplified generic approach (Wetmore et al. 2012; Wambaugh et al. 2015), HT-IVIVE is 
typically applied in screening approaches such as prioritization for further testing based on 
bioactivity concentrations from high-throughput testing. However, more exacting QIVIVE 
methods can be applied in chemical specific PBPK modeling, and there are now many examples 
of published NG PBK models using these techniques to provide more accurate predictions of in 
vivo kinetics (Yoon et al. 2012; Paini et al. 2019). In the development of the chloroprene PBPK 
model, we have followed the PBPK/QIVIVE approach described in Yoon et al. (2012) and Paini et 
al. (2019). Going forward it will be important to develop a consensus on standard practices for 
IVIVE of metabolism in PBPK modeling in order to assist agencies in their evaluations. 

Comparison of current MCMC analysis with analysis in Yang et al. (2012) 

In their analysis of in vitro data on chloroprene metabolism, Yang et al. (2012) employed both a 
standard frequentist approach (referred to in their analysis as a ~~deterministic" approach) and an 
approach that used a Markov Chain Monte Carlo (MCMC) method (referred to as a ~~probabilistic" 
approach) with non-informative prior distributions for all estimated parameters. The use of non-
informative priors allows this Bayesian approach to be interpreted from a frequentist perspective. 
As stated in the Yang et al. (2012) document, the two methods were compared to demonstrate 
that they provided consistent estimates of metabolic parameter values. Yang et al. (2012) then 
relied on the MCMC-based estimates for developing dose metrics for chloroprene exposures in 
mouse, rat and human. Because it seeks a global optimum using a probabilistic direct search 
algorithm, MCMC is less likely than deterministic search algorithms to converge on a local 
optimum. Moreover, when used with non-informative priors, as in Yang et al. (2012), the 
posterior distribution represents the likelihood distribution for the parameter, and the mode of 
the distribution represents the maximum likelihood estimate (MLE). As pointed out in Chiu et al. 
(2007), the Bayesian approach, in principle, yields a more global characterization of parameter 
uncertainty than the local, linearized variance estimates provided by traditional optimization 
routines, which should be viewed as lower bound estimates of true parameter uncertainty. 
Because of its superior properties, we have also relied on the MCMC approach in our re-analysis 
of the original in vitro metabolism data. 

The key difference between the MCMC analysis performed in this study and the original analysis 
(Yang et al. 2012) was that this re-analysis included an additional parameter (Kgl) for the in vitro 
experiments, representing the potential for a mass transport limitation for uptake of chloroprene 
from the air in the metabolism vials. Therefore, for this comparison, the PBPK model was run to 
obtain dose metrics with the model assuming (1) that there was no diffusion limitation on 
transport in the metabolism studies (Yang et al. 2012 parameters), and (2) that there was a 
transport limitation with Kgl = 0.22 (current re-analysis). Again, due to the high uncertainty of 
the human lung metabolism parameter, the approach using Al from Andersen et al. (1987) was 
applied. 

The results with the two parameterizations, with and without Kgl, are compared in Table 8. 
Using the new parameters estimated under the assumption of an air:liquid transport limitation in 
the in vitro studies, the mouse dose metrics increase by roughly 8-13% and the human dose 
metrics increase by roughly 20%, but the mouse/human ratios are similar, providing additional 
evidence of the robustness of the PBPK model. 
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Dose Metric Dose Metric 
Exposure Concentration Yang et al. 2012 Re-estimated 

parameters parameters 

12.8 ppm 0.75 0.85 
Female mouse 

bioassay 
32 ppm 1.20 1.29 

80 ppm 1.57 1.69 

Human continuous 1 fag/m3 2.7x10-6 3.24E-06 

Table 8. Comparison of daily lung metabolism dose metrics in the mouse bioassay and for a 

human continuous exposure to 1~g/m3 chloroprene using either the parameters from Yang et al. 

(2012) or the newly estimated parameters in this study. 

PBPK modeling has now been applied in risk assessments for a variety of environmental 

chemicals by regulatory agencies worldwide. The development of these models has typically 

required the use of in vivo experimental animal and/or human data to estimate key kinetic 

parameters such as uptake, metabolism and elimination. Some agencies also require the use of 

separate in vivo data to demonstrate model validity. However, it has become increasingly 

difficult to conduct controlled exposures of human subjects to chemicals of concern, other than 

for pharmaceuticals. The need for live animal studies is also being challenged, particularly in the 

EU, due to both ethical and practical (cost, throughput) concerns. Therefore, requirements for in 

vivo testing will increasingly limit the potential application of PBPK modeling in risk assessment, 

and agencies will need to consider whether in vivo validation data are truly necessary for 

assessing the fitness of a model for the specific purpose of its use in a particular risk assessment. 

To support these decisions, PBPK model evaluations should make greater use of uncertainty 

analyses to estimate the potential reduction in model uncertainty associated with the collection of 

additional data; that is, to determine the added value of a proposed study (Clewell et al. 2008; 

Keisler et al. 2013; Wilson 2015). 

The original chloroprene PBPK model (Himmelstein et al. 2004b) was not used by USEPA (2010) 

because the agency considered it necessary to have blood or tissue time course concentration 

data from an in vivo study to adequately validate the model. The study reported here was 

conducted to address this requirement and we have now demonstrated that the chloroprene 

PBPK model accurately simulates these in vivo blood time course validation data. 

No in vivo validation data for chloroprene are available in the human, and it is unlikely that such 

a study could be performed given the current classification of chloroprene as "likely to be a 

carcinogen" (USEPA 2010). However, the sensitivity analyses reported here suggest that such a 

study would not provide significant added value for demonstrating that the PBPK model is fit for 

purpose for a chloroprene risk assessment. The validity of the model instead derives from the 

biological validity of the physiological and biochemical underpinnings of the model structure and 

parameters. The key parameters for performing a risk assessment for chloroprene are those for 

lung metabolism, and a human in vivo study would not be able to provide informative data for 

those parameters. As shown in Figure 8, blood concentrations of chloroprene associated with 

inhalation are insensitive to lung metabolism, and depend only on alveolar ventilation, cardiac 

output, blood:air partition coefficient and fractional blood flow to liver, which serves as the 

primary site of metabolic clearance. 

The limited value of human in vivo data for determining whether a PBPK model is fit for purpose 

in a risk assessment based on target tissue metabolism was also an issue during the 

34/43 



Ramboll -Incorporation of In Vitro Metabolism Data in a Physiologically Based Pharmacokinetic (PBPK) Model for Chloroprene- Revised documentation in 

response to USEPA Peer Review 

development of the PBPK model of methylene chloride (Andersen et al. 1987), where a similar 

dose metric was used: average daily metabolism of methylene chloride by glutathione 

transferase (GST) in the lung per gram lung. Although the model accurately reproduced blood 

and exhaled air concentration time-course data from multiple studies with human subjects, the in 

vivo data were not adequate to estimate the rates of GST metabolism in the liver and lung. 

Instead, it was necessary to estimate the rate of GST metabolism in the human liver by 

allometric scaling from animal data (Andersen et al. 1987), and to then estimate the rate of GST 

metabolism in the human lung using the ratio of specific activities for GST metabolism in liver 

and lung measured in vitro by Lorenz et al. (1984). This same approach was used in the 

chloroprene modeling documented in this report. 
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A PBPK model of chloroprene that relies solely on data from in vitro studies for its metabolism 

parameters accurately predicts the in vivo time course for chloroprene in the blood of female 

mice exposed by nose-only inhalation at the 3 concentrations used in the chloroprene 2-year 

cancer bioassay. This PBPK model has been used to estimate dose metrics for the metabolism of 

chloroprene to reactive epoxides in the lung target tissue of mice and humans to support an 

inhalation cancer risk assessment for chloroprene. Large differences between PBPK-based risk 

estimates and estimates based on inhaled concentration have been seen in previous inhalation 

risk assessments for chemicals where toxicity results from the production of reactive metabolites 

(Andersen et al. 1987; Clewell et al. 2001). The present PBPK model follows the same approach 

used in these previous PBPK models used in risk assessments by the USEPA and incorporates the 

best available science to describe the impact of species differences in metabolism on the potential 

cancer risk associated with chloroprene inhalation. 
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Table S-1: Physiological Parameters for PBPK Model 

Parameter Abbreviation Units Mice Source Rats Source Humans Source 
Male Female Male Female 

NTP(1998) NTP(1998) 
time and time and 
survival survival 

Body Weight BW kg 0.04 0.04 weighted 0.407 0.256 weighted 70 USEPA 1988 
average BW average BW 
control control 
animals animals 

Alveolar 
Ventilation 

QPC L/h/kg°•75 Z9.1 Z9.1 
Brown et al. 
1997 (Table 
31) 

22.4 22.4 
Brown et al. 
1997 (Table 
31) 

24.0 
Clewell et al. 
2001 (Table 1) 

Cardiac Output QCC L/h/kg°•75 20.1 20.1 

Marino et al. 
2006 
(QPC/QCC = 

18.7 18.7 
grown et al. 
1997 (Table
22~ 

16.5 
Clewell et al. 
2001 (Table 1) 

1.45) 
FRACTIONAL BLOOD FLOWS TO TISSUES 
Flow to Liver as 
fraction Cardiac 
Output 

QLC unitless 0.161 0.161 
Brown et al. 
1997 (Table 
23) 

0.183 0.183 
Brown et al. 
1997 (Table 
23) 

0.227 
grown et al. 
1997 (Table 23) 

Flow to Fat as 
fraction Cardiac 
Output 

QFC unitless 0.07 0.07 

Brown et al. 
1997 (Table 
Z3• Same as 
rat value) 

0.07 0.07 
Brown et al. 
1997 (Table 
23~ 

0.052 
Brown et ai. 
1997 (Table Z3) 

Flow to Slow as 
fraction Cardiac 
Output 

QSC unitless 0.159 0.159 

Brown et al. 
1997 (Table 
23); Same as 
that reported 
for muscle 

0.278 0.278 

Brown et al. 
1997 (Table 
23); Same 
as that 
reported for 
muscle 

0.191 

grown et al. 
1997 (Table 
23); Same as 
that reported 
for muscle 

Flow to Kidney as 
fraction Cardiac 
Output 

QKC unitless 0.09 0.09 
Brown et al. 
1997 (Table 
23) 

0.14 0.14 
Brown et al. 
1997 (Table 
23) 

0.175 
Brown et al. 
1997 (Table 23) 

FRACTIONAL VOLUMES OF TISSUES 
Volume Liver as 
fraction Body 
Weight 

VLC unitless 0.0549 0.0549 
Brown et al. 
1997 (Table 
4) 

0.0366 0.0366 
Brown et al. 
1997 (Table 
5) 

0.0257 
Brown et al. 
1997 (Table 7) 



Table S-1: Physiological Parameters for PBPK Model 
Parameter Abbreviation Units Mice Source Rats Source Humans Source 

Male Female Male Female 
Volume Lung as 
fraction Body 
Weight 

VLUC unitless 0.0073 0.0073 
Brown et al. 
1997 (Table 
4) 

0.005 0.005 
Brown et al. 
1997 (Table 
5) 

0.0076 
Brown et al. 
1997 (Table 7) 

Brown et al. 
Volume Fat as Brown et ai. Brown et al. 1997 (Tablel4); 
fraction Body VFC unitless 0.1 0.1 1997 (Table 0.1 0.1 1997 (Table 0.27 Average of total 
Weight 10) 13) male and 

female 

Volume Rapid 
Perfused as 
fraction Body 
Weight 

VRC unitless 0.08098 0.08098 

Brown et al. 
1997 (Table 
4); Sum of 
adrenals, 
brain, 
stomach 
small ~ 
intestine, 
large 
intestine, 
heart, lungs, 
pancreas, 
spleen and 
thyroid 

0.04644 0.04644 

Brown et aL 
1997 (Table 
5); Sum of 
adrenals, 
brain, 
stomach, 
small 
intestine, 
large 
intestine, 
heart, 
lungs, 
pancreas, 
spleen and 
thyroid 

0.0533 

Brown et al. 
1997 (Table 7); 
Sum of 
adrenals brain 
stomach, small 
intestine, large 
intestine, heart, 
lungs, pancreas, 
spleen and 
thyroid 

Volume Slow 
Perfused as 
fraction Body 
Weight 

VSC unitless 0.384 0.384 

Brown et al. 
1997 (Table 
4); Same as 
that reported 
for muscle 

0.4 0.4 

Brown et al. 
1997 (Table 
5); Same 
as that 
reported for 
muscle 

0.4 

Brown et al. 
1997 (Table 7); 
Same as that 
reported for 
muscle 

Volume Kidney as 
fraction Body 
Weight 

VKC unitless 0.0167 0.0167 
Brown et al. 
1997 (Table 
4) 

0.0073 0.0073 
Brown et al. 
1997 (Table 
5) 

0.0044 
grown et al. 
1997 (Table 7) 



Table S-2: Partition Coefficients for PBPK Model 

Mice Rats Humans 

Blood:Air 7.83 7.35 4.54 

Lung:Blood 2.38 1.85 2.94 

Liver:Blood 1.26 1.58 2.37 

Fat:Blood 17.35 16.99 28.65 

MuSCIe: BIoOd a 0.59 0.60 1.00 

Kidney:Blood b 1.76 2.29 2.67 

a used for slowly perfused tissues 
b used for rapidly perfused tissues 



Table S-3: In Vitro Metabolism Parameters 

Source 

Sex & This Analysisparameter Yang et al. 2012Species Mean (95% Confidence
MCMC Meana 

Interval) 

Vmax, liver (~mol/h/mg protein) 0.13 (0.11 - 0.15) 0.105 (0.087 - 0.127) 

Vmax, lung (~mol/h/mg protein) 0.03 (0.010 - 0.050) 0.022 (0.015 - 0.031) 

Vmax, kidney (~mol/h/mg protein) b 0.004 (-0.016 - O.OZ4) NDFemale 
mouse Km, liver (~mol/L) 0.88 (0.606 - 1.154) 0.448 (0.302 - 0.652) 

Km, lung (~mol/L) 2.82 (-0.140 - 5.780) 2.369 (1.555 - 3.549) 

Km, kidney (~mol/L) b 176.11 (-1632.71- 1984.94) ND 

Vmax, liver (~mol/h/mg protein) 0.26 (0.240 - 0.280) 0.212 (0.161 - 0.257) 

Vmax, lung (~mol/h/mg protein) ~ 0.14 (0.120 - 0.160) 0.085 (0.069 - 0.105) 

Vmax, kidney (~mol/h/mg protein) 0.01 (0.008 - 0.012) 0.012 (0.0088 - 0.015)Male 
mouse Km, liver (Nmol/L)~ 1.34 (1.183 - 1.497) 0.689 (0.472 - 0.903) 

Km, lung (~mol/L) ~ 2.22 (1.946 - 2.494) 1.194 (0.943 - 1.523) 

Km, kidney (~mol/L) 0.77 (0.594 - 0.946) 0.647 (0.469 - 0.902) 

Vmax, liver (umol/h/mg protein) 0.09 (0.070 - 0.110) 0.069 (0.056 - 0.085) 

Vmax, lung (~amol/h/mg protein) b NC 0.00408 (0.00152 - 0.00618) 

Vmax, kidney (~mol/h/mg protein) 0.003 (0.0024 - 0.0036) 0.0018 (0.0013 - 0.0026) 
Female 

rat Km, liver (umol/L) 0.56 (0.501 - 0.619) 0.718 (0.544 - 0.933) 

Z•369 (fixed to female mouse 
Km, lung (~mol/L) b NC 

Km) 

Km, kidney (~mol/L) 0.60 (0.443 - 0.757) 0.449 (0.298 - 0.687) 

Vmax, liver (~mol/h/mg protein) ~ 0.10 (0.094 - 0.106) 0.072 (0.066 - 0.078) 

Vmax, lung (~mol/h/mg protein) b NC ND 

Vmax, kidney (~mol/h/mg protein) 0.003 (0.0024 - 0.0036) 0.0019 (0.0014 - 0.0026) 
Male rat 

Km, liver (~mol/L) ~ 0.56 (0.501 - 0.619) 0.417 (0.367 - 0.477) 

Km, lung (umol/L) b NC ND 

Km, kidney (~mol/L) 0.76 (0.544 - 0.976) 0.619 (0.437 - 0.885) 

Vmax, liver (Nmol/h/mg protein) ° 0.05 (0.048 - 0.052) 0.055 (0.052 - 0.059) 

Vmax, lung (~mol/h/mg protein) b NC ND 

Vmax, kidney (Nmol/h/mg protein) b NM NM 
Humans 

Km, liver (Nmol/L) ~ 0.45 (0.430 - 0.470) 0.349 (0.312 - 0.394) 

Km, lung (Nmol/L) b NC ND 

Km, kidney (Nmol/L) b NM NM 

a95% CI calculated as mean +/- SD*1.96 reported in Yang et al. 2012 
bND: not determinable; NM: not measured; NC: not comparable 
~f"he initial amount of chloroprene was estimated for each concentration as the time-course data were constructed from 
multiple vials 



Table S-4: Metabolism Parameters for PBPK Model 

Source 

Sex &Species Parameter This Analysis
Yang et al. 2012 

(Table S-3) 

VmaxC, liver (mg/h/kg**3/4) 8.88 7.99 

VmaxC, lung (mg/h/kg**3/4) 0.11 0.12 

VmaxC, kidney (mg/h/kg**3/4) a 0.03 ND 
Female Mouse 

Km, liver (mg /L) 0.08 0.040 

Km, lung (mg /L) 0.25 0.21 

KM, kidney (mg /L) a 9.59 ND 

VmaxC, liver (mg/h/kg**3/4) b 18.54 16.09 

VmaxC, lung (mg/h/kg**3/4) 6 0.6 0.49 

VmaxC, kidney (mg/h/kg**3/4) 0.078 0.14 
Male Mouse 

Km, liver (mg /L) e 0.12 0.061 

Km, lung (mg /L) b 0.2 0.11 

KM, kidney (mg /L) 0.068 0.057 

VmaxC, liver (mg/h/kg**3/4) 9.37 6.36 

VmaxC, lung (mg/h/kg**3/4) a NC 0.03 

VmaxC, kidney (mg/h/kg**3/4) 0.018 0.015 
Female Rat 

Km, liver (mg /L) 0.09 0.064 

Km, lung (mg /L) a NC 0.21 

KM, kidney (mg /L) 0.053 0.040 

VmaxC, liver (mg/h/kg**3/4) 6 9.48 7.42 

VmaxC, lung (mg/h/kg**3/4) a NC ND 

VmaxC, kidney (mg/h/kg**3/4) 0.018 0.018 
Male Rat 

Km, liver (mg /L) b 0.05 0.037 

Km, lung (mg /L) a NC ND 

KM, kidney (mg /L) 0.067 0.055 

VmaxC, liver (mg/h/kg**3/4) 6 20.4 14.51 

VmaxC, lung (mg/h/kg**3/4) a NC 0.0031 

VmaxC, kidney (mg/h/kg**3/4) a NM NM 
Humans 

Km, liver (mg /L) b 0.04 0.031 

Km, lung (mg /L) a NC 0.031 

KM, kidney (mg /L) a NM NM 

a ND: not determinable; NM: not measured 
b The initial amount of chloroprene was estimated for each concentration as the time-course data were 
constructed from multiple vials 



Table S-5: Plethysmography Data 

Pulmonary Function Data Protocol 07039 Summary Exposure #1 

Exposure 
Frequency 

(BPM) 
Tidal Volume (ml) Minute Ventilation 

(ml/min) 

Oppm Average Average Average 

Animal 1 193.5 0.247 48.4 

Animal 2 168.2 0.284 47.2 

Animal3 251.9 0.212 51.6 

Animal4 201.7 0.311 61.6 

Average 203.8 0.264 52.2 

Stdev 35.1 0.043 6.5 

Pulmonary Function Data Protocol 07039 Summary Exposure #2 

Exposure 
Frequency 

(BPM) 
Tidal Volume (ml) Minute Ventilation 

(ml/min) 

13 ppm Average Average Average 

Anima120 221.9 0.261 57.6 

Animal 21 221.0 0.264 57.6 

Animal 22 140.9 0.224 32.0 

Animal 23 131.2 0.218 28.9 

Average 178.7 0.242 44.0 

Stdev 49.4 0.024 15.7 

Pulmonary Function Data Protocol 07039 Summary Exposure #3 

Exposure 
Frequency 

(BPM) 
Tidal Volume (ml) Minute Ventilation 

(ml/min) 

32 ppm Average Average Average 

Animal 54 253.3 0.269 66.1 

Animal 55 225.0 0.269 59.4 

Anima156 249.8 0.282 69.5 

Anima157 235.2 0.293 67.9 

Average 240.8 0.278 65.7 

Stdev 13.1 0.012 4.4 

Pulmonary Funcfiion Data Protocol Q7039 Summary Exposure #4 

Exposure 
Frequency 

(BPM) 
Tidal Volume (ml) Minute Ventilation 

(ml/min) 

90 ppm Average Average Average 

Anima188 216.3 0.276 59.4 

Animal 89 178.4 0.242 43.2 

Anima190 217.9 0.277 59.8 

Animal 91 166.2 0.278 45.8 

Average 194.7 0.268 52.0 

Stdev 26.4 0.017 8.8 



___ 
Table S-6: Arterial Blood Concentrations 

13 ppm Exposure 

Time point Average [CD] Std Dev. CD RSD% 

Control 0 0 0% 

0.5 hours 1.03 0.18 17% 

3 hours 1.93 0.80 41% 

6 hours 1.58 0.35 22% 

5 min post exposure 0.66 0.07 101% 

10 min post exposure 0.70 0.11 157% 

15 min post exposure 0 0 0% 

32 ppm Exposure 

Time point Average [CD] Std Dev. CD RSD% 

Control 0 0 0°/a 

0.5 hours 1.68 0.70 42% 

3 hours 2.90 1.15 40% 

6 hours 2.44 1.24 51% 

5 min post exposure 0.61 0.22 35% 

10 min post exposure 0.18 0.09 48% 

15 min post exposure 0.30 0.23 78% 

90 ppm E :ure 

Time point Average [CD] Std Dev. CD RSD% 

Control 0 0 0% 

0.5 hours 6.41 1.83 29% 

3 hours 7.33 3.52 48% 

6 hours 8.00 1.02 13% 

5 min post exposure 1.71 0.78 46% 

10 min post exposure 0.9Z 0.33 35% 

15 min post exposure 0.68 0.15 23% 
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The original in vitro concentration time-course data for metabolism of chloroprene (Himmelstein et al. 

2004a; IISRP 2009b) were re-analyzed using MCMC analysis with vague priors to obtain a revised set 

of metabolism parameters for the model. The key differences between the alternative analysis and 

the original Yang et al. (2012) analysis were: (1) the incorporation of an additional parameter in the 

analysis of the in vitro metabolism data (Kgl) to describe the rate of transfer of chloroprene from the 

headspace to the media in the metabolism studies, (2) the estimation of the initial amount of 

chloroprene in the vial for incubations where the time-course data included more than one vial (i.e. 

male mouse liver and lung, male rat liver and mixed human liver), (3) the use of updated tissue 

microsomal protein concentrations for scaling the in vitro results to in vivo values appropriate for the 

PBPK model, and (4) the adoption of a previously published approach for estimating the metabolism 

parameters in the human lung (Andersen et al. 1987a). The details of the re-estimation of the in vitro 

metabolism parameters is described below and the results are provided in Supplemental Materials D. 

Experimental Determination of Mass Transport Limitation 

Schlosser et al. (1993) suggested the need to consider mass transport limitations during in vitro 

metabolism experiments conducted with volatile compounds where there is an air:liquid interface. In 

their studies of benzene metabolism in sealed vials (Schlosser et al. 1993), they conducted separate 

studies to determine the rate of approach of the system to equilibrium in order to estimate the rate of 

transfer of the chemical between the air and liquid phases, and then used the estimated mass 

transport parameter (Kgl) in their analysis of the metabolism of benzene. In the in vitro metabolism 

studies conducted with chloroprene (Himmelstein et al. 2004a; Yang et al. 2012), no assessment of 

mass transport limitation was performed. Therefore, a new experimental study was conducted by 

TekLab, Inc, Collinsville IL, to estimate a Kgl for chloroprene following a protocol similar to Schlosser 

et al. (1993): 

1. Add 1mL buffer solution to a 10mL crimp top vial. Crimp on top. A total of 12 vials will be 

needed for each series of tests. 

2. Place vials in a water bath set at 37 C rotating at 60 rpm. Allow temperature to 
equilibrate for a minimum of 10 minutes. 

3. After reaching thermal equilibrium, pierce the septa with an open needle to allow the 

pressure of the headspace to adjust to ambient pressure. 

4. Add 0.5mL of 800ppmv chloroprene gas standard1. Immediately start a timer set for the 

appropriate contact time. 

5. As the timer reaches zero, remove vial and insert a imL syringe into the vial so the needle 

is below the liquid level in the vial, Withdraw 0.5mL and place it into a 40mL VOA vial 
containing a Teflon stir bar and 4.5mL of deionized water. 

6. The beginning and ending blanks are treated the same as the samples with the addition of 

the chloroprene. 

7. A total of 10 samples are to be prepared with contact times of 5, 10, 20, 30, 45, 60, 120, 

180, 240 and 360 seconds. The 5 second sample was replaced with a 600 second sample 

starting with replicate set R-15. 

1 The vapor standard used to spike the headspace was prepared according to Denka Method PWR Gas 1805 using a 
chloroprene standard received from Denka. A high concentration stock was prepared, and a working standard 
prepared from the stock by doing a 100x dilution into a second Tedlar bag. The initial vapor standards were 
prepared in 1L Tedlar bags. The remaining standard sets were prepared in 500mL Tedlar bags. 



8. When all of the samples for the set are prepared in the 40mL VOA vials, they are analyzed 

in the VOA lab by GC\MS SW-846 Method 82606 and Method 5035. The concentration of 

the chloroprene is reported in ~g/L. 

The original report on the study is available from the authors on request. The resulting time-courses 

for chloroprene concentrations in the aqueous phase of the vials were analyzed using the same 

approach as in Schlosser et al. (1993), resulting in an estimated value of 0.024 L/hr for Kgl, which is 

similar to the value previously reported for benzene (Schlosser et al. 1993). The results of the MCMC 

analysis are shown in Figure B-1. 
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Figure B-1. Concentration of chloroprene in the aqueous phase following addition of 0.5 mL of 800 

ppmV chloroprene to the air phase. The best estimates of Kgl and P (the liquid:air partition 

coefficient) were 0.024 (std. dev. = 0.0054) and 0.48 (std. dev. = 0.02). 

Using this experimental value of Kgl, however, it was not possible to explain the high rates of liver 

metabolism observed at low concentrations of chloroprene; that is, the mass transport associated with 

Kgl = 0.024 L/hr was too slow to support the observed rates of metabolism in the media. Figure B-2 

shows the closest possible fit to the experimental data using the experimental value of Kgl. Even if 

the metabolic clearance is set to an implausibly high value (Vmax = 1000 ~amol/hr, Km = 0.01 

~amol/L), it is impossible to fit the metabolism data with a Kgl of less than 0.11 L/hr 
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Figure B-2. Comparison of maximum metabolism rate predictions for male mouse liver (curves) and 
experimental data (points) using Kgl = 0.024 L/hr. 

We considered it likely that the much faster uptake of chloroprene in the metabolism studies than in 

the Kgl study was due to more effective mixing during the incubations, together with non-specific 
surface binding of chloroprene to the microsomes, which provide a lipophilic binding component in the 

aqueous media. No microsomes were present in the Kgl experiments for chloroprene or benzene 
(Schlosser et al. 1993). Although the rate of shaking in the metabolism studies was not reported, we 

were able to determine that the Himmelstein et al. (2004a) and IISRP (2009b) studies used a Gerstel 

MPS2 autosampler with an agitating heater, which was set to an agitation rate of 500 rpm (Matt 
Himmelstein, personal communication). Based on this information, it was suggested (Paul Schlosser, 

personal communication) that the value of Kgl in the metabolism studies was likely to be higher than 

the value in the new experimental study by roughly the ratio of the mixing rates, that is, 
Kgl(metabolism studies) = Kgl(experimental study) x 500/60 = 0.024x500/60 = 0.2 L/hr. 

To confirm this expectation, we conducted. a new MCMC analysis to simultaneously estimate Kgl, Vmax 

and Km from the metabolism data for the male mouse (Himmelstein et al. 2004a), the data which are 

most informative regarding the dose-response for the clearance of chloroprene in the vials. This 
analysis detected a high degree of collinearity between Km and Kgl (Figure B-3), indicating that the 

estimates of these two parameters are not completely independent. 
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Figure B-3. Correlation plot of log(Kgl) vs. log (Km). Lower values of Kgl correlate with lower values 

of Km. 

Therefore, to provide a basis for a biological constraint on the Km values estimated using this 

approach, we conducted a literature review of compounds with structural similarities to chloroprene, 

specifically, halogenated alkanes and alkenes, and found (Table B-1) that the values of Km estimated 

for these compounds from a variety of in vivo studies in mice, rats and humans ranged from 1to 7 

Nmol/L (Andersen et al. 1987b, 1991, 1994; Clewell et al. 2001; Corley et al. 1990; David et al. 2006; 

D'Souza and Andersen 1988; D'Souza et al. 1987, 1988; Gargas and Andersen 1989; Gargas et al. 

1986, 1990; Lilly et al. 1997, 1998; Marino et al. 2006). 



Table B-1. Estimates of Km for CYP2E1 substrates based on in vivo studies. 

Compound Km (Nmol/L) 

Inhibition studies: 

TCE 1.9 

DCE 1.0 

In vivo metabolism studies: 

McCl2 5.1/6.8 

DHMs 2.3-4.7 

BDCM 3 

Closed Chamber in vivo studies: 

VC: 

CHCI3 

EDC 

VDC 

Chloroethanes 

chlorinated ethylenes 

Furan 

1.6 

3-4.6 

2.5 

2.5 

3.3-5.6 

1-5 

2 

Species 

rat (Andersen et al. 1987b) 

rat (Andersen et al. 1987b) 

human/mouse MCMC (David et al. 2006; 
Marino et al. 2006) 

rat (Gargas et al. 1986) 

rat (Lilly et al. 1997, 1998) 

human (Clewell et al. 2001) 

rat (Corley et al. 1990) 

rat (D'Souza et al. 1987, 1988) 

rat (D'Souza and Andersen 1988) 

rat (Gargas and Andersen 1989) 

rat (Gargas et al. 1990) 

rat (Kedderis et al. 1993) 

The strongest data for estimating a Km were from studies of mutual metabolic inhibition in co-

exposures to trichloroethylene and dichloroethylene (Andersen et al. 1987b), which estimated Kms of 

1.9 and 1.0 ~mol/L, respectively. A Km of 1.6 ~mol/L was used by the USEPA in their risk assessment 

for vinyl chloride (USEPA 2000). 

Therefore, we conducted a re-analysis of the data on metabolism in the male mouse liver to 

simultaneously estimate Vmax, Km and Kgl using uninformative priors except that the prior for Kgl 

was bounded from below at 0.11 L/hr, the minimum value that we determined could support the rate 

of metabolism observed in the liver, and the prior for Km was bounded from below at a value of 0.5 

~mol/L, a factor of 2 below the lowest value for a substrate of CYP2E1 from our review of the 

literature. There is no evidence that the posterior distributions from this analysis were clipped by the 

use of these lower bounds o"n the priors (Figure B-4). 
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Figure B-4. Posterior chains (right) and distributions (left) of In(Vmax), In(Km), and In(Kgl) 

The resulting value of Kgl estimated from this analysis was 0.22 L/hr, with a 95% confidence interval 

of 0.19 - 0.33 L/hr, consistent with the value of 0.2 L/hr calculated from the experimental Kgl. Figure 

B-5 shows the resulting fit to the experimental data for the male mouse liver. 



_ __ _ __ 

c~ 

1QC1 

1C~ _ 

1C3 g~pr~ 
_ 

__ _ ` ' 
-M_ 

3[3t3 

~C) 

. ~J ~~ 

C?.O1 ~ ~ £i.~~1 

F({ail( [~GL7{` 

`1.f(4~i _ _ 

~.~~ ~3 P~1 

_ ___ _ __ _ _ ', 113 

~i~ ~3 t~1 

__W- 1~3 _ _ ~ 't€i ~-~.- c 

e ~ ~ 

_ _ ~ c i3.1 
.~ 

......... .... : . ... ......... ................... .............. . 
~.~~t~~. ___ .-~:___ :......... ........... .. ............... .. _..._. ._....;~~.~.~i ~.~.~. ___ 

~ {(:31~Y ~'E41~i' 

Figure B-5. Comparison of metabolism rate predictions for male mouse liver (curves) and 
experimental data (points) using 1000 iterations of a posterior chain from the in vitro metabolism 
MCMC (Geometric Means: Km = 0.62 Nmol/L, Vmax = 0.23 Nmol/hr/mg protein and Kgl = 0.22 L/hr). 
Solid lines represent mean and dashed lines represent the 95% confidence interval. 

The value of Vmax estimated for the male mouse liver in this re-analysis (0.23 ~mol/hr/mg protein) is 
close to the value reported in Yang et al. (2012) of 0.26 Nmol/hr/mg protein; however, the Km (0.62 
umol/L) is roughly half of the Yang et al. (2012) value (1.34 ~mol/L), which was derived assuming no 
transport limitation. 

Re-estimation of In Vitro Metabolism Parameters 

The estimated value of Kgl (0.22 L/hr) from the analysis described above was used in a re-analysis of 

the metabolism data for all tissues. The details of the MCMC analysis are provided below. 

Yang et al. (2012) reported atwo-level hierarchical Bayesian model to estimate the gender-variability 
of the in vitro metabolic parameters. In the re-analysis of the in vitro data presented here, the 
primary interest was on point estimates of metabolic constants for each species and sex (mixed 
gender for human) in the presence of our predicted flux of chloroprene between air and media in the 
in vitro system. Given that the primary interest was in defining uncertainty in the parameter 
estimates and the in vitro data are not sufficient to estimate population variability, a single level 
analysis was used in lieu of the hierarchical analysis reported in Yang et al. (2012). The single level 
analysis retained the broad prior distributions used in the Yang analysis. Parameters for both the 
saturable (i.e. Vmax and Km) metabolism of chloroprene are given in Table B-2.and are broad log-
uniform distributions. 



 

Table B-2. Prior Distributions Used in MCMC Analysis 

Parameter Distribution 

Log-likelihood Standard Deviation Lognormal(1,1) 

Vmax Log-Uniform (-10,5) 

Km Log-Uniform(-10,5) 

KG Log-Uniform(-2.996,0) 

Initial amount in vial (AO)a Log-Uniform(-10,0) 

a AO estimated for each incubation concentration independently for 
each start concentration for incubations comprised of multiple vials — 
male mouse liver and lung, male rat liver and mixed human liver 

The likelihood contribution for any single data point is defined as follows, Suppose that N represents 
the prediction of the model for a given set of parameter values (i.e. of Vmax, Km, etc.). For an 
observation, x, the log-likelihood of that observation is based on the assumption that that observation 
is log-normally distributed with median ~ and a log-scale standard deviation a. That is, 

~n~~ Z) _ ~~n~X) -1nCK))~
In~~~x ~ u~~~~ _ — I12~X~ — Eq. 1 z zaz 

where L(x ~ N,Q) denotes the likelihood of x given the parameters ~ and 6. Abroad prior for o 
(lognormal with mean = 1, standard deviation = 1, truncated at 0.1 and 100) was used to avoid over-
constraining the posterior parameter distributions for the metabolic parameters of primary interest. 

The flux of chloroprene between air and media (Kgl) was estimated by fixing the Km in the male 
mouse liver microsomal study to 1.0 ~amol/L and estimating both Vmax and Kgl. Initial testing of the 
model showed that the male mouse liver had the strongest data upon which to base the Kgl (i.e. 
steepest slope as low start concentrations). In the estimation of Kgl, the broad distributions reported 
above for metabolic parameters were retained. The geometric mean of Kgl was retained as a fixed 
value for the analysis of all the in vitro studies including the male mouse liver which was re-analyzed 
to estimate Vmax and Km after the Kgl was fixed. For Vmax and Km analysis, 20000 iterations of the 
model were run with the first 10000 discarded for the posterior analysis. 

For all analysis of the in vitro data with MCMC, three chains were run independently with different 
start values to test stability of model convergence. The truncated chains were assessed for 
convergence both visually (line and density plots) and using the gelman.diag? routine included in the 
R package CODA to verify that the point estimates for the potential scale reduction factor (PSRF) were 
all less than 1.1. The results of the potential scale reduction factor analysis (exported from R) and the 
posterior distributions for the parameters and the likelihood for all MCMC analyses are listed in the 
supplemental Excel workbook (Supplemental Materials D) under the species-specific worksheets.3. 

In three cases, female mouse kidney, male rat lung and mixed human lung, the single level MCMC 
failed to converge with saturable metabolism. Initial analysis with single level MCMC and a first order 

rate constant similar to that reported by Yang et al. (2012) showed that a lower bound on the 
metabolism could not be identified. It was determined that the analysis could not differentiate 
between metabolism and background loss based on the incubation data (not shown). In an attempt tc 
assess the viability of estimating rate constants from these datasets, a two-level MCMC was conducted 
on the mixed human lung. To address uncertainty in RLOSS, both RLOSS and KF were included at the 

Z This R routine follows the proposed general approach defined in Gelman and Rubin (1992). 
3 See cells k2 to w7 on the Mouse and Rat Liver, lung and kidney sheets, and cells k2 to m7 on the human lung 
and liver sheets. 



population level. The prior distribution of RLOSS was set to the distribution of all of the RLOSS 

incubations reported in Yang et al. (2012) and Himmelstein et al. (2004a) and considered to be log 

normally distributed with ~ _ -7.242 and 6 = 0.484). KF was given a uniform prior on the natural log 

with limits of -60 and 10). The prior description for parameter variability were lognormal (0.3,5). 

Subsequent analysis of the incubation time-course data presented by Himmelstein et al. (2004a) 

indicated that there is no difference between the low concentration incubation data and the control 

(i.e. without NADPH+) time-course data. As such, the loss attributed to metabolism in the mixed 

human lung and female mouse kidney was considered not determinable based on the available data 

(See main report text for discussion). 

For the female rat lung, the single level MCMC failed to converge with saturable metabolism. In order 

to support the dose metric comparisons in Supplemental Materials F, an approximate estimation of 

female rat lung Vmax was undertaken by fixing the Km to the posterior median value estimated from 

the female mouse lung incubations (2.369 NM). 

Posterior Distributions 

The posterior chains and distributions for the female mouse liver, female mouse lung and mixed 

human liver are given in Figures B-6 to B-8. In all cases, the posterior distribution of the 

In(parameter) represents the uncertainty in the parameter estimate given the data and not 

interindividual variability. The final PSRFs calculated for the female mouse and mixed human are 

given in Table B-3. In all cases the PSRFs were <1.2. Confidence ellipse plots for in vitro assay 

posterior chains for female mouse (liver and lung) and mixed human (liver) microsomal metabolism 

assays are shown in Figures B-9 and B-10. The plots show the 95% (red line) and 99% (green line) 

confidence ellipses over the plot of the log posterior parameters for the last 10,000 iterations of the 

posterior chain. As would be expected given the saturable enzymatic metabolic pathway, there is a 

strong positive correlation between Vmax and Km in the in vitro system for all three assays. 

Table B-3. Potential scale reduction factors for female mouse and mixed 
human posterior chains. 

Point
Sex/species Tissue Parameter Estimate Upper CI 

Likelihood 1 1 

Liver Vmax 1 1 

Km 1 1 

Likelihood 1 1 
Female Mouse 

Lung Vmax 1.01 1.05 

Km 1.01 1.04 

Likelihood 1 1 
Kidney 

Likelihood 1 1 

AOlow 1.01 1.02 

AOmid 1.02 1.05 
Mixed Human Liver 

AOhigh 1 1.01 

Vmax 1 1 

Km 1 1 
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Figure B-6. Posterior chains (left) and distributions (right) for In(Vmax) (top) and In(Km) (bottom) in 
female mouse liver. Kgl was fixed at 0.22 L/hr for this analysis. 
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Figure B-7. Posterior chains (left) and distributions (right) for In(Vmax) (top) and In(Km) (bottom) in 

female mouse lung. Kgl was fixed at 0.22 L/hr for this analysis. 
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Figure B-8. Posterior chains (left) and distributions (right) for In(Vmax) (top) and In(Km) (bottom) in 

human liver. Kgl was fixed at 0.22 L/hr for this analysis. 
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Figure B-9 Confidence (red is 95% and green is 99%) ellipse plot of Vmax vs. Km from the in vitro 
posterior chain for the female mouse microsomal metabolism assay (top panel is liver; bottom panel is 
lung). 
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Figure B-10. Confidence (red is 95% and green is 99%) ellipse plot of Vmax vs. Km from the in vitro 
posterior chain for the mixed human liver microsomal metabolism assay. 
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Executive Summary 

The published multi-species PBPK models for chloroprene were developed using in 
vitro to in vivo extrapolation (IVIVE)-based parameterization. In vitro metabolism data 
collected in species-specific liver, lung, and kidney microsomal incubation studies 
(Himmelstein et al., 2004a; Yang et al., 2012) were biologically scaled to provide in vivo 
metabolism parameters in the PBPK model for chloroprene in liver, kidneys, and lungs of 
mouse, rat and human (Himmelstein et al., 2004b; Yang et al., 2012). In this study, the 
IVIVE used to parameterize the published model for chloroprene in these three species was 
reviewed to provide recommendations for any updates to the previously published IVIVE-
basedparameterization to support the application of the chloroprene PBPK model for risk 
assessment. 

Background 

In vitro to in vivo extrapolation for parmaeteirzation involves a series of biological 
scaling steps from in vitro measured metabolic constants, in most cases Vmax and intrinsic 
clearance (Clint), to corresponding in vivo parameters to use in PBPK models. For Km, 
consideration of free, i.e., available for metabolism, concentration between in vitro vs. in 
vivo is important for meaningful IVNE. In the conversion of Vmax or Clint from in vitro 
to in vivo, it is critical to select appropriate scaling factors, which are dependent on the in 
vitro experimental system, the source of tissue, and the species of interest (see the Table 2 
below copied from Yoon et al., 2012). For example, an in vitro Vmax of a compound 
determined in hepatic microsomal incubations, which is expressed in a unit of 
µmol/min/mg microsomal protein, can be converted to an in vivo liver Vmax that is in a 
unit of µmol/min/lcg BW0 ~75 for- use in a PBPK model. In this IVIVE example, a scaling 
factor referred as mg microsomal protein per gram liver (MPPGL) is used along with liver 
weight and body weight of the species of concern. Characteristics of the tissue and the 
donor for the tissue used for in vitro system preparation determine which physiological 
scaling factors, i.e., liver weight and body weight, to be used for IVIVE. For example, 
microsomes prepared from an average adult rats) can be used to generate in vitro metabolic 
constants that can be extrapolated to in vivo metabolism parameters for the average adult 
rat. 
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IVIVE for parameterization of the chloroprene PBPK model 

It is critical to use appropriate scaling factors for accurate IVIVE for confidence in 
PBPK model outcomes. However, these scaling factors are not routinely measured or 
reported in publications and it is often hard to track down the sources for those scaling 
factors used in IVIVE studies (Barter et al., 2007). As such, the scaling factors used in the 
published chloroprene model were reviewed for their appropriateness for use in 
parametrization of metabolism in each tissue for mouse, rat and human as well as the 
sources of the selected values. 

Scaling factors for the average adult of each species 

In vitro enzyme kinetic parameters reported in Himinelstein et al. (2004a) and Yang 
et al., (2012) are considered as representatives of average adult values for each species. 
Therefore, extrapolation of these in vitro parameters was performed to obtain 
corresponding in vivo metabolism parameters in the PBPK model for the average adult of 
mouse, rat or human. Table 1 lists the species and gender specific scaling factors and 
physiological parameters recommended for use in chloroprene model along with their 
references. Body weight (BW) values for mouse, rat or human average adults (i.e., 
parameters for standard organism) are adopted from Brown et al., (1997). Fractional tissue 
weight values are also from Brown et al. (1997). For mouse and rat, gender specific BW 
values were used, but fractional tissue weight of the three tissues selected here was assumed 
to be the same between male and females. 

Scaling of metabolic capacity 

The capacity of metabolism. i.e., Vmax, is extrapolated from in vitro to in vivo 
based on the difference in scale between in vitro and in vivo systems. As microsomes was 
used to generate an in vitro Vmax for chloroprene in a given tissue, the following equation 
(Eq. 1) is used to scale the in vitro Vmax up to a corresponding in vivo Vmax for whole 
body. 

h2 vivo Vtnax (mg/h/kg BW 75) = in vitT~o Vmax (~mol/h/mg nzic~osomal protein_tissue) x 
MPPGL (mg microsomal protein tissue/g tissue) x BW (kg) x VtissueC x 1000 (g/kg) 
BW~ 75 x MW (,ug/urnol)=1000 (fig/mg) (Eq. 1) 

where MPPGL represents milligram microsoinal protein content per gram of tissue, MW 
molecular weight, and VtissueC fractional weight of the given tissue to BW. 

Selection ofscalingfactoNsfor ZiveN, lung and kidney of each species 

Microsomes were used to determine in vitro enzyme kinetic parameters for 
chloroprene (Himmelstein et al., 2004a). Therefore, the biological scaling factor to use is 
the ing microsomal protein content per gram tissue (MPPGL, MPPGLU, or MPPGK for 
liver, lung, and kidney, respectively). In the original Hiinmelstein model, the values for the 
MPPG tissue scaling factors for each species are 35, 49, and 56.9 mg microsomal protein/g 
liver for mouse, rats, and humans, respectively, whereas for- lung microsomes, 23 ing 



 

microsomal protein/g tissue was used for all animal species (Himmelstein et al., 2004b). 
This report reviews the appropriateness of the scaling factors selected for use in the original 
model. 

Barter et al. (2007 and 2008) provided a comprehensive review of the liver 
inicrosomal content (MPPGL) for human and rat. Based on their meta-analysis and 
consensus report of the human data (Barter et al., 2007), 40 mg/g liver is recommended for 
human adults for chloroprene IVIVE-PBPK modeling. Lab to lab differences in 
microsomal preparation techniques and tissue sources are considered as the main factors 
for the variability in reported MPPGL values (Barter et al., 2007; Medinsky et al., 1994). 
Inter-species difference in microsomal protein per gram tissue appears to small in general, 
and is much smaller than the variability within species resulting from the experimental 
factors (Houston and Galetin, 2008; Barter et al., 2007; Csanady et al., 1992; Litterst et al., 
1975). A MPPGL value of 35 mg/g liver was reported by Medinsky et al. (1994) for both 
rat and mouse. For rat, another value was available recommended by Houston and Galetin 
at 45 mg/g liver. We recommend to use the average of the two, 40 mg/g liver for rat for the 
chloroprene IVIVE-PBPK modeling. The values for mouse in Litterst et al. or Csanady et 
al. studies were not recommended for NIVE directly as their results appear not corrected 
for experimental loss of microsomal proteins during preparation. It is important to use the 
scaling factors that were corrected for loss and thus, close to their in vivo values to reduce 
the uncertainty in IVIVE to the extent possible. Although we recommend these MPPGL 
values (Table 1), it should be noted that they fall in a similar range with those used by 
Himmelstein et al. (2004b). 

For kidney microsomal content, additional caution was made. Kidney cortex is 
frequently used rather than using the whole tissue to prepare kidney microsomes because 
cytochrome P450 enzyme expression is known to be much higher in cortex compared to 
the medullar region. However, such details are often not reported in publications. In 
general, MPPGK based on kidney cortex microsomes is about two times higher than that 
based on whole kidney tissue inicrosomes (Scotcher et al., 2017). As the chloroprene model 
describes kidney metabolism in the whole tissue, MPPGK based on whole kidney tissue 
needs to be used. One half of the reported cortex-based MPPGK reported by Scotcher et 
al. (2017) is recommended for use as the MPPGK for whole kidney microsoines data-based 
extrapolation for- chloroprene IVIVE in humans. For rat, 18 mg/g kidney determined by 
Yoon et al. (2007) is recommended as the study reported a rat specific MPPGK value for 
whole kidney. 

It was challenging to find MPPGLU (mg lung microsomal protein per gram tissue) 
values, in particular for humans. Himmelstein et al. estimated MPPGLU as 23 mg per g 
tissue based on a few available studies and the assumed microsomal recovery. This value 
is in line with other studies reporting MPPGLU values about 30 - 50% of the MPPGL 
within species for rat and mouse (Litterst et al., 1975; Yoon et al., 2006 and 2007). It was 
challenging to find any data for human MPPGLU. While Boogard et al. (2000) reported 
the lung microsoinal content in three different species, their microsoinal protein recovery 
seems to be much lower than other studies for both liver and lung (Litterst et al., 1975 and 
Yoon et al., 2006 and 2007) raising a concern for the correction for protein recovery. The 
measured microsomal protein content in lung in this study however, appears to be similar 



 

 

among the three species. As they were all determined under the wine experimental 
condition, it would be reasonable to use the same value for all three species. Medinsky et 
al. (1994) reported 20 mg/g lung for mouse. As such, it is considered reasonable to keep 
the 20 mg per g tissue as MPPGLU based on the mouse value reported by Medinsky et al. 
(1994). 

Table 1. Average adult parameters recommended for in vitro to in vivo extrapolation 
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IVIVEforfiYst oNder metabolic cleat°ante in Nat and liul~zan lung 

Yang et al. (2012) reported both Vmax and Kin for chloroprene inetabolisin in all three 
tissue microsomes for mouse. However, for rat and human, only intrinsic clearance (as 
Vmax/Km) was reported for- lung as the available in vitro data was only informative to 
estimate Clint in rat and human, but not informative to estimate Vmax and Km separately. 
The slopes of chloroprene disappearance in lung microsomes showed linear kinetics for 
the range of substrate concentrations used in the in vitro lung metabolism studies 
(Himmelstein et al., 2004a). Among those concentrations, four out of the five 
concentrations used in lung microsomal incubation were overlapped with the ones used for 
liver microsomal incubation studies. This could be suggesting a higher Km and/or much 
smaller Vmax for chloroprene oxidation in lung microsomes than that in liver microsomes. 
Whichever the case was, the measured first order clearance was similar to the level of non-
biological loss observed during incubation indicating that the metabolic clearance in the 
lung of rat or human would be expected to be significantly lower than mouse. To be 
conservative, the observed first order loss in lung microsomes for rat and human was 
considered as metabolic clearance and was extrapolated to in vivo as first order clearance 
in the lung (KFLUC) in the published model. Using this first order clearance presents an 
issue however, when applying the model to a dose range in which the tissue concentration 
becomes higher than the Km in the lung. In such high dose conditions, the relative risk 
estimate for the lung vs. liver would shift as the current lung description cannot capture the 
saturable nature of chloroprene metabolism leading to an overestimation of lung 
metabolism and therefore risk estimate, at higher exposure conditions. 

To avoid an overestimation of lung metabolism at high dose, it is recommended to 
estimate or infer a Km for lung metabolism in rat and human. Then estimate a Vmax from 
the observed first order clearance in vitro using the relationship of Clint = Vmax/Km, 
which holds true at low substrate concentrations, e.g., below Km. It is likely that the relative 
contribution of individual cytochrome (CYP) P450 enzymes toward chloroprene 
metabolism is tissue-dependent as the expression level of each CYP enzyme is tissue-
dependent. In addition, affinity of the metabolism, i.e., Km, is different among different 
CYP enzymes contributing to tissue-dependent changes in relative contribution of CYP 
enzymes to a compound metabolism. For example, butadiene, a structural analog of 
chloroprene, is a substrate for at least two CYP enzymes including CYP 2El and CYP 
2A6 (Csanady et al., 1992; Duescher and Elfarra, 1994). These CYPs have different 
affinities to butadiene as suggested by the different Km values observed for each tissue 
(Csanady et al., 1992). The lung Km values appear to be similar or higher in general than 
those for liver in all three species, this study results suggest. For mouse and rat, lung values 
were about 2 fold higher- than the liver values. This is consistent with the in vitro 
observation by Himmelstein et al. (2004a), which implies a higher Km in lung than liver 
microsomes in rat and mice, i.e., at the overlapping substrate concentrations, no saturation 
was observed in lung unlike the liver. It is also consistent with the mouse results showing 
the lung Kin being greater than that of the liver by a 1.5 — 5.3 fold, depending on the gender 
of the animals. Therefore, it would be reasonable to use a 2-fold higher Km for lung than 
the liver in each species for mouse and rat. 
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Human Liver Male Mouse Liver Female Mouse Liver 

VVIAL 0.0119573 VVIAL 0.0119573 VVIAL 0.01165 

VMED 0.001 VMED 0.001 VMED 0.001 

VINJ 0.0004 VINJ 0.0003858 VINJ 0.0002 

VAIR VVIAL-VMED VAIR VVIAL-VMED VAIR VVIAL-VMED 

P1 0.69 P1 0.69 P1 0.69 

PROT 1 PROT 1 PROT 1 

Human Lung Male Mouse Lung Female Mouse Lung 

VVIAL 0.0119573 VVIAL 0.0119573 VVIAL 0.01165 

VMED 0.001 VMED 0.001 VMED 0.001 

VINJ 0.0004 VINJ 0.0003858 VINJ 0.0002 

VAIR VVIAL-VMED VAIR VVIAL-VMED VAIR VVIAL-VMED 

P1 0.69 P1 0.69 P1 0.69 

PROT 1 PROT 1 PROT 1 

Male Mouse Kidney Female Mouse Kidney Male Rat Kidney 

VVIAL 0.01163 VVIAL 0.01163 VVIAL 0.01163 

VMED 0.001 VMED 0.001 VMED 0.001 

VINJ 0.0002 VINJ 0.0002 VINJ 0.0002 

VAIR VVIAL-VMED VAIR VVIAL-VMED VAIR VVIAL-VMED 

P1 0.69 P1 0.69 P1 0.69 

PROT 2 PROT 2 PROT 3 



Male Rat Liver Female Rat Liver 

VVIAL 0.0119573 VVIAL 0.01165 

VMED 0.001 VMED 0.001 

VINJ 0.0003858 VIN1 0.0002 

VAIR VVIAL-VMED VAIR VVIAL-VMED 

P1 0.69 P1 0.69 

PROT 1 PROT 1 

Male Rat Lung Yang Rounded Female Rat Lung 

no reason given 

VVIAL 0.0119573 0.012 VVIAL 0.01165 

VMED 0.001 0.001 VMED 0.001 

VINJ 0.0003858 0.00039 VINJ 0.0002 

VAIR VVIAL-VMED VAIR VVIAL-VMED 

P1 0.69 0.69 P1 0.69 

PROT 1 1 PROT 1 

Female Rat Kidney 

VVIAL 0.01163 

VMED 0.001 

VIN1 0.0002 

VAIR VVIAL-VMED 

P1 0.69 

PROT 3 



Log 

EXP 

Female 

Vmax 
Km 

T►iF._1t~' 

AO_1 
AO_2 

AO_3 

AO_4 

AO_5 

Vmax 
Km 

Female 

Vmax 
Km 

~7r 

AO_1 

AO_2 

AO_3 
AO_4 

AO_5 

Vmax 
Km 

µmol/hr/mg protein 
µmol/L 

(umole) 

(umole) 

(umole) 
(umole) 

(umole) 

µmol/hr/mg protein 
µmot/L 

µmol/hr/mg protein 

µmol/L 

(umole) 

(umole) 
(umole) 

(umole) 
(umole) 

µmol/hr/mg protein 

µmol/L 

Median 

-2.25 
-0.80 

Median 

-1.4011 
-2.1662 

-3.0364 

-4.0041 
-5.4951 

-1.5534 
-0.3732 

Median 

0.105 
0.448 

Median 

0.25 
0.11 

0.048 

0.018 
0.0041 

0.212 

0.689 

95% CI 
-2.45 -2.07 

-1.20 -0.43 

95% CI 
-1.5533 -1.2748 
-2.3413 -2.0441 

-3.158 -2.9356 
-4.1409 -3.8725 
-5.6864 -5.2974 

-1.8267 -1.3606 

-0.7498 -0.1023 

95% CI 
0.087 0.127 
0.302 0.652 

95% CI 

0.21 0.28 

0.10 0.13 
0.043 0.053 

0.016 0.021 
0.0034 0.0050 

0.161 0.257 
0.472 0.903 
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Female > 
Potential 

LI 
Vmax 
Km 

Multivariate 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 
Km 

LI 
Vmax 
Km 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 

gelman.dia autoburnin 
scale reduction 

Point est. 
1 1 
1 1 
1 1 

psrf 

1 

summary(x1) 

= 1:10000 
interval = 
of chains 
size per 

1Empirical mean 
plus standard 

Mean SD 
0.463 0.0714 

-2.254 0.09479 
-0.804 0.19359 

2 Quantiles for 

2.50% 25% 
0.3484 0.4115 

-2.4452 -2.3159 
-1.197 -0.9271 

summary(x2) 

= 1:10000 
interval = 
of chains 
size per 

1Empirical mean 
plus standard 

Mean SD 
0.4648 0.07197 
-2.255 0.0946 
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fog(V[~AX) 

Male Mouse 

LI' 

I<m -0.8064 0.19593 

2 Quantiles for 

2.50% 25% 

LI 0.3498 0.4155 

Vmax -2.4456 -2.3141 

Km -1.2 -0.9323 

> summary(x3) 

Iterations = 1:10000 

Thinning interval = 

Number of chains 

Sample size per 

1Empirical mean 

plus standard 

Mean SD 

LI 0.4654 0.07343 

Vmax -2.2523 0.10187 

Km -0.8004 0.20872 

2 Quantiles for 

2.50% 25 

LI 0.351 0.4128 

Vmax -2.443 -2.3192 

Km -1.196 -0.9347 
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=FALSE) Male Mouse Liver with AO (initial mass i 

factors: KGL 0.22 

Upper C.I. > gelman.dia 

Potential scale 

Point 

AO_1 1.02 

AO_2 1.02 

AO_3 1.01 

AO 4 1 

AO 5 1 

LI 1 

Vmax 1.03 

Km 1.03 

1 

= 1 Multivariate psrf 

chain = 10000 

1.02 

and standard deviation for each variable, > 

error of the mean: > summary(x 

Naive SE Time-series SE Iterations = 

0.000714 0.001377 Thinning interval 

0.000948 0.004866 4.2% Number of 

0.001936 0.009858 24.1% Sample size 

each variable: 1Empirical 

plus 

50% 75% 97.50% 

0.4552 0.5051 0.6204 Mean 

-2.2542 -2.1914 -2.0651 AO 1 -1.4031 

-0.8026 -0.6756 -0.4282 AO 2 -2.1699 

AO 3 -3.0399 

AO 4 -4.0048 

AO 5 -5.4939 

LI 0.2548 

1 Vmax -1.5577 

= 1 Km -0.379 

chain = 10000 

2 Quantiles 

and standard deviation for each variable, 

error of the mean: 2.50% 

AO 1 -1.5533 

Naive SE Time-series SE AO 2 -2.3413 

0.00072 0.001336 AO 3 -3.158 

0.000946 0.005313 AO 4 -4.1409 



0.001959 0.010827 AO 5 -5.6864 

LI 0.2158 

each variable: Vmax -1.8267 

Km -0.7498 

50% 75% 97.50% 

0.4559 0.5039 0.6313 > summary(x 

-2.2558 -2.1937 -2.0711 

-0.8038 -0.6782 -0.4217 Iterations = 

Thinning interval 

Number of 

Sample size 

1 1Empirical 

= 1 plus 

chain = 10000 

Mean 

and standard deviation for each variable, AO_1 -1.4204 

error of the mean: AO 2 -2.1879 

AO 3 -3.0509 

Naive SE Time-series SE AO 4 -4.0066 

0.000734 0.001407 AO 5 -5.4876 

0.001019 0.005648 LI 0.2544 

0.002087 0.01159 Vmax -1.5867 

Km -0.4147 

each variable: 
2 Quantiles 

50% 75% 97.50% 

0.4572 0.5053 0.6375 2.50% 

-2.2538 -2.1886 -2.0488 AO 1 -1.5481 

-0.801 -0.6742 -0.3819 AO 2 -2.3234 

AO 3 -3.1609 

AO 4 -4.1363 

AO 5 -5.6823 

LI 0.215 

Vmax -1.7887 

Km -0.6893 

summary(x 

Iterations 

Thinning interval 

Number of 

Sample size 

1Empirical 

plus 



r ~ ' ~• 

_3. ~i -." : €~ - ,~.r -:3.83 

C rt `r~~~ f 1..1 

r2ct'~+e~ tl = C3. C}1~1 

AO 1 

AO 2 

AO 3 

AO 4 

AO 5 

LI 

Vmax 

Km 

AO 1 

AO 2 

AO 3 

AO 4 

AO 5 

LI 

Vmax 

Km 

Mean 

-1.4013 

-2.1674 

-3.0409 

-4.0073 

-5.495 

0.254 

-1.5519 

-0.3675 

2 Quantiles 

2.50% 

-1.5239 

-2.2914 

-3.1469 

-4.1416 

-5.6897 

0.2145 

-1.7311 

-0.6231 

f t~# ~~t~f6~a~c#d't = .t ~~ 
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in vial) estiamted as part of MCMC 
L/hr 

autoburnin=FALSE) 
reduction factors: 

est. Upper C.I. 

1.07 

1.07 
1.03 

1 
1 

1 

1.09 

1.08 

1) 

1:10000 
1 

chains = 1 

per chain = 10000 

mean and standard deviation for each variable, 

standard error of the mean: 

SD Naive SE Time-series SE 

0.06879 0.000688 0.010741 

0.07131 0.000713 0.011831 

0.05659 0.000566 0.004849 

0.06784 0.000678 0.001928 

0.09902 0.00099 0.002642 

0.02239 0.000224 0.000514 

0.10895 0.00109 0.022275 

0.14721 0.001472 0.024213 

for each variable: 

25% 50% 75% 97.50% 

-1.4453 -1.4011 -1.357 -1.2748 

-2.2097 -2.1662 -2.1227 -2.0441 

-3.0749 -3.0364 -3.0014 -2.9356 

-4.0501 -4.0041 -3.9599 -3.8725 



-5.5615 -5.4951 -5.4269 -5.2974 

0.2391 0.2533 0.2684 0.3033 

-1.6164 -1.5534 -1.4872 -1.3606 

-0.4606 -0.3732 -0.2838 -0.1023 

2) 

1:10000 

= 1 

chains = 

per chain 

mean and 

standard error 

SD Naive 

0.06697 0.00067 

0.07104 0.00071 

0.05793 0.000579 

0.06586 0.000659 

0.09841 0.000984 

0.02243 0.000224 

0.10464 0.001046 

0.13689 0.001369 

for each 

25% 50% 

-1.4658 -1.4225 

-2.237 -2.1894 

-3.0916 -3.0503 

-4.0501 -4.0063 

-5.5527 -5.4872 

0.2386 0.2528 

-1.656 -1.5906 

-0.4984 -0.4177 

3) 

1:10000 

= 1 

chains = 

per chain 

mean and 

standard error 

1 

= 

standard 

of 

SE 

0.011224 

0.010608 

0.004601 

0.001944 

0.002364 

0.000398 

0.02036 

0.021276 

variable: 

75% 

-1.3765 

-2.1402 

-3.0113 

-3.9618 

-5.4208 

0.2693 

-1.5222 

-0.3338 

1 

= 

standard 

of 

10000 

deviation for each variable, 

the mean: 

Time-series SE 

97.50% 

-1.2819 

-2.0409 

-2.934 

-3.8782 

-5.2985 

0.3014 

-1.3627 

-0.126 

10000 

deviation for each variable, 

the mean: 



SD 

0.06095 

0.06221 

0.05392 

0.06639 

0.10034 

0.02246 

0.09211 

0.12389 

for 

25% 

-1.4418 

-2.209 

-3.0767 

-4.0508 

-5.5619 

0.2382 

-1.6151 

-0.4485 

Naive 

0.00061 

0.000622 

0.000539 

0.000664 

0.001003 

0.000225 

0.000921 

0.001239 

each 

50% 

-1.3988 

-2.1661 

-3.0413 

-4.0072 

-5.4949 

0.2528 

-1.5468 

-0.3621 

SE 

0.00767 

0.008688 

0.004055 

0.001816 

0.002478 

0.00041 

0.015206 

0.016889 

variable: 

75% 

-1.3587 

-2.1237 

-3.0052 

-3.9617 

-5.4279 

0.2678 

-1.4864 

-0.2771 

Time-series SE 

97.50% 

-1.2885 

-2.0542 

-2.9345 

-3.8783 

-5.2964 

0.3014 

-1.3898 

-0.1494 





Female 

Log Vmax 
Km 

Male 

AO_1 
AO_2 
AO_3 
AO_4 
AO_5 

Vmax 
Km 

Female 

EXP Vmax 
Km 

Male 

AO_1 
AO_2 
AO_3 
AO_4 
AO_5 

Vmax 
Km 

tE 

µmol/hr/mg protein 
µmol/L 

umol/L 
umol/L 
umol/L 
umol/L 
umol/L 

µmot/hr/mg protein 
µmot/L 

µmot/hr/mg protein 
µmot/L 

umol/L 
umol/L 
umol/L 
umol/L 
umol/L 

µmot/hr/mg protein 
µmot/L 

~ert~a[e Ntouse Lung 

Median 
-3.84 
0.863 

Median 
-0.012 
-0.94 
-2.43 
-4.03 
-5.64 

-2.47 
0.177 

Median 
0.022 
2.369 

Median 
0.988 
0.391 
0.088 
0.018 

0.0035 

0.085 
1.194 

95% CI 
-4.20 -3.48 
0.441 1.27 

95% CI 
-0.054 -0.00036 
-1.00 -0.88 
-2.52 -2.35 
-4.10 -3.96 
-5.74 -5.55 

-2.67 -2.25 
-0.059 0.420 

95% CI 
0.015 0.031 
1.555 3.549 

95% CI 
0.947 1.000 
0.367 0.414 
0.081 0.095 
0.017 0.019 
0.0032 0.0039 

0.069 0.105 
0.943 1.523 
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Female > 
Potential 

gelman.dia autoburnin 
scale reduction 

LI 
Vmax 
Km 

Point est. 
1 

1.01 
1.01 

1 
1.05 
1.04 

Multivariate psrf 

1.01 

> summary(x1) 

Iterations 
Thinning 
Number 
Sample 

= 
interval 
of 
size 

1:10000 
= 
chains 
per 

1Empirical 
plus 

mean 
standard 

LI 
Vmax 
Km 

Mean SD 
0.0579 0.007529 
-3.842 0.184502 
0.8581 0.213718 

2 Quantiles for 

LI 
Vmax 
Km 

2.50% 
0.04563 

-4.20138 
0.44118 

25% 
0.0525 

-3.9696 
0.7097 

> summary(x2) 

Fer~taie I~ff~~t~~ LLitt~ 

Iterations 
Thinning 
Number 
Sample 

= 
interval 
of 
size 

1Empirical 
plus 

1:10000 
= 
chains 
per 

mean 
standard 

~, 
.. 

•~~~~~ 
~' ~~.~ LI 

Mean SD 
0.05808 0.007425 



 ~'~'``'~F .~;~~" 
`'~ ~f~ 

~f Vmax 
Km 

-3.87608 
0.81964 

0.185042 

0.215382 

:~'•.w~;. 

~ 

• 

-~~ 

~~~~~~,~~ 

-'-~ -~-'~ LI 

Vmax 
Km 

2 Quantiles 

2.50% 
0.0455 

-4.2715 
0.3694 

for 

25% 
0.0528 

-3.9843 

0.6858 

> summary(x3) 

!'~{ le 1V[t,3L~se Lung 

•,:r ~"` 
.: ~-

i 

~F~ 

,.~ 

Iterations 

Thinning 

Number 

Sample 

= 

interval 
of 

size 

1Empirical 

plus 

1:10000 

= 

chains 
per 

mean 

standard 

"' 

-2.8 -2.~i 

~~~.~~~ 

-2.~ 

~ 

-2.2 

LI 

Vmax 
Km 

Mean SD 
0.05831 0.00742 

-3.89248 0.19034 

0.80088 0.21932 

2 Quantiles for 

LI 

Vmax 
Km 

2.50% 
0.04604 

-4.30746 
0.32312 

25 

0.053 
-4.01 

0.6655 
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=FALSE) 

factors: 

Male Mouse MCMC included 

Male gelman.diag(x, 

Potential scale 

Upper C.I. 
AO 1 

AO 2 

AO 3 

AO 4 

AO 5 

LI 

Vmax 

Km 

Point 
1 

1 

1 

1 

1 

1 

1 

1 

Multivariat psrf 

= 

chain 

1 

= 

1 

10000 > 

1 

summary(x1) 

and standard deviation for each 

error of the mean: 

Naive SE Time-series SE 

7.53E-05 0.00013 

1.85E-03 0.015841 4.8% 

2.14E-03 0.018576 24.9% 

variable, Iterations = 

Thinning interval 

Number of 

Sample size 

1Empirical 

plus 

each variable: 

50% 75% 

0.05717 0.0624 

-3.83749 -3.7181 

0.86264 1.0014 

97.50% 

0.07491 

-3.47993 

1.2666 

AO 1 

AO 2 

AO 3 

AO 4 

AO 5 

LI 

Vmax 

Km 

Mean 

-0.01585 

-0.9402 

-2.43407 

-4.02598 

-5.64395 

0.12674 

-2.4(803 

0.17784 

1 

= 1 

chain = 10000 

and standard deviation for 

error of the mean: 

Naive SE Time-series SE 

7.43E-05 0.000133 

each variable, 

AO 1 

AO_2 

AO 3 

AO 4 

AO 5 

LI 

2 Quantiles 

2.50% 

-0.05397 

-1.00139 

-2.51684 

-4.09702 

-5.73964 

0.10695 



1.85E-03 
2.15E-03 

0.016448 
0.018973 

Vmax 
Km 

-2.67426 
-0.05884 

each variable: > summary(x2) 

50% 
0.05733 

-3.87417 

0.82193 

75% 
0.06266 

-3.76142 
0.95446 

97.50 

0.07436 
-3.51551 

1.24341 

Iterations 
Thinning 

Number 

Sample 

= 
interval 

of 

size 

1Empirical 

plus 

1 
= 1 

chain = 10000 

and standard deviation for 

error of the mean: 

Naive SE Time-series SE 

7.42E-05 0.000142 

0.001903 0.017027 

0.002193 0.019934 

each variable, 

AO 1 

AO 2 

AO 3 
AO_4 

AO 5 
LI 

Vmax 
Km 

Mean 
-0.01522 

-0.94095 

-2.43469 
-4.02509 

-5.63906 
0.127 

-2.4745 
0.16786 

2 Quartiles 

each 

50% 
0.05758 

-3.87513 
0.82077 

variable: 

75% 
0.06264 

-3.76253 
0.95062 

97.50% 
0.07496 

-3.56032 
1.18926 

AO 1 

AO 2 

AO 3 

AO 4 

AO 5 
LI 

Vmax 
Km 

2.50% 
-0.05123 

-1.00219 
-2.51828 
-4.09717 

-5.73487 
0.10737 

-2.69554 

-0.0816 

`~ 

~ 

L~~~t~~t s~f A~l_°1 

_,~~----~' ~ 

> 

Iterations 
Thinning 
Number 

Sample 

summary(x3) 

= 
interval 
of 

size 

~ €~t~ r . ~ .€~~~1 
1Empirical 

plus 

Mean
C?~rt~ity tai ~t~_, : 

AO 1 -0.01499 
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AO 2 
AO_3 
AO_4 

AO 5 
LI 

Vmax 

Km 

-0.94057 
-2.43281 

-4.02546 
-5.64303 
0.12721 

-2.46624 

0.17945 

~ ° ' " ~ ~— 2 quantiles 

_....... 

1 

~~ 

-

~ ; . 

~ '~~! ~f 

.. 

-~~. 

t~ = .~sfl7~ 

#7_~ 

_______ 
AO 1 

AO 2 

AO 3 
AO_4 

AO 5 
LI 

Vmax 
Km 

2.50% 
-0.05018 
-1.00114 

-2.52399 

-4.09933 

-5.74106 
0.10714 

-2.72462 

-0.12116 

rte +~ ~~r.=" 

~t> -

....a ..,...-_. 

:fib s 



1~ ~~i~ .~~i7Y~a ~ ~l~ 

C.~~s~~ t;~ oaf Kr~~ 

~~ 

~ ~ ~ 



estimation of the initial vial amount (A10) 
autoburnin=FALSE) 
reduction factors: 

est. Upper 
1 
1 
1 
1 

1.01 
1 

1.01 
1.01 

C.1. 

1:10000 

chains 
per 

= 
chain 

1 

= 

1 
10000 

variable, 

mean 
standard 

and 
error 

standard 
of 

deviation 
the 

for 
mean: 

each variable, 

SD Naive SE Time-series SE 
0.01458 0.000146 0.000313 
0.03027 0.000303 0.001181 
0.04258 0.000426 0.005305 
0.03531 0.000353 0.00164 
0.04792 0.000479 0.001522 
0.01109 0.000111 0.000201 

0.1123 0.001123 0.018325 
0.12972 0.001297 0.020528 

for each variable: 

25% 
-0.02206 
-0.95979 
-2.46395 
-4.04967 
-5.67606 
0.11919 

50% 
-0.01157 
-0.93976 
-2.43489 
-4.02556 
-5.64298 
0.12593 

75% 
-0.00509 
-0.91986 
-2.40409 
-4.00281 
-5.61096 
0.13359 

97.50% 
-0.00036 
-0.88184 
-2.35246 
-3.95775 
-5.55037 
0.150152 

variable, 



-2.55349 -2.4688 

0.07594 0.17745 

1:10000 

= 1 

chains = 

per chain 

mean and 

standard error 

SD Naive 

0.01385 0.000139 

0.03085 0.000309 

0.04286 0.000429 

0.03551 0.000355 

0.04804 0.00048 

0.01123 0.000112 

0.1139 0.001139 

0.1316 0.001316 

for each 

25% 50% 

-0.02201 -0.01121 

-0.96156 -0.94071 

-2.46179 -2.43581 

-4.04922 -4.02426 

-5.67024 -5.63913 

0.11903 0.12645 

-2.54648 -2.47714 

0.08096 0.16372 

1:10000 

= 1 

chains = 

per chain 

mean and 

standard error 

SD Naive 

0.01376 0.000138 

-2.38657 -2.25465 

0.2748 0.420482 

1 

= 

standard 

of 

SE 

0.000277 

0.00116 

0.006218 

0.001707 

0.001574 

0.00021 

0.020117 

0.021484 

variable: 

75% 

-0.0047 

-0.92062 

-2.40895 

-4.00135 

-5.60632 

0.133848 

-2.41026 

0.24467 

10000 

deviation for each variable, 

the mean: 

Time-series SE 

variable, 

97.50% 

-0.00045 

-0.88009 

-2.34367 

-3.9564 

-5.54661 

0.150945 

-2.22794 

0.455063 

1 

= 10000 

standard deviation for each variable, 

of the mean: 

SE Time-series SE 

0.00027 



0.03139 
0.04676 
0.03717 

0.04845 

0.0113 
0.1282 

0.14681 

for 

25% 
-0.02121 
-0.96147 

-2.46298 

-4.04973 
-5.67499 

0.1193 
-2.54743 

0.08798 

0.000314 

0.000468 
0.000372 

0.000485 
0.000113 
0.001282 

0.001468 

each 

50% 
-0.011 

-0.9409 
-2.433 

-4.0252 
-5.6421 

0.1265 
-2.4616 

0.1842 

0.00149 
0.007817 

0.001836 

0.001539 
0.000207 

0.024058 
0.031408 

variable: 

75% 
-0.0045 

-0.92011 

-2.40444 

-4.00002 

-5.60978 
0.133989 

-2.38878 
0.269131 

97,50% 
-0.00042 
-0.87724 

-2.33627 

-3.95299 

-5.55109 
0.151696 

-2.18845 
0.490299 



Female 
Median 95% CI 

not det~~rminable -data were insufficient to E estimate in vitro metabolic parame 

Male 

Median 95% CI 
Log Vmax µmot/hr/mg protein -4.46 -4.74 -4.18 

Km µmot/L -0.44 -0.76 -0.10 

Male 
Median 95% CI 

Exp Vmax µmot/hr/mg protein 0.012 0.009 0.015 
Km µmot/L 0.647 0.469 0.902 

ND -Female Mouse Kidney Figure - Indeterminate -data were insufficient to estimate in vitro metaboli 

Mate Mouse fCidney 
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Male > 
Potential 

LI 
Vmax 
Km 

Multivariate 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 
Km 

LI 
Vmax 
Km 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 

gelman.dia 
scale 

Point 
1 
1 
1 

psrf 

1 

summary(x 

interval 
of 
size 

1Empirical 
plus 

Mean 
0.1651 

-4.4603 
-0.4337 

2 Quantiles 

2.50% 
0.1303 

-4.7366 
-OJ573 

summary(x 

interval 
of 
size 

1Empirical 
plus 

Mean 
0.1648 

-4.4546 



Km 

LI 

Vmax 

Km 

> 

Iterations 

Thinning 

Number 

Sample 

LI 

Vmax 

Km 

LI 

Vmax 

Km 

-0.4272 

2 Quantiles 

2.50% 

0.13 

-4.729 

-0.747 

summary(x 

= 

interval 

of 

size 

1Empirical 

plus 

Mean 

0.1648 

-4.4659 

-0.4392 

2 Quantiles 

2.50% 

0.1295 

-4.7654 

-0.7861 



autoburnin=FALSE) 

reduction factors: 

est. Upper C.I. 

1 

1.01 

1 

1) 

1:10000 

= 

chains 

per 

= 

chain 

1 

= 

1 

10000 

mean 

standard 

and 

error 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 

SD Naive SE Time-series SE 

2.08E-02 2.08E-04 0.000362 

1.43E-01 1.43E-03 0.010463 

0.16994 0.001699 0.012471 

for each variable: 

25% 

1.50E-01 

-4.557 

-5.52E-01 

50% 

1.63E-01 

-4.4593 

-4.35E-01 

75% 

0.1775 

-4.365 

-0.321 

97.50% 

0.2118 

-4.1838 

-0.1029 

2) 

1:10000 

= 

chains 

per 

= 

chain 

1 

= 

1 

10000 

mean 

standard 

and 

error 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 

SD Naive SE Time-series SE 

0.021 0.00021 0.000371 

0.1349 0.001349 0.009557 



0.1611 0.001611 0.011183 

for each variable: 

25% 50% 75% 97.50% 

0.1501 0.1623 0.1769 0.2123 

-4.543 -4.4509 -4.3685 -4.1825 

-0.5326 -0.4239 -0.3237 -0.1012 

3) 

1:10000 

= 1 

chains = 1 

per chain = 10000 

mean and standard deviation for each variable, 

standard error of the mean: 

SD Naive SE Time-series SE 

0.02117 0.000212 0.000373 

0.14904 0.00149 0.012136 

0.17666 0.001767 0.014207 

for each variable: 

25% 50% 75% 97.50% 

0.1501 0.1625 0.1772 0.2126 

-4.5655 -4.4579 -4.3666 -4.1832 

-0.5577 -0.4305 -0.3206 -0.1111 



Female 

Log Vmax 

Km 

Male 

AOlow 

AOmid 

AOhgh 

Vmax 

Km 

Female 

EXP Vmax 
Km 

Male 

AOlow 

AOmid 
AOhgh 

Vmax 

Km 

i0Q 

1fl 

µmol/hr/mg protei 

µmol/L 

µmot 
µmol 

µmol 

µmot/hr/mg protei 

µmot/L 

µmol/hr/mg protei 

µmot/L 

µmot 
µmot 

µmol 

µmot/hr/mg protei 

µmol/L 

Female Rat Liver 

Median 

-2.67 

-0.33 

Median 

-2.17842 

-2.89622 

-3.88276 

-2.63578 
-0.87566 

Median 

0.069 
0.718 

Median 

0.113 

0.055 
0.021 

0.072 

0.417 

95% CI 

-2.89 -2.46 
-0.61 -0.07 

95% CI 

-2.21784 -2.1387 

-2.94343 -2.8474 
-3.92974 -3.8375 

-2.71817 -2.5459 
-1.00163 -0.7395 

95% CI 

0.056 0.085 
0.544 0.933 

95% CI 

0.109 0.118 

0.053 0.058 
0.020 0.022 

0.066 0.078 

0.367 0.477 
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Female > gelman.dia autoburnin=FALSE) 
Potential 

LI 
Vmax 
Km 

Multivariate 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 
Km 

LI 
Vmax 
Km 

> 

Iterations 
Thinning 
Number 
Sample 

Fer~'►ale Ra# Llver 

~~ 

tip 

''~~ 

~'~ 

.•r~~-
/~ 

Mr 

" • 

.•~ 

LI 
Vmax 

= 
interval 
of 
size 

1Empirical 
plus 

Mean 
0.3076 

-2.6741 
-0.3299 

2 Quantiles 

2.50% 
0.2342 

-2.8874 
-0.6087 

summary(x2) 

= 
interval 
of 
size 

1 Empirical 

plus 

Mean 
0.3065 

-2.6785 

scale reduction factors: 

Point est. Upper 
1 1 
1 1.01 
1 1.01 

psrf 

1 

summary(x1) 

1:10000 
= 1 
chains = 
per chain 

mean and 
standard error 

SD Naive 
0.04528 0.000453 
0.10232 0.001023 

1:10000 
= 1 
chains = 
per chain 

mean and 
standard error 

SD Naive 
0.04605 0.000461 
0.10833 0.001083 
0.13802 0.00138 

for each 

25% 50% 
0.2753 0.3028 

-2.7434 -2.6732. 
-0.418 -0.3307 



  

 

Km -0.3362 0.13038 0.001304 
r• .' 

• ~, 
>, r 

~• 2 Quantiles for each 
•1 

•~~f1ti 

2.50% 25% 50% 
_~ p _~ ~ _2 ~ _~ ~ LI 0.2331 0.2751 0.3003 

Vmax -2.8733 -2.7483 -2.6803 
~~'~~~~`'~ ~ Km -0.5844 -0.424 -0.3383 

> summary(x3) 

Mile i~at Liver 
Iterations = 1:10000 
Thinning interval = 1 

_, . ~. Number of chains = ~~ e. 
~-i Sample size per chain 

.r~l 

• 1Empirical mean and 
'~'` plus standard error 

~' 

Mean SD Naive 
LI 0.3071 0.0436 0.000436 
Vmax -2.6687 0.1051 0.001051 

~-~ -2~ -~ ~ -~ ̀ ~ Km -0.3234 0.1356 0.001356 

~~g(vf~~4X~ 
2 Quantiles for each 

2.50% 25% 50% 
LI 0.2344 0.2754 0.3028 
Vmax -2.8753 -2.7405 -2.6674 
Km -0.5903 -0.4118 -0.3233 

Male Rat 
3~' r.~f 

~ t~~ ~tr ~c~r~ 
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Male 
Potential 

C.I. 
AOlow 

AOmid 

AOhgh 

LI 

Vmax 

Km 

Multivariate 

1 
= 10000 

standard deviation for 

of the mean: 

each variable, 

Iterations 
Thinning 

Number 

Sample 

SE Time-series SE 

0.000901 
0.007052 
0.009067 

variable: 

75% 97.50% 

0.3333 0.4141 

-2.6016 -2.464 

-0.2365 -0.0689 

AOlow 
AOmid 
AOhgh 

LI 
Vmax 

Km 

1 
= 10000 

standard deviation for 

of the mean: 

each variable, 

AOlow 

AOmid 

AOhgh 

LI 

Vmax 
Km 

SE Time-series SE 

0.000856 
0.006857 

Iterations 

Thinning 

gelman.dia autoburnin 

scale reduction 

Point est. 
1.01 1.02 

1.01 1.04 

1.01 1.02 

1 1 

1.01 1.05 

1.01 1.04 

psrf 

1.01 

summary(x1) 

= 1:20000 

interval = 

of chains 

size per 

1Empirical mean 

plus standard 

Mean SD 
-2.17827 0.02023 

-2.89614 0.02463 

-3.88286 0.02364 

0.09722 0.00884 

-2.63501 0.04433 

-0.87484 0.06706 

2 Quantiles for 

2.50% 25% 
-2.21784 -2.19193 

-2.94343 -2.91332 

-3.92974 -3.89875 

0.08166 0.09098 

-2.71817 -2.66599 

-1.00163 -0.92033 

summary(x2) 

= 1:20000 

interval = 



0.008862 

variable: 

75% 97.50% 

0.3322 0.40887 

-2.6109 -2.47317 

-0.2543 -0.07111 

1 
= 10000 

standard deviation for each variable, 

of the mean: 

SE Time-series SE 

0.000839 
0.006884 

0.008883 

variable: 

75% 97.50% 
0.3334 0.40573 

-2.5973 -2.4678 

-0.2321 -0.06045 

Number of chains 

Sample size per 

1Empirical mean 

plus standard 

Mean SD 

AOlow -2.18124 0.020526 

AOmid -2.90017 0.025076 

AOhgh -3.88545 0.022686 

LI 0.09712 0.008951 

Vmax -2.64286 0.045271 

Km -0.88512 0.067828 

2 Quantiles for 

2.50% 25% 

AOlow -2.22161 -2.19472 

AOmid -2.94867 -2.91746 

AOhgh -3.9307 -3.90064 

LI 0.08162 0.09081 

Vmax -2.72777 -2.67353 

Km -1.01462 -0.9304 

> summary(x3) 

Iterations = 1:20000 

Thinning interval = 

Number of chains 

Sample size per 

1Empirical mean 

plus standard 

Mean SD 

AOlow -2.18215 0.020584 

AOmid -2.9029 0.025119 

AOhgh -3.88692 0.023042 

LI 0.09704 0.008725 

Vmax -2.64807 0.045076 

Km -0.89208 0.067185 

2 Quantiles for 

2.50% 25% 

AOlow -2.2232 -2.19569 

AOmid -2.95412 -2.91937 



[~1C j ~ ,,, B'~ad' AOhgh -3.93204 -3.90237 

LI 0.08196 0.09088 

~~.~~ ---~ Vmax -2.74136 -2.67819 

Km -1.02787 -0.93558 

~~r~~~ ~f ~~~~ ~~ 

~ _ ~~ — C 

t~r~s~t~ +~f ~~ 

C~. C~. x.12 v". ~~ ~.-t 

~ 1~ 

i~ ~ 





=FALSE) 

factors: 

Upper C.I. 

1 

= 1 

chain = 20000 

and standard deviation for each variable, 

error of the mean: 

Naive SE Time-series SE 

1.43E-04 0.001123 

1.74E-04 0.002171 

1.67E-04 0.000814 

6.25E-05 0.000118 

3.14E-04 0.00453 

4.74E-04 0.005889 

each variable: 

50% 75% 97.50% 

-2.17842 -2.1647 -2.1387 

-2.89622 -2.8789 -2.8474 

-3.88276 -3.8663 -3.8375 

0.09644 0.1027 0.1163 

-2.63578 -2.605 -2.5459 

-0.87566 -0.8312 -0.7395 

1 



= 

chain = 

1 

20000 

and 

error 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 

Naive SE Time-series SE 

1.45E-04 0.00136 

1.77E-04 0.002124 

1.60E-04 0.000875 

6.33E-05 0.000126 

3.20E-04 0.00491 

4.80E-04 0.006864 

each variable: 

50% 

-2.18149 

-2.90032 

-3.88506 

0.09656 

-2.64321 

-0.88501 

75% 

-2.1678 

-2.8832 

-3.8699 

0.1027 

-2.613 

-0.8404 

97.50% 

-2.1402 

-2.8498 

-3.8422 

0.1164 

-2.5502 

-0.7454 

= 

chain 

1 

= 

1 

20000 

and 

error 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 

Naive SE Time-series SE 

1.46E-04 0.001322 

1.78E-04 0.00225 

1.63E-04 0.000857 

6.17E-05 0.000114 

3.19E-04 0.004863 

4.75E-04 0.006844 

each variable: 

50% 

-2.18174 

-2.90262 

75% 

-2.1682 

-2.8852 

97.50% 

-2.1427 

-2.856 



-3.88714 -3.8708 -3.8418 

0.09634 0.1024 0.1161 

-2.64677 -2.617 -2.563 

-0.88916 -0.8467 -0.766 



Female 

Median 95% CI 

L4 Vmax µmot/hr/mg protein -5.50 -6.49 -5.09 

Km µmot/L Km was set to the posterior median Km estimates 

Male 

Median 95% CI 

not determinable -data were insufficient to estimate in vitro metabolic parameters 

Female 

Median 95% CI 

EXP Vmax µmot/hr/mg protein 0.0041 0.0015 0.0062 

Km µmol/L 2.369 Female Moue 

Male 

Median 95% CI 

Fe a(e F:at Luna 
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i for the female mouse lung 

Female > 
Potential 

LI 
Vmax 

Multivariate 

> 

Iterations 
Thinning 
Number 
Sample 

~e Lung Km LI 
Vmax 

Km was fixed - no parameter correlation plot 
LI 
Vmax 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 

gelman.dia autoburnin 
scale reduction 

Point est. 
1 1 
1 1 

psrf 

1 

summary(x1) 

= 1:10000 
interval = 
of chains 
size per 

1Empirical mean 
plus standard 

Mean SD 
0.02868 0.006123 

-5.56714 0.378527 

2 quantiles for 

2.50% 25% 
0.01944 0.02438 

-6.48618 -5.70219 

summary(x2) 

= 1:10000 
interval = 
of chains 
size per 

1Empirical mean 
plus standard 

Mean SD 
0.02865 0.005728 

-5.55194 0.349512 

2 Quantiles for 



2.50% 25% 
LI 0.01979 0.0245 

Vmax -6.3568 -5.6959 

> summary(x3) 

Iterations = 1:10000 

Thinning interval = 
Number of chains 
Sample size per 

1Empirical mean 

plus standard 

Mean SD 
LI 0.02842 0.00567 

Vmax -5.5614 0.36306 

2 Quantiles for 

2.50% 25% 
LI 0.01947 0.02435 

'~`~ ~~ Vmax -6.40378 -5.70516 

summary(x3) 

Iterations = 1:19999 
Thinning interval = 
Number of chains 

Sample size per 

1Empirical mean 
plus standard 

i ! ! Mean SD 

-- — —, LI 0.02948 0.03966 
Vmax -5.5651 0.38375 

2 Quantiles for 

2.50% 25% 
LI 0.01964 0.02447 

Vmax -6.43208 -5.70606 



=FALSE) 

factors: 

Upper C.I. 

= 

chain 

1 

= 

1 

10000 

and 

error 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 

Naive SE Time-series SE 

6.12E-05 0.000164 

3.79E-03 0.011111 

each variable: 

50% 

0.02768 

-5.50231 

75% 

0.03187 

-5.3427 

97.50% 

0.04335 

-5.08588 

= 

chain 

1 

= 

1 

10000 

and 

error 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 

Naive SE Time-series SE 

5.73E-05 0.000155 

3.50E-03 0.009836 

each variable: 



50% 
0.02795 

-5.49786 

75% 
0.03191 

-5.32925 

97.50% 
0.04213 

-5.08133 

= 

chain 

1 

= 

1 
10000 

and 
error 

standard 

of 

deviation 

the 

for 
mean: 

each variable, 

Naive SE Time-series SE 

5.67E-05 0.000156 

0.003631 0.010678 

each variable: 

50% 
0.02765 

-5.50014 

75% 
0.03166 

-5.34242 

97.50% 
0.0414 

-5.0814 

= 

chain 

1 

= 

1 
19999 

and 
error 

standard 
of 

deviation 

the 

for 
mean: 

each variable, 

Naive SE Time-series SE 

0.000281 0.000887 

0.002714 0.008891 

each variable: 

50% 
0.02783 

-5.50156 

75% 
0.03183 

-5.33461 

97.50% 
0.0425 
-5.075 



Female 

Log Vmax 
Km 

Male 

Vmax 

Km 

Female 

EXP Vmax 

Km 

Male 

Vmax 

Km 

1C30 

10 

0 

1 

0.1 
D 0.2 

1QQ 

in 

µmot/hr/mg protein 

µmol/L 

µmol/hr/mg protein 

µmol/L 

µmot/hr/mg protein 

µmol/L 

µmol/hr/mg protein 

µmol/L 

~ernale fat Kidney 

£3.4 Q.6 
Hour. 

Ma[e Rat Kidney 

Median 

-6.296 
-0.801 

Median 

-6.26 

-0.48 

Median 

0.0018 
0.449 

Median 

0.0019 

0.619 

95% CI 

-6.623 -5.95 

-1.210 -0.38 

95% CI 

-6.55 -5.97 

-0.83 -0.12 

95% CI 

0.0013 0.0026 

0.298 0.687 

95% CI 

0.0014 0.0026 
0.437 0.885 

0 
c~ 

~a
0 

c' 

0 
e 

Y 

~ ~ 
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Female > gelman.dia autoburnin=FALSE) 
Potential scale reduction factors: 

Point est. Upper 

LI 1 1 

Vmax 1.01 1.04 
Km 1.01 1.04 

Multivariate psrf 

1.01 

> summary(x1) 

Iterations = 1:10000 
Thinning interval = 1 

Number of chains = 
Sample size per chain 

1Empirical mean and 
plus standard error 

Mean SD Naive 
LI 0.05662 0.007231 7.23E-05 

Vmax -6.29482 0.16873 1.69E-03 

Km -0.79932 0.210893 2.11E-03 

2 Quantiles for each 
l~lale Rat }tidner~ 

2.50% 25% 50% 
LI 0.04443 0.0517 0.05605 

• ~ • j.. Vmax -6.62274 -6.4087 -6.29574 
l' 

" Km -1.20987 -0.9407 -0.80103 
-..~ 

• > summary(x2)~~,;;s~,;r, 

I~ ,.,~ Iterations = 1:10000 
Thinning interval = 1 
Number of chains = 

_~_~ _~;.4 _~.~ _~3.p -~_~ -5.r Sample size per chain 

[ag(Vtv~AX} 
1Empirical mean and 

plus standard error 

~~~~ R.~~ }~~~p~y Mean SD Naive 
LI 0.05622 0.007031 7.03E-05 
Vmax -6.28988 0.151785 1.52E-03 



Km -0.79265 0.187731 1.88E-03 

2 Quantiles for each 

„~'' 
:.,,_w `~ 

- -~ 

LI 
Vmax 

Km 

2.50% 
0.04458 

-6.56963 

-1.1409 

25% 
0.05109 

-6.39944 

-0.92657 

50% 
0.05554 

-6.29166 
-0.79655 

-6.~ -G.4 -~.2 

6ac~(VP~flAJC} 

-E~_~7 -~-8 -~.~i 
> 

Iterations 

Thinning 
Number 

Sample 

summary(x3) 

= 1:10000 
interval = 

of chains 

size per 
= 
chain 

1 

1Empirical 

plus 

mean 
standard 

and 
error 

LI 
Vmax 

Km 

Mean SD Naive 
0.05624 0.007086 7.09E-OS 

-6.32732 0.168075 1.68E-03 

-0.84048 0.208097 2.08E-03 

2 Quantiles for each 

LI 
Vmax 

Km 

2.50% 
0.04445 

-6.65409 
-1.24452 

25% 
0.05121 

-6.44297 
-0.98248 

50% 
0.05545 
-6.3222 

-0.83255 

Male Rat 
Tr~€ e t~°f L~ 
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Male > 

Potential 

gelman.dia 

scale 

C.I. 
LI 

Vmax 

Km 

Point 

1 

1.01 

1.01 

Multivariate psrf 

1.01 

summary(x 

= 

1 

10000 

Iterations 

Thinning 

Number 

Sample 

= 

interval 

of 

size 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 1Empirical 

plus 

SE Time-series SE 

1.51E-04 

1.38E-02 

1.70E-02 

LI 

Vmax 

Km 

Mean 

0.04133 

-6.26242 

-0.47954 

variable: 2 Quantiles 

75% 

0.06083 

-6.1822 

-0.66408 

97.50% 

0.07281 

-5.95434 

-0.37558 

LI 

Vmax 

Km 

2.50% 

0.03258 

-6.54539 

-0.82721 

> summary(x 

= 

1 

10000 

Iterations 

Thinning 

Number 

Sample 

interval 

of 

size 

standard 

of 

deviation 

the 

for 

mean: 

each variable, 1Empirical 

plus 

SE Time-series SE 

1.30E-04 

1.15E-02 

LI 

Vmax 

Mean 

0.04152 

-6.23691 



1.39E-02 

variable: 

75% 97.50% 
0.0605 0.07182 

-6.1871 -5.98069 
-0.6641 -0.41202 

1 
= 10000 

standard deviation for each variable, 

of the mean: 

SE Time-series SE 
1.23E-04 
1.36E-02 
1.71E-02 

variable: 

75% 97.50% 
0.0604 0.07244 
-6.211 -6.00152 

-0.6972 -0.44368 

~s[t}~ ,! 

__ i 

Km 

LI 
Vmax 
Km 

> 

Iterations 
Thinning 
Number 
Sample 

LI 
Vmax 
Km 

LI 
Vmax 
Km 

-0.44958 

2 Quantiles 

2.50% 
0.03273 

-6.56376 
-0.85279 

summary(x 

= 
interval 
of 
size 

1Empirical 
plus 

Mean 
0.04136 

-6.23539 
-0.44846 

2 Quantiles 

2.50% 
0.03274 

-6.56829 
-0.84996 

t-~,.....~~,r x ~.~ cr~,,,:,~.~ 
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autoburnin=FALSE) 

reduction factors: 

est. Upper 

1 

1.02 
1.02 

C.I. 

1) 

1:10000 
= 

chains 

per 
= 

chain 

1 

= 
1 

10000 

mean 

standard 
and 
error 

standard 
of 

deviation 

the 

for 
mean: 

each variable, 

SD Naive SE Time-series SE 

0.005319 5.32E-05 1.06E-04 

0.14787 1.48E-03 1.25E-02 

0.180938 1.81E-03 1.51E-02 

for each variable: 

25% 
0.03763 

-6.36184 

-0.60111 

50% 
0.04073 

-6.26163 

-0.47992 

75% 
0.04461 

-6.15961 

-0.3559 

97.50% 
0.05337 
-5.9715 

-0.12203 

2) 

1:10000 
= 

chains 

per 
= 

chain 

1 

= 
1 

10000 

mean 

standard 
and 
error 

standard 
of 

deviation 

the 

for 
mean: 

each variable, 

SD Naive SE Time-serie~SE 

0.005321 5.32E-05 1.19E-04 

0.157309 1.57E-03 1.43E-02 



0.19248 1.93E-03 1.73E-02 

for each variable: 

25% 50% 75% 97.50% 

0.03785 0.04093 0.04464 0.05351 

-6.33595 -6.22942 -6.13253 -5.95229 

-0.57125 -0.44044 -0.32239 -0.09631 

3) 

1:10000 

= 1 

chains = 1 

per chain = 10000 

mean and standard deviation for each variable, 

standard error of the mean: 

SD Naive SE Time-series SE 

0.005238 5.24E-05 9.87E-05 

0.157025 1.57E-03 1.42E-02 

0.190374 1.90E-03 1.74E-02 

for each variable: 

25% 50% 75% 97.50% 

0.03764 0.04079 0.04445 0.05295 

-6.3321 -6.2347 -6.12857 -5.9325 

-0.56595 -0.44479 -0.31943 -0.07425 



Mixed Human with estimation of the start vial amount as part of the MCMC 

Median 95% CI 

Log 

AOlow µmol -2.19256 -2.22353 -2.16093 

AOmid µmot -2.83933 -2.87308 -2.80278 

AOhgh µmot -3.92429 -3.96151 -3.88714 

Vmax µmot/hr/mg protein -2.89851 -2.96397 -2.82594 

Km µmot/L -1.05319 -1.1657 -0.93204 

Mixed Human 

Median 95% CI 

EXP AOlow µmot 0.112 0.108 0.115 

AOmid µmot 0.058 0.057 0.061 

AOhgh µmot 0.020 0.019 0.021 

Vmax µmol/hr/mg protein 0.055 0.052 0.059 

Km µmot/L 0.349 0.312 0.394 

Mixed Human Liver 
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> gelman.dia autoburnin=FALSE) 

Potential scale reduction 

AOlow 

AOmid 

AOhgh 

LI 

Vmax 

Km 

Point est. 

1.01 

1.02 

1 

1 

1.02 

1.02 

1.02 

1.05 

1.01 

1 

1.06 

1.06 

Multivariate psrf 

1.01 

> summary(x1) 

Iterations 

Thinning 

Number 

Sample 

= 

interval 

of 

size 

1:10000 

= 

chains 

per 

1Empirical 

plus 

mean 

standard 

I~liixed Hurt~an Liver AOlow 

AOmid 

AOhgh 

LI 

Vmax 

Km 

Mean SD 

-2.19232 0.015852 

-2.8389 0.018107 

-3.92455 0.018913 

0.07132 0.006924 

-2.89635 0.035633 

-1.04993 0.059886 

2 Quantiles for 

-~-~ 

[ag~vt~,4X} 

~9s r 

-~ g "2 ~ 

AOlow 

AOmid 

AOhgh 

LI 

Vmax 

Km 

2.50% 

-2.22353 

-2.87308 

-3.96151 

0.05933 

-2.96397 

-1.1657 

25% 

-2.20299 

-2.85165 

-3.93707 

0.06657 

-2.92079 

-1.0915 

> summary(x2) 

Iterations 

Thinning 

= 

interval 

1:10000 

= 

factors: 

Upper C.I. 

1 

= 1 

chain = 

and standard 

error of 

Naive SE 

1.59E-04 0.000808 

1.81E-04 0.00176 

1.89E-04 0.000857 

6.92E-OS 0.000128 

3.56E-04 0.004063 

5.99E-04 0.005867 

each variable: 

50% 75% 

-2.19256 -2.18188 

-2.83933 -2.82698 

-3.92429 -3.9118 

0.07076 0.07569 

-2.89851 -2.87194 

-1.05319 -1.00669 

1 



Number 
Sample 

- ~~~ 

~vth - t. 

~~~~~~i~ 
AOlow 
AOmid 
AOhgh 
LI 
Vmax 
Km 

~ t 
"~ AOlow 

AOmid 
AOhgh 
LI 
Vmax 
Km 

> 

--

_~,,,,~„ yy 

-- . 

Iterations 
Thinning 
Number 
Sample 

~~ 

it f ~~ 

~ ~ 

AOlow 
AOmid 
AOhgh 
LI 
Vmax 
Km 

_~ ~.[3 .~~ 

~n~ ~it5 = 3.Cr~9~~ 

t~€ .~ '+~` 
AOlow 
AOmid 

= 1 
chain = 

and standard 
error of 

Naive SE 
1.66E-04 0.001185 
2.08E-04 0.002357 
1.88E-04 0.000818 
6.98E-05 0.000136 
4.25E-04 0.005455 
7.17E-04 0.008742 

each variable: 

50% 75 
-2.19344 -2.1823 
-2.84064 -2.8269 
-3.92675 -3.9137 
0.07072 0.0757 

-2.90049 -2.8719 
-1.05501 -1.0072 

1 
= 1 
chain = 

and standard 
error of 

Naive SE 
1.60E-04 0.000841 
1.90E-04 0.001942 
1.81E-04 0.000794 
6.94E-05 0.000128 
3.86E-04 0.00492 
6.54E-04 0.00743 

each variable: 

50% 75% 
-2.19063 -2.17991 
-2.83582 -2.82276 

of 
size 

1Empirical 
plus 

Mean 
-2.19328 
-2.84086 
-3.92683 
0.07138 

-2.90091 
-1.05555 

2 Quantiles 

2.50% 
-2.22631 
-2.88147 
-3.96375 
0.05924 

-2.98513 
-1.20086 

summary(x3) 

chains 
per 

mean 
standard 

SD 
0.016581 
0.020773 
0.018807 
0.006975 
0.04251 

0.071698 

for 

25% 
-2.20397 
-2.85532 
-3.93971 
0.06657 

-2.92965 
-1.10378 

= 
interval 
of 
size 

1Empirical 
plus 

Mean 
-2.19044 
-2.83577 
-3.92451 
0.07119 

-2.88915 
-1.03687 

2 Quantiles 

2.50% 
-2.2218 

-2.87203 

1:10000 
= 
chains 
per 

mean 
standard 

SD 
0.016032 
0.018977 
0.018085 
0.006943 
0.038568 
0.06539 

for 

25% 
-2.20109 
-2.84939 



AOhgh -3.95991 -3.93657 -3.92467 -3.91274 

LI 0.05907 0.06629 0.07069 0.07557 

Vmax -2.95902 -2.91722 -2.89031 -2.86281 

Km -1.1583 -1.08281 -1.04049 -0.99046 

gym. ~__ ~i~i~ 

;~~ 

~'E. — _ —€l.$ 



10000 

deviation for each variable, 

the mean: 

Time-series SE 

1.2% 
-5.7% 

97.50% 
-2.16093 
-2.80278 
-3.88714 

0.08651 

-2.82594 
-0.93204 



10000 

deviation for each variable, 

the mean: 

Time-series SE 

97.50% 
-2.16052 

-2.79926 
-3.89062 

0.08682 
-2.81852 

-0.91386 

1111 

deviation for each variable, 

the mean: 

Time-series SE 

97.50% 
-2.15882 
-2.79822 



-3.88842 
0.08615 

-2.81374 

-0.90831 



Mixed Human Lung Microsomes 

Mean 95% CI 

not determinable -data were insufficient to estimate in vitro metabolic parameters. 



MCMC Mean Parameters 

Kg estimated Male Mouse 

Female Mouse 

Male Rat 

Female Rat 

Human 

Vmax (µmol/hr/mg protein) 

Km (µmot/L) 

Vmax (µmol/hr/mg protein) 

Km (µmot/L) 

Vmax (µmot/hr/mg protein) 

Km (µmol/L) 

Vmax (µmol/hr/mg protein) 

Km (µmot/L) 

Vmax (µmol/hr/mg protein) 

Km (µmot/L) 

* ND: not determinable 

Liver 

Mean 95% CI 

0.212 0.161 0.257 

0.689 0.472 0.903 

0.105 0.087 0.127 

0.448 0.302 0.652 

0.072 0.066 0.078 

0.417 0.367 0.477 

0.069 0.056 0.085 

0.718 0.544 0.933 

0.055 0.052 0.059 

0.349 0.312 0.394 

Mean 

0.085 

1.194 

0.022 

2.369 

0.00408 

2.369 

7.88E-05 

3.49E-01 

Lung 

95% 

0.069 

0.943 

0.015 

1.555 

0.00152 

Alternative a 

Female Rat Lung Km was fixed to Female Mouse Km fc 



Kidney 
CI Mean 95% CI 

0.105 0.012 0.0088 0.015 
1.523 0.647 0.469 0.902 

0.031 ND* 
3.549 

0.0019 0.0014 0.0026 
0.619 0.437 0.885 

0.00618 0.0018 0.0013 0.0026 
0.449 0.298 0.687 

approach Not Measured 

~r the MCMC 



__ 
Summary In Vivo Parameters 

Species Parameter 

Male Mouse Vmax (mg/hr/BW^0.75) 

Km (mg/L) 

Female Mouse Vmax (mg/hr/BW^0.75) 

Km (mg/L) 

Male Rat Vmax (mg/hr/BW^0.75) 

Km (mg/L) 

Female Rat Vmax (mg/hr/BW^0.75) 

Km (mg/L) 

Human Vmax (mg/hr/BW^0.75) 

Km (mg/L) 

Revised Scaling 

Scaling factors 
for average 

Parameter 
adults in each 
species 

B6C3F1 Mouse 

(Female) 

B6C3F1Mouse (Male) 

F344 Rat (Female) 

F344 Rat (Male) 

Liver 

16.09 

0.061 

7.99 

0.040 

7.42 

0.037 

6.36 

0.064 

14.51 

0.031 

BW (kg) 

0.04 

0.04 

0.256 

0.407 

Lung 

0.49 

0.11 

0.12 

0.21 

ND* 

0.03 

x•21 

0.0031 

0.031 

Liver fractional weight (VLC) 

0.0549 

0.0549 

0.0366 

0.0366 

https://mg/hr/BW^0.75
https://mg/hr/BW^0.75
https://mg/hr/BW^0.75
https://mg/hr/BW^0.75


Average Human 70 0.0257 

Brown et al 1997 (page
Reference Brown et al, 1997 (Tables 4, 5, & 7)

415 in text) 
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Kidney 

0.14 

0.057 

ND* 

* ND: not determinable 

Liver mg Lung mg Kidney mg
Kidney

Lung fractional microsomal microsomsal microsomal 
fractional 

weight (VLUC) protein per g liver protein per g protein per g
weight (VKC) 

~MPPGL) lung (MPPGLU) kidney (MPPGK) 

0.0073 0.0167 35 20 18 

0.0073 0.0167 35 20 18 

0.005 0.0073 40 20 18 

180.005 0.0073 40 20 



110.0076 0.0044 40 20 

Medinsky et al., 1994 

Brown et al, 1997 
(Tables 4, 5, & 7) 

Brown et al, 1997 
(Tables 4, 5, & 7) 

for mouse; Medinsky 
et al., 1994 and 
Houston and Galetin, 

2008 for rat; Barter et 
al., 2008 2007 for 

Yoon et al., 2007 for 
Medinsky et al., 1994 mouse and rat; 
for all species Scotcher et al., 2017 

for human 

human 

. Review. PubMed PMID:9249929 

10.1124/dmd.108.021311. Epub 2008 Sep 5. PubMed PMID: 18775982. 

!004 Feb 19. PubMed PMID: 14976335. 

Review. PubMed PMID: 18991591. 

poi: 10.1124/dmd.117.075242. Epub 2017 Mar 7. PubMed PMID: 28270564; PubM~ 



WW 

88.53650 

g/mo! _ 

ug/umol 

Biological 

Scaling 

Female 

Manse 

LIVER 



Biological 

Scaling 

Male IVlause 

LIVER 

Biological 

Scaling 

Female Rat 

ed Central PMCID: PMC5399648. IL~v~R 

Biological 

Scaling 

~ Male Rat ~ 



LIVER 

Biological 

Scaling 

Mixed gender 

Human 

LIVER 



Vmaxc 

(mg/h/kg 

BW^0.75) 

x Scaling
In Vitro Value 

factor 
x Tissue weight /BW^0.75 

x MW = In vivo 

parameter (unit in 

PBPK model) 

Values 0.105 35 8.07 90.19 7.99 

Scaling & 

calculation 

Unit 
umol/h/mg 

MP 

x MPPGL (mg 

MP/g liver) 

umol/h/g 

liver 

x BW (kg) x VLC x 

1000 (g/kg) 

umol/h 

~gW~0.75 

umol/h/kg 

BW^0.75 

x MW 

(ug/umol)/1000 

(ug/mg) 

mg/h/kg BW^0.75 



Vmaxc 

(mg/h/kg 

BW^0.75) 

In Vitro Value 
x Scaling 

factor 
x Tissue weight /BW^0.75 

x MW = In vivo 

parameter (unit in 

PBPK model) 

Values 0.212 35 16.26 181.77 16.09 

x MW 
Scaling & 

calculation 

x MPPGL (mg 

MP/g liver) 

x BW (kg) x VLC x 

1000 (g/kg) 
~BW~0.75 (ug/umol)/1000 

(ug/mg) 

Unit 
umol/h/mg 
MP 

umol/h/g 
liver 

umol/h 
umol/h/kg 
BW^0.75 

mg/h/kg BW^0.75 

Vmaxc 

(mg/h/kg 

BW^0.75) 

In Vitro Value 
x Scaling 

factor 
x Tissue weight /BW^0.75 

x MW = In vivo 

parameter (unit in 

PBPK model) 

Values 0.069 40 25.87 71.89 6.36 

x MW 
Scaling & 

calculation 

x MPPGL (mg 

MP/g liver) 

x BW (kg) x VLC x 

1000 (g/kg) 
~BW~0.75 (ug/umol)/1000 

(ug/mg) 

Unit 
umol/h/mg 

MP 
umol/h/g 
liver 

umol/h 
umol/h/kg 
BW^0.75 

mg/h/kg BW^0.75 

Vmaxc 
(mg/h/kg 
BW^0.75) 

In Vitro Value 
x Scaling 
factor 

x Tissue weight /BW^0.75 
x MW = In vivo 
parameter (unit in 
PBPK model) 

Values 0.072 40 42.70 83.80 7.42 



Scaling & 
calculation 

Unit 

Vmaxc 
(mg/h/kg 
BW^0.75) 

Values 

Scaling & 
calculation 

Unit 

umol/h/mg 
MP 

In Vitro Value 

0.055 

umol/h/mg 
MP 

x MPPGL (mg 
MP/g liver) 

umol/h/g 
liver 

x Scaling 

factor 

40 

x MPPGL (mg 
MP/g liver) 

umol/h/g 
liver 

x BW (kg) x VLC x 
1000 (g/kg) 

umol/h 

x Tissue weight 

3965.37 

x BW (kg) x VlC x 
1000 (g/kg) 

umol/h 

~BW~0.75 

umol/h/kg 
BW^0.75 

/BW^0.75 

163.86 

~BW~0.75 

umol/h/kg 
BW^0.75 

x MW 
(ug/umol)/1000 

(ug/mg) 

mg/h/kg BW^0.75 

x MW = In vivo 
parameter (unit in 
PBPK model) 

14.51 

x MW 
(ug/umol)/1000 
(ug/mg) 

mg/h/kg BW^0.75 



VmaxLUc 
Biological 

Scaling 
~mg/h/kg 
BW^0.75) 

In Vitro Value x Scaling factor 

Female 
IVlnuse 

Values 0.022 20 

LUIVCi 
Scaling & 
calculation 

x MPPGLU (mg 
MP/g lung) 

Unit umol/h/mg MP umol/h/g lung 



VmaxLUc 
Biological 

Scaling 
~mg/h/kg 

BW^0.75) 

In Vitro Value x Scaling factor 

Male Mouse Values 0.085 20 

LUNG 
Scaling & 

calculation 

x MPPGLU (mg 

MP/g lung) 

Unit umol/h/mg MP umol/h/g lung 

VmaxLUc 
Biological 

Scaling 
~mg/h/kg 

BW^0.75) 

In Vitro Value x Scaling factor 

Fernal2 Rat Values 0.0041 20 

LUNG 
Scaling & 

calculation 

x MPPGLU (mg 

MP/g lung) 

Unit umol/h/mg MP umol/h/g lung 



VmaxLUc 

Alternal Scaling 
Biological 

Scaling 
~mg/h/kg 

BW^0.75) 

In Vitro Value x Scaling factor 

Male Mouse Values 7.88E-05 20 

LUNG 
Scaling & 
calculation 

x MPPGLU (mg 
MP/g lung) 

Unit umol/h/mg MP umol/h/g lung 



xMW=1n 

vivo 

x Tissue weight /BW^0.75 parameter 

(unit in PBPK 

model) 

0.126 1.41 0.12 

x MW 
x BW (kg) X VLUC 

X 1000 (g/kg) 
~BW~0.75 (ug/umol)/10 

00 (ug/mg) 

umol/h 
umol/h/kg 

BW^0.75 

mg/h/kg 

BW^0.75 



x Tissue weight 

0.495 

x BW (kg) X VLUC 

X 1000 (g/kg) 

umol/h 

x Tissue weight 

0.104 

x BW (kg) X VLUC 

X 1000 (g/kg) 

umol/h 

/BW^0.75 

5.53 

~BW~0.75 

umol/h/kg 

BW^0.75 

/BW^0.75 

0.29 

~BW~0.75 

umol/h/kg 

BW^0.75 

xMW=1n 

vivo 
parameter 

(unit in PBPK 

model) 

0.49 

x MW 

(ug/umol)/10 

00 (ug/mg) 
mg/h/kg 

BW^0.75 

xMW=1n 

vivo 
parameter 

(unit in PBPK 

model) 

0.026 

x MW 
(ug/umol)/10 

00 (ug/mg) 

mg/h/kg 

BW^0.75 

Biological 

Scaling 

Male Mouse 

KIDNEY 

Biological 

Scaling 

Female Rat 

KIDNEY 

Biological 

Scaling 

Male Rat 

VmaxKlDc 

~mg/h/kg 

BW^0.75) 

Values 

Scaling & 

calculation 

Unit 

VmaxKlDc 

~mg/h/kg 

BW^0.75) 

Values 

Scaling & 

calculation 

Unit 

VmaxKlDc 

~mg/h/kg 

BW^0.75) 

Values 

In vitro value 

(Yang et al. 

2012, Table 
3~ 

0.012 

umol/h/mg 

MP 

In Vitro Value 

0.0018 

umol/h/mg 

MP 

In Vitro Value 

0.0019 



x Tissue weight /BW^0.75 

8.38E-01 3.46E-02 

x BW (kg) X VLUC 
~BW~0.75

X 1000 (g/kg) 

umol/h/kg
umol/h 

BW^0.75 

KIDNEY 

xMW=1n 
vivo 
parameter 
(unit in PBPK 
model) 

3.07E-03 

x MW 
(ug/umol)/10 
00 (ug/mg) 
mg/h/kg 
BW^0.75 

Scaling & 
calculation 

Unit 
umol/h/mg 
MP 



xMW=1n 

vivo 
x Scaling 

factor 

x Tissue 

weight 
~Bw~0.75 parameter 

(unit in PBPK 

model) 

18 0.139 1.56 0.14 

x BW (kg) x 
x MPPGK (mg 

VKC x 1000 
MP/g kidney) 

(g/kg) 
umol/h/g 

umol/h
kidney 

/BW^0.75 

umol/h/kg 

BW^0.75 

x MW 

(ug/umol)/10 

00 (ug/mg) 
mg/h/kg 

BW^0.75 

x Scaling 

factor 

18 

x Tissue 

weight 

0.062 

~BW~0.75 

0.17 

xMW=1n 

vivo 
parameter 

(unit in PBPK 

model) 

0.015 

xBW(kg)x 
x MPPGK (mg 

VKC x 1000 
MP/g kidney) (g~kg~ 

umol/h/g 
umol/h

kidney 

/BW^0.75 

umol/h/kg 

BW^0.75 

xMW 

(ug/umol)/10 

00 (ug/mg) 

mg/h/kg 

BW^0.75 

x Scaling 

factor 

18 

x Tissue 

weight 

0.102 

~BW~0.75 

0.20 

xMW=1n 

vivo 
parameter 

(unit in PBPK 

model) 

0.018 



x BW (kg) x x MW 
x MPPGK (mg 

VKC x 1000 /BW^0.75 (ug/umol)/10
MP/g kidney) 

(g/kg) 00 (ug/mg) 

umol/h/g umol/h/kg mg/h/kg
umol/h

kidney gWn0.75 BW^0.75 



Uses IVIVE scaling approach from the Yoon report. (human lung Vmax calculated using approach from methyl 

Dose metrics using parameters derived with MCMC 

TSTOP 336 hrs Amt. Metab. = mg/day/g tissue 

Exposure: 6 hr/day 5 days/week 

Revised parameters from MCMC of In Vitro data with flux limitation included 

Female Mouse Initial Parms 

~lmt Mc~taf_~. Ant. MF~t~~l~~. Amt. f~~lct~~f~. Concentration 

~)~)fll ~IVE'I" ~_Uflf~ ~~IC~ IIE'~~~ SpeClflC ~>~~`~ (~~f`) 

1 >.~i 1.16 U.SS (l.U~l(~ 

32 ? 96 1.29 - 0~04(~ 

~0 7.E~6 1.6~:a 0.03E 

Amt. Metab. = mg/day/g tissue 

Human Initial Parms 

Ari~L Met~~l~. pmt. Melaf~. E1rr~i. Metaf~. 

~)~)Ill ~I~iE'f 11 17E hlC~fl~~i 

~_7.~i ~. ~) ~).U~)7~ -

32 OJ4 0.011 -

<5f) 1.8~ O.U15 

Amt. Metab. = mg/day/g tissue 

Human Continuous Exposure (24 hr/day) 

'HumanParms Continuous Exposure 

n~,~~. N~E~t~~t~. ~~~,r. ~v~~~t~~~~. n~~,t. ~~E~t~,~~. 
PPI~~I Liver L~in~; I~iclney 4.00E-C 

2.80E-04 3.56E-05 3.24E-06 ~ 

1.oUF 03 I .z~7C-Q-~ 1.16E 05 - _, 
unn 

3.50E-C 

1.001:- 02 1.771- 0_i 1.75C-O~a - ~-.. 

~.00~-0~1 ~.Z~iE-o1 1. t~~-03 
.~ 3.00E-C 

1.00L'~00 L28E OL b.91~-U_3 
°J 2. 0E-C 

Z.000f00 1_.56E-01 1.~15E02 - o~ 

~1.o0Eao0 5.13E01 2.10E-OZ - ~ 2.00E-t 
6.00EiuU 7.71E-01 2.17E 02 °J 

~i.U0~+0U 1.031_ F00 7.7t F 02 - ~ ~_.50E-C 
1.00E ~ 07 1.z9L F ClO ?.SAC-U' °' 

1.20E t (~] I .S~~tE f 00 3.(~ ] [ 02 - ~ 1.00E-C 
1.40Lt01 ]_.SOE+00 3.1~L-OZ 

1.601=tC11 2.oGEi00 3.1~F o~ - ~ ~.00E-C 

1 .°OL i O1 7.3?E-QUO 3.Z<l~-0<. - ~ 

~.00E ~ ~~1 ?.58E+Oc) 3.2~a1 ~=~i? 0.00E+C 

2.40E+01 3.O~iE-~00 3. 7F 0~ 



SOEi Ul 
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one chloride -scaling liver in vitro vmax to lung based on ratio of ethoxycoumarin metabolism in lung to live 

estimate of Kgl: 0.22 L/hr 
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in ~litrc~ IVl~e[ Fi les 

Invil:ra.c~i (~c~IX model cc~r~e~} 
PROGRAM: INVITRO.CSL 

!MODIFIED FROM Yang et al. 2012 in vitro model 

!MODEL TO SIMULATE BETA CHLOROPRENE UPTAKE 

!AND METABOLISM IN ATWO-COMPARTMENT 

!VIAL SYSTEM CONTAINING MICROSOMES 

!Includes flux of chloroprene between air and media 

VARIABLE TIME 

INITIAL 

CONSTANT VMAX1=0. !MAX RATE OF MET. (uMOL/HR/mg protein) 

CONSTANT KM1=0.1 !MICHAELIS CONSTANT (umol/L) 

CONSTANT RLOSS = 0.001424 !Background loss rate (L/hr) 

CONSTANT P1=0.69 !MEDIA/AIR PARTITION for CD 

CONSTANT A10=0. !INITIAL AMOUNT IN VIAL (uMOL) 

CONSTANT VVIAL=0.01165 !VOLUME OF VIAL (L); Vial volume= 11.65 ml 

CONSTANT VMED=0.001 !VOLUME OF MEDIA (L); Liquid voume 

VAIR=VVIAL-VMED !HEADSPACE 

CONSTANT PROT = 1.0 !AMOUNT OF PROTEIN (mg) 

CONSTANT TF=O !TIME OF FIRST SAMPLE (hr); kept same 

CONSTANT TI=0.2 !INTERVAL BETWEEN SAMPLES (hr)kept same 

CONSTANT VINJ=0.0002 !INJECTION VOLUME (L); based on Matt email 

CONSTANT KG1 = 0.11 !L/hr 
KL = KG1/0.69 !KL is set to match media:gas PC 

!Initial Conditions 
TV = VAIR+VMED 
AA10 = A10*(VAIR/(VAIR+P1*VMED)) !amount initially in vial (umol) 

CA10 = AA10/VAIR !initial concentration in air (umol/L) 

AM10 = CA10*P1*VMED !amount initially in media 

CM10 = AM10/VMED !initial concentration in media (umol/L) 

A11=0. !initialize injection volume loss from repeated sampling of vial 

https://KG1/0.69


!TIMING COMMANDS 
CONSTANT TSTOP=1 !LENGTH OF EXPOSURE (HOURS) 
!CONSTANT POINTS=100. !NO. OF POINTS IN PLOT 

TS=TF 

SCHEDULE step .AT. TF 

END !END INITIAL 

DYNAMIC 
CINTERVAL CINT=0.01 !COMMUNICATION INTERVAL 
MAXTERVAL MAXT = 0.001 
ALGORITHM IALG=2 

DERIVATIVE 

TERMT(TIME.GE.TSTOP) 

!CD KINETICS (umoles/hr) 
RA1M = ((VMAX1*CM1)/(K VI1+CM1))*PROT !rate of metabolism saturable 

RRLoss = RLOSS*CA1 !rate of loss from vial 
A1M = INTEG(RA1M,0.) !Amount metabolized saturable 
ARLOSS = INTEG(RRLoss,O.) !Rate of loss to system 
RAG_L = KG1*CA1 !Rate of amount leaving gas to liquid 
RAL_G = KL*CM1 !Rate of amount leaving liquid to gas 

RAA1= RAL_G - RAG_L - RRLoss !Rate of change in vial air 
AA1= integ(RAA1, AA10) - A11 
CA1 = max(AA1/VAIR, 1.Oe-7) 

RAM1= RAG_L - RAL_G - RA1M !Rate of change in vial media 
AM1= integ(RAM1, AM10) 
CM1= AM1/VMED 

Al = CA1*VAIR+CM1*VMED !Total amount in vial 

!MASS BALANCE 
CHECKI = A10 - (AM1+AA1+A1M+A11+ARLOSS) 

DISCRETE step 
PROCEDURAL 

!Routine for sample loss 
A11= A11+CA1*VINJ 
SCHEDULE step .AT. TS+TI 
TS=TS+T1 

END !END PROCEDURAL 
END !END DISCRETE 

https://CINT=0.01


END !END DERIVATIVE 
END !END DYNAMIC 
END !END PROGRAM 



I~IIC~C Ran Scripts (m-fi les that run 'the ~n~lysis} 

Fr~~~l~ Vic~~.asr l_iv~r 
FMouse LiverMCMC.m 

Simulates the MCMC for Female mouse liver 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0; 
CINT=0.2; 
MAXT = 0.01; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01165 ; 
VMED = 0.001; 
VINJ = 0.0002; 
VAIR=VVIAL-VMED; 

%Simulation specific protein concentration 

PROT=1.0 ; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424 ; %L/hr 
KG1= 0.22; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 
KM1= 1.0 ; %umol/L 
P1= 0.69 ; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 



global data 
global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

B6 female mouse liver incubation dafia 

%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 

%Time 540 ppm 270 ppm 150 ppm 50 ppm 10 ppm 

%Headspace Conc. (mg/ml) 
B6FmiceLiver = [0 21.378 9.863 5.465 1.867 0.422 

0.2 16.789 6.07 2.492 0.411 0.052 

0.4 13.771 3.834 1.082 0.081 0.013 

0.6 10.624 2.491 0.488 0.018 NaN 

0.8 9.99 1.715 0.229 0.007 NaN 

1 8.902 1.185 0.131 NaN NaN]; 

b = size(B6FmiceLiver); 

data = 66FmiceLiver(:,2:b(:,2)); 
firstT = [1] 

firstD = [1] 

tindex = B6FmiceLiver(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 

CCC = [AA]; 
data = log(data); 

function preds = getpreds(Vmax, Km, A10) 

global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 

setmdl("KM1", exp(Km)); 



setmdl("A10", A10); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitromcmc_sat.m" 

chains = runmcmc(); 

save @file=fmouseliverl.dat @format=ascii @separator=tab chains 



Cemale ~~ause L~an~ 
FMouse_LungMCMC.m 

Female Mouse Lung In Vitro MCMC simulation file 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0; 
CINT=0.2; 
MAXT = 0.01; 

TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01165 ; 
VMED = 0.001; 
VINJ = 0.0002; 
VAIR=VVIAL-VMED; 

%Simulation specific protein concentration 
PROT=1.0; %Protein mg/m) 

%Initial values 
RLOSS = 0.001424 ; %L/hr 
KG1 = 0.22 ; %L/hr 
VMAX1 = 0.0; %umol/hr/mg protein 

P1= 0.69; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 
global data 



global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

B6 female mouse luny incubation d~t~ 

%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 

%Time 540 ppm 270 ppm 150 ppm 50 ppm 10 ppm1ppm 

%Headspace Conc. (mg/ml) 
B6FmiceLung= [0 20.506 12.522 5.97 1.742 0.434 0.044 

0.2 18.693 11.105 5.1 1.407 0.346 0.036 
0.4 18.014 10.556 4.744 1.24 0.297 0.03 

0.6 17.482 10.119 4.469 1.121 0.272 0.027 

0.8 16.859 9.644 4.223 1.044 0.25 0.024 
1 16.466 9.284 4.006 0.983 0.229 0.023]; 

b = size(B6FmiceLung); 

data = B6FmiceLung(:,2:b(:,2)); 
firstT = [1] 

firstD = [1] 

tindex = 66FmiceLung(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AA]; 
data = log(data); 

function preds = getpreds(Vmax, Km, A10) 
global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 

setmdl("KM1", exp(Km)); 
setmdl("A10", A10); 



setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitromcmc_sat.m" 

chains = runmcmc(); 

save @file=fmouselungl.dat @format=ascii @separator=tab chains 



Fe~~ale Rat ~.iver 
FRatLiverMCMC.m 

Female Rat Liver In Vitro MCMC simulation file 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0; 
CINT=0.2; 
MAXT = 0.01; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01165 ; 
VMED=0.001; 
VINJ = 0.0002; 
VAIR=VVIAL-VMED; 

%Simulation specific protein concentration 

PROT=1.0 ; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424 ; %L/hr 
KG1 = 0.22; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 
KM1= 1.0; %umol/L 
P1= 0.69; %Liquid:air PC 

use ControlData.m 

seedrnd(45526) 

global _cal 
global _time 
global data 



global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

CDFS female rat liver incubatian data 
%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 
%Female Rat Liver 
%CDF Liver Summary 
%Time 270 ppm 150 ppm 50 ppm 10 ppm1ppm 
%Headspace Conc. (mg/ml) 
FratFLiver=[0 11.007 6.243 1.935 0.465 0.052 
0.2 9.091 4.46 0.844 0.141 0.015 
0.4 7.661 3.274 0.36 0.048 0.006 
0.6 6.621 2.479 0.188 0.022 0.003 
0.8 5.831 1.958 0.103 0.011 0.002 
1 5.202 1.607 0.066 0.007 NaN]; 

b = size(FratFLiver); 

data = FratFLiver(:,2:b(:,2)); 
firstT = [1] 

firstD = [1] 

tindex = FratFLiver(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AA]; 
data = log data); 

function preds = getpreds(Vmax, Km, A10) 
global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 



setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 
setmdl("KM1", exp(Km)); 
setmdl("A10", A10); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitromcmc_sat.m" 

chains = runmcmc(); 

save @file=fratliverlredo.dat @format=ascii @separator=tab chains 



F~~~nale Rai ~u~~~ 
FRatLungMCMCvmax.m 

Female Rat Lung In Vitro MCMC simulation file 
Km set to posterior median of the female mouse lung 
Allows estimation of the in vitro Vmax for female rat lung 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0 ; 
CINT=0.2; 
MAXT = 0.01; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01165 ; 
VMED=0.001; 
VINJ = 0.0002; 
VAIR=VVIAL-VMED; 

%Simulation specific protein concentration 
PROT=1.0 ; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424; %L/hr 
KG1 = 0.22; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 

P1= 0.69 ; %Liquid:air PC 

KM1= 2.369; %umol/L 

use ControlData.m 

seedrnd(45526) 



global _cal 
global _time 
global data 
global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

CDC female rat luny incubation data 
%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 

%CDF Lung Summary 
%Time 150 ppm 50 ppm 10 ppm 
%Headspace Conc. (mg/ml) 
FratFLung=[0 11.438 5.107 2.051 
0.2 10.93 4.611 1.914 
0.4 10.256 4.452 1.829 
0.6 9.786 4.156 1.755 
0.8 9.44 4.131 1.682 
1 8.88 3.774 1.641 j; 

b = size(FratFLung); 

data = FratFLung(:,2:b(:,2)); 
firstT = [1] 

firstD = [1] 

tindex = FratFLung(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AA]; 
data = log(data); 

function preds = getpreds(Vmax, A10) 
global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate 
tmp = ceil(rand*S00); 



IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 

setmdl("A10", A10); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitromcmc_satfring.m" 

chains = runmcmc(); 

save @file=fratlungl.dat @format=ascii @separator=tab chains 



Female Rat i< dney 
FRatLungMCMCvmax.m 

Female Rat Kidney In Vitro MCMC simulation file 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0; 
CINT=0.2; 
MAXT = 0.001; 

TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01163 ; 
VMED = 0.001; 
VINJ = 0.0002; 
VAIR = VVIAL-VMED ; 

%Simulation specific protein concentration 

PROT = 3.0; %Protein mg/m) 

%Initial values 
ROSS = 0.001424; %L/hr 
KG1 = 0.22; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 
KM1= 1.0; %umol/L 
P1= 0.69 ; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 
global data 
global tindex 



global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

CDF female rai kir~ney inci.ik~ation data 

%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 

%Time 540 ppm 270 ppm 150 ppm 50 ppm 10 ppm 2 ppm 

%Headspace Conc. (mg/ml) 
FRatKid = [0. 22.705 11.003 5.381 1.985 0.436 0.090 

0.2 21.864 10.443 5.102 1.785 0.366 0.078 ; 

0.4 21.230 10.065 4.888 1.636 0.311 0.056 ; 

0.6 20.674 9.656 4.624 1.497 0.266 0.046 ; 

0.8 19.735 9.259 4.387 1.393 0.237 0.044 ; 

1. 18.879 8.792 4.216 1.297 0.222 0.043 ]; 

b = size(FRatKid); 

data = FRatKid(:,2:b(:,2)); 
firstT =[1] 

firstD = [1] 

tindex = FRatKid(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AA]; 
data = log(data); 

function preds = getpreds(Vmax, Km, A10) 
global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 

setmdl("KM1", exp(Km)); 



setmdl("A10", A10); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

use ".\MCMCscripts\invitromcmc_sat.m" 

chains = runmcmc(); 

save @file=fratkidneyl.dat @format=ascii @separator=tab chains 



MmouseLiverMCMCaO.m 

Male Mouse Liver In Vitro MCMC simulation file 

%Includes estimation of the initial amount of CP in vial 

due to multiple vials making up a single concentration 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

CINT=0.2; 
MAXT = 0.001; 
TSTOP = 1.0; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.0119573; 
VMED = 0.001; 
VINJ = 0.0003858 ; 
VAIR = VVIAL-VMED; 

%Simulation specific protein concentration 
PROT=1.0 ; %Protein mg/ml 

%Initial values 
ROSS = 0.001424 ; %L/hr 
KG1= 0.22; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 

KM1= 1.0; %umol/L 
P1= 0.69; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 
global data 



global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

B6 male rr~o~~se liver inc~ak~t~~ian data 

%Data reported in Himmelstein et al. TOXICOLOGICAL SCIENCES 79, 18-27 (2004) 

B6 male mouse liver 
%[Time 529 ppm 264 ppm 132 ppm 50 ppm 10 ppm] 

%Headspace Conc. (mg/ml) 
B6MmiceLiver = [0 21.202 10.747 5.282 1.987 0.465 

0.025 20.770 NaN 5.069 1.869 0.395 
0.05 19.932 9.898 4.434 1.530 0.278 
0.1 NaN 8.394 2.848 0.890 NaN 
0.15 17.435 7.343 2.342 NaN NaN 
0.2 15.409 5.619 1.444 0.315 0.052 
0.225 14.788 NaN 1.302 0.271 0.040 

0.25 14.338 4.668 1.082 0.199 0.021 
0.3 NaN 3.684 0.495 0.126 NaN 
0.35 12.542 3.125 0.480 NaN NaN 
0.4 10.747 2.179 0.270 0.036 0.005 
0.425 NaN NaN 0.241 NaN NaN 

0.45 NaN 1.685 0.190 0.020 NaN 

0.5 NaN 1.224 0.062 NaN NaN 
0.55 8.481 1.049 0.079 NaN NaN 
0.6 6.975 0.640 0.041 0.005 NaN 

0.625 NaN NaN 0.038 NaN NaN 
0.65 NaN 0.460 0.029 NaN NaN 
0.7 NaN 0.318 0.0077 NaN NaN 
0.75 5.561 0.270 0.013 NaN NaN 

0.8 4.299 0.159 0.0069 NaN NaN 
0.825 NaN NaN 0.0059 NaN NaN 
0.85 NaN 0.109 0.0050 NaN NaN 

0.9 NaN 0.073 NaN NaN NaN 

0.95 3.393 0.066 NaN NaN NaN]; 

b = size(B6MmiceLiver); 

data = B6MmiceLiver(:,2:b(:,2)); 
firstT = [1] 



firstD =[1] 

tindex = 66MmiceLiver(:, 1); 

%AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AAj; 

data = log(data); 

function preds = getpreds(Vmax, Km, AO) 
global _cal 
global _time Y 
global tindex 
global ControlData 

%draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 

setmdl("KM1", exp(Km)); 
setmdl("A10", exp(AO)); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\mmouselivinvitroa0.m" 

chains = runmcmc(); 

save @file=mmouseliverla0.dat @format=ascii @separator=tab chains 



~Viale ~,~o~ase ~u~~ 
MmouseLungMCMCaO.m 

Male Mouse Lung In Vitro MCMC simulation file 

Includes estimation of the initial amount of CP in vial 

due to multiple vials making up a single concentration 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0 ; 
CINT=0.2; 
MAXT = 0.001; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.0119573; 
VMED = 0.001; 
VINJ = 0.0003858 ; 
VAIR = VVIAL-VMED; 

%Simulation specific protein concentration 

PROT=1.0; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424; %L/hr 
KG1= 0.22 ; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 

KM1= 1.0 ; %umol/L 

P1= 0.69; %Liquid air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 



global _time 
global data 
global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global lastD 
global ControlData 

B6 male ~~ouse lung incubation data 

%Data reported in Himmelstein et al. TOXICOLOGICAL SCIENCES 79, 18-27 (2004) 

%time 10012.1ppm 1000 ppm 250 ppm 50ppm 10 ppm 

%Headspace Conc. (mg/ml) 
66MmiceLung = [0 90.6864 36.9563 8.5541 1.9319 0.3288 

0.025 92.9729 34.7636 8.5569 1.6268 0.3629 

0.05 NaN 32.7002 NaN 1.7520 0.2736 

0.1 NaN 31.5351 7.1220 1.2424 NaN 

0.15 NaN NaN NaN 1.1129 NaN 

0.2 86.5465 29.6910 5.3084 0.8496 0.1464 

0.225 87.6422 28.9789 5.4422 0.7895 0.1311. 

0.25 NaN 27.5967 NaN 0.7335 0.1104 

0.3 NaN 27.2762 4.5859 0.6029 NaN 

0.35 NaN NaN NaN 0.5335 NaN 

0.4 NaN 25.3669 3.7714 0.4226 0.0652 

0.425 83.6431 26.0065 3.9627 0.3831 0.0598 

0.45 NaN 24.1644 NaN 0.3516 0.0523 

0.5 NaN NaN 3.1788 0.3228 NaN 

0.55 NaN NaN NaN 0.2821 NaN 

0.6 NaN 23.9130 2.9203 0.2348 0.0309 

0.625 79.8247 23.9206 3.1837 0.1977 0.0290 

0.65 NaN 21.9544 NaN 0.1906 0.0270 

0.7 NaN NaN NaN 0.1861 NaN 

0.8 NaN 22.2670 2.3174 0.1337 0.0163 

0.825 75.2488 NaN 2.5895 0.1154 0.0148 

0.85 NaN 20.9520 NaN 0.1072 0.0148 

0.9 NaN NaN 2.1820 0.1155 NaN]; 

b = size(66MmiceLung); 

data = B6MmiceLung(:,2:b(:,2)); 
firstT = [1) 

firstD = [1] 



tindex = B6MmiceLung(:, 1); 

%AA=data(1,:)*(VAIR+P1*VMED); 

data = log(data); 

function preds = getpreds(Vmax, Km, AO) 
global _cal 
global _time 
global tindex 
global ControlData 

%draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 
setmdl("KM1", exp(Km)); 
setmdl("A10", exp(AO)); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\mmouseinginvitroa0.m" 

chains = runmcmc(); 

save @file=mmouselungla0.dat @format=ascii @separator=tab chains 



(~a~e Mouse I<idney 
MMouseKidneyMCMC.m 

Male Mouse Kidney In Vitro MCMC simulation file 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0; 
CINT=0.2; 
MAXT = 0.01; 

TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01163; 
VMED=0.001; 
VINJ = 0.0002 ; 
VAIR = VVIAL-VMED; 

%Simulation specific protein concentration 
PROT = 2.0; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424; %L/hr 
KG1= 0.22 ; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 
KM1= 1.0; %umol/L 
P1= 0.69; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 
global data 



global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

BED male mouse kidney incuk7ation data 

%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 

66C3F1 Male mouse kidney CD metabolism 
Time 540 ppm 270 ppm 150 ppm 50 ppm 10 ppm 2 ppm 

protein = 2mg/ml 
%Headspace Conc. (mg/ml) 
MMiceKid = [ 0. 19.674 10.591 5.341 1.764 0.358 0.063 

0.2 17.887 10.001 4.742 1.303 0.207 0.038 

0.4 16.760 9.268 4.202 1.030 0.123 0.025 

0.6 15.391 8.640 3.853 0.822 0.077 0.018 

0.8 14.566 8.100 3.505 0.692 0.055 0.014 

1. 13.509 7.809 3.327 0.617 0.043 0.011 ]; 

b = size(MMiceKid); 

data = MMiceKid(:,2:b(:,2)); 
firstT = [1] 

firstD = [1] 

tindex = MMiceKid(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AA]; 
data = log(data); 

function preds = getpreds(Vmax, Km, A10) 
global _cal 
global _time 
global tindex 
global ControlData 

%draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 



setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 

setmdl("KM1", exp(Km)); 
setmdl("A10", A10); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitromcmc_sat.m" 

chains = runmcmc(); 

save @file=mmousekidneyl.dat @format=ascii C~separator=tab chains 



Male Rat ~iver 
MratLiverMCMCaO.m 

Male Rat Liver In Vitro MCMC simulation file 

Includes estimation of the initial amount of CP in vial 

due to multiple vials making up a single concentration 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

CINT=0.2; 
MAXT = 0.001; 
TSTOP = 1.0; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.0119573; 
VMED = 0.001; 
VINJ = 0.0003858 ; 
VAIR = VVIA~-VMED; 

%Simulation specific protein concentration 
PROT=1.0; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424; %L/hr 
KG1= 0.22 ; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 

P1= 0.69; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 



global data 
global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

CDF male rat liver incubation data 
%Data reported in Himmelstein et al. TOXICOLOGICAL SCIENCES 79, 18-27 (2004) 

%male rat liver data 
%[Time 264 ppm 132 ppm SO ppm] 
%Headspace Conc. (mg/ml) 
MratMLiver=[0 9.824 4.6755 2.0125 
0.025 9.454 4.503 2.18 
0.05 8.939 4.318 1.634 
0.1 9.767 3.918 1.354 
0.15 9.603 3.708 1.113 
0.2 7.856 3.217 0.893 
0.225 7.581 3.007 0.931 
0.25 7.02 2.885 0.706 
0.3 7.925 2.559 0.545 
0.35 7.679 2.478 0.419 
0.4 6.097 2.0245 0.291 
0.425 5.974 1.841 0.308 
0.45 5.568 1.786 0.237 
0.5 6.201 1.547 0.175 
0.55 NaN 1.558 0.125 
0.6 4.637 1.1375 0.077 
0.625 4.584 1.01 0.082 
0.65 4.231 0.995 0.067 
0.7 NaN 0.837 0.048 
0.75 NaN 0.708 0.034 
0.8 3.482 0.5715 0.0195 
0.825 3.428 0.483 0.02 
0.85 3.18 0.489 0.018 
0.9 NaN 0.397 NaN 
0.95 NaN NaN 0.009]; 

b = size(MratMLiver); 

data = MratMLiver(:,2:b(:,2)); 



firstT =[1] 

firstD = [1] 

tindex = MratMLiver(:, 1); 

%AA=data(1,:)*(VAIR+P1*VMED); 

data = log data); 

function preds = getpreds(Vmax, Km, AO) 
global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate 
tmp = ceil(rand*500); 
(ossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 
setmdl("KM1", exp(Km)); 
setmdl("A10", exp(AO)); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\mratlivinvitroa0.m" 

chains = runmcmc(); 



save @file=mratliverla0.dat @format=ascii @separator=tab chains 



M~6e Rat Kiun~y 
MRatKidneyMCMC.m 

Male Rat Kidney in Vitro MCMC simulation file 

load @file=invitro.dll @format=model 

prepare @clear 
prepare @all 

WESITG=O; 
WEDITG =0; 

TSTOP = 1.0; 
CINT=0.2; 
MAXT = 0.01; 

TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.01163; 
VMED = 0.001; 
VINJ = 0.0002; 
VAIR = VVIAL-VMED ; 

%Simulation specific protein concentration 
PROT = 3.0; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424; %L/hr 
KG1= 0.22; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 
KM1= 1.0; %umol/L 
P1= 0.69; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 

global _cal 
global _time 
global data 
global tindex 



global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

CDF male rat kidney incubation data 

%Data reported in Yang et al. Toxicology in Vitro 26 (2012) 1047-1055 

CDF male rat kidney CD metabolism; (3 mg protein/mL) 
w/NADP+ Time 540 ppm 270 ppm 150 ppm 50 ppm 10 ppm 2 ppm 

%Headspace Conc. (mg/ml) 
MRatKid = [0. 22.510 12.125 5.405 1.810 0.418 0.096 

0.2 21.626 11.497 5.084 1.631 0.350 0.080 

0.4 21.101 11.072 4.773 1.486 0.298 0.068 

0.6 20.388 10.582 4.515 1.380 0.265 0.059 

0.8 19.658 10.032 4.305 1.284 0.247 0.054 

1. 18.978 9.587 4.058 1.206 0.228 0.051]; 

b = size(MRatKid); 

data = MRatKid(:,2:b(:,2)); 
firstT = [1J 

firstD = [1] 

tindex = MRatKid(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 

CCC = [AA]; 
data = (og(data); 

function preds = getpreds(Vmax, Km, A10) 

global _cal 
global _time 
global tindex 
global ControlData 

draw back ground loss rate from ControlData matrix 

tmp = ceil(rand*500); 
IossR = ControlData(tmp); 



setmdl("VMAX1", exp(Vmax)); 
setmdl("KM1", exp(Km)); 
setmdl("A10", A10); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitromcmc_sat.m" 

chains = runmcmc(); 

save @file=mratkidneyl.dat @format=ascii @separator=tab chains 



Mixed Numar~ Li~l~~~ 
HumanLiverMCMCaO.m 

Human Liver In Vitro MCMC simulation file 

Includes estimation of the initial amount of CP in vial 

due to multiple vials making up a single concentration 

set @format=shorte 
%load @file=invitro.dll @format=model 

%prepare @clear 
%prepare @all 

WESITG = 0; 
WEDITG = 0; 

CINT=0.2; 
MAXT = 0.001; 
TSTOP = 1.0; 
TF=0.0; TI=0.2; %Sample Collection start; interval 

%Volumes (L) -simulation specific 
VVIAL = 0.0119573; 
VMED = 0.001; 
VINJ = 0.0004; 
VAIR=VVIAL-VMED; 

%Simulation specific protein concentration 

PROT=1.0; %Protein mg/ml 

%Initial values 
RLOSS = 0.001424; %L/hr 
%KG1 = 0.44; %L/hr 
VMAX1= 0.0; %umol/hr/mg protein 

KM1= 1.0; %umol/L 
P1= 0.69; %Liquid:air PC 

seedrnd(45526) 

use ControlData.m 



global _cal 
global _time 
global data 
global tindex 

global CCC 
global firstT 
global IastT 
global firstD 
global IastD 
global ControlData 

Mixed human liver in ~~bat:ir~n data 
%Data reported in Himmelstein et al. TOXICOLOGICAL SCIENCES 79, 18-27 (2004) 

%Time 264 ppm 132 ppm SO ppm 
%Headspace Conc. (mg/m~) 
humanliver = [0 9.443 4.749 1.663 
0.025 9.345 4.638 1.683 
0.05 8.807 4.644 1.586 
0.1 9.093 4.797 1.358 
0.15 8.551 4.44 1.175 
0.2 7.941 3.617 0.941 
0.225 7.787 3.548 0.881 
0.25 7.308 3.506 0.804 
0.3 7.808 3.477 0.666 
0.35 7.042 3.361 0.556 
0.4 6.606 2.533 0.39 
0.425 6.45 2.534 0.359 
0.45 NaN 2.458 0.319 
0.5 NaN 2.421 NaN 

0.55 5.768 2.463 NaN 

0.6 5.444 1.623 0.133 
0.625 NaN 1.683 0.117 
0.65 NaN 1.734 0.102 
0.7 NaN 1.525 NaN 

0.75 4.624 1.439 NaN 

0.8 4.387 0.92 0.04 
0.825 NaN 1.013 0.035 
0.85 NaN 0.97 0.031 
0.9 NaN 0.867 NaN 

0.95 3.632 0.822 NaN]; 

b = size(humanliver); 
data = humanliver(:,2:b(:,2)); 
firstT =[1J 



firstD =[1] 

tindex = humanliver(:, 1); 

AA=data(1,:)*(VAIR+P1*VMED); 
CCC = [AA]; 
data = log(data); 

function preds = getpreds(Vmax, Km, AO) 
global _cal 
global _time 
global tindex 
global ControlData 

%draw back ground loss rate 
tmp = ceil(rand*500); 
IossR = ControlData(tmp); 

setmdl("VMAX1", exp(Vmax)); %reset model parameter as global variables 
setmdl("KM1", exp(Km)); 
setmdl("A10", exp(AO)); 
setmdl("RLOSS", exp(IossR)); 

data @clear 
data("SAMPTIMES", ["T"], tindex); 

start @nocallback 

preds = NaN*ones(length(tindex), 1); 

for i = 1:length(tindex) 
idx = find(_time == tindex(i)); 

preds(i) = max(0.0, _ca1(idx)); 
end 

end 

preds = log(preds); 

end 

use ".\MCMCscripts\invitrohumlivsata0.m" 

chains = runmcmc(); 

save @format=ascii @file=humanlivera0.dat @separator=tab chains 



MCIO/i~ Cantrol Scripts ~ stab ish priers ~nc~ li ly l ih~a~, cal led ire 1LJ1C~~ 

dun ~rip~s~ 

l~'iVltiC~CYIC;CYI~ Sc~~:.~1 ~~~ISE:'C~ ~C)P" ~C:'.t71"r,3~E' 1'fili3U5t' 

m~l~ r~~otasc ~r~~ r~~ kidn~Y1 
function tchains = runmcmc(pchains = []) 

Driver code for MCMC analysis 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 

numParms = 3 
numChains = 3 
numlts = 50000 

i IV('I" c31'1(~ ~UI"l~x~ ~('!'Tlr3~~', i"r3~ ( 1~JC'.I' ,"'+P"1C,~ ~<IC,~f'lf'~1~ 

funcNames = ["mclnit", "mcEvalLikelihoods", "mcEvalPriors", "mcSamplePriors", "mcEvalProposal", 
"mcSampleProposal"] 

updateMode = 4 
chains = mcmc(numParms, numlts, numChains, updateMode, funcNames, pchains); 
save @format=ascii @file=mcmc results.dat chains 
tchains = chains([1:2:50000],:); 

end 

function mclnit() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
global OpMcmcPriorBounds 
OpMcmcPriorBounds = [... 
0.01, 100 
-10, 5 
-10, 5 



]; 
global OpMcmcAdaptive 
OpMcmcAdaptive = 1; 
global OpMcmcDelayedRejection 
OpMcmcDelayedRejection = 0; 
global OpMcmcAdaptPeriod 
OpMcmcAdaptPeriod = 30; 
global OpMcmcAdaptCovarScale 
OpMcmcAdaptCovarScale = 1; 
global OpMcmcLoggingPeriod 
OpMcmcLoggingPeriod = 50; 
global OpMcmcAdaptLowerThresh 
OpMcmcAdapt~owerThresh = 0.25; 
global OpMcmcAdaptUpperThresh 
OpMcmcAdaptUpperThresh = 0.45; 
global OpMcmcAdaptLowerThreshDR 
OpMcmcAdaptLowerThreshDR = 0.45; 
global OpMcmcAdaptUpperThreshDR 
OpMcmcAdaptUpperThreshDR = 0.65; 
global OpMcmcSigmaDecreaseFact 
OpMcmcSigmaDecreaseFact = 0.9; 
global OpMcmcSigmalncreaseFact 
OpMcmcSigmalncreaseFact = 1.1; 
global OpMcmcDRSigmaReduceFact 
OpMcmcDRSigmaReduceFact = 0.2; 
global OpMcmcDRSigmaReduceFactAM 
OpMcmcDRSigmaReduceFactAM = 0.1; 
global OpMcmcAdaptLowerThreshAM 
OpMcmcAdaptLowerThreshAM = 0.15; 
global OpMcmcAdaptUpperThreshAM 
OpMcmcAdaptUpperThreshAM = 0.3; 
global OpMcmcCovarScaleDecreaseFact 
OpMcmcCovarScaleDecreaseFact = 20; 
global OpMcmcCovarScalelncreaseFact 
OpMcmcCovarScalelncreaseFact = 20; 
global OpDemcSnookerFraction 
OpDemcSnookerFraction = 0.1; 
global OpDemcThinningFactor 
OpDemcThinningFactor = 10; 
global OpDemcB 
OpDemcB = 0.0001; 

end 

function samp = mcSampleProposal(prevsamp) 
global data 
global firstT 
global IastT 
global firstD 



global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
camp = []; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function val = mcEvalProposal(samp, prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
val = 0; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function mcDumpSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
LI 
Vmax 
Km 

end 

function names = mcSampNames() 
names = "LI"; 
names = [names, "Vmax"]; 
names = [names, "Km"]; 
names 



end 

function parms = mcPackSamples() 
global data 
global firstT 
global lastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
parms = []; 
parms = [parms LI]; 
parms = [parms Vmax]; 
parms = [parms Kmj; 

end 

function mcUnpackSamples(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
idx = 1; 
LI = parms(idx); idx = idx + 1; 
Vmax = parms(idx); idx = idx + 1; 
Km = parms(idx); idx = idx + 1; 

end 

function parms = mcSamplePriors() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
LI = normrnd(1, 1, 0.01, 100); 



Vmax = unifrnd(-10, S); 
Km = unifrnd(-10, 5); 
parms = mcPackSamples(); 

end 

function val = mcEvalPriors(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
val = val + normlpdf(LI, 1, 1, 0.01, 100); 
val = val + uniflpdf(Vmax, -10, 5); 
val = val + uniflpdf(Km, -10, 5); 

end 

function val = mcEvalLikelihoods(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
for i = firstD : IastD 

preds = getpreds(Vmax, Km, CCC(i)); 
for j = firstT : IastT 

if(~isnan(data(j, i))) 
val = val + normlpdf(data(j, i), preds(j), LI); 

end 

end 

end 

end 



invitiron~~mc_satfrin~.m {used for f~ma(Q r~~t I~;ng wig}~ l~rn tixe~ t~ female rn o~ase Kr~j 

function tchains = runmcmc(pchains = []) 
Driver code for MCMC analysis 

global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 

numParms = 2 
numChains = 3 
numlts = 40000 
funcNames = ["mclnit", "mcEvalLikelihoods", "mcEvalPriors", "mcSamplePriors", "mcEvalProposal", 

"mcSampleProposal"] 
updateMode = 4 
chains = mcmc(numParms, numlts, numChains, updateMode, funcNames, pchains); 

save @format=ascii @file=mcmc_results.dat chains 
tchains = chains([1:2:40000],:); 

end 

function mclnit() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
global OpMcmcPriorBounds 
OpMcmcPriorBounds = [... 
0.01, 100 
-10, 5 

~; 
global OpMcmcAdaptive 
OpMcmcAdaptive = 1; 
global OpMcmcDelayedRejection 
OpMcmcDelayedRejection = 0; 
global OpMcmcAdaptPeriod 
OpMcmcAdaptPeriod = 30; 
global OpMcmcAdaptCovarScale 



OpMcmcAdaptCovarScale = 1; 
global OpMcmcLoggingPeriod 
OpMcmcLoggingPeriod = 50; 
global OpMcmcAdaptLowerThresh 
OpMcmcAdaptLowerThresh = 0.25; 
global OpMcmcAdaptUpperThresh 
OpMcmcAdaptUpperThresh = 0.45; 
global OpMcmcAdaptLowerThreshDR 
OpMcmcAdaptLowerThreshDR = 0.45; 
global OpMcmcAdaptUpperThreshDR 
OpMcmcAdaptUpperThreshDR = 0.65; 
global OpMcmcSigmaDecreaseFact 
OpMcmcSigmaDecreaseFact = 0.9; 
global OpMcmcSigmalncreaseFact 
OpMcmcSigmalncreaseFact = 1.1; 
global OpMcmcDRSigmaReduceFact 
OpMcmcDRSigmaReduceFact = 0.2; 
global OpMcmcDRSigmaReduceFactAM 
OpMcmcDRSigmaReduceFactAM = 0.1; 
global OpMcmcAdaptLowerThreshAM 
OpMcmcAdaptLowerThreshAM = 0.15; 
global OpMcmcAdaptUpperThreshAM 
OpMcmcAdaptUpperThreshAM = 0.3; 
global OpMcmcCovarScaleDecreaseFact 
OpMcmcCovarScaleDecreaseFact = 20; 
global OpMcmcCovarScalelncreaseFact 
OpMcmcCovarScalelncreaseFact = 20; 
global OpDemcSnookerFraction 
OpDemcSnookerFraction = 0,1; 
global OpDemcThinningFactor 
OpDemcThinningFactor = 10; 
global OpDemc6 
OpDemcB = 0.0001; 

end 

function samp = mcSampleProposal(prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
samp = []; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 



end 

function val = mcEvalProposal(samp, prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
val = 0; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function mcDumpSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
LI 
Vmax 

end 

function names = mcSampNames() 
names = "LI"; 
names = [names, "Vmax"]; 
names 

end 

function parms = mcPackSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
parms = []; 



parms = [parms LI]; 
parms = [parms Vmax]; 

end 

function mcUnpackSamples(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
idx = 1; 
LI = parms(idx); idx = idx + 1; 
Vmax = parms(idx); idx = idx + 1; 

end 

function parms = mcSamplePriors() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
LI = normrnd(1, 1, 0.01, 100); 
Vmax = unifrnd(-10, 5); 
parms = mcPackSamples(); 

end 

function val = mcEvalPriors(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
val = val + normlpdf(LI, 1, 1, 0.01, 100); 
val = val + uniflpdf(Vmax, -10, S); 



end 

function val = mcEvalLikelihoods(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global LI 
global Vmax 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
for i = firstD : IastD 

preds = getpreds(Vmax, CCC(i)); 
for j = firstT : IastT 

if(~isnan(data(j, i))) 
val = val + normlpdf(data(j, i), preds(j), LI); 

end 
end 

end 

end 



mmcausel ivinvi~i~ra~0.m (used tc~r male mc~us~ liver `P4~ th initial arra~ant in vial included) 

function tchains = runmcmc(pchains = []) 
Driver code for MCMC analysis 

global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 

numParms = 8 
numChains = 3 
numlts = 50000 
funcNames = ["mclnit", "mcEvalLikelihoods", "mcEvalPriors", "mcSamplePriors", "mcEvalProposal", 

"mcSampleProposal"] 
updateMode = 4 
chains = mcmc(numParms, numits, numChains, updateMode, funcNames, pchains); 

save @format=ascii @file=mcmc_results.dat chains 

tchains = chains([1:2:50000],:); 
end 

function mclnit() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
global OpMcmcPriorBounds 
OpMcmcPriorBounds = [... 
-10, 0 
-10, 0 
-10, 0 
-10, 0 
-10, 0 



0.01, 100 
-15, 5 
-15, 5 

global OpMcmcAdaptive 
OpMcmcAdaptive = 1; 
global OpMcmcDelayedRejection 
OpMcmcDelayedRejection = 0; 
global OpMcmcAdaptPeriod 
OpMcmcAdaptPeriod = 30; 
global OpMcmcAdaptCovarScale 
OpMcmcAdaptCovarScale = 1; 
global OpMcmcLoggingPeriod 

OpMcmcLoggingPeriod = 200; 

global OpMcmcAdaptLowerThresh 
OpMcmcAdaptLowerThresh = 0.25; 
global OpMcmcAdaptUpperThresh 
OpMcmcAdaptUpperThresh = 0.45; 

global OpMcmcAdaptLowerThreshDR 
OpMcmcAdaptLowerThreshDR = 0.45; 
global OpMcmcAdaptUpperThreshDR 
OpMcmcAdaptUpperThreshDR = 0.65; 

global OpMcmcSigmaDecreaseFact 
OpMcmcSigmaDecreaseFact = 0.9; 
global OpMcmcSigmalncreaseFact 
OpMcmcSigmalncreaseFact = 1.1; 
global OpMcmcDRSigmaReduceFact 
OpMcmcDRSigmaReduceFact = 0.2; 
global OpMcmcDRSigmaReduceFactAM 
OpMcmcDRSigmaReduceFactAM = 0.1; 
global OpMcmcAdaptLowerThreshAM 
OpMcmcAdaptLowerThreshAM = 0.15; 
global OpMcmcAdaptUpperThreshAM 
OpMcmcAdaptUpperThreshAM = 0.3; 
global OpMcmcCovarScaleDecreaseFact 
OpMcmcCovarScaleDecreaseFact = 20; 
global OpMcmcCovarScalelncreaseFact 
OpMcmcCovarScalelncreaseFact = 20; 

global OpDemcSnookerFraction 
OpDemcSnookerFraction = 0.1; 

global OpDemcThinningFactor 
OpDemcThinningFactor = 10; 
global OpDemc6 
OpDemc6 = 0.0001; 

end 

function samp = mcSampleProposal(prevsamp) 

global data 



global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
samp = []; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function val = mcEvalProposal(samp, prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
vat=0; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function mcDumpSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
AO i 

Vmax 
Km 

LI 



end 

function names = mcSampNames() 
names = "AO_i(1)"; 
names = [names, "AO_i(2)"]; 
names = [names, "AO_i(3)"]; 
names = [names, "AO_i(4)"]; 
names = [names, "AO_i(5)"]; 
names = [names, "LI"]; 
names = [names, "Vmax"]; 
names = [names, "Km"]; 
names 

end 

function parms = mcPackSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
parms = []; 
parms = [parms reshape(AO_i, 1, 5)]; 
parms = [parms LI]; 
parms = [parms Vmax]; 
parms = [parms Km]; 

end 

function mcUnpackSamples(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
idx = 1; 
AO_i = reshape(parms(idx:idx+4), 5, 1); idx = idx + 5; 
LI = parms(idx); idx = idx + 1; 



Vmax = parms(idx); idx = idx + 1; 
Km = parms(idx); idx = idx + 1; 

end 

function parms = mcSamplePriors() 
global data 
global firstT 
global lastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
LI = normrnd(1, 1, 0.01, 100); 
Vmax = unifrnd(-15, 5); 
Km = unifrnd(-15, S); 
for i = firstD : IastD 

AO_i(i) = unifrnd(-10, 0); 
end 
parms = mcPackSamples(); 

end 

function val = mcEvalPriors(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
va) = 0.0; 
val = val + normlpdf(LI, 1, 1, 0.01, 100); 
val = val + uniflpdf(Vmax, -15, 5); 
val = val + uniflpdf(Km, -15, 5); 
for i = firstD : IastD 

val = val + uniflpdf(AO_i(i), -10, 0); 
end 

end 

function val = mcEvallikelihoods(parms) 



global data 
global firstT 
global IastT 
global firstD 
global lastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
for i = firstD : IastD 

preds = getpreds(Vmax, Km, AO_i(i)); 
for j = firstT : IastT 

if(~isnan(data(j, i))) 
val = va) + normlpdf(data(j, i), preds(j), LI); 

end 
end 

end 
end 



mr~~useln~invitr~~~~J.~~ (~~se~ faY r;~aie rrc~~.se It~n~ with initial an~c~ur7t in vial included) 

function tchains = runmcmc(pchains = []) 
Driver code for MCMC analysis 

global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 

numParms = 8 
numChains = 3 
numits = 50000 
funcNames = ["mclnit", "mcEvalLikelihoods", "mcEvalPriors", "mcSamplePriors", "mcEvalProposal", 

"mcSampleProposal"] 
updateMode = 4 
chains = mcmc(numParms, numlts, numChains, updateMode, funcNames, pchains); 
save @format=ascii @file=mcmc_results.dat chains 
tchains = chains([1:2:50000],:); 

end 

function mcinit() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
global OpMcmcPriorBounds 
OpMcmcPriorBounds = [... 
-10, 0 
-10, 0 
-10, 0 
-10, 0 
-10, 0 

https://rrc~~.se


0.01, 100 
-15, 5 
-15, 5 

~; 
global OpMcmcAdaptive 
OpMcmcAdaptive = 1; 
global OpMcmcDelayedRejection 
OpMcmcDelayedRejection = 0; 
global OpMcmcAdaptPeriod 
OpMcmcAdaptPeriod = 30; 
global OpMcmcAdaptCovarScale 
OpMcmcAdaptCovarScale = 1; 
global OpMcmcLoggingPeriod 
OpMcmcLoggingPeriod = 200; 
global OpMcmcAdapt~owerThresh 
OpMcmcAdaptLowerThresh = 0.25; 
global OpMcmcAdaptUpperThresh 
OpMcmcAdaptUpperThresh = 0.45; 
global OpMcmcAdaptLowerThreshDR 
OpMcmcAdaptlowerThreshDR = 0.45; 
global OpMcmcAdaptUpperThreshDR 
OpMcmcAdaptUpperThreshDR = 0.65; 
global OpMcmcSigmaDecreaseFact 
OpMcmcSigmaDecreaseFact = 0.9; 
global OpMcmcSigmalncreaseFact 
OpMcmcSigmalncreaseFact = 1.1; 
global OpMcmcDRSigmaReduceFact 
OpMcmcDRSigmaReduceFact = 0.2; 
global OpMcmcDRSigmaReduceFactAM 
OpMcmcDRSigmaReduceFactAM = 0.1; 
global OpMcmcAdaptLowerThreshAM 
OpMcmcAdaptLowerThreshAM = 0.15; 
global OpMcmcAdaptUpperThreshAM 
OpMcmcAdaptUpperThreshAM = 0.3; 
global OpMcmcCovarScaleDecreaseFact 
OpMcmcCovarScaleDecreaseFact = 20; 
global OpMcmcCovarScalelncreaseFact 
OpMcmcCovarScalelncreaseFact = 20; 
global OpDemcSnookerFraction 
OpDemcSnookerFraction = 0.1; 
global OpDemcThinningFactor 
OpDemcThinningFactor = 10; 
global OpDemcB 
OpDemc6 = 0.0001; 

end 

function samp = mcSampleProposal(prevsamp) 

global data 



global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
samp = []; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function val = mcEvalProposal(samp, prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
vat=0; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function mcDumpSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
AO i 

Vmax 
Km 

LI 



end 

function names = mcSampNames() 
names = "AO_i(1)"; 
names = [names, "AO_i(2)"]; 
names = [names, "AO_i(3)"j; 
names = [names, "AO_i(4)"j; 
names = [names, "AO_i(5)"]; 
names = [names, "LI"]; 
names = [names, "Vmax"]; 
names = [names, "Km"]; 
names 

end 

function parms = mcPackSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
parms = []; 
parms = [parms reshape(AO_i, 1, 5)]; 
parms = [parms LI]; 
parms = [parms Vmax]; 
parms = [parms Km]; 

end 

function mcUnpackSamples(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
idx = 1; 
AO_i = reshape(parms(idx:idx+4j, 5, 1); idx = idx + 5; 
LI = parms(idx); idx = idx + 1; 



Vmax = parms(idx); idx = idx + 1; 
Km = parms(idx); idx = idx + 1; 

end 

function parms = mcSamplePriors() 
global data 
global firstT 
global IastT 
global firstD 
global lastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
LI = normrnd(1, 1, 0.01, 100); 
Vmax = unifrnd(-15, 5); 
Km = unifrnd(-15, 5); 
for i = firstD : IastD 

AO_i(i) = unifrnd(-10, 0); 
end 

parms = mcPackSamples(); 
end 

function val = mcEvalPriors(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastO 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
va) = val + normlpdf(LI, 1, 1, 0.01, 100); 
val = val + uniflpdf(Vmax, -15, 5); 
val = val + uniflpdf(Km, -15, 5); 
for i = firstD : IastO 

val = val + uniflpdf(AO_i(i), -10, 0); 
end 

end 

function val = mcEvalLikelihoods(parms) 



global data 
global firstT 
global IastT 
global firstD 
global lastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
for i = firstD : IastD 

preds = getpreds(Vmax, Km, AO_i(i)); 
for j = firstT : IastT 

if(~isnan(data(j, i))) 
val = val + normlpdf(data(j, i), preds(j), LI); 

end 
end 

end 

end 
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function tchains = runmcmc(pchains = []) 
Driver code for MCMC analysis 

global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 

numParms = 6 
numChains = 3 
numits = 50000 
funcNames = ["mclnit", "mcEvalLikelihoods", "mcEvalPriors", "mcSamplePriors", "mcEvalProposal", 

"mcSampleProposal"] 
updateMode = 4 
chains = mcmc(numParms, numits, numChains, updateMode, funcNames, pchains); 

save @format=ascii @file=mcmc_results.dat chains 

tchains = chains([1:2:50000],:); 
end 

function mclnit() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
global OpMcmcPriorBounds 
OpMcmcPriorBounds = [... 
-10, 0 
-10, 0 
-10, 0 
0.01, 100 
-15, 5 



15, S 

global OpMcmcAdaptive 
OpMcmcAdaptive = 1; 
global OpMcmcDelayedRejection 
OpMcmcDelayedRejection = 0; 
global OpMcmcAdaptPeriod 
OpMcmcAdaptPeriod = 30; 
global OpMcmcAdaptCovarScale 
OpMcmcAdaptCovarScale = 1; 
global OpMcmcLoggingPeriod 
OpMcmcLoggingPeriod = 200; 

global OpMcmcAdaptLowerThresh 
OpMcmcAdaptLowerThresh = 0.25; 
global OpMcmcAdaptUpperThresh 
OpMcmcAdaptUpperThresh = 0.45; 
global OpMcmcAdaptLowerThreshDR 
OpMcmcAdaptLowerThreshDR = 0.45; 

global OpMcmcAdaptUpperThreshDR 
OpMcmcAdaptUpperThreshDR = 0.65; 
global OpMcmcSigmaDecreaseFact 
OpMcmcSigmaDecreaseFact = 0.9; 
global OpMcmcSigmalncreaseFact 
OpMcmcSigmalncreaseFact = 1.1; 
global OpMcmcDRSigmaReduceFact 
OpMcmcDRSigmaReduceFact = 0.2; 
global OpMcmcDRSigmaReduceFactAM 
OpMcmcDRSigmaReduceFactAM = 0.1; 

global OpMcmcAdaptLowerThreshAM 
OpMcmcAdaptLowerThreshAM = 0.15; 
global OpMcmcAdaptUpperThreshAM 
OpMcmcAdaptUpperThreshAM = 0.3; 

global OpMcmcCovarScaleDecreaseFact 
OpMcmcCovarScaleDecreaseFact = 20; 
global OpMcmcCovarScalelncreaseFact 
OpMcmcCovarScalelncreaseFact = 20; 

global OpDemcSnookerFraction 
OpDemcSnookerFraction = 0.1; 
global OpDemcThinningFactor 
OpDemcThinningFactor = 10; 
global OpDemcB 
OpDemcB = 0.0001; 

end 

function samp = mcSampleProposal(prevsamp) 

global data 
global firstT 
global IastT 



global firstD 
global (astD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
samp = [j; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function val = mcEvalProposal(samp, prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
vat=0; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function mcDumpSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
AO i 

Vmax 
Km 

end 

LI 



function names = mcSampNames() 
names = "AO_i(1)"; 
names = [names, "AO_i(2)"]; 
names = [names, "AO_i(3)"]; 
names = [names, "LI"]; 
names = [names, "Vmax"]; 
names = [names,."Km"]; 
names 

end 

function parms = mcPackSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
parms = []; 
parms = [parms reshape(AO_i, 1, 3)]; 
parms = [parms LI]; 
parms = [parms Vmax]; 
parms = [parms Km]; 

end 

function mcUnpackSamples(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
idx = 1; 
AO_i = reshape(parms(idx:idx+2), 3, 1); idx = idx + 3; 
LI = parms(idx); idx = idx + 1; 
Vmax = parms(idx); idx = idx + 1; 
I<m = parms(idx); idx = idx + 1; 

end 



function parms = mcSamplePriors() 
global data 
global firstT 
global lastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
LI = normrnd(1, 1, 0.01, 100); 
Vmax = unifrnd(-15, 5); 
Km = unifrnd(-15, 5); 
for i = firstD : IastD 

AO_i(i) = unifrnd(-10, 0); 
end 
parms = mcPackSamples(); 

end 

function val = mcEvalPriors(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
val = val + normlpdf(LI, 1, 1, 0.01, 100); 
val = val + uniflpdf(Vmax, -15, 5); 
val = val + unifipdf(Km, -15, 5); 
for i = firstD : IastD 

val = val + uniflpdf(AO_i(i), -10, 0); 
end 

end 

function val = mcEvalLikelihoods(parms) 
global data 
global firstT 
global IastT 
global firstD 



global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
for i = firstD : IastD 

preds = getpreds(Vmax, Km, AO_i(i)); 
for j = firstT : IastT 

if(~isnan(data(j, i))) 
val = val + normlpdf(data(j, i), preds(j), LI); 

end 
end 

end 
end 
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function tchains = runmcmc(pchains = []) 
Driver code for MCMC analysis 

global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 

numParms = 6 
numChains = 3 
numlts = 50000 
funcNames = ["mclnit", "mcEvalLikelihoods", "mcEvalPriors", "mcSamplePriors", "mcEvalProposal", 

"mcSampleProposal"] 
updateMode = 4 
chains = mcmc(numParms, numlts, numChains, updateMode, funcNames, pchains); 
save @format=ascii @file=mcmc_results.dat chains 
tchains = chains([1:2:50000],:); 

end 

function mclnit() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
global OpMcmcPriorBounds 
OpMcmcPriorBounds = [... 
-10, 0 
-10, 0 
-10, 0 
0.01, 100 
-15, 5 



15, 5 

global OpMcmcAdaptive 
OpMcmcAdaptive = 1; 
global OpMcmcDelayedRejection 
OpMcmcDelayedRejection = 0; 
global OpMcmcAdaptPeriod 
OpMcmcAdaptPeriod = 30; 
global OpMcmcAdaptCovarScale 
OpMcmcAdaptCovarScale = 1; 
global OpMcmcLoggingPeriod 
OpMcmcLoggingPeriod = 200; 

global OpMcmcAdaptLowerThresh 
OpMcmcAdaptLowerThresh = 0.25; 
global OpMcmcAdaptUpperThresh 
OpMcmcAdaptUpperThresh = 0.45; 
global OpMcmcAdaptLowerThreshDR 
OpMcmcAdaptLowerThreshDR = 0.45; 
global OpMcmcAdaptUpperThreshDR 
OpMcmcAdaptUpperThreshDR = 0.65; 
global OpMcmcSigmaDecreaseFact 
OpMcmcSigmaDecreaseFact = 0.9; 
global OpMcmcSigmalncreaseFact 
OpMcmcSigmalncreaseFact = 1.1; 
global OpMcmcDRSigmaReduceFact 
OpMcmcDRSigmaReduceFact = 0.2; 
global OpMcmcDRSigmaReduceFactAM 
OpMcmcDRSigmaReduceFactAM = 0.1; 
global OpMcmcAdaptLowerThreshAM 
OpMcmcAdapt~owerThreshAM = 0.15; 
global OpMcmcAdaptUpperThreshAM 
OpMcmcAdaptUpperThreshAM = 0.3; 
global OpMcmcCovarScaleDecreaseFact 
OpMcmcCovarScaleDecreaseFact = 20; 
global OpMcmcCovarScalelncreaseFact 
OpMcmcCovarScalelncreaseFact = 20; 
global OpDemcSnookerFraction 
OpDemcSnookerFraction = 0.1; 
global OpDemcThinningFactor 
OpDemcThinningFactor = 10; 
global OpDemc6 
OpDemc6 = 0.0001; 

end 

function samp = mcSampleProposal(prevsamp) 
global data 
global firstT 
global IastT 



global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
same = []; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function val = mcEvalProposal(samp, prevsamp) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
vat=0; 

This function is a stub... 
Code for auser-defined proposal function can be inserted here. 

end 

function mcDumpSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
AO i 

Vmax 
Km 

end 

LI 



function names = mcSampNames() 
names = "AO_i(1)"; 
names = [names, "AO_i(2)"]; 
names = [names, "AO_i(3)"]; 
names = [names, "LI"]; 
names = [narr~es, "Vmax"]; 
names = [names, "Km"]; 
names 

end 

function parms = mcPackSamples() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
parms = []; 
parms = [parms reshape(AO_i, 1, 3)]; 
parms = [parms LI]; 
parms = [parms Vmax]; 
parms = [parms Km]; 

end 

function mcUnpackSamples(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
idx = 1; 
AO_i = reshape(parms(idx:idx+2), 3, 1); idx = idx + 3; 
LI = parms(idx); idx = idx + 1; 
Vmax = parms(idx); idx = idx + 1; 
Km = parms(idx); idx = idx + 1; 

end 



function parms = mcSamplePriors() 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
LI = normrnd(1, 1, 0.01, 100); 
Vmax = unifrnd(-15, 5); 
Km = unifrnd(-15, 5); 
for i = firstD : IastD 

AO_i(i) = unifrnd(-10, 0); 
end 

parms = mcPackSamples(); 
end 

function val = mcEvalPriors(parms) 
global data 
global firstT 
global IastT 
global firstD 
global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
val = val + normlpdf(LI, 1, 1, 0.01, 100); 
va) = val + uniflpdf(Vmax, -15, 5); 
val = val + uniflpdf(Km, -15, S); 
for i = firstD : IastD 

val = val + uniflpdf(AO_i(i), -10, 0); 
end 

end 

function val = mcEvalLikelihoods(parms) 
global data 
global firstT 
global lastT 
global firstD 



global IastD 
global CCC 
global AO_i 
global LI 
global Vmax 
global Km 
global preds 
mcUnpackSamples(parms); 
val = 0.0; 
for i = firsfD : IastD 

preds = getpreds(Vmax, Km, AO_i(i)); 
for j = firstT : IastT 

if(~isnan(data(j, i))) 
val = val + normipdf(data(j, i), preds(j), LI); 

end 
end 

end 
end 
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#Chloroprene PBPK Model 
#Translated from the acslX model presented in Yang et al. 2012 
#By Jerry Campbell 2019 

States = { 
AI , 

AX , 

AM , 

AMLU 
AMK , 

ALU , 

AL , 

AK , 

AS 

AR , 

AF 
}; 

Outputs = { 
MASBAL, 
CLU , 

CL , 

CK , 

CS 

CR , 

CF , 

CV , 
CVLUM , 
ppm, 
AMP , 

AMPLU , 
AMPK , 
cvl, 

gcbal , 
vba 
}; 

Inputs = {EXPPULSE}; 



#BODY WEIGHT (kg) 
BW = 0.03 ; #Body weight (kg) 

#SPECIAL FLOW RATES 
QPC = 29.1; # Unscaled Alveolar Vent (L/h/kg^0.75) 

QCC = 20.1; # Unscaled Cardiac Output (L/h/kg^0.75) 

#FRACTIONAL BLOOD FLOWS TO TISSUES 

QLC = 0.161; #Flow to Liver as %Cardiac Output (unitless) 

QFC = 0.07 #Flow to Fat as %Cardiac Output (unitless) 

QSC = 0.159; #Flow to Slow as %Cardiac Output (unitless) 

QKC = 0.09 #Flow to Kidney as %Cardiac Output (unitless) 

#FRACTIONAL VOLUMES OF TISSUES 

VLC = 0.055; #Volume Liver as %Body Weight (unitless) 

VLUC = 0.0073 ; #Volume Lung as %Body Weight (unitless) 

VFC = Q.1 #Volume Fat as %Body Weight (unitless) 

VRC = 0.08098 ; #Volume Rapid Perfused as %Body Weight (unitless) 

VSC = 0.384 ; #Volume Slow Perfused as %Body Weight (unitless) 

VKC = 0.0167 ; #Volume Kidney as %Body Weight (unitless) 

#PARTITION COEFFICIENTS PARENT 

PL = 1.26; #Liver/Blood Partition Coefficient (unitless) 

PLU = 2.38 ; #Lung/Blood Partition Coefficient (unitless) 

PF = 17.35 ; #Fat/Blood Partition Coefficient (unitless) 

PS = 0.59 #Slow/Blood Partition Coefficient (unitless) 

PR = 1.76; #Rapid/Blood Partition Coefficient (unitless) 

PB = 7.83 ; #Blood/Air Partition Coefficient (unitless) 

PK = 1.76; #Kidney/Blood Partition Coefficient (unitless) 

#KINETIC CONSTANTS 
MW = 88.5 #Molecular weight (g/mol) 

# Metabolism in Liver 
VMAXC = 7.95 #Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 

KM = 0.041 # Km for Oxidative Pathway:Liver (mg/L) 

# Metabolism in Lung 
VMAXCLU = 0.18; #Scaled VMax for Oxidative Pathway:Lung (mg/h/BW^0.75) 

KMLU = 0.26; # Km for Oxidative Pathway:Lung (mg/L) 

# Metabolism in Kidney 
VMAXCKid = 0.0 ; #Scaled VMax for Oxidative Pathway:Kidney (mg/h/BW^0.75) 

KMKD = 1.0 # Km for Oxidative Pathway :Kidney 

#DOSING INFORMATION 
TSTOP = 7.0 ; #Dosing stop time 

https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://L/h/kg^0.75
https://L/h/kg^0.75


CONC = 13.0 # Initial concentration (ppm) 

Dynamics { 

# Scaled parameters 

QC = QCC*pow(BW,0.75) #Cardiac output 

QP = QPC*pow(BW,0.75) #Alveolar ventilation 

QL = QLC*QC #Liver blood flow 

QF = QFC*QC #Fat blood flow 

QS = QSC*QC #Slowly-perf tissue blood flow 

QK = QKC*QC #Kidney tissue blood flow 

QRC = 1-QLC-QKC-QFC-QSC #Rapily Perfused tissues 

QR = QRC*QC 

VL = VLC*BW 
VLU = VLUC*BW 
VF = VFC*BW 
VS = VSC*BW 
VR = VRC*BW 
VK = VKC*BW 

ROBC = 1- VLC - VLUC -
Sims 

#METABOLISM 

#Rapily-perf tissue blood flow 

#Liver volume 
#Lung volume 

#Fat tissue volume 
#Slowly-perfused tissue volume 
#Richly-perfised tissue volume 
#kidney tissue volume 

VFC - VSC - VRC - VKC; #Rest of body un-perfused tissued for Monte Carlo 

VMAX = VMAXC*pow(BW,0.75) 
VMAXLU = VMAXCLU*pow(BW,0.75) ; 
VMAXKD = VMAXCKid*pow(BW,0.75) 

# Exposure Control (mg/L) 
CIX = CONC*MW/24450; 
CI = CIX *EXPPULSE ; 

# Tissue Venous Concentrations (mg/L) 

#Maximum rate of metabolism-Liver (mg/hr/kg-BW) 
#Maximum rate of metabolism-Lung (mg/hr/kg-BW) 
#Maximum rate of metabolism-Kidney (mg/hr/kg-BW) 

# Concentration in Pulmonary/Arterial and venous blood Compartments (mg/L) 

CPU = (QP*CI+(QF*CVF + QL*CVL + QS*CVS + QR*CVR + QK*CVK))/(QP/PB+qC) ; 

https://VMAXCKid*pow(BW,0.75
https://VMAXCLU*pow(BW,0.75
https://VMAXC*pow(BW,0.75
https://QPC*pow(BW,0.75
https://QCC*pow(BW,0.75


CX =CPU/PB ; 
CV = (QF*CVF + QL*CVL + QS*CVS + QR*CVR + QK*CVK)/QC; 

CPUM =CPU*1000/MW ; 
RAI = QP*CI; 
dt(AI) = RAI ; 
RAX = QP*CX ; 
dt(AX) = RAX ; 

#Amount metabolized in Liver (mg) 
RAM = VMAX*CVL/(KM+CVL) ; 
dt(AM) =RAM; 

#Amount metabolized in Lung (mg) 
RAMLU = VMAXLU*CVLU/(I~MLU+CVLU); 
dt(AMLU) = RAMLU ; 

#Amount metabolized in Kidney (mg) 
RAMK = VMAXKD*CVK/(KMKD + CVK) 

dt(AMK) = RAMK; 

# Amount in Lung Compartment (mg) 

RALU = QC*(CPU-CVLU) - RAMLU; 

dt(ALU) = RALU ; 

# Amount in Liver Compartment (mg) 
RAL = QL*(CVLU-CVL) -RAM; 
dt(AL) = RAL; 

# Amount in Kidney Compartment (mg) 
RAK = QK*(CVLU-CVK) - RAMK ; 
dt(AK) = RAK; 

# Amount in Slowly Perfused Tissues (mg) 

RAS = QS*(CVLU - CVS) ; 
dt(AS) = RAS ; 

# Amount in Rapidly Perfused Tissues (mg) 

RAR = QR*(CVLU -CVR) ; 
dt(AR) = RAR ; 

#Amount in Fat Compartment (mg) 
RAF = QF*(CVLU - CVF); 
dt(AF) =RAF ; 

} #End of Dynamics 

CalcOutputs { 
# Mass-balance 



MASBA~ = AI - AX - (AL+AM+AMLU+ALU+AK+AMK+AS+AR+AF); 

#Tissue Concentrations (mg/L) 

CCU = ALU/VLU; 
CL = AL/VL; 
CK = AK/VK ; 
CS = AS/VS; 
CR = AR/VR; 
CF = AF/VF ; 

#Concentrations for plots 
CVLUM = CVLU*1000/MW; #(umol/L) 

#Dose metrics 
ppm = CONC; 
AMP = ((AM*1000/MW)/(VL*1000))/(TSTOP/24); 

AMPLU = ((AMLU*1000/MW)/(VLU*1000))/(TSTOP/24); 

AMPK = ((AMK*1000/MW)/(VK*1000))/(TSTOP/24); 

cvl = CVL ; 

#Blood Flow balance 
gcbal=QC-Q~-QF-QS-QK-QR; 

#Tissue Volume balance 
vbal = BW*(1-ROBC) - VL - VLU - VF - VS - VK - Va; 

} #End of CalcOutputs 

End. 



Mo~.;se.R (Base model pararnet~i~s fc~r rn ~usej 

#Female Mouse parameters (See Model Parameters Spreadsheet for Documentation) 

parms <-c( 
BW = 0.04 , #Body weight (kg) 

QPC = 29.1, # Unsealed Alveolar Vent (L/h/kg^0.75) 

QCC = 20.1, # Unsealed Cardiac Output (L/h/kg^0.75) 

#FRACTIONAL BLOOD FLOWS TO TISSUES 

QLC = 0.161, #Flow to Liver as %Cardiac Output (unitless) 

QFC = 0.07 #Flow to Fat as %Cardiac Output (unitless) 

QSC = 0.159 , #Flow to Slow as %Cardiac Output (unitless) 

QKC = 0.09 #Flow to Kidney as %Cardiac Output (unitless) 

#FRACTIONAL VOLUMES OF TISSUES 
VLC = 0.055 , #Volume Liver as %Body Weight (unitless) 

VLUC = 0.0073 , #Volume Lung as %Body Weight (unitless) 

VFC = 0.1 #Volume Fat as %Body Weight (unitless) 

VRC = 0.08098 , #Volume Rapid Perfused as %Body Weight (unitless) 

VSC = 0.384 , #Volume Slow Perfused as %Body Weight (unitless) 

VKC = 0.0167 , #Volume Kidney as %Body Weight (unitless) 

#PARTITION COEFFICIENTS PARENT 
PL = 1.26, #Liver/Blood Partition Coefficient (unitless) 

PLU = 2.38 , #Lung/Blood Partition Coefficient (unitless) 

PF = 17.35 , #Fat/Blood Partition Coefficient (unitless) 

PS = 0.59 #Slow/Blood Partition Coefficient (unitless) 

PR = 1.76 , #Rapid/Blood Partition Coefficient (unitless) 

PB = 7.8 , #Blood/Air Partition Coefficient (unitless) 

PK = 1.76 , #Kidney/Blood Partition Coefficient (unitless) 

#KINETIC CONSTANTS 
MW = 88.5 #Molecular weight (g/mol) 

#Revised Metabolism Constants based on Yoon report 

# Metabolism in Liver 
VMAXC = 99.0 ,#Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 

KM = 1.0 # Km for Oxidative Pathway:Liver (mg/L) 

# Metabolism in Lung 
VMAXCLU = 99.0 , #Scaled VMax for Oxidative Pathway:Lung (mg/h/BW^0.75) 

KMLU = 1.0 # Km for Oxidative Pathway:Lung (mg/L) 

# Metabolism in Kidney 
VMAXCKid = 00.0 , #Scaled VMax for Oxidative Pathway:Kidney (mg/h/BW"0.75) 

https://mg/h/BW"0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://L/h/kg^0.75
https://L/h/kg^0.75


KMKD = 1.0 , # Km for Oxidative Pathway :Kidney (mg/L) 

#DOSING INFORMATION 
TSTOP = 7.0 , 
CONC = 0.0 #Initial concentration (ppm) 



Fi1`~C7lla~'.R ~FE'IT1~I2 i"TlC?1~5~ 5~7ecific model pararreter~s) 

#Female Mouse parameters 

source('./params/mouse.R') 

#Revised Metabolism Constants based on Yoon report 
#QIVIE for VMAXC and VMAXCLU were based on a 40 g mouse 
#which was the rounded average female weight in the 2-year bioassay 

#Female mouse average body weight (rounded to g) 
parms["BW"] <- 0.040 #Weighted average of the female mouse control group NTP chloroprene 

bioassay 

# Metabolism in Liver 
parms["VMAXC"] <- 7.99 #Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 
parms["KM"] <- 0.040 # Km for Oxidative Pathway:Liver (mg/L) 

# Metabolism in Lung 
parms["VMAXCLU"] <- 0.12 #Scaled VMax for Oxidative Pathway:Lung (mg/h/BW^0.75) 
parms["KMLU"] <- 0.21 # Km for Oxidative Pathway:Lung (mg/L) 

# Metabolism in Kidney 
parms["VMAXCKid"] <- 00.0 #Scaled VMax for Oxidative Pathway:Kidney (mg/h/BW^0.75) 
parms["KMKD"] <- 1.0 # Km for Oxidative Pathway :Kidney (mg/L) 

https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75


H~~man.R (E3~se ht~m~n r~ociel purarneters~ 

#Human parameters (See Model Parameters Spreadsheet for Documentation) 

parms <-c( 
BW = 70.0 , #Body weight (kg) 
QPC = 24.0, #Unsealed Alveolar Vent (L/h/kg^0.75) 

QCC = 16.5 , # Unsealed Cardiac Output (L/h/kg^0.75) 

#FRACTIONAL BLOOD FLOWS TO TISSUES 

QLC = 0.227 , #Flow to Liver as %Cardiac Output (unitless) 

QFC = 0.052 #Flow to Fat as %Cardiac Output (unitless) 

QSC = 0.191 #Flow to Slow as %Cardiac Output (unitless) 

QKC = 0.175 #Flow to Kidney as %Cardiac Output (unitless) 

#FRACTIONAL VOLUMES OF TISSUES 
VLC = 0.0257 , #Volume Liver as %Body Weight (unitless) 

VLUC = 0.0076 , #Volume Lung as %Body Weight (unitless) 

VFC = 0.27 , #Volume Fat as %Body Weight (unitless) 

VRC = 0.0533 , #Volume Rapid Perfused as %Body Weight (unitless) 

VSC = 0.4 #Volume Slow Perfused as %Body Weight (unitlessj 

VKC = 0.0044, #Volume Kidney as %Body Weight (unitless) 

#PARTITION COEFFICIENT PARENT 
PL = 2.37 , #Liver/Blood Partition Coefficient (unitless) 

PLU = 2.94 , #Lung/Blood Partition Coefficient (unitless) 

PF = 28.65 , #Fat/Blood Partition Coefficient (unitless) 

PS = 1.00 , #Slow/Blood Partition Coefficient (unitless) 

PR = 2.67 , #Rapid/Blood Partition Coefficient (unitless) 

PB = 4.5 , #Blood/Air Partition Coefficient (unitless) 

PK = 2.67 , #Kidney/Blood Partition Coefficient (unitless) 

#KINETIC CONSTANTS 
MW = 88.5 #Molecular weight (g/mol) 

#Revised Metabolism Constants based on Yoon report 

# Metabolism in Liver 
VMAXC = 99.0 , #Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 

KM = 1.0, # Km for Oxidative Pathway:Liver (mg/L) 

# Metabolism in Lung 
VMAXCLU = 99.0, #Scaled VMax for Oxidative Pathway:Lung (mg/h/BW^0.75) 

KMLU = 1.0 # Km for Oxidative Pathway:Lung (mg/L) 

# Metabolism in Kidney 
VMAXCKid = 0.0 , #Scaled VMax for Oxidative Pathway:Kidney (mg/h/BW^0.75) 

https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://L/h/kg^0.75
https://L/h/kg^0.75


KMKD = 1.0 # Km for Oxidative Pathway :Kidney (mg/L) 

#DOSING INFORMATION 
TSTOP = 7.0 , 
CONC = 0.0 #Initial concentration (ppm) 



~h~arnan. (mixed hump ~~ specific, rr~~dek ~~~ran~~ter~j 

#Mixed Human Parameters 

source('./params/Human.R') 

#Revised Metabolism Constants based on Yoon report 

# Metabolism in Liver 
parms["V,MAXC"] <- 14.51 #Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 

parms["KM"] <- 0.031 # Km for Oxidative Pathway:~iver (mg/L) 

# Metabolism in Lung 
parms["VMAXCLU"] <- 0.0031 #Scaled VMax for Oxidative Pathway:Lung (mg/h/BW^0.75) 

parms["KMLU"] <- 0.031 # Km for Oxidative Pathway:Lung (mg/L) 

# Metabolism in Kidney (no renal metabolism) 
parms["VMAXCKid"] <- 00.0 #Scaled VMax for Oxidative Pathway:Kidney (mg/h/BW^0.75) 

parms["KMKD"] <- 1.0 # Km for Oxidative Pathway :Kidney (mg/L) 

https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75


~rrc~~.asr_1,7~~ivn.l~ ~sirnulatrs 1.5 ~~~y f~rr~~ale rr~n~.a4r~ I<ir~~~ic s~~~r~y vvk~~ pic~t~a ~~r~c~rr~tr:~r~ far 

thc~ i rnr cr~l~rs~ ~Ic~~cl data} 

# Simulates the 15 day mouse exposure study 

# Data collected during and after exposure on 1st day 

# and at end of exposure on day 5 and 15 (1day nose-only) 

#VMAXC and VMAXCLU were scaled from the in vitro values to the 

#rounded average BW reported in the study which was 20 g 

#for all three concentrations 

#set the working directory to where you downloaded the scripts 
setwd(dirname(parent.frame(2)$ofile)) 

# load libraries needed to run scenario 
library(deSolve) 

# Model path and name 
mName <- "chloroprene.model" 

#load model inits file for the ode solver 
source(paste0(mName,"_inits.R")) 

#load the states files 
#source(paste0(mPath,"states.R")) 

#load the model dll 
dyn.load(paste0(mName,.Platform$dynlib.ext)) 

#Scenario specific values 
tstart <- 0.0 
tstop <- 443.0 
times <- seq(tstart, tstop, by=0.02) 

# Physiolgical parameters path 

#load the parameters 
source('./params/Fmouse.R') 
source('./states.R') 

#timing variables for forcing functions 
dstart <- tstart 
dlength <- 6 #hours per day to expose 
ddaysperwk <- 5 #days of week to expose 
dexpend <- 19 #days of exposure 
parms["TSTOP"~ <- tstop 



# Source forcing functions 
# this loads the function forcing() in the namespace 
source("forfunc.R") 

#Scenario Specific Parameters 
parms["BW"]<- 0.020 #measured in the study 
parms["QPC"~<- 32.8 #measured in the study 
parms["QCC"]<- parms["QPC"]/1.45 #V/Q Ratio Marino et al. 2006 

parms["GONG"]<- 12.3 

# Run ODE 
print(system.time( 
out <- ode(Y, times, func = "derivs", parms = parms, method="vode", ato1=1.0e-10, rto1=1.0e-8, 

dllname = mName, initforc="initforc", forcings=forcings, 
initfunc = "initmod", nout = length(Outputs), 
outnames =Outputs) 

)) 

outl <- as.data.frame(out,stringsAsFactors = F) 

#Scenario Specific Exposure 
parms["BW"]<- 0.020 #measured in the study 
parms["QPC"]<- 49.0 #measured in the study 
parms["QCC"]<- parms["QPC"]/1.45 #V/Q Ratio Marino et al. 2006 

parms["GONG"]<- 32.0 

# Run ODE 
print(system.time( 
out <- ode(Y, times, func = "derivs", parms = parms, method="vode", ato1=1.0e-10, rto1=1.0e-8, 

dllname = mName, initforc="initforc", forcings=forcings, 
initfunc = "initmod", nout = length(Outputs), 
outnames =Outputs) 

)) 

out2 <- as.data.frame(out,stringsAsFactors = F) 

#Scenario Specific Exposure 
parms["BW"]<- 0.020 #measured in the study 
parms["QPC"]<- 38.7 #measured in the study 
parms["QCC"]<- parms["QPC"]/1.45 #V/Q Ratio Marino et al. 2006 

https://parms["QPC"]/1.45
https://parms["QPC"]/1.45
https://parms["QPC"]/1.45


parms["GONG"]<- 90.0 

# Run ODE 
print(system.time( 
out <- ode(Y, times, func = "derivs", parms = parms, method="vode", ato1=1.0e-10, rto1=1.0e-8, 

dllname = mName, initforc="initforc", forcings=forcings, 

initfunc = "initmod", nout = length(Outputs), 

outnames =Outputs) 

out3 <- as.data.frame(out,stringsAsFactors = F) 

#unload the model dll 
dyn.unload(paste0(mName,.Platform$dynlib.ext)) 

#displays the plots of the observed versus predicted data 

## Read the dataset to be plotted 
#12.8 ppm 
Datasetl <- data.frame(cbind((c(0.5, 0.5, 0.5, 0.5, 3, 3, 3, 3, 3, 6, 6, 6, 6, 6, 6.083, 6.083, 6.083, 6.17, 

6.17, 102, 102, 102, 102, 438, 438, 438, 438)), 
(c(0.97, 0.82, 1.12, 1.22, 0.6, 2.7, 2.03, 2.1, 2.24, 2.08, 1.75, 1.53, 1.37, 1.16, 0.08, 0.09, 

0.16, 0.1, 0.25, 0.17, 0.23, 0.2, 0.18, 0.28, 0.33, 0.24, 0.31)))) 

colnames(datasetl) <- c("time","cart") 

#30 ppm 
dataset2 <- data.frame(cbind((c(0.5, 0.5, 0.5, 0.5, 0.5, 3, 3, 3, 3, 3, 3, 6, 6, 6, 6, 6.083, 6.083, 6.083, 

6.083, 6.083, 6.17, 6.17, 6.17, 6.17, 6.17, 6.25, 6.25, 6.25, 6.25, 6.25, 102, 102, 102, 102, 102, 438, 438, 

438, 438, 438)), 
(c(3, 2Z7, 1.66, 2.08, 0.69, 3.94, 3.9, 1.52, 2.48, 1.68, 3.87, 2.26, 1.26, 4.18, 2.06, 0.46, 0.41, 

0.92, 0.52, 0.77, 0.28, 0.26, 0.1, 0.12, 0.13, 0.18, 0.31, 0.69, 0.16, 0.13, 2.32, 2.26, 1.15, 1.32, 0.88, 0.75, 

2.08, 1.6, 1.12, 1.45)))) 
colnames(dataset2) <- c("time","cart") 

#90 ppm 
dataset3 <- data.frame(cbind((c(0.5, 0.5, 0.5, 0.5, 0.5, 3, 3, 3, 3, 3, 6, 6, 6, 6, 6, 6.083, 6.083, 6.083, 

6.083, 6.083, 6.17, 6.17, 6.17, 6.17, 6.17, 6.25, 6.25, 6.25, 6.25, 6.25, 102, 102, 102, 102, 102, 438, 438, 

438, 438, 438)), 
(c(5.92, 4.86, 4.82, 8.26, 7.69, 7.42, 12.95, 7.18, 3.46, 5.62, 9, 6.46, 7.63, 8.79, 8.12, 1.39, 

3.01, 1.62, 0.92, 1.59, 0.66, 1.46, 0.67, 0.88, 0.93, 0.94, 0.63, 0.57, 0.64, 0.58, 3.73, 5.48, 4.09, 3, 6.43, 

4.44, 3.64, 2.76, 3.41, 1.96)))) 
colnames(dataset3) <- c("time","cart") 



par(mfrow=c(1,1)) 
plot(outl$time,outl$CV*1000/parms["MW"], type ='I', col='red',Iwd = 2, 

xlab="TIME",ylab = expression(mu*"M"), main='Mouse Study 3 Week -Day 1', 

points(out2$CV*1000/parms["MW"]^'out2$time,type ='I',col='blue', Iwd=2) 
points(out3$CV*1000/parms["MW"]"'out3$time,type ='I',col='orange', Iwd=2) 

points(datasetl$time,datasetl$cart,type ='p',col='red', pch=21, bg='red') 
points(dataset2$time,dataset2$cart,type ='p',col='blue', pch=21, bg='blue') 

points(dataset3$time,dataset3$cart,type ='p',col='orange', pch=21, bg='orange') 

plot(outl$time,outl$CV*1000/parms["MW"], type ='I', col='red',Iwd = 2, 

xlab="TIME",ylab = expression(mu*"M"), main='Mouse Study 3 Week -Day 5', 

xlim=c(96.0,106.0), ylim=c(0.0,20.0)) 
points(out2$CV*1000/parms["MW"]^'out2$time,type ='I',col='blue', Iwd=2) 
points(out3$CV*1000/parms["MW"]^'out3$time,type ='I',col='orange', Iwd=2) 

points(datasetl$time,datasetl$cart,type ='p',col='red', pch=21, bg='red') 
points(dataset2$time,dataset2$cart,type ='p',col='blue', pch=21, bg='blue') 
points(dataset3$time,dataset3$cart,type ='p',col='orange', pch=21, bg='orange') 

plot(outl$time,outl$CV*1000/parms["MW"], type ='I', col='red',Iwd = 2, 

xlab="TIME",ylab = expression(mu*"M"), main='Mouse Study 3 Week -Day 19', 

xlim=c(432.0,442.0), ylim=c(0.0,20.0)) 
points(out2$CV*1000/parms["MW"]^'out2$time,type ='I',col='blue', Iwd=2) 
points(out3$CV*1000/parms["MW"]~out3$time,type ='I',col='orange', Iwd=2) 

points(datasetl$time,datasetl$cart,type ='p',col='red', pch=21, bg='red') 
points(dataset2$time,dataset2$cart,type ='p',col='blue', pch=21, bg='blue') 
points(dataset3$time,dataset3$cart,type ='p',col='orange', pch=21, bg='orange') 



Frno~.~se_rY~ctric.(~ (sirn~.al[~~:c~s t~» biti~~ssray >t ~:~~1 f;~r t:ti°va we^ks t:c~ ~~rc~arr~t~l~~te c~~aily 

av~r~~~ c~r;sr m~tricsj 

# Simulates female mouse for 2 weeks using mouse study protocol (6 hr/day 5 days/week) 
# Uses metabolism constants from Redo of the MCMC in vitro with flux 

#Set the working directory to where you downloaded the scripts 
setwd(dirname(parent.frame(2)$ofile)) 

# Load libraries needed to run scenario 
library(deSolve) 

# Model path and name 
mName <- "chloroprene.model" 

#Load model inits file for the ode solver 
source(paste0(mName,"_inits.R")) 

#Load the model dll 
dyn.load(paste0(mName,.Platform$dynlib.ext)) 

#Scenario specific values 
tstart <- 0.0 
tstop <- 336.0 
times <- seq(tstart, tstop , by=0.01) 
Wend <- length(times) 

#Physiolgical parameters path 
#Load the parameters 
source('./params/Fmouse.R') 
source('./states.R') 

#Timing variables for forcing functions 
dstart <- tstart 
dlength <- 6 #hours per day to expose 
ddaysperwk <- 5 #days of week to expose 
dexpend <- 12 #days of exposure 
parms["TSTOP"] <- tstop 

#Source forcing functions 
#This loads the function forcing() in the namespace 
source("forfunc.R") 



#Scenario Specific Exposure 
ppm <- c(12.8, 32.0, 80.0) 
bw <- c(0.040, 0.040, 0.036) #wt avg bw for each exposure level rounded to g 

cinhl <- data.frame(ppm) 
cinh <- lapply(cinhl, as.numeric) 
outlist <- list() 
ppm2 <- list() 

for(i in 1:nrow(cinhl)){ 

parms["GONG"] <- ppm[i] 
parms["BW"] <- bw[i] 
{ 

out <-ode(Y, times, func = "derivs", parms = parms, method="vode", ato1=1.0e-10, rto1=1.0e-8, 
dllname = mName, initforc="initforc", forcings=forcings, initfunc = "initmod", nout = 

length(Outputs), 
fcontrol=list(method="linear"), outnames =Outputs) 

outlist[[i]] <- out[nend,] 
} 
froutl <- data.frame(outlist) 
Bout <- data.frame(t(froutl), row.names=paste(1:3)) 
rout <- cbind(dout[,c("ppm","AMP","AMPLU","AMPK")]) 

print("Female Mouse MCMC Redo") 
print(rout) 

#load the model dll 
dyn.unload(paste0(mName,.Platform$dynlib.ext)) 



Num~n Cantin~aous,R (sirr?ulat~s con~in~ious Px~Qsure -- 7 days/week, 24 hrs/day and 

r~e~c~rt~ cJc~se rre~~i~s ~ r~ ar, ~~v~r~,~e per clay basis} 

#Simulates human for 2 weeks using mouse study protocol (6 hr/day 5 days/week) 

#Uses metabolism constants from Yang et al. 2012 Table 3 

#Set the working directory to where you downloaded the scripts 
setwd(dirname(parent.frame(2)$ofile)) 

#Load libraries needed to run scenario 
library(deSolve) 

#Model path and name 
mName <- "chloroprene.model" 

#Load model inits file for the ode solver 
source(paste0(mName,"_inits.R")) 

#Load the model dll 
dyn.load(paste0(mName,.Platform$dynlib.ext)) 

#Scenario specific values 
tstart <- OA 
tstop <- 336 
times <- seq(tstart, tstop , by=0.05) 
Wend <- length times) 

#Physiolgical parameters path 
#Load the parameters 
source('./params/Mhuman.R') #Revised parameters from June 27 2018 update 

source('./states.R') 

#Timing variables for forcing functions 
dstart <- tstart 
dlength <- 24 #hours per day to expose 
ddaysperwk <- 7 #days of week to expose 
dexpend <- 100 #days of exposure 
parms["TSTOP"] <- tstop 

#Source forcing functions 
#This loads the function forcing() in the namespace 
source("forfunc.R") 

#Scenario Specific Exposure 
parms["GONG"]<- 12.8 



#0.00028 ppm = 1.0 ug/m3 
ppm <- c(0.00028, 0.001, 0.01, 0.1, 1.0, seq(2, 100, by=2)) 
lend <- length(ppm) 
cinhl <- data.frame(ppm) 
cinh <- lapply(cinhl, as.numeric) 
outlist <- list() 
ppm2 <- list() 

for(i in 1:nrow(cinhl)){ 

parms["GONG"] <- cinhl[i,] 

out <-ode(Y, times, func = "derivs", parms = parms, method="vode",ato1=1.0e-10, rto1=1.0e-S, 
dllname = mName, initforc="initforc", forcings=forcings, initfunc = "initmod", nout = 

length(Outputs), 
fcontrol=list(method="linear"), outnames =Outputs) 

outlist[[i]] <- out[nend,] 
} 
froutl <- data.frame(outlist) 
dout <- data.frame(t(froutl), row.names=paste(1:lend)) 
rout <- cbind(dout[,c("ppm","AMP","AMPLU","AMPK")]) 

#displays the output 
print("Human Table 3") 
print(rout) 

#unload the model dll 
dyn.unload(paste0(mName,.Platform$dynlib.ext)) 
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Enhancing the PBPK Model for Chloroprene to include reactive 
oxidative metabolites responsible for the pulmonary toxicity and 

carcinogenicity 

A PBPK model was developed for chloroprene (CP; 2-chloro-1,3-butadiene) to estimate lung dose 

metrics and correlate these dose metrics with toxicity and carcinogenicity in the mouse (Clewell 

et al. 2019, 2020). The dose metric calculated with this PBPK model was total amount of 

chloroprene metabolized per gram of lung. Metabolism of chloroprene starts with oxidation via 

cytochrome P-450 enzymes producing two oxiranes — (1-chloroethenyl)oxirane (1-CEO) and (2-

chloroethenyl)oxirane (2-CEO). Oxiranes produced by microsomal oxidation of ethenes, such as 

ethylene oxide or butadiene monoxide and butadiene diepoxide, are sufficiently stable to 

undergo Phase II metabolism by epoxide hydrolases (EHs) and glutathione transferases (GSTs) 

and to diffuse from the tissues where they are produced into the bloodstream for transport to 

other tissues (Johanson and Filser 1993; Kohn and Melnick 2000; Filser and Klein 2018). The 

goal of this present effort was to extend the PBPK model for chloroprene to include more detail 

on the epoxides and other reactive products formed by oxidative metabolism, and to describe the 

impact of production of reactive products on tissue glutathione (GSH). 

In extending the PBPK model to include the production of various reactive intermediates, we 

examined papers on in vitro metabolism and analytical chemistry for identification of various 

metabolites of chloroprene (Cottrell et al. 2001; Munter et al. 2003; Himmelstein et al. 2004; 

Munter et al. 2007). Of the two reaction products formed by the microsomal oxidation of 

chloroprene, (1-chloroethenyl)oxirane (1-CEO) is expected to have a short, but measurable half-

life in tissues. (2-chloroethenyl)oxirane, on the other hand, is expected to quickly rearrange to 

reactive aldehydes and ketones produced by both the spontaneous rearrangement of 2-CEO and 

the spontaneous rearrangement of the diepoxide and diepoxide diol produced from further 

oxidation of 1-CEO in the mouse (Himmelstein et al. 2004). This is similar to what has been 

observed with 1,1-DCE. The products of 2-CEO rearrangement are expected to react non-

enzymatically and rapidly with GSH. The depletion of GSH by these aldehydes and ketones will 

affect the cellular GSH available for their detoxification. As GSH levels fall, the concentration of 

reactive metabolites increases, leading to exacerbation of toxic responses in the tissue because 

aldehydes and ketones then react with cellular constituents other than GSH. The expectations of 

increased tissue toxicity with GSH depletion are consistent with observations of liver and lung 

responses of fasted rats to CP inhalation (Jaeger et al. 1975; Plugge and Jaeger 1979) and 

similar responses in livers in fasted rats exposed to 1,1-DCE (McKenna et al. 1977; Andersen et 

al. 1980). 

Formation and clearance processes with Y -CEO: 1-CEO is formed by the oxidation of CP by 

cytochrome P450 enzymes, primarily CYP2f1 and 2e1 (Figure lA). This oxidation step produces 

both 1- and 2-CEO and the relative split for the flux through both pathways was estimated 

separately for liver and lung microsomes (Himmelstein et al. 2004). In the subsequent 

equations, alpha (a) is the proportion of CYP-oxidation producing 1-CEO, and (1-a) is the 



proportion producing 2-CEO (Figure lA). In addition, the products of the first oxidation step 

include both the respective epoxide and diol due to the proximity of the cytochrome P450s and 

microsomal epoxide hydrolases within the microsomes, i.e. within the endoplasmic reticulum in 

the intact tissues. Thus, some diol is produced by an intracellular first-pass-like process where 

the proximity of the CYP enzymes and epoxide hydrolase in microsomal vesicles allows some 

direct conversion of the epoxide to the diol before release from the lipophilic environment of the 

microsome to the cytoplasm (Johanson and Filser 1993; Kohn and Melnick 2000). An estimate of 

the proportion of diol produced by the oxidation (b) was available from modeling with butadiene 

(Campbell et al. 2015). The subsequent clearance of 1-CEO occurs by three pathways in the 

mouse, EH/H20 hydrolysis, further microsomal oxidation of 1-CEO (Himmelstein et al. 2004) 

and, in vivo, diffusion of 1-CEO from tissue into the bloodstream. While reactions of 1-CEO with 

GSH, either catalyzed by GSTs or by direct non-enzymatic conjugation, are possible, there was 

no evidence for this pathway in human, rat, or mouse microsomal incubations (hunter et al. 

2003). With human microsomes, there was no evidence of a second oxidation step consuming 

the 1-CEO (Himmelstein et al. 2004). 

Kinetic constants for CP oxidation were estimated from in vitro studies following the loss of 

headspace CP from vials containing microsomal suspensions. Those for 1-CEO oxidation followed 

1-CEO headspace loss using microsomal suspensions with added NADPH. 1-CEO hydrolysis was 

also assessed using microsomal preparations with no added NADPH. In these detailed kinetic 

studies of multiple pathways (Himmelstein et al. 2004), GSH conjugation was examined by 

evaluating loss of headspace 1-CEO with vials containing cytoplasm and 10 mM GSH — a GSH 

level about 5 times higher than background levels in lung (Csanady et al. 2003; Jaeger et al. 

1974a). As noted in studies identifying metabolites of CP (hunter et al. 2003), there was no 

evidence for appreciable clearance of 1-CEO by reactions involving glutathione. 
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Figure F1. Schematics for the production and clearance of the three key components in the 

enhanced PBPK model for chloroprene (CP). 

Formation and clearance processes with 2-CEO: In a fashion similar to 1-CEO, 2-CEO would be 

an intermediate of the oxidation of CP by CYP2e1 and 2f1 (Figure F1A). The proportion of 2-CEO 

formed is (1-o) times the net rate of loss of CP, where a is the proportion of the initial oxidation 

step that goes to 1-CEO. As with the formation of 1-CEO and 1-CEO diol, the proportion of the 

formation of the dio) would be b times the total oxidation rate. However, neither 2-CEO nor 2-

CEO diol are stable and they undergo rapid rearrangement to reactive aldehydes and ketones, all 

of which would react with GSH. Modeling of conjugation of reactive products with glutathione 

was similar to that used in PBPK models for reactive products with vinyl chloride (Clewell et al. 

2001) and vinylidene chloride (D'Souza et al. 1988). In addition, the oxidative reaction of 1-CEO 

to a diepoxide also produces various reactive aldehydes and ketones. The net flux of all these 

reactive intermediates is captured in a single lumped compartment, called reactive products (RP). 

Formation and tissue clearance of transient reactive products (RPs): The RP pool represents a 

group of reactive aldehydes and ketones that form by rearrangement of the unstable epoxide, 2-

CEO, and of the diepoxide formed by oxidation of 1-CEO (Figure FZB). These products 

themselves are expected to be short-lived and react with other cellular components and with 

GSH, where the GSH conjugation pathway is favored at normal GSH concentrations. The rate 



equation for RP would have the net rates of production of 2-CEO and the 1-CEO diepoxide and 

loss due to reaction with GSH and with other cellular constituents. The abbreviation, kfee, 

represent a first order rate constant for reaction of RP with ~~everything else". A first-order 

constant is used because the reaction of RP with these other tissue components is not expected 

to deplete the total reactant pool of these constituents to any great extent. A similar approach 

for modeling reactive intermediates was used with vinyl chloride (Clewell et al. 2001). 

Depletion of GSH: The last process that needed to be included in the model was the production 

and removal of RP and the effect of higher rates of formation of RPs on GSH (Figure F1C). 

Higher rates of formation of RPs will cause depletion of GSH leading to increased tissue toxicity 

from these RPs. The rate constants for glutathione synthesis (Ko) and background loss (kl) have 

been approximated in various previous publications with vinyl chloride, ethylene dichloride and 

vinylidene chloride (D'Souza and Andersen 1988; D'Souza et al. 1988) and specifically for mouse 

lung in work with styrene and styrene oxide (Csanady et al. 2003). With these compounds, there 

is depletion of tissue glutathione, usually measured in liver, at higher exposures. While no direct 

measurements have been reported for GSH depletion in lungs caused by CP inhalation, the most 

sensitive gene ontology pathways affected by CP exposures in mice were associated with Nrf2-

regulation of oxidative stress and GSH metabolism pathways (Thomas et al. 2013), an 

observation consistent with GSH loss during CP exposures. 

Table F1. Parameters for the chloroprene metabolite model (chemical specific 
parameters for the physiology and chloroprene chemical specific parameters are 
reported in Supp Mat A). 

Parameter Description 
Female 
Mouse 

Female 
Rat 

Chloroprene 

ALPHAL 
Fraction of oxidative metabolism to 1-CEO in 
liver (remainder to 2-CEO) 

0.021 0.051 

ALPHALU 
Fraction of oxidative metabolism to 1-CEO in 
lung (remainder to 2-CEO) 

0.031 0.151 

Fraction of total CP to 1-CEO privileged access 

Fraction of 1-CEO production available for 
BETA hydrolysis/oxidative metabolism or release to 0.332 0.332 

blood 

1-CEO 

Metabolism in Liver -Hydrolysis 

VMAXCI 
Scaled VMax for Hydrolysis Pathway:Liver 
(mg/h/BW^0.75) 

10.651 62.11 

KM1 Km for Hydrolysis Pathway:Liver (mg/L) 1.91 3.71 

Metabolism in Lung -Hydrolysis 

VMAXCLUI 
Scaled VMax for Hydrolysis Pathway:Lung 
(mg/h/BW^0.75) 

0.641 0.851 

KMLU1 Km for Hydrolysis Pathway:Lung (mg/L) 4.61 8.01 



 

 
 
 

Table F1. Parameters for the chloroprene metabolite model (chemical specific 
parameters for the physiology and chloroprene chemical specific parameters are 
reported in Supp Mat A). 

Parameter Description 

Metabolism in Liver -Oxidative (Mouse pathway only) 

Scaled VMax for oxidative pathway in liver 
VMAXCIO (mg/h/BW^0.75) 

KM10 Km for oxidative pathway in liver (mg/L) 

LLOXACT 
Lung to liver ratio for oxidative metabolism of 
1-CEO (VMAXCIO scaled to lung) 

Reactive Products 

K2LC 
2nd order rate of RP reaction with GSH 
(L/umol/hr) 

K2LUC 
2nd order rate of RP reaction with GSH 
(L/umol/hr) 

KFEEC Conjugation rate with non-GSH (L/umol/hr) 

Lung to liver ratio for reactive products 
LLEEACT reaction with other cellular molecules (KFEEC 

scaled to lung) 

GSH Parameters from ECD model 

First-order rate constant for GSH loss (/hr*kg
KPC BW-0.3) 

GSO Initial GSH concentration in liver (uM) 

GSOLU Initial GSH concentration in lung (uM) 

1-CEO Partition Coefficients 

PB1 Blood:Air 

PLU1 Lung:Blood 

PL1 Liver:Blood 

PF1 Fat:Blood 

PS1 Slowly Perfused:Blood 

PR1 Rapidly Perfused:Blood 

1 Himmelstein et al. 2004 
z Campbell et al. 2015 
3 Clewell et al. 2001 
4 Environ International 2004 

Female 
Mouse 

Female 
Rat 

2 25i 

1.51 

p 424 

NA 

NA 

NA 

0.133 0.133 

0.133 

353 

0.133 

353 

0.144 0.064 

0.064 

70004 

15004 

0.064 

55004 

12004 

5.745 

0.695 

1.185 

5.155 

0.695 

1.185 

5.745 

0.695 

1.185 

5.155 

0.695 

1.185 

5 1-CEO tissue air and tissue:blood partitions were estimated using IndusChemFate (version 
2.00, http://cefic-Iri.org/toolbox/induschemfate/) and a IogKow of 1.22 (KOWIN v.1.67 
reported on Chemspider 2021. http://www.chemspider.com/Chemical-
Structure.201536.html) 

Metabolite Model Parameterization: The rate equations for the three components of the 

expanded model, i.e. 1-CEO (2A), RP (2B) and GSH (2C) are in Figure F2. The parameters used 

http://www.chemspider.com/Chemical
http://cefic-Iri.org/toolbox/induschemfate


 

 

in the chloroprene metabolite submodel are shown in Table F1 (IVIVE scaling of in vitro derived 

rate constants was performed in the same manner as in the parent chemical model). The 

fraction of total chloroprene metabolism to 1-CEO in liver (ALPHAL) and lung (ALPHALU) was 

reported in Himmelstein et al. (2004) for female mouse and rat. The fraction of 1-CEO that is 

available for distribution, hydrolysis, or oxidative metabolism (BETA) was set equal to the ratio 

for epoxybutene (Campbell et al. 2015) where 67% of the amount of epoxybutene produced from 

the metabolism of butadiene was further metabolized due to co-localization of enzymes (i.e. CYP 

P450 and EH) in the endoplasmic reticulum. The in vitro derived parameters for the hydrolysis 

and oxidative (mouse only) metabolism of 1-CEO in liver and lung were reported in Himmelstein 

et al. (2004). For the oxidative pathway in mouse, only the male mouse liver incubations 

provided levels of metabolism that allowed for estimation of the 1-CEO saturable metabolism 

parameters. The oxidative metabolism of 1-CEO in the lung was not measurable. As oxidative 

metabolism of 1-CEO could not be measured in the lung, the scaled liver maximum rate 

(VMAX10) for the mouse was based on the ratio of the mixed function oxidase scaled in 

lung/liver (LLOXACT) previously reported for the mouse (Environ International 2004). The 

chemical reaction rate constants for the RP including the second order reaction with GSH in liver 

(K2L) and lung (K2LU), and reaction rate with other cellular molecules (KFEE) were taken from 

Clewell et al. (2001). For KFEELU, a scaler (LLEEACT) from liver to lung used. The partition 

coefficients for 1-CEO were calculated with the IndusChemFate model (ver. Z.0). Simulations 

with the chloroprene model were carried out in R (ver. 4.0.3). The metabolite submodel model 

code is included in the Appendix of this supplement. 
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Figure F2. Rate equations for 1-CEO, reactive products (RP) and glutathione (GSH) in liver and 

lung. 

Curves were first generated using this reactive-metabolite model to show the relationships 

between inhaled CP and GSH at the end of 6 hour exposures and between inhaled CP and 

concentrations of reactive RP and GSH at the end of 6 hours (Figure F3). The rate of metabolism 

versus inhaled CP follows aMichaelis-Menten form, quickly approaching a maximum rate at 

several 100 ppm (Figure F3 middle and bottom panel). The RPs formed by oxidation deplete 

GSH, with depletion to about 50% of the initial value at 15.3 ppm (Figure 3 top panel). As GSH 
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becomes depleted, RP cannot be cleared as efficiently and the RP concentration rise in a non-

linear fashion with increasing exposure concentrations of CP. 
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Figure F3. Predicted concentration of GSH (top panel) reactive product (middle and bottom 

panel, blue line) and rate of reactive product formation (middle and bottom panel, orange line) at 

the end of a single 6 hour exposure to chloroprene. 

The extended model of chloroprene metabolism described above was exercised to evaluate three 

potential dose metrics for the lung toxicity and carcinogenicity of chloroprene: (1) total lung 

metabolism per gram lung (TMet), the dose metric used in the published PBPK models and 

previously submitted to the USEPA; (2) average concentration of reactive products of metabolism 

in the lung (PReact), and (3) average concentration of 1-CEO in the lung (1-CEO). 

The first comparison performed was an evaluation of the consistency of the alternative dose 

metrics with the gene expression dose-response data reported in Thomas et al. (2013). In this 

study, female mice and rats were exposed to chloroprene by inhalation 6 hours per day, for 5 or 

15 days. Mice were exposed at the bioassay concentrations, but the concentration range was 

extended in the rat to provide similar tissue doses based on predicted total amount of 

chloroprene metabolized per gram of lung tissue per day from a preliminary version of the PBPK 

model of Yang et al. (2012). For this comparison, two genomic responses were used: the lowest 

Benchmark Dose (BMD) for any gene expression change and the lowest BMD for any gene 

expression change related to regulation of glutathione homeostasis. A successful dose-metric for 

cross-species extrapolation should predict that cellular responses in the lung begin to occur at 

similar values of the dose metric. The results of the comparison are shown in Figure F4. 
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Figure F4. Cross-Species Consistency of Chloroprene Dose Metrics Based on Equivalence of 

Dose-Response for Gene Expression Changes (Thomas et al. 2013). Aneffective dose-metric for 

cross-species extrapolation should predict that responses in the lung occur at similar values of 

the dose metric, resulting in a ratio of unity. However, the lowest BMD and the lowest BMD for 

glutathione regulation in the rat occur at much higher inhaled concentrations (Conc) and 1-CEO 

concentrations (1-CEO) compared to the mouse. In contrast, they occur at similar values of total 

metabolism (TMet) and reactive product concentration (PReact) in the two species, supporting 

their appropriateness for cross-species extrapolation. 

Consistent with the expectations that drove the experimental design in Thomas et al. (2013), the 

inhaled concentrations at which there was genomic evidence of cellular stress in the lungs of the 

rat were much higher than in the mouse. The predicted dose metric values for 1-CEO 

concentration associated with similar genomic biomarkers of cellular effects are also nearly an 

order of magnitude higher in the rat than in the mouse. In contrast, the model predicts similar 

dose metric values for both TMet and PReact in the rat and mouse, consistent with the 

expectation that cellular responses to chloroprene in the lung would begin to occur at similar 

levels of cellular stress. The consistency of these two dose metrics with the observed genomic 

dose-response in the female mouse and female rat, and the inconsistency of the 1-CEO or 

inhaled CP dose metrics, support the importance of reactive product formation in the mode of 

action for chloroprene. 

The second comparison performed was an evaluation of the consistency of the alternative dose 

metrics with the tumor incidence in the bioassays for the female mouse and rat. This comparison 

could not be conducted in the male rat because, as described in Supplemental Materials B, the 

rate of metabolism in the rat lung was too low to support estimation of metabolism parameters. 

Figure F5(A-C) shows the predicted dose-response relationship for tumor incidence in the female 

mouse and female rat using the TMet, PReact and 1-CEO dose metrics. As in the previous 



 

comparison, the TMet and Preact metrics provide a reasonable dose-response relationship with 

tumor incidence, whereas the 1-CEO metric does not. In fact, using the 1-CEO concentration as 

the dose metric would predict that the female rat should have had a higher tumor incidence than 

the female mouse. 
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Figure F5. Benchmark dose assessment of dose metrics (A -total amount metabolized per day 

in lung; B -concentration of reactive products in lung; C - 1-CEO concentration in lung) 

predicted with the chloroprene model for the Thomas et al. 2013 concentrations. 

The inconsistency of the 1-CEO dose metric with the relationships for both toxicity and 

carcinogenicity between the female mouse and female rat is likely due to the small proportion of 

total chloroprene metabolism that it represents. At the bioassay concentrations, the predicted 

concentrations of 1-CEO are less than 0.4% of the concentrations of reactive products in the 

female mouse and less than 5% in the rat. 

Mode of Action: The toxicology and metabolism of both vinyl chloride (VC) and vinylidene 

chloride (VDC; 1,1-dichloroethylene) have been extremely well-characterized due to their uses as 

precursors for a variety of polymeric products. The research on toxicity of these compounds 

dates to the early 1970's. As with CP, the pathways of metabolism involve (1) CYP P450 

oxidation, (2) production of reactive intermediates and (3) reaction of these reactive metabolites 

with glutathione and, (4), after sufficient glutathione depletion, with other cellular constituents. 

The reactivity toward proteins, lipids, and nucleic acids can lead to toxicity, the severity of which 

in turn depends on the reactivity and the dose of these metabolites. The initial studies with 

these two chlorinated ethylenes focused more on effects on liver rather than effects on lung, 

largely due to the identification of VC as a carcinogen in workers exposed to high concentrations 

of this monomer (Makk et al. 1974). 

Cytochrome P450 mediated metabolism of VC forms an epoxide, chloroethylene oxide, which 

rearranges to chloroacetaldehyde. Both the epoxide and the aldehyde can react with and deplete 

cellular GSH (Watanabe and Gehring 1976), but even at very high inhaled concentrations, these 

metabolites have relatively low acute toxicity (Jaeger et al. 1974b). Both the epoxide and the 

aldehyde can form DNA-adducts (Green and Hathway 1978) and the tissue half-life of the 

epoxide will be much shorter than that of the aldehyde. Almost counter-intuitively, the 

carcinogenic responses to vinyl chloride arise partially due to production of metabolites that are 



not themselves rapidly metabolized or overly reactive even following exposures to very high 

concentrations of VCM. Twenty-four hours after a 6 hr exposure to 5% VC (i.e. 50,000 ppm) 

there was no significant increase in alanine transaminase or sorbitol dehydrogenase in naive rats 

and only a 10-to-20-fold increase in phenobarbital (PB) pretreated rats, where the PB 

pretreatment increases oxidative metabolism (Jaeger et al. 1974b). In the rat, the maximum 

metabolic rate, measured using gas uptake methods, was 40 moles/hr (Gargas et al. 1988) and 

macromolecular binding was not evident until GSH levels were decreased to 30% of basal levels 

(Watanabe and Gehring 1976). The cancer dose response curve was not consistent with VC as a 

dose metric but was consistent with the amount metabolized in the presence of significant 

depletion of GSH (Gehring et al. 1978; 1979), just as our extended model predicts. 

Liver GSH levels are lower in fasted rats than in fed rats (Jaeger et al. 1974a). With this 

reduction in GSH, compounds that deplete liver GSH are more toxic to fasted than to fed rats. 

The LC50 of 1,1-DCE in fed rats was 15,000 ppm, but in fasted rats it was only 150 ppm. Serum 

enzymes increased abruptly at 100 ppm and were maximum at several hundred ppm. These 

responses are due to production of reactive metabolites that are cleared by GSH until the GSH 

becomes depleted. While the initial oxidation of 1,1-DCE produces an epoxide, this metabolite is 

unstable and undergoes spontaneous rearrangement producing chloroacetyl chloride, a highly 

reactive acid halide. These metabolites react with and deplete GSH levels. With severe GSH 

depletion, these metabolites react with tissue constituents leading to macromolecular binding and 

tissue toxicity (McKenna et al. 1977). Unlike VC, 1,1-DCE does not cause significant increases in 

hemangiosarcoma or any other liver tumors. However, with both VC and VDC, all metabolism 

goes through a single epoxide. 

In early work examining the hepatic toxicity of CP in rats including the effects of fasting to 

restrict GSH resynthesis, Plugge and Jaeger (1979) noted that the pattern of toxicity was 

comparable to VDC although higher exposures of CP were required to produce equivalent 

increases in SAKT (Jaeger et al. 1974a; Plugge and Jaeger 1979). As noted earlier, metabolism 

of CP mainly produces a combination of reactive aldehydes and ketones derived from 2-

(chloroethenyl)-oxirane. With only about a fraction of a*b total metabolism (3% in female 

mouse lung) producing 1-CEO, that itself is further oxidized to reactive products by a second 

oxidation in the mouse. Using kinetic constants determined for GSH synthesis and consumption 

from studies with styrene and styrene oxide, we showed here that the metabolism of CP in the 

lungs is expected to cause depletion of GSH (Figure F3 top panel) and the lung transcriptomic 

responses are indicative of changes in GSH metabolism as the most sensitive ontology pathway 

(Thomas et al. 2013). Only with sufficient GSH depletion will the reactivity with tissue 

components lead to extensive macromolecular binding and overt toxicity and increased tumor 

incidence. With VC, it was estimated that there was relatively little macromolecular binding if 

depletion was less than 30%. Here, our analysis showed that tumor incidence tracks with total 

metabolized or expected concentration of RP rather than inhaled CP or 1-CEO concentrations. All 

the bioassay concentrations (12.8, 30 and 80 ppm) are expected to cause much more than 30% 

depletion of GSH (Figure F3 top panel). Depletion of GSH to 30 %basal levels is predicted to 

occur at 6.8 ppm and 50% depletion at 15.3 ppm. The middle panel (Figure F3) in the plots for 

RP and rate of formation of RP show the non-linear relationship between RP and rate of 

metabolism and the increasing slope of the RP curve at low CP concentrations. Our modeling 

results capture the non-linear relationship between RP and total rate of metabolism. These 

results demonstrate the marked increase in the slope of RP as the exposure increases, and are 



consistent with the body of work in the toxicology of these chlorinated compounds and on the 

dose response for tumors with CP. 

Both 1-CEO and, (Z)-2-chlorobut-2-en-l-al, a reactive aldehyde derived from 2-CEO, formed 

adducts when incubated with specific nucleotides (Munter et al. 2007). While the studies are not 

necessarily representative of reaction conditions with native DNA in vivo, they show the ability of 

some 1-CEO and at least one of the reactive CP metabolites to react with bases in DNA and form 

Our MOA with CP does not dismiss formation of these adducts but instead highlightsadducts. 
that there is a threshold below which macromolecular binding is small and the cancer dose 

response is driven by production of reactive metabolites together with increasing levels of GSH 

depletion. Small changes in the numbers of adducts are not expected to define the shape of the 

dose response curve at low doses. In fact, there is always a substantial background of various 

adducts with more than 40,000 altered bases per cell (Nakamura et al. 2014). At low levels of 

exposure, ith increases in only a small number of adducts, DNA damage response networks 

would still be capable of effectively maintaining the integrity of the DNA prior to cell division 

through non-linear feedback processes (Zhang et al. 2014; Clewell and Andersen 2016). 

Overall, the dose response for lung tumors from CP is consistent with anon-linear cytotoxicity 

with macromolecular binding with protein, lipid and nucleic acid bases at higher exposures. 
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Chloroprene model code for the epoxy submodel 
#Chloroprene PBPK Model 
#Translated from the acslX model presented in Yang et al. 2012 

#By Jerry Campbell 2019 
#Added Tracheobronchial region 
#Added 1-CEO, Reaction Product and GSH submodels 

#By Jerry Campbell 2021 

States ={ 

AI , 
AX , 
AM , 
AMCP_10E , 
AMCP_2CE , 
AMLU , 
AMLUCP_10E , 
AMLUCP_2CE , 
AMK, 

ALU , 
AL, 
AK , 
AS , 
AR , 
AUCCR , 
AF , 
AX1, 
AM1, 

AMLU1 , 
AM10 , 
AMLU10 , 
ALUE1 , 
ALU1, 
ALE1 , 
Al.l , 
AS1 , 
AR1, 
AF1 , 

ARPG 
ARPGLU 
ARPEE , 

ARPEELU , 
ALRPPRO, 

ALRP , 

ALURPPRO, 

ALURP , 
AGSHL , 

AGSHLU , 



AUCCLRP 

AUCCLURP 
AUCCE0IL , 

AUCCE0ILU, 

AUCGSHL, 

AUCGSHLU 

}; 

0utputs ={ 

CVL , 
GSHL, 

GSHLU , 
CLRP , 
CLURP , 
VL , 
MASBAL, 

AICEOGEN, 

MASBALI , 

CLU 

CL 

CK 

CS 

CR 

CF 

CV , 
CVLUM 
CVLUMI , 
CLUE1 , 
CLU1 , 
CLE1 , 
CL1 

CS1 

CR1 
CF1 

CV1 , 
gcbal , 
vbal , 
ppm , 
AMP 

AMPLU 
AMPK 

AM1L , 
AM1LU , 
AM1L0 , 
AM1LU0 , 
ARPL , 
ARPLU , 



ARPOTHL, 

ARPOTHLU, 

ARPGSHL, 

ARPGSHLU, 

CLRPAVG , 
CLURPAVG , 
CLIAVG , 
CLUTAVG , 
GSHLAVG, 

GSHLUAVG 

}; 

Inputs = {EXPPULSE} ; 

#BODY WEIGHT (kg) 
BW = 0.03 ; # Body weight (kg) 

#SPECIAL FLOW RATES 
QPC = 29.1; # Unscaled Alveolar Vent (L/h/kg^0.75) 

QCC = 20.1 ; # Unscaled Cardiac Output (L/h/kg^0.75) 

#FRACTIONAL BLOOD FLOWS TO TISSUES 

QLC = 0.161; #Flow to Liver as %Cardiac Output (unitless) 

QFC = 0.07 #Flow to Fat as %Cardiac Output (unitless) 

QSC = 0.159 ; #Flow to Slow as %Cardiac Output (unitless) 

QKC = 0.09 #Flow to Kidney as %Cardiac Output (unitless) 

#FRACTIONAL VOLUMES OF TISSUES 

VLC = 0.055 ; #Volume Liver as %Body Weight (unitless) 

VLUC = 0.0073 ; #Volume Lung as %Body Weight (unitless) 

VFC = 0.1 #Volume Fat as %Body Weight (unitless) 

VRC = 0.08098 ; #Volume Rapid Perfused as %Body Weight (unitless) 

VSC = 0.384 #Volume Slow Perfused as %Body Weight (unitless) 

VKC = 0.0167 ; #Volume Kidney as %Body Weight (unitless) 

#PARTITION COEFFICIENTS PARENT 

#Chloroprene 
PL = 1.26 ; #Liver/Blood Partition Coefficient (unitless) 

PLU = 2.38 ; #Lung/Blood Partition Coefficient (unitless) 

PF = 17.35 ; #Fat/Blood Partition Coefficient (unitless) 

PS = 0.59 #Slow/Blood Partition Coefficient (unitless) 

PR = 1.76 ; #Rapid/Blood Partition Coefficient (unitless) 

https://L/h/kg^0.75
https://L/h/kg^0.75


PB = 7.83 ; #Blood/Air Partition Coefficient (unitless) 

PK = 1.76 ; #Kidney/Blood Partition Coefficient (unitless) 

#PARTITION COEFFICIENTS 1-CEO (IndusChemFate, LogKow 1.22) 

PL1 = 1.26 ; #Liver/Blood Partition Coefficient (unitless) 

PLU1 = 2.38 ; #Lung/Blood Partition Coefficient (unitless) 

PF1 = 17.35 ; #Fat/Blood Partition Coefficient (unitless) 

PS1 = 0.59 #Slow/Blood Partition Coefficient (unitless) 

PR1 = 1.76 ; #Rapid/Blood Partition Coefficient (unitless) 

PB1 = 7.8 ; #Blood/Air Partition Coefficient (unitless) 

#KINETIC CONSTANTS 

MW = 88.5 #Molecular weight (g/mol) 

MWCEO = 104.5 ; # 1-CEO Molecular weight (g/mol) 

#Chloroprene 
#Fraction of total metabolism to 1-CEO 

ALPHAL = 0.02 ; #Fraction of liver chloroprene metabolism to 1-CEO 

ALPHALU = 0.03 ; #Fraction of lung chloroprene metabolism to 1-CEO 

#Fraction of total CP to 1-CEO privaleged access 

#(based on butadiene model Campbell et al. 2015; assumed same in liver and lung) 

BETA=0.67; 

# CP Metabolism in Liver 

VMAXC = 7.95 #Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 

KM = 0.041 # Km for Oxidative Pathway:Liver (mg/L) 

# CP Metabolism in Lung 

VMAXCLU = 0.18; #Scaled VMax for Oxidative Pathway:Lung (mg/h/BW^0.75) 

KMLU = 0.26; # Km for Oxidative Pathway:Lung (mg/L) 

# CP Metabolism in Kidney 

VMAXCKid = 0.0 ; #Scaled VMax for Oxidative Pathway:Kidney (mg/h/BW^0.75) 

KMKD = 1.0 # Km for Oxidative Pathway :Kidney 

#1-CEO 
#1-CEO Metabolism in Liver -Hydrolysis 

VMAXCI = 7.95 #Scaled VMax for Hydrolysis Pathway:Liver (mg/h/BW^0.75) 

KM1 = 0.041 # Km for Hydrolysis Pathway:~iver (mg/L) 

#1-CEO Metabolism in Lung -Hydrolysis 

VMAXCLUI = 0.18; #Scaled VMax for Hydrolysis Pathway:Lung (mg/h/BW^0.75) 

KMLU1 = 0.26; # Km for Hydrolysis Pathway:Lung (mg/L) 

#1-CEO Metabolism in Liver -Oxidative (Mouse Only!!!) 

https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://mg/h/BW^0.75
https://BETA=0.67


VMAXCIO = 7.95 #Scaled VMax for Oxidative Pathway:Liver (mg/h/BW^0.75) 

KM10 = 0.041 # Km for Oxidative Pathway:Liver (mg/L) 

#Reactive Products 
#Liver 
KGSHLC = 0.0 ; #2nd order rate of RP reaction with GSH 

K3L = 0.0 ; #Reaction rate with cellular macromolecules 

MML = 0.0 ; #macrolecule concentration (mM) 

#Lung 
KGSHLUC = 0.0 ; #2nd order rate of RP reaction with GSH (L/mmol/hr) 

K3LU = 0.0 ; #Reaction rate with cellular macromolecules (L/mmol/hr) 

MMLU = 0.0 ; #macrolecule concentration (mM) 

#GSH 

KOL = 0.0 ; #Production of GSH 

K1L = 0.0 ; #Background loss of GSH 

KOLU = 0.0 ; #Production of GSH 

K1LU = 0.0 ; #Background loss of GSH 

#Permeation Coefficient (fraction of blood flow) 

PA1 = 1.0 ; #Permeation Coefficient for 1-CEO in lung 

#DOSING INFORMATION 

TSTOP = 7.0 ; #Dosing stop time 

CONC = 13.0 #Initial concentration (ppm) 

#Parameters for GSH submodel 
LLOXACT = 0.14 ; #Scaler for liver to lung oxidative metabolism 1-CEO (mouse only) 

LLEEACT = 0.06 ; #Scaler for liver to lung oxidative metabolism 1-CEO (mouse only) 

KFEEC = 4500.0 ; # 1/hr/kg Conjugation rate with non-GSH 

KPC = 0.06 #First-order rate constant for GSH loss 

GSO = 5500.0 #Initial GSH concentration liver 

GSOLU = 1200.0 #Initial GSH concentration lung 

Dynamics { 
############################################################ 

###################### 

# Scaled parameters 

QC = QCC*pow(BW,OJS) #Cardiac output 

https://mg/h/BW^0.75


QP = QPC*pow(BW,0.75) 

QL = QLC*QC 

QF = QFC*QC 

QS = QSC*QC 

QK = QKC*QC 

QRC = 1- QLC - QKC - QFC 

QR = QRC*QC 

VL = VLC*BW 

VLU = VLUC*BW 

VF = VFC*BW 

VS = VSC*BW 

VR = VRC*BW 

VK = VKC*BW 

#Alveolar ventilation 

#Liver blood flow 

#Fat blood flow 
#Slowly-perf tissue blood flow 

#Kidney tissue blood flow 

- QSC ; #Rapily Perfused tissues 
#Rapily-perf tissue blood flow 

#Liver volume 
#Lung volume 

#Fat tissue volume 
#Slowly-perfused tissue volume 
#Richly-perfised tissue volume 

#kidney tissue volume 

ROBC = 1- VLC - VLUC - VFC - VSC - VRC - VKC ; #Rest of body un-perfused tissue for MC 

# METABOLISM 
VMAX = VMAXC*pow(BW,0.75) 

VMAXLU = VMAXCLU*pow(BW,0.75) ; 

VMAXKD = VMAXCKid*pow(BW,0.75) 

VMAX1 = VMAXCI*pow(BW,0.75) 

VMAXLUI = VMAXCLUI*pow(BW,0.75) ; 

VMAX10 = VMAXCIO*pow(BW,0.75) 

VMAXLUIO = VMAX10*LLOXACT ; 

KGSHL = KGSHLC; 

KFEE = KFEEC ; 
KGSHLU = KGSHLUC; 

KFEELU = KFEE*LLEEACT ; 

KP = KPC*pow(BW,-0.3) 

KOTDL = KP*GSO ; 
KOLUTDL = KP*GSOLU ; 

#Maximum rate of metabolism-Liver (mg/hr) 

#Maximum rate of metabolism-Lung (mg/hr) 

#Maximum rate of metabolism-Kidney (mg/hr) 

#Maximum rate of metabolism-Liver (mg/hr) 

#Maximum rate of metabolism-Lung (mg/hr) 

#Maximum rate of metabolism-Liver (mg/hr) 

#Liver Vmax scaled to lung (ECD model) 

############################################################ 

###################### 

# Exposure Control (mg/L) 

CIX = CONC*MW/24450 ; 

CI = CIX *EXPPULSE ; 

############################################################ 

###################### 

https://VMAXCIO*pow(BW,0.75
https://VMAXCLUI*pow(BW,0.75
https://VMAXCI*pow(BW,0.75
https://VMAXCKid*pow(BW,0.75
https://VMAXCLU*pow(BW,0.75
https://VMAXC*pow(BW,0.75
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# Chloroprene 
# Tissue Venous Concentrations (mg/L) 

#Tissue Concentration (mg/L) 
# 1-CEO 
# Tissue Venous Concentrations (mg/L) 

CLUE1 = ALUE1/VLU ; 
CVLU1 = ALU1/(VLU*PLU1) ; 
CLU1 = (ALUEI+ALU1)/VLU ; 
CLE1 = ALE1/VL; 

CL1 = (ALE1 + AL1)/VL ; 
CVS1 = AS1/(VS*PS1) ; 
CVR1 = AR1/(VR*PR1) ; 
CVF1 = AF1/(VF*PF1) ; 

#Concentration of GSH in Liver and Lung 
GSHL = AGSHL/VL ; #GSH concentraiton in liver (mM) 
GSHLU = AGSHLU/VLU ; #GSH concentraiton in lung (mM) 

############################################################ 

###################### 

# Concentration in Pulmonary/Arterial and venous blood Compartments (mg/L) 
CPU = (QP*CI+(QF*CVF + QL*CVL + QS*CVS + QR*CVR + QK*CVK))/(QP/PB+QC) ; 
CX =CPU/PB ; 
CV = (QF*CVF + QL*CVL + QS*CVS + QR*CVR + QK*CVK)/QC ; 

CPUM =CPU*1000/MW ; 
RAI = QP*CI ; 
dt(AI) = RAI ; 
RAX = QP*CX ; 
dt(AX) = RAX ; 

############################################################ 

###################### 
############################################################ 

###################### 

#Rate amount metabolized in liver, lung and kidney 



# Amount metabolized in Liver (mg) 
RAM = VMAX*CVL/(KM+CVL) ; 
dt(AM) =RAM ; 

#Total 1and 2-CEO from CP 
RAMCP_10E0 =RAM*ALPHAL ; #CP metabolized to 1-CEO in Liver 
dt(AMCP_10E) = RAMCP_10E0 ; 

RAMCP_2CE0 =RAM*(1-ALPNAL) ; #CP metabolized to 2-CEO in Liver 
dt(AMCP_2CE) = RAMCP_2CE0 ; 

# Amount metabolized in Lung (mg) 
RAMLU = VMAXLU*CVLU/(KMLU+CVLU) ; 
dt(AMLU) = RAMLU ; 

RAMLUCP_10E0 = RAMLU*ALPHALU ; #CP metabolized to 1-CEO in Lung 
dt(AMLUCP_10E) = RAMLUCP_10E0 ; 

RAMLUCP_2CE0 = RAMLU*(1-ALPHALU) ; #CP metabolized to 2-CEO in Lung 
dt(AMLUCP_2CE) = RAMLUCP_2CE0 ; 

# Amount metabolized in Kidney (mg) 
RAMK = VMAXKD*CVK/(KMKD + CVK) ; 
dt(AMK) = RAMK ; 

############################################################ 

###################### 
############################################################ 

# Amount in Lung Compartment (mg) 
RALU = QC*(CPU-CVLU) - RAMLU 
dt(ALU) = RALU ; 

# Amount in Liver Compartment (mg) 
RAL = QL*(CVLU-CVL) -RAM ; 
dt(AL) = RAL ; 

# Amount in Kidney Compartment (mg) 
RAK = QK*(CVLU-CVK) - RAMK ; 
dt(AK) = RAK ; 

# Amount in Slowly Perfused Tissues (mg) 
RAS = QS*(CVLU-CVS) ; 
dt(AS) = RAS ; 



# Amount in Rapidly Perfused Tissues (mg) 
RAR = QR*(CVLU-CVR) ; 
dt(AR) = RAR ; 
dt(AUCCR) = AR/VR ; 

# Amount in Fat Compartment (mg) 
RAF = QF*(CVLU-CVF) ; 
dt(AF) =RAF ; 

############################################################ 

############# 
############################################################ 

############# 

#1-CEO submodel 

############################################################ 

###################### 
############################################################ 

###################### 
############################################################ 

###################### 

# Concentration 1-CEO in Pulmonary/Arterial and venous blood Compartments (mg/L) 

CV1 = (QF*CVF1 + QL*CVL1 + QS*CVS1 + (QR+QK)*CVR1)/QC ; 

CPU1 = (QC*CV1)/(QP/PB1+QC) ; 
CX1 =CPU1/PB1 ; 

RAX1 = QP*CX1; 
dt(AX1) = RAX1 ; 

#Rate amount 1-CEO metabolized in liver and lung 

#Hydrolysis (1-CEO to diol) 
# Amount metabolized in Liver (mg) 

RAM1 = VMAX1*CVL1/(KM1 + CVL1) ; 

dt(AM1) =RAM1 ; 

# Amount metabolized in Lung (mg) 
RAMLUI = VMAXLUI*CV~U1/(KMLU1 + CVLU1) ; 

dt(AMLU1) = RAMLUI ; 

#Oxidative (Mouse Only!!!) 
# Amount metabolized in Liver (mg) 

RAM10 = VMAX10*CVL1/(KM10 + CVL1) ; 

dt(AM10) = RAM10 ; 

# Amount metabolized in Lung (mg) 
RAMLUIO = VMAXLUIO*CVLU1/(KM10 + CVLU1) ; 

dt(AMLU10) = RAMLUIO ; 



############################################################ 

###################### 
############################################################ 

###################### 

# 1-CEO in Lung Compartment 

# Amount in Lung Epithelium (mg) 

RALUEI = PA1*QC*(CVLU1 - CLUE1/PLU1) + RAMLUCP_10E0*BETA*MWCEO/MW - RAMLUI 

- RAMLUIO ; 
dt(ALUE1) = RALUEI ; 

# Amount in Lung Submucosa (mg) 

RALU1 = QC*(CPU1-CVLU1) + PA1*QC*(CLUE1/PLU1 - CVLU1) ; 

dt(ALU1) = RALU1 ; 

# 1-CEO in Liver 

# Amount in Liver Epithelium (mg) 

RALE1 = PA1*QL*(CVL1 - CLE1/PL1) + RAMCP_10E0*BETA*MWCEO/MW - RAM1 - RAM10 ; 

dt(ALE1) = RALE1 ; 

# Amount in Liver Compartment (mg) 

RAL1 = QL*(CVLU1-CVL1) + PA1*QL*(CLE1/PL1 - CVL1) ; 

dt(AL1) = RAL1 ; 

# Amount in Slowly Perfused Tissues (mg) 

RA51 = QS*(CVLU1 - CVS1) ; 

dt(AS1) = RA51 ; 

# Amount in Rapidly Perfused Tissues (mg) 

RAR1 =(QR+QK)*(CVLU1 - CVR1) ; 

dt(AR1) = RAR1 ; 

# Amount in Fat Compartment (mg) 

RAF1 = QF*(CVLU1 - CVF1) ; 

dt(AF1) = RAF1 ; 

############################################################ 

############# 
############################################################ 

############# 
############################################################ 

############# 

#Reactive Products (converted to umol or umol/L for GSH submodel) 



############################################################ 
###################### 
############################################################ 
###################### 

CLRP = ALRP/VL ; #(umol/L) 
CLURP = ALURP/VLU ; #(umol/L) 

# ACMG =AMOUNT METABOLITE CONJUGATED WITH GLUTATHIONE (UMOLES) 

RARPG = KGSHL*GSHL*CLRP*VL ; 
dt(ARPG) = RARPG ; 

RARPGLU = KGSHLU*GSHLU*CLURP*VLU; 

dt(ARPGLU) = RARPGLU ; 

# ACMEE =AMOUNT METABOLITE CONJUGATED WITH OTHER THINGS (UMOLES) 

RARPEE = KFEE*CLRP*VL; 

dt(ARPEE) = RARPEE ; 

RARPEELU = KFEELU*CLURP*VLU ; 

dt(ARPEELU)= RARPEELU ; 

#Reactive products in liver (umol) 
dt(ALRPPRO) _ (RAMCP_2CE0/MW)*1000 + (RAM10/MWCEO)*1000 ; 

RALRP = (RAMCP_2CE0/MW)*1000 + (RAM10/MWCEO)*1000 - RARPG - RARPEE ; 

dt(ALRP) = RALRP ; 

#Reactive products in lung (umol) 
dt(ALURPPRO) _ (RAMLUCP_2CE0/MW)*1000 + (RAMLUIO/MWCEO)*1000 ; 

RALURP = (RAMLUCP_2CE0/MW)*1000 + (RAMLUIO/MWCEO)*1000 - RARPGLU - RARPEELU 

dt(ALURP) = RALURP ; 

############################################################ 

############# 
############################################################ 

############# 

#GSH 

############################################################ 

###################### 



############################################################ 

###################### 

#GSH in liver (umol) 
RAGSHL = KOTDL*VL - KP*GSHL*VL - RARPG ; 

dt(AGSHL) = RAGSHL ; 

#GSH in LU (umol) 

RAGSHLU = KOLUTDL*VLU - KP*GSHLU*VLU - RARPGLU ; 

dt(AGSHLU) = RAGSHLU ; 

#AUCs for reactive products and 1-CEO: 

dt(AUCCLRP) = CLRP ; #uM*hr 

dt(AUCCLURP) = CLURP ; #uM*hr 

dt(AUCCE0IL) = CL1/MWCEO*1000 ; #uM*hr 

dt(AUCCE0ILU) = CLU1/MWCEO*1000 ; #uM*hr 

dt(AUCGSHL) = GSHL ; #uM*hr 

dt(AUCGSHLU) = GSHLU ; #uM*hr 

############################################################ 

###################### 

############################################################ 

###################### 

############################################################ 

###################### 

} #End of Dynamics 

############################################################ 

############# 

############################################################ 

############# 

############################################################ 

############# 

CalcOutputs { 

# Mass-balance 
MASBAL = AI - AX - (AL+AM+AMLU+AK+AMK+AS+AR+AF+ALU) ; 

AICEOGEN = AM*ALPHAL*(1-BETA)*MWCEO/MW + AMLU*ALPHALU*(1-

BETA)*MWCEO/MW ; 
MASBALI = AICEOGEN - AX1 - (AMI+AMLUI+AMID+AL1+AS1+AR1+AFI+ALU1) 

#Tissue Concentrations (mg/L) 

CLU = ALU/VLU ; 

CL = AL/VL ; 
CK = AK/VK ; 



CS = AS/VS ; 
CR = AR/VR ; 
CF = AF/VF ; 

#Concentrations for plots 
CVLUM = CV*1000/MW ; #(umol/L) 

CVLUMI = CV1*1000/MWCEO ; #(umol/L) 

#Tissue Concentrations 1-CEO (mg/L) 
CS1 = AS1/VS ; 
CR1 = AR1/VR ; 
CF1 = AF1/VF ; 

#Blood Flow balance 
gcbal = QC - QL - QF - QS - QK - QR ; 

#Tissue Volume balance 
vbal = BW*(1-ROBC) - VL - VLU - VF - VS - VK - VR ; 

#Dose metrics are only correct when simulation time=tstop 
ppm = CONC ; 

#Total Metabolism umol/g/day 
AMP = ((AM*1000/MW)/(VL*1000))/(TSTOP/24) ; 

AMPLU = ((AMLU*1000/MW)/(VLU*1000))/(TSTOP/24) ; 
AMPK = ((AMK*1000/MW)/(VK*1000))/(TSTOP/24) ; 

#Hydrolase Metabolism of 1-CEO (umol/g/day) 
AM1L = ((AM1)/(VL*1000))/(TSTOP/Z4) ; 

AM1LU = ((AMLU1)/(VLU*1000))/(TSTOP/Z4) ; 

#Oxidative metabolims of 1-CEO umol/g/day 
AM1L0 = ((AM10)/(VL*1000))/(TSTOP/24) ; 
AM1LU0 = ((AMLU10)/(VLU*1000))/(TSTOP/24) ; 

#Total production of RP (umol/g/day) 
ARPL = ((ALRPPRO)/(VL*1000))/(TSTOP/24) ; 

ARPLU = ((ALURPPRO)/(VLU*1000))/(TSTOP/24) ; 

#Total reaction of RP with other (umol/g/day) 
ARPOTHL = ((ARPEE)/(VL*1000))/(TSTOP/24) ; 

ARPOTHLU = ((ARPEELU)/(VLU*1000))/(TSTOP/24) ; 

#Total reaction of RP with GSH (umol/g/day) 
ARPGSHL = ((ARPG)/(VL*1000))/(TSTOP/24) ; 

ARPGSHLU = ((ARPGLU)/(VLU*1000))/(TSTOP/24) ; 

#Average concentration of RP (uM) 
CLRPAVG = AUCCLRP/TSTOP ; 



CLURPAVG = AUCCLURP/TSTOP ; 

#Average concentration of 1-CEO (uM) 
CLIAVG = AUCCE0IL/TSTOP ; 
CLUlAVG = AUCCE0ILU/TSTOP; 

#Average concentration of GSH (uM) 
GSHLAVG = AUCGSHL/TSTOP ; 
GSHLUAVG = AUCGSHLU/TSTOP ; 

} #End of CalcOutputs 

End. 





Intended for 

Renk~a Perfarmance Bas~urner ILA. , ~~~est fair ~arrec~ic~n 

f~'.7~"s~fitl 

Date 

lk'~,dE 
~ ~" ,..~ 



Ramboll's Response to External Peer Review Tier 1and 
Tier 2 Comments/ Recommendations) 

Ramboll scientists have reviewed the Post-Meeting Peer Review Summary Report entitled 

~~External Peer Review of a Report on Physiologically Based Pharmacokinetic (PBPK) Modeling for 

Chloroprene (Rambo)) 2020) and a Supplemental Analysis of Metabolite Clearance (USEPA 2020)" 

and dated December 8, 2020. These Supplemental Materials list the Tier 1Key 

Recommendations and Tier 2 Suggestions from the reviewers and provide Ramboll's responses, 

along with a description of the associated revisions to the original PBPK model documentation. 

Tier 1: Key Recommendations -Recommendations that are necessary for 

strengthening the scientific basis for the PBPK model, reducing model uncertainties 

(especially with respect to typical expectations for a PBPK model) or accurately 

evaluating such uncertainties before the model is applied for risk assessment. 

Tier 2: Suggestions -Recommendations that are encouraged in order to 

strengthen confidence before the PBPK model is potentially applied in risk 

assessment. It is understood that other factors (e.g. timeliness) may also be 

considered before deciding to conduct the suggested additional research or model 

revisions. 

The responses are organized by general topic, with the question from the charge to the peer 

reviewers noted with each comment. All Tier 1and Tier 2 comments have been addressed and 

resolved. We appreciate the reviewers' comments and believe that the additional analyses we 

have performed at their request have increased the strength of the revised PBPK model. 

Tier 1 

Annie Lumen (Question i.b.): Specifically, to evaluate the degree of under-estimation of 

metabolic parameters from the current estimates, in other words what is the maximum dose-

metric value will the lowest possible value of Kgl (0.11 L/hr as stated in Pg. 6 of Supplementary 

Materials B or whatever the appropriate equivalent is) would yield in each tissue. 

Rambo/I response: Table 2 of the Ramboll chloroprene PBPK model report provides a 

comparison of the dose metrics obtained with the model assuming (Y) that there was no diffusion 

limitation on Yransport in the metabolism studies, and (2) that there was a transport limitation 

with Kgl =0.22. The resulting dose metrics only differed by roughly 30%, and the differences 

were similar across concentrations and in mouse and human. Therefore, the impact ofKgl on 

risk estimates derived from the model would be negligible. 

In response to the reviewer's recommendation, we have conducted a new sensitivity analysis of 

the impact ofKgl values ranging from 0.055 to 1000 on the metabolism parameter estimates and 

the dose metrics obtained with the model. This new analysis, which has been added to the 

methods and results sections of the Model Documentation, demonstrates that (Y) a value ofKgl 

= 0.22 provides the best fit to the data, (2) the impact of the choice ofKgl on the values 

estimated for Vmaxc is less than 10% and the effect on estimates ofKm is less than a factor of 

' The comments/recommendations are all direct quotes from the Draft'~Post-meeting Peer Review Summary Report" December 8, 2020. 



2, (3) the female mouse dose metrics are essentially unaffected by the value ofKgl assumed, 

while the human dose metric decreases about 30% as Kgl is increased from 0.175 (the lowest 

value for which the MCMC analysis could converge) to 1000. 

Overall, the value ofKgl = 0.22 that was selected for use in the in vitro modeling (Supplemental 

Materials D) is both scientifically defensible and risk-conservative, based on (1) it was derived 

from a joint MCMC analysis for Kgl and Km in the male mouse, which was the most informative 

metabolic data (Supplemental Materials e), (2) it provides the best goodness of fit of the in vitro 

model to the experimental metabolism data in the human liver (Table Y of the main report), and 

(3) lower risk estimates would be obtained using higher values ofKgl. While a value of 

Kg1=0.175 would provide a higher risk estimate, it did not provide as good a fit to the in vitro 

data as Kgl = 0.22; in fact, attempting to decrease Kgl any further than 0.175 made it impossible 

to fit the data at all. 

Annie Lumen (Question 3): The authors of the report have cited the range of Km values for 

similar compounds as supportive reasoning for the choice of this value fixing for Chloroprene. I 

recommend that since this overall process is to estimate the respective metabolic parameters in 

each tissues/species including Km perhaps it would be useful to at least understand whether and 

by how much would this initial choice of fixed Km value impact the final metabolic parameter 

estimations - perhaps a range of values around the 1.0 umol/L (below and above) be evaluated 

to see if the initialization of that value carries any considerable impact. 

Ramboll response: A new sensitivity analysis of the Kgl value has been conducted in response 

to the comments from the reviewers (see response to previous comment). The analysis is 

documented in the methods and results sections of the revised documentation. The results of 

the new analysis provide support for the value of 0.22 L/h currently used in the model as the 

most scientifically defensible and conservative estimate. 

Annie Lumen (Question 6): Evaluate the worst-case scenario using Kgl value of 0.11E/h 

instead of 0.22 L/h given the high correlation to Km 

Rambol/ response: A new sensitivity analysis of the Kgl value has been conducted in response 

to the comments from the reviewers (see initial response in this section). The analysis, which 

includes a comparison ofKgl = D.iY vs 0.22, is documented in the methods and results sections 

of the revised documentation. The result of the ana/ysis provide support for the value of 0.22 

L/h currently used in the model as the most scientifically defensible and conservative estimate. A 

value ofKg1=0.175 would provide a higher risk estimate, but it did not provide as good a fit to 

the in vitro data as Kgl = 0.22; attempting to decrease Kgl any further than 0.175 made it 

impossible to fit the data at all. 

Kan Shao (Question i.b.): (1) Comparing the estimated results (including confidence 

intervals) of Vmax and Km before and after introducing the ~~Kgl" parameter, so that the impact 

of introduction "Kgl" can be evaluated. 

Rambo// response: Table 2 of the Ramboll chloroprene PBPK model report provides a 

comparison of the dose metrics obtained with the model assuming (Y) that there was no diffusion 

limitation on transport in the metabolism studies, and (2) that there was a transport limitation 

with Kgl =0.22. The resulting dose metrics only differed by roughly 30%, and the differences 

were similar across concentrations and in mouse and human. Therefore, the impact on risk 

estimates derived from the model would be negligible. 



A new sensitivity analysis of the Kgl value has been conducted in response to the comments from 

the reviewers. The analysis is documented in the methods and results sections of the revised 
documentation. The results of the analysis (see initial response in this section) provide support 

for the value of 0.22 L/h currently used in the model as the most scientifically defensible and 
conservative estimate. 

(2) Investigating the impact of the specified prior distribution, i.e. log-uniform distribution, on the 

~~Kgl" estimation. The estimated confidence interval shown on Figure B-5 is very narrow,Iam 

wondering if this is related to the specified uninformative prior for these parameters. 
Additionally, it seems to me that the resulting posterior distribution of ~~Kgl" is not closely related 

to the specified lower bound ~~0.11" used in the prior distribution for "Kgl". Therefore, it is worth 

to investigate if the "Kgl" estimate is sensitive to its specified prior distribution. 

Ramboll response: A sensitivity analysis of the Kgl value has been conducted in response to 

this comment. The analysis is documented in methods and results sections of the revised 
documentation. The results of the analysis (see initial response in this section) provide support 

for the value of 0.22 L/h currently used in the model as the most scientifically defensible and 
conservative estimate. 

Kan Shao (Question 3): perform a more detailed analysis (as suggested in my response to 
Charge Question 1) to understand the possible value range of "Kgl" with uncertainty and 
sensitivity. 

Rambo// response: See initial response in this section. 

Kan Shao (Question 4): As mentioned earlier, additional analysis results should be presented 

to better evaluate if introducing the "Kgl" parameter is appropriate, i.e. how the estimates of 

Vmax and Km changed before and after including ~~Kgl". 

Rambo/l response: See initial response in this section. 

Raymond Yang (Question l.b.): (1) Dr. Clewell and Team at Ramboll provide more detailed 
descriptions, to be included in this Report, of the incubation system as well as explaining how 

500 rpm stirring was achieved in such a system. 

Ramboll response: It has not been possible for Ramboll to obtain a more detailed description of 

the incubation system beyond what was provided in the publications of the work. The studies 

were performed more than 10 years ago, and the original investigators no longer have access to 

the raw data. 

(2) Dr. Schlosser and Team at the USEPA provide written description of how he and the USEPA 
colleagues examining the kinetic behavior of the above system and reached their conclusion that 

the high speed agitation at 500 rpm had not denatured the microsomal enzymes. 

Rambo/I response: If the high-speed agitation had denatured the microsomal enzymes, it 
would be apparent in the time-course and dose-response relationships of the experimental data. 

In particular, the fact that the data in the liver tissues is well described by a Michaelis-Menten 

metabolic description is clear evidence that the microsomal enzymes are functioning normally. 

This response has been added to the documentation on page 10 in the section discussing re-

estimation of in vitro metabolism parameters. 



Kenneth M. Portier (Question 3): Resolve the confusion between the bounds on km provided 

in Table B-1 and the suggested limits in Figure B-3. 

Rambol/ response: Figure 3 shows the relationship between Kgl and Km in the range of 

logjo(Kgl) = 0.85 - 1(Kgl = 0.14 - 0.10), to demonstrate that above a Kgl value of 

approximately 0.11, a lower estimate ofKgl is associated with a lower estimate ofKm, whereas 

further reduction in Kgl below a value of 0.11 no longer effects the estimate ofKm (because Kgl 

becomes rate-limiting). Table B-Y displays values ofKm that have been estimated for 

compounds that, like chloroprene, are substrates for CYP2E1, demonstrating that the range of 

likely values of the Km for chloroprene is in the range from 1- 7 ~M. This range ofKms is well 

within the region in which Km and Kgl are highly correlated (above a Km of about 0.05, Figure 

3). This point has been clarified in Supplemental Materials B. 

Yiliang Zhu (Question 3): (1) Given that the three kinetic parameters Vmax, Km, and Kgl are 

biologically and statistically dependent, the MCMC analysis must sample data from the joint 

posterior distribution. This requires specification of the likelihood for the parameters, a prior for 

each parameter, the joint posterior, and MCMC implementation strategies. 

(2) Supp B failed to describe the model log(u) in the likelihood (Supp B, Eq 1) and the joint 

posterior distribution. The first step to implement MCMC is to specify the likelihood function 

where log(u) must be explicit with respect to u=(Vmax, Km, and Kgl), and the kinetic model 

underlying log(u) should be also specified. Alog-normal likelihood is reasonable. Re-
parameterization of the kinetic parameters may be useful or even necessary to utilize the fact 

that a normal likelihood in conjunction with appropriate prior (e.g. non-informative) implies 

normal posterior for the kinetic parameters. 

(3) Anon-informative prior for each kinetic parameter can be specified if an informative prior is 

not plausible. However, use of the log-normal distribution as a prior for SD is highly unusual, 

justifications are needed. Common priors for SD include uniform and inverse gamma (ref: 

Gelman A. Prior distributions for variance parameters in hierarchical models. Bayesian 

Analysis (2006) 1, Number 3, pp. 515-533). 

(4) MCMC can be implemented most effectively in an iterative fashion as illustrated below: 

a) draw posterior k samples from P(o~data); 

b) for fixed 6 (e.g. the kth sample), draw k samples from the posterior distribution 

p (Kgl ~6;data) 

c) for fixed 6 and Kgl, draw k samples from posterior p(Km ~ Kgl, Q; data) 

d) for fixed 6, Kgl, and Km, draw k samples from posterior p(Vmax (Km, Kgl, v; data) 

e) iterate between steps a)-d) 

(5) The iterative approach above ensures a multivariate posterior distribution resembling what 

Figure B-3 depicts. Consider presentation of the MCMC results in a joint fashion when 

feasible. 

(6) Describe the MCMC sampling process and report results in greater details to ensure 
transparency and reproducibility. 

(7) Describe convergence criteria adopted, including graphic tools such as trace plot. 

Rambol/ response: As a point of clarification, Kgl was a fixed parameter in the Ramboll analysis 

of in vitro Vmax and Km. A value ofKg1=0.22 was derived in two separate ways: (1) from 

scaling of Che mixing rate in the experimental determination ofKgl to the mixing rate in the 

https://Kg1=0.22


metabolism studies, and (2) from simultaneous estimation ofKgl. Km and Vmax using the data 

for the male mouse liver, which had the highest rates ofmetabolism. The Kgl estimated from the 

male mouse liver was used for the estimation of Vmax and Km in all of the tissue data, on the 

assumption that the mixing conditions in the vials were the same throughout the studies. Due to 

the collinearity between Km and Kgl, we conducted an analysis of the data on metabolism in the 

male mouse liver to simultaneously estimate Vmax, Km and Kgl, using uninformative priors 

except that (1) the prior for Kgl was bounded from below at 0.1Y L/hr, the minimum value that 

we had previously determined could support the observed rate ofmetabolism, and (2) the prior 

for Km was bounded from below at a value of 0.5 ~mol/L, a factor of2 below the lowest value for 

substrates of CYP2E1 from our review of the literature. Importantly, there was no evidence that 

the posterior distributions from this analysis were clipped by the use of these lower bounds on 

the priors. Kgl would be expected to have minimal deviation from vial to vial in the robotic 

system used in the experiments. 

While we did investigate the interaction between Kgl and Vmax (see Supplemental Material 8), 

this was not the basis of the final analysis presented in Ramboll (2020). We will expand on the 

description of the kinetic model below as it was used to estimate posterior distributions of Vmax 

and Km in the "Re-estimation ofIn Vitro Metabolism Parameters" (Supplemental Material 8). 

The kinetic model is a series of differential equations: 

d(Aa)/dt = Kgl/PC * Am/Vm - Kgl * Aa/Va - Rloss* Aa/Va 

d(Am)/dt = Kgl * Aa/Va - Kgl/PC * Am/Vm - (Vmax * Am/Vm)/(Km + Am/Vm) 

where: Aa is the amount of CP in the vial headspace, Va is the volume of the vial headspace, Kgl 

is the mass transfer rate between air and media, PC is the air:media partition coefficient, Am is 

the amount of CP in media, Vm is the volume ofmedia, Vmax is the maximal rate ofmetabolism, 

Km is the affinity constant for CP metabolism and Rloss is the background loss from the vial 

headspace. The observed headspace concentrations (obs) are modeled as: 

log(obsr,r) ~ Normal (log(ur), Qz) 

where u = Aa/Va which is the predicted headspace concentration at sampling time (t). The 

differential equations are solved numerically in acslX using a stiff system algorithm. The MCMC 

routine within the software package implements an adaptive random walk Metropolis Hasting 

algorithm to draw samples from the joint posterior distribution. Parameters are sampled 

individually and updated with the exception that all parameters except the one being updated are 

fixed at their last value (acslX MC Modeler User's Guide, Version 3.1). For the analysis, observed 

data, Vmax and Km were log transformed. The prior for the model parameters (Vmax and Km) 

were given broad uniform distributions (-10, 5) and the residue standard deviation Q was given a 

truncated normal distribution (u=1, sd=i, 1b=0.01, ub=100). Convergence was assessed using 

Gelman-Rubin potential scale reduction factor (PSRF) conditional on an upper threshold value of 

Y.1 for each parameter and Q2. Plots for the posterior chains, density and correlation between 

posterior Vmax and Km for the female mouse liver and lung and the human liver are shown in 

Figures 8-6 through 8-Y 0. 



Tier 2 

Annie Lumen (Question 1): I've not conducted such assays to speak from experience about 

the validity of treating the air and liquid phases to be always at equilibrium for these class of 

chemicals. If this has not been confirmed experimentally it might be good to evaluate by making 

this assumption that the two phases are in equilibrium if and by how much the metabolic 

parameters would be under-estimated by. Especially, since under-estimation of metabolic 

capacities could contribute to lesser health-conservative dose metrics. 

Rambo/I response: As noted above for the Tier 1comment, the sensitivity of the model 

predictions to Kgl was evaluated during the development of the model and the results were 

shown in Table 2 of the Ramboll PBPK report, which provides a comparison of the dose metrics 

obtained with the model assuming (1) that there was no diffusion limitation on transport in the 

metabolism studies, and (2) that there was a transport limitation with Kgl =0.22. The resulting 

dose metrics only differed by roughly 30%, and the differences were similar across 

concentrations and in mouse and human. Therefore, the impact on risk estimates derived from 

the model would be negligible. In addition, a new sensitivity analysis of the impact of the Kgl 

value has been conducted in response to the comments from the reviewers. The results are 

presented in the methods and results sections of the revised documentation. The results of the 

analysis (see initial response in this section) provide evidence that the value of 0.22 L/h currently 

used in the model is the most scientifically defensible and conservative estimate from a risk 

perspective. 

Annie Lumen (Question 3): I wanted to note that for the second approach,Iwas a little 

confused when the Kgl value of 0.22 L/h estimated for male mouse liver was stated to be used in 

the re-analysis of metabolism data for all tissues (Pg. 8 of Supplementary Materials B) but 

elsewhere in the same document Kgl was said to be fixed at 0.45 L/hr in the MCMC analysis 

(Figure legends for Figures B-6, B-7,B-8 in Pgs. 11,12,13). During the meeting, it was clarified 

that 0.45 L/hr was not used in the final metabolic parameter estimations. The implications of 

this as it relates to Figure B-6, B-7, B-8 and estimated parameters needs to be verified. 

Rambol/ response: The Kgl value used in the final metabolic parameter estimations was 0.22. 

Supplemental Material 8 was corrected accordingly. 

Kan Shao (Question 1):I comment on this question only from a perspective of quantitative 

analysis. Using this simplified assumption may ignore the potential uncertainty and variability in 

the rate of air liquid transfer,' which should be reasonably characterized. A sensitivity analysis is 

suggested to justify the validity of the assumption. 

Ramboll response: As noted above (Annie Lumen comments on Question Y): The sensitivity of 

the model predictions to Kgl was evaluated during the development of the model and the results 

were provided in Table 2 of the Ramboll PBPK report, which provides a comparison of the dose 

metrics obtained with the model assuming (1) that there was no diffusion limitation on transport 

in the metabolism studies, and (2) that there was a transport limitation with Kgl =0.22. The 

resulting dose metrics only differed by roughly 30%, and the differences were similar across 

concentrations and in mouse and human. Therefore, the impact on risk estimates derived from 

the model would be negligible. In addition, a new sensitivity analysis of the Kgl value has been 

conducted in response to the comments from the reviewers (see above). The analysis is 

documented in the methods and resu/ts sections of the revised documentation. The results of 



the analysis (see initial response in this section) provide support for the value of 0.22 L/h 

currently used in the model as the most scientifically defensible and conservative estimate. 

Jeffrey Heys (Question l.b.): Retain the current two compartment model with separate air 

and liquid phases. If the experiments recommended in response to question 2 demonstrate that 

mass transfer is nearly instantaneous, then the model can be modified to use a single 

compartment and an equilibrium assumption. 

Rambo// response: The current two-compartment model was retained. 

Kenneth M. Portier (Question 3): (1) Perform a literature search to better justify that the 

mass-transfer coefficient for volatile compounds is likely to be proportional to mixing speeds. 

Rambo/I response: The dependence ofmass-transfer on mixing rate is awell-established 
principle, and the value ofKg1=0.22 was confirmed by simultaneous estimation ofKgl and Km 

using MCMC analysis with the data for the male mouse, which had the highest rates of 

metabolism. Further, the sensitivity analysis conducted in response to peer reviewer comments 

(see above) provides support for the value of 0.22 L/h currently used in the model as the most 

conservative estimate. 

(2) Perform a sensitivity analysis on the impact of placing bounds on the range of prior 
distributions as well as modifying the form of the prior distribution. The current assumptions are 

given in Table B-2. Table B-1 suggests that an informed upper bound for In(km) is closer to -7 

than to 5. What is the impact of assuming a priori that Km ~ Log-Uniform (-10, -7) instead of 

Log-Uniform (-10,5)? What is the impact of assuming a priori that Kgl ~ Log-Uniform (-4,0) 

instead of Log-Uniform (-3,0)? It is plausible that the lower bound for Kgl is below exp(-3)=0.05. 

Ramholl response: In the new analysis conducted to estimate Kgl, the prior for Kgl was 

bounded from below at O.Yi L/hr, the minimum value that we had previously determined could 

support the observed rate ofmetabolism, and the prior for Km was bounded from below at a 

value of 0.05 ~mol/L, a factor of 2 below the lowest value for substrates of CYP2E1 from our 

review of the literature. Importantly, there was no evidence that the posterior distributions from 

this analysis were clipped by the use of these bounds on the priors. 

(3) Following the approach by Lampert et al. (2005), perform a sensitivity analysis to determine 

how specification of the prior distribution of the standard deviation impacts the estimates of 

Vmax, Km and Kgl in the re-analysis. 

Rambo// response: As noted previously, Table 2 of the Ramboll chloroprene PBPK model report 

provides a comparison of the dose metrics obtained with the model assuming (1) that there was 

no diffusion limitation on transport in the metabolism studies, and (2) that there was a transport 

limitation with Kgl =0.22. The resulting dose metrics only differed by roughly 30%, and the 

differences were similar across concentrations and in mouse and human. Therefore, the impact 

on risk estimates derived from the model would be negligible. However, a new sensitivity 

analysis of the Kgl value has been conducted in response to reviewer comments. The analysis is 

documented in the methods and results sections of the revised documentation. The results of 

the analysis (see initial response in this section) provide support for the value of O.zZ L/h 

currently used in the model as the most scientifically defensible and conservative estimate. 

https://exp(-3)=0.05
https://Kg1=0.22


Jordan Smith (Question 6): Isuggest a sensitivity analysis should be conducted to better 

identify sensitive parameters (referencing Kgl specifically). 

Ramboil response: See responses above. 



Tier 1 

Annie Lumen (Question 6): Consider the range values the parameter Al can take and 

evaluate its impact as a part of supplemental uncertainty analysis if seen fit. For example, from 

Table 2 of Lorenz et al. 1984 a range of value for Al can be derived. Of which the highest bound 

of Al value is 0.0083 (0.0013/0.156) which is approximately 6-fold higher than the average 

value currently proposed to be used. 

Rambol/ response: The value ofAl used in the chloroprene PBPK model is the same value used 

by USEPA in their IRIS risk assessments for methylene chloride. Amulti-faceted analysis of the 

uncertainty in the estimate ofAl was conducted in response to the peer reviewers' comments, 

including estimating a 95% confidence interval for the Lorenz et al. (1984) value and conducting 

a literature search to support estimation of an AY value for chloroprene based on CYP expression. 

These additional analyses are documented in the methods and results sections of the revised 

model documentation and support the current approach for Ai used in the PBPK model. 

Annie Lumen (Question 7): (1) If CYP2E1 is shown to be the only enzyme metabolizing 

Chloroprene (please gather sufficient evidence from the literature or other sources to verify this), 

and if 7-ethoxycoumarin is a CYP2E1 specific substrate (please gather sufficient evidence from 

the literature or other sources to verify this), then assuming that Km and the enzyme catalytic 

rate are the same (please gather sufficient evidence from the literature or other sources to verify 

this assumption), and that the in vitro activity translates well in vivo (please gather sufficient 

evidence from the literature or other sources to verify this assumption), then the ratio of Vmax in 

human liver and lung for 7-ethoxycoumarin can be used to estimate the proportional enzyme 

expression levels between the two tissues. 

Rambol/ response: The value ofAY used in the chloroprene PBPK model is the same value used 

by USEPA in their IRIS risk assessments for methylene chloride. Prior to using this value, we 

reviewed the literature to determine whether there were more recent data that could be used as 

an alternative to, or in support of, the Al value used previously. The only alternative we were 

able to find at that time was a study on tissue mRNA expression of CYPs (Nishimura et al. 2003), 

where the ratio of total CYP2E1 plus CYP~FI mRNA expression in human lung and liver was 

consistent with the value ofAY used by USEPA for methylene chloride. In further support of the 

app/icabi/ity to ch/oroprene of the human value ofAl based on Lorenz et al. (1984), the value of 

AY in the male mouse (0.414) based on data from Lorenz et al. (1984) is very close to the ratio 

of the in vitro Vmax estimates in the lung and liver of the male mouse in our new analysis (0.56, 

see Table S-3). In addition, in response to comments. from the reviewers, additional analyses of 

the uncertainty in Al have been conducted that provide additional support for the current value 

used in the PBPK model (see description ofAl uncertainty analysis in the methods and results 

sections of the revised model documentation). 

(2) Each of the verification criteria stated above are of equal ranking in my opinion to confidently 

use the 7-ethoxycoumarin relative activity to predict chloroprene metabolism in human lung. 

Appropriate uncertainty analysis can be undertaken if some of the verification criteria are not 

met. This ratio can then perhaps be used to scale the Vmax for chloroprene oxidative 

metabolism from human liver to human lung. 



Rambo// response: See response to previous recommendation. We believe the Al approach 

used by USEPA in the IRIS assessment for methylene chloride remains the best approach for 

estimating human lung metabolism. As explained in our report, the in vitro metabolism studies 

conducted with chloroprene were unable to detect any metabolism in the human lung, as 
evidenced by the fact that the rate of change in chloroprene concentrations in the human lung 

metabolism vials was similar to, andin some cases less than, the rate of change of chloroprene 

concentrations in the control vials. 

Annie Lumen (Question 8): For rats it would be good to confirm that other enzymes such as 

CYP2F does not contribute to chloroprene metabolism (please gather sufficient evidence from the 

literature or other sources to verify this) and if found to be the case please evaluate if CYP2E1 

substrate is a good choice to estimate relative activity between tissues in that specific species. 

My only additional comment is that if the parallel approach is agreed to be appropriate for use in 

estimating human lung metabolism from liver values then it seems reasonable that the same 
approach will be applied to other metabolically relevant tissues as well. For CYP2E1 the mRNA 
expression correlates very poorly to its protein expression levels and that protein expression 

levels are better correlated to CYP2E1 activity than mRNA expression levels (Ohtsuki et al. 2012; 

Sadler et al. 2016). 

Rambol/ response: CYP2F4 does contribute to the metabolism of chlorinated alkenes in the rat. 

In general, CYP2E1 and CYP2F have similar substrates. In deriving values ofAl from mRNA 

expression, we added the expression of CYP2E1 and CYP2F1. Because the CYP enzymes are 

subject to induction by substrate stabilization (Parkinson 1996), an individual's protein 
expression varies with exposure to substrates, meaning that the activity in a particular donor 

tissue would reflect effects from recent exposures to food and drugs. CYP mRNA expression, on 

the other hand, provides an assessment of the baseline enzyme activity in the individual. 

Therefore, mRNA expression provides a more reliable value for estimating an average value for a 

human population from a small number ofsubjects. 

Parkinson A. 1996. An overview of current cytochrome P450 technology for assessing the safety 

and efficacy ofnew materials. Toxicologic Pathology, 24(1): 48-57. 

Jochem Louisse (Question 8): Perform a literature study to obtain data on the in vitro 
conversion of CYP2E1 substrates in human liver and human lung tissue fractions (see as example 

above butadiene), also including other organs of interest. These data may provide insight into 
whether the derivation of a factor to scale the Vmax obtained with liver microsomes to a Vmax 

for lung microsomes (and other tissue fractions) may be feasible. If these analyses provide 

values for Al that largely differ, this would indicate that this approach is not valid. If these data 

are limited to do such a comparative assessment, one should be cautious using the approach. In 

that case, the recommendation below would become a Tier 1recommendation. In any case, in 

order to obtain the most reliable estimation of chloroprene oxidation in the lung,I would highly 
recommend to perform in vitro biotransformation studies with microsomes and determine the 

time- and concentration-dependent formation of metabolites (epoxide metabolites), instead of 

using a substrate depletion approach, to derive kinetic constants for chloroprene oxidation. 

Ramboll response: We performed the literature search suggested by the reviewer during the 
development of the chloroprene PBPK model. The only data we were able to find was on. tissue 

mRNA expression of CYPs in the human (Nishimura et al. 2003), where the ratio of total CYP2Ei 

plus CYP2F1 mRNA expression in human lung and liver was consistent with the value ofAl used 



by USEPA for methylene chloride. Additional literature searching conducted in response to the 

peer review of the model resulted in the identification ofa second publication (Bieche et al. 2007) 

publication that provided additional data (see discussion ofAl uncertainty analysis in the 

methods and results sections of the revised model documentation). 

In further support of the applicability to chloroprene of the Al based on Lorenz et al. (Y 984), the 

value ofAl in the male mouse (0.414) from Lorenz et al. (1984) is very close to the ratio of the 

in vitro Vmax estimates in the lung and liver of the male mouse in our new analysis (0.56, see 

Table S-3). 

Tier 2 

Jochem Louisse (Question 4): Assess whether information on metabolic conversion of model 

substrates are available for the microsomal badges that have been used for the in vitro kinetic 

studies. These data should then be compared with metabolic conversion data of well-

characterized batches of human microsomes (e.g. available by suppliers of these materials). This 

may provide some insight into whether the microsomal badges that have been used in the 

original studies can be considered representative for theaverage' human. 

Rambo// response: Due to the age of the Lorenz et al. (Y 984) study, and the inability to access 

the original data, it is not possible to obtain such information. 

Kenneth M. Portier (Question 4): Provide an estimate of the standard deviation of A1, 

compute an approximate confidence interval and use this to discuss the likelihood that Al is close 

to 1. 

Ramboll response: The requested analysis has been performed and is documented in the 

methods and results sections of the revised model documentation. 

Kan Shao (Question 4): Regarding the pool sizes for the human microsomes, the estimate 

results presented in Supplemental Materials A and B demonstrate that the pool sizes are 
reasonably sufficient to generate adequate parameter estimates with confidence intervals. 
However, sensitivity analysis on the prior distribution is highly recommended which will be very 

useful to determine whether the relatively small confidence intervals are resulted from narrow 

priors or sufficient sample sizes. 

Ramboll response: To be clear, the human liver microsome data are based on a single 
purchased p00% and are not data that were pooled after incubations with microsomes from 

different subjects. The pool size for the human liver microsomes was presumably based on the 

available pool from the vendor at the time of the study. The pooled microsomes would have 

undergone multiple quality control tests conducted by the vendor to ensure the pool provided 

reasonable levels ofmetabolism based on a battery of standard compounds (i.e. EROD and PROD 

substrates). It is unclear why the reviewer appears to believe the prior distributions may have 

been narrow. The prior distributions for Vmax and Km in the in vitro analysis covered i5 orders 

ofmagnitude on the log of the parameter (-Y0, 5). This is a highly uninformative prior chosen 

to allow the data to predominate in the analysis. The narrowness of the posterior confidence 

intervals is due to the consistency of the pooled human liver incubation data across 

concentrations and times. We agree that the prior, if too narrow, can influence the posterior 

distribution; however, that is not the case in this analysis. The reviewer could be noting the prior 

distribution ofKg in Table 8-2 (-2.996-0). The prior for Kg was only used in initial examination 

of the transport limitation in the male mouse liver and asemi-informative prior for Kg was 



necessary to allow the simulation to converge, as there is a very strong correlation between Kg 

and Km. For the MCMC analysis of the in vitro incubation data presented in Supp Mat D, Kg was 

fixed at 0.22 L/hr. 

Annie Lumen (Question 7): The validity of using mRNA expression ratio to support enzyme 

activity ratio was discussed in detail as part of the meeting. Panel members who have expertise 

in this area provided supporting references that suggests that this could be true for some 

enzymes but for CYP2E1 the mRNA expression correlates very poorly to its. protein expression 

levels and that protein expression levels are better correlated to CYP2E1 activity than mRNA 

expression levels (Ohtsuki et al. 2012; Sadler et al. 2016). Based on this information my 

suggestion is perhaps to not rely on the mRNA expression ratios to support the choice of Al 

value. And if possible, other approaches be sought or the associated uncertainties in this value 

be appropriately evaluated. 

Rambo// response: Because the CYP enzymes are subject to induction by substrate stabilization 

(Parkinson Y 996), an individual's protein expression varies with exposure to substrates, meaning 

that the activity in a particular donor tissue would reflect effects from recent exposures to food 

and drugs. CYP mRNA expression, on the other hand, provides an assessment of the baseline 

enzyme activity in the individual. Therefore, mRNA expression provides a more reliable value for 

estimating an average value for a human population from a sma// number ofsubjects. 

Parkinson A. 1996. An overview of current cytochrome P450 technology for assessing the safety 

and efficacy ofnew materials. Toxicologic Pathology, 24(1): 48-57. 

Annie Lumen (Question 8): In my preliminary commentsIhad indicated that a consensus be 

reached on what is the lowest limit of metabolism below which we accept that no metabolism 

needs to be described for that particular tissue. During the meeting this was clarified that if by 

using MCMC analysis Vmax and Km values were found to be identifiable from the low metabolism 

data then metabolism parameters were derived from that data. 

Ramboll response: No response required. 
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Raymond S.H. Yang ("Post-meeting Thoughts"): 

(1) Ramboll should use the kinetic information in Cottrell et al. (2001) and Munter et al. (2003) 
in their chloroprene PBPK modeling. For instance, capturing as many data points as needed, 
digitally, from the curves in Figure 9 by software such as Getdata-Graph-Digitizer. After 
obtaining Vmax and Km from double reciprocal plots for chloroprene for this reaction, PBPK 
model simulations could be done without the issue of using surrogates. Since Cottrell et al. 
(2001) and Munter et al. (2003) also did comparisons of microsomal enzyme assays with or 
without epoxide hydrolase (EH) inhibitor, quantitative information on the detoxication of EH was 
buried in there somewhere to be uncovered. 

(2) Ramboll scientists should effectively use the 1,3-butadiene pharmacokinetic and metabolism 
data as additional supporting information in the building of a robust and complete PBPK model for 
chloroprene. (This last sentence should be considered as a Tier 1recommendation). 

(3) Another important note is that the Cottrell et al. (2001) and Munter et al. (2003) studies are 
microsomal enzyme studies. They did not investigate the role of glutathione S-transferase (GST) 
which is a cytosolic enzyme in chloroprene metabolism. GST, being a high capacity low affinity 
enzyme (Andersen et al. 1987), would serve as an important detoxifying enzyme for chloroprene 
epoxides as indicated by similar data in 1,3-butadiene metabolism studies (Csanady et al. 1992; 
Kohn and Melnick 2000, 2001). Ramboll scientists should incorporate kinetic information of 
reactive metabolites detoxication into their PBPK modeling.) 

(4) The Cottrell et al. (2001) and Munter et al. (2003) studies also reported the GSH detoxication 
of reactive metabolites of chloroprene as a body's chemical defense system as outlined in 
Scheme 2 in Cottrell et al. (2001) and Scheme 1in Munter et al. (2003). These chemical 
detoxication processes, as other detoxifying enzymatic processes, would certainly impact on the 
"dose metric" of the Ramboll/Denka PBPK modeling approach. Ramboll scientists should 
incorporate such detoxication processes into their PBPK modeling. 

(5) Ramboll scientists should compare the simulation results of three PBPK modeling approaches: 
(i) their present approach modified and refined with consideration of downstream detoxication 
processes; (ii) PBPK modeling using kinetic constants estimated using data from Cottrell et al. 
(2001) and Munter et al. (2003) with consideration of downstream detoxication processes; and 
(iii) PBPK modeling using kinetic constants from 1,3-butadiene data from Csanady et al. (1992) 
and Kohn and Melnick (2000, 2001) with consideration of downstream detoxication processes. 

Ramboll response: The five comments from Dr. Yang raise his concerns about the adequacy of 
the chloroprene PBPK model for assessing appropriate dose measures for carcinogenicity of 
chloroprene in the mouse lung and extrapolating the dose metric from the mouse Co the human. 
Concerns voiced were (1) the need to make more quantitative use of the Cottrell et al. (2001) 
and Muster et al. (2003) data on specific chloroprene metabolites to establish kinetic parameters 
for EH hydrolysis and GSH-conjugation of the epoxides formed by microsomal oxidation; (2) the 
need to account for knowledge available from butadiene modeling for parametrizing aspects of 
the chloroprene model; (3) the need to ensure appropriate consideration of the role of GSH 
conjugation, both enzymatically and non-enzymatically, in the detoxification of reactive 
intermediates (a concern that covers both comments 3 and 4 from Dr. Yang). Dr. Yang 



suggested comparing the results from the present model with (1) a model using quantitative 
reaction rates for chloroprene metabolism extracted from Cottrell et al. and Munter et al. and (2) 
a model using kinetic constants from the PBPK models for butadiene. In response to the 
concerns raised by Dr. Yang we have added a description of the downstream metabolism of 
chloroprene to epoxides and other reactive products. The development of the extended PBPK 
mode% and comparison ofdose-metric predictions with the current parent chemical model, is 
described in Supplemental Materials F. The extended model incorporates information derived 
from the Cottrell and Munter studies and includes a description of the role ofglutathione in 
detoxification, including the impact ofglutathione depletion and regeneration. Before 
summarizing the results of the reactive metabolite modeling, we will directly address two of the 
key concerns that were raised. 

Regarding the extraction ofkinetic parameters/information from Munter et al. and Cottrell et al.: 
There are two questions to consider about parameterizing the CP model to explicitly include 
oxidation, EH hydrolysis and glutathione conjugation based on these papers. The first question is 
whether the Cottrell and Munter studies were designed in a manner to allow confident estimation 
ofrate constants for hydrolysis and GSH conjugation, and the second is whether this information, 
if available, would enhance the ability of the CP model to estimate dose metrics for highly 
reactive metabolites in the lung. 

On the first point, we agree that the two papers provide important qualitative information about 
pathways ofmetabolism and the metabolite formed, and we took this information into account in 
designing our PBPK model for CP. However, for several reasons, these papers were not well-
designed to extract quantitative information as suggested by Dr. Yang. First, CP was introduced 
into the vials by injection in 5 ~L acetonitrile (described explicitly in Munter et al. but only 
inferred by a careful reading of Cottrell et al.) with resultant CP concentrations ranging from 
0.01 to YO mM in Munter et al. and from 1 to 40 mM in Cottrell et al. The estimated end of 
exposure CP concentration in blood at 80 ppm is only 0.015 mM, well below most of the 
concentrations examined in these two papers. A second confounder is the use of another 
potential low-molecular weight CYP2E1 substrate - acetonitrile - as diluent, raising concerns for 
competitive inhibition of CP metabolism between CP and acetonitrile. Thirdly, when GSH was 
added, the achieved /eve/s were much below those that occur in tissues, which are from 2 to 6 
mM. 

Despite these concerns for extracting specific kinetic constants, the papers provided solid 
information on the pathways ofmetabolism to the epoxides and expected reactive metabolites -
especially the reactive aldehydes and ketones. The Cottrell paper discussed incubations with and 
without an EH inhibitor and incubations with GSH. In incubations with active EH, neither Y -CEO 
or 2-CEO were found in the incubations, leading to respectively to diol from 1-CEO and various 
reactive aldehyde and ketone metabolites from 2-CEO. Using the EH inhibitor, it was found that 
the 2-CEO epoxide was still very unstable, producing metabolites that quickly reacted with GSH 
either in the presence or absence of cytosol, i.e. the conjugation reaction does not require soluble 
glutathione transferases. Cottrell also noted that the reaction of the 2-CEO breakdown product, 
1-hydroxy-but-3-ene-2-one with GSH is rapid and likely an effective detoxication pathway. The 
takeaway from these resu/ts was that the dominant pathway -formation of 2-CEO - leads to 
rapid, nearly quantitative production of GSH-reactive metabolites, observations that supported a 
dose metric ofamount metabolized per unit tissue for this arm of the pathway, which accounts 
for about 90% of total metabolism (i.e. a in Figure 1 is 0.9) as reported in Himmelstein et al. 
(2004a). 



The remainder of the total oxidation (1-a) is through 1-CEO. The half-life of Y -CEO must be 

longer than 2-CEO since 1-CEO is found in the airspace over the microsomal incubations 

(Himmelstein et al. 2004a); however, Y -CEO formation is a relatively minor pathway compared 

to 2-CEO production. With respect to GSH conjugation of i-CEO, Munter et al. also report that i-

CEO either does not react with GSH or the reaction is very slow (Munter et al. pages 1294-1295). 

Thus, there would be no need to consider glutathione transferase reactions in the overall 

metabolic scheme with either 2-CEO or 1-CEO. 

With regard to exposure of the lung tissue to a slightly longer-lived 1-CEO, one interspecies 

difference could arise based on EH activities. Humans have higher EH activity than does the 

mouse (Himmelstein et al. 2004a). Ifa quantitative correction were to be included in the 

reactive metabolite tissue dose metric in the CP model for longer tissue exposure to 1-CEO, the 

expected tissue dose would decrease for human compared to mouse, i.e. the present 

configuration of our risk-assessment estimate of tissue dose is conservative and would produce 

even lower risk estimates if we included interspecies EH hydrolysis rates to reduce tissue 

exposure to Y -CEO. 

Regarding the use ofkinetic constants from the PBPK model for butadiene to describe the kinetics 

of the chloroprene epoxides: Chloroprene differs substantially from non-chlorinated dienes, such 

as BD or isoprene, due to the presence of the electron withdrawing chloride atom at the 2-

position. As pointed out in Cottrell et al. the chorine atom leads the formation of chloro-

aldehydes and ketones in addition to epoxides. These metabolites themselves rapidly react with 

glutathione and, when formed in sufficient amounts, could lead to GSH depletion and attendant 

tissue toxicity. These differences in epoxide reactivity have been well documented for ethenes 

with the studies on ethylene metabolism to ethylene oxide versus kinetic models for vinyl 

chloride or Y,1-dichloroethylene with metabolism to halogenated epoxides that are unstable and 

whose reaction products readily react with GSH. The glutathione depletion with these 

halogenated ethene epoxides plays important roles in their toxicity and similarly are important in 

the tissue effects of chloroprene noted in in older studies in rats. 

The purposes in developing models for CP and BD were quite different: the CP model was 

designed to understand dose of locally produced reactive metabolites in lung and the BD model 

was intended to examine the production of epoxides in tissues, primarily liver, and the expected 

steady-state circulating concentration of the mutagenic mono- and diepoxide arising from 

subsequent distribution of the epoxides to other tissues. The Kohn and Melnick work, called a 

privileged-access model and referenced by Dr. Yang, was essentially an extension ofan earlier 

model by Johanson and Filser (1993) that included first-pass c/earance of the CYP produced 

epoxide by EH in a microsomal compartment in the liver. In both cases (privileged access and 

intrahepatic first-pass), the model structure was designed to enhance epoxide clearance before 

its appearance in the tissue and its transfer to tissue blood and the general circulation (shown by 

the inclusion ofboth EH and CYP2E1 in the reaction scheme from BD to butadiene monoepoxide 

(BMO) and from BMO to butadiene diepoxide (BDO). These BD epoxides are much more stable 

than those produced by CP and due to longer half-lives are available for downstream reactions 

and diffusion into blood. In addition, there was a significantly greater data base on which to 

parametrize the model -especially the gas uptake studies from Kreiling et al. (i987) and 

concentrations of circulating epoxides. The CP model depends primarily on the detailed in vitro 

examinations of CP metabolism from Cottrell et al., Munter et al. and Himmelstein et al. 

Key differences in modeling with BD and CP: Modeling systemic exposures to stable metabolites 

(BMO and BDO for BD) is very different from modeling for transient tissue exposures to reactive 



intermediates that do not leave tissues in significant amounts. The metabolism pathways are 

similar, but the consequences of forming stable versus highly reactive metabolites lead to very 

different demands on the PBPK model for tissue of formation dose measures -proportion 
escaping the liver as BMO and BDO for BD -versus total amount metabolized for CP. With BD, 

the goal was to understand the systemic delivery of epoxides to tissue throughout the body, 

including blood time course for the epoxides; with CP the goal is more restricted to understand 

tissue dose in a specific tissue containing CYP2E1 and how possible species differences in CYP2E1 

and EH in this tissue might affect local exposures. The Himmelstein et al. paper provided the key 

data for parameterizing the model and the papers by Munter and Cottrell provided key data for 

understanding the reactive metabolites from Y -CEO and especially 2-CEO. 

Results ofreactive metabolite modeling: The extendedmodel of chloroprene metabolism described 

above was exercised to evaluate three potential dose metricsfor the lung toxicity and 

carcinogenicity of chloroprene: (1J total lung metabolism per gram lung (TMetJ, the dose metric 

used in the publishedPBPK models and previously submitted to the USEPA; (2) average 

concentration ofreactive products ofmetabolism in the lung (PReact), and (3) average 

concentration of1-CEO in the lung (1-CEOJ. 

The first comparison performed was an evaluation of the consistency of the alternative dose metrics 

with the gene expression dose-response data reported in Thomas et al. (2013). In this study, female 

mice and rats were exposed to chloroprene by inhalation 6 hours per day, for 5 or 15 days. Mice 

were exposed at the bioassay concentrations, but the concentration range was extended in the rat 

to provide similar tissue doses based on predicted total amount of chloroprene metabolizedper 

gram oflung tissue per dayfrom a preliminary version of the PBPK model of Yang et al. (2012). For 

this comparison, two genomic responses were used: the lowest Benchmark Dose (BMDJfor any 

gene expression change and the lowest BMDfor any gene expression change related to regulation 

ofglutathione homeostasis. A successful dose-metricfor cross-species extrapolation shouldpredict 

that cellular responses in the lung begin to occur at similar values of the dose metric. 

Consistent with the expectations that drove the experimental design in Thomas et al. (2013), the 

inhaled concentrations at which there was genomic evidence of cellular stress in the lungs of the rat 

were much higher than in the mouse. The predicted dose metric valuesfor1-CEO concentration 

associated with similar genomic biomarkers ofcellular effects were also nearly an order of 

magnitude higher in the rat than in the mouse. In contrast, the modelpredicts similar dose metric 

valuesfor both TMet andPReact in the rat and mouse, consistent with the expectation that cellular 

responses to chloroprene in the lung would begin to occur at similar levels ofcellular stress. The 

consistency of these two dose metrics with the observed genomic dose-response in the female 

mouse andfemale rat, and the inconsistency of the 1-CEO or inhaled CP dose metrics, support the 

dominant role ofreactive productformation in the mode ofactionfor chloroprene. 

The second comparison performed was an evaluation of the consistency of the alternative dose 

metrics with the tumor incidence in the bioassaysfor thefemale mouse and rat. While both the 

TMet andPreact metrics provided a reasonable dose-response relationship with tumor incidence, 

the 1-CEO metric did not. Infact, using the 1-CEO concentration as the dose metric wouldpredict 

that thefemale rat should have had a higher tumor incidence than thefemale mouse. The 

inconsistency of the1-CEO dose metric with the relationshipsfor both toxicity and carcinogenicity 

between the female mouse andfemale rat is likely due to the smallproportion of total chloroprene 

metabolism that it represents. At the bioassay concentrations, the predicted concentrations of1-



CEO are less than 0.4°0 of the concentrations ofreactive products in the female mouse and less than 

5°o in the rat. 

In summary, the results of the reactive product modeling support the use of totalmetabolism as the 
most appropriate dose metricfor the carcinogenicity of chloroprene and demonstrate that the use 
ofinhaled concentration or epoxide area under the curve is inconsistent with the cross-species 
relationship of the toxicity and carcinogenicity of chloroprene. 
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Tier 1 

Jochem Louisse (Question 5): (1) Make a clear overview of the kinetic data in a Table that 
has been used to derive the kinetic constants for chloroprene conversion. This allows a better 

assessment as to whether the data, with regard to number of replicates, independent 

experiments, etc., can be considered as being adequate to provide robust data. 

Rambo/l response: The section of the documentation entitled "Model Parameters" outlines the 

sources for the kinetic data used in the modelling. Further, it points the reader to Supplemental 

Materials A which provides tables comparable to those suggested by the peer reviewer. 
Additional information is also provided in Supplemental Materials D. In addition to these data, all 

of the underlying data that have been relied upon and provided as part of the modeling scripts 

are included with citations along with the model code in Supplemental Materials E. The raw data 
underlying these modeling scripts are not currently available. The studies were performed more 

than 10 years ago, and the original investigators no longer have access to the raw data. 

(2) It is not clear to me whether all data have been obtained from one experiment or whether 
independent studies have been performed. It would have been of help for the analysis to present 
an overview of the data points that have been obtained in the Himmelstein et al. (2004) and 

Yang et al. (2012) papers, e.g. in a Table like this: 

Himmelstein et al. 
(2004), 
experiment 1 

Himmelstein et 
al. (2004), 
experiment 2 

Yang et al. 
(2012), 
experiment 1 

Yang et al. 
(2012)., 
experiment 2 

concentrations 
technical 

Liver replicates per 
concentration 

Female mouse time points per 
replicate 

Lung 

Kidney 
Liver 

Human Lung 

Kidney 

Ramboll response: As discussed in the text, all of the metabolic parameters in both the Yang et 

al. (201z) paper and the current analysis are based on the in vitro chloroprene metabolism time-
course data reported by Himmelstein et al. (2004a) and IISRP-17520-1288 (2009). The key 
differences between the new analysis and the original Yang et al. (2012) analysis were: (1) the 
incorporation of an additional parameter in the analysis of the in vitro metabolism data (Kgl) to 

describe the rate of transfer of chloroprene from the headspace to the media in the metabolism 

studies, (2) the use of updated tissue microsomal protein concentrations for scaling the in vitro 

results to in vivo values appropriate for the PBPK mode% and (3) the adoption of a previously 

published approach for estimating the metabolism parameters in the human lung (Andersen et 



al. 1987). The differences in these parameters in the Yang et al. (2012) paper and the current 

analysis are documented in Table S-3 of Supplemental Materials A. 

7ochem Louisse (Question 6): (1) To facilitate assessment of the kinetic data, it would be of 

help to not only present the data points in graphs but to include these in accompanying tables, 

allowing better assessment by the reviewers. 

Ramboll response: For Figures 2, 3 and 7, as noted in the text, the data are provided in 

Supplemental Materials A. In addition, as noted previously, the underlying data relied upon for 

the model are provided with citations along with the model code in Supplemental Materials E. 

(2) Assess whether in vitro kinetic data of optimization studies are available and include these in 

the table presenting all in vitro kinetic data. This allows reviewers to assess whether kinetic 

studies have indeed been performed at optimal conditions. 

Rambo/I response: All of the in vitro kinetic data are now listed in Supplemental Materials E, as 

they were received from the original investigators. 

Annie Lumen (Question 6): Based on the description in Pg. 17 of Ramboll reportI calculated 

the metabolic clearance in the lung to be 0.24 L/h/g of protein (0.052*0.00143*1000/ 0.316) but 

the report indicates an estimate of metabolic clearance of 0.16 L/h/g of protein. Idoubt this 

glitch is real and could be something that I've missed butI thought I'll bring it up since it caught 

my eye and I'm fine with being proved wrong. 

Ramboll response: The reviewer is correct. The number in the report must not have been 

updated with the final MCMC results. This has been corrected in the current documentation. The 

calculated metabolic clearance should be O.Z4 L/hr/kg, which is close to the upper bound 

estimate ofmetabolism from Yang et al. (2012) of 0.32 L/hr/g. 

Annie Lumen (Question 10): Approximately, 36% of mouse body weight and 24% of human 

body weight doesn't seem to be contributing to chemical disposition. This seems to be a rather 

large fraction of body weight to remain unperfused. Please verify. 

Rambol/ response: The bones contribute about 10% to body weight and the gut lumen, hair 

and integuments contribute another 10% to i5%. The fraction ofnon-perfused body weight in 

the chloroprene PBPK model results from the use of the tissue data in Brown et al. (Y 997). 

Annie Lumen (Question 14): (1) Since blood flow to the liver is identified as the primary 

determinant of the overall elimination of Chloroprene and no influence of tissue-specific 

metabolism is noted to affect blood concentrations, the predictive evaluation using blood 

concentration data should not be weighted to validate the extrapolative performance of IVIVE, its 

related PBPK parameterization, and subsequent overall predictive performance of tissue-dose 

metrics (parameters that influence blood concentrations have normalized sensitivity coefficients 

< 0.5 in influencing lung dosimetric). 

Ramboll response: We agree with the reviewer that the in vivo study does not serve as 

validation ofmodel predictions for tissue-specific metabolism. The sole purpose of the in vivo 

validation study, which was performed in response to an USEPA concern, was to demonstrate the 

ability of the model to predict the in vivo pharmacokinetics of chloroprene inhalation, since that is 

the exposure route of concern. The validity of the model predictions of for target tissue (e.g. 

lung) metabolism rests on the correctness of the IVIVE methodology. This dichotomy of the 



validation process was also the case with the PBPK model for methylene ch/oride that was used 
by the USEPA in their IRIS assessments. In that case, the lung metabolism parameters were 
also based on in vitro data and the available in vivo data was insensitive to their values. 

(2) The average measured blood concentrations between 13ppm and 90ppm are only 3.8-fold 

and 5.1-fold apart at 3h and 6h respectively (Table S-6). That said, from ahealth-protective 
standpoint, an overprediction of blood concentrationI suppose in better than an under-
prediction. Nevertheless, this (the observed discrepancy in model predictions and observations) 
is a model uncertainty and needs to be evaluated as such. 

Rambo// response: On the contrary, the model predictions for blood concentrations during and 

after the 6-hr chloroprene exposures are in good agreement with the data collected in the study. 
Consistent with the WHO/IPCS (2010) guidance on the use ofPBPK modeling in risk assessment, 
model predictions are generally within roughly a factor of two of the means of the experimental 

data. It was not necessary to adjust any of the model parameters to provide agreement with the 

new data. 

Irecommend caution be exercised when making predictions of tissue-dosimetric (rate of 
metabolite production) in other metabolically relevant tissues with only blood concentrations. 

Rambo// response: It's unclear what the reviewer is trying to say, but caution is always a good 
thing in risk assessment. It is not possible to obtain in vivo validation data on the production of 

a reactive metabolite in a tissue. As in the case ofmethylene chloride and vinyl chloride, the 
validity of such model predictions must be based on biological plausibility and correct 
methodology. 

Kan Shao (Question 6): The comparison results presented in Table S-3 in the Supplemental 
Material A confuse me. First of all, without showing the confidence interval estimates for these 
parameters, it is very difficult to judge the magnitude of uncertainties in the estimated results 
obtained using Yang et al. (2012) approach. 

Rambo/I response: The confidence intervals for the Yang et al. analysis are available in the 
publication. Only the means were included in this appendix, have been added to Table S-3 in 
Supplemental Materials A as requested. 

Jordan Smith (Question 13): Isuggest that male and female physiological parameters are 
implemented independently to ensure that physiologies of both sexes are adequately considered. 

ICRP (2002) could serve as a reference for male and female physiologies across various life-
stages. 

Rambo// response: Concerns regarding potential sensitive human populations, including the 
effect ofgender, is part of the application of the model for a specific risk assessment application, 
which USEPA will undertake if they accept the model. The physiological and metabolic structure 
of the PBPK model provides the necessary framework for conducting such investigations, and 

appropriate parameters are available in the literature (C/ewe// et al. 2004, Mallick et al. 2020). 

Clewell HJ, Gentry PR, Covington TR, Sarangapani R, Teeguarden JG. 2004. Evaluation of the 
potential impact ofage- and gender-specific pharmacokinetic differences on tissue dosimetry. 

Toxicol. Sci. 79:381-393. 

Mallick P, Moreau M, Song G, Efremenko AY, Pendse SN, Creek MR, Osimitz TG, Hines RN, 
Hinderliter P, Clewe// HJ, Lake BG, Yoon M. 2020. Development and Application of a Life-Stage 



Physiologically-eased Pharmacokinetic (PBPK) Model to the Assessment oflnternal Dose of 
Pyrethroids in Humans. Toxicol Sci. 173(1): 86-99 

Tier 2 

Annie Lumen (Question 10): Ihad suggested a proof of concept modeling evaluation for 
epoxide hydrolase activity using available literature data as an added component to the current 
model. In the public meeting, when discussing this comment, it was mentioned that 1-CEO 
might only constitute 4-5% of the total metabolites produced and that other metabolites might 
be more reactive. Therefore, I'll leave this suggestion here as a lower tiered one for 
consideration if potential concern for downstream metabolite accumulation is seen to be likely. 

Ramboll response: At the request of the peer reviewers, we have conducted a more extensive 
analysis of the downstream metabolism ofchloroprene (see previous section on COMMENTS AND 

RESPONSES RELATED TO MODELING OF THE REACTIVE METABOLITES OF CHLOROPRENE). The 
results of the reactive product modeling support the use of totalmetabolism as the most 
appropriate dose metricfor the carcinogenicity of chloroprene and demonstrate that the use of 
inhaled concentration or epoxide area under the curve is inconsistent with the cross-species 
relationship of the toxicity and carcinogenicity of chloroprene. 

Annie Lumen (Question 11): Based on the current model structure, to understand the 
plausible mechanistic reasoning, perhaps it might be useful to run atime-dependent sensitivity 
analysis (particularly between 0-3hrs) to see if any unsuspected change in parameter sensitivities 
are observed at early timepoints across exposure levels. This could only be useful to generate 
hypothesis challenging the current assumptions of chloroprene uptake (e.g. need for saturable 
uptake kinetics at higher exposures for example) but might not provide a solution to the 
discrepancy directly. 

Rambo/I response: We have performed the time-dependent sensitivity analysis suggested by 
the reviewer on PBPK models ofsimilar chemicals and found that the early times are driven by 
ventilation and blood flow (Cleave// et al. i994). 

C/ewe// HJIII, Lee T, Carpenter RL. 1994. Sensitivity ofphysiologically based pharmacokinetic 
models to variation in model parameters: methylene chloride. Risk Analysis Y4: 521-531. 

Annie Lumen (Question 12): The logic of reducing any large discrepancy between ventilation 
rate and cardiac output and to have them match is reasonable. One recommendation is that 
since cardiac output value in a mouse model would most likely be swell-studied parameter, a 
secondary check from a source external to Brown et al. 1997 or the current Ramboll 
estimates/references could be useful as a confirmation to validate if the selected QCC is reflective 
of an average cardiac output for mouse models. 

Ramboll response: The value of QCC for the mouse in the chloroprene model (QCC=30), is 
similar to the mouse value (QCC=28) in the PBPK model ofAndersen et al. (1987) that was used 
by EPA in the IRIS assessment for methylene chloride, and is consistent with the physiology of 
ventilation and perfusion. As discussed in Brown et al. Y 997, while the value of cardiac output 
used in the PBPK model ofAndersen et al. (i987) for the rat is in agreement with the 
experimental measurements reported in Table 22, the value for the mouse is about double the 
reported values. The higher value of QCC in the mouse was determined by comparisons ofPBPK 
modeling with closed chamber exposure data for a number of chemicals (Gargas et al, i986). 



Gargas ML, Andersen ME, Clewell HJ. Y 986. A physiologically based simulation approach for 

determining metabolic constants from gas uptake data. Toxicol Appl Pharmacol 86:341 352. 

Annie Lumen (Question 13):Idid want to note that the blood-to-air partition coefficient, a 

sensitive parameter determining of chloroprene blood concentration, is determined in humans 

based on a sample size of 3 healthy male adult volunteers (Himmelstein et al. 2004 PartII). 

However, the values do seem to be tight and less variable so I'm not sure if there is any room for 

uncertainties here but changing this parameter considerably changes the model predictions of 

blood concentrations (as shown by the sensitivity analysis in Pg. 19 of the Ramboll report). It 

might be worth verifying that there is no room for uncertainties in the blood-to-air partition 

coefficient. 

Rambo// response: The relationship of the experimental chloroprene blood-air partitions across 

species is consistent with resu/ts for similar volatile organic compounds, such as methylene 

chloride, vinyl chloride and trichloroethylene (Gargas et al. 1989). 

Gargas ML, Burgess RJ, Voisard DE, Cason GH, Andersen ME. Partition coefficients of low-

molecular-weight volatile chemicals in various liquids and tissues. Toxicol Appl Pharmacol. 1989 

Mar 15;98(1):87-99. 

.7ordan Smith (Question 11):Isuggest an uncertainty analysis, such as a Monte Carlo type 

approach, to quantify model uncertainty. This would allow quantitative evidence to better assess 

if the model overpredictions are explained by data variability. 

Ramboll response: An uncertainty analysis has now been conducted using the revised Ramboll 

PBPK Mode% and the results are described in the PBPK Model documentation. 

Clewell HJIII, Campbell JL, Van Landingham C, Franzen A, Yoon M, Dodd DE, Andersen ME, 

Gentry PR. 2019. Incorporation of in vitro metabolism data and physiologically based 

pharmacokinetic modeling in a risk assessment for chloroprene. Inhalation Toxicology, 31(13-

14): 468-483. 

Yiliang Zhu (Question 11): the over-estimation of blood concentrations during and following 6-

h exposure of B6C3F1 mice to Chloroprene raises questions regarding its reliability of model 

prediction and robustness toward key kinetic parameters. A systematic approach to sensitivity 

analysis involving the parameters of this high dimension would be useful. Sensitivity/robustness 

should be one criterion for selecting the kinetic parameters for prediction purposes. 

Rambo/I response: Such a sensitivity analysis was performed during the development of the 

PBPK model and the results are provided in the main report (Figures 8-10). 

Kan Shao (question 14): A few technical issues undermine the overall quality of the PBPK 

model, including how to justify the necessity and validity of introducing a new parameter "Kgl" to 

quantify the air and liquid mass-transfer, the lack of detailed analytic results prevent better 

evaluating the statistical approaches' ability to characterize uncertainty and variability, etc. 

Therefore, better addressing and more clearly explaining these issues will certainly improve the 

quality of the report. 

Rambol/ response: As noted previously, Table 2 of the Ramboll chloroprene PBPK model report 

provides a comparison of the dose metrics obtained with the model assuming (Y) that there was 

no diffusion limitation on transport in the metabolism studies, and (2) that there was a transport 



limitation with Kgl =0.22. The resulting dose metrics only differed by roughly 30%, and the 

differences were similar across concentrations and in mouse and human. Therefore, the impact 

on risk estimates derived from the model would be negligible. However, a new sensitivity 

analysis of the Kgl value has been conducted in response to this and other comments. The 

analyses are documented in the methods and results sections of the revised documentation. The 

results of the analysis (see initial response in the section on Kgl) provide support for the value of 

0.22 L/h currently used in the model as the most scientifically defensible and conservative 

estimate. 



Tier 2 

Kan Shao (Question 5): I also would like to point out that the performance of MCMC 

simulation and consequently the estimation results are closely related to the modeling 
implementation: (1) using a single level MCMC analysis instead of a hierarchical structure 

essentially treated the samples from various incubation vials equally and increased the sample 

size, which may reduce the uncertainty/variability in the posterior sample and facilitate the 

convergence of posterior sample; (2) the selected prior distributions for the parameters may also 

have important impact on the resulting estimates. So, my suggestion is to employ additional 

sensitivity analysis to investigate how the various settings in the MCMC method may impact the 

results (Tier 2). 

Rambo// response: We do not believe this sensitivity analysis would provide significant 

additional value, since the USEPA is conducting their own MCMC analysis. 

Kan Shao (Question 6): it is likely that the uncertainty quantified in the present analysis may 

be underestimated. Additionally, it is not clear why the estimated value of Km_liver and the 

estimated value of Km_lung of the present analysis presented in Table S-3 in the Supplemental 

Material A are different given they were assumed to be the same (Tier 2). 

Rambol/ response: The values ofKm in liver and lung are for the mouse and rat. The 

assumption that the Km in the liver and lung were the same was made for the human. As 

explained in the main report, both CYP2E1 and CYP2F contribute to the metabolism of 

chloroprene in the mouse and rat, resulting in different estimated Km values in the two tissues. 

However, in the human, the activity of CYP2F1 is extremely low, so that the metabolic clearance 

in both liver and lung is dominated by CYP2E1, and the Km of CYP2E1 is the same. 



;~ {, ~ %a 
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Tier 1 

Jordan Smith (Question 7): If the Al approach is going to be used to extrapolate extrahepatic 

metabolism,I recommend that Ramboll experimentally determine which enzymes are responsible 

for chloroprene metabolism. 

Ramboll response: As explained in the Ramboll PBPK report, both CYP2E1 and CYP2F 

contribute to the metabolism of chloroprene in the mouse and rat. However, in the human, the 

activity of CYP2F1 is extremely low, so that the metabolic clearance in both liver and lung is 

dominated by CYP2E1. Therefore, further experimentation is unnecessary. 

I also recommend that a substrate marker activity is then selected based on which enzymes are 

identified. For example, an alternative substrate marker for CYP2E1 may be chlorzoxazone 

activity, which is commonly used by vendors to assess CYP2E1 activity in commercially available 

samples. 

Rambo// response: Although chlorzoxazone has been used to assess CYP2E1 activity in drug 

evaluations, it is also metabolized by CYP3A4, CYP1A2, CYP2A6, CYP286, and CYP2D6 (Shimada 

et al. 1999), so it would not provide a specific marker for CYP2E1. 

Shimada T, Tsumura F, Yamazaki H. 1999. Prediction ofhuman liver microsomal oxidations of 7-

ethoxycoumarin and chlorzoxazone with kinetic parameters ofrecombinant cytochrome P-450 

enzymes. Drug Metabolism and Disposition, 27(11): 1274-1280. 

Tier 1/2 

7ochem Louisse (Question 5): Perform in vitro studies with well-characterized batches of 

microsomes for which data on metabolic conversion of model substrates are available (provided 

by vendor). Include one or more of these substrates in the studies (reference chemicals) to 

assess whether the system works (quality control). Iam actually of the opinion that such quality 

controls should always be included if one generates data to be used in a regulatory setting. From 

that perspective, this can also be seen as a Tier 1recommendation. [I think it is important to 

have at least data of two independent experiments per type of microsome (so for a certain 

tissue/species/sex) in order to assess the robustness of the method (the experimental setup)]. 

Ramboll response: The laboratory at which the chloroprene metabolism studies were 

performed is no longer active and we were unable to find any commercial or academic 

laboratories that could perform such studies with chloroprene. Metabolism studies with volatile 

compounds are difficult and time-consuming, and require strong experience, such as the 

experience of the investigator, Dr. Matthew Himmelstein, who performed the studies used in the 

Ramboll PBPK model development. Further, as noted by Dr. Paul Sch/osser during the peer 

review, the USEPA is not looking to conduct additional experimentation related to development of 

this model or its parameters. However, in response to the reviewers' concerns, we have 

conducted a new sensitivity analysis of the impact ofKgl values ranging from 0.055 to 1000 on 

the metabolism parameter estimates and the dose metrics obtained with the model. This new 

analysis, which has been added to the methods and results sections of the Model Documentation, 

demonstrates that (1) a value ofKgl = 0.22 provides the best fit to the data, (2) the impact of 



the choice ofKgl on the values estimated for Vmaxc is less than YO% and the effect on estimates 

ofKm is /ess than a factor of 2, (3) the female mouse dose metrics are essentially unaffected by 
the value ofKgl assumed, while the human dose metric decreases about 30% as Kgl is increased 

from 0.175 (the lowest value for which the MCMC analysis could converge) to 1000. Overall, the 

value ofKgl = 0.22 that was selected for use in the in vitro modeling (Supplemental Materials D) 

is both scientifically defensible and risk-conservative, based on (Y) it was derived from a joint 
MCMC analysis for Kgl and Km in the male mouse, which was the most informative metabolic 
data (Supplemental Materials e), (2) it provides the best goodness of fit of the in vitro model to 

the experimental metabolism data in the human liver (Table 1of the main report), and (3) lower 

risk estimates would be obtained using higher values ofKgl. While a value ofKg1=0.175 would 
provide a higher risk estimate, it did not provide as good a fit to the in vitro data as Kgl = 0.22; 

in fact, attempting to decrease Kgl any further than 0.175 made it impossible to fit the data at 
all. 

Tier 2 

Jeffrey Heys (Question 2): (1) In Csanady, Guengerich et al. (1992), they state that 
equilibrium experiments employed "heat-inactivated microsomes or phosphate buffer." I think 

that conducting air-liquid equilibrium studies with heat-inactivated microsomes would provide 
some insight into the magnitude of non-specific binding (it would not provide insight into specific 

binding). 

(2): If the first recommendation is not feasible, it also seems relatively straightforward to 
conduct equilibrium experiments identical to those shown in supplement B at various mixing 
rates up to at least 500 rpms to determine the impact of mixing on mass transport. 

Rambol/ response: As noted previously, the laboratory at which the chloroprene metabolism 
studies were performed is no longer active and we were unable to find any commercial or 

academic laboratories that could perform such studies with chloroprene. Even ifsuch a study 
could be performed, it would be difficult to assure that the experimental conditions in the new Kgl 

study were sufficiently similar to those in the original metabolism studies, so the actual value of 

Kgl in the metabolism studies would still be uncertain. However, in response to the reviewers' 
concerns, we have conducted a new sensitivity analysis of the impact ofKgl values ranging from 
0.055 to 1000 on the metabolism parameter estimates and the dose metrics obtained with the 

model. This new analysis, which has been added to the methods and results sections of the 
Model Documentation, demonstrates that (1) a value ofKgl = 0.22 provides the best fit to the 

data, (2) the impact of the choice ofKgl on the values estimated for Vmaxc is less than 10% and 

the effect on estimates ofKm is /ess than a factor of2, (3) the female mouse dose metrics are 
essentially unaffected by the value ofKgl assumed, while the human dose metric decreases 
about 30% as Kgl is increased from 0.175 (the lowest value for which the MCMC analysis could 

converge) to 1000. Overall, the value ofKgl = O.Z2 that was selected for use in the in vitro 

modeling (Supplemental Materials D) is both scientifically defensible and risk-conservative, based 

on (Y) it was derived from a joint MCMC analysis for Kgl and Km in the male mouse, which was 

the most informative metabolic data (Supplemental Materials e), (2) it provides the best 
goodness of fit of the in vitro model to the experimental metabolism data in the human liver 

(Table 1of the main report), and (3) lower risk estimates would be obtained using higher values 

ofKgl. While a value ofKg1=0.175 would provide a higher risk estimate, it did not provide as 

good a fit to the in vitro data as Kgl = 0.22; in fact, attempting to decrease Kgl any further than 

0.175 made it impossible to fit the data at all. 



Jordan Smith (Question 2):Irecommend that these hypotheses are tested using the in vitro 
metabolism experiment. Phase transfer experiments with inactivated microsomes at various 
concentrations could be used to measure Kgl at different RPMs. Properly designed experiments 
could address these hypotheses specifically and definitively. 

Rambo// response: Table 2 of the Ramboll chloroprene PBPK model report provides a 
comparison of the dose metrics obtained with the model assuming (1) that there was no diffusion 
limitation on transport in the metabolism studies, and (2) that there was a transport limitation 
with Kgl =0.22. The resulting dose metrics only differed by roughly 30%, and the differences 
were similar across concentrations and in mouse and human. Therefore, the impact on risk 
estimates derived from the model would be negligible. 

As noted previously, the laboratory at which the chloroprene metabolism studies were performed 
is no longer active and we were unable to find any commercial or academic laboratories that 
could perform such studies with chloroprene. Even ifsuch a study could be performed, it would 
be difficult to assure that the experimental conditions in the new Kgl study were sufficiently 
similar to those in the original metabolism studies, so the actual value ofKgl in the metabolism 

studies would still be uncertain. However, in response to the reviewers' concerns, we have 
conducted a new sensitivity analysis of the impact ofKgl values ranging from 0.055 to 1000 on 

the metabolism parameter estimates and the dose metrics obtained with the model. This new 
analysis, which has been added to the methods and results sections of the Model Documentation, 
demonstrates that (1) a value ofKgl = 0.22 provides the best fit to the data, (2) the impact of 

the choice ofKgl on the values estimated for Vmaxc is less than 10% and the effect on estimates 
ofKm is less than a factor of2, (3) the female mouse dose metrics are essentially unaffected by 
the value ofKgl assumed, while the human dose metric decreases about 30% as Kgl is increased 
from O.i75 (the lowest value for which the MCMC analysis could converge) to 1000 Overall, the 

value ofKgl = 0.22 that was selected for use in the in vitro modeling (Supplemental Materials D) 
is both scientifically defensible and risk-conservative, based on (1) it was derived from a joint 
MCMC analysis for Kg/ and Km in the male mouse, which was the most informative metabolic 

data (Supplemental Materials 8), (2) it provides the best goodness of fit of the in vitro model to 
the experimental metabolism data in the human liver (Table 1of the main report), and (3) lower 
risk estimates would be obtained using higher values of Kgl. While a value ofKg1=0.175 would 
provide a higher risk estimate, it did not provide as good a fit to the in vitro data as Kgl = 0.22; 
in fact, attempting to decrease Kgl any further than O.i75 made it impossible to fit the data at 
a//. 

Jordan Smith (Question 3): As recommended in question 2, measuring Kgl with an 
experiment specifically designed to assess mixing speed and microsome concentration with 
inactivated microsomes would be a preferred approach. 

Ramboll response: As noted previously, the laboratory at which the chloroprene metabolism 
studies were performed is no longer active and we were unable to find any commercial or 
academic laboratories that could perform such studies with chloroprene. Even if such a study 

could be performed, it would be difficult to assure that the experimental conditions in the new Kgl 

study were sufficiently similar to those in the original metabolism studies, so the actual value of 

Kgl in the metabolism studies would still be uncertain. However, in response to the reviewers' 
concerns, we have conducted a new sensitivity analysis of the impact ofKgl values ranging from 

0.055 to 1000 on the metabolism parameter estimates and the dose metrics obtained with the 
model. This new analysis, which has been added to the methods and results sections of the 



Model Documentation, demonstrates that (1) a value ofKgl = 0.22 provides the best fit to the 
data, (2) the impact of the choice ofKgl on the values estimated for Vmaxc is less than 10% and 
the effect on estimates ofKm is less than a factor of2, (3) the female mouse dose metrics are 
essentially unaffected by the value ofKgl assumed, while the human dose metric decreases 
about 30% as Kgl is increased from 0.175 (the lowest value for which the MCMC analysis could 
converge) to 1000 Overall, the value ofKgl = 0.22 that was selected for use in the in vitro 
modeling (Supplemental Materials D) is both scientifically defensible and risk-conservative, based 
on (1) it was derived from a joint MCMC analysis for Kgl and Km in the male mouse, which was 
the most informative metabolic data (Supplemental Materials e), (2) it provides the best 
goodness of fit of the in vitro model to the experimental metabolism data in the human liver 
(Tableiof the main report), and (3) lower risk estimates would be obtained using higher values 
ofKgl. While a value ofKg1=0.175 would provide a higher risk estimate, it did not provide as 
good a fit to the in vitro data as Kgl = 0.22; in fact, attempting to decrease Kgl any further than 
0.175 made it impossible to fit the data at all. 

Kan Shao (Question 3): Therefore, my suggestions to the Ramboll/USEPA team are either (1) 
conducting a lab experiment to verify the "Kgl" value... 

Ramboll response: As noted previously, the laboratory at which the chloroprene metabolism 
studies were performed is no longer active and we were unable to find any commercial or 
academic laboratories that could perform such studies with chloroprene. Even ifsuch a study 
could be performed, it would be difficult to assure that the experimental conditions in the new Kgl 
study were sufficiently similar to those in the original metabolism studies, so the actual value of 
Kgl in the metabolism studies would still be uncertain. However, in response to the reviewers' 
concerns, we have conducted a new sensitivity analysis of the impact ofKgl values ranging from 
0.055 to 1000 on the metabolism parameter estimates and the dose metrics obtained with the 
model. This new analysis, which has been added to the methods and results sectigns of the 
Model Documentation, demonstrates that (1) a value ofKgl = 0.22 provides the best fit to the 
data, (2) the impact of the choice ofKgl on the values estimated for Vmaxc is less than 10% and 
the effect on estimates ofKm is less than a factor of2, (3) the female mouse dose metrics are 
essentially unaffected by the value ofKgl assumed, while the human dose metric decreases 
about 30% as Kgl is increased from O.i75 (the lowest value for which the MCMC analysis could 
converge) to Y 000, and (4) the highest risk estimate is obtained for Kgl = 0.22. These results 
support the appropriateness ofusing a value of 0.22 for Kgl. 

Jordan Smith (Question 7): Irecommend that CYP2E1 induction be evaluated in lung tissue, 
if it is determined that this enzyme is primarily responsible for chloroprene metabolism. 

Rambo// response: The recommended study would be extremely difficult due to the volatility of 
chloroprene and the difficulty ofmaintaining lung cell cultures over a sufficient period of time to 
see induction. Moreover, as discussed in the main report, there was no evidence ofmetabolic 
induction in liver microsomes from mice exposed to 90 ppm chloroprene for several weeks. 

7ochem Louisse (Question 10): Perform plasma binding studies to provide insight into 
whether chloroprene plasma protein binding is limited and whether description of plasma protein 
binding is indeed not needed in the PBPK model, or whether description of plasma protein binding 
should be included in the PBPK model. 



Ramboll response: It is well known that plasma protein binding does not impact the kinetics of 

volatile organic compounds like chloroprene (Moon et al. 2012), and it was not considered in the 

PBPK models used by EPA for similar compounds such as methylene chloride, vinyl chloride and 
trichloroethglene. 

Yoon, M, Campbell, JL, Andersen, ME, and HJ Clewell. 2012. Quantitative in vitro to in vivo 
extrapolation of cell-based toxicity assay results. Crit Rev Toxicol. 42(8):633-652. 
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Ramboll - Epidemological Basis for Supporting a Correction of the Chloroprene Inhalation Unit Risk (IUR): Update 

The community living near the Denka Performance Elastomer facility in St. John the Baptist 
Parish, LA has been in a state of high alert after being identified by United States Environmental 
Protection Agency (USEPA) as having exceptionally high cancer risk, based on estimated, 
modeled chloroprene exposures used in the two most recent National-Scale Air Toxics 
Assessments (NATA). As discussed in Section 2, below, these USEPA risk conclusions for the 
community were based on the results of screening-level models that are designed to identify 
areas for more detailed, data-driven evaluation and targeted environmental interventions, and do 
not provide a definitive assessment of cancer risks (USEPA 2018). Section 3 summarizes the 
recent epidemiological evidence regarding the carcinogenicity of chloroprene, highlighting results 
from the most recent occupational epidemiology studies (Marsh et al. 2007a, 2007b, 2021). If 
there were an association between chloroprene exposure and cancer(s), it would be more easily 
detected in an occupational setting where exposures are higher than in the general population 
and can be reasonably well estimated. 

In addition, we summarize the latest data from the Louisiana Tumor Registry (LTR) in Section 4. 
These data as a whole —the updated epidemiological evidence together with current data from 
the LTR —continue to support the position that the USEPA NATA model results, used to suggest 
high cancer rates in St. John the Baptist Parish, are not substantiated empirically. Despite this, 
some groups, in particular the University Network for Human Rights (UNHR), have attempted to 
promote the opposite conclusion, that cancer risks in St. John the Baptist Parish are higher than 
expected. Therefore, to ensure the body of epidemiological evidence is accounted for and 
correctly interpreted, we discuss in Section 5 the numerous scientific deficiencies in a report 
issued by the University Network for Human Rights (UNHR 2019) and a follow up publication 
(Nagra et al. 2.021). 

~. E,. % . ~ 

Residents living in the community near the Denka Performance Elastomer facility became 
concerned about cancer risks from the Denka facility's chloroprene emissions after the USEPA 
publicized the results of their NATA screening and interpreted them as showing the community to 
be at elevated cancer risk compared to other regions of the United States..l The NATA is 
conducted by USEPA about every three years to evaluate sources, levels, and potential risks of 
hazardous air pollutants (HAPs), or air toxics. The NATA analyses rely primarily on source 
emissions inventories as inputs into air dispersion models and are used to predict population-
level exposures. Multiple complex models are involved in the screening that may not reflect local 
site conditions. Toxicity factors, such as inhalation unit risk values for cancer effects, are then 
applied to the results of the exposure models to predict risks at the population level. The 
multiple steps in the analysis incorporate conservative estimates at each level, usually resulting 
in overestimated risks. 

USEPA has highlighted that NATA does not include information that applies to specific locations, 
because exposure data at the county and census-tract level are not usually available. Instead, 
the NATA applies models to estimate exposures at the county and census-tract level. According 
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Ramboll - Epidemological Basis for Supporting a Correction of the Chloroprene Inhalation Unit Risk (IUR): Update 

to USEPA, the NATA assessment is designed as a comparative tool that should be used to 

evaluate relative variations in air concentrations, exposures, and risk among geographic areas 

rather than to identify or estimate risks in any given, specific location. These data can then be 

used to help communities design local assessments, improve emissions inventories, and find 

areas where the air toxics monitoring network could be expanded or improved. USEPA 

specifically notes that NATA should not be used to address epidemiological questions such as the 

relationship between cancer risk and proximity to certain sources. There is significant 

uncertainty in modeled risk estimates. USEPA highlights that the NATA results should be applied 

cautiously, because of these large uncertainties, which vary from location to location as well as 

from pollutant to pollutant. 

In 2015 and 2018, USEPA published the NATA results based on 2011 and 2014 emissions data, 

respectively, for the United States, including Louisiana. The risk calculations presented in the 

2015 report (USEPA 2015) combined estimated exposures based on emissions data with a cancer 

inhalation unit risk (IUR) value derived by USEPA's Integrated Risk Information System (IRIS), 

documented in the Toxicological Review of Chloroprene (USEPA 2010). An updated assessment 

based on 2014 emission data was published in 2018 that relied on the same IUR as the prior 

assessment (USEPA 2018). As we have previously shown, the IUR is highly inflated due to the 

lack of consideration of pharmacokinetic differences between species (e.g. Sax et al. 2020; 

Clewell et al. 2020). Because they relied on the inflated IUR, both NATA assessments reported 

that Louisiana residents experienced the highest cancer risks in the US and attributed these risks 

to chloroprene exposures. The epidemiological evidence cited by USEPA as supporting its IUR in 

its 2010 report (USEPA 2010) is discussed in Section 3.1, as it provides a basis for the 

epidemiological evidence published since 2010, which is discussed in Section 3.2. 

3.1 Summary of Epidemiological Evidence Considered in the USEPA Toxicological 

Review of Chloroprene 

Occupational epidemiological studies are relevant to the identification of health risks associated 

with specific exposures because occupational exposures tend to be substantially higher than 

environmental exposures experienced by community members. Therefore, if the exposure is 

truly related to the outcome, that relationship is more likely to be detected in the occupational 

vs. the community setting. 

As summarized in the USEPA Toxicological Review of Chloroprene (USEPA 2010) and in Sax et al. 

(2020), the epidemiological literature on chloroprene exposure and cancer risk includes studies of 

occupational cohorts from several countries, published over approximately 30 years. Among the 

available occupational epidemiological studies, those by Marsh et al. (2007a, 2007b) represent 

the most comprehensive and methodologically robust based on the size of the cohort, amount of 

follow-up time, and completeness of exposure assessment, among other strengths (Bukowski 

2009; Sax et al. 2020). The results from earlier studies conducted in the US (Pell 1978; Leet and 

Selevan 1982) were included in the update by Marsh et al. (2007a, 2007b). 

The studies by Marsh et al. (2007a, 2007b) include a cohort of 12,430 workers from two US 

facilities in Louisville, KY (Plant L, n= 5507) and Pontchartrain, LA (Plant P, n=1357)) and two 

European facilities (Maydown, Northern Ireland; Plant M, n = 4849 and Grenoble, France; Plant 

G, n=717). Chloroprene production at these facilities dates back to 1942 (Plant L) and 1969 
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Ramboll - Epidemological Basis for Supporting a Correction of the Chloroprene Inhalation Unit Risk (IUR): Update 

(Plant P). Two of the facilities (Plants L and M) used an acetylene process to make chloroprene, 
which also produces vinyl chloride, a known risk factor for liver cancer (IARC 2008). One of the 
strengths of these epidemiological studies is that the authors quantitatively estimated historical 
exposures for individual workers for both chloroprene and, where applicable, vinyl- chloride. 
Mortality follow-up was conducted through 2000, therefore the study benefitted from an 
extensive follow-up time and ample time for the development of the two cancers of interest, lung 
and liver cancer. Overall, the study found no evidence of elevated mortality risks from lung, 
liver, or other cancers. 

In contrast, studies conducted in China (Li et al. 1989), Russia (Bulbulyan et al. 1998), and 
Armenia (Bulbulyan et al. 1999) have not been updated and have serious limitations as described 
in Acquavella &Leonard (2001), Bukowski (2009), Rice & Boffetta (2001) and Sax et al. (2020). 
Briefly, these limitations include insufficient statistical power due to small cohort sizes, 
incomplete exposure assessments, poor control for confounding factors (e.g. smoking and 
drinking), poor documentation of cohort enumeration, and inappropriate reference rates. 

In 2010, USEPA concluded that chloroprene was "likely to be carcinogenic to humans," in part 
because of its assessment of the epidemiological evidence (USEPA 2010). In their evaluation of 

this evidence, USEPA designated the evidence presented in the Marsh et al. (2007a, 2007b) 
studies as supporting a causal association between chloroprene exposures and elevated mortality 
from liver cancer. As noted in Sax et al. (2020), USEPA misinterpreted the Marsh et al. findings 
as providing evidence of an exposure-response relationship between chloroprene exposure and 
liver cancer mortality based on comparisons between exposure groups within the cohorts. In 
fact, the internal comparisons were misleading due to the very low liver cancer mortality rates 
among the employees. For example, the standardized mortality ratio (SMR, their mortality rate 
compared with the general population) for those in the lowest cumulative exposure category in 
Plant L was 0.40, or 60% lower than expected when compared with the general population in the 
area surrounding the plant. The SMR for the highest cumulative exposure category was 0.85, or 
about 15% below the expected rate compared with the general population (Marsh et al. 2007b). 
When these two rates are compared in the relative risk calculation, the ratio of these two low 
rates provides a mathematical result that is above 1.0 (specifically, 2.32), and misleadingly 
implies an excess risk for those in the highest cumulative exposure category. In part because of 

USEPA's reliance on and misinterpretation of the Marsh et al. (2007a, 2007b) results, Marsh et 
al. (2021) published analyses of an extended follow-up period for the US occupational cohorts, 
summarized below. 

3.2 Summary of Epidemiological Evidence Published since the USEPA Toxicological 
Review of Chloroprene 

A recent update by Marsh et al. (2021) includes additional follow-up of the US cohorts, from 
2001 to 2017. Marsh et al. (2021) conducted an update in order to increase the person-years 
and total numbers of deaths observed, and thereby provide a more reliable evaluation of cancer 

mortality patterns in relation to chloroprene exposure in the two large US plants that were 
included in the 2007 studies (i.e. Plants L and P). 

The updated study by Marsh et al. (2021) added 47,299 and 19,942 person-years of observation 

and 1399 and 214 new deaths from the Plant L and Plant P cohorts, respectively. Using the 
National Death Index, the authors identified 4,118 deaths and with an underlying cause of death 

recorded for 97.2% of them (n=4004). Exposure estimates were not updated for the re-analysis 

but were based on the exposure estimates as described in the earlier publications (Marsh et al. 
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2007a, 2007b). This is appropriate given the decades-long induction period for solid tumors: any 
recent exposure data added to the updated analysis would not contribute information to cancer 
risk calculations, because it would have occurred outside of the time period relevant for the 
development of cancer. Marsh et al. (2021) used the same statistical analyses reported in Marsh 

et al. (2007a, 2007b), including both external and internal comparisons. External comparisons 
included national and local cancer rates, and internal comparisons included comparisons based 
on exposure levels (i.e. exposure duration in years, exposure concentration in ppm, or 
cumulative exposure in ppm-yrs), with the lowest exposure group as the referent category. 

The external comparisons showed statistically significant deficits at both plants (SMR<1.0) for all 
types of cancer (combined) using both national and local rates as comparisons. Compared to 
local cancer mortality rates, there were statistically significant deficits reported for the key 
outcomes of lung cancers (each plant) and liver cancers (Plant P). There were no statistically 
significant excess risks in either plant (Tables 1and 2, below, and Marsh Table 4). As in the 
earlier reports, (Marsh et al. 2007a, 2007b) the internal analysis showed some elevated relative 
risks (RR) for some exposure categories at each plant, but these were arithmetical results due to 
comparisons between pairs of low rates. As discussed above, the internal referent categories had 
substantially lower mortality rates than both national and county rates, again yielding a 
comparison between a deficit of deaths in one group and a larger deficit of deaths in another 
group. Overall, the authors noted that "Although we observed elevated RRs in many exposure 
categories, we found no compelling evidence of a positive exposure-response relationship in 
either study plant" (Marsh et al. 2021). 

Table 1. Observed Deaths and SMRs for Selected Causes of Death Total Plant L 
(Louisville, KY) Cohort 

US Local County
Cancers Observed 

SMR 95% CI SMR 95%CI 

All cancer 974 0.89** 0.84-0.95 0.75** 0.70-0.80 

Biliary Passages &Liver 
Primary 

31 1.06 0.72-1.51 0.95 0.65-1.35 

Bronchus, Trachea, Lung 340 1.0 0.89-1.11 0.72** 0.65-0.80 

From Marsh et ai. (2021, Table 3); Observed deaths between 1960-2017; ** P<0.01 

Table 2. Observed Deaths and SMRs for Selected Causes of Death Total Plant P 
(Pontchartrain, LA) Cohort 

US Local County
Cancers Observed 

SMR 95% CI SMR 95%CI 

All cancer 92 0.69** 0.56-0.85 0.64** 0.52-0.78 

Biliary Passages &Liver 1 0.2 0.01-1.10 0.16* 0.00-0.88
Primary 

Bronchus, Trachea, Lung 30 0.71 0.48-1.02 0.62** 0.42-0.89 

From Marsh et al. (2021, Table 4); Observed deaths between 1960-2017; * P<0.05 **P<0.01 

As with the prior studies (Marsh et al. 2007a, 2007b), this follow-up study has several strengths 
that are discussed in detail in Bukowski (2009) and Sax et al. (2020). Briefly, they include a 
large cohort size, long follow-up period, comprehensive case ascertainment, a detailed exposure 
assessment (including of vinyl chloride) and use of appropriate local and national population 
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comparisons. The follow-up study adds confidence to the prior findings by the increased 
statistical power from added person-years and numbers of deaths. The choice to not update 
work histories and exposure estimates would not affect the results because 97% and 70% of 
workers from Plant L and Plant P, respectively, left their jobs before 2001 and because the 
original exposure assessment is more pertinent to the assessment of cancer risk, due to the long 
latency period for cancers. 

Occupational epidemiology data, especially the best quality data from the occupational cohorts 
described by Marsh et al. (2007a, 2007b) and Marsh et al. (2021), do not support the elevatec 
risk estimates suggested by the results of the NATA assessments. 

~~ ~ `' ~ ~ ~~ ~ y 

The Louisiana Tumor Registry (LTR) participates in the CDC Surveillance, Epidemiology, and End 
Results (SEER) program, which records incident cancers in 43 US states and Washington D.C., 
Guam, Puerto Rico, the U.S. Virgin Islands, and Bermudan-.3. As part of the SEER program, LTR 
is held to specific standards of quality and completeness. It has received awards for meeting or 
exceeding these standards in every year since 2002 (Maniscalco et al. 2020). The results of a 
recent audit for St. John the Baptist Parish, specifically for the parts of the parish nearest to the 
Denka facility, have further demonstrated that the LTR is complete and accurate (Williams et al. 
2021)—i.e. all cancers reported by the community members who participated in the audit were 
found in the LTR data. 

The purpose of the LTR, and all cancer registries, is to collect information to identify locations or 
population subgroups that experience unusual patterns of cancer, such as higher than expected 
rates of specific cancer types, unusual occurrences of rare forms of cancer, or unexpected 
numbers of cancers in certain age ranges. This is accomplished by comparing patterns of cancer 
incidence between regions.4 Therefore, the LTR periodically issues a report summarizing cancer 
incidence and mortality rates (all cancers and specific cancers) in Louisiana as a whole, in the 
seven parishes comprising the Industrial Corridor (IC), and in each individual parish. In the 
context of identifying cancer risks in the vicinity of the Denka facility, the LTR provides an 
important means of verifying the risk estimates suggested by NATA. If the NATA risk assessment 
were accurate, and the area around the Denka facility were at high risk of cancer, the LTR would 
identify higher cancer incidence rates in St. John the Baptist Parish than elsewhere. In fact, the 
incidence rates of cancers of concern, i.e. cancers of the lung/bronchus and liver/intrahepatic bile 
duct, were similar to or statistically significantly lower than the incidence of these cancers in the 
IC compared with Louisiana as a whole in each of the periods reported in the last three LTR 
reports, covering the years 2007-2011, 2011-2015, and 2.013-2017 (Table 3). Among white 
men, the incidence of all cancers (combined) was higher in the IC than in Louisiana as a whole 
during 2007-2011, but rates were similar or lower for all other time intervals. For all time 
intervals and all other race/gender groups reported (White women, Black men, Black Women) 

z 1J.a~:~•njl Prot rr~" '~;` `'~. f,.e3.. ru,~~..~i t.~r u ~G1?-2022 (ccic.;~cv_,~, accessed March 2, 2021 and 
: _~ _,~- ~ >c:~: r rta_~:~rir~ acs.,, , ;. ,..r~l '~a;ci.).1~;t 

3~.~it ( ti~i "'I" n .:....:~c~. rn~iit_(n--, --~• accessed March 2, 2021 
' I_i~ t ~ . gi ^ '< c, C (;_, accessed March 3, LOLL, C:r, ~cAr ~Z~gistn~~' V:.i~u: for `!„ia j C:OC;, accessed March 3, 
2021 I ,~~t_( ~t..r ftf_i t _:v ~ ~r a_~'C)',' , accessed March 3, 2021,0 a. ~~_r...iZf.Gi.t._!~G' Vr:~i;~ fn..1'c~u. ~. C I:t;., accessed March 
3, 2021 
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the incidence was similar to or statistically significantly lower than the incidence rate for 
Louisiana as a whole. 

Statistical comparisons between individual parishes or between parishes and the IC or the state 
are not included in the published LTR reports. Since 2019, however, parish-level comparisons 
have been available from the LTR by way of an on-line data visualizers. These data indicate that, 
for the period 2012-2016, cancer incidence rates in St. John the Baptist parish have been below 
the state-wide average for all cancers (combined) and for cancers of the lung/bronchus and liver 
(Figures 1, 2, and 3). Therefore, the premise offered by the estimates modeled by NATA, that 
this parish has or its constituent census tracts have the highest rates of cancer in the U.S., is 
incorrect. 

In 2018, the LTR began reporting cancer data for individual census tracts, in addition to providing 
data at the Parish and State levels..b These reports provide data aggregated over a 10-year 
period to protect the privacy of residents and to increase the statistical reliability of the 
estimates. Specifically, the LTR is legally restricted from reporting data for populations of less 
than 20,000. Reliable statistics can only be obtained if there is a sufficient number of cases 
(generally greater than 16 cases or more). 

The latest LTR census tract-level report provided for the period from 2008-2017 (Maniscalco et 
al. 2021). The results from this report were consistent with the findings from the Parish-level 
analysis. Specifically, for St. John the Baptist Parish, none of the 11 census tracts reported a 
statistically significantly elevated rate of all cancers (combined) compared to the State-level 
rates. Similarly, for lung and bronchus cancers, none of the 9 census tracts with reported data 
showed statistically significant elevations compared to the State rates. There were no census 
tract-level data reported for St. John the Baptist Parish for liver cancers. 

LTR data at neither the Parish nor the census tract level indicate elevated rates of the cancers 
potentially associated with chloroprene exposure in St. John the Baptist Parish compared to 
Louisiana. 

[_;.,>u.:,~~_3_n_G .. ('4~_ricer... ~~1t3...V.s~~~lZ3P;1{%~.1....:'....~~JE:'IIC;...Iz,SUE¢:;`?.._~(..su.t s_c:.,etuu,}. Accessed June 2021 
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Table 3. Average annual incidence rates by race and sex in Louisiana (LA), the Industrial Corridor, St. John the Baptist and surrounding
arishes, 2007-2011, 2011-2015 and 2013-2017 

All cancer Lun &Bronchus Liver and Intrahe atic Bile Duct 
2013-2017 2011-2015 2007-ZOli 2013-2017 2011-2015 2007-2011 2013-2017 2011-2015 2007-2011 

White men 

LA state 547.2 544.8 578.1 77.9 82.4 92.3 13.4 12.5 10.8 
Industrial corridor* 559.0 551.3 595.3 66.6 69.9 75.8 11.9 10.2 7.3 
St. John the Baptist 539.5 487.5 524.5 75.9 72.2 104.3 NR 
Ascension 573.0 581.1 595.5 81.4 82.4 95.5 NR 
Jefferson 522.4 530.4 555.7 71.0 74.0 83.3 NR 
Lafourche 580.1 569.5 547.2 74.5 78.2 84.8 NR 
Livin ston 542.1 562.5 615.9 91.3 111.8 115.7 NR 
St. Charles 503.4 499.2 583.9 42.8 61.6 86.1 NR 
St. 7ames 626.1 642.2 599.3 84.2 70.9 65.7 NR 
St. Tamman 562.4 555.4 589.3 76.3 75.5 82.3 NR 
Tan i ahoa 527.8 539.0 600.8 88.0 90.3 110.5 NR 
Black men 

LA state 592.4 605.1 652.1 99.1 105.8 113.8 22.6 21.5 16.0 
Industrial corridor* 599.9 629.2 675.2 88.0 98.0 104.0 25.2 23.6 17.2 
St. John the Ba tist 597.0 619.8 627.4 89.2 103.0 90.6 ^ 
Ascension 463.6 562.0 690.0 51.1 104.9 116.4 ^ 
Jefferson 603.8 601.1 640.5 98.1 99.1 103.5 26.8 
Lafourche 611.8 634.5 593.8 124.0 123.3 103.2 ^ 
Livin ston 573.5 566.9 619.6 ^ ^ ~ ~ 
St. Charles 524.4 547.0 586.0 75.2 102.2 96.7 ^ 
St. James 553.9 638.7 813.9 92.6 103.5 132.7 ^ 
St. Tamman 659.1 614.9 579.5 90.1 111.1 108.7 25.1 
Tan ipahoa 613.3 604.4 684.0 112.9 108.8 126.8 ^ 

White women 

LA state 432.1 420.6 413.1 56.8 57.1 59.1 4.2 3.4 3.2 
Industrial corridor$ 418.1 398.4 397.6 46.4 43.5 52.7 3.1 2.5 3.3 
St. John the Ba tist 439.7 422.8 396.9 47.7 41.5 43.9 NR 
Ascension 421.7 393.1 392.2 56.6 5Z.3 69.3 NR 
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Table 3. Average annual incidence rates by race and sex in Louisiana (LA), the Industrial Corridor, St. John the Baptist and surrounding 
arishes, 2007-2011, 2011-2015, and 2013-2017 

All cancer Lun &Bronchus Liver and Intrahe atic Bile Duct 

2013-2017 2011-2015 2007-2011 2013-2017 2011-2015 2007-2011 2013-2017 2011-2015 2007-2011 

Jefferson 449.9 442.2 423.5 57.6 60.4 60.6 NR 

Lafourche 434.3 417.2 408.0 52.9 49.6 56.0 NR 

Livin ston 417.0 405.0 414.3 62.2 65.1 56.3 NR 

St. Charles 415.7 427.9 399.3 59.9 53.9 63.1 NR 

St. James 395.1 332.4 373.2 ^ ^ 44.8 NR 

St. Tamman 452.3 447.3 434.2 49.5 50.3 59.6 NR 

Tan i ahoa 415.7 405.7 405.6 53.8 56.0 55.0 NR 

Black women 

LA state 421.9 415.4 415.4 46.7 49.0 52.7 4.9 4.5 4.4 

Industrial corridor$ 422.0 416.3 418.6 40.5§ 41.5§ 48.3 5.0 3.9 4.6 

St. John the Ba tist 351.9 359.5 392.7 31.7 38.2 56.5 NR 

Ascension 370.4 389.8 429.0 30.5 32.6 54.2 NR 

Jefferson 450.4 421.8 429.1 49.1 50.9 62.1 NR 

Lafourche 377.8 352.9 395.4 ^ ^ 70.1 NR 

Livin ston 426.9 391.7 458.1 ^ ^ NR 

St. Charles 482.7 418.5 410.7 65.1 67.3 65.1 NR 

St. James 502.8 439.1 355.0 51.5 48.8 ^ NR 

St. Tamman 434.8 458.7 461.6 48.5 57.9 56.7 NR 

Tan i ahoa 414.2 429.2 430.3 41.8 44.8 70.8 NR 
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Figure 1. Cancer Incidence (All Cancers) in Louisiana: 2012-2016 

.. 
' an d a_. _ ~. _ _a _ ~ ~~ ~ 

gar c~=,~~p~f ~~_ ~~; 

. . ,~, .. ... €~~z~~ +s.e:s n:. 
a ~ r 

.u. c.. 
.~ ~~aaiat~~ 

` r; All .ancer~ i ,c s~;e ~~t~r€ ~.... t s in 3~ ~~. ~i~ 
r~, a~~ , 

t ~r 
a 

.Y.t Jf B. fl SL^>;~::~ 

ik3.'~i X13.~ <;J.~im 

~~ teamss• 
(~ rs~~r 

t. 
_ i va~r~e s ~ ~ ~~ ~;;~„~i n~i~~~ X1,7 ~~1:t~ 

~i uterus; Naas 2~7.5~ ar,;s 

Ant~t~~t ~..(na~~~~ i"resrsa ~" to ....1~x ~, 
t~~sn~~r s;acict~r~c~ R~e~~ ~ 

v i . - i,a : dry E3ladrte§~ 1£3.~ :':x`35 
A 

~= i£"t 

F ~~(i'Fr~ ~~H}3~° Iii 1,x..3 is-F~.~ 

x 
1: 

~~c4:CE~.5 ~~.,:~ S.:A 
i. , 

E~Sfe 't .,.wStdCev.i~~ 9J L.c:S °.-.. 
€:~ ,. 
~' , 

.z o .;~ragr. ~= t~ 
..; ,. . , .. Vr 2!_151, .. 3 ,?.n<~.( <I.~: :R f~.f x tY_.:.. C.:.;.Il' 31 ~~'3k` 

'i .. . f~I(-. rd 3 .4 ::~`tl3~3f'+*1 ~1N..~.[~i.~ I~\3[ AR;115i _ .'.S1H( I~:f: 
.~ ,~ I ~. 

t 

10/16 

https://C.:.;.Il


 

Ramboll - Epidemological Basis for Supporting a Correction of the Chloroprene Inhalation Unit Risk (IUR): Update 

Figure 2. Lung Cancer Incidence in Louisiana: 2012-2016 
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Figure 3. Liver Cancer Incidence in Louisiana: 2012-2016 
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In 2019, the University Network of Human Rights (UNHR) self-published a report describing a 
community survey conducted in two residential areas surrounding the Denka facility in St. John 
the Baptist Parish. This report, in slightly revised form, was published in 2021 in the journal 
Environmental Justice (Nagra et al. 2021). As outlined in a response to the unpublished UNHR 
report', the survey and its analyses used incorrect and non-standard methods that led to an 
incorrect conclusion that the 23-year period prevalence of all cancer (combined) in the residential 
area (so-called Zone 1) closest to the Denka facility is elevated due to environmental exposures 
from the Denka facility. The comments that follow apply to both the original, unpublished UNHR 
report and to the paper published in 2021; they are collectively referenced here as Nagra et al. 
(2021). 

Nagra et al. (2021) used residential distance from the Denka facility as a surrogate for exposure 
to chloroprene, without using any measured exposures and assuming that all the residences 
within each of the zones they identified had the same exposure. We focused our assessment of 
their methods on Zone 1, where they reported an apparent increase in the 23-year cancer 
prevalence. 

Nagra et al. (2021) relied on data from a subset of households to represent the entire population 
of interest. This is often done in community health surveys, but properly conducted surveys 
attempt to corroborate the validity of data collected by interviews, and particularly data collected 
from proxy respondents. In the Nagra et al. (2021) study, one volunteer per included household 
answered survey questions, including questions about cancer diagnoses, for all household 
members. It is impossible to speculate about the validity of these self- and proxy-reports, but, 
had the authors obtained appropriate Institutional Review Board approval and informed consent 
from the participants, and had they recorded individually identifying information, they could have 
verified the reported cancer cases against either medical records or data recorded in the LTR. 
This was not done. 

In properly conducted surveys, the included participants represent the target population. To 
validly estimate the 23-year cancer prevalence in Zone 1, the study should have been based on a 
representative sample of current and former residents covering the 23-year time-period of 
interest. If the population of Zone 1had been stable over time, data for current residents might 
have provided a valid estimate of cancer prevalence in the target population. This was not the 
case, however. Almost all current residents of Zone 1can be mapped to Block 1of US Census 
tract 708, where the US Census American Community Survey (ACS) found a shift in the gender 
and age distributions with relatively more men and residents aged 70+ years in 2015-19 
compared with 2010-14. Because older age and male gender are risk factors for cancer (see, for 
example, Clegg et al. 2009; Ward et al. 2004; Yin et al. 2010, and data from SEER.a), the cancer 
prevalence Nagra et al. (2021) estimated based on the current population does not represent the 
true cancer prevalence in Zone 1over the past 23 years, and likely overestimates that value. An 
analysis conducted according to standard epidemiological practice would have evaluated and 

~ E~t~l~`%.;.1r:er.r~s.,_cle,q.ltd,uis ~~nu.~.~3~v~~.t~.C~t_dc~4!.v. r;,a;_.~5.(~~_;'cloc.:-~..:1:..:t~~~..'.'.:1._~.c~i~:~.Y 

,; t~ttp4:Ii_`~~'er c~i~c.c~_,. c~iist~~f~rts(hi:~rlt~~llhtrrj(. 

13/16 



Ramboll - Epidemological Basis for Supporting a Correction of the Chloroprene Inhalation Unit Risk (IUR): Update 

adjusted for such changes in the distribution of cancer risk factors before applying the current 
data to the target population. 

The survey questions used by Nagra et al. (2021, appendix A1) did not clearly indicate if 
respondents should only provide information for current household members or if former 
household members should be included; if former household members were to be included, the 
questions could be interpreted as applying only if the former household members had had 
cancer. If only those former household members who had had cancer were included, rather than 
a representative sample of former residents with and without cancer, then the cancer prevalence 
estimated for Zone 1 would again have been artificially inflated. 

It is imperative that epidemiological studies be constructed to avoid bias. In the community 
survey conducted by Nagra et al. (2021) an unknown proportion of the volunteer participants in 
the survey are among the community members who are plaintiffs suing Denka and DuPont (the 
owner of the facility until November 1, 2015) for personal injury and damages related to alleged 
chloroprene exposure. If plaintiffs in the lawsuit are among the survey participants, there is 
increased likelihood that they may -consciously or otherwise -- over-report health conditions 
among themselves and their family members. 

The effect of the non-representative study population on the prevalence estimate might have 
been reduced if Nagra et al. (2021) had excluded cancer cases that must have resulted from 
causes other than environmental chloroprene exposure instead of analyzing all cancers 
(combined). For example, Nagra et al. (2021) could have focused on lung and liver cancers, 
which have been proposed to be potentially associated with chloroprene exposure (USEPA 2010). 
In addition, under their questionable assumption that residence location is a valid surrogate for 
environmental exposure, Nagra et al. (2021) should have confirmed that the individuals with 
cancer included in their prevalence estimate had lived in Zone 1during a time period relevant to 
the development of their cancers. This was not done, however. 

By restricting the study to asub-population that had recently undergone a sociodemographic 
shift, which resulted in an increase in cancer risk factors that were unrelated to any 
environmental exposures, and by analyzing all cancers (combined), thereby including types of 
cancer that could not—even theoretically—have been associated with environmental chloroprene 
exposure, Nagra et al. (2021) likely created an artificial, false association between residential 
proximity to the Denka plant and cancer. This major shortcoming would have been exacerbated 
if they included former household members only if they had had cancer and by failing to assess 
or account for the likely participation of plaintiffs suing Denka among the study population. 

Overall, Nagra et al. (2021) incorrectly analyzed the data they collected, ignored relevant, 
available data, and conducted an analysis that was fundamentally flawed to reach the incorrect 
conclusion that there was an increase in cancer prevalence attributable to environmental 
exposures in the surveyed population living closest to the Denka facility. 
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