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The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: SAB Review of EPA’s Reanalysis of Key Issues Related to
Dioxin Toxicity and Response to NAS Comments (May 2010)

Dear Administrator Jackson:

EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB)
review the Agency’s draft report entitled EPA’s Reanalysis of Key Issues Related to Dioxin Toxicity and
Response to NAS Comments (May 2010) (“Report”). The Report contains EPA’s technical response to
key comments in the 2006 National Academy of Sciences (NAS) report, Health Risks from Dioxin and
Related Compounds: Evaluation of the EPA Reassessment. The NAS reviewed EPA’s 2003 exposure
and human health reassessment of dioxin and recommended that the Agency should: more thoroughly
justify and communicate its approaches to dose-response modeling for the health effects of dioxin,
taking into consideration both nonlinear and linear methods for characterizing cancer risk; improve the
transparency and clarity of the selection of key data sets for the dioxin dose-response analysis;
reevaluate its cancer weight-of-evidence determination for dioxin based on the Agency’s 2005
Guidelines for Carcinogen Risk Assessment; consider using physiologically-based pharmacokinetic
(PBPK) modeling in the dioxin risk assessment; and improve transparency, thoroughness and clarity in
quantitative uncertainty analysis. The NAS also encouraged EPA to calculate a reference dose (RfD),
which had not been derived in the 2003 reassessment.

In response to EPA’s request, the SAB convened an expert panel to review the Agency’s Report. The
SAB Panel was asked to comment on the scientific soundness of EPA’s responses to the NAS
recommendations. The enclosed SAB report provides the consensus advice and recommendations of the
Panel, with the exception of one member who offered a dissenting opinion mainly on 2,3,7,8
tetrachlorodibenzo-p-dioxin (TCDD) carcinogenicity.

The SAB finds that EPA’s Report is generally clear, logical, and responsive to many but not all of the
recommendations of the NAS. We have provided recommendations to further enhance the transparency,
clarity, and scientific integrity of the Report. The SAB has identified deficiencies in EPA’s Report with
respect to the completeness of its consideration of two critical elements of the TCDD assessment: 1)



nonlinear dose-response for TCDD carcinogenicity, and 2) uncertainty analysis of TCDD toxicity. Our
major comments and recommendations are provided below:

e The SAB commends EPA for the comprehensive and rigorous process that was used to identify,
review, and evaluate the TCDD literature. The criteria for study selection have been clearly
articulated, well justified, and applied in a scientifically sound manner. To further improve
clarity and transparency of the Report, we recommend that EPA include a better means of
tracking and describing which studies did not satisfy inclusion criteria. Similarly, we recommend
that EPA strengthen its justification for excluding studies of dioxin-like compounds. The Report
can be enhanced by incorporating information from studies with dioxin-like compounds into a
qualitative discussion of the weight-of-evidence for cancer and noncancer endpoints.

e EPA used the Emond physiologically-based pharmacokinetic model to evaluate the internal dose
of TCDD in human and rodent tissue, and to estimate the continuous daily TCDD intake over the
relevant period of exposure. The SAB agrees with EPA that this model provides the best
available basis for the dose metric calculations. We also support EPA’s use of blood TCDD
concentrations as the relevant dose metric. However, we recommend that EPA expand the
discussion of other published models, evaluate the impact of model selection on dose metric
prediction, provide a more quantitative uncertainty analysis, and conduct an external peer review
of the mouse model because it has not been published in the peer-reviewed literature.

e The SAB agrees with EPA’s characterization of TCDD as carcinogenic to humans in accordance
with EPA’s 2005 Guidelines for Carcinogen Risk Assessment. The SAB recommends that in the
weight-of-evidence characterization EPA build upon all available data to support its decision and
clearly indicate how different types of data support each other. One dissenting Panel member,
however, expressed the view that at best, there is equivocal evidence for TCDD classification as
a human carcinogen.

e The SAB agrees with EPA’s selection of the Cheng et al. (2006) study, which analyzed the
National Institute for Occupational Safety and Health (NIOSH) occupational cohort, as the
critical study for the quantitative cancer assessment. The SAB also agrees that it is appropriate to
use all-cancer mortality as the basis of the oral slope factor because of the extensive dose-
response information and because in the case of TCDD there appear to be multiple targets for
carcinogenic action.

e The SAB finds that the Report did not respond adequately to the NAS recommendation to adopt
both linear and nonlinear methods of extrapolation in order to account for the uncertainty of the
dose-response curve for TCDD. The Report states that only a linear approach could be justified.
We recommend that EPA revise the Report to provide a discussion of evidence of possible
modes of action that include both linear and nonlinear alternatives for the cancer endpoint. In the
absence of a definitive nonlinear mode of action, estimates based on the linear option can serve
as the baseline for comparison with other estimates.

e The SAB supports EPA’s selection and use of two co-critical epidemiologic studies for the
derivation of the RfD for TCDD. These studies evaluated the effects of human exposure to
TCDD following accidental release at a chemical plant near Seveso, Italy. The SAB finds that
the study endpoints used by EPA to determine the RfD (decrease in sperm count and motility and
increased thyroid stimulating hormone in blood) are relevant to public health. The selection of



these endpoints also resolves the critical issue of differing windows of susceptibility to
environmental toxic agents over the course of the life cycle, with pre- and periconceptional
exposures comprising the window of greatest susceptibility. We recommend, however, that EPA
provide a discussion of the strengths and weaknesses of the studies and an indication of whether
these weaknesses affect the RfD determination. The SAB agrees with the benchmark dose
modeling approaches used by EPA in the Report and the decision to use human data as preferred
to animal data for the RfD determination.

e EPA’s Report discusses a broad range of philosophical and methodological issues to be
considered in conducting an uncertainty analysis for TCDD toxicity. The SAB acknowledges the
challenges of a unified quantitative uncertainty analysis. However, we do not agree with the
position taken in the Report that such an analysis is unfeasible and we have suggested a number
of methods that could be used for this purpose.

e Finally, EPA’s Report could be improved by editing and restructuring to better integrate the
material presented in various sections, eliminate redundancies, and move some material into
appendices to provide more succinct responses to NAS concerns. In addition, we recommend
including a glossary in the Report to help minimize confusion and misinterpretation among
diverse users.

The SAB appreciates the opportunity to provide EPA with advice on this important subject. EPA should
move in a proficient and expeditious manner to finalize the IRIS document for dioxin. We look forward
to receiving the Agency’s response.

Sincerely,
/Signed/ /Signed/
Dr. Deborah L. Swackhamer, Chair Dr. Timothy J. Buckley, Chair
EPA Science Advisory Board SAB Dioxin Review Panel

Enclosure



NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board, a public
advisory committee providing extramural scientific information and advice to the Administrator and
other officials of the Environmental Protection Agency. The Board is structured to provide balanced,
expert assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent
the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive
Branch of the Federal government, nor does mention of trade names or commercial products constitute a
recommendation for use. Reports of the EPA Science Advisory Board are posted on the EPA Web site
at: http://www.epa.gov/sab
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1. EXECUTIVE SUMMARY

In 2003, EPA, along with other federal agencies, asked the National Academy of Sciences (NAS) to
review aspects of the science in EPA’s draft dioxin reassessment entitled, Exposure and Human Health
Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds and, in 2004,
EPA sent the 2003 draft dioxin reassessment to the NAS for review. In 2006, the NAS released the
report of its review entitled, Health Risks from Dioxin and Related Compounds: Evaluation of the EPA
Reassessment. The NAS recommended that EPA should: more thoroughly justify and communicate its
approaches to dose-response modeling for the health effects of dioxin, taking into consideration both
nonlinear and linear methods for characterizing cancer risk; improve the transparency and clarity of the
selection of key data sets for the dioxin dose-response analysis; reevaluate its cancer weight-of-evidence
determination for dioxin based on the Agency’s 2005 Guidelines for Carcinogen Risk Assessment;
consider using physiologically-based pharmacokinetic (PBPK) modeling in the dioxin risk assessment;
and improve transparency, thoroughness and clarity in quantitative uncertainty analysis. The NAS also
encouraged EPA to calculate a reference dose (RfD), which had not been derived in the 2003
reassessment.

EPA’s Office of Research and Development (ORD) prepared the draft report, entitled EPA’s Reanalysis
of Key Issues Related to Dioxin Toxicity and Response to NAS Comments (May 2010) (EPA, 2010)
(hereafter referred to as the Report), and requested that the EPA Science Advisory Board (SAB) conduct
an independent external peer review of the Report. This Executive Summary highlights the findings and
recommendations of the SAB Dioxin Review Panel (the “Panel”) in response to charge questions
concerning each of the six sections of the Report. EPA’s charge questions are provided in Appendix A.

General Charge (Charge Questions 1.1 - 1.2)

EPA asked the SAB to comment on whether the Report is clear and logical and whether there are other
critical studies that would make a significant impact on the conclusions of the hazard characterization or
dose-response assessment of the chronic noncancer and cancer health effects of TCDD.

As further discussed in the responses to the charge questions in Section 3.1 of this report, the SAB finds
that the Report is generally clear, logical, and responsive to many but not all of the recommendations of
the NAS. The SAB has, however, provided many recommendations to further improve the clarity,
organization, and responsiveness of various parts of the Report. The SAB was impressed with the
process that EPA used to identify, review, and evaluate the relevant literature. The SAB finds that
EPA’s process was comprehensive and rigorous and included public participation. However, the SAB
recommends that the Report be improved by: incorporating text to better integrate the material presented
in the individual chapters, providing greater clarity and transparency in indicating which studies do not
satisfy criteria for inclusion in EPA’s assessment of TCDD, and editing the Report to provide greater
clarity in writing and make it more concise by moving some material into appendices.

During its deliberation, the SAB did not identify any additional studies that would make a significant
impact on the conclusions of the hazard characterization and dose-response assessment. The SAB
recommends that EPA provide more discussion and clarity concerning the exclusion of null
epidemiologic studies. In addition, as further discussed in the responses to the relevant charge questions,
the SAB has identified deficiencies in the Report with respect to the completeness of its consideration of



two critical elements: 1) nonlinear dose-response for TCDD carcinogenicity, and 2) uncertainty analysis.
As discussed below, the SAB has provided recommendations to improve the Report in these areas.

Transparency and Clarity in the Selection of Key Data Sets for Dose-Response Analyses (Charge
Questions 2.1 — 2.3)

The NAS recommended that EPA develop a clear and readily understandable methodology for
evaluating and including epidemiologic and animal bioassay data sets in dose-response evaluations. The
SAB Panel was asked to comment on whether EPA had been responsive to NAS concerns and had
applied epidemiology and animal bioassay study criteria considerations in a scientifically sound manner.

Section 2 of the Report contains a clear presentation of the process EPA used to select key data sets for
dose-response analysis and is thus responsive to NAS recommendations in this area. The Report also
clearly identifies the studies that were used for dose-response analysis. However, the SAB has provided
recommendations to further enhance the overall clarity and transparency of Section 2 of the Report. The
SAB recommends careful and extensive editing to revise and consolidate Section 2.

The SAB also finds that EPA’s epidemiology and animal bioassay study criteria and considerations are
scientifically justified, clearly described, and applied in a scientifically sound manner. However, the
SAB has provided recommendations to improve and strengthen the scientific justification and clarity of
description of EPA’s study criteria and considerations. EPA should provide better justification of the
rationale for using only studies where the exposure was primarily to TCDD for derivation of the
reference dose. This justification should include both scientific and practical reasons. EPA should
incorporate information from studies with dioxin-like compounds (DLCs) into a qualitative discussion
of the weight-of-evidence for cancer and noncancer endpoints. There is a wealth of literature on these
compounds that can be used to support mode of action determination as well as the plausibility of
individual biological effects that are used as the basis for risk assessment. In addition, the SAB has
provided a number of specific recommendations to further clarify the justifications for some of the study
inclusion and exclusion criteria.

Use of Toxicokinetics in Dose-Response Modeling for Cancer and Noncancer Endpoints (Charge
Questions 3.1 — 3.5)

Section 3 of EPA’s Report discusses the use of a physiologically-based pharmacokinetic (PBPK) model
(Emond et al., 2004, 2005, 2006) with blood concentration as the dose metric rather than first-order
body burden. EPA asked the SAB to comment on the scientific justification for application of this
model. EPA also developed a PBPK model to estimate TCDD concentration in mouse tissues. The SAB
was asked to comment on the scientific rationale for development of the mouse model and the
performance of the model.

The SAB agrees with EPA’s use of blood TCDD concentration as a surrogate for tissue exposure to
TCDD. Blood TCDD concentration is a better choice than using body burden (as in the 2003
Reassessment) because it is more closely related to the biologically relevant dose metric: the free
concentration of dioxin in the target tissues. It is important to recognize, however, that TCDD
distribution within tissues such as the liver can be non-uniform. The SAB further agrees that the PBPK
model developed by Emond et al. (2004, 2005, 2006) provides the best available basis for the dose
metric calculations in the assessment. However, EPA should clarify how the model was used in studies



that reported the concentrations of dioxin in plasma, serum, blood, or blood fat:blood measurements.
The SAB also recommends additional discussion of: other published models, the intended use of the
Emond model in the assessment, and the basis for selection of the Emond model. The EPA
modifications to the published Emond model are minor and appropriate. However, the use of 0.6 as the
Hill coefficient in the Emond model for CYP1a2 induction is well outside the confidence interval of
0.78 and 1.14 reported by Walker et al. (1999). The use of a Hill coefficient value well below unity
would lead to a nonlinear model behavior that is biologically implausible. As a result, when the human
model was used for extrapolation to lower doses (in the calculation of risk-specific doses), the model
would tend to estimate a lower exposure level for a given blood concentration. The SAB recommends
repeating the human Emond model calculations with multiple values for the Hill coefficient to
characterize the resulting uncertainty in the exposure estimates.

A more quantitative uncertainty analysis needs to be conducted for the PBPK model. Methods that could
be useful and informative for such analysis are suggested in the response to Charge Question 6.2. The
sensitivity analysis in the Report left out the Hill coefficient, which is one of the most important
parameters in the model for low-dose extrapolation. Model sensitivities are species, dose, and dose-
scenario dependent, so they need to be determined under the same exposure conditions that dose metrics
are calculated.

The mouse model developed by EPA based on the published rat model (Emond et al., 2004, 2005, 2006)
is appropriate. However, EPA should conduct an external peer review of the mouse model. The SAB
agrees with the average daily dose calculation approaches described in the Report. However, the EPA
should carefully explain how the early life stage internal doses were calculated because serum thyroid
stimulating hormone (TSH) levels in newborns are used as a critical effect.

Reference Dose (Charge Questions 4.1 — 4.8)

In Section 4 of the Report EPA discusses the use of two co-critical studies (Mocarelli et al., 2008 and
Baccarelli et al., 2008) for development of the reference dose for TCDD. EPA asked the SAB to
comment on the scientific justification for selection and use of these studies to develop the reference
dose.

Selection of Critical Studies and Effects

The SAB supports EPA’s selection of the Mocarelli et al. (2008) and Baccarelli et al. (2008) studies for
identifying “co-critical” effects for the derivation of the reference dose (RfD). These two human
epidemiological studies are well designed and provide sufficient exposure information, including
biological concentrations that could be used to establish acceptable lifetime daily exposure levels. The
rationale for selecting these two studies over numerous other available studies for determining the RfD
is clearly described but study weaknesses are not clearly delineated. The SAB recommends that EPA
provide a discussion of the strengths and weaknesses of these studies with an indication of whether the
weaknesses affect determination of the RfD. In addition, EPA should make use of the comprehensive
data base of both animal and human epidemiological studies to demonstrate a consistent and integrative
signal of toxicity across species and endpoints for TCDD. The coherence of evidence provided by the
studies should be made stronger in the Report by including discussion of both human and experimental
animal studies that have examined the effects of dioxin and DLCs on other reproductive and endocrine
endpoints. In this regard, dose-response relationships as well as comparisons of no-observed-adverse-



effect levels (NOAELSs) and lowest-observed-adverse-effect levels (LOAELS) should be discussed. With
respect to TCDD, the SAB agrees with EPA’s assertion that traditional (e.g., immune, endocrine,
reproductive) endpoints are more appropriate than biochemical endpoints for establishing points of
departure (PODSs). The associations of traditional endpoints with health outcomes have been well studied
and they are more tightly associated with adverse outcomes than biochemical endpoints. However,
because of the wealth of data on P450s and their importance in chemical response to exogenous agents,
EPA should discuss biochemical endpoints relevant to establishing and strengthening the proposed
reference dose.

Estimation of Continuous Exposure for Mocarelli et al. (2008)

Mocarelli et al. (2008) reported male reproductive effects (decrease in sperm count and motility)
observed later in life for boys with high acute exposure to TCDD between the ages of 1 and 9 (average
age 5 years), followed by low level background dietary exposure. EPA identified a 10 year critical
exposure window and estimated the continuous TCDD intake as the average of the high acute exposure
and the 5 year average exposure during the critical exposure window. The SAB finds that the pattern of
exposure in the study at the city of Seveso (high acute exposure) posed some extrapolation issues for the
EPA, particularly whether the same endpoints and or dose-response from high acute exposures would be
expected when extrapolating to low-dose chronic exposures. It would be useful for EPA to provide a
discussion of published examples in which dioxin studies were conducted using both high-dose acute
and low-dose chronic exposures in animals for the same endpoint, and how the outcomes compare both
qualitatively and quantitatively. The life stage-specific approach to hazard and dose-response
characterization for children’s health risk assessment in EPA’s Framework for Assessing Health Risks of
Environmental Exposures to Children (EPA, 2006) is also relevant to addressing this issue and should
be discussed.

Designation of a 20% Decrease in Sperm Count as a LOAEL for Mocarelli et al. (2008)

The SAB supports the use of the designated change from normal sperm counts and sperm motility for
determining an RfD. While the shifts observed in sperm counts may or may not pose a significant health
effect in a single individual, such shifts on a population basis could presumably lead to an increased
incidence of adverse health outcomes. The SAB recommends that World Health Organization (WHO)
reference values for male reproductive parameters and life stage differences in sperm counts in humans
be discussed in the Report.

Determination of Effective Exposure Estimate for the Baccarelli et al.(2008) Study

EPA determined the maternal intake at the LOAEL from the maternal serum-TCDD vs. neonatal TSH
regression model by finding the maternal TCDD lipid-adjusted serum concentrations (LASC) at which
neonatal TSH exceeded 5 p-units/ml (uU/ml). EPA then used the Emond PBPK model under the human
gestational scenario to estimate the continuous daily oral TCDD intake that would result ina TCDD
LASC corresponding to a neonatal TSH of 5 pU/ml at the end of gestation. EPA estimated the effective
maternal intake as 0.024 ng/kg-day. The SAB supports EPA’s decision to use the Baccarelli et al. (2008)
estimates of the relevant effective doses. However, EPA should clarify how these measurements relate
to ranges and variations in exposure in utero.



Designation of 5u-U TSH per ml blood as a LOAEL for Baccarelli et al. (2008)

EPA selected a LOAEL of 5uU TSH per ml blood in neonates. The SAB supports EPA’s designation of
the TSH endpoint within the context of the broader dioxin literature. While the shift observed in TSH
levels may or may not pose a significant health effect in a single individual, such a shift on a population
basis could presumably lead to an increased incidence of adverse health outcomes