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Outline

• Baseline analysis scenarios
• Results for the BRDM
• Results for the TRDM

• Sensitivity analysis scenarios
• Effect of the quality of exposure information
• Effect of the adverse health outcome and cost of control
• Effect of the toxicity distribution
• Effect of the affected population size
• Effect of the target risk level
• Discordance as a source of additional uncertainty

• Summary
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BASELINE ANALYSIS FOR THE 
BENEFIT-RISK DECISION-MAKER 

(BRDM)
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Key VOI Metrics
Metric Description

EVISI
The expected value of immediate sample information. This is a measure of the value of 
information if it could be received and immediately update the estimate of risk.
[Larger EVISI values are preferred.]

COD The cost of delay. This is a measure of the reduction in benefit associated with the delay in 
the decision-making process. [Smaller COD values are preferred.]

EVDSI = EVISI - COD
The expected value of delayed sample information. This is a measure of the value of the 
information which combines the quality of the information and the delay associated with it. 
[Larger EVDSI values are preferred.]

COT The cost of testing and assessment process. 
[Smaller COT values are preferred.]

ENBS = EVDSI - COT
The expected net benefit of sampling. This is a measure of the value of the information 
taking into account the cost of acquiring the information, in addition to its quality and delay 
properties. The ENBS measures the benefit accrued per testing. [Larger ENBS values are preferred.]

ROI = ENBS / COT The return on investment. This is a measure of the value of the information expressed as the 
ratio of the benefit accrued per dollar expended. [Larger ROI values are preferred.]
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Scenario 5
(Medium 𝝁𝝁𝐞𝐞𝐞𝐞𝐞𝐞 and Medium 𝝈𝝈𝐞𝐞𝐞𝐞𝐞𝐞)

• Minimized ETSC over the 20-year time horizon 
w/o collecting additional information (EV|CI) 
= $293B

• Eliminating uncertainty in 𝜇𝜇tox will result in 
reduction of $154B in ETSC

• ETAP (w/o delay) reduces ETSC by $133B
• THHA (w/o delay) reduces ETSC by $143B

• COD for ETAP (6-months) is $12B 
• COD for THHA (8-year) is $169B

• EVDSI/ENBS for ETAP is positive at $121B
• EVDSI/ENBS for THHA is negative at -$26B

• ETAP provides positive VOI when COD and 
COT are taken into account
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Scenario 5
(Medium 𝝁𝝁𝐞𝐞𝐞𝐞𝐞𝐞 and Medium 𝝈𝝈𝐞𝐞𝐞𝐞𝐞𝐞)
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Summary
(BRDM – Baseline Scenarios)

• In 8 out of 9 baseline scenarios, ETAP produced greater delay-
adjusted VOI values (EVDSI, ENBS, and ROI) than THHA

• Scenario 9 (high 𝜇𝜇exp and high 𝜎𝜎exp) led to negative delay-adjusted 
VOI metrics for both ETAP and THHA due to potentially high prior risk

• A change in 𝜇𝜇exp has a greater impact on resulting VOI metrics than a 
change in 𝜎𝜎exp
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BASELINE ANALYSIS FOR THE 
TARGET-RISK DECISION-MAKER

(TRDM)
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Scenario 5
(Medium 𝝁𝝁𝐞𝐞𝐞𝐞𝐞𝐞 and Medium 𝝈𝝈𝐞𝐞𝐞𝐞𝐞𝐞)
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Scenario 5
(Medium 𝝁𝝁𝐞𝐞𝐞𝐞𝐞𝐞 and Medium 𝝈𝝈𝐞𝐞𝐞𝐞𝐞𝐞)

• ETHC over the 20-year time horizon w/o collecting 
additional information (EV|CI) = $446B

• Eliminating uncertainty in 𝜇𝜇tox will result in 
reduction of $323B in ETSC

• ETAP (w/o delay) reduces ETSC by $297B
• THHA (w/o delay) reduces ETSC by $314B

• COD for ETAP (6-months) is $13B 
• COD for THHA (8-year) is $180B

• EVDSI/ENBS for ETAP is positive at $284B
• EVDSI/ENBS for THHA is negative at $135B

• ETAP provides greater VOI values when COD and 
COT are taken into account
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Scenario 5
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Summary
(TRDM – Baseline Scenarios)

• In scenarios 2 – 9, delay-adjusted VOI metrics prefer ETAP over THHA

• In scenario 1, the EVDSI and ENBS metrics prefer THHA

• A change in 𝜇𝜇exp has a greater impact on resulting VOI metrics than a 
change in 𝜎𝜎exp

28
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SENSITIVITY ANALYSIS SCENARIOS

29
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SA1. Effect of the Quality of Exposure Information

𝜇𝜇exp (log10mg/kg-day) 𝜇𝜇exp (log10mg/kg-day)

(u
ni

tle
ss

)

Each of the 9 exposure domains are further partitioned into 3 × 3 sub-domains

30
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SA1. Effect of the Quality of Exposure Information (ETAP)

𝜇𝜇exp (log10mg/kg-day) 𝜇𝜇exp (log10mg/kg-day)

(u
ni
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ss

)

Median exposure (𝜇𝜇exp) has a greater impact on the ENBS than variation in exposure (𝜎𝜎exp) for the BRDM

31

ENBS > 0 ENBS ≤ 0 ENBS ≤ 0ENBS > 0
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SA1. Effect of the Quality of Exposure Information (THHA)

𝜇𝜇exp (log10mg/kg-day) 𝜇𝜇exp (log10mg/kg-day)
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ni

tle
ss

)
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ENBS > 0 ENBS ≤ 0 ENBS ≤ 0ENBS > 0

Similar results are observed for THHA, although some negative ENBS values are seen for 𝜇𝜇exp and 𝜎𝜎exp
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𝜇𝜇exp (log10mg/kg-day) 𝜇𝜇exp (log10mg/kg-day)

(u
ni

tle
ss

)

More precise exposure information may lead to regulatory decisions without additional toxicity testing

33

SA1. Effect of the Quality of Exposure Information
ENBSETAP > ENBSTHHA

ENBSTHHA > ENBSETAP

No additional 
testing required
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For the BRDM
• ETAP is preferred over THHA in all scenarios, when compared using 

EVDSI and ENBS

For the TRDM
• More precise exposure information can lead to regulatory decisions 

without additional toxicity testing in certain cases
• There are 2 scenarios where the ENBS metric prefers THHA, but the 

ROI metric always prefers ETAP

34

SA1. Effect of the Quality of Exposure Information



Office of Research and Development

SA2.1. Effect of the Adverse Health Outcome Cost

• VOI analyses can be conducted for acute, chronic, and fatal outcomes, 
each of which will have a different economic valuation

• In addition to a notional value of $10,000 per year for a chronic 
adverse health outcome used in the baseline analysis, we use values 
of $1,000 per year and $110,000 per year as notional values for acute 
and fatal outcomes, respectively

35
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SA2.2. Effect of the Cost of Control

Boxplot of annualized control cost 
associated with 33 risk management programs 

under the REACH registration (in €M).

• A recent evaluation of the costs of chemical 
restriction proposals between January 2010 to 
May 2020 under REACH indicated an 
annualized total expenditure of €1.7 B across 
all the proposals (ECHA 2021)

• The mean and median control cost across all 
chemical control programs included in this 
program were €53.3 M and €6 M, respectively, 
corresponding to $50.6 M and $5.7 M, based 
on average 2022 exchange rates

• ACCmax is set to $578 M (compared to $23.1 B 
in the baseline analysis)

36

[Based on ECHA (2021). Costs and benefits of REACH restrictions proposed between 2016-
2020. ECHA-21-R-02-EN. Helsinki, Finland: European Chemicals Agency.]ACC: Annualized Control Cost | ECHA: European Chemicals Agency
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SA2 – Effect of the Adverse Health Outcome Cost 
and Cost of Control

Under scenario 5
For the BRDM
• AHC = $1K leads to positive VOI values for 

THHA
• AHC = $110K leads to negative VOI values 

for both ETAP and THHA
• Reduced ACCmax has similar effect to 

increased AHC

For the TRDM
• A change in AHC results in a proportional 

change in VOI values

37

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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• A change in AHC results in a proportional 

change in VOI values
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EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
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SA2 – Effect of the Adverse Health Outcome Cost and 
Cost of Control

Under scenario 5
For the BRDM
• AHC = $1K leads to positive delay-adjusted 

VOI values for THHA
• AHC = $110K leads to negative VOI values 

for both ETAP and THHA
• Reduced ACCmax has similar effect to 

increased AHC

For the TRDM
• A change in AHC results in a proportional 

change in VOI values

42

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 

The ETAP is preferred over THHA in
all cases using the ENBS metric
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SA3 – Effect of the Toxicity Distribution

The average 𝐻𝐻𝐻𝐻𝑀𝑀50 across 191 carcinogens is approximately 5.0 mg/kg-day
(greater than 3.3 mg/kg-day used in the baseline analysis)

Valuation of $110,000 per year is used for adverse health outcome

43

TD50: Dose resulting in 50% tumor response
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SA3 – Effect of the Toxicity Distribution

BRDM: The ETAP was preferred over THHA in all scenarios (EVDSI & ENBS)
BRDM: More scenarios produced negative delay-adjusted VOI values due to increased AHC valuation

TRDM: The ETAP was preferred in 7 scenarios using the ENBS metric

44

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue indicating larger negative and larger positive values, respectively, of the VOI metric). 
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SA4 – Effect of the Affected Population Size

• Baseline analysis assumed 330M people were affected, representing 
the situation in which essentially 100% of the U.S. population is 
exposed to the chemical of interest

• Sensitivity analyses were performed with 165M (50%) and 33M (10%) 
people were exposed

45

M: Millions of people
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SA4 – Effect of the Affected Population Size
Under scenario 5

For the BRDM
• Reduced population size has a similar 

impact to increased ACCmax

For the TRDM
• A change in the population size results 

in a proportional change in VOI values

46

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SA4 – Effect of the Affected Population Size
Under scenario 5

For the BRDM
• A reduction in population size leads to 

a significant reduction in the COD

For the TRDM
• A change in the population size results 

in a proportional change in VOI values

47

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SA4 – Effect of the Affected Population Size
Under scenario 5

For the BRDM
• A reduction in population size leads to 

a significant reduction in the COD

For the TRDM
• A change in the population size results 

in a proportional change in VOI values

The ETAP is preferred over THHA in all 
scenarios using the delay-adjusted VOI 

metric

49

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue 
indicating larger negative and larger positive values, respectively, of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SA5 – Effect of the Target Risk Level

• In the baseline analysis, the TRDM is concerned about risks that 
exceed a TRL of 10−6

• The TRL of 10−4 is used in the sensitivity analysis, representing the 
estimated median residual risk associated with non-cancer exposure 
guideline values reviewed in Chiu et al. (2018)

50
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SA5 – Effect of the Target Risk Level

51

VOI results for TRL = 10-4 in the sensitivity analysis show a similar pattern (ETAP is preferred over THHA)
to those for TRL = 10-6 in the baseline analysis

EVDSI, ENBS, and ROI are shown with color gradation (zero → max , with darker shades of blue indicating larger positive values of the VOI metric).
$B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 

10−6

10−4
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SA6 – Higher Residual Uncertainty in ETAP

• RMSD between 14 BMDs based on 
ETAP and traditional bioassay is 
0.567

• Assigning all of this discordance as 
a source of uncertainty for the 
ETAP result leads to an increase in 
𝜎𝜎ETAP to 0.741 (from 0.442)

• This constitutes a scenario in which 
ETAP is assumed to have higher 
residual uncertainty than baseline 
scenarios

52Figure Credit: Logan Everett
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SA6 – Discordance as an
Additional Source of Uncertainty

53

BRDM: ETAP is still preferred over THHA in 6 scenarios
TRDM: THHA is preferred in scenarios 1 even with ROI

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue indicating larger negative and larger positive values, respectively, 
of the VOI metric). $B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SA6 – Discordance as an
Additional Source of Uncertainty

54

BRDM: The ETAP is still preferred over THHA in all scenarios (EVDSI & ENBS)
TRDM: ETAP is preferred over THHA in 6 scenarios (EVDSI & ENBS)

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue indicating larger negative and larger positive values, respectively, 
of the VOI metric). $B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SA6 – Discordance as an
Additional Source of Uncertainty

55

BRDM: The ETAP is still preferred over THHA in all scenarios (EVDSI & ENBS)
TRDM: ETAP is preferred over THHA in 6 scenarios (EVDSI & ENBS)

EVDSI, ENBS, and ROI are shown with color gradation (min → zero → max , with darker shades of red and blue indicating larger negative and larger positive values, respectively, 
of the VOI metric). $B, Billions of U.S. dollars; $M, Millions of U.S. dollars; $K, Thousands of U.S. dollars. 
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SUMMARY
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Summary for the BRDM

57
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Summary for the BRDM

19% of scenarios led to negative EVDSI, ENBS, and ROI for both ETAP and THHA
ETAP was preferred over THHA whenever at least one of the tests produced positive VOI values
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Summary for the BRDM

19% of scenarios led to negative EVDSI, ENBS, and ROI for both ETAP and THHA
ETAP was preferred over THHA whenever at least one of the tests produced positive delay-adjusted VOI values

59
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Summary for the BRDM

The median difference in ENBS values for ETAP and THHA was $47 B,
ranging from as low as $4 M to as high as $1 T

60

Baseline (6.1.1)

Exposure sensitivity (6.2.1)

Health and control cost sensitivity (6.2.2)

Toxicity sensitivity (6.2.3)

Population size sensitivity (6.2.4)

Discordance sensitivity (6.2.6)

Boxplot of 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝 = 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄 − 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓

Billions of dollars ($B)
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Summary for the TRDM

* Proportions calculated based on 140 (= 153 - 13) scenarios where additional toxicity testing was required

61
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Summary for the TRDM

* Proportions calculated based on 140 (= 153 - 13) scenarios where additional toxicity testing was required

In 13 scenarios, the TRDM required no additional toxicity testing (mostly due to more precise exposure information)
When ROI was used, ETAP was preferred in more than 99% of the scenarios

62
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Summary for the TRDM

* Proportions calculated based on 140 (= 153 - 13) scenarios where additional toxicity testing was required

In 13 scenarios, the TRDM required no additional toxicity testing (mostly due to more precise exposure information)
When the ENBS metric was used, ETAP was preferred in more than 90% of the scenarios

63



Office of Research and Development

Summary for the TRDM

The median difference in ENBS values for ETAP and THHA was $81 B,
ranging from as low as −$2.7 M to as high as $12 T
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Boxplot of 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝 = 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄 − 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓

Trillions of dollars ($T)

Baseline (6.1.1)

Exposure sensitivity (6.2.1)

Health and control cost sensitivity (6.2.2)

Toxicity sensitivity (6.2.3)

Population size sensitivity (6.2.4)

Discordance sensitivity (6.2.6)

TRL sensitivity (6.2.5)
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