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OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

December 21, 2007
EPA-SAB-08-004

Honorable Stephen L. Johnson
Administrator

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

Subject: Review of Office of Research and Development (ORD) draft assessment
entitled, “Evaluation of the Carcinogenicity of Ethylene Oxide”.

Dear Administrator Johnson:

In response to a request from EPA’s Office of Research and Development (ORD), the
Science Advisory Board (SAB) convened an expert panel to conduct a peer review of EPA's draft
assessment entitled, “Evaluation of the Carcinogenicity of Ethylene Oxide”. EPA last published an
assessment of the potential carcinogenicity of Ethylene Oxide (EtO) in 1985. The current
assessment evaluates the more recent database on the carcinogenicity of EtO and focuses on lifetime
cancer risk from inhalation exposure.

The SAB was asked to comment on three issues, including carcinogenic hazard, derivation of
a cancer unit risk value for inhalation exposure to EtO, and uncertainties associated with the
carcinogenicity assessment. The report contains a number of recommendations that are aimed at
making the assessment more transparent and improve the scientific bases for the conclusions
presented. Appendices authored by two panel members are also included to provide further
discussion of the issues where the Panel had divergent opinions, e.g., low dose extrapolation and the
healthy worker survivor effect. The Panel’s key recommendations are highlighted below.

A majority of the Panel agreed with the conclusion in the draft document that the available
evidence supports a descriptor of “Carcinogenic to Humans” although some Panel members
concluded that the descriptor “Likely to be Carcinogenic to Humans” was more appropriate. There
was consensus that the epidemiological data regarding ethylene oxide carcinogenicity were not in
and of themselves sufficient to provide convincing evidence of a causal association between human
exposure and cancer. Differing views as to the appropriate carcinogenicity descriptor for ethylene
oxide were based on differences of opinion as to whether criteria necessary for designation as
“Carcinogenic to Humans” in the absence of conclusive evidence from epidemiologic studies were
met. The majority of Panel members thought that the combined weight of the epidemiological,



experimental animal, and mutagenicity evidence was sufficient to conclude that EtO is carcinogenic
to humans.

The Panel concluded that the assessment would be improved by: 1) a better introduction to
the hazard characterization section, including a brief description of the information that will be
presented; 2) a clear articulation of the criteria by which epidemiologic studies were judged as to
strengths and weaknesses; 3) addition of a more inclusive summary figure and/or table at the
beginning of section 3.0; and 4) inclusion and expansion of material now provided in Appendix A of
the draft assessment to within the main body of that assessment.

The Panel concurred that the NIOSH cohort is the best single epidemiological data set with
which to study the relationship of cancer mortality to the full range of occupational exposures to
EtO. That said, the Panel encouraged the EPA to broadly consider all of the epidemiological data in
developing its final Assessment.

The Panel identified several important shortcomings in the linear regression modeling
approach used to establish the point of departure for low dose extrapolation of cancer risk due to
EtO. The Panel was unanimous in its recommendation that the EPA develop its risk models based
on direct analysis of the individual exposure and cancer outcome data for the NIOSH cohort rather
than the approach based on grouped data that is presently used.

The Panel was divided on whether low dose extrapolation of risk to environmental EtO
exposure levels should be linear (following Cancer Guideline defaults for carcinogenic agents
operating via a mutagenic MOA) or whether plausible biological mechanisms argued for a non!
linear form for the low dose response relationship. With appropriate discussion of the statistical and
biological uncertainties, several Panel members strongly advocated that both linear and nonlinear
calculations be considered in the final EtO Risk Assessment.

The Draft Assessment characterizes the magnitude of the risk associated with EtO as “weak”.
This finding is well substantiated by the epidemiologic evidence where a relatively small number of
excess cancers are found above background even among highly exposed individuals. However, the
magnitude of risk suggested by the unit risk estimate is somewhat at odds with this concept. In our
report, we provide specific recommendations for addressing this apparent inconsistency.

In accordance with EPA guidance, the draft assessment applied an Age Dependent
Adjustment Factor (ADAF) to adjust the unit risk for early life exposure. While the Panel felt that
the application of a default value by the Agency was appropriate, the description in the Draft
Assessment was not adequate, particularly for those not familiar with the EPA Guidance.

The Panel appreciates both the public health and economic significance of EPA’s EtO risk
assessment. A more thorough discussion of the Panel’s recommendations is included in the body of
the report. Some of the Panel’s recommendations, such as the reanalysis of the NIOSH cohort using
data from individuals, will require significant effort.



The Panel encourages the Agency to devote sufficient resources to make implementation of
these recommendations possible. We look forward to receiving the Agency’s response and
appreciate the opportunity to provide EPA with advice on this important subject.

Sincerely,
/Signed/ /Signed/
Dr. Stephen Roberts, Chair Dr. Granger Morgan, Chair
SAB Ethylene Oxide Review Panel EPA Science Advisory Board

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.

U.S. Environmental Protection Agency
Science Advisory Board
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EXECUTIVE SUMMARY

EPA’s Office of Research and Development (ORD) requested that the Science Advisory
Board (SAB) review its draft assessment entitled, “Evaluation of the Carcinogenicity of Ethylene
Oxide.” EPA last published a health assessment of the potential carcinogenicity of Ethylene
Oxide (EtO) in 1985 (U.S. EPA, 1985). EPA’sORD completed a review of the more recent
database on the carcinogenicity of EtO, pertinent data from the 1985 assessment, and several
reviews and assessments issued by other organizations. The Agency’s Draft Assessment focuses
on lifetime cancer risk from inhalation exposure. The EtO Review Panel of the EPA Science
Advisory Board met in January 2007 to deliberate on charge questions raised by ORD. These
questions focused on three issues, including carcinogenic hazard, derivation of a cancer unit risk
value for inhalation exposure to EtO, and uncertainties associated with the analysis.

This Executive Summary highlights the outcome of the Panel’s deliberations. It includes
the context for the charge questions and issues raised for consideration by EPA, and the
conclusions reached by the SAB Review Panel. While the Agency requested that the Panel
respond to three separate multi-part charge questions, the Panel has presented their response to
the third charge question in the context of each of the other two charge questions. Therefore, this
report is structured so that the comments concerning Uncertainty (Issue 3) are integrated in the
responses to the Carcinogenic Hazard (Issue 1) and Risk Estimation (Issue 2) sections.

Issue 1: Carcinogenic Hazard (Section 3 and Appendix A of the EPA Draft Assessment)

1. Do the available data and discussion in the draft document support the hazard conclusion
that EtO is carcinogenic to humans based on the weight-of-evidence descriptors in EPA’s
2005 Guidelines for Carcinogen Risk Assessment? In your response, please include
consideration of the following:

1. a. EPA concluded that the epidemiological evidence on EtO carcinogenicity was strong, but
less than completely conclusive. Does the draft document provide sufficient description of the
studies, balanced treatment of positive and negative results, and a rigorous and transparent
analysis of the data used to assess the carcinogenic hazard of ethylene oxide (EtO) to
humans? Please comment on the EPA's characterization of the body of epidemiological data
reviewed. Considerations include: a) the consistency of the findings, including the
significance of differences in results using different exposure metrics, b) the utility of the
internal (based on exposure category) versus external (e.g., SMR and SIR) comparisons of
cancer rates, ¢) the magnitude of the risks, and d) the strength of the epidemiological evidence.

A majority of the Panel agreed with the conclusion in the draft document that the available
evidence supports a descriptor of “Carcinogenic to Humans™ although some Panel members
concluded that the descriptor “Likely to be Carcinogenic to Humans” was more appropriate.
There was consensus that the epidemiological data regarding ethylene oxide carcinogenicity
were not in and of themselves sufficient to provide convincing evidence of a causal association
between human exposure and cancer. Differing views as to the appropriate descriptor for
ethylene oxide were based on differences of opinion as to whether criteria necessary for
designation as “Carcinogenic to Humans” in the absence of conclusive evidence from
epidemiologic studies were met. The majority of Panel members thought that the combined



weight of the epidemiological, experimental animal, and mutagenicity evidence was sufficient to
conclude that EtO is carcinogenic to humans.

The Panel concluded that the assessment would be improved by: 1) a better introduction to the
hazard characterization section, including a brief description of the information that will be
presented; 2) a clear articulation of the criteria by which epidemiologic studies were judged as to
strengths and weaknesses; 3) addition of a more inclusive summary figure and/or table at the
beginning of section 3.0; and 4) inclusion of material now provided in Appendix A of the draft
assessment to within the main body of that assessment.

The Panel agreed with the EPA in their reliance on “internal” estimates of cancer rates rather
than “external” comparisons (SMR, SIR) due to well recognized limitations to the latter method
of analysis.

The Draft Assessment characterizes the magnitude of the unit risk estimate associated with EtO
as “weak”. This finding is substantiated by the epidemiologic evidence where a relatively small
number of excess cancers are found above background even among highly exposed individuals.
However, the magnitude of risk suggested by the unit risk estimate is somewhat at odds with this
concept. Subsequent recommendations in our report try to address this apparent inconsistency.

1.b. Are there additional key published studies or publicly available scientific reports that are
missing from the draft document and that might be useful for the discussion of the
carcinogenic hazard of EtO?

The Panel agreed that the discussion of endogenous metabolic production of ethylene oxide and
the formation of background adducts should be expanded.

The Panel believed that the description of studies of DNA adduct formation resulting from EtO
exposure appears incomplete and superficial. This discussion should be expanded — both in
terms of the number of studies cited and the depth of the discussion.

Since ethylene is metabolized to EtO, some members recommended the inclusion of the ethylene
body of literature for consideration. Most members were hesitant about adding them to the
document, but if added, they cautioned that a discussion of the caveats associated with their
interpretation relative to ethylene oxide should be included.

1.c. Do the available data and discussion in the draft document support the mode of action
conclusions?

The Panel agreed with the Draft Assessment conclusion of a mutagenic mode of action.
However, an expanded discussion of the formation of DNA adducts and mutagenicity is
warranted.

1.d. Does the hazard characterization discussion for EtO provide a scientifically-balanced and
sound description that synthesizes the human, laboratory animal, and supporting (e.g., in
vitro) evidence for human carcinogenic hazard?



While some members of the Panel found the hazard characterization section of the Draft
Assessment to be satisfactory, a majority expressed concerns that this section did not achieve the
necessary level of rigor and balance. An issue in this characterization, particularly in the face of
epidemiological data that are not strongly conclusive, is whether the presumed precursor events
leading to cancer in animals, such as mutations and/or chromosomal aberrations, are observed in
humans. This issue needs to be addressed in greater detail.

Issue 2: Risk Estimation (Section 4 and Appendices C and D of the EPA Draft Assessment)

2. Do the available data and discussion in the draft document support the approaches taken by
EPA in its derivation of cancer risk estimates for EtO? In your response, please include
consideration of the following:

2.a. EPA concluded that the epidemiological evidence alone was strong but less than
completely conclusive (although EPA characterized the total evidence - from human,
laboratory animal, and in vitro studies - as supporting a conclusion that EtO as "'carcinogenic
to humans™). Is the use of epidemiological data, in particular the Steenland et al. (2003,
2004) data set, the most appropriate for estimating the magnitude of the carcinogenic risk to
humans from environmental EtO exposures? Are the scientific justifications for using this
data set transparently described? Is the basis for selecting the Steenland et al. data over other
available data (e.g., the Union Carbide data) for quantifying risk adequately described?

The Panel concurred that the NIOSH cohort is the best single epidemiological data set with
which to study the relationship of cancer mortality to the full range of occupational exposures to
EtO. That said, the Panel encouraged the EPA to broadly consider all of the epidemiological
data in developing its final Assessment. In particular, the Panel encourages the EPA to explore
uses for the Greenberg et al. (1990) data including leukemia and pancreatic cancer mortality and
EtO exposures for 2174 Union Carbide workers from its two Kanawha Valley, West Virginia
facilities. (Also described in Teta et al. 1993; Teta et al., 1999).

The Panel encouraged the EPA to investigate potential instability that may result from
interaction between the chosen time metric for the dose response model and the treatment of time
in the estimated exposure (i.e., log cumulative exposure with 15 year lag) that is the independent
variable in that dose-response model.

2.b. Assuming that Steenland et al. (2003, 2004) is the most appropriate data set, is the use of
a linear regression model fit to Steenland et al.'s categorical results for all
lymphohematopoietic cancer in males in only the lower exposure groups scientifically and
statistically appropriate for estimating potential human risk at the lower end of the observable
range? Is the use of the grouping of all lymphohematopoietic cancer for the purpose of
estimating risk appropriate? Are there other appropriate analytical approaches that should be
considered for estimating potential risk in the lower end of the observable range? Is EPA's
choice of a preferred model adequately supported and justified? In particular, has EPA
adequately explained its reasons for not using a quadratic model approach such as that of
Kirman et al. (2004) based? What recommendations would you make regarding low-dose
extrapolation below the observed range?



The Panel identified several important shortcomings in the linear regression modeling approach
used to establish the point of departure for low dose extrapolation of cancer risk due to EtO. The
Panel was unanimous in its recommendation that the EPA develop its risk models based on
direct analysis of the individual exposure and cancer outcome data for the NIOSH cohort rather
than the approach based on published grouped data that is presently used. The suggested
analysis will require EPA to acquire or otherwise access individual data and develop appropriate
methods of analysis. The panel recommends that the Agency allocate the appropriate resources
to conduct this analysis.

The Panel was divided on whether low dose extrapolation of risk due to environmental EtO
exposure levels should be linear (following Cancer Guideline defaults for carcinogenic agents
operating via a mutagenic MOA) or whether plausible biological mechanisms argued for a nonl
linear form for the low dose response relationship. With appropriate discussion of the statistical
and biological uncertainties, several Panel members strongly advocated that both linear and
nonlinear calculations be considered in the final EtO Risk Assessment.

In conjunction with its recommendation to use the individual NIOSH cohort data to model the
relationship of cancer risk to exposures in the occupational range, the Panel recommended that
the Agency explore the use of the full NIOSH data set to estimate the cancer slope coefficients
that will in turn be used to extrapolate risk below the established point of departure. The use of
different data to estimate different dose response curves should be avoided unless there is both
strong biologic and statistical justification for doing so. The Panel believed this justification was
not made in the Agency's draft assessment.

Although the analysis based on total lymphohematopoietic (LH) cancers might have value as
part of a complete risk assessment, the rationale for this aggregate grouping needs to be better
justified. The Panel recommends that data be analyzed by subtype of LH cancers (e.g. lymphoid,
myeloid) and strong consideration be given to these more biologically justified groupings as
primary disease endpoints.

The Panel was divided in its views concerning the appropriateness of estimating the population
unit risk for LH cancer based only on the NIOSH data for males. Several Panel members pointed
out that a standard approach in cancer epidemiology and risk analysis begins by conducting
separate dose-response analyses on males and females and combining the data only if the results
are similar. Conducting separate analyses for males and females is also the standard practice
when analyzing data from animal carcinogenicity bioassays. A second approach to dealing with
the possibility of gender differences in response is to include gender as a fixed effect in the
statistical modeling of the data and determine whether gender or its interaction with other
predictors (e.g., gender x exposure) are significant explanatory variables. If so, the combined
model with the estimated gender effects could be used directly or separate, gender-specific dose-
response analysis would be performed. If not, the gender effects could be dropped and the model
re-estimated for the combined male and female data. In addition, the Agency should test whether
the male/female differences are mitigated by use of alternate disease endpoints discussed in the
previous paragraph.



2.c. Is the incorporation of age-dependent adjustment factors in the lifetime cancer unit risk
estimate, in accordance with EPA’s Supplemental Guidance (U.S. 2005b), appropriate and
transparently described?

In accordance with EPA guidance, the Draft Assessment applied an Age Dependent Adjustment
Factor (ADAF) to adjust the unit risk for early life exposure. While the majority of the Panel felt
that the application of a default value by the Agency was appropriate due to lack of data, the
description in the Draft Assessment was not adequate, particularly for those not familiar with the
EPA’s Supplemental Guidance.

2.d. Is the use of different models for estimation of potential carcinogenic risk to humans
from the higher exposure levels more typical of occupational exposures (versus the lower
exposure levels typical of environmental exposures) appropriate and transparently described
in Section 4.5?

While the method was transparently described, most of the Panel did not agree with the
estimation based on two different models for two different parts of the dose response curve (see
response to 2b). The use of different data to estimate different dose response models curves
should be avoided unless there is both strong biological and statistical justification for doing so.
The Panel believed this justification was not made in the Agency's draft report.

2.e. Are the methodologies used to estimate the carcinogenic risk based on rodent data
appropriate and transparently described? Is the use of “ppm equivalence” adequate for
interspecies scaling of EtO exposures from the rodent data to humans?

The ppm equivalence method is a reasonable approach for interspecies scaling of EtO exposures
from rodent data to humans. If the use of animal data becomes more important (i.e., the
principal basis for the ethylene oxide unit risk value), more sophisticated approaches such as
PBPK modeling should be considered.



INTRODUCTION

This report was prepared by the Science Advisory Board (SAB) Ethylene Oxide (EtO) Review
Panel (the “Panel”) in response to a request by EPA’s Office of Research and Development
(ORD) to review their draft Evaluation of the Carcinogenicity of Ethylene Oxide. According to
the document, EPA last published an assessment of the potential carcinogenicity of EtO in 1985.
The current assessment reviews the more recent database on the carcinogenicity of EtO.

EtO is a gas at room temperature. It is manufactured from ethylene and used primarily as a
chemical intermediate in the manufacture of ethylene glycol. It is also used as a sterilizing agent
for medical equipment and as a fumigating agent for spices. The largest sources of human
exposure are in occupations involving contact with the gas in plants (facilities) and in hospitals
that sterilize medical equipment. EtO can also be inhaled by residents living near production or
sterilizing/fumigating facilities. The Draft Assessment describes the derivation of inhalation unit
risk estimates for cancer mortality and incidence based on human epidemiological data.

ORD identified 3 issues where they were seeking the SAB’s advice and recommendations.
These included the proposed carcinogenic hazard, risk calculations and uncertainty. The SAB
EtO Review Panel was asked to comment on the scientific soundness of this risk assessment.

The Panel deliberated on the charge questions during their January 18-19, 2007 face-to-face
meeting and during a conference call on May 29, 2007. The responses that follow represent the
views of the Panel. In all cases, there was agreement by a majority of the Panel members as to a
particular recommendation. In some cases, there were some Panel members that had a differing
point of view. These instances have been noted throughout the report and are described in more
detail in appendices authored by two panel members to provide further discussion of the issues
where the Panel had divergent opinions, e.g., low dose extrapolation and the healthy worker
survivor effect (Appendix A- Discussion of the Resurgent Controversy over Thresholds for
Genetically Acting Agents and Appendix B- Illustration of a Simple Approach for
Approximately Assessing the Effect of Measurement/Estimation Uncertainties for Individual
Worker Exposures on Estimates of Dose Response Slopes and Appendix C- Framework Analysis
of Genotoxicity and Risk Assessment).

The specific charge questions to the Panel are as follows:

Charge Questions

The memo requesting this review along with the complete charge to the Panel can be found in its
entirety in Attachment 1. Below is an abbreviated version of the charge questions.

Issue 1: Carcinogenic Hazard (Section 3 and Appendix A of the EPA Draft Assessment)

1. Do the available data and discussion in the draft document support the hazard conclusion that
EtO is carcinogenic to humans based on the weight-of-evidence descriptors in EPA’s 2005
Guidelines for Carcinogen Risk Assessment? In your response, please include consideration of
the following:



l.a. EPA concluded that the epidemiological evidence on EtO carcinogenicity was strong, but
less than completely conclusive. Does the draft document provide sufficient description of the
studies, balanced treatment of positive and negative results, and a rigorous and transparent
analysis of the data used to assess the carcinogenic hazard of ethylene oxide (EtO) to humans?
Please comment on the EPA's characterization of the body of epidemiological data reviewed.
Considerations include: a) the consistency of the findings, including the significance of
differences in results using different exposure metrics, b) the utility of the internal (based on
exposure category) versus external (e.g., SMR and SIR) comparisons of cancer rates, c) the
magnitude of the risks, and d) the strength of the epidemiological evidence.

1.b. Are there additional key published studies or publicly available scientific reports that are
missing from the draft document and that might be useful for the discussion of the carcinogenic
hazard of EtO?

1.c. Do the available data and discussion in the draft document support the mode of action
conclusions?

1.d. Does the hazard characterization discussion for EtO provide a scientifically-balanced and
sound description that synthesizes the human, laboratory animal, and supporting (e.g., in vitro)
evidence for human carcinogenic hazard?

Issue 2: Risk Estimation (Section 4 and Appendices C and D of the EPA Draft Assessment)

2. Do the available data and discussion in the draft document support the approaches taken by
EPA in its derivation of cancer risk estimates for EtO? In your response, please include
consideration of the following:

2.a. EPA concluded that the epidemiological evidence alone was strong but less than completely
conclusive (although EPA characterized the total evidence - from human, laboratory animal, and
in vitro studies - as supporting a conclusion that EtO as "carcinogenic to humans”). Is the use of
epidemiological data, in particular the Steenland et al. (2003, 2004) data set, the most appropriate
for estimating the magnitude of the carcinogenic risk to humans from environmental EtO
exposures? Are the scientific justifications for using this data set transparently described? Is the
basis for selecting the Steenland et al. data over other available data (e.g., the Union Carbide
data) for quantifying risk adequately described?

2.b. Assuming that Steenland et al. (2003, 2004) is the most appropriate data set, is the use of a
linear regression model fit to Steenland et al.'s categorical results for all lymphohematopoietic
cancer in males in only the lower exposure groups scientifically and statistically appropriate for
estimating potential human risk at the lower end of the observable range? Is the use of the
grouping of all lymphohematopoietic cancer for the purpose of estimating risk appropriate? Are
there other appropriate analytical approaches that should be considered for estimating potential
risk in the lower end of the observable range? Is EPA's choice of a preferred model adequately
supported and justified? In particular, has EPA adequately explained its reasons for not using a
quadratic model approach such as that of Kirman et al. (2004) based? What recommendations
would you make regarding low-dose extrapolation below the observed range?



2.c. Is the incorporation of age-dependent adjustment factors in the lifetime cancer unit risk
estimate, in accordance with EPA’s Supplemental Guidance (U.S. 2005b), appropriate and
transparently described?

2.d Is the use of different models for estimation of potential carcinogenic risk to humans from
the higher exposure levels more typical of occupational exposures (versus the lower exposure
levels typical of environmental exposures) appropriate and transparently described in Section
4.5?

2.e. Are the methodologies used to estimate the carcinogenic risk based on rodent data
appropriate and transparently described? Is the use of “ppm equivalence” adequate for
interspecies scaling of EtO exposures from the rodent data to humans?

Issue 3: Uncertainty (Sections 3 and 4 of the EPA Draft Assessment)

1. EPA’s Risk Characterization Handbook requires that assessments address in a transparent
manner a number of important factors. Please comment on how well this assessment clearly
describes, characterizes and communicates the following:

a. The assessment approach employed;

b. The use of assumptions and their impact on the assessment;

c. The use of extrapolations and their impact on the assessment;

d. Plausible alternatives and the choices made among those alternatives;

e. The impact of one choice versus another on the assessment;

f. Significant data gaps and their implications for the assessment;

g. The scientific conclusions identified separately from default assumptions and policy calls;
h. The major risk conclusions and the assessor’s confidence and uncertainties in them, and;
1. The relative strength of each risk assessment component and its impact on the overall
assessment.



RESPONSES TO THE CHARGE QUESTIONS

Specific responses to each of the charge questions are presented below. The Panel has
responded to Charge Questions 1 and 2 and has tried to incorporate their comments regarding
Charge Question 3 within those responses. A separate response for Charge Question 3 was not
deemed necessary since issues of uncertainty were addressed in the responses to charge
questions 1 and 2.

Charge Question 1- Hazard Descriptor

The Agency’s assessment concludes that in accordance with EPA’s 2005 Guidelines for
Carcinogen Risk Assessment (U.S. EPA, 2005a), EtO was characterized as carcinogenic to humans
based on the total weight of evidence. This evidence, as assessed by EPA, included: a) strong,
though less than completely conclusive, evidence of carcinogenicity from human studies; b)
sufficient evidence of carcinogenicity in laboratory animals; ¢) EtO is a direct-acting alkylating
agent with clear evidence of mutagenicity/genotoxicity, and there is sufficient evidence that DNA
adduct formation and the resulting mutagenic/genotoxic effects are key events in the mode of
action of EtO carcinogenicity; d) evidence of chromosome damage in humans exposed to EtO,
supporting the inference that the same mode of action for EtO carcinogenicity is operative in
humans.

1. Do the available data and discussion in the draft document support the hazard
conclusion that EtO is carcinogenic to humans based on the weight-of-evidence descriptors
in EPA’s 2005 Guidelines for Carcinogen Risk Assessment? In your response, please
include consideration of the following:

1l.a. Qualitative Characterization of Epidemiology Data

EPA concluded that the epidemiological evidence on EtO carcinogenicity was strong, but
less than completely conclusive. Does the draft document provide sufficient description of
the studies and transparent analysis of the data used to assess the carcinogenic hazard of
EtO to humans? Please comment on the EPA’s characterization of the body of
epidemiological data reviewed. Considerations include:

a) the consistency of the findings, including the significance of differences in results using
different exposure metrics, b) the utility of the internal (based on exposure category) versus
external (e.g., SMR and SIR) comparisons of cancer rates, c) the magnitude of the risks,
and d) the strength of the epidemiological evidence.

A majority of the Panel agreed with the conclusion in the draft document that the
available evidence supports a descriptor of “Carcinogenic to Humans” but some of Panel
members concluded that the descriptor “Likely to be Carcinogenic to Humans” was more
appropriate. The consensus of the Panel was that the epidemiological data regarding ethylene
oxide carcinogenicity did not provide convincing evidence of a causal association between
human exposure and cancer. The differing views as to the appropriate descriptor for ethylene
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oxide were based on whether all of the requirements for designation as “Carcinogenic to
Humans” in the absence of convincing epidemiological evidence were met. Panel members
favoring a descriptor of “Carcinogenic to Humans” found the epidemiological evidence for an
association between ethylene oxide exposure and cancer to be adequate, albeit not strong enough
to assert causality. Other Panel members found the epidemiological evidence to be weak, lacking
consistency across multiple studies, and they concluded that the data were currently insufficient
to conclude that key precursor events were observed in humans.

The Panel believes that the document would be improved by a better introduction to the
hazard characterization section, including a brief description of the information that will be
presented. EPA has provided a comprehensive review (when the Draft Assessment as a whole is
considered) of the existing epidemiologic evidence relevant to ethylene oxide and a fair,
transparent, and critical assessment of this evidence for purposes of classifying EtO as a human
carcinogen. Presentation of the epidemiologic evidence would be strengthened by including a
summary figure and/or table at the beginning of section 3.0. In particular, the authors should
include the material now provided in Appendix A of the Draft Assessment to within the main
body of that Assessment. These tables should also provide clearer information on the observed
endpoints, in particular any information regarding cancer type within the broad category of
lymphohematopoietic cancers.

Based on this review, the Agency’s assessment that the evidence is “strong but less than
completely conclusive” is supported although a characterization of the epidemiologic evidence
as “strong” is questionable. This ambiguity and the “less than completely conclusive”
assessment is appropriate given the uncertainties and inconsistencies in the occupational
epidemiology as is accurately summarized on page 11 of the Draft Assessment “3.1.1
Conclusions Regarding the Evidence of Cancer in Humans.” EPA has both appropriately
applied the Hill criteria (Bradford-Hill, 1965) to assess causality and correctly interpreted their
application to the existing data. EPA’s determination of EtO as a human carcinogen is robust in
that this conclusion is sustained by the largest and highest quality study (i.e., the NIOSH study)
under a variety of approaches to exposure classification. EPA appropriately identifies Steenland
et al. as the critical study for establishing human carcinogenicity. We agree with EPA in their
reliance on “internal” estimates of cancer rates rather than “external” comparisons (SMR, SIR)
due to well recognized limitations to the latter method of analysis. The Draft Assessment
characterizes the magnitude of the risk associated with EtO as “weak”. This finding is well
substantiated by the epidemiologic evidence where a relatively small number of excess cancers
are found above background even among highly exposed individuals. A more comprehensive
discussion with additional perspective can be provided by comparing EtO’s unit risk to other
similar carcinogens such as benzene, 1,3-butadiene, and/or formaldehyde.

The EPA’s reliance on the NIOSH studies in providing a robust basis for assessment is
well justified based on the sample size and available quantitative exposure data. In this study,
the strongest exposure response associations were found with log cumulative exposure rather
than average or peak exposure. Such a basis for exposure classification is well supported for a
chronic effect such as cancer. The Draft Assessment describes both the internal and external
cancer rates reported within the literature. This is appropriate both for providing an accurate
summary and for addressing the different dimensions of EPA’s evaluation, i.e. strength of
evidence and unit risk estimate. There was a strong sense among the Panel that the EPA’s risk

10



characterization could be improved by additional analyses of the raw NIOSH data, taking into
account the individual exposure data in the dose-response model

1.b. Relevant Additional Key Studies

Are there additional key published studies or publicly available scientific reports that are
missing from the draft document and that might be useful of the discussion of the
carcinogenic hazard of EtO?

Although the Draft Assessment generally provides a clear and concise summary of the
literature regarding EtO, the Panel identified two areas that deserve a more expansive treatment.
First, endogenous production of EtO results in some measure of background DNA adducts and
this issue should be addressed more fully in the document. The presentation of data from a single
reference (Bolt, 1996) giving background levels of 7-HEG in unexposed humans suggests that (i)
these values are the most reliable and (ii) the potential impact of spontaneous hydroxyethylation
of DNA by endogenously formed EtO has little to no importance in the estimation of human
cancer risk for this chemical. However, it has been known for nearly 20 years that endogenous
formation of ethylene and conversion to EtO leads to 2-hydroxyethylation of DNA yielding
background levels of 7-HEG in unexposed humans and rodents (Fost et al., 1989; Walker et al.,
1992b, 2000; Cushnir et al., 1993; Farmer et al., 1993; van Delft et al., 1993, 1994; Leutbecher,
1995; Bolt et al., 1997; Wu et al., 1999; Zhao et al., 1999). Table V in Walker et al. (2000) lists a
series of studies of background levels of these adducts in differing tissues of unexposed humans
(see references therein), showing that lower spontaneous levels of 7-HEG have been typically
found using more sensitive detection methods than those used in reports cited in Bolt’s
commentary (1996) (see references therein). In another commentary/review, Farmer and Shuker
(1999) suggest that in order to estimate the increase in cancer risk attributable to a given external
exposure, it is clearly important to establish and consider background levels of corresponding
DNA damage so that the scale of the incremental increase can be calculated. It is mainly for this
reason that more sensitive and specific analytical methods have been developed for the
measurement of background and EtO treatment-induced levels of 7-HEG than for any single
other DNA adduct (supporting references available). Because the levels of background 7-HEG
are fairly substantial, and there are no chemical differences in DNA damage by endogenous
versus exogenous EtO, the Draft Assessment requires a section considering the potential impact
of endogenous versus exogenous EtO exposure that carefully lays out (i) why the current
evidence of background levels of 2-hydroxyethylation of DNA does not constitute a threshold
and (ii) whether the magnitude and variability in endogenous EtO-induced damage may
overwhelm any contribution from exogenous EtO exposure (other than some acute high-dose
exposure).

Second, a more comprehensive discussion of the production of DNA adducts by EtO
exposure would be appropriate. For the last paragraph of section 3.3.1 (page 21), a report by Dan
Segerbick (1990) showed that treatment of calf thymus DNA with '*C-labelled EtO resulted in
the formation of N7-HEG, N3-HEA, and OS-HEG at a ratio of 200:8.8:1. The Draft Assessment
suggested that this ratio of DNA adducts was found in a study of EtO-exposed rats by Zhao et al.
(1997); however, N7-HEG was the only product of EtO-induced hydroxyethylation measured in
this study. Instead, Walker et al. (1992b) found that the ratio of the steady-state concentrations
of 7-HEG, 3-HEA, and O°-HEG was 300:1.2:1 following repeated exposures of rats to EtO,
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indicating that 3-HEA and O°-HEG do not accumulate in vivo to the levels predicted by the in
vitro ratios of these adducts and 7-HEG. The same misquoting of Zhao et al., (1997) about the
ratio of these three DNA adducts is present beginning on the last line of page 21 of the Draft
Assessment.

Finally, some Panel members supported the inclusion of the cancer bioassay results for
ethylene exposure and believed they were relevant and should be discussed in the Draft
Assessment. However, others on the Panel were less enthusiastic about this addition and felt that,
were the ethylene results to be included, a careful discussion of the caveats to their interpretation
relative to EtO carcinogenicity would be essential. The rationale for including the bioassay
results for inhalation exposure of F344 rats to ethylene (Hamm et al., 1984) is as follows. There
were no treatment- or dose-dependent increases in the induction of neoplasms following 2 years
of exposure to 0, 300, 1000, or 3000 ppm ethylene, suggesting that the levels of in vivo
formation of EtO during exogenous exposures to ethylene were insufficient to have carcinogenic
effects. In vivo metabolism of ethylene at high exogenous exposures (>1000 ppm) is saturated
and EtO is formed at the highest rate possible in the rat, with ethylene concentrations higher than
1000 ppm corresponding to exogenous exposure to approximately 6 ppm EtO based upon N7-(2[
hydroxyethyl)valine values and a two-compartment model (Bolt and Filser, 1987; Czanady et al.,
2000; Walker et al., 2000). Measurements of N7-(2-hydroxyethyl)guanine (7-HEG) adduct
levels in rats exposed to ethylene or directly to EtO indicate that 3000 ppm ethylene exposures
yield equivalent EtO levels of 6.4 to 9.5 ppm in various tissues except for liver (Walker et al.,
2000). The resulting reactions with nucleic acids and proteins following in vitro or in vivo
exposures to EtO are purely chemical in nature. In terms of potential differences in the nature
and/or the degree of DNA damage produced by hydroxyethylcarbonium ions resulting from (i) in
vivo conversion of endogenously formed ethylene to EtO, (ii) in vivo formation of EtO
following exogenous exposure to ethylene, and (iii) exogenous exposures to EtO — there is no
biological, chemical, or theoretical basis for believing that hydroxyethylation arising from these
three different sources is different and imposes more or less genetic risk. Furthermore, EtO
arising from metabolism of endogeous/exogenous ethylene or from exogenous EtO exposures is
rapidly and evenly distributed to all tissues (except for testis) in vivo (Wu et al., 1999; Walker et
al., 2000). Thus, under standard cancer bioassay conditions using 63 to 80 rats per group, the
ethylene equivalent of approximately 6 ppm EtO appears to be below the limit of detection for a
tumor response over the spontaneous background in the F344 rat.

For the first paragraph of section 3.3.2.1, increased frequencies of Hprt gene mutations
were also observed in lymphocytes of rats at concentrations of EtO used in cancer studies with
this species (Tates et al., 1999; van Sittert et al., 2000; Walker et al., 2000). Likewise, for the
sentence beginning on page 24, line 27, the underlined changes are suggested: “Increases in the
frequency of gene mutations in the lung, in T-lymphocytes, in bone marrow, and/or in the testes
have been observed in transgenic mice and in rats exposed to EtO by inhalation......” For the
remainder of this section, it should be noted that Hprt refers to the rodent gene while HPRT is
reserved for the human counterpart in discussing data about this reporter gene.
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1.c. Mode of Action

Do the available data and discussion in the draft document support the mode of action
conclusions?

The Panel agrees with the conclusion in the draft assessment that the available data

strongly support the action of EtO as a genotoxic agent producing DNA adducts as well as
cytogenetic and small-scale mutagenic effects. However, a more careful discussion of the

sequence of events that are presumed to lead to EtO-induced mutagenesis is warranted. In the

Draft Assessment, the description of the events leading to gene mutations and chromosome
damage presume that 7-HEG and N-alkylated bases are indirectly responsible, or primarily

responsible, for genetic changes. The section on the mode of action does not consider any other

possibilities to explain the genotoxicity of EtO, which include (but are not limited to) the
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potential consequences of (i) formation of minor promutagenic adducts, (ii) hydroxyethylation of
the DNA backbone, and (iii) the formation of secondary reactive species including reactive
oxygen species. The sentence beginning on line 4 of page 22 states that “HEG adducts result in
various types of cytogenetic damage, including gene mutations, which have been observed in
mice and rats”. However, there is currently limited evidence to directly support this statement.

As discussed in a recent review by Albertini and Sweeney (2006), N7-alkylguanine
adducts formed from small epoxides such as EtO and propylene oxide do not cause distortion of
the double helix and do not interfere with hydrogen bonding; rather, they are hypothesized to
result in mutation via loss of N7-alkylguanine via depurination or the action of DNA
glycosylases, leaving an apurinic site in the DNA. The action of apurinic endonuclease indeed
creates a DNA single-strand break which, if unresolved, can lead to DNA double-strand breaks.
Furthermore, depurination of N7-alkylguanine can result in preferential insertion of an adenine
(according to the A-rule) or another base leading to mispairing/mutations. Based upon the initial
mutational spectra data for EtO in mice (Walker and Skopek, 1993), it was hypothesized that
formation of apurinic (AP) sites might be involved in the mutagenesis of EtO. In order for these
mutagenic events to occur at a rate sufficient to result in an EtO-induced changes in mutational
spectra (including increases in double-strand breaks and changes in mutant fractions for point
mutations), then accumulation of AP sites arising from high levels of 7-HEG would be expected
to occur over time. A study was recently completed to test the hypothesis that EtO exposure
results in the accumulation of AP sites and induces changes in the expression of genes for base
excision DNA repair, predisposing to point mutations and chromosomal aberrations in F344 rats
exposed by inhalation for 4 weeks to 0 or 100 ppm EtO, or 0 to 3000 ppm ethylene, (Rusyn et
al., 2005). The resulting data demonstrated that DNA damage induced by exposure to EtO is
repaired without accumulation of AP sites, and that the mechanisms proposed above play a
minor role in the mutagenicity of EtO. The same conclusions would apply to the accumulation of
3-HEA formed in minor amounts in EtO-exposed rats (Walker et al., 1992b), and the induction
of strand breaks or point mutations at A:T base pairs. Rusyn et al. (2005) have suggested that the
mutagenic effects of EtO were likely to be the result of minor promutagenic adducts, such as O°[
HEG, N1-HEAdenine, or possibly ring-opened 7-HEG.

Drs. Lars Ehrenberg and Timothy Fennell have independently proposed that EtO may
induce strand breaks and chromosomal alterations via 2-hydroxyethylation of the DNA
backbone. 2-Hydroxyethylation of phosphate groups introduces extreme instability into the
sugar-phosphate backbone because the resulting phosphotriester breaks down through a
dioxaphospholane ring intermediate (Eisenbrand et al., 1986). This alternative mechanism for
EtO-induced strand breaks and chromosomal damage is not mentioned in the Draft Assessment.

In summary, the overall genetic toxicology data strongly support the consistent action of
EtO as a relatively weak mutagen and clastogen, but the underlying mechanisms for its mode of
action as a genotoxin are not known with a high degree of certainty. The paucity of knowledge
about the fundamental ways in which EtO acts to induce large- and small-scale mutations is not
reflected in the mode-of-action section; rather this section is presented as if there is a good basic
understanding (which does not currently exist).
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1.d. Hazard Characterization

Does the hazard characterization discussion for EtO provide a scientifically-balanced and
sound description that synthesizes the human, laboratory animal, and supporting (e.g., in
vitro) evidence for human carcinogenic hazard?

While some members of the Panel found the hazard characterization section of the Draft
Assessment to be satisfactory, a majority expressed concerns that this section did not achieve the
necessary level of rigor and balance. As discussed above, a majority of Panel members agreed
with the overall characterization of EtO as a human carcinogen. However, a critical issue in this
characterization, in particular in the face of epidemiological data that are not strongly conclusive,
is whether the precursor events leading to cancer in animals are observed in humans at the levels
to which they are exposed to EtO.

The mode of action for EtO carcinogenicity involves the key events of DNA alkylation
and the induction of point mutations and/or chromosomal changes. Evidence for genotoxicity of
EtO in humans is largely based on cytogenetic analyses. The frequency of cells with
chromosomal aberrations and micronuclei in peripheral blood cells are two of the most accepted
cytogenetic biomarkers used in human population studies because they were the first indicators
of effect shown to be early predictors of cancer risk. However, the micronucleus data in EtO[]
exposed humans are weak, with very small increases reported, and the abundant data on
chromosomal aberrations in EtO-exposed people have not demonstrated, with confidence, the
occurrence of stable chromosome changes leading to mutations. As indicated at the bottom of
page 20 of the Draft Assessment, chromosome painting/FISH are needed to detect and quantify
stable chromosomal aberrations, which would provide more conclusive evidence for classifying
EtO as a human carcinogen. A problem in the hazard characterization in the Draft Assessment is
the lack of an adequate review of the cytogenetic data for EtO in exposed rodents and head-to![
head comparisons to corresponding data in humans. The sections concerning sister chromatid
exchanges (SCEs) (3.3.2.2) and chromosomal aberrations (3.3.2.3) in the Supporting Evidence
present only data from human studies and overlook contradictory or equivocal findings from
studies of EtO-exposed rodents. Furthermore, there is no discussion of findings related to
micronuclei in humans or rodents in the Supporting Evidence section. In brief, several studies
have shown that repeated exposures of rats to high concentrations of EtO induces dose-related
increases in SCEs (Kligerman et al., 1982; Ong et al., 1993; van Sittert et al., 2000; Lorenti
Garcia et al., 2001). Treatment of rats and mice with high acute doses of EtO by i.p./i.v.
injection or oral dosing (i.e., routes of exposure not relevant to humans) also caused increases in
the frequencies of micronuclei or chromosomal aberrations (Strekalova et al., 1971; Applegren et
al., 1978; Conan et al., 1979; Jensen and Ramel, 1980; Farooqui et al., 1993). In contrast,
following inhalation exposures (i.e., a route of exposure relevant to humans), no increases in the
frequencies of micronuclei or chromosomal aberrations were found in peripheral blood/splenic
lymphocytes from rats exposed at concentrations of 50 to 450 ppm EtO for 1 or 3 days
(Kligerman et al., 1982) or 50 to 200 ppm EtO for 4 weeks (5 days/week, 6 h/day) (van Sittert et
al., 2000; Lorenti Garcia et al., 2001). Furthermore, two studies showed that 4 weeks of
exposure of rats to 200 ppm EtO failed to cause an increase in translocations (van Sittert et al.,
2000; Lorenti Garcia et al., 2001) (e.g., the % translocation in controls and 200 ppm rats were
0.1% and 0.09%, respectively, in the latter study). In the study by van Sittert et al. (2000), the
authors concluded that “The absence of effects on reciprocal translocations (assessed by FISH)
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demonstrates that 4 weeks of inhalation exposure to EO at high levels does not produce
genetically transmissible chromosome aberrations in the rat.” A single study reported that
repeated exposures of mice at 200 to 600 ppm EtO for two weeks induced chromosomal
aberrations in bone marrow cells (Ribeiro et al., 1987), but no studies have been performed to
assess whether this chemical causes transmissible chromosome aberrations in somatic cells in
this species.

In contrast to lack of data supporting induction of chromosome aberrations and reciprocal
translocations at EtO concentrations used in rodent carcinogenicity studies of this chemical, there
are unequivocal data from three research groups (cited reports by Les Recio, Ad Tates, and
Vernon Walker) showing that EtO causes dose-related increases in point mutations in multiple
tissues of mice and rats exposed by inhalation to 50, 100, or 200 ppm EtO, or concentrations
used in the cancer bioassays of EtO, as well as in oncogenes and tumor suppressor genes of
various EtO-induced cancers in the mouse (Houle et al., 2006; Hong et al., 2007). In these rodent
studies using the Hprt and/or lacl reporter genes, EtO was consistently a weak point mutagen.
However, as noted in the Draft Assessment, studies of the induction of Hprt mutations in EtO[]
exposed humans have been inconclusive.

Thus, studies of both humans and rodents exposed to EtO have yielded evidence
consistent with the genotoxic mode of action of EtO, but different types of genetic alterations are
demonstrated in the two species.

Charge Question 2- Dose-Response Analysis

The Agency’s assessment describes the derivation of inhalation unit risk estimates for
cancer mortality and incidence based on the human data. An ECy; of 44 ug/m’ (0.024 ppm) was
calculated using a life-table analysis and linear modeling of the categorical Cox regression
analysis results for excess lymphohematopoietic cancer mortality in males reported in a high-
quality occupational epidemiologic study (Steenland et al., 2004). Linear low-dose extrapolation
from the LECy; yielded a lifetime extra cancer mortality unit risk estimate of 5.0 x 10 per
ng/m’ (0.92 per ppm) of continuous EtO exposure. According to EPA’s assessment,applying the
same linear regression coefficient and life-table analysis to background male
lymphohematopoietic cancer incidence rates yielded an ECo; of 24 pg/m’ (0.013 ppm) and a
preferred lifetime extra cancer unit risk estimate of 9.0 x 10™ per pg/m® (1.6 per ppm). The
preferred estimate was greater than the estimate of 5.0 x 10™ per pg/m’ (0.91 per ppm; ECy; = 44
png/m’) calculated, using the same approach, from the results of a breast cancer incidence study
of the same worker cohort (Steenland et al., 2003), and was recommended as the potency
estimate for Agency use.

According to the Agency’s assessment, the weight of evidence supports a mutagenic
mode of action for EtO carcinogenicity. The Draft Assessment then concludes that, in the
absence of chemical-specific data on early-life susceptibility, an increased early-life
susceptibility should be assumed and the age-dependent adjustment factors (ADAFs) should be
applied, in accordance with EPA’s Supplemental Guidance for Assessing Susceptibility From
Early-Life Exposure to Carcinogens, hereinafter referred to as “EPA’s Supplemental Guidance”
(U.S. EPA, 2005b). Applying the ADAFs to the unit risk estimate of 9.0 x 10 per pg/m’ yields
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an adjusted full lifetime unit risk estimate of 1.5 x 107 per ug/m’, and the commensurate lifetime
chronic exposure level of EtO corresponding to an increased cancer risk of 10 is 0.0007pg/m’.
[Note that for less-than-lifetime exposure scenarios (or for exposures that vary with age), the
unadjusted (adult-based) potency estimate of 9.0 x 10™* per pg/m’ should be used, in conjunction
with the ADAFs as appropriate, in accordance with EPA’s Supplemental Guidance.]

In the Agency’s assessment, unit risk estimates were also derived from the three chronic
rodent bioassays for EtO reported in the literature. These estimates, ranging from 2.2 x 10~ per
ng/m’ to 4.6 x 107 per ug/mS, are about an order of magnitude lower than the estimates based on
human data [unadjusted for early-life susceptibility]. The Agency takes the position that human
data, if adequate data are available, provide a more appropriate basis than rodent data for
estimating population risks (U.S. EPA, 2005a), primarily because uncertainties in extrapolating
quantitative risks from rodents to humans are avoided. Although there is a fairly sizable
difference between the rodent- and human-based estimates, the assessment infers that the
similarity between the unit risk estimates based on the male lymphohematopoietic cancer and the
female breast cancer results increases confidence in the use of the unit risk estimate based on the
male lymphohematopoietic cancer results. According to the Agency assessment, the unit risk
estimates were developed for environmental exposure levels and are not necessarily applicable to
higher-level occupational exposures, that appear to be subject to a different exposure-response
relationship. However, occupational exposure levels are of concern to EPA when EtO is used as
a pesticide (e.g., fumigant for spices). Therefore, it is appropriate that EPA presents unit risk
estimates for occupational exposure scenarios.

2. Do the available data and discussion in the draft document support the approaches taken
by EPA in it derivation of cancer risk estimates for EtO? In your response, please include
consideration of the following:

2.a. Selection of Epidemiology Studies

EPA concluded that the epidemiological evidence alone was strong but less than completely
conclusive (although EPA characterized the total evidence - from human, laboratory
animal, and in vitro studies - as supporting a conclusion that EtO as ""carcinogenic to
humans”). Is the use of epidemiological data, in particular the Steenland et al. (2003, 2004)
data set, the most appropriate for estimating the magnitude of the carcinogenic risk to
humans from environmental EtO exposures? Are the scientific justifications for using this
data set transparently described? Is the basis for selecting the Steenland et al. data over
other available data (e.g., the Union Carbide data) for quantifying risk adequately
described?

The Panel agreed that the epidemiological evidence is less than completely conclusive.
The data are somewhat consistent in showing a weak to moderate excess carcinogenic response.
It is not unusual for epidemiological evidence to be strong but in and of itself not provide
conclusive evidence of causation. It is appropriate in light of conclusive evidence in animals to
use sound human epidemiological studies to determine the dose response even though in and of
themselves these studies may not provide conclusive evidence of carcinogenicity.

19



The Panel agreed that the NIOSH retrospective cohort study with observations on in excess
of 18,000 workers from 13 sterilizing facilities is the best single source of data for determining
the dose-response relationship for evaluating the risk of low level EtO exposure in human
populations (Steenland et al, 2004).

As a single source, the epidemiological data for the NIOSH cohort has the following distinct
advantages:

1) A large (18,000+) sample of workers with long periods of exposure to EtO;
2) A roughly 55%/45% female to male gender ratio, similar to the general population;

3) Multiple distinct facilities with worker exposure estimates. (Facility intra-class correlation is
never considered in any of the models applied to th