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I.  Purpose   

The Purpose of this purchase order is to provide services to the U.S. Environmental Protection 

Agency's (EPA) National Center for Environmental Assessment (NCEA), Office of Research 

and Development (ORD), in organizing and conducting by mail an expert external panel review 

of the draft NCEA report entitled Quantitative risk assessment: Developing a complete Bayesian 

approach to Dichotomous Dose-Response Model Averaging and associate software source code 

and executable files.   

II.   Background 

This Section provides an overview of the model averaging methods developed and testing 

procedures employed. Additional details, model executables and charge questions will be 

provided to the reviewers as supplemental material (see Task 6). 

Model averaging [1-4] is a statistical technique allowing inference over multiple parametric 

models by producing estimates of the predictor-response relationship as a convex weighted sum 

of individual models.  For quantitative risk assessors, one finds many different model averaging 

methods dedicated to dose response and benchmark dose estimation [5-9].  Current research shows 

quantitative risk assessments based upon a single “best model” have poor statistical properties 

[7,9] and experience with various forms of model averaging has suggested that adoption of a 

model averaging approach would be superior to the current method of basing inference upon a 

single model [6,8,9].     

To solve these problems, this method proposes a fully Bayesian [10] approach that allows many of 

these problems to be sidestepped by the inclusion of prior information.  In this approach, the 

parameters of included models are no longer strictly bounded; instead this method opts for “soft 

bounds” defined by a mildly informative prior distribution.  These distributions are specified to 

put low prior probability on regions often defined outside the boundary of the parameters while 

placing relatively high prior probability on reasonable parameter values.  For example, the US 

EPA’s BMD technical guidance [11] recommends constraining the bounds of the shape parameter 

of the Weibull model to be greater or equal to one, because values less than 1 lead to an infinite 

slope of the dose-response curve at dose zero. Now, the shape parameter is allowed to take any 

number on the positive real line, but the prior gives a small probability, approximately 2.5%, to 

values less than 1.  As such, the model will still describe data in this supralinear region, but such 

models will only get a high weight if models that are more parsimonious do not describe the data 

well and the data give large support to the model form.   This procedure allows for models that 

are more extraordinary (e.g. infinite slope or models that give zero response then 100% response 

in a small dose range) to be fit. Yet, this procedure gives the models high weight when the data 



support them and, in the cases where there are limited data, the models are more limited to dose-

response shapes that frequently seen in practice.  

Models 

Consider an animal toxicology experiment with m unique dose groups d1,…dm and  n1,…,nm 

animals per dose group.  For this experiment, let y1,…ym  be the number of positive responses 

observed in each dose group. It is frequently assumed that yi ~ binomial(π(di) ,ni), where π(di) is 

the probability of adverse response. To estimate π(di) given y1,…ym , π(di) is often assumed to be 

a parametric function of dose.  For example, the current US EPA Benchmark Dose Software (US 

EPA 2016) can be used to estimate the function π(d) using one of nine dose-response function. 

These functions:  
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As studied previously [7, 12], picking a single model (e.g models (1)-(9)) may result in 

misrepresentation of the true underlying dose-response relationship and results in significant 

model uncertainty. Bayesian Model averaging [1, 3] develops a probabilistic framework that 

incorporates inference from all models considered. One constructs the “model-average model” 

through combination of the posterior probability distributions that the individual models are 

correct given data.  A large literature applies model averaging to Benchmark dose (BMD) 

estimation for dichotomous and continuous responses [5-9]; this literature shows model averaging 

produces BMD estimates closer to the true BMD as well as producing narrower confidence 

intervals when compared to current practice.  



Proposed Model Averaging Approach 

The proposed model averaging approach is distinct from previous approaches. It is fully 

Bayesian and uses maximum a posteriori (MAP) estimation [13] for inference. Additionally, the 

approach computes the credible intervals bounds using model averaged profile likelihood 

(MAPL) methods [14].  The approach allows researchers to use prior information in the analysis. 

Such priors produced regularized estimators of the dose-response curve (i.e., prevents the dose 

response curve from changing too sharply when there is not enough data), and the maximum a 

posteriori estimation and profile likelihood computation reduces the computational burden 

necessary compared to computing bootstrap based confidence intervals [15].  The method allows 

estimation of models having a greater number of parameters than dose groups, which is possible 

because of the prior information.  This allows datasets to be fit using the exact same 

methodology and the same set of dose-response models regardless of the number of dose groups.  

Priors 

We use models (1) – (9) in the model averaging procedure and place priors over the parameters 

for each of the models individually.  We chose the priors for each distribution to provide a high 

prior probability over curves commonly seen in practice while providing lower prior probability 

on other dose-response curves.  This approach allows the data to drive the dose-response 

estimation but may prevent scientifically unreasonable fits in situations where there are limited 

data. For example, using the method of maximum likelihood to estimate the parameter α in 

model (3) one often constrains this value to be less than 18, and values near 18 result in a hockey 

shaped dose-response curve that implies the probability of an adverse event goes from 

background to 100% in an extremely small dose range, which may be unrealistic. Assuming high 

values of this parameter are unlikely, the proposed prior puts exponentially decreasing weight for 

values of α near 18, and the resultant Bayesian fit may estimate this value to be smaller than its 

equivalent estimate made using maximum likelihood, which is especially true in cases where 

there are limited data on the dose response curve.   In cases where there are sufficient data, the 

priors are such that the data overwhelms the prior and one sees minimal differences between the 

Bayesian estimate and the method of maximum likelihood.  

Further, we place priors over the parameters to ensure models do not degenerate into other 

models.  For example, model (2) can degenerate into (1) if β2 = 0.  We place a prior over this 

parameter to ensure positivity, which prevents the parameter from getting near zero, and if this 

value is close to one, the prior is such that model (1) will be preferred over model (2).  These 

priors allow consistent estimation.  

For all of the models having a γ parameter, which defines the background probability of the 

event, we transform this parameter using the logistic CDF, that is, 𝛾 =  
1

1+exp (−𝛹)
 where Ψ is 

specified on the entire real line. 



Model Constraints Priors Notes 

Quantal linear 

𝜋1(𝑑) = 𝛾 + (1 − 𝛾)(1 − exp[−𝛽𝑑]) 

β ˃ 0 

0 ≤ γ ≤ 1 

log(β) ~ Normal( 0,1)   

Ψ ~ Normal(0,2) 
 𝛾 =  

1

1 + exp (−𝛹)
 

Multistage 

𝜋2(𝑑) = 𝛾 + (1 − 𝛾)(1 − exp[−𝛽1𝑑 − 𝛽2𝑑2]) 

β1 ˃ 0 

β2 ˃ 0 

0 ≤ γ ≤ 1 

log(β1) ~ Normal( 0,0.25) 

log(β2) ~ Normal(0,1) 

Ψ ~ Normal(0,2) 

Note the prior over the β1 parameter expresses the 

belief that the linear term should be positive if the 

quadratic term is positive in the two hit model of 

carcinogenesis.  

Weibull 

𝜋3(𝑑) = 𝛾 + (1 − 𝛾)(1 − exp[−𝛽𝑑𝛼]) 

β ˃ 0 

α ˃ 0 

0 ≤ γ ≤ 1 

log(β1) ~ Normal( 0,1) 

log(α) ~ Normal( log(2),0.18) 

Ψ ~ Normal(0,2). 

Here the prior over α is designed such that there is 

only a 0.01 prior probability the power parameter 

will be less than 1.  This allows for models that are 

supra-linear; however, it requires a large amount of 

data for the α parameter to go much below 1.  

Gamma 

𝜋4(𝑑) = 𝛾 +
1 − 𝛾

Γ(𝛼)
∫ 𝑡𝛼−1 exp(−𝑡) 𝑑𝑡 

𝛽𝑑

0

 

β ˃ 0 

α ˃ 0 

0 ≤ γ ≤ 1 

log(β) ~ Normal( 0, 1) 

log(α) ~ Normal( log(2),0.18) 

Ψ ~ Normal(0,2) 

Here the prior over α is designed such that there is 

only a 0.01 prior probability the power parameter 

will be less than 1.  This allows for models that are 

supra linear; however, it requires a large amount of 

data for the parameter to go much below 1.  

Dichotomous Hill 

𝜋5(𝑑) = 𝛾 +  
𝜈(1 − 𝛾)

1 + exp [−𝑎 − 𝑏 log(𝑑)]
 

0 ≤ γ ≤ 1 

0 ≤ ν ≤ 1 

-∞ < a < ∞ 

b > 0 

a ~ Normal( 0, .25) 

b ~ Normal( log(10),0.0625) 

Ψ ~ Normal(0,2)   

ν ~ Normal(4,2) 

𝛾 =  
1

1 + exp (−𝛹)
 

Logistic 

𝜋6(𝑑) =
1

1 + exp [−𝛽0 − 𝛽1𝑑]
 

-∞ < β0 < ∞ 

β1 > 0 

β0 ~ Normal( 0, 1) 

log(β1) ~ Normal( 0,2) 

 

Log-Logistic 

𝜋7(𝑑) = 𝛾 +
1 − 𝛾

1 + exp [−𝛽0 − 𝛽1log (𝑑)]
 

-∞ < β0 < ∞ 

β1 > 0 

β0 ~ Normal( 0, 1) 

log(β1) ~ Normal(log(2),0.25) 

Ψ ~ Normal(0,2). 

 

𝛾 =  
1

1 + exp (−𝛹)
 

Probit 

𝜋8(𝑑) =  Φ(𝛽0 +  𝛽1𝑑) 

-∞ < β0 < ∞ 

β1 > 0 

β0 ~ Normal(0,1) 

log(β1) ~ Normal( 0,1) 
 

Log-Probit 

𝜋9(𝑑) = 𝛾 + (1 − 𝛾)Φ[𝛽0 + 𝛽1 log(𝑑)]  
-∞ < β0 < ∞ 

β1 > 0 

β0 ~ Normal( 0, 1) 

log(β1) ~ Normal( log(2),0.25) 

Ψ ~ Normal(0,2) 

𝛾 =  
1

1+exp (−𝛹)
  

 



Given data, we fit models (1)-(9) individually, and we compute individual BMDs and BMDLs 

from the approximate distribution of the BMD given model Mk, i.e., Pr(BMD | Mk, D). 

Additionally, we calculate an estimate of the BMD as well as the BMDL using model averaging.  

As the method is Bayesian, the approach for computing the BMD as well as the BMD lower 

bound is different from past methods. 

Weight Calculation 

In previous approaches to benchmark dose calculation using model averaging (e.g., see Bailer, 

Noble and Wheeler [5]), weights were calculated using either the BIC or AIC, where the AIC is 

used primarily in frequentist model averaging [2].  The proposed approach generates weights 

using the Laplace approximation to the marginal density of the data [16].  That is for model Mk, 1 

≤ k ≤ 9, on approximates the marginal density as: 

𝐼𝑘 = (2𝜋)
𝑠

2⁄ |Σ𝑘|
1

2⁄ ℓ(𝐷|𝜃𝑘 , 𝑀𝑘)𝑔(𝜃𝑘|𝑀𝑘),  (10) 

where Σk is the negative inverse Hessian matrix,  k̂  is the MAP estimate,    ℓ(𝐷|𝜃𝑘 , 𝑀𝑘) is the 

likelihood of the model given the data D, and 𝑔(𝜃𝑘|𝑀𝑘) is the prior density for k .  

For each model Mk, one calculates the MAP and calculates Ik using equation (2). The posterior 

probability of the model is  

𝜋𝑘(𝑀𝑘|𝐷) =  
𝑔(𝑀𝑘)𝐼𝑘

∑ 𝑔(𝑀𝑘)𝐼𝑘
9
𝑖=1

, 

where 𝑔(𝑀𝑘) is the prior probability of model Mk  (e.g., 1/9 if each of 9 models is treated as 

equally plausible a priori).  

 Computation of the BMDL 

The posterior density of the BMD is then: 

𝑔𝑚𝑎(𝐵𝑀𝐷) =  ∑ 𝜋𝑘(𝑀𝑘|𝐷)𝑔𝑘(𝐵𝑀𝐷|𝑀𝑘, 𝐷),9
𝑘=1       (11) 

From this quantity, 100(1-α)% confidence limits on the BMD are estimated by integrating (11), 

that is one finds the value BMDα such that:  









BMD

dBMDDBMD )|Pr( ,  (12) 

where the integral is approximated using the method of profile likelihood discussed in Fletcher 

and Turek [14].  Given that the profile likelihood is used, the method is fast taking less than 1 

second to complete the estimation.  Additionally, one can solve (12) for (1-α) to compute the 

upper bound of the benchmark dose or the BMDU.  

Testing of Methods 

To test the performance of the proposed method, Monte Carlo simulations were run using thirty-

four different dose response curves (i.e., simulation templates) assuming an experimental 

condition designed to mimic chronic bioassays.  In this setting, simulated datasets consisted of 



four dose groups with 50 observations per group with geometric spacing between doses (0, 0.25, 

0.5, and 1.0); 2000 simulated datasets were analyzed, investigating coverage, bias (% of true 

BMD), and BMD/BMDL ratio.  As comparisons to the proposed methods, three other 

approaches were also applied to the simulated datasets:   

1. the recommended US EPA approach defined in the Agency’s BMD Technical Guidance 
[11];  

2. an competing Bayesian model averaging method from Shao and Shapiro [17] (this 

methodology fit models (1)-(4) and (6)-(8) using the same priors as defined above and a 

model averaging approach as defined in that manuscript); and  

3. the non-parametric method described in Guha et al. [18].   

Materials TO BE Provided for Review   

The following materials will be provided for distribution to reviewers. 

• Report describing development and testing of method, which will consist of a draft 

manuscript (28 pages) and supplemental material (9 pages)  

• Model source code file (createSim3.r; the software is written in R) 

• An Excel based program that will allow for running the model averaging software with 

user selected priors  

• Charge to reviewers (EPA will provide specific questions for the reviewers to address) 

III.  Scope of Work 

Task 1. Prepare the Proposal 

The contractor shall submit a fixed price cost proposal.   

Task 2.  Conference Calls with EPA Technical Project Officer (TPO) 

Within three working days after proposal approval and TO award, the contractor shall convene a 

conference call with the TPO and appropriate contractor staff to clarify outstanding questions 

and confirm the schedule. The contractor shall provide weekly reports on progress to the TPO by 

telephone, and shall initiate additional communication with the TPO should developments arise 

that will affect the conduct or schedule of this peer review.    

Task 3.  Conflict of Interest (COI) Analysis and Certification  

a. Prior to selecting expert reviewers, the contractor shall perform an evaluation to determine 

the existence of an actual or potential conflict of interest (COI) for each proposed reviewer.  The 

contractor shall incorporate the Attachments to this PWS, listing yes/no questions and requests 

for supporting information, into its established process to evaluate and determine the presence of 

an actual or potential COI.   

b. The contractor shall resolve issues of actual or potential conflicts of interest and panel 

composition before selecting the reviewers.  As each situation must be evaluated on a case-by-

case basis after consideration of specific circumstances, the contractor may consult with the TPO 

in carrying out these responsibilities.  Consultation between the contractor and the TPO must be 

documented and provided to the TPO to assure transparency in the process and full disclosure, if 

questions arise concerning COI. 



c.  The contractor shall provide a written basis (see Section V, Conflict of Interest, and 

Attachment 2, Conflict of Interest Analysis and Certification – Questions and Supporting 

Information) and signed certification (see Attachment 1) that might be made public for 

concluding that there are no unresolved actual or potential conflicts of interest issues among the 

reviewers, and to ensure that the set of reviewers selected is suitably balanced with respect to any 

actual or apparent bias. 

d.  The contractor shall require each reviewer to provide a signed declaration (Attachment 1) 

that the reviewer is not arranging any new professional relationship with, or obtaining new 

financial holdings in, an entity which is not yet reported to the contractor or could be viewed as 

related to the topic under discussion and its associated stakeholders.   Note: signed certifications 

and declarations are required by EPA only for those reviewers selected; there is no need to have 

candidate reviewers sign the declaration.   

e.  The contractor shall provide the TPO with resumes for all reviewers.  These resumes might 

later be made public.  

Task 4.  Identify and Screen Proposed Reviewers 

Within 7 working days after proposal approval, the contractor shall supply the TPO with a draft 

list of at least five (5) proposed reviewers, with a summary of their experience and qualifications 

and potential conflicts of interest and a CV.   

The contractor may inform candidate reviewers and potential candidates about the nature of the 

task at hand, including the charge to reviewers, and background information in this statement of 

work, but should not send printed material or copies of review materials to prospective 

candidates.  

EPA and the contractor will confer by telephone regarding the proposed reviewers on a day 

mutually convenient but expected to be 2-3 work days after EPA receives the lists of proposed 

reviewers.  The TPO may provide comments to the contractor regarding any concerns about a 

known or potential conflict of interest, or concerns about a proposed reviewer's expertise, and 

may ask for a response from the contractor detailing how the concern will be resolved.  When the 

TPO has agreed with the contractor on a list of proposed reviewers, he will notify the contractor 

to proceed with Task 5.   

Experience and Qualifications 

Reviewers should be experienced in the use of dose-response models for chemical risk 

assessment, and familiar with EPA benchmark dose (BMD) methods.   In particular, reviewers 

should have experience or expert knowledge of model averaging methods and Bayesian statistics 

as they apply to dose-response analysis.  Reviewers should understand maximum a posteriori 

estimation and "profile likelihood" methods.  Ideally, at least one reviewer will have experience 

in developing or modifying such models, developing computer programs, and reviewing and 

testing such programs for quality assurance purposes (e.g., to validate accuracy of results and the 

correct implementation of algorithms used for statistical estimation and optimization).    

The reviewers shall have scientific credentials equivalent to a Ph.D. or M.D. and shall be 

regarded as experts in their field. Experience and accomplishments shall be demonstrated by 

authorship of peer-reviewed publications and by professional activities (including, but not 

limited to, serving on governmental and non-governmental advisory panels or committees, 

organizing or chairing symposia, developing publicly-available software, and recognition by 



professional societies).  The contractor shall make a diligent effort to obtain reviewers who are 

nationally-recognized and respected experts.   

EPA shall have an opportunity to provide comments to the contractor regarding known or 

potential conflicts of interest, or concerns about their expertise, before final selection occurs.  If 

EPA determines that the reviewers are scientifically unqualified for the specific review, the 

contractor shall have three days to submit substitutes for review and selection by the TPO.   The 

contractor shall respond in writing to any comments from EPA regarding potential COI or 

reviewer qualifications, describing any further inquiries or research conducted by the contractor 

regarding COI or qualifications and any actions taken as a result (e.g., dropping a proposed 

reviewer, proposing one or more additional reviewers). 

Task 5.  Select External Reviewers 

When the TPO has agreed with the contractor on the list of proposed reviewers, he will notify the 

contractor to proceed with this task.  Then, within 3 working days, the contractor shall select and 

secure arrangements with three (3) experts from among those on the list of proposed reviewers.  

After a list of proposed reviewers is agreed upon, selection of three reviewers from the list will 

be made by the contractor, without direction or influence from EPA.    

The contractor shall ascertain whether, or not, reviewers have a conflict of interest (as defined by 

FAR subpart 9.5).  Attachment 2 identifies the information that must be collected from each 

reviewer.  The contractor shall forward a copy of the conflict of interest certifications (see 

Section V and Attachment 1of this PWS), to the EPA Project Officer and TPO, within 3 work 

days after selecting and engaging the services of the reviewers.  

Task 6.  Begin the Peer Review 

Within 5 working days of receiving the TPO’s agreement to the list of proposed reviewers, the 

contractor will engage the services of 3 reviewers and send them the charge and the review 

materials. The reviewers’ written comments will be due no later than 4 weeks after the contractor 

dispatches review materials to the reviewers.   However, this 4-week time frame may be 

extended as needed by EPA in written technical direction if a change is necessary to allow time 

for obtaining a sufficient number of qualified reviewers.  

Each peer reviewer will be required to provide responses to all the questions in the charge.  

These responses must be more than perfunctory, providing details sufficient to indicate the 

factual basis for the reviewer's responses.   

The following review materials will be provided by EPA to the contractor: 

• Report describing development and testing of method, which will consist of a draft 

manuscript (28 pages) and supplemental material (9 pages)  

• Model source code file (createSim3.r; the software is written in R) 

• An Excel based program that will allow for running the model averaging software with 

user selected priors  

• Charge to reviewers (EPA will provide specific questions for the reviewers to address) 

The focus of the review should be on the model report and reviewing the statistical methods used 

to calculate the model averaged BMDs and BMDLs.  The review charges do not require a 

reviewer to run the programs or evaluate the software source code.  However, because some 



reviewers may want to run the programs and evaluate the source code, EPA will provide 

executable files and source code files along with the review materials.  

Note:  The contractor and the reviewers must treat these materials as confidential.  Reviewers 

must not retain copies of the materials or share them with others.  Reviewers must return the 

materials promptly to the contractor after their work is completed, or affirm that the materials 

have been destroyed.  The contractor shall take reasonable measures (including securing advance 

agreement by reviewers) to insure that these materials are not shared, released, made accessible 

to persons (including Contractor staff) not directly responsible for conducting the review, or 

made publicly accessible.   

Task 7.  Conduct Telephone Conference  

The contractor will arrange for a telephone conference of the reviewers, selected EPA staff, and 

staff from the EPA contractor which developed the software.  The conference will occur 

approximately 1-2 weeks after reviewers receive their review materials.  Three hours maximum 

(with scheduled breaks) should be allowed for the conference, though it may well end in 1-2 

hours.  Reviewers are expected to have become familiar with the materials by the time of the 

teleconference.  The conference will provide an opportunity for reviewers to ask questions and 

get clarifications from EPA and EPA's contractor about the materials and the models.  It will also 

provide an opportunity for reviewers to exchange ideas and to benefit from one another's 

insights.    

The contractor will take notes of the discussions and provide a written summary to EPA within 5 

working days after the conference.   

Task 8.  Deliver the Letter Reviews to EPA 

The contractor shall transmit electronic copies of the letter reviews to the TPO by email within 3 

working days of receipt by the contractor.  The contractor shall deliver the individual letter 

reviews in legible and printable electronic format(s). Acceptable formats include PDF files 

(preferred), MS/Word documents, and Excel spreadsheets (because software supporting these 

formats is currently provided to EPA staff and is thus available to the TPO).  Other document 

formats should be converted, or else printed legibly and then scanned into a PDF file.   Original 

copy submitted by reviewers (electronic or paper copy) will be conveyed to the EPA TPO and 

will become the permanent property of EPA.  The contractor shall insure that reviewers' 

electronic documents have been purged of hidden data that reviewers did not intend to submit.  

IV.  Schedule of Deliverables 

Copies of all deliverables shall be sent to the PO and the TPO in an electronic format, preferably 

PDF (PDF, MSWord, and Excel formats are acceptable).   

  



Schedule of Deliverables   

Elapsed times are in normally scheduled working days, unless otherwise noted 

  

Task 1.  Conference Calls  with EPA TPO                         

Submit cost proposal Within 2 weeks after receipt of PWS 

Task 2.  Conference Calls  with EPA TPO                         

Conference call with the TPO, others as appropriate 

Weekly updates on progress for TPO 

Within 1 week of TO award 

weekly, TBA 

Task 3.  COI Analysis and Certification                                       concurrent with Task 4 

Task 4.  Identify and Screen Proposed Reviewers       

provide EPA with list of at least 5 proposed reviewers 

& their qualifications 
Within 2 weeks of TO award 

EPA-Contractor teleconference to discuss proposed 

reviewers 

Within 1 week of sending list of 

proposed reviewers 

Task 5.  Select External Reviewers   

Select and secure reviewers 
1 week after agreement on proposed 

reviewers 

Send EPA certification per Section V and Attachment 

1 of this PWS 

1 week after agreement on proposed 

reviewers 

Task 6.  Begin Peer Review                                                           

Engage reviewers and send charge and review 

materials 

Within 2 weeks of agreement on 

proposed reviewers 

Task 7.  Conduct Telephone Conference    

Arrange and conduct telephone conference; provide 

summary notes to EPA 

To be determined, but not more than 

3 weeks after sending materials for 

review 

Task 8.  Deliver the Letter Reviews to EPA 

Reviewers’ written comments will be due no later than 

5 weeks* after the contractor sends review materials to 

the reviewers.  Transmit letter reviews to EPA within 3 

days of receipt.  (*subject to change by written 

technical direction). 

To be determined, but not more than 

5 weeks after sending materials for 

review 

 

V.  Conflict 0f Interest 

The contractor shall warrant that, to the best of the contractor’s knowledge and belief, that there 

are no relevant facts or circumstances which could give rise to a conflict of interest, as defined in 

FAR subpart 9.5, or that the contractor has disclosed all such relevant information. 

The contractor agrees to notify the EPA Project Officer immediately, that to the best of its 

knowledge and belief, no actual or potential conflict of interest exists or to identify to the EPA 

Project Officer any actual or potential conflict of interest the contractor may have. 

The contractor agrees that if an actual or potential conflict of interest is identified during the 

performance, the contractor will immediately make a full disclosure in writing to the Project 

Officer. This disclosure shall include a description of actions, which the contractor has taken or 

proposes to take, after consulting with the EPA Project Officer, to avoid, mitigate, or neutralize 



the actual or potential conflict of interest. The contractor shall continue performance until 

notified by the EPA Project Officer of any contrary action to be taken. 

1.  Certifying and describing analysis and conclusion 

The contractor shall provide the EPA PO and TPO written certification, within the time specified 

in the Task #5 of the PWS after an award, that: 

a. The contractor has resolved all conflict of interest issues, either by eliminating a 

particular reviewer from the panel or by determining that the interest will not impair the 

individual’s objectivity nor create an unfair competitive advantage for any person or 

organization. 

b. The contractor recognizes its continuing obligation to identify and report any conflicts of 

interest arising during performance of the peer review. 

c. All personnel who perform work under this task order or relating to this project have 

been informed of their obligation to report any conflict of interest to the contractor who 

shall, in turn, report to the EPA PO. 

2.  Ongoing Compliance Review during contract performance 

a. The contractor shall require advanced notification from panelist concerning changes to 

information disclosed under Task #2. 

b. The contractor shall inform the PO and TPO of any change in financial or professional 

relationships that may create either an actual or potential conflict of interest or bias 

during the period of performance.   

c. The contractor shall consult the CO and PO concerning available options in cases where 

actual or potential conflict of interest is determined. 

3.  Disclosure of Information Used in Conflict of Interest Evaluation 

The financial and professional information obtained by the contractor as part of the 

evaluation to determine existence of actual or potential conflict of interest is considered 

private and non-disclosable to EPA or outside entities, except as required by law or 

requested as part of a formal investigation by the EPA Office of Inspector General, 

General Accountability Office, or Congressional Committee. 

VI.  Special Conditions   

Travel  

No travel is anticipated under this task order.   

Management Controls 

-  The Contractor shall certify there is no conflict of interest. The contractor shall provide the 

following conflict of interest certification in the proposal: 

I certify that, to the best of my knowledge and belief, no actual, apparent, or 

potential organizational or individual conflicts of interest related to this work 

assignment exist.  Personnel who perform work under this work assignment, or 

relating to the work assignment, have been informed of their obligation to report 

personal and organizational interests.  All actual, apparent or potential 

organizational or individual conflicts of interest related to this work assignment 

have been reported to the contracting officer or are attached, if applicable. 



S The contractor shall be responsible for obtaining a conflict of interest certification for 

subcontractors performing peer review services. 

Notice Regarding Guidance Provided Under this Task Order: 

Guidance is strictly limited to technical and analytical support.  The contractor shall not engage 

in activities of an inherent governmental nature such as the following: 

 (1) Formulation of Agency Policy 

 (2) Selection of Agency priorities 

 (3) Development of Agency regulations 

Should the contractor receive any instruction from an EPA staff person that the contractor 

ascertains to fall into any of these categories or goes beyond the scope of the contract of work 

assignment, the contractor shall immediately contact the PO or TPO. 

The contractor shall also ensure that work under this task order does not contain any apparent or 

real personal or organizational conflict of interest.  The contractor shall certify that none exist at 

the time the proposal is submitted to the EPA. 

VIII.  EPA CONTACT INFORMATION 

Copies of all correspondence pertaining to the performance of this Task Order shall be sent to the 

PO and TOPO.  

 

Task Order Project Officer (TOPO): 

 

Jeffrey S. Gift, Ph.D.  

U.S. Environmental Protection Agency 

Office of Research and Development 

National Center for Environmental Assessment 

Telephone:  919-541-4828 

Fax:  919-541-0245 

e-mail:  gift.jeff@epa.gov 

Mailing Address: 

U.S. Environmental Protection Agency 

Office of Research and Development 

National Center for Environmental Assessment 

(MC B-243-01) 

Research Triangle Park, NC 27711 

 

 

 
Alternate TOPO: 

 

Allen Davis 

U.S. Environmental Protection Agency 

Office of Research and Development 

National Center for Environmental Assessment 

Office Phone: 513-569-7024 

AWL Phone: 615-730-6693 

Cell: 205-422-0655 

e-mail: davis.allen@epa.gov 

Mailing Address: 

U.S. EPA, Office of Research and Development, 

National Center for Environmental Assessment 

26 West Martin Luther King Drive 

Cincinnati, OH 45268, MC A110 

  



Charge to External Peer Reviewers 

 

Subject:   External Review (Letter) of EPA/NCEA Dichotomous Dose-Response Model 

Averaging using Bayesian Maximum a-posteriori Estimation 

 

The primary purpose of this review is to obtain external expert opinions on EPA’s proposed model 

averaging approach for the derivation of BMD and BMDL values from dichotomous dose-response 

datasets. In addition to responding to the specific charge questions listed below, the contractor shall 

encourage reviewers to offer suggested improvements or enhancements to the software in response to the 

final charge question, “Additional Recommendations.” However, the contractor shall convey to the 

reviewers that additional recommendations are not a requirement of this review and will not necessarily 

be addressed in the initial version of the software.   

1. Are the documentation materials describing the proposed method, including the description of the 

principles and advantages of BMA in general, accurate and clear? 

2. Are the methods described adequate for the derivation of BMDLs that are reasonable for use as 

points of departure for use in EPA risk assessments? In particular, with respect to: 

(a) Use of approximations such as profile posterior density (PPD, a Bayesian analogue of 

profile likelihood) for model-specific posterior BMD distributions, and Laplace 

approximation for integrated likelihood (marginal density of the data). 

(b) The possibility of having more parameters than dose groups in a given application, for a 

single model.   The EPA states in the report provided that incorporation of prior 

information for model parameters allows application to data with fewer dose groups than 

parameters.[1]  In current dose-response modeling practice, EPA does not use a model 

when the number of parameters exceeds the number of dose groups.    

i. Do the reviewers agree with EPA that the proposed BMA methodology is 

reasonable to use, when the number of parameters exceeds the number of dose 

groups for individual models?    

ii. Is additional research suggested, e.g., for some cases that may be problematic?    

iii. Related to (i), the total number of parameters combined for all models is 

expected to frequently exceed the number of dose groups (typically 3-5).   The 

EPA has concluded that if the approach proposed for individual models is 

reasonable, so are the BMA results.  Will the large number of fitted parameters 

result in “overfitting”?2 

(c) The approach for the derivation of BMD point estimators.3  The currently-proposed 

estimator is the weighted average of the maximum a-posteriori point estimates from 

individual models, weighting by model posterior weights.   Do the reviewers suggest one 

or more alternative or additional BMD point estimators for the model averaging context? 

                                                 
1 The EPA is aware of general Bayesian literature which suggests that informative priors can address identifiability 

issues. 
2 This term is sometimes used to indicate that a model is very flexible resulting in a relatively complicated fit with 

features that may not be repeatable.  
3 Possible uses of BMD point estimates include comparative and meta-analyses, common use of the ratio BMD 

[point estimate]/ BMDL ratio as in indication of the quality of the model results.   



(d) The proposed default model parameter priors defined in the draft manuscript (described 

as “Prior 1” in Appendix 3 simulation results). The “Diffuse Hill” condition described in 

Appendix 3 of the draft manuscript support material uses the same prior as the proposed 

approach, except the hill model’s prior is more diffuse. Can you comment on if this prior 

is preferable to the proposed “Prior 1” set of priors? 

(e) The use of equal model weights (described as “Even” model weighting in Appendix 3 

simulation results). As discussed in Section 4 of the draft manuscript, in an effort to 

account for problematic conditions in the literature, we increased the quantal linear 

default weighting (“MAQ approach”; described as “QL = 0.5” model weighting in 

Appendix 3 simulation results), and this resulted in better results with little evidence of 

deleterious performance for other models.  Can you comment on if this prior weighting 

should be used in place of equal weights? 

3. Do you agree with the particular models selected for BMA or do you recommend a different set 

of models? 

4. Was adequate testing of the methods performed? In particular, 

(a) What additional steps, if any, are recommended to build confidence in the profile 

posterior density and Laplace approximations? Are any special situations evident, where 

these approximations may work particularly poorly? 

(b) Is the Monte Carlo testing approach taken for the sensitivity analyses an appropriate tool 

for evaluating the method? 

(c) Are the “templates” adequate or is additional testing recommended in order to evaluate 

other aspects of study design such as numbers per dose group, or dose spacing. 

5. What output other than the BMD, BMDL, posterior weights and plots, would be necessary to 

provide enough information to users for the purposes of quantitative risk assessment? What fit 

statistics would be necessary to assess model/method performance/fit (e.g., global goodness-of-fit 

p-values, scaled residuals, posterior p-value)? 

6. Is the USEPA proposal to implement this methodology with default priors reasonable in practice, 

given the likely user of BMDS who have limited familiarity with Bayesian methods? If yes, 

(a) How does this methodology compare with current methods, with regard to likelihood that 

non-statisticians will use it appropriately and accurately? 

(b) What situations may be envisioned where default priors would be over-ridden, and what 

measures would help to make sure this is done appropriately (if it is needed)? 

7. Additional Recommendations:  Are there any additional aspects of software development and 

testing, or model documentation, or reporting of model results that give you special cause for 

concern?  If so, please describe your concerns and recommendations. 

  



ATTACHMENT 1  

Reviewer Certification 

Please sign below to certify (1) that you have fully and to the best of your ability completed this 

disclosure form, (2) that you will update your disclosure form promptly by contacting the IRIS 

peer review manager if relevant circumstances change, (3) that you are not currently arranging 

new professional relationships with, or obtaining new financial holdings in, an entity (related to 

the subject of this review) which is not yet reported, and (4) that the certification below, based on 

information you have provided, and your CV may be made public for review and comment (see 

note * below). 

 

Signature ______________________________________  Date ________________ 

 

(Print name)____________________________________ 

 

(*The financial and professional information obtained by the contractor as part of the 

evaluation to determine existence of actual or potential conflict of interest is considered 

private and non-disclosable to EPA or outside entities, except as required by law or 

requested as part of a formal investigation by the EPA Office of Inspector General, 

General Accountability Office, or Congressional Committee.) 

 

Contractor Certification  

The contractor has reviewed the information provided on the Conflict of Interest Disclosure form 

for by __________________________ and certifies that to the best of the contractor’s 

knowledge and belief, there are no relevant facts or circumstances which could give rise to a 

conflict of interest, as defined in FAR subpart 9.5, or that the contractor has disclosed all such 

relevant information. 

 

Disclosure (if applicable):  

___________________________________________________________________________ 

______________________________________________________________________________ 

 

Signature ________________________________________   

Date ____________________________________ 

Contractor’s Senior Peer Review Manager 



ATTACHMENT  2  

Conflict of Interest Analysis and Certification – Questions and Supporting Information 

a. To the best of your knowledge and belief, is there any connection between the matter under 

review and any of your and/or your spouse’s compensated or uncompensated employment, 

including government service, during the past 24 months?   Yes _____  No _____ 

b. To the best of your knowledge and belief, is there any connection between the matter under 

review and any of your and/or your spouse’s research support and project funding, including 

from any government, during the past 24 months?  Yes _____  No _____     

c. To the best of your knowledge and belief, is there any connection between the matter under 

review and any consulting by you and/or your spouse, during the past 24 months?                

Yes _____ No _____    

d. To the best of your knowledge and belief, is there any connection between the matter under 

review and any expert witness activity by you and/or your spouse, during the past 24 

months? Yes _____ No _____ 

e. To the best of your knowledge and belief, have you, your spouse, or dependent child, held in 

the past 24 months, any financial holdings (excluding well-diversified mutual funds and 

holdings, with a value less than $15,000) with any connection to the matter under review?  

Yes _____ No _____   

f. Have you made any public statements or taken positions on or closely related to the matter 

under review under review?  Yes _____ No _____   

g. Have you had previous involvement with the development of the review materials you have 

been asked to review?  Yes _____ No _____    

h. To the best of your knowledge and belief, is there any other information that might 

reasonably raise a question about an actual or potential personal conflict of interest or bias?  

Yes _____  No _____   

i. To the best of your knowledge and belief, is there any financial benefit that might be gained 

by you or your spouse as a result of the outcome of this review?  Yes _____  No _____    

j. Compensated and non-compensated employment (for panel member and spouse): list sources 

of compensated and uncompensated employment, including government service, for the 

preceding two years, including a brief description of work. 

k. Research Funding (for panel member): list sources of research support and project funding, 

including from any government, for the preceding two years for which the panel member 

served as the Principal Investigator, Significant Collaborator, Project Manager or Director. 

For panel member’s spouse, provide a general description of research and project activities in 

the preceding two years. 

l. Consulting (for panel member): compensated consulting activities during the preceding two 

years, including names of clients if compensation provided 15% or more of annual 

compensation. For panel member’s spouse, provide a general description of consulting 

activities for the preceding two years. 

m. Expert witness activities (for panel member): list sources of compensated expert witness 

activities and a brief description of each issue and testimony. For panel member’s spouse, 

provide a general description of expert testimony provided in the preceding 2 years. 

n. Assets: Stocks, Bonds, Real Estate, Business, Patents, Trademarks, and Royalties (for panel 

member, spouse and dependent children): specific financial holdings that collectively had a 

fair market value greater than $15,000 at any time during the preceding 24-month period 



(excluding well-diversified mutual funds, money market funds, treasury bonds and personal 

residence). 

o. Liabilities (for panel member, spouse and dependent children): liabilities over $10,000 owed 

at any time in the preceding twelve months (excluding a mortgage on personal residence, 

home equity loans, automobile and consumer loans). 

p. Public Statements: A brief description of public statement and/or positions on or closely 

related to the matter under review by the panel member. 

q. Involvement with document under review: A brief description of any previous involvement 

of the panel member in the development of the document (or review materials) the individual 

has been asked to review. 

r. Other potentially relevant information: A brief description of any other information that 

might reasonably raise a question about actual or potential personal conflict of interest or 

bias. 
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