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Day 1: October 23, 2017
Il. Welcome, Introductions, and Background Information

The Peer Review of the Draft NTP Approach to Genomic Dose-Response Modeling
Expert Panel Meeting met October 23-25, 2017 in Rodbell Auditorium, National Institute
of Environmental Health Sciences (NIEHS), Research Triangle Park, North Carolina.
Dr. Carole Yauk served as chair. The other Peer Review Panel members in attendance
were Drs. Lyle Burgoon, Rebecca Clewell, Ruili Huang, Kamin Johnson, Jorge Naciff,
Setia Pramana, James Stevens, and Fred Wright. Dr. Katrina Waters attended by
webcast as the NTP Board of Scientific Counselors liaison. Interested public attended
the meeting in person or watched the proceedings via webcast.

Dr. Yauk welcomed everyone to the meeting and asked all attendees to introduce
themselves. Dr. Bucher welcomed participants, thanked Dr. Yauk for chairing the
meeting and thanked the board members and staff for their work. Designated Federal
Officer Dr. Mary Wolfe read the conflict of interest statement and asked panel members
to sign updated Conflict of Interest forms.

Dr. Yauk introduced the scientific background behind the meeting, in which the expert
panel would scrutinize the proposed NTP approach, vetting each step and helping the
NTP by making recommendations on adoption or improvement of specific aspects of its
proposal. She also described the format of the three-day meeting, culminating in the
development of recommendations, which the panel would vote on.

Dr. Auerbach presented background information on the NTP proposed approach,
acknowledged the parties who contributed to its development, and went over the
panel’s charge for the meeting. The overall goal for the proposed approach is to
develop a biologically comprehensive, efficient assessment of test articles that can be
used to estimate biological potency and highlight associations between transcriptomic
changes and potential toxicological effects. Primary uses include development of
biological potency estimates that can be used to identify screening-level exposure limits.
Secondary uses include identification of potential toxicological effects, although the
approach is not intended for traditional hazard identification.

Il Session I: Approaches to Genomic Dose-Response Analysis
A. Genomic Dose-Response: The Big Picture

Dr. Russell (Rusty) Thomas, Director of the US EPA National Center for Computational
Toxicology, briefed the panel on the history of toxicogenomics and how it may now be
integrated in a tiered 21t century toxicity testing framework. An important rationale for
the inclusion of transcriptomics in Tox21/ToxCast is to expand the biological coverage
beyond that in Tox21 and ToxCast, in an efficient and cost-effective way. He described
current studies looking at whether bioactivity can be used as a conservative estimate of
Point of Departure (POD). More than 300 chemicals with an in vivo POD have been
assessed, and in 87%, the in vitro POD was seen to be protective. With the new Toxic
Substances Control Act (TSCA) regulations, there is an increased potential to integrate
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in vitro conclusions into regulatory decision-making applications. However, it will be
necessary to arrive at consensus of the appropriate analysis approaches to derive
meaning from transcriptomic data.

A.1. Questions for Clarification

Dr. Gerhold said that when he was in the pharmaceutical industry, there was criticism of
toxicogenomic tests due to their lack of predictivity for toxicities and cancer. He asked
Dr. Thomas what his view is of cancer prediction studies and whether it would be
worthwhile to go back and look at pharmacokinetics — more qualitatively than
guantitatively. Dr. Thomas said that the problems he is addressing today are more
directed at the possibility of using toxicogenomics to identify a protective dose, not
necessarily qualitatively predicting what the adverse effect would be. He felt that
extending the analysis beyond the protective dose to identify adverse effects is not an
efficient use of resources, since many of the environmental chemicals are promiscuous
enough to result in numerous effects. However, extending toxicogenomics to identify
modes of action for a subset of environmental chemicals that are more selective would
be worthwhile.

Dr. Stevens supported Dr. Thomas’s comments about not always trying to detect mode
of action. He asked if the desire is to find chemicals with low potential for toxicity rather
than identifying what chemicals would do if toxic. Dr. Thomas replied that in the
environmental world, most people are more worried about detecting all chemicals with
the potential to be toxic, and genomics is a first-tier approach. He noted that mode of
action understanding would be important in certain cases, such as developmental
toxicants. Dr. Stevens said that if potency in gene sets is to be determined, then gene
sets are being interpreted as a surrogate for biological responses. Potency estimates
may eliminate the gene set from being considered “adverse” without specifying which
adverse effects are avoided. Employing this approach depends on the specificity and
negative predictive value of the model. Dr. Thomas agreed and commented that in
environmental applications, the goal is protection (with a tendency toward more
conservative conclusions about toxicity) rather than predictivity. The overall specificity
from a dose level is certainly important, he added.

Dr. Johnson asked whether Dr. Thomas had meant to state that the method did not
work for receptor-mediated toxicity. Dr. Thomas replied that he had not explored the
issue in depth, but there is some evidence that it does work to some degree for
receptor-mediated effects as well.

Dr. Clewell said she was concerned with discussion of no-effect level without any
consideration of mode of action. She asked how it could be decided what is the
appropriate model without considering the different types of toxicities to be predicted or
protected from. How can the appropriate biological space be covered in the testing
system? For example, is the liver a sentinel tissue for every toxicity? Dr. Thomas
agreed that general biological activity would not yield the most sensitive effect on a
dose level 100% of the time. Defining the biological space that needs to be interrogated
is still an open research question. He said that the community should take some
comfort from the data he presented about conservative POD with ToxCast and Tox21.
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Dr. Clewell appreciated the comment. Dr. Bucher noted that NTP has a series of
studies underway in animals looking at the liver as a sentinel organ.

Dr. Naciff said it appeared that there is an assumption that any biological change
described as a transcriptional change elicited by chemical exposure is an adverse
event, and he did not agree with that concept. Dr. Thomas agreed that not all
transcriptional perturbations are adverse; however, a reasonable percentage of
environmental chemicals go from perturbation of the system to adversity in a fairly
narrow potency range. Trying to sort out the non-adverse perturbations from the
adverse perturbations is probably not the appropriate use of resources. He noted that
he was not saying that biological activity itself identifies adversity, but in trying to be
protective, at least there is the ability to draw a line in the sand and say that a certain
dose is likely to be protective.

Referring to the international case study Dr. Thomas had described, Dr. Wright asked if
he felt that an intermediate future should be sought in which transcriptomics-based
PODs correlate highly with traditional approaches. Dr. Thomas replied that success
would be more likely with short-term in vivo studies, but that a reasonable goal over the
next few years would be to show that using the in vitro approaches can be protective.

Dr. Auerbach asked Dr. Thomas for his perspective on biological interpretation that can
be derived from the NTP gene set approach. Dr. Thomas said that there is a change in
the regulators’ mindsets, moving from being focused on false predictivity to being
comfortable with protection. He said discussions with scientists and regulators to that
end have already begun. It is applicable to prioritization, and longer term, potentially, to
screening level risk assessment. When protection is accepted, then the discussion can
begin about using mode of action to lead to biological interpretation. He felt that it
should be a linear process, first focusing on protection and then on biological
interpretation in a staged approach. Dr. Auerbach noted that NTP will begin issuing 5-
day reports with a gene set, with a lower confidence limit on the benchmark dose
(BMDvL) and an upper confidence limit on the BMD (BMDu), associated with a GO term;
he asked whether the GO term should not be reported and instead the conclusions be
presented based on “Gene Set 1” or “Gene Set 2”. Dr. Thomas said that getting the
regulators accustomed to the concept that the most sensitive pathway could be a
surrogate of a conservative POD would be the first goal. Then, as knowledge and
ability to interpret the meaning of the gene ontology (GO) biological process advance,
interpretation will go forward. Thus, the regulators would gain the ability to see the
biology that underlies the gene expression changes.

Dr. Draghici asked Dr. Thomas what he meant by “pathways.” Referring to his slide
labeled “Combined Correlation Between Cancer and Transcriptional PODs,” he noted
that in the case of the data shown, the lowest transcriptional benchmark dose (BMD)
was at a pathway level. He said the data could be analyzed with several different
pathway maps with similar results in terms of the relationship. Dr. Draghici asked if the
aggregation shown illustrated the relationship between the genes or if it were just a
combination of p values or fold changes for the genes in a set. Dr. Thomas explained
that the data illustrated were based on having at least five genes that have a
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transcriptional POD, that are perturbed in that pathway, with no enrichment or other
statistical requirement, and showed the median BMD for that particular pathway
aggregation.

B. Overview of the NC State Approach to Genomic Dose-Response Modeling

Dr. Fred Wright, the director of the NC State Bioinformatics Research Center, described
the NC State approach for the panel.

In terms of statistical procedures, he noted the following for quality control in sequence-
based transcriptomic technologies:

e Threshold individual genes based on expression level [removing transcripts with
low counts or signal],

e Perform outlier checks, and

e Compare control samples to all other control samples.

Normalization is currently done per-experiment, e.g., using DESeq2 for sequence-
based transcriptomics. Testing for statistical flags, NC State uses simple rank-based
procedures. In multiple testing, there is false discovery control. Dose-response curve
fitting is highly reliant on 4-parameter (Hill) logistic models, 3-parameter logistic models,
or gain-loss models depending on the context and amount of data available.

Dr. Wright recounted the data pipeline used by his group: 1) count matrix generation, 2)
count matrix quality control (QC) and normalization, 3) differential gene expression
analysis, and 4) concentration response modeling and POD calculation. Regarding
dose-response curve-fitting, he noted that:

e With lots of data, one can explore a large number of models,

e With few data points, a reduced number of models are explored,

e Nonparametric smoothing methods may work, but finding appropriate bandwidths
may be difficult with little data,

e Most PODs involve interpolation, so different reasonable models often agree,

e For gene expression, there is a need to handle testing as well as estimation,

e Many approaches use one standard of deviation variation relative to controls to
estimate PODs, so the POD is dependent on the experiment technology.

For discovery versus predictive pathway analysis, he said that final pathway-based
PODs are based on minimum median pathway PODs, much like BMDExpress. He
discussed the possible use of bootstrapping to quantify uncertainty at the per-gene level
or for median pathway PODs. He described the use of ToxPi evaluations of pathway
activity, which can be clustered for biological read-across.

B.1. Questions for Clarification/Panel Discussion

Regarding the one standard deviation issue, Dr. Yauk observed that the NTP proposed
approach was closer to a hybrid model based on modeling rather than just the variability
of controls. She asked Dr. Auerbach to clarify that point. He replied that the approach
is to use the standard deviation in the model, not the standard deviation of the data. In
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BMDEXxpress, a poorly fit feature will result in the BMR moving as a function of the fit to
the curve. Estimation of POD does take into account the fit for the entirety of the curve.

Dr. Fred Parham said that the standard deviation that BMDEXxpress uses is not just the
standard deviation of the control data, but is a standard deviation that is estimated from
all of the data in the curve. This is only true if an assumption of constant variance is
applied. If an assumption of non-constant variance is applied, then the BMR is based
only on the standard deviation of the control group.

Dr. Thomas clarified that standard deviation in this instance is a source of uncertainty,
not necessarily variability. He said there are different ways to characterize the
uncertainty and variability to represent the BMR. Dr. Wright noted that as technology
improves, those parameters would be expected to shrink somewhat, with a limit due to
the underlying variability representing different animals.

Dr. Stevens asked what platform NTP is planning to use. Dr. Auerbach said multiple
platforms would be used going forward, including Affymetrix, S1500, and RNASeq. As
time goes on, it will shift more toward sequencing-based technologies. Dr. Stevens
asked if the use of multiple platforms would hamper the analysis, increasing the degree
of complexity and adding implementation problems to the overall plan. Dr. Auerbach
said that when looking across multiple platforms, the POD answers tend to be fairly
consistent. He described past NTP experience with the use of multiple platforms. Dr.
Stevens asked that, if gene sets were to be used, would they be fully captured in the
S1500 versus an RNASeq experiment. He noted that when it comes to potency
determination, it's possible that there will need to be scaling or standardization across
reduced representation platforms such as the S1500. Dr. Gerhold described the
benefits of the various platforms. Dr. Thomas observed that a number of studies have
shown gene biases regardless of platform used.

C. Overview of the US Army Approach to Genomic Dose-Response Modeling:
Toxicogenomic Dose-Response Analysis to Inform Risk Assessment

Dr. Lyle Burgoon, leader of the Bioinformatics and Computational Toxicology Group at
the US Army Engineer Research and Development Center, briefed the panel on his
group’s approach to genomic dose-response (GDR) modeling. He described
preprocessing using Log2 transform and quantile normalization. He discussed (1)
hypothesis-testing to identify probes associated with genes in adverse outcome
pathway (AOP) networks of interest, employing Bayesian Region of Practical
Equivalence (ROPE) and 95% highest density interval (HDI) analysis, and (2) screening
for differentially expressed genes, employing the same methods to analyze only probes
with at least 1.5x up/down regulation (in normal, as opposed to log-transformed, space).
POD determination is based on monotonic dose-response. The group uses a tool
called the Good Risk Assessment Values for Environmental Exposures (GRAVEE).
They overlay data onto AOP pathway networks using AOPXplorer.

Dr. Burgoon provided details on the group’s use of Bayesian analysis to identify
differentially expressed probes and genes. He described Bayesian 95% HDI analysis in
more depth, leading to a discussion of how uncertainty is derived. He discussed the
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characteristics of parametric and non-parametric modeling. He illustrated the concepts
he described through a case study of TNT exposure where gene expression was placed
in a biological context. The process yielded a reference dose for TNT steatosis, using
POD, IVIVE (in vitro — in vivo extrapolation), external dose, and uncertainty factors.

C.1. Questions for Clarification

Dr. Yauk asked when Bayesian HDI analysis is applied to identify differentially
expressed genes, how many are yielded in the end, and how does it compare to the
NTP’s approach using analysis of variance (ANOVA) and fold change at p=.05? Dr.
Burgoon said a comparison had shown there was not a large difference. He said the
Bayesian approach is simpler, more transparent, and addresses the “p value crisis.” It
also allows continued study of chemicals using prior knowledge.

Dr. Johnson asked how the GRAVEE model compares to BMDEXpress if extended to a
POD number. Dr. Burgoon said that had not been done yet, but he noted that GRAVEE
does not look at gene sets, which could produce some differences.

Dr. Peddada asked Dr. Burgoon how he is choosing priors and how he is implementing
bootstrapping. Dr. Burgoon said they are doing the Bayesian analysis on a single dose,
So priors are not based on a shape of the dose-response. They are filtering based on
the following: as long as the criteria for being active in at least one dose are met, and a
monotonic response is shown, it will be carried through for dose-response analysis. He
described how priors are set for an individual dose, using a normal prior. With regard to
bootstrapping, Dr. Burgoon said they randomly resample the curve itself.

Dr. Huang asked how GRAVEE handles non-sigmoidal curves. Dr. Burgoon said that
for a linear curve, the lowest concentration or dose is used.

Dr. Auerbach asked what sort of run times would be involved in bootstrapping one
thousand genes. Dr. Burgoon said it would be relatively fast (seconds as opposed to
minutes).

Dr. Wright asked whether each gene is done separately or entire samples are
considered during bootstrapping. Dr. Burgoon replied that they are done separately.

D. An Automated Method Identifies Dose-responsive Genes and Quantifies
Points of Departure

Dr. David Gerhold of NIH/NCATS reported on his group’s GDR modeling approach. He
noted that this is the first time in history when rich, dense gene expression results can
be investigated at a wide range of doses. It can be hoped that the new era will be more
predictive of in vivo biology.

Dr. Gerhold offered the following principles/observations:

e A consensus on BMD/POD method and pathway decisions will facilitate
cooperation among Tox21 members and consistent risk assessment.
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e Public BMDEXxpress 2.0 software and visualization tools are useful, although he
suggests changes to the algorithm for identifying “significant genes.”

e False positives need to be minimized. With 21,000 genes there is a multiplicity
problem.

e The simplest model (most constrained) applicable to transcriptional regulation will
minimize overfitting and minimize false positives.

e Conclusions close to the lowest dose are most difficult to interpret, since there is
no information from lower doses and may lead to false positives.

Dr. Gerhold described several steps taken to optimize their algorithm without knowing
“truth,” including the use of 3 probe-sets per gene. He provided the statistical details of
the NCATS POD method, with several examples illustrating each point. He noted that
biphasic responses are a particular challenge, and described how they are treated.

He related a series of recommendations:

e Use a single model (Hill eq.) for consistency and improvement in performance. It
is the simplest, most constrained model applicable to transcriptional regulation
and minimizes overfitting and false positives. For biphasic responses where the
model will tend to fit the response at lower doses, these low-dose events tend to
be the ones of importance for dose-response conclusions.

e A trend test facilitates true/false positive decisions, especially at the lowest dose.
The POD is conservative to minimize false positives. Once we make calls for
each gene, potentially use BMD/POD number of standard deviations from control
or minimum fold change to adjust stringency.

e A database is imperative to store data and experiment annotations. NCATS
uses enterprise grade database storage. This allows central storage and search
for all processed data.

e Suggests changing to a minimum change of 3 standard deviations from mean of
vehicle controls, instead of using 2-fold. A standard deviation basis adjusts for
noisy experiments/noisy genes.

e Suggest retesting these algorithms in cases where there are gene responses at
the lowest dose tested, since it is expensive to test every chemical at low [nM]
concentrations. A trend test could be helpful here as well.

D.1. Questions for Clarification/Panel Discussion

Dr. Pramana commented about the filtering methods that Dr. Gerhold described. Dr.
Gerhold said that in the example Dr. Pramana was discussing, the fit was quite good,
although it was counterintuitive. Dr. Thomas noted that in the NCATS experiments,
there were 10-12 vehicle controls on each plate, and BMR was defined based on
variability in those replicate controls, whereas in his group, particularly in the in vivo
model, there is an animal-to-animal variability, as opposed to technical variability in the
NCATS work. He recommended discussion of what represents technical variability
versus true variability. Dr. Gerhold agreed that that is an important point. He asked Dr.
Thomas what he would recommend doing with an experimental data set where there
are changes at the lowest dose — whether they should be filtered out and thrown away,
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or whether the POD should be defined as less than or equal to the lowest dose. He
said that is why they do the trend test. Dr. Thomas said that was one approach, but a
better experimental design would include an adequate floor. Without that, no amount of
statistics can compensate. Dr. Thomas added that in his experience, the Hill model
leads to as many spurious fits as the polynomial model, and the method for aggregating
and interpreting those fits will help account for the poor fits. Dr. Gerhold said that in his
experience, the Hill model does not mislead the way the polynomials do.

Dr. Wright agreed that he had not seen as many misleading fits from the Hill model but
felt that other model fits may not differ that much with respect to the POD. He said it
would be reasonable to consider some sort of constraint on the polynomial model to
avoid multiple direction-changes in the curve.

Dr. Auerbach asked Dr. Gerhold what filter thresholds he used to identify the probes to
be modeled and whether he had applied a fold-change cutoff. Dr. Gerhold said that at
the very end of the experiment, a fold-change cutoff of 1.6 was applied. He said that
would be subject to change depending on how noisy the data set is. Dr. Gerhold added
that a T-test was used for each dose with a metric threshold value of .05, and a test for
the trend for the slope of the curve with a threshold of p=.01.

E. Overview of the NTP Proposed Approach to Genomic Dose-Response
Modeling

Dr. Auerbach discussed the “bigger picture” questions related to why the NTP has
chosen the overall approach to GDR modeling that had been described, including (1)
why a BMD approach was selected instead of the more traditional NOEL/LOEL
approach and (2) why a statistical and effect size filter is used before performing
modeling rather than letting the models alone determine what is responding to
treatment.

Relating an overview of the proposed approach, he discussed study design in terms of
many dose levels, limited biological replication, and select target organs or cell types.
He described the BMDEXxpress 2.0 software, with its filtering features, dose-response
model fitting features, and determination of gene set level potencies. He also talked
about plans to include biological interpretation through a data and literature-driven
curation of the gene sets to provide a baseline toxicological interpretation and
contextualization of the active gene sets.

Dr. Auerbach said that the BMD approach was chosen based on the goal of accurately
estimating the minimum biological potency as opposed to detecting hazards. In
addition, the plan is to fit a diversity of features from a single study with an array of
potencies with the hope of accurately estimating their PODs. NTP has concluded that
some sort of filter is needed other than the global goodness of fit filter and the
BMD/BMDL ratio. He detailed the logic behind the proposal to use the parametric
models from the US EPA approach:

e They are validated.
e They are used broadly in risk assessment to derive potencies (BMD).
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e Diversity of models allows for adequate fitting of a variety of dose-response
patterns
e There is valuable documentation and guidance on how to use the models.

He also explained the decision to use gene sets versus individual genes:

e Gene sets have a better coverage of biological space,

e Gene sets better represent the underlying totality of the emergent properties at
the cellular and tissue level, and

e Gene sets give better representation of the uncertainty in biological potency.

Part of the proposed approach is to attempt biological interpretation. Dr. Auerbach
emphasized that it would not be used for traditional hazard labeling at this time.

E.1. Questions for Clarification

Dr. Naciff asked what would be done in the case of a gene set where one is up-
regulated and one is down-regulated and whether the different responses would be
weighted. Dr. Auerbach said that up to now, they have not weighted the different fits.
Directionality of pathways is being looked at in a recent internal release of BMDEXxpress,
but that has not been specifically examined in relation to an interpretation. Right now,
they are simply looking at the potency values of response, with a median value being
reported as the potency value for the pathway.

Dr. Stevens asked for confirmation that the approach is aimed at identifying biological
responses and not at hazard identification. Dr. Auerbach confirmed that assertion. Dr.
Stevens noted that conversations tend to trend toward hazard assessment quickly, so if
the focus is solely biological response, a different context is created for discussion. Dr.
Auerbach clarified that the analysis outcome is an empirically derived relationship and
not a qualitative hazard determination. He also emphasized that biological
interpretation should be differentiated from a hazard call. Dr. Stevens said that his
impression is that NTP wants to identify all possible PODs, whether they are used in
risk assessment or not, and Dr. Auerbach confirmed that statement. Dr. Stevens felt
that by trying to define all possible PODs and also defining the toxicological significance
of biological pathways, the approach crosses the boundary into risk assessment. He
said he would like more clarity on the type of input being requested by NTP — whether
the approach is an adequate way to define all possible PODs absent of any
toxicological context or how to interpret the potencies and PODs as a starting point for
future risk assessment. Dr. Auerbach replied that NTP would like input on the actual
POD approach, but any insight about how to perform biological interpretation would be
very helpful.

Dr. Gerhold asked Dr. Auerbach to define what is meant by “gene set” with respect to
potency reporting. Dr. Auerbach replied that they are pre-defined gene sets, building
out the Hallmark gene sets. They are curated gene sets which already carry biological
associations, in most cases.

Dr. Clewell asked how the gene sets analyses would be used right now, in terms of both
the in vitro and in vivo studies, and whether they would be used to make preliminary
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decisions about chemicals. Dr. Auerbach said that both in vitro and in vivo studies
would be used in parallel in order to build out the database. The intention of the in vitro
screening data is to prioritize, using a margin of exposure-based approach, and
subsequently to do an in vivo study. Dr. Clewell asked if the initial chemicals would be
those already tested in Tox21 and ToxCast biomarker assays or new chemicals that are
perhaps of interest in a regulatory sense. Dr. Auerbach replied that both would be
done, in parallel, partially depending on events in the real world.

E.2. Public Comments (ad hoc)

Dr. Stephen Edwards from US EPA commented in support of biological interpretation.
He mentioned the “80/20 rule,” where one can get 80% of the way with 20% of the
effort, with everything getting harder from there. He said that as the field moves into
that last 20%, the understanding of biological effects will become more and more
important. He said that preparing for that now will prepare for the future and he
recommended establishing a common framework for interpreting data. He said that
biological interpretation can make assumptions explicit and can make it obvious why a
particular perturbation is not being called a hazard. Dr. Auerbach supported the
statements.

Dr. Jeff Gift from US EPA clarified aspects of the EPA BMDS software and spoke to
how a future version could address some the concerns raised by panel members. He
said the models being used by the current version of BMDEXxpress could easily be
adjusted to address specific problems. He suggested allowing a non-constant variance
model where variance is modeled as a function of the response. Also, polynomial
models could be constrained so that they are monotonic by specifying whether the
parameters are strictly negative or strictly positive. In addition, the EPA’s statistical
workgroup is looking closely at Bayesian approaches for both model averaging and
non-parametric modeling, and those features may be available within BMDS within a
couple of years. Dr. Auerbach said that in the NTP approach, the ratio of the BMDu and
BMD. are used to filter the data, and by dropping the polynomial 3 and making it a Hill
model, the BMDu may not be available. He wondered how the problem could be
overcome.

E.3. Panel Discussion

Dr. Stevens said he was on board with the proposal. He wished to highlight the
ambitious scope of the project. He encouraged focusing on clear goals.

Dr. Auerbach said he looked to the panel to help determine how much biological
interpretation would be appropriate, among other questions.

Dr. Johnson was the reviewer for Session |, addressing the overall approach. He
approved of the approach and said that if it is just used as a screening-level approach, a
hazard would not need to be identified. He felt that whatever approach ends up being
used, it should be data-driven, with the omic POD linked to the apical POD using
appropriate data sets. Whatever method gives the best correlation is what should be
used, certainly in vivo. In terms of pathways, again, a data-driven approach should be
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used. From a risk assessment standpoint, as long as the outcome is protective, that is
sufficient.

Dr. Yauk initiated the open panel discussion for Session I. She asked that the focus
remain on the broader approach, as there would be ample time later in the meeting for
more detailed discussion.

Dr. Burgoon said that with respect to screening, he noted that Dr. Auerbach had
referred to chemical prioritization and interim exposure limits. He said that when he had
tried to institute those elements at EPA, he was told that interim exposure limits need to
be legally defensible. That could be an issue for the NTP approach also, as there could
be an implication of injury resulting in a need for legal defensibility. Dr. Auerbach felt
that rewording of that material may potentially be reasonable. He asked Dr. Burgoon
what his avenue to finding success was and whether NTP is missing a specific detail
that should be incorporated. Dr. Burgoon replied that where judicial review was
possible, the major issues were whether the scientific community had adopted a
particular method and whether it was reproducible. He said that for NTP it would
depend on the gene sets and their plausibility. He noted that that would be a larger
challenge, because peer reviewed publication in the literature would not be sufficient to
demonstrate community agreement. Dr. Auerbach asked what a pathway definition or
gene set definition would look like that would be plausible and defensible. Dr. Burgoon
said the focus at the Army is on solidly supported pathways, building the case for
biological plausibility. Using the scientific literature for support may help support the
case, without the need to do extra studies.

Related to gene sets, Dr. Pramana noted that it is possible to do some clustering of
different genes with different patterns, which could be helpful for interpretation and for
finding the right gene sets. Dr. Auerbach mentioned that thanks to Dr. Stevens, NTP
had acquired WGCNA-derived clusters from a large liver gene expression data set. He
described the evaluation process NTP had undertaken with the data set. He said some
had proposed pre-clustering every experiment, but the problem is that as the NTP
approach goes forward, there is a desire to use relational analysis, so that with each
new data set, the genes would cluster differently, creating a problem for relational
analysis. He added that if pre-clustered sets derived from WGCNA were used, it would
be a valid approach. The only challenge is the need to create huge data sets with every
tissue and cell type to be studi