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Robert Holden

Liskow & Lewis Pa—

One Shell Square RESEARCH AND DEVELOPMENT
701 Poydras Street, Suite 5000

New Orleans, LA 70139

Dear Mr. Holden:

This letter is in response to the Request for Correction (RFC) received by the U.S. Environmental
Protection Agency (EPA) on June 26, 2017, which was assigned RFC #17002 for tracking purposes. The
letter was provided on behalf of Denka Performance Elastomer LLC (DPE). In the RFC letter, DPE states
that the Toxicological Review of Chloroprene (CAS No. 126-99-8) In Support of Summary Information on
the Integrated Risk Information System (IRIS), disseminated by EPA’s Office of Research and
Development (ORD) in 2010 (referred to herein as the “IRIS chloroprene assessment™), does not reflect
the “best available science” or “sound and objective scientific practices” and requests correction.

Summary of the Request

The DPE RFC requests the IRIS chloroprene assessment be corrected in three ways: 1) the EPA-derived
inhalation unit risk (IUR) of 5 x 10™* per ug/m® be replaced with a value derived by Ramboll Environ of
3.2 x 10" per ug/m?, or withdrawn; 2) the EPA cancer classification of chloroprene as a “likely” human
carcinogen be classified instead as a “suggestive” human carcinogen; and 3) the EPA derived Reference
Concentration (RfC) be withdrawn pending further IRIS review. The RFC letter indicates, as an
alternative, that the EPA immediately withdraw the IRIS IUR and RfC values pending further review.

To support the RFC, DPE provided a document “...organized into six sections: Section I demonstrates
that the 2010 IRIS Review constitutes “information” “disseminated” to the public; Section II shows that
the 2010 IRIS Review is subject to heightened information quality standards because it is influential
scientific information; Section III explains how the 2010 IRIS Review fails to comply with the EPA
Guidelines; Section IV shows how EPA’s correction of the 2010 IRIS Review would benefit DPE, which
has been harmed by its errors; Section V provides DPE’s contact information; and Section VI sets forth
the relief that DPE is seeking.”

The EPA Response to DPE Request for Correction

In the Attachments to this response, EPA addresses the assertions and topics raised in Section III of the
RFC as this section is relevant to the science evaluation represented in the IRIS chloroprene assessment
under EPA’s Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility and Integrity of
Information Disseminated by the Environmental Protection Agency (IQG). The information and assertions
in the other sections are either not in dispute or are not pertinent to the evaluation of science issues under
the RFC.

Internet Address (URL) ¢ http://www.epa.gov
Recycled/Recyclable ¢ Printed with Vegetable Oil Based Inks on 100% Postconsumer, Process Chlorine Free Recycled Paper
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Conclusion

The EPA, after careful review of the RFC submitted by DPE, has concluded that the underlying
information and conclusions presented in the Toxicological Review of Chloroprene (CAS No. 126-99-8)
In Support of Summary Information on the Integrated Risk Information System (IRIS) are consistent with
the EPA’s Information Quality Guidelines.

Your Right to Appeal

If you are dissatisfied with the response, you may submit a Request for Reconsideration (RFR) as
described in EPA’s Information Quality Guidelines. The EPA requests that any such RFR be submitted
within 90 days of the date of the EPA’s response. If you choose to submit a RFR, please send a written
request to the EPA Information Quality Guidelines Processing Staff via mail (Information Quality
Guidelines Processing Staff, Mail Code 2821T, USEPA, 1200 Pennsylvania Avenue, NW, Washington,
DC 20460); or electronic mail (quality ¢ cpa.gov). If you submit a RFR, please reference the case
number assigned to this original Request for Correction (RFC #17002). Additional information about
how to submit an RFR is listed on the EPA Information Quality Guidelines website at

http: Yepa.goy qualitv/informationguidelines/index.himl.

Sincerely,
‘% /Q.Zavﬂ L j/

ennifer Orme-Zavaleta, Ph.D.
Principal Deputy Assistant Administrator for Science

Cc:  Tina Bahadori, ScD ORD/NCEA Director
Stephen Fine, PhD, Acting Chief Information Officer
David Gray, EPA Region 6 Director of External Affairs
Vincia Holloman, Director of Enterprise Quality Management Division
Anne Idsal, JD, Region 6 Administrator
Kristina Thayer, ORD/NCEA IRIS Division Director
John Vandenberg, ORD/NCEA RTP Division Director

Attachment 1: U.S. EPA Response to the Denka Performance Elastomers (DPE) Request for Correction
of the Toxicological Review of Chloroprene (CAS No. 126-99-8) In Support of Summary Information on
the Integrated Risk Information System (IRIS)

Attachment 2: Systematic Review of Chloroprene [CASRN 126-99-80] Studies Published Since 2010
IRIS Assessment to Support Consideration of the Denka Request for Correction (RFC). January 2018.
USEPA, ORD, NCEA-IRIS, Washington DC.
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Attachment 1

U.S. EPA Response to the Denka Performance Elastomers (DPE)
Request for Correction (RFC) of the
Toxicological Review of Chloroprene (CAS No. 126-99-8) In Support of
Summary Information on the Integrated Risk Information System (IRIS)

January, 2018

Integrated Risk Information System
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
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The Request

The Denka Performance Elastomers (DPE) Request for Correction (RFC) requests the IRIS chloroprene
assessment be corrected in three ways: 1) the EPA-derived inhalation unit risk (IUR) of 5 x 10 per ug/m?
be replaced with a value derived by Ramboll Environ of 3.2 x 10 per ug/m?3, or withdrawn; 2) the EPA
cancer classification of chloroprene as a “likely” human carcinogen be classified instead as a
“suggestive” human carcinogen; and 3) the EPA derived Reference Concentration (RfC) be withdrawn
pending further IRIS review. The RFC letter indicates, as an alternative, that the EPA immediately
withdraw the IRIS IUR and RfC values pending further review.

To support the RFC, DPE provided a document “...organized into six sections: Section | demonstrates
that the 2010 IRIS Review constitutes “information” “disseminated” to the public; Section Il shows that
the 2010 IRIS Review is subject to heightened information quality standards because it is influential
scientific information; Section Ill explains how the 2010 IRIS Review fails to comply with the EPA
Guidelines; Section IV shows how EPA’s correction of the 2010 IRIS Review would benefit DPE, which has
been harmed by its errors; Section V provides DPE’s contact information; and Section VI sets forth the
relief that DPE is seeking.”

Response

In this response, the EPA is addressing the assertions and topics raised in Section Ill of the RFC as this
section is relevant to the science evaluation represented in the IRIS chloroprene assessment under EPA’s
Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility and Integrity of Information
Disseminated by the Environmental Protection Agency (IQG).

In this response, the EPA is addressing the following topics as raised in the DPE RFC:

A. Epidemiological Evidence Shows No Increase in Cancers Among Workers Highly Exposed to
Chloroprene
B. The IUR Does Not Reflect the Best Available Science or Sound and Objective Scientific Practices
1. The IURis Primarily Based on Data from the Female Mouse, Which is Uniquely Sensitive to
Chloroprene Exposure
2. The IUR Rests on the Unwarranted Assumption that Different Tumor Types are Statistically
Independent
3. The IUR Rests on the Assumption that Chloroprene Has A Mutagenic Mode of Action, But
the Available Evidence Does Not Support that Assumption
4. The IUR Must Be Corrected By Employing the PBPK Model to Sufficiently Account for
Differences in Mice and Humans
5. The Correct Chloroprene IUR is 156 Times Lower than the Chloroprene IUR Derived by EPA
C. EPA’sIUR for Chloroprene is Drastically Higher Than IURs for Similar Chemicals
D. EPA’s Classification of Chloroprene as “Likely to be Carcinogenicto Humans” Should Be
Reviewed
E. EPA’s Reference Concentration (RfC) for Chronic Inhalation Exposure Should Be Reviewed
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A. Epidemiological Evidence Shows No Increase in Cancers Among Workers Highly Exposed to
Chloroprene

This topic is related to point #2 of the DPE request that the IRIS chloroprene assessment be corrected,
i.e., that “the EPA cancer classification of chloroprene as a “likely” human carcinogen be classified
instead as a “suggestive” human carcinogen.” In drawing the conclusion that chloroprene is a likely
human carcinogen, information from epidemiological, toxicological, and mode of action studies were
considered (see §§ 4.1, 4.2,4.3, 4.5, and 4.7 of the IRIS chloroprene assessment). Specifically, the
assessment clearly delineates in § 4.7.2 and Table 4-39 the evidence the descriptor “likely to be
carcinogenic to humans” was based on, noting both the strengths and weaknesses of the evidence
utilized. Drafts of the assessment document were reviewed by internal science experts within EPA, by
science reviewers from other federal agencies, and by the White House, and it was externally peer
reviewed by independent experts including opportunity for public comment. EPA notes that many of
the topics and assertions raised by DPE in the RFC were considered by agency and external peer
reviewers during assessment development and external peer review because DuPont (the former owner
of the La Place Louisiana facility that currently produces chloroprene) provided extensive comments
during the public comment period.

The EPA fully addressed the issues raised in the DPE RFC regarding the identification, evaluation and
interpretation of epidemiological evidence during the development and publication of the IRIS
chloroprene assessment (see § 4.1). The process for development of the IRIS chloroprene assessment is
described in the Introduction to the assessment, and the evaluation of epidemiological evidence is
described in Section 4: Hazard Identification. Appendix A of the IRIS chloroprene assessment includes
the Summary of External Peer Review and Public Comments and Disposition.

The information presented in the IRIS chloroprene assessment meets the EPA IQC standards of
objectivity and utility. The evaluation of the epidemiological evidence, and the consideration of multiple
lines of evidence to draw the conclusion that chloroprene is a likely human carcinogen, were supported
by the numerous agency review groups and was unanimously supported by the external peer review
panel. Further, the following specific points were evaluated based on Charge Question 8 (Appendix A,
pages A-10 to A-12) to the review panel which asked “Under the EPA’s 2005 Guidelines for Carcinogen
Risk Assessment (2005, 086237) the Agency concluded that chloroprene is likely to be carcinogenic to
humans by all routes of exposure. Please comment on the cancer weight of evidence characterization. Is
the cancer weight of evidence characterization scientifically justified”? Six (out of six total) peer
reviewers commented that the characterization of chloroprene as “likely to be carcinogenic to humans”
was appropriate and clearly justified based on the animal and genotoxicity data. Three reviewers
commented that the animal data provided ample evidence of carcinogenesis in both sexes of two
rodent species (mouse and rat) at multiple organ sites, many of which were distal to the point-of-
contact. In fact, two reviewers further suggested that the strength of the epidemiological evidence was
sufficient to change the descriptor to “carcinogenic to humans.” No new scientific evidence was
provided in the DPE RFC that would alter this conclusion.

B. The IUR Does Not Reflect the Best Available Science or Sound and Objective Scientific Practices

This topic is related to point #1 of the DPE request that the IRIS chloroprene assessment be corrected,
i.e., that “the EPA derived inhalation unit risk (IUR) of 5 x 10 per ug/m3 be replaced with a value
derived by Ramboll Environ of 3.2 x 10 per ug/m?3, or withdrawn.” Drafts of the EPA assessment
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document were reviewed by internal science experts within EPA, by science reviewers from other
federal agencies, and by the White House, and it was externally peer reviewed by independent experts
including opportunity for public comment. EPA notes that many of the topics and assertions raised by
DPE in the RFC were considered by agency and external peer reviewers during assessment development
and external peer review because DuPont (the former owner of the La Place Louisiana facility that
currently produces chloroprene) provided extensive comments during the public comment period.

The following 5 subtopics are addressed in turn.

1. The IUR is Primarily Based on Data from the Female Mouse, Which is Uniquely Sensitive to
Chloroprene Exposure

The EPA fully addressed the issues raised in the DPE RFC regarding the interpretation of evidence of
mouse tumor during the development and publication of the IRIS chloroprene assessment. The process
for development of the IRIS chloroprene assessment is described in the Introduction to the assessment,
and the evaluation of female mouse lung tumor data is described in various subsections of Section 4:
Hazard Identification and 5: Dose-Response Assessment. Appendix A of the IRIS chloroprene
assessment includes the Summary of External Peer Review and Public Comments and Disposition.

In accordance with the EPA Guidelines for Carcinogen Risk Assessment (2005), in the absence of data to
the contrary, EPA utilizes the most sensitive species and sex in estimating cancer risk to humans, which
in the case of chloroprene, is the female mouse. The RFC comment that female mice are uniquely
sensitive to chloroprene exposure is based on observations of species and sex differences in studies of
female and male mice, rats and hamsters. The RFC notes studies “...demonstrated that the female
mouse is uniquely sensitive to chloroprene exposure...” and “these differences related to how various
species metabolize chloroprene.” To this point, Tables 3 and 4 of Yang et al (2012) report that
metabolism varies between female and male mice, with Vmax approximately 5 times higher for male
mice than for female mice, resulting in an over 5-fold higher internal lung dose metric in the male mice
than the female mice at each concentration in the Yang et al (2012) PBPK model. This difference in the
dose metric would be expected to produce differences in tumor response between female and male
mice if there is a unique sensitivity due to sex differences. This is not the case, however, as the tumor
responses in chloroprene-exposed female and male mice are nearly identical (26 and 8% [control], 56
and 57% [12.8 ppm], 72 and 68% [32 ppm], and 86 and 84% [80 ppm]); therefore, the RFC comment is
unfounded. Further, it is notable, as stated in the IRIS assessment (see also below), that given the
multiplicity of tumor sites observe in female mice across several 2-year bioassays, the IUR is based on
tumors from multiple sites. See Attachment 2 for further discussion of pharmacokinetic studies.

The information presented in the IRIS chloroprene assessment meets the EPA 1QC standards of
objectivity and utility. The derivation of the IUR and the documentation describing this derivation were
supported by the numerous review groups and the majority of the external peer review panel. No new
scientific evidence was provided in the DPE RFC that would alter the interpretation and application of
data from female mouse lung tumors in IUR derivation.
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2. The IUR Rests on the Unwarranted Assumption that Different Tumor Types are Statistically
Independent

The EPA fully addressed the issues raised in the DPE RFC regarding the interpretation and evaluation of
evidence on multiple tumors resulting from exposure to chloroprene in toxicological studies during the
development and publication of the IRIS chloroprene assessment (see § 5.4 of the IRIS chloroprene
assessment). The process for development of the IRIS chloroprene assessment is described in the
Introduction to the assessment, and the evaluation of epidemiological evidence is described in various
subsections of Section 4: Hazard Identification and 5: Dose-Response Assessment. Appendix A of the
IRIS chloroprene assessment includes the Summary of External Peer Review and Public Comments and
Disposition.

The information presented in the IRIS chloroprene assessment meets the EPA IQC standards of
objectivity and utility. As indicated in Sections 4 and 5 and Appendix A of the assessment, the
identification, evaluation and interpretation of the evidence, including dose-response modeling of
multiple tumors consistent with recommendations of the National Research Council (NRC, Science and
Judgement in Risk Assessment, 1994), were considered in the derivation of the IUR. Of note, the NRC
(1994) document based its recommendation of calculating aggregate carcinogenic potency on the
statistical independence of chemical-induced tumors. The NRC conducted a statistical analysis to
investigate the degree to which statistically significant correlations exist between tumors in standard
National Toxicology Program (NTP) chronic bioassays. The investigation of the independence of tumor
types included more than 60 mouse studies and concluded that “[l]ittle evidence was found of tumor-
type correlation for most of the tumor-type pairs in control and treated mice...” (pages 230-231, § 11).
The IRIS chloroprene assessment noted this NRC investigation in § 5.4.4 as a justification for the
assumption of tumor-type independence, and cited the NRC’s conclusion that “a general assumption of
statistical independence of tumor-type occurrences within animals was not likely to introduce
substantial error in assessing carcinogenic potency...”. Therefore, while an analysis of statistical
independence was not conducted with chloroprene-specific data, EPA’s assumption of statistical
independence is entirely consistent with the NRC’s previous analysis and conclusions.

Further, the derivation of the IUR and the documentation describing this derivation were supported by
the numerous review groups and the majority of the external peer review panel. Specifically Charge
Question 11 (Appendix A, pages A-15 to A-16) to the review panel asked “Data on
hemangiomas/hemangiosarcomas (in all organs) and tumors of the lung (bronchiolar/alveolar adenomas
and carcinomas), forestomach, Harderian gland (adenomas and carcinomas), kidney (adenomas), skin
and mesentery, mammary gland and liver in B6C3F1 mice were used to estimate the inhalation unit risk.
Please comment on the scientific justification and transparency of this analysis. Has the modeling
approach been appropriately conducted? Please identify and provide the rationale for any alternative
approaches for the determination of the inhalation unit risk and discuss whether such approaches are
preferred to EPA’s approach.” Four out of six reviewers specifically commented that the scientific
justification of combining unit risks for all tumor types was scientifically justified and conducted. One of
these reviewers also noted that basing the unit risk derivation on one tumor type would underestimate
the carcinogenic potential of chloroprene. Two reviewers were silent on the matter, with one of these
reviewers simply commenting that “[t]he derivation of the IUR could be made somewhat clearer in the
text”). No new scientific evidence, including any statistical analyses, was provided in the DPE RFC that
would alter the multitumor modeling used in derivation of the IUR.

4
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3. The IUR Rests on the Assumption that Chloroprene Has A Mutagenic Mode of Action, But the
Available Evidence Does Not Support that Assumption

The EPA fully addressed the issues raised in the DPE RFC regarding the interpretation of mode of action
evidence from relevant studies during the development and publication of the IRIS chloroprene
assessment. The process for development of the IRIS chloroprene assessment is described in the
Introduction to the assessment, and the evaluation of epidemiological evidence is described in various
subsections of Section 4.7.3: Mode-of-Action Information and 5.4.5: Application of Age-Dependent
Adjustment Factors. Appendix A of the IRIS chloroprene assessment includes the Summary of External
Peer Review and Public Comments and Disposition.

The information presented in the IRIS chloroprene assessment meets the EPA 1QC standards of
objectivity and utility. The identification, evaluation and interpretation of the mode of action evidence
(8§ 4.5.2 and 4.73 of the IRIS chloroprene assessment) supports the conclusion that chloroprene acts via
a mutagenic mode of action. Of note, the conclusions in the IRIS chloroprene assessment about the
mode of action were supported by the numerous review groups and unanimously supported by the
external peer review panel. Specifically, Charge Question 10 (Appendix A, page A-15) to the review panel
asked “A mutagenic mode of carcinogenic action is proposed for chloroprene. Please comment on
whether the weight of evidence supports this conclusion. Please comment on whether this
determination is scientifically justified. Please comment on data available for chloroprene that may
support an alternative mode(s) of action.” The panel unanimously concluded that a mutagenic mode of
carcinogenic action for chloroprene was appropriate based on the evidence that chloroprene
metabolism operates via P450-mediated oxidation to a DNA-reactive epoxide metabolite, which is
mutagenic in multiple strains of Salmonella, and the observation of K- and H-ras mutations in tumors
obtained from mice exposed to chloroprene. One reviewer specifically noted that the proposed mode of
action was consistent with other epoxide-forming carcinogens (i.e., 1,3-butadiene). Public comments
were provided to the peer review panel (Dupont written comments and oral comments) that argued
against a genotoxic mode of action and supported an alternative mode of action of cytotoxicity and
regenerative proliferation. However, three peer reviewers commented that they were not aware of any
scientific data that would support an alternative mode of action, with an additional reviewer
commenting that while a mutagenic mode of action may not be the only mode of action, it was clearly
one possibility. No new scientific evidence was provided in the DPE RFC that would alter this conclusion.

4. The IUR Must Be Corrected By Employing the PBPK Model to Sufficiently Account for
Differences in Mice and Humans

The EPA addressed the issues raised in the DPE RFC regarding the application of a physiologically-based
pharmacokinetic (PBPK) model in the derivation of the IUR. The process for development of the IRIS
chloroprene assessment is described in the Introduction to the assessment, and the evaluation of PBPK
modeling approaches is described in Sections 3.5 (Physiologically Based Toxicokinetic Models) and 5.4
(Cancer Assessment). EPA ultimately concluded that the PBPK model available at the time of the
assessment was inadequate for calculation of internal dose metrics or interspecies dosimetry
extrapolations for a number of reasons, including the lack of sensitivity analyses to indicate whether
chamber loss of chloroprene was sensitive to metabolism, the fact that chamber data were fit by varying
alveolar ventilation and cardiac output, and the lack of blood or tissue time-course concentration data
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for model validation (§ 3.5, pages 20-21). Appendix A of the IRIS chloroprene assessment includes the
Summary of External Peer Review and Public Comments and Disposition.

The DPE RFC identifies several new studies (Thomas et al. 2013, Yang et al, 2012, Allen et al, 2014)
published since the development of the IRIS chloroprene assessment and asserts that these studies
address critical model validation issues identified at that time as a barrier to the application of a PBPK
model. With the identification of these studies, and the assertion that the new studies address
knowledge gaps present at the time of the IRIS chloroprene assessment, the EPA conducted a systematic
review of chloroprene studies published since the 2010 IRIS assessment for chloroprene. This analysis is
included as Attachment 2 to this letter. In the EPA analysis, a transparent framework for study
identification and evaluation, including PBPK models, is provided.

Seven studies were identified in the EPA systematic review process. The studies were evaluated for their
potential impact on the IRIS chloroprene assessment and they represent novel approaches to analyzing
existing epidemiologic, toxicological and toxicokinetic data available for chloroprene. As documented in
Attachment 2, there are a number of serious concerns regarding the development and/or application of
the PBPK models (Yang et al., 2012), including poor model optimization that resulted in underestimates
of organ-specific metabolism (i.e., kidney) and unexplained inconsistencies between the internal dose
metric and tumor response in male mice.

The U.S. EPA contacted the authors of Yang et al. (2012) to request the model code. Dr. Yang stated
that the model code was no longer in her possession. Dr. Harvey Clewell shared several model code
packages with the U.S. EPA, but these are poorly documented. In particular, these do not contain a
‘readme’ file explaining the function of each ‘project’ and script within the zip file packages. Hence it is
not clear which package or files within them, if any, corresponds to the final publication. File dates in
the package only extend to 2009, so it seems likely that these are only preliminary results, not the final
set of code used by Dr. Yang. Supplemental material to the published article (Yang et al., 2012) provides
examples of some of the code used to run the PBPK model, but does not contain a complete set of files
sufficient to reproduce the results. In summary, the new studies on chloroprene do not provide a
reasonable basis for reassessing the human health effects due to chronic exposures to chloroprene.

The information presented in the IRIS chloroprene assessment meets the EPA IQC standards of
objectivity and utility. Drafts of the assessment document were reviewed by Internal experts within
EPA, by interagency reviewers from other federal agencies, and by the White House, and externally
peer reviewed by independent experts including opportunity for public comment. The derivation of the
IUR and the documentation describing this derivation were supported by the numerous review groups
and the external peer review panel (see above (Subtopic B.2 of this letter) regarding the external peer
review panel’s response to Charge Question 11 regarding the use of a multiple tumor approach). EPA
fully considered the peer reviewer comments in its revision of the draft IRIS chloroprene assessment and
ultimately decided the available PBPK model was not suitable (for reasons outlined above and in
Attachment 2 to this letter). In the final IRIS chloroprene assessment, EPA provided more detailed
discussions of all aspects of rat, mouse, and human metabolism of chloroprene. The revisions EPA made
in response to external peer reviewer comments were thoroughly reviewed by interagency reviewers
from other federal agencies and by the White House. Studies identified through a systematic review of
the literature of research published since completion of the IRIS chloroprene assessment in 2010 do not
provide a basis for re-evaluation of the IUR.
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5. The Correct Chloroprene IUR is 156 Times Lower than the Chloroprene IUR Derived by EPA

As noted in response to subtopics A.1-4 above, the EPA fully addressed the issues raised in the DPE RFC
regarding the interpretation of evidence and derivation of the IUR for chloroprene exposure by
inhalation. The process for development of the IRIS chloroprene assessment is described in the
Introduction to the assessment, and the evaluation of evidence is described in various subsections of the
assessment. Appendix A of the IRIS chloroprene assessment includes the Summary of External Peer
Review and Public Comments and Disposition.

The information presented in the IRIS chloroprene assessment meets the EPA IQC standards of
objectivity and utility. As indicated in the assessment, the identification, evaluation and interpretation of
the evidence, including dose-response modeling of multiple tumors consistent with recommendations
of the NRC (§ 5.4 of the IRIS chloroprene assessment), were considered in the derivation of the IUR. The
derivation of the IUR and the documentation describing this derivation were supported by the
numerous review groups and the majority of the external peer review panel (see Charge Questions 9
and 11, pages A-14 to A-16). The DPE RFC included an unpublished analysis developed by Ramboll
Environ that derived a cancer IUR based only on lung tumors in female mice through application of a
PBPK model and the assumption that chloroprene does not have a mutagenic mode of action. As of this
moment, EPA is not aware that the analysis proposed by Ramboll Environ has gone through (or is going
through) independent peer review. Further, EPA followed the conclusions and recommendations of
both the external peer review panel for the chloroprene assessment and the NRC (1994) in pursuing a
multitumor modeling approach. Of particular note is the conclusion of the NRC that basing cancer
analyses on simply the most potent tumor (in this case lung tumors in female mice) or the number of
tumor bearing animals would bias the estimate of a chemical’s true carcinogenic potency. As for EPA’s
conclusion of a genotoxic mode of action and DPE’s alternative cytotoxicity/regenerative proliferation
mode of action, the chloroprene external peer reviewers were unanimous in their support of a
genotoxic mode of action. Further, even if a cytotoxicity/regenerative proliferation mode of action was
active in addition to a genotoxic mode of action, the genotoxic mode of action would still drive EPA’s
cancer derivations in order to protect sensitive early lifestages. The information provided in the DPE RFC
does not provide a basis for altering the documented and extensively peer reviewed IRIS chloroprene
assessment derivation of the IUR.

C. EPA’s IUR for Chloroprene is Drastically Higher Than IURs for Similar Chemicals

This topic is related to point #1 of the DPE request that the IRIS chloroprene assessment be corrected,
i.e., that “the EPA derived inhalation unit risk (IUR) of 5 x 10* per ug/m?3 be replaced with a value
derived by Ramboll Environ of 3.2 x 10°® per ug/m?3, or withdrawn.” As noted above, the EPA fully
addressed the issues raised in the DPE RFC regarding the interpretation of evidence and derivation of
the IUR for chloroprene exposure by inhalation. The process for development of the IRIS chloroprene
assessment is described in the Introduction to the assessment, and the evaluation of evidence is
described in various subsections of the assessment (§§ 4.5, 4.7.1, 4.7.3, 6.1 of the IRIS chloroprene
assessment). Appendix A of the IRIS chloroprene assessment includes the Summary of External Peer
Review and Public Comments and Disposition.

That the IUR differs among chemicals is not surprising as the mechanisms underlying potency of
chemicals to produce cancer is known to vary depending on factors such as chemical structure,
bioavailability, and metabolic profiles and capacities of tissue types and species. Derivation of an IUR

7
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also depends on the nature of the available database and current understanding of the mode of action
for a given chemical.

The IURs for other chemicals identified in the RFC, i.e., 1,3-butadiene, benzene and vinyl chloride, are
different from that derived for chloroprene due to differences in the nature and extent of
epidemiological and toxicological available for each chemical. These chemicals have structural
similarities that support the EPA conclusion that chloroprene is likely to be a carcinogen in humans. As
indicated in the IRIS chloroprene assessment, the identification, evaluation and interpretation of the
evidence, including dose-response modeling of multiple tumors consistent with recommendations of
the National Research Council, was considered in the derivation of the chloroprene IUR.

The information presented in the IRIS chloroprene assessment meets the EPA 1QC standards of
objectivity and utility. The derivation of the IUR and the documentation describing this derivation were
supported by the numerous review groups and the majority of the external peer review panel (see
Charge Questions 9 and 11, pages A-14 to A-16). No new scientific evidence was provided in the DPE RFC
that would alter the derivation of the IUR.

D. EPA’s Classification of Chloroprene as “Likely to be Carcinogenicto Humans” Should Be Reviewed

This topic is related to point #2 of the DPE request that the IRIS chloroprene assessment be corrected,
i.e., that “the EPA cancer classification of chloroprene as a “likely” human carcinogen be classified
instead as a “suggestive” human carcinogen.” The EPA fully addressed the issues raised in the DPE RFC
regarding the identification and evaluation of evidence of carcinogenicity during the development and
publication of the IRIS chloroprene assessment. The process for development of the IRIS chloroprene
assessment is described in the Introduction to the assessment, and the evaluation of evidence of
carcinogenicity is described in Section 4: Hazard Identification. Appendix A of the IRIS chloroprene
assessment includes the Summary of External Peer Review and Public Comments and Disposition. See
EPA response A of this letter, above, for the External Peer Review panel’s answer to Charge Question 8
(Appendix A, pages A-10 to A-12), in which the panel unanimously concluded that EPA’s characterization
of chloroprene as “likely to be carcinogenic to humans” was appropriate and clearly justified based on
the animal and genotoxicity data.

The information presented in the IRIS chloroprene assessment meets the EPA 1QC standards of
objectivity and utility. In drawing the conclusion that chloroprene is a likely human carcinogen,
information from epidemiological, toxicological, and mode of action studies were considered (see §§
4.1,4.2,4.3,4.5, and 4.7 of the IRIS chloroprene assessment). Specifically, the assessment clearly
delineates in § 4.7.2 and Table 4-39 the evidence the descriptor “likely to be carcinogenic to humans”
was based on, noting both the strengths and weaknesses of the evidence utilized. The evaluation of the
carcinogenicity evidence and the conclusion that chloroprene is a likely human carcinogen were
supported by the numerous review groups and the external peer review panel. No new scientific
evidence was provided in the DPE RFC that would alter the conclusion in the IRIS assessment that
chloroprene is appropriately classified as likely to be carcinogenic to humans.

E. EPA’s Reference Concentration (RfC) for Chronic Inhalation Exposure Should Be Reviewed

As noted above, the EPA fully addressed the issues raised in the DPE RFC regarding the interpretation of
evidence and derivation of the RfC for chloroprene exposure by inhalation (see §§ 4.2, 4.6, and 5.2 of
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the IRIS chloroprene assessment). The process for development of the IRIS chloroprene assessment is
described in the Introduction to the assessment, and the evaluation of evidence is described in various
subsections of the assessment. Appendix A of the IRIS chloroprene assessment includes the Summary of
External Peer Review and Public Comments and Disposition. Specifically, Section A.1.2.2 of the IRIS
chloroprene assessment provides detailed responses of the external peer review panel on issues related
to the suitability of the 2-year NTP study for RfC derivation (Charge Question 4, page A-4), choice of
endpoints on which to basis the derivation of the RfC (Charge Question 5, page A-5), the use of
Benchmark Dose modeling for RfC derivation (Charge Question 6, page A-7), and the rationale for the
selection of the uncertainty factors for the derivation of the RfC (Charge Question 7, page A-9).

The information presented in the IRIS chloroprene assessment meets the EPA 1QC standards of
objectivity and utility. As indicated in the assessment, the identification, evaluation and interpretation of
evidence of non-cancer effects resulting from chloroprene exposure was fully considered in the
derivation of the RfC. The derivation of the RfC and the documentation describing this derivation were
supported by the numerous review groups and the external peer review panel. No new scientific
evidence was provided in the DPE RFC that would alter the development and derivation of the RfC for
chloroprene.

Conclusion

The EPA, after careful review of the RFC submitted by DPE, has concluded that the underlying
information and conclusions presented in the Toxicological Review of Chloroprene (CAS No. 126-99-8) In
Support of Summary Information on the Integrated Risk Information System (IRIS) are consistent with
the EPA’s Information Quality Guidelines.
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DISCLAIMER

This document has been reviewed in accordance with U.S. Environmental Protection Agency

policy and approved for publication.

ii
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1.BACKGROUND

The U.S. Environmental Protection Agency (EPA) completed the most recent Integrated Risk
Information System (IRIS) assessment of chloroprene in 2010. In that assessment, the agency
concluded that chloroprene is “likely to be carcinogenic to humans” through a mutagenic mode of
action (MOA) and that the primary exposure route of concern is the inhalation pathway.
Accordingly, the assessment included an inhalation unit risk (IUR), which is an estimate of inhaled
cancer potency that can be used to estimate the risk of cancer that would be expected in a
population exposed to chloroprene in the air every day over a lifetime.

In 2015, the Office of Air and Radiation released the most recent version of the National Air
Toxics Assessment (NATA), a national analysis that combines information about the emissions of
specific air pollutants to estimate the risk of developing a particular health effect in a population.
This NATA was the first to incorporate information (i.e., the IUR) from the 2010 IRIS assessment for
chloroprene, and it identified the census tract in the vicinity of the Denka Performance Elastomers
(Denka) facility in La Place, LA (i.e., Lake Pontchartrain Works site) as having an elevated risk for
cancer.

In response to this designation on August 9, 2016, scientists from Ramboll Environ, as
representatives of Denka briefed Agency scientists on specific issues related to the chloroprene
assessment and new studies published since the release of the 2010 IRIS assessment. The
conclusion of the Ramboll Environ scientists was that their new analyses provided a sufficient
reason for IRIS to re-evaluate the science surrounding chloroprene and to update the IRIS
assessment and derive new risk values. Subsequently, on June 26, 2017, a Request for Correction
(RFC) was received by EPA from Robert Holden, Attorney for Denka Performance Elastomer LLC.

The purpose of this systematic review is to provide information on EPA’s evaluation of the
recent studies identified by Ramboll Environ scientists as well as other studies published since the
2010 IRIS assessment. This information will be considered as part of developing the EPA response

to specific statements in the RFC.
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2.0VERALL OBIJECTIVES, SPECIFIC AIMS, AND
POPULATION, EXPOSURE, COMPARATOR, AND
OUTCOME (PECO) FRAMEWORK

The overall objective of this systematic review is to identify and evaluate human
health-related studies of chloroprene published since the 2010 IRIS assessment to determine
whether any new evidence is likely to have an impact on the current IRIS toxicity values
(2 x 10-2 mg/m3 reference concentration [RfC] or 3 x 10~ mg/m3 [UR).

2.1. SPECIFIC AIMS

o Identify literature pertaining to the health hazards of chloroprene as outlined in the
population, exposure, comparator, and outcome (PECO) framework.

e Conduct study evaluation (risk of bias and sensitivity) for individual epidemiological and
animal toxicity studies.

e Conduct study evaluation (reporting quality and applicability) for individual
(physiologically based pharmacokinetic [PBPK], absorption, distribution, metabolism,
excretion [ADME]) studies and any mechanistic studies prioritized according to the PECO
framework.

e Summarize findings and assess whether any new evidence is likely to have an impact on the
current IRIS toxicity values (2 x 10-2 mg/m3 RfC or 3 x 10~ mg/m3 [UR).

2.2. POPULATION, EXPOSURE, COMPARATOR, AND OUTCOME (PECO)
FRAMEWORK

A PECO framework (see Table 1) is used as an aid to focus the research question(s), search

terms, and inclusion/exclusion criteria in a systematic review.
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Table 1. Population, exposure, comparator, and outcome (PECO) framework

PECO
Element Evidence

Population |Human: Any population (occupational, general population, including children and other sensitive
population). The following study designs will be considered most informative: controlled exposure,
cohort, case-control, or cross-sectional. Note: Case reports and case series will be tracked during
study screening but are not the primary focus of this assessment.

Animal: Nonhuman mammalian animal species (whole organism) of any life stage (including
preconception, in utero, lactation, peripubertal, and adult stages).

Nonmammalian model systems/in vitro/in silico: Nonmammalian model systems such as fish,
amphibians, birds, invertebrates, e.g., Caenorhabditis elegans, etc.; human or animal cells, tissues,
or biochemical reactions (e.g., ligand binding assays) with in vitro exposure regimens;
bioinformatics pathways of disease analysis; or high throughput screening data. These studies are
tagged during title and abstract/full-text screening and an iterative approach is used to prioritize
for further analysis based on likelihood of the study to impact hazard conclusions or inform toxicity
value derivation. Studies that do not undergo further analysis will be classified as PECO-relevant
supplemental information.

Exposure Exposure based on administered dose or concentration, biomonitoring data (e.g., urine, blood, or
other specimens), environmental or occupational-setting measures (e.g., air, water levels), or job
title or residence. The potential for human exposure to chloroprene primarily is via inhalation and
perhaps by the dermal route. ADME and PBPK studies will also be included. Relevant forms are listed
below:

e Chloroprene (CASRN 126-99-8) or its metabolites, such as (1-chloroethenyl)oxirane or
(2-chloro-2-ethenyl)oxirane

e  Mixture studies will be included if they include a chloroprene-only group (or one of its
metabolites)

Comparator | Human: A comparison or reference population exposed to lower levels (or no exposure/exposure
below detection levels) or to chloroprene for shorter periods of time.

Animal and in vitro: Quantitative exposure vs. lower or no exposure with concurrent vehicle
control group.

Outcome
e All health outcomes (both cancer and noncancer)

e ADME and PBPK studies

CASRN = Chemical Abstract Service registry number.
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3.METHODS

3.1. LITERATURE SEARCH STRATEGIES

The literature search focused on studies published since completion of the 2010 IRIS
Agency Review Draft of the “Toxicological Review of Chloroprene,” which covered the literature up
through August 2010. The literature search focused only on the chemical name with no limitations
on evidence streams (i.e., human, animal, in vitro, in silico) or health outcomes. The databases
listed below were searched for the date range of January 1, 2010 through November 3, 2017 using
EPA’s Health and Environmental Research Online (HERO) database.! Full details of the search

strategy for each database are presented in Appendix A.

e PubMed (National Library of Medicine)
e Web of Science (Thomson Reuters)

e ToxLine (National Library of Medicine)

3.2. SCREENING PROCESS

Two screeners independently conducted a title and abstract screen of the search results
using DistillerSR? to identify study records that met the PECO eligibility criteria. In addition to

adherence to PECO eligibility criteria, the exclusion criteria noted below were applied.

e Records pertinent to the PECO framework but not containing original data, such as reviews,
editorials, or commentaries (the reference lists from these materials, however, are
reviewed to identify PECO-relevant studies that may have been missed during database
searching).

e Studies that have not been peer reviewed (e.g., conference abstracts, technical reports,
theses/dissertations, working papers from research groups or committees, and white

papers).

1EPA’s HERO database provides access to the scientific literature behind EPA science assessments. The

database includes more than 600,000 scientific references and data from the peer-reviewed literature used

by EPA to develop its regulations.

2DistillerSR is a web-based systematic review software used to screen studies available at
https://www.evidencepartners.com/products/distillersr-systematic-review-software.



https://www.evidencepartners.com/products/distillersr-systematic-review-software
https://www.evidencepartners.com/products/distillersr-systematic-review-software
https://www.evidencepartners.com/products/distillersr-systematic-review-software
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Records that were not excluded based on title and abstract screening advanced to full-text
review. Full-text copies of potentially relevant records identified from title and abstract screening
were retrieved, stored in the HERO database, and independently assessed by two screeners to
confirm eligibility according to the PECO eligibility criteria. At both title/abstract and full-text
review levels, screening conflicts were resolved by discussion between the primary screeners with
consultation by a third reviewer or technical advisor (if needed) to resolve any remaining
disagreements. For citations with no abstract, the articles are initially screened based on all or
some of the following: title relevance (title should indicate clear relevance), page numbers (articles
two pages in length or less are assumed to be conference reports, editorials, or letters), and
PubMed Medical Subject Headings. Assessment of eligibility status of any non-English publications
was facilitated by native-language speakers at EPA or Google Translator. During title/abstract or
full-text level screening, studies that were not directly relevant to the PECO framework, but could
provide supporting information, were categorized (or “tagged”) relative to the type of supporting
information they provided (e.g., review, commentary, or letter with no original data; exposure
only). Conflict resolution is not required during the screening process to identify supporting
information (i.e., tagging by a single screener is sufficient to identify the study as potential

supportive information).

3.3. STUDY EVALUATION

3.3.1. Epidemiology Studies (Risk of Bias and Sensitivity)

Key concerns for study evaluation were potential bias (factors that affect the magnitude
and/or direction of an effect) and insensitivity (factors that limit the ability of a study to detect a
true effect). Bias can result in false positives and negatives, while study sensitivity primarily
focuses on the latter. Epidemiology studies were evaluated for bias and study sensitivity in the
following domains: exposure measures, outcome measures, participant selection, potential

confounding, analysis, selection of reported results, and study sensitivity (see Table 2).
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Table 2. Domains of evaluation for epidemiology studies

confounding

Domain Example information

Exposure Source(s) of exposure (consumer products, occupational, an industrial accident) and source(s) of

measures exposure data, blinding to outcome, level of detail for job history data, timing of measurements,
type of biomarker(s), assay information, reliability data from repeated-measure studies,
validation studies.

Outcome Source of outcome (effect) measure, blinding to exposure status or level, method of

measures measurement/classification, incident vs. prevalent disease, evidence from validation studies,
prevalence (or distribution summary statistics for continuous measures).

Participant Study design, timing and location of the study, and who was included? Recruitment process,

selection exclusion and inclusion criteria, type of controls, total participants eligible, comparison between
participants and nonparticipants (or followed and not followed), final analysis group. Does the
study include potential vulnerable/susceptible groups or life stages?

Potential Background research on key confounders for specific populations or settings; participant

characteristic data, by group; strategy/approach for consideration of potential confounding;
strength of associations between exposure and potential confounders and between potential
confounders and outcome; degree of exposure to the confounder in the population.

Analysis Extent (and if applicable, treatment) of missing data for exposure, outcome, and confounders,
approach to modeling, classification of exposure and outcome variables (continuous vs.
categorical), testing of assumptions, sample size for specific analyses, relevant sensitivity
analyses.

Selective Are results presented with adequate detail for all of the endpoints and exposure measures of

reporting interest? Are results presented for the full sample as well as for specified subgroups? Were
stratified analyses (effect modification) motivated by a specific hypothesis?

Sensitivity What are the ages of participants (e.g., not too young in studies of pubertal development)?

What is the length of follow-up (for outcomes with long latency periods)? Choice of referent
group, the exposure range, and level of exposure contrast between groups is critical (i.e., the
extent to which the “unexposed group” is truly unexposed, and the prevalence of exposure in the
group designated as “exposed”).

The principles and framework for evaluating epidemiology studies are based on the
Cochrane Risk of Bias in Nonrandomized Studies of interventions (ROBINS-I) (Sterne etal., 2016)

but modified to address environmental and occupational exposures. The underlying philosophy of

ROBINS-I is to describe attributes of an “ideal” study with respect to each of the evaluation domains
(e.g., exposure measurement, outcome classification, etc.). Core and prompting questions are used
to collect information to guide evaluation of each domain (see Appendix B). Core questions are
considered key concepts while prompting questions help the reviewer focus on relevant details
under each key domain. In addition, the expected direction of bias is explicitly considered and the
impact of a potential bias is incorporated into the study evaluation process. Emphasis is placed on
discerning a bias that would be expected to produce a substantive change in the effect estimate.

For each study, in each domain question, reviewers reach a consensus on a value of Good,

Adequate, Poor, or Critically Deficient. These terms are defined as follows:


http://hero.epa.gov/index.cfm?action=search.view&reference_id=3220127
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e A Good classification is intended to represent a perfect or close-to-ideal study design and
execution.

e An Adequate classification represents studies that may have some limitations, but the
judgment is made that those limitations are not likely to be severe or to have a substantive
impact on the results.

o A Poor classification denotes biases or deficiencies that could materially affect the
interpretation of the study.

e A Critically Deficient classification would represent a flaw that is so serious that the study
could not be used.

Emphasis was placed on discerning bias that could substantively change an effect estimate,
considering also the expected direction of the bias. Low sensitivity is a bias towards the null. Once
the evaluation domains have been classified, these ratings are combined to reach an overall study
confidence classification of High, Medium, Low, or Uninformative. This classification is based on
the classifications in the evaluation domains and will include consideration of the likely impact of
the noted deficiencies in bias and sensitivity on the results. Studies with critical deficiencies in any
evaluation domain will be classified as Uninformative. Other classifications will generally follow a
sorting such that High Confidence studies would have the highest evaluation (“Good”) for all or
most domains; Low Confidence studies would have a “Poor” evaluation for one or more domains
(unless the impact of the particular limitation[s] is judged to be unlikely to be severe), and Medium
Confidence studies are in between these groups (e.g., most domains receiving a mid-level
Adequate evaluation, with no limitations judged to be severe). Study evaluation is conducted with
at least two reviewers independently assessing each study, with inclusion of a pilot phase to assess
and refine the evaluation process, comparison of decisions and reaching consensus among
reviewers, and when necessary, resolution of differences by discussion between the reviewers, the

chemical assessment team, or technical experts.

3.3.2. Animal Studies (Risk of Bias and Sensitivity)

No animal bioassay studies were identified in the literature search. If present, they would

have been evaluated using the animal study quality assessment approach outlined in Appendix C.

3.3.3. Pharmacokinetic (PK)/Physiologically Based Pharmacokinetic (PBPK) Reporting
Quality and Applicability
Judgments on the suitability of a model are separated into two categories: scientific and
technical (Table 3). The scientific criteria focus on whether the biology, chemistry, and other
information available for chemical MOA(s) are justified (i.e., preferably with citations to support

use) and represented by the model structure and equations. The scientific criteria are judged based
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on information presented in the publication or report that describes the model and do not require
evaluation of the computer code. Preliminary technical criteria include availability of the computer
code and completeness of parameter listing and documentation. Studies that meet the preliminary
scientific and technical criteria proceed to in-depth technical evaluation, which includes a thorough
review and testing of the computational code and quality assurance of all parameters and data used
in the modeling against original publications, reports, or sources. The in-depth technical and
scientific analyses focus on the accurate implementation of the conceptual model in the
computational code, use of scientifically supported and biologically consistent parameters in the
model, accurate incorporation of parameters and data from their sources, and reproducibility of
model results reported in journal publications and other documents. This approach stresses:

(1) clarity in the documentation of model purpose, structure, and biological characterization;

(2) validation of mathematical descriptions, parameter values, data, and computer implementation;
and (3) evaluation of each plausible dose metric. The in-depth analysis is used to evaluate the

potential value and cost of developing a new model or substantially revising an existing one.

Table 3. Criteria of evaluation for physiologically based pharmacokinetic
(PBPK) models

Criteria Example information

Scientific | Biological basis for the model is accurate.

e Consistent with mechanisms that significantly impact dosimetry.
e Predicts dose metrics expected to be relevant.

e Applicable for relevant route(s) of exposure.

Consideration of model fidelity to the biological system strengthens the scientific basis of the
assessment relative to standard exposure-based extrapolation (default) approaches.

e Can the model describe critical behavior, such as nonlinear kinetics in a relevant dose range,
better than the default (i.e., BW3* scaling)?

e Isthe available metric a better predictor of risk than default? Specifically, model-based
metrics may correlate better than the applied doses with animal/human dose-response
data. Degree of certainty in model predictions vs. default is also a factor. For example,
while target tissue metrics are generally considered better than blood concentration
metrics, lack of data to validate tissue predictions when blood data are available may lead to
a choice of the latter.

Principle of parsimony
e Model complexity or biological scale, including number and parameterization of
(sub)compartments (e.g., tissue or subcellular levels) should be commensurate with data
available to identify parameters.

Model describes existing PK data reasonably well, both in “shape” (matches curvature, inflection
points, peak concentration time, etc.) and quantitatively (e.g., within a factor of 2-3).

Model equations are consistent with biochemical understanding and biological plausibility.

Initial Well-documented model code is readily available to EPA and pubilic.
technical

Set of published parameters clearly identified, including origin/derivation.
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Criteria Example information

Parameters do not vary unpredictably with dose (e.g., any dose dependence in absorption constants
is predictable across the dose ranges relevant for animal and human modeling).

Sensitivity and uncertainty analysis has been conducted for relevant exposure levels (local sensitivity
analysis is sufficient, though global provides more information).
e If a sensitivity analysis was not conducted, the PKWG would suggest this as additional work
before using the model in the risk assessment.
e Asound explanation should be provided when sensitivity of the dose metric to model
parameters differs from what is reasonably expected based on experience.

BW?3*= body-weight scaling to the 3/4 power; PK = pharmacokinetic; PKWG = Pharmacokinetic Working Group

3.4. DATA ABSTRACTION OF STUDY METHODS AND RESULTS

Information on study design and results from epidemiology and animal toxicology studies
were extracted into the Health Assessment Workspace Collaborative (HAWC).3 Key information
from identified PK/PBPK models are summarized in tabular format. Data abstraction was
performed by one member of the evaluation team and checked by one to two other members. Any
discrepancies in data abstraction were resolved by discussion or consultation with a third member

of the evaluation team.

3SHAWC is a modular, content management system designed to store, display, and synthesize multiple data
sources for the purpose of producing human health assessments of chemicals. This online application
documents the overall workflow of developing an assessment, from literature search and systematic review,
to data extraction (human epidemiology, animal bioassay, and in vitro assay), dose-response analysis, and
finally, visualization to facilitate evidence synthesis.
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4.RESULTS

4.1. LITERATURE SEARCH RESULTS

The database searches yielded 182 unique records, with no additional records identified
from other sources. All studies published after the 2010 IRIS assessment that were cited in the
request for correction were identified during database searching. Of the 182 studies identified, 165
were excluded during title and abstract screening, 17 were reviewed at the full-text level, and 9
studies were considered relevant to the PECO eligibility criteria (see Figure 1). Two of the nine
studies were considered PECO-relevant “supplemental material” and not further evaluated, leaving

seven studies evaluated for impact on 2010 IRIS assessment conclusions (see Table 4).

= PubMed ToxLine Web of Science Other sources
2 2009-2017> 2009-2017 2009-2017+ (n=0)
Z (n=25) (n=1) (n=177)
=
=
a
=
I r k. L
—_— Records after duplicates removed
(n=182)
o
=
g
g 1
= Title/abstract screen Records excluded
(n=182) [n=165)

k.
E Full-text screen Full-text records excluded, with
;En m=17) - reasons
2 (n=10]

» Did not meet PECO criteria [5)
¥ » Conference abstract (2]
— . \ » Review (1)
Records '?Ch,"ded m » PECO-relevant supplemental
analysis material (2, Table 4]
S m=7)
E » Epidemiology (1)
2 s PKPK/ADME/modeled
- data (3)
» Mechanistic (3)

Aanuary 1, 2010 to Movember 3, 2017

Figure 1. Study flow selection diagram.
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Table 4. Included and population, exposure, comparator, and outcome
(PECO)-relevant supplemental material studies

Epidemiology

1. Garcia, E; Hurley, S; Nelson, DO; Hertz, A; Reynolds, P. (2015). Hazardous air pollutants and breast
cancer risk in California teachers: a cohort study. Environ Health 14: 14. http://dx.doi.org/10.1186/1476-
069X-14-14.

PBPK, ADME, dose-response models

2. Allen, BC; Van Landingham, C; Yang, Y; Youk, AO; Marsh, GM; Esmen, N; Gentry, PR; Clewell, HJ;
Himmelstein, MW. (2014). A constrained maximum likelihood approach to evaluate the impact of dose
metric on cancer risk assessment: application to B-chloroprene. Regul Toxicol Pharmacol 70: 203-213.
http://dx.doi.org/10.1016/j.yrtph.2014.07.001.

3. Eckert, E; Leng, G; Gries, W; Goen, T. (2013). Excretion of mercapturic acids in human urine after

occupational exposure to 2-chloroprene. Arch Toxicol 87: 1095-1102. http://dx.doi.org/10.1007/s00204-
013-1016-6.

4. Yang, Y; Himmelstein, MW; Clewell, HJ. (2012). Kinetic modeling of 3-chloroprene metabolism:
Probabilistic in vitro-in vivo extrapolation of metabolism in the lung, liver and kidneys of mice, rats and
humans. Toxicol In Vitro 26: 1047-1055. http://dx.doi.org/10.1016/].tiv.2012.04.004

Mechanistic

5. Guo, Y; Xing, Y. (2016). Weighted gene co-expression network analysis of pneumocytes under exposure
to a carcinogenic dose of chloroprene. Life Sci 151: 339-347. http://dx.doi.org/10.1016/].1fs.2016.02.074.

6. Thomas, RS; Himmelstein, MW; Clewell, HJ; Yang, Y; Healy, E; Black, MB; Andersen, ME. (2013). Cross-
species transcriptomic analysis of mouse and rat lung exposed to chloroprene. Toxicol Sci 131: 629-640.
http://dx.doi.org/10.1093/toxsci/kfs314.

7. Wadugu, BA; Ng, C; Bartley, BL; Rowe, RJ; Millard, JT. (2010). DNA interstrand cross-linking activity of
(1-Chloroethenyl)oxirane, a metabolite of beta-chloroprene. Chem Res Toxicol 23: 235-239.
http://dx.doi.org/10.1021/tx9003769.

PECO-relevant supplemental material

8. Gulec, C; Coban, N; Ozsait-Selcuk, B; Sirma-Ekmekci, S; Yildirim, O; Erginel-Unaltuna, N. (2017).
Identification of potential target genes of ROR-alpha in THP1 and HUVEC cell lines. Exp Cell Res 353: 6-
15. http://dx.doi.org/10.1016/j.yexcr.2017.02.028.

9. Rickert, A; Hartung, B; Kardel, B; Teloh, J; Daldrup, T. (2012). A fatal intoxication by chloroprene.
Forensic Sci Int 215: 110-113. http://dx.doi.org/10.1016/].forsciint.2011.03.029.
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4.2. STUDY SUMMARIES AND ANALYSIS

4.2.1. Epidemiology Studies

Garcia, E; Hurley, S; Nelson, DO; Hertz, A; Reynolds, P. (2015). Hazardous air pollutants and
breast cancer risk in California teachers: a cohort study. Environ Health 14: 14.
http://dx.doi.org/10.1186/1476-069X-14-14.

Garcia et al. (2015), in a prospective cohort study of over 112,000 women in California with
over 15 years of follow-up, examined the relationship between invasive breast cancer incidence
and census tract levels of modeled concentrations of hazardous air pollutants shown to be
mammary gland carcinogens. In models assessing the entire cohort, stratifying by age and adjusting
for race, an increased risk of breast cancer from exposure to chloroprene was observed among
higher quintiles of concentration (Quintiles 4 and 5) as compared to the referent group (Quintiles 1
through 3). Following additional adjustments for multiple comparisons, this relationship did not
remain statistically significant. In a sub-group analysis stratifying by age and adjusting for race, a
statistically significant association of increased breast cancer risk from exposure to chloroprene
(Quintile 5) was found in the BMI > 25 subgroup after adjusting for multiple comparisons.
Discernable patterns of risk with increasing chloroprene exposure in susceptible population
subsets are not clear in this study and may be due to chance. The overall results from this study
should be interpreted with caution because exposure estimates were limited to modeled annual
average ambient air concentrations from 2002 only and did not account for other exposure sources
or routes other than inhalation. The results of this study do not impact the current IRIS hazard

conclusions or toxicity values.
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Figure 2. Chloroprene exposure and breast cancer incidence (Garcia et al., 2015).

CTS = California Teacher Study; Q2 = Quintile 2; Q3 = Quintile 3. The study authors collapsed the lower (Q2 and Q3 chloroprene quartiles)
into the referent population (Q1) for HR comparison purposes when a larger portion of the study participants had same concentration
value; Authors indicated that 71% of women in the CTS had exposure levels of "zero"; the minimum detectable value was ~1E-9 ug/m3 and
maximum detectable value was ~1E-2 pg/m3. *The test for trend for chloroprene was statistically elevated at p<0.04. Click to see interactive

data graphic and the risk of bias and sensitivity analysis in HAWC.
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Thomas, RS; Himmelstein, MW; Clewell, HJ; Yang, Y; Healy, E; Black, MB; Andersen, ME. (2013).
Cross-species transcriptomic analysis of mouse and rat lung exposed to chloroprene. Toxicol
Sci 131: 629-640. http://dx.doi.org/10.1093/toxsci/kfs314.

Thomas et al. (2013) conducted a transcriptomic dose-response analysis to identify

possible MOAs to explain differences in cross-species lung tumor rates between female B6C3F1/Crl
mice and F344/NCrl rats. The animals were exposed for either 5 or 15 days at chloroprene levels of
0.3, 3,13, or 90 ppm (mice) or 5, 30, 90, or 200 ppm (rats). Following exposure, the animals were
sacrificed and their lungs evaluated for histopathology and gene expression via microarray
analysis. Following the microarray analysis, a transcriptional benchmark dose (BMD) analysis was
conducted on genes shown to be up- or downregulated via gene expression analysis of variance
(ANOVA). Histopathology revealed minimal epithelial hyperplasia in most mice exposed to 90 ppm
for 5 or 15 days, while no changes were noted in exposed rats. The total number of differentially
expressed genes in mice and rats were observed to increase with increasing dose. Differences in
gene expression were minimal between mice exposed for 5 or 15 days whereas differences were
larger in exposed rats. No genes were differentially expressed at 5 or 30 ppm in rats exposed for

5 days, but rats exposed for 15 days had differentially expressed genes at doses =30 ppm. The total
number of differentially expressed genes were much larger in rats exposed for 5 versus 15 days.
Following transcriptional BMD analysis, the most sensitive pathways in mice were observed to
have lower median BMD values (1.12-6.43 ppm) versus those in rats (8.04-29.00). Thomas et al.
(2013) observed that induction of Cyp2e1l, responsible for the initial oxidation of chloroprene, is
similar in the lungs of female rats and mice for exposure levels up to 90 ppm; the mean activity
increased by a factor of approximately 1.2- to 1.3-fold, but the change was not statistically
significantly different. Cyp2e1 mRNA levels in female rats (exposed to 200 ppm chloroprene for
either 5 or 15 days) were increased significantly 1.4-fold over controls; this exposure level was not
evaluated in mice, but given the similarity in the trend for mice up to 90 ppm, it appears that mice
would have responded similarly to rats at 200 ppm. Conversely, epoxide hydrolase mRNA was
induced in mice at >13 ppm (5 or 15 days) and >3 ppm (5 days only), but not rats. Thomas et al.
(2013) states “It is not yet known whether the changes in Cyp2el and Ephx1 mRNAs are translated
into increased enzyme activity, but the ultimate result would be a narrowing of the cross-species
differences in the activation-to-detoxification ranges.”

The most notable limitation of the Thomas et al. (2013) study for the purpose of evaluating

whole-body metabolism is that induction in the kidney and liver and induction in male mice were
not evaluated. Thus, the data cannot be used to elucidate the impact of repeated exposure on either
whole-body dosimetry or gender differences (or lack thereof) in tumor incidence. Another
significant limitation is the length of exposure used. While the limitation of the exposure durations
to 5 and 15 days may be useful for identifying affected gene pathways, it remains unclear how these
up or down regulations in gene expression relate to possible MOAs of the effects due to chronic

exposures to chloroprene as addressed in the 2010 assessment. Also notably missing from the
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analysis is any data on humans. While characterizing possible explanations for interspecies
differences seen between mice and rats, characterizing differences between mice and humans
would have been more informative because mice served as the basis of the cancer analysis to
estimate risk in exposed human populations. Thus, the results of this study do not impact the

current IRIS toxicity values.

Guo, Y; Xing, Y. (2016). Weighted gene co-expression network analysis of pneumocytes under
exposure to a carcinogenic dose of chloroprene. Life Sci 151: 339-347.
http://dx.doi.org/10.1016/j.1fs.2016.02.074.

Guo and Xing (2016) used the transcriptional data for mice from Thomas et al. (2013) to

perform a weighted gene-expression network analysis. Based on the in vivo bioassay results, mice
in this study were separated into noncarcinogenic (0.3 and 2 ppm) and carcinogenic (13 and 90
ppm) groups for analysis. The microarray data were normalized and 2,434 genes were identified as
being differentially expressed between the two groups; these differentially expressed genes were
used to construct a weighted gene coexpression network wherein gene modules and hub genes
were identified. A total of 21 gene modules were identified with 12 modules having significantly
different gene expression patterns between the noncarcinogenic and carcinogenic groups. For each
of these 12 gene modules, a hub gene (genes with high gene significance, module membership, and
intramodular interconnectivity) was identified and its possible role in the origin of lung cancer was
determined. Hub genes were found to play a role in inflammatory processes (CFTR), signaling
pathways that can activate Ras (HIP1), metabolism of chloroprene (EPHX1), and control of cell
division (CCNDZ2). A total of 41 pathways were enriched in the gene modules of interest. Most
notably, in the module related to steroid hormone stimulus, the mismatch repair pathway was the
most enriched. It is plausible that this pathway is enriched in response to DNA damage induced by
exposure to chloroprene. Consensus on approaches to quantitatively integrate these types of
genomic results or on how to apply them to replace or even refine risk assessments are not yet

currently available. As such, the results of this study do not impact the current IRIS toxicity values.

4.2.2. Physiologically Based Pharmacokinetic (PBPK), Absorption, Distribution,
Metabolism, Excretion (ADME), Dose-Response Model

Yang, Y; Himmelstein, MW; Clewell, H]. (2012). Kinetic modeling of 3-chloroprene metabolism:
Probabilistic in vitro-in vivo extrapolation of metabolism in the lung, liver and kidneys of mice,
rats and humans. Toxicol In Vitro 26: 1047-1055. http://dx.doi.org/10.1016/j.tiv.2012.04.004.

Yang et al. (2012) presents the results of the refinement of an existing deterministic PBPK

model and the development of a new probabilistic PBPK model (see Table 5). Upon review, there
are many apparent concerns about the results presented in this study. These concerns are outlined
in Table 6, and are separated into two categories: technical and scientific. These assessments were
made based upon the materials available in Yang et al. (2012), and comments submitted to Docket
ID: EPA-HQ-ORD-2009-0217.
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Table 5. Pharmacokinetic (PK)/Physiologically Based Pharmacokinetic

(PBPK) model descriptive summary of Yang et al. (2012)

Author

Yang et al. (2012

Contact Email

yyang@thehamner.org

Contact Phone

Tel.: +1 919 558 1310; fax: +1 919 558 1300

Sponsor

DuPont

Model Summary

Species Mice, rats, humans

Strain B6C3F1 mice, F344/N rats

Sex M/F

Life-Stage Adult

Exposure Routes Inhalation

Tissue Dosimetry Lung Liver Kidneys
Model Evaluation

Language ACSL11.8.4

Code Available:

Sample scripts available in supplemental material.
Requests made for full model code. Final in vivo
model code should be available.

Effort to recreate
model

Significant
effort without
code

Code Received:

Code for in vitro model received, appears to be
complete workspaces; some in vivo model code
files received, but they are likely not final.

Availability of scripts and in vivo data uncertain.

Migration to new
PBPK platform (e.g.,
R/MCSim)

Unknown
effort

Structure Evaluated |Yes
Math Evaluated Partially
Code Evaluated No

Available PK Data

Yes (in vitro headspace concentrations)

F = female; M = male.
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Table 6. Technical and scientific evaluation of the Yang et al. (2012) model

and analysis

Criteria type and notes

Potential impact on dose-response analysis

Technical (available code): All data and model codes from
the Yang et al. (2012) publication are not published or
publicly available. PBPK code is necessary for a quality
assurance and quality control review by EPA. As a result,
EPA cannot evaluate the internal validity of the Yang et al.
(2012) PBPK modeling methods or results, or results that
are dependent on this model [i.e., Allen et al. (2014)].
Furthermore, code must be translated to a different
platform given the discontinuation of acsIX software.

Unknown

Scientific (biological basis) and technical (parameters):
Female mouse lung metabolism and internal doses in
Yang et al. (2012) are not consistent with results for male
mice. Vmax is approximately 5 times higher for male mice
than for female mice, yet the tumor response is similar.
This has implications for biological basis for the
site-specific dose-response, and parameterization of extra-
hepatic metabolism (more details provided in subsection
below). Also, lung metabolism does not account for tumor
responses at other sites, which also need to be
incorporated into a risk assessment.

An unknown but major impact due to the
importance of the proposed lung internal dose
metric. Further evaluation needed if whole-body
metabolism is used as a dose metric.

Scientific (model fidelity) and technical (parameters):
Female mouse liver and kidney metabolism may be
underestimated in Yang et al. (2012). For liver
metabolism, this is apparent on the log-scale for
predictions of chloroprene headspace concentration data
provided in Figure 2b of Yang et al. (2012), and Figures 5
and 25 of Study IISRP-17520-1388 (submitted to
EPA-HQ-ORD-2009-0217). The underestimation occurs for
both the point estimate results and the Monte Carlo
results. Also, because the molecular form of enzymes does
not vary between tissues within an individual, or males
and females of a species, the Km for metabolism should be
likewise constant across tissues and between sexes.

Technical (parameters): Possible errors in model
optimization for kidney metabolism.

Female mouse kidney metabolism approaches zero in
MCMC optimization. Parameterization of extra-hepatic
metabolism may not be correct (more details provided in
subsection below).

By mass balance, the error would lead to increased
mouse lung metabolism. Increasing mouse internal
lung dose would lead to an increased human
equivalent concentration if solely applying the lung
dose metric (under-estimating human risk). If
whole-body metabolism is used to evaluate tumor
dose-response in various sites, the impact may be
minimal.
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Table 6. Technical and scientific evaluation of the Yang et al. (2012) model

and analysis (continued)

Criteria type and notes

Potential impact on dose-response analysis

Technical (MCMC/statistics): likely underestimation of
uncertainty, overestimation of significance of differences
in parameters between species and sexes: The
calculation of likelihood used in the MCMC analysis
appears to assume that serially collected samples from
each incubation (experimental unit) are treated as
independent (i.e., if 20 time points were collected, these
are treated as 20 independent samples). But if only a
single incubation is conducted, with serial sampling of the
headspace, the actual nis 1, and the likelihood calculation
needs to account for the autocorrelation among repeated
measures from a single experimental unit.

Mean parameter values from the MCMC analysis may
still be considered sufficient for evaluation of
dose-response, but nominal information on the
degree of variance or significance of differences
between male and female mice, for example, will not
be considered. Information from the human
microsomal incubations is not sufficient to evaluate
interindividual variability.

Technical: model validation vs. in vivo data. The model’s
ability to reproduce in-vivo PK data [i.e., from
Himmelstein et al. (2004a)] has not been evaluated. Of
concern is that Himmelstein et al. (2004a) had to reduce
alveolar ventilation and total blood flow values predicted
from the in vitro data by 50% to match the in vivo PK data
presented there. Mice are well known to suppress
respiration (RD) and cardiac output in response to irritant
gases. However, this response would be dose dependent.
A search for RD data for chloroprene in mice was
unsuccessful.

Unknown impact on risk predictions. Reductions in
ventilation and blood flow needed to match in vivo
PK data should assumed to also apply to bioassay
conditions, barring data that the response is not
chronic. A non-dose-dependent reduction of 50%
(i.e., at all exposure levels) may be acceptable.
Reduction would only be assumed to occur during
periods of exposure.

IISRP = International Institute of Synthetic Rubber Producers; Km = Michaelis-Menten constant;
MCMC = Markov-Chain Monte-Carlo; RD = respiratory depression; Vmax = maximum expiratory flow.

Other observations regarding Yang et al. (2012) specific to ADME, internal dose, and

model/data fitting

Tables 3 and 4 of Yang et al. (2012) report the lung Viax to be approximately five times

higher for male mice than for female mice. Not surprisingly, the male mouse internal lung dose

metric is over fivefold higher than the female mouse at each exposure concentration [Table 5 of

Yang et al. (2012)]. However, the tumor profiles between male and female mice are very similar: 26
and 8% (control), 56 and 57% (12.8 ppm), 72 and 68% (32 ppm), and 86 and 84% (80 ppm) (NTP,

1998). Because the fundamental premise of this series of papers is that mouse lung tumors may not

be relevant to humans given the large differences in lung metabolism, the reported differences in

the internal dose metrics between male mice and female mice should have been explained by the

authors. If tumor response can be better explained by using internal dose vs. external

concentration, it is unclear how such large differences in metabolism do not translate to differences
in tumor incidence. The difference of internal dose between male and female mice is similar to that

between female mice and humans [Table 5 of Yang et al. (2012)]. The difference between male and
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female mouse internal dose metrics (male/female value) was 5.6-, 5.7-, and 5.4-fold for 12.8, 32,
and 80 ppm, respectively. The difference between female mice and humans (female mice/human
value) was 7.4, 4.8, and 2.5 at those same doses. The subsequent dose-response analysis by Allen et
al. (2014) only incorporates female mouse data, and no rationale for the omission of male mouse
data are provided. It cannot be determined whether this discrepancy reflects on the usability or
validity of the model because it is possible that site-specific metabolism truly differs substantially
between male mice and female mice. However, the discrepancy indicates that the site-specific dose
metric may not be appropriate for dose-response modeling and animal-to-human extrapolation.
There are also inconsistencies in the kidney metabolic rates. Anomalies are apparent in the
output distributions of the metabolic parameters V. and Michaelis-Menten constant (Kn) for
female mice [Figure S6 of Yang et al. (2012) supplementary materials, and Figure 20 of the
International Institute of Synthetic Rubber Producers (IISRP)-17520-1388 study]. Unlike for male

mice, the probability samples cluster around zero for female mice. The underestimation only
occurs for the Monte Carlo results, and the difference between point estimates and Monte Carlo
estimates (which are a factor of 10 lower) is attributed only to “background loss rate.” Itis possible
that there was an error in the Markov-Chain Monte-Carlo (MCMC) optimization (i.e., the prior
distribution failed to properly incorporate in vitro data, which indicate that kidney metabolism is
not zero), and that kidney metabolism is greatly underpredicted in female mice. More reasonable
results may have been obtained under the assumption that K, for Cyp2e1 does not vary between
tissues or between males and females (i.e., that only the V. varies between tissues and sexes). To
implement this assumption under Bayesian analysis, a hierarchical approach is required to account
for the commonality of the Ki, within a species. Ata minimum, the K, estimated from the liver data
for one sex should be assumed to apply and treated as a fixed constant when evaluating data from
the other sex and other tissues.

The model has not been evaluated for its ability to predict in vivo PK data (i.e., there has
been no validation of the model). If reductions in respiration rate and cardiac output (total blood

flow) are required to match the in vivo data, similar to results of Himmelstein et al. (2004a), then

these may be attributed to respiratory depression (RD) which is a response that occurs particularly
in mice from exposure to irritant gases. However, such a response would be expected to be dose
dependent (lower RD at lower exposure levels). Further, barring data which show that it is nota
persistent response, the response should be assumed to also occur during bioassay exposures, but
only during periods of exposure.

Other in vivo or in vitro data sets may need to be evaluated further to test model fidelity or
validate model parameters. In the chloroprene docket is a report in which blood chloroprene was
measured in mice following single (6-hour) and repeated (5- or 15-day) inhalation exposures.
Chloroprene blood levels were higher following single exposures, which was postulated to be
because of higher minute volume due to stress. The authors conclude that this blood data is

suitable for validation of a PBPK mode], but it is unclear whether the data were used for the
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validation of the PBPK model in Yang et al. (2012). The report did not investigate chloroprene

levels in the organs of interest (namely the lungs, liver, or kidneys).

The metabolic data used to parameterize both the deterministic and probabilistic PBPK
models were generated via in vitro headspace experiments where chloroprene was added to closed
vials with lung, liver, or kidney microsomal preparations and the disappearance of chloroprene
from the vial headspace was measured. Microsomes are derived from the endoplasmic reticulum

that contain Phase I and Il metabolizing enzymes; microsomes are not present in living cells and are

not capable of transcribing mRNA. Thomas et al. (2013) stated that induction of metabolizing
enzymes appears to differ between rats and mice, based on data in female rats and mice. However,
while Cyp2e1 mRNA levels in female rats (exposed to 200 ppm chloroprene for either 5 or 15 days)
were significantly increased over controls, this exposure level was not evaluated in mice. At 90
ppm, female mice and rats had similar levels of Cyp2e1l induction, though not statistically
significant vs. controls. Conversely, epoxide hydrolase mRNA was induced in mice at >13 ppm (5 or
15 days) and >3 ppm (5 days only), but not rats. The lack of Cy2e1l induction in the female mouse
lung from exposure to 90 ppm chloroprene is supported by an unpublished report submitted to the
chloroprene docket (EPA-HQ-ORD-2009-0217-0009, report [ISRP-12828-1406). This report stated
that, “after 15 days of inhalation exposure to 3-Chloroprene, no dose-dependent alterations were
observed in total CYP content or CYP 1A2, 2B1/2, 2E1, 3A2 or 4A1/2/3 content.” Thomas et al.
(2013) stated “It is not yet known whether the changes in Cyp2e1 [in rat] and Ephx1 [in mice]
mRNAs are translated into increased enzyme activity, but the ultimate result would be a narrowing
of the cross-species differences in the activation-to-detoxification ranges.” Further evaluation of
data is needed to determine the impact (if any) induction would have in humans at environmentally
relevant concentrations.

More significantly, data explicitly evaluating metabolic induction in the liver or kidney of
female mice or rats, or in any tissue of male mice or rats, are not available. Thus, the possible
impact of induction on whole-body metabolism or kinetics in these species, or any difference
between males and females, is unknown. PK data submitted to Docket ID: EPA-HQ-ORD-2009-0217
show a 5.4-fold decrease in chloroprene blood concentration after 15 days of exposure to 13 ppm
chloroprene in female mice and approximately 2-fold reductions after 15 days of exposure to 32
and 90 ppm, indicating significant whole-body metabolic induction at these exposure levels.
However, if tumor risk is assumed to be proportional to the rate of chloroprene oxidation, the
failure to account for this induction in the model is likely to over-estimate the cancer slope factor
(i.e., underestimate the dose [rate of metabolism] associated with a particular tumor response).
Thus, this inadequacy in the model, under the proposed model application, would result in an error

on the side of caution.
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Eckert, E; Leng, G; Gries, W; Géen, T. (2013). Excretion of mercapturic acids in human urine
after occupational exposure to 2-chloroprene. Arch Toxicol 87: 1095-1102.
http://dx.doi.org/10.1007/s00204-013-1016-6. (see Table 7)

Table 7. Absorption, distribution, metabolism, excretion (ADME)
inventory/summary of Eckert et al. (2013)

Subjects 14 occupationally exposed individuals (males aged 25-57, median age 43), 30 individuals without
occupational exposure (14 males, 16 females, aged 21-63, median age 30). Half of participants in
both groups stated as smokers.

Route Dermal Duration N/A
Analyte(s) C1-MA-I, C1-MA-Ill, MHBMA, HOBMA, DHBMA Matrices Urine
Exposure Human biomonitoring pilot study. Significant dermal exposure assumed by the occupational

hygienist of the plant. 2-Chloroprene measured in workplace air at <0.1 ppm, and therefore
inhalation exposure was assumed negligible.

Notes

e Elevated levels of the mercapturic acids C1-MA-IIl, MHBMA, HOBMA, and DHBMA were
found in the urine samples of the exposed group.

e (C1-MA-I and C1-MA-Il were not detected in any of the samples.

e HOBMA and DHBMA were found in all analyzed urine samples.

C1-MA-I = 4-chloro-3-oxobutyl MA; C1-MA-II = 4-chloro-3-hydroxybutyl mercapturic acid; C1-MA-IIl = 3-chloro-2-
hydroxy-3-butenyl MA; DHBMA = 3,4-dihydroxybutyl MA; HOBMA = 4-hydroxy-3-oxobutyl MA; MA = mercapturic
acid; MHBMA = 2-hydroxy-3-butenyl MA.

Allen, BC; Van Landingham, C; Yang, Y; Youk, AO; Marsh, GM; Esmen, N; Gentry, PR; Clewell, HJ;
Himmelstein, MW. (2014). A constrained maximum likelihood approach to evaluate the
impact of dose metric on cancer risk assessment: application to -chloroprene. Regul Toxicol
Pharmacol 70: 203-213. http://dx.doi.org/10.1016/j.yrtph.2014.07.001.

The methodology of Allen et al. (2014) has potential for reconciling dose-response
relationships from humans and animals when it is not feasible to consider both data types on
compatible dose and response scales. However, the reported chloroprene analysis did not use the
hazard identification conclusions and dose-response approaches that the 2010 IRIS assessment
relied on, so not surprisingly, it estimated a different inhalation unit risk for respiratory cancer than
the IRIS assessment. In addition, the use of the PBPK metrics of Yang et al. (2012) for both humans

and mice as critical inputs had an unclear impact, owing to the unexplained different rates of

chloroprene metabolism in the lung between female and male mice and the unknown impact on
projected human internal dose.

The primary difference concerns the human response data for respiratory cancer. The Allen
etal. (2014) analysis was based solely on the standardized mortality ratios (SMRs) with external
comparison (using U.S. respiratory cancer rates) from the epidemiological study by Marsh et al.
(2007). In general, analyses based on internal controls are considered more valid and relevant

given concerns including biases such as the healthy worker and healthy worker survivor effects.
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Therefore, these SMRs may represent biased estimates, so the slope of zero for the Louisville cohort
likely underestimated the magnitude of human responses.

Although there was insufficient support for dose-response estimation, EPA concluded in the
2010 assessment that there was an association of respiratory cancer with increasing chloroprene

exposure. The most compelling evidence in the Marsh et al. (2007) paper was the consistent

associations, using internal controls, in every upper cumulative exposure quartiles (3 and 4) in the
other three plants (odds ratio [OR] range: 1.9-2.9), as well as ORs in excess of 1.0 for low-level
exposures in two out of three plants for Quartile 2. Additionally, the cumulative exposure for the
Louisville referent group (<4.747 ppm*year) overlapped the exposures in 2nd quartile for the
Maydown plant and the 2nd and 3rd quartiles for the Pontchartrain and Grenoble plants. EPA’s
interpretation of the human evidence was supported by the external peer-review panel; therefore,

the choice of the Louisville cohort alone for the Allen et al. (2014) analysis is curious. Given the

associations seen in the Maydown, Pontchartrain, and Grenoble cohorts among participants with
low exposure levels, the reference choice for the Louisville cohort could attenuate the ability to
detect associations at low exposure levels. This would lead to an underestimated slope for the
association between chloroprene exposure and lung cancer in that cohort and thus lead to an

underestimate of the IUR using the approach of Allen et al. (2014) when combining animal and

human data.

Another difference in hazard identification conclusions between the Allen et al. (2014) and

the 2010 IRIS assessment concerns multiple tumors observed in mice (and rats), and less sufficient
evidence in humans to rule out this possibility. Concerning dose-response approaches, Allen et al.
(2014) used a dose-response model that ignored data for decreased time to death with tumor in the
mice. Although the human evidence did not support a model including this factor, earlier
appearance of tumors was noted in several human studies. Both considerations contributed to a

lower potency estimate in mice in the Allen et al. (2014) analysis.

Allen et al. (2014) omitted key information that would clarify applicability of the analysis.

First, additional specifics of the dose-response point that both models were constrained to fit would
have facilitated a better understanding of the analysis. That is, the cumulative human exposure
(either in ppm-years or umole of metabolite/g lung/day*years) corresponding to the daily PBPK
dose of 0.00352 umole of metabolite/g lung/day was not provided, nor was the response (or range
of responses in the uncertainty analysis) estimated at that exposure point.

A second point of needed clarification concerns the final ~1,000-fold range of slope factors,
which apparently reflects an uncertainty analysis that only considered the impact of assignments of
chloroprene exposures in the Louisville cohort. Without information to clarify what was done, the
“maximum-likelihood estimate” within this range then appears to be the slope factor estimate
associated with the highest maximum-likelihood combined model fit among all
maximum-likelihood estimates from 1,500 different characterizations of the Louisville exposure

data. Therefore, both limits of this range, as well as the central tendency estimate, are likely
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underestimated by considering only dose-response inputs that minimize estimates of human and
animal potency, as opposed to considering the full range of interpretations consistent with the
available data. Note: The EPA inhalation unit risk is an upper bound and not directly comparable to

a maximume-likelihood estimate.

4.2.3. Carcinogenicity and Mode-of-Action (MOA) Considerations

In their comments on the chloroprene assessment, Ramboll Environ scientists questioned
the scientific support for a genotoxic MOA for chloroprene, and instead proposed an alternative
MOA involving hyperplasia, induced cell proliferation, and increased expression of pre-existing
mutations. The 2010 assessment does not discount the possibility of additional carcinogenic MOAs,
and even acknowledges that alternative MOAs may be present at high doses given the decrease in
K-ras A to T transversions seen at high doses (i.e., 80 ppm). However, the evidence presented in the
2010 IRIS assessment clearly supports that genotoxicity is a possible MOA. Ramboll Environ
scientists note that A to T transversions have been observed in spontaneous mouse lung tumors,
but this particular transversion (CAA — CTA at codon 61) was not observed in any historical
National Toxicology Program controls, thus decreasing the chance that chloroprene exposure could
be increasing the expression of pre-existing mutations. Further, the proposed genotoxic MOA for
chloroprene was unanimously supported by the external peer-review committee that reviewed the
assessment.

Also, interestingly, most of the studies on which Ramboll Environ scientists cite to support
their proposed application of the PBPK model also conclude or report that chloroprene may be
operative via a mutagenic MOA. For example, the three Himmelstein toxicokinetic papers all make
statements in their introductions regarding the mutagenicity of chloroprene. Himmelstein et al.
(2001a) and Himmelstein et al. (2004b) stated that in some tests, but not others, chloroprene

appears to be genotoxic. Himmelstein et al. (2004a) stated more strongly that “[t]he mechanistic

steps by which CD [B-chloroprene] exposure leads to rodent tumors, while not understood fully,
strongly suggest a genotoxic mode of action.” Himmelstein et al. (2001b) tested the mutagenicity
and clastogenicity of (1-chloroethenyl)oxirane and concluded that “results suggested that CEO [(1-
chloroethenyl)oxirane]-induced mutagenicity, but not clastogenicity, may contributed to CD-

induced carcinogenicity.” The three papers under current consideration (Allen et al., 2014; Thomas

etal, 2013; Yang et al., 2012) also made strong statements regarding chloroprene’s mutagenicity:

Thomas et al. (2013)—"“[t]he current hypothesized mode of action for chloroprene involves

bioactivation to a mutagenic metabolite, leading to DNA damage and increased tumors.”

Yang et al. (2012)—“[o]ne reactive intermediate formed is the epoxide

(1-chloroethenyl)oxirane which was mutagenic in the Ames assay, but not clastogenic at cytotoxic
concentrations in vivo. This epoxide also shows reactivity with DNA in vitro and is a potential

cross-linking agent.”
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Allen et al. (2014)—"“[t]he initial step in metabolism is oxidation forming a stable epoxide,

(1-chloroethenyl)oxirane, a genotoxicant that might be involved in the observed carcinogenicity in

animals.”
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5.CONCLUSIONS

5.1. IMPACT OF NEW LITERATURE ON 2010 INTEGRATED RISK
INFORMATION SYSTEM (IRIS) CONCLUSIONS

The seven studies evaluated above represent novel approaches to analyzing existing
epidemiologic, toxicological, and toxicokinetic data available for chloroprene. However, as is
evident in the discussions of those studies, it is the opinion of the EPA that these studies do not
present sufficient evidence or provide adequate rationale for re-evaluating the entire chloroprene
toxicity database. Of particular note, there are a number of serious concerns surrounding the

development and/or application of the PBPK models (Yang et al., 2012), including poor model

optimization of the derived metabolic parameters. A number of issues would need to be addressed

in order to update or adapt the Yang et al. (2012) PBPK model for use in revising the chloroprene

dose-response assessment. For instance, for the model to be used EPA would need the PBPK code
to be replicable on publicly-available software. Due to the discontinuation of the acslX modeling

platform, the Yang et al. (2012) model (which includes all model files and scripts) would need to be

converted to a different platform. In addition, a revised Yang et al. (2012) model should address the

technical and scientific evaluation issues outlined in Table 6, a number of which might
substantively impact the dose-response analysis. Finally, the model would need to undergo peer
review for it to be considered for potential use in any future assessment of chloroprene health
risks.

Thomas et al. (2013) provide only information on gene expression resulting from acute

exposures, and likely does not reflect changes in gene expression or MOAs due to chronic exposure,

limiting its utility in a chronic human health assessment. Last, the combined dose-response

analysis (Allen et al., 2014) relied on judgments that underestimated risk in female mice and
particularly underestimated human risk, given existing data. The validity of PBPK model results

used by Allen et al. (2014) are also dependent on further evaluations needed for the Yang et al.

(2012) model. Collectively, there is low confidence in the published conclusions that human risk of
respiratory cancer is up to 100-fold less than that in female mice.

Ultimately, the Agency stands behind the conclusions made in the 2010 IRIS Toxicological
Review of Chloroprene, including the derived cancer values. The new studies on chloroprene do
not provide a reasonable basis for reassessing the human health effects due to chronic chloroprene

exposure.
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APPENDIX A. LITERATURE SEARCH STRATEGIES
Table A-1. Literature search strategies

WOS ((TS="Chloroprene" OR TS="1,3-Butadiene, 2-chloro-" OR TS="2-Chloor-1,3-butadieen" |Results: 157
OR TS="2-Chlor-1,3-butadien" OR TS="2-Chlorbuta-1,3-dien" OR TS="2-chloro-1,3-
butadiene" OR TS="2-Chloro-1,3-butadiéne" OR TS="2-chlorobuta-1,3-diene" OR
TS="Chloropren") AND PY=(2010-2017))

PUBMED | (("Chloroprene" OR "1,3-Butadiene, 2-chloro-" OR "2-Chloor-1,3-butadieen" OR Results: 24
"2-Chlor-1,3-butadien"” OR "2-Chlorbuta-1,3-dien" OR "2-chloro-1,3-butadiene" OR
"2-Chloro-1,3-butadiene" OR "2-chlorobuta-1,3-diene" OR "Chloropren") AND
("2010/01/01"[Date - Publication]: "3000"[Date - Publication]))

TOXNET | @AND+@OR+(Chloroprene+"1,3-Butadiene, 2-chloro-"+"2-Chloor-1,3-butadieen"+ Results: 1
"2-Chlor-1,3-butadien"+"2-Chlorbuta-1,3-dien"+"2-chloro-1,3-butadiene"+
"2-Chloro-1,3-butadiene"+"2-chlorobuta-1,3-diene"+"Chloropren"+
@term+@rn+126-99-8)+(@RANGE+yr+2010+2017)+@NOT+@org+pubmed+pubdart+
crisp+tscats
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APPENDIX B. CORE AND PROMPTING QUESTIONS TO ASSESS RISK OF
BIAS AND SENSITIVITY IN EPIDEMIOLOGY STUDIES

Table B-1. Core and prompting questions to assess risk of bias and sensitivity
in epidemiology studies

Core question

Example prompting questions

Example follow-up questions

Exposure
Does the exposure

measure reliably
distinguish between
levels of exposure in a
time window considered
most relevant for a causal
effect with respect to the
development of the
outcome?

For all:

Does the exposure measure capture the
major source(s) of variability in
exposure among the participants,
considering intensity, frequency, and
duration of exposure?

Does the exposure measure reflect a
relevant time window? If not, can the
relationship between measures in this
time and the relevant time window be
estimated reliably?

Was the exposure measurement likely
to be affected by a knowledge of the
outcome or by the presence of the
outcome (i.e., reverse causality)?

For case-control studies of occupational
exposures:

Is exposure based on a comprehensive
job history describing tasks, setting,
time period, and use of specific
materials?

For biomarkers of exposure, general population:

Is a standard assay used? What are the
intra- and interassay coefficients of
variation? Is the assay likely to be
affected by contamination? Are values
less than the limit of detection dealt
with adequately?

What exposure time period is reflected
by the biomarker? If the half-life is
short, what is the correlation between
serial measurements of exposure?

Is the degree of exposure
misclassification likely to vary by
exposure level?

If the correlation between
exposure measurements is
moderate, is there an adequate
statistical approach to ameliorate
variability in measurements?

If there is a concern about the
potential for bias, what is the
predicted direction or distortion of
the bias on the effect estimate (if
there is enough information)?
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Table B-1. Core and prompting questions to assess risk of bias and
sensitivity in epidemiology studies (continued)

Core question

Example prompting questions

Example follow-up questions

Outcome

Does the outcome
measure reliably
distinguish the presence
or absence (or degree of
severity) of the outcome?

For all:

e Isdisease ascertainment likely to be affected
by knowledge of, or presence of, exposure
(e.g., consider access to health care, if based
on self-reported history of diagnosis)?

For case-control studies:

e |sthe non-diseased comparison group (e.g.,
controls in a case-control study) based on
objective criteria with little or no likelihood of
inclusion of people with the disease?

For mortality measures:

e How well does cause of death data reflect
occurrence of the disease in an individual?
How well do mortality data reflect incidence
of the disease?

For diagnosis of disease measures:

e |s diagnosis based on standard clinical
criteria? If based on self-report of diagnosis,
what is the validity of this measure?

For laboratory-based measures (e.g., hormone levels):

e Isastandard assay used? Does the assay
have an acceptable level of inter-assay
variability? Is the sensitivity of the assay
appropriate for the outcome measure in this
study population?

Is there a concern that any
outcome misclassification is
non-differential, differential,
or both?

What is the predicted
direction or distortion of the
bias on the effect estimate (if
there is enough
information)?
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Table B-1. Core and prompting questions to assess risk of bias and
sensitivity in epidemiology studies (continued)

Core question

Example prompting questions

Example follow-up questions

Participant selection

Is there evidence that
selection into or out of
the study (or analysis
sample) was jointly
related to exposure and
to outcome?

For longitudinal cohort:

Did participants volunteer for the cohort
based on knowledge of exposure and/or
preclinical disease symptoms? Was entry into
the cohort or continuation in the cohort
related to exposure and outcome?

For occupational cohort:

Did entry into the cohort begin with the start
of the exposure?

Was follow-up or outcome assessment
incomplete and if so, was follow-up related to
both exposure and outcome status?

Could exposure produce symptoms that
would result in a change in work
assignment/work status (“healthy worker
survivor effect”)?

For case-control study:

Were controls representative of population
and time periods from which cases were
drawn?

Are hospital controls selected from a group
whose reason for admission is independent of
exposure?

Could recruitment strategies, eligibility
criteria, or participation rates result in
differential participation relating to both
disease and exposure?

For population-based survey:

Was recruitment based on advertisement to
people with knowledge of exposure,
outcome, and hypothesis?

Were differences in
participant enrollment and
follow-up evaluated to assess
bias?

If there is a concern about
the potential for bias, what is
the predicted direction or
distortion of the bias on the
effect estimate (if there is
enough information)?

Were appropriate analyses
performed to address
changing exposures over
time in relation to
symptoms?

Is there a comparison of
participants and
non-participants to address
whether or not differential
selection is likely?
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Table B-1. Core and prompting questions to assess risk of bias and
sensitivity in epidemiology studies (continued)

Core question

Example prompting questions

Example follow-up questions

Confounding

Is confounding of the
effect of the exposure
likely?

Is confounding adequately addressed by
considerations in...

a. ... participant selection (matching or
restriction)?

b. ... accurate information on potential
confounders, and statistical
adjustment procedures?

c. .. lack of association between
confounder and outcome, or
confounder and exposure in the
study?

d. ...information from other sources?

Is the assessment of confounders based on a
thoughtful review of published literature,
potential relationships (e.g., as can be gained
through directed acyclic graphing),
minimizing potential over-control

(e.g., inclusion of a variable on the pathway
between exposure and outcome)?

If there is a concern about
the potential for bias, what is
the predicted direction or
distortion of the bias on the
effect estimate (if there is
enough information)?

Analysis

Does the analysis strategy
and presentation convey
the necessary familiarity
with the data and
assumptions?

Are missing outcome, exposure, and
covariate data recognized and, if necessary,
accounted for in the analysis?

Does the analysis appropriately consider
variable distributions and modeling
assumptions?

Does the analysis appropriately consider
subgroups of interest (e.g., based on
variability in exposure level or duration,
susceptible subgroups)?

Is an appropriate analysis used for the study
design?

Is effect modification considered, based on
considerations developed a priori?

Does the study include additional analyses
addressing potential biases or limitations (i.e.,
sensitivity analyses)?

If there is a concern about
the potential for bias, what is
the predicted direction or
distortion of the bias on the
effect estimate (if there is
enough information)?
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APPENDIX C. ASSESSMENT OF RISK OF BIAS AND SENSITIVITY IN

ANIMAL STUDIES

Evaluation of animal studies to assess risk of bias and sensitivity was conducted for the

following domains: reporting quality, selection or performance bias, confounding/variable control,

reporting or attrition bias, exposure methods sensitivity, and outcome measures and results display
(see Table C-1).

Table C-1. Domains of evaluation for animal studies

Domain

Metric

Criteria

Reporting quality

Reporting of
information
necessary for
study
evaluation

Key information necessary for study evaluation (study would be deemed critically
deficient if not reported?):

e Species, test article description, levels and duration of exposure, endpoints
investigated, qualitative or quantitative results.

Important information, which should also be reported, is listed below. The brackets
contain secondary information that would ideally be reported and, based on the
needs of a given assessment, may be considered important, or key, information.

e Test animal—strain, sex, source (e.g., vendor), husbandry procedures (e.g.,
housing, feed, mating), [baseline health (e.g., colony monitoring
procedures), age or body weight at start of study].

e Exposure methods—test article source, description of vehicle control, route
of administration, methods of administration (e.g., gavage volume,
exposure chamber), [information on stability, purity, analytical verification
methods].

e  Experimental design—periodicity of exposure, animal age/life stage during
exposure and at endpoint evaluation(s), [timing of endpoint evaluation(s)
(e.g., latency between exposure and testing)].

e  Endpoint evaluations—procedural details to understand how endpoints
were measured; procedural controls, including information on positive and
negative controls; [related details (e.g., biological matrix or specific region of
tissue/organ evaluated); information on other manipulations (e.g., surgery,
co-treatment)].

e Results presentation—presents findings for all endpoints of interest that
were investigated, information on variability, experimental units assessed,
sample size, statistical procedures, (related details, e.g., maternal toxicity in
developmental studies, handling of early mortality in long-term bioassays).

Note: Studies adhering to GLP (good laboratory practices) or to testing guidelines
established by (inter)national agencies are assumed to be of good reporting quality.
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Table C-1. Domains of evaluation for animal studies (continued)

Domain

Metric

Criteria

Allocation of

Ideally, animal studies are randomized, with each animal or litter having an equal

Confounding/variable control

variables across
experimental
groups

" animals to chance of being assigned to any experimental group, including controls, and
g experimental allocation procedures sufficiently described. Less ideally, but generally adequate or
9 groups good, are studies indicating normalization of experimental groups before exposure,
& for example according to body weight or litter, but without indication of
g randomization. The least preferred situation is studies with no indication of how
“5 groups were assigned.
g Blinding of Good studies will conceal the treatment groups from the researchers conducting the
S investigators, endpoint evaluations (and, in rare but ideal situations, from all research personnel
s particularly and technicians). Concern regarding blinding may be attenuated when outcome
% during outcome | measures are more objective (e.g., as is the case of obtaining organ weights) or
@ assessment measurement is automated using computer-driven systems (e.g., as is the case in
many behavioral assessments).
Control for In a good study, outside of the (chemical) exposure of interest, all variables will be

controlled for and consistent across experimental groups. Concern regarding
additional variables, introduced intentionally or unintentionally, may be mitigated by
knowledge or inferences regarding the likelihood and extent to which the variable
can influence the endpoint(s) of interest.

A very important example to consider is whether the exposure was sufficiently
controlled to attribute the effects of exposure to the compound of interest alone.
Generally, well-conducted exposures will not have any evidence of coexposures and
will include experimental controls that minimize the potential for confounding (e.g.,
use of a suitable vehicle control).

Other examples of variables that may be uncontrolled or inconsistent across
experimental groups include protective or toxic factors that could mask or
exacerbate effects, diet composition, or surgical procedures (e.g., ovariectomy).

Reporting or attrition bias

Lack of selective
data reporting
and

In a good study, information is reported on all pre-specified outcomes and
comparisons for all animals, across treatment groups and scheduled sacrifices.
Aspects to consider include whether all study animals were accounted for in the

unaccounted results (if not, are explanations, such as death while on study, and adjustments
for loss of provided) and whether expected comparisons or certain groups were excluded from
animals the analyses. In some studies, the outcomes evaluated must be inferred (e.g., a suite

of standard measures in a guideline study).
Note: This metric does not address whether quantitative data were reported, nor
considers statistical test methods.
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Table C-1. Domains of evaluation for animal studies (continued)

Domain

Metric

Criteria

Exposure methods sensitivity

Characterization
of the exposure
to the
compound of
interest

Consider whether there are notable issues that raise doubt about the reliability of
the exposure levels, or of exposure to the compound of interest. Depending on the
chemical being assessed, this may include considering factors such as the stability
and composition (e.g., purity, isomeric composition) of the test article, exposure
generation and analytic verification methods (including whether the tested levels and
spacing between exposure groups is resolvable using current methods), and details
of exposure methods (e.g., inhalation chamber type; gavage volume). In some cases,
exposure biomarkers in blood, urine, or tissues of treated animals can mitigate
concerns regarding inaccurate dosing (dependent on the validity of the biomarker for
the chemical of interest).

Note: While this identifies uncertainties in dose-response, it is typically not a valid
reason for exclusion from Hazard ID.

Use of the
exposure design
for the endpoint
of interest

Based on the known or presumed biological progression of the outcomes being
evaluated, consider whether there are notable concerns regarding the timing,
frequency, or duration of exposure. For example, better developmental studies will
cover a greater proportion of the developmental window thought to be critical to the
system of interest, while better studies for assessing cancer or other chronic
outcomes will be of longer duration. Studies that expose animals infrequently or
sporadically, or, conversely, on a continuous basis (which, depending on the
exposure level, can impact food/water consumption, sleep cycles, or
pregnancy/maternal care), might introduce additional complications.

Outcomes measures and results display

Sensitivity and
specificity of the
endpoint
evaluations

Consider whether there are notable concerns about aspects of the procedures for, or
the timing of, the endpoint evaluations.

Based on the endpoint evaluation protocol used for the endpoints of interest,
specific considerations will typically include:

e Concerns regarding the sensitivity of the specific protocols for evaluating the
endpoint of interest (i.e., assays can differ dramatically in terms of their
ability to detect effects) and/or their timing (i.e., the age of animals at
assessment can be critical to the appropriateness and sensitivity of the
evaluation). This includes both overestimates or underestimates of the true
effect, as well as a much higher (or lower) probability for detecting the

effect(s) being assessed.

Concerns regarding the specificity and validity of the protocols. This
includes the use of appropriate protocol controls to rule out nonspecific
effects, which can often be inferred from established guidelines or historical
assay data. It may be considered useful for insensitive, complex, or novel
protocols to include positive and/or negative controls.

Concerns regarding adequate sampling. This includes both the experimental
unit (e.g., litter, animal) and endpoint (e.g., number of slides evaluated).
This is typically inferred from historical knowledge of the assay or
comparable assays.

Notes: Human relevance of the endpoint is not addressed during study evaluation;
for under sampling without blinding (e.g., sampling bias), this will typically lead to
gross overestimates of effect; sample size is generally not a reason for exclusion.
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Table C-1. Domains of evaluation for animal studies (continued)

Domain

Metric

Criteria

Outcomes measures and results display (continued)

Usability and
transparency of
the presented
data

Consider whether the results are analyzed or presented in a way that limits concerns
regarding the reliability of the findings.
Items that will typically be important to consider include:

e Concern that the level of detail provided does not allow for an informed
interpretation of the results (e.g., authors’ conclusions without quantitative
data; discussing neoplasms without distinguishing between benign and
malignant tumors; not presenting variability).

e Concern that the way in which the data were analyzed, compared, or
presented is inappropriate or misleading. Examples include failing to control
for litter effects (e.g., when presenting pup data rather than the preferred
litter data), pooling results from males and females or across lesion types,
failing to address observed or presumed toxicity (e.g., in assessed animals;
in dams) when exposure levels are known or expected to be highly toxic,
incomplete presentation of the data (e.g., presenting continuous data as
dichotomized), or non-preferred display of results (e.g., using a different
readout than is expected for that assay). The evaluator should support how
or why, and to what extent, this might mislead interpretations.

Notes: Concerns regarding the statistical methods applied are not addressed during
study evaluation, but should be flagged for review by a statistician. Missing
information related to this metric should typically be requested from the study
authors.

Other

(Optional)

Example 1: Control for other threats to internal validity. This exceptional metric
might be used to consider animal husbandry concerns, reports of predosing toxicity
or infection, etc.

Example 2: Lack of concern for sensitivity of the animal model. This exceptional
metric should be used only when there is demonstrated evidence of differences in
model (e.g., species, sex, strain) sensitivity. This does not address the human
relevance of the animal model.
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% 201 St. CHARLES AVENUE
O N E S NEW ORLEANS, LOUISIANA 70170-5100
504-582-8000

WA L K E R Fax 504-582-8583

www.joneswalker.com

Robert E. Holden

Direct Dial: 504-582-8139
Ditect Fax: 504-589-8139
bholden@joneswalker.com

April 6,2018

VIA ELECTRONIC MAIL & FEDERAL EXPRESS
Jennifer Orme-Zavaleta, Ph.D.

Principal Deputy Assistant Administrator for Science
United States Environmental Protection Agency
1200 Pennsylvania Ave. NW

Washington, D.C. 20460

Re:  Chloroprene Request for Correction #17002
Follow-up Request for EPA Review of PBPK Workplan
Our File: 165671-00

Dear Dr. Orme-Zavaleta:

On behalf of Denka Performance Elastomer LLC (DPE), I acknowledge receipt of EPA’s
denial, dated January 25, 2018, of DPE’s Request for Correction (RFC) #17002 concerning the
2010 Toxicological Review of Chloroprene. DPE is very disappointed with the EPA denial, and
believes the EPA should reconsider its denial. As outlined in the EPA denial, DPE plans to file a
timely Request for Reconsideration.

DPE’s interest, as it is EPA’s, is to seek the application of the best available science to
this matter. EPA recognizes that it established the inhalation unit risk (IUR) for chloroprene
based on the default assumption that human beings are as sensitive to chloroprene exposure as
the most sensitive species in the laboratory. Attachment 1 to the January 25 denial explained,
“In accordance with the EPA Guidelines for Carcinogen Risk Assessment (2005), in the absence
of data to the contrary, EPA uses the most sensitive species and sex in establishing the cancer
risk to humans, which, in the case of chloroprene, is the female mouse.” EPA Denial,
Attachment 1, at 3.

The January 25 denial includes a cover letter and attachments 1 and 2. The attachments
provide details about why EPA does not consider any currently available physiologically-based
pharmacokinetic (PBPK) models to be sufficiently validated to be used to adjust the mouse-
based IUR to more accurately indicate potential human response. EPA’s denial states that,
among other things, it contacted Dr. Harvey Clewell in an effort to obtain computer code for
some of the most recent PBPK models for chloroprene.

{N3568898.1}

JoNESs WaLkER LIP
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DPE has now retained Dr. Clewell, who recently joined Ramboll Environ, to assist in
developing a PBPK model that addresses the validation issues raised in the EPA denial.
Attached for your reference is a copy of the “Workplan to Provide a Physiologically-Based
Pharmacokinetic (PBPK) Model to Support the Inhalation Unit Risk (IUR) for chloroprene),”
dated March 23, 2018. Dr. Clewell and Ramboll Environ have designed the workplan to address
EPA’s stated validation concerns, and to deliver to EPA the computer code that EPA can utilize
for its own validation review. Dr. Clewell and Ramboll Environ believe they can complete this
task in 4 to 6 months.

Although DPE has instructed Dr. Clewell and Ramboll Environ to proceed with this
work, we would highly value EPA’s review and comment on the workplan because it is DPE’s
intention to provide EPA with a PBPK model that meets EPA’s validation and other
requirements. Towards this objective, perhaps a meeting with you and your staff to discuss this
path forward would be beneficial. It might also be desirable to form a joint industry-EPA
working group to help develop this PBPK model on such an accelerated schedule.

We will be contacting your office shortly to follow up on this request. Thank you for
your attention to this.

Yours very truly,

Robert E. Holden
Attorney for Denka Performance Elastomer LLC
REH/Ihc/kb
Encls.
cc: (Via Electronic Mail):
Tina Bahadori, Sc.D. ORD/NCEA Director
Stephen Fine, Ph.D. Acting Chief Information Officer
David Gray, EPA Region 6 Director of External Affairs
Vincia Holloman, Director of Enterprise Quality Management Division
Anne Idsal, J.D., Region 6 Administrator
John Vandenberg, ORD/NCEA RTP Division Director
Kistina Thayer, ORD/NCEA IRIS Division Director

Richard Yamada, Ph.D. Deputy Assistant Administrator, Office of Research &

Development
Samantha Dravis, Associate Administrator for Policy, Office of Policy, EPA

{N3568898.1}
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Intended for

Denka Performance Elastomer, LLC
560 Highway 44

LaPlace, LA 70068

Date

March 23, 2018

WORKPLAN TO PROVIDE A PHYSIOLOGICALLY-
BASED PHARMACOKINETIC (PBPK) MODEL TO
SUPPORT THE INHALATION UNIT RISK (1UR)
FOR CHLOROPRENE

Prepared by:

Dr. Robinan Gentry
Ramboll US Corporation
3107 Armand Street
Monroe, LA 71201

Dr. Harvey J. Clewell, 111

Ramboll US Corporation

6 Davis Drive (PO Box 13441)
Research Triangle Park, NC 27709

Drs. Kenneth Mundt and Sonja Sax
Ramboll US Corporation

29 Amity Street

Suite 2A

Ambherst, MA 01002

RAMBGLL
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to Support the Inhalation Unit Risk (IUR) for Chloroprene

INTRODUCTION

Multiple physiologically-based pharmacokinetic (PBPK) models available in the published, peer-
reviewed scientific literature (Allen et al. 2014; Himmelstein et al. 2004; Thomas et al. 2013; Yang et
al. 2012) have been evaluated and applied in the estimation of potential cancer risks following
inhalation exposure to chloroprene (CAS No. 126-99-8). Several of these were identified by the U.S.
Environmental Protection Agency’s (USEPA) Integrated Risk Information System (IRIS) Toxicological
Review of Chloroprene (USEPA 2010) and in a recent Request for Correction (RFC) of the Inhalation
Unit Risk (IUR) submitted by Denka Performance Elastomer, LLC (DPE 2017). As noted in USEPA's
Denial of the RFC (USEPA 2018), one of the key reasons for the denial was the lack of model
validation, noting limitations and uncertainties that need to be addressed. Also lacking was the
underlying code for these models to fully evaluate and consider them in the estimation of the IUR for
chloroprene. All the published models rely upon the same underlying in vivo and in vitro data and
PBPK models.

We outline below an approach for addressing the limitations and uncertainties raised by the USEPA
that have prevented the use of these models in the development of the IUR for chloroprene, and
provide the model code(s) needed to allow for full review of the available peer-reviewed models by
USEPA and their application in the estimation of an IUR for chloroprene. This workplan primarily is
intended to guide the process of scientifically evaluating and improving the PBPK model for
chloroprene in support of an updated and more scientifically justifiable IUR. An ancillary objective is
to provide USEPA a clear representation of the model refinement process and facilitate USEPA’s
possible review and input at each stage.
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to Support the Inhalation Unit Risk (IUR) for Chloroprene

PROPOSED APPROACH

As noted in the response to the RFC dated January 25, 2018, USEPA was unable to locate and obtain
the final code associated with the published PBPK models. USEPA (2018) noted that PBPK code is
necessary for a quality assurance and quality control review by USEPA. Because the final code is not
available, USEPA cannot evaluate the internal validity of the Yang et al. (2012) PBPK modeling
methods or results, or results that are dependent on this model [i.e. Allen et al. (2014)]. Further
complicating this, the software platform for these models (ACSL) is no longer available; therefore,
migration to a new platform, such as R, will be necessary. The proposed approach to validating the
PBPK model will be focused on addressing the comments that have been provided by USEPA in the
IRIS (2010) assessment, as well as the Denial of the RFC (USEPA 2018), that were discussed as
limitations and uncertainties with the PBPK model for chloroprene. The workplan further describes
additional analyses to be conducted using the existing model to address these limitations and
uncertainties, which will provide the USEPA with the necessary PBPK model code that would allow for a
quality review and application of the model in the estimation of the IUR.

The uncertainties remaining in the application of the PBPK models that have been noted by USEPA in
the IRIS Assessment (USEPA 2010) and the response to the RFC (USEPA 2018) are related to four
specific areas:

e Justification for selected parameters in the in vivo/in vitro models
e Ability to reproduce in vivo pharmacokinetic data
e Estimation of uncertainty in the model using Markov Chain Monte Carlo (MCMC) analyses

¢ Reproduction of PBPK model code in an available operating platform

How we plan to address each of these areas of uncertainty is discussed in the following sections.

Justification for selected parameters in the in vivo/in vitro models

USEPA (2010) noted that the PBPK model reported in Himmelstein et al. (2004) currently predicts
blood chloroprene and delivery of chloroprene to metabolizing tissues based on metabolic constants
and partition coefficients based on in vitro data. Loss of chamber chloroprene is attributed to uptake
and metabolism by test animals and was used to test the metabolic parameters and validate the
model. However, Himmelstein et al. (2004) did not provide results of sensitivity analyses indicating
whether chamber loss was sensitive to metabolism, and therefore it is uncertain whether chamber loss
is useful for testing the metabolic parameters used in the model. We will conduct a sensitivity
analysis using the current ASCL model in vitro and in vivo code and the results provided to USEPA for
consideration.

The USEPA has further noted that the female mouse lung metabolism and internal doses in Yang et al.
(2012) are not consistent with results for male mice. Vmax is approximately five times higher for
male mice than for female mice, yet the tumor response is similar. This has implications for biological
basis for the site-specific dose-response, and parameterization of extra-hepatic metabolism.
Additional analyses will be conducted to evaluate the uncertainty in the Vmax estimates. The results
of these analyses will determine if pharmacokinetic differences can explain the sex-specific differences
in response in the mouse, or if there is evidence of pharmacodynamic differences or sex-specific
sensitivity.

The dose metrics relied upon in all the modeling publications have focused on metabolism in the liver,
lung or kidney. The USEPA has noted that lung metabolism does not account for tumor responses at
other sites outside the lung, which also need to be incorporated into a risk assessment. Additional
analyses will be conducted to determine if data are available to suggest significant metabolic capability
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in organ systems other than the liver, lung or kidney and how critical the potential contribution of this
metabolism might be to the overall composite risk.

Ability to reproduce in vivo pharmacokinetic data

In the IRIS Assessment (USEPA 2010), the USEPA noted that the model’s ability to reproduce in-vivo
PK data [i.e. from Himmelstein et al. (2004)] has not been evaluated. In the chloroprene docket is a
report in which blood chloroprene was measured in mice following single (6-hour) and repeated (5- or
15-day) inhalation exposures (unpublished). Chloroprene blood levels were higher following single
exposures, which was postulated to be because of higher minute volume due to stress. The authors
conclude that these blood data are suitable for validation of a PBPK model, but it is unclear whether
the data were used for the validation of the PBPK model in Yang et al. (2012). The report did not
investigate chloroprene levels in the organs of interest (namely the lungs, liver, or kidneys).
Additional simulations will be conducted to determine if the in vivo model can be validated using the
datasets in the mouse provided in the chloroprene docket (DuPont 2009).

Of additional concern in the IRIS Assessment (USEPA 2010) was that Himmelstein et al. (2004) had to
reduce alveolar ventilation and total blood flow values predicted from the in vitro data by 50% to
match the in vivo PK data presented. Mice are well known to suppress respiration (RD) and cardiac
output in response to irritant gases. However, the response would be dose dependent. Change in
respiration and cardiac output is necessary to fit the available data and has been observed with and
incorporated into models for other compounds. Although there are no data specific to chloroprene to
characterize respiratory and cardiac output suppression, additional analyses will be conducted to
increase the confidence in this adjustment and to find additional scientific data to support this
adjustment.

Estimation of uncertainty in the model using Markov Chain Monte Carlo (MCMC) analyses

In the 2010 IRIS assessment, USEPA noted the need to use distributions of the PBPK model
parameters to represent variability in intra-population rates of chemical absorption, distribution,
metabolism, and elimination to estimate human variability. The MCMC analyses conducted as part of
the Yang et al. (2012) publication was to investigate potential variability in parameters, but also
understand the potential uncertainty and its impact on estimating potential cancer risks from exposure
to chloroprene. So, while Yang et al. (2012) addresses part of USEPA’s (2010) comments, additional
relevant comments were noted in the USEPA (2018) response to the RFC. USEPA (2018) questions
the form of the log-likelihood function used in the MCMC analysis and suggests that the
autocorrelation among repeated measures from a single experimental unit has not been considered.
USEPA (2018) also noted that the female mouse kidney metabolism approaches zero in the MCMC
optimization and that parameterization of extra-hepatic metabolism may be incorrect.

For liver metabolism, this is apparent on the log-scale for predictions of chloroprene headspace
concentration data provided in Figure 2b of Yang et al. (2012), and Figures 5 and 25 of Study IISRP-
17520-1388 (submitted to EPA-HQ-ORD-2009-0217). The underestimation occurs for both the point
estimate results and the Monte Carlo results. Also, because the molecular form of enzymes does not
vary between tissues within an individual, or males and females of a species, the Km for metabolism
should be likewise constant across tissues and between sexes.

The MCMC analyses conducted by Yang et al. (2012) will be revisited to address these comments.

Reproduction of PBPK model code in an available operating platform

As noted in the USEPA (2018) response to the RFC, while several model code packages were shared
with the USEPA by Dr. Harvey Clewell, these are poorly documented and do not provide sufficient
instructions that allow the EPA to review or apply the available models now. Once the comments
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previously outlined have been addressed, the final step in the workplan will be to provide a complete
model code with adequate documentation and files to reproduce critical results needed for the quality
review of the model and the application in the estimation of the IUR. Both the code for the in vivo and
in vitro components of the model will be provided allowing the USEPA to reproduce the PBPK results
from Himmelstein et al. (2004), Yang et al. (2012), Thomas et al. (2013) and Allen et al. (2014). The
code will be provided in the R platform, with the necessary scripts to reproduce the analyses
conducted as part of the workplan as well as the results provided in the publications.



RFR EXHIBIT B Page 9 of 18
Workplan to provide a Physiologically-Based Pharmacokinetic (PBPK) Model Page 5
to Support the Inhalation Unit Risk (IUR) for Chloroprene

SCHEDULE

We plan to communicate closely with the USEPA to ensure that the remaining questions and
uncertainties associated with the review and application of the PBPK model for chloroprene have been
addressed. We anticipate that we will be able to provide the needed model code, addressing the
remaining uncertainties, to the USEPA within 4 to 6 months following acceptance of the workplan.
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May 17, 2018

VIA ELECTRONIC MAIL & FEDERAL EXPRESS
Jennifer Orme-Zavaleta, Ph.D.

Principal Deputy Assistant Administrator for Science
United States Environmental Protection Agency
1200 Pennsylvania Ave. NW

Washington, D.C. 20460

Re:  Chloroprene Request for Correction #17002
Status Report on PBPK Model Development for Chloroprene
Our File: 165671-00

Dear Dr. Orme-Zavaleta:

On April 6, 2018, on behalf of Denka Performance Elastomer LLC (DPE), we sent you a
letter expressing DPE’s intention to provide EPA with a Physiologically-Based Pharmacokinetic
(PBPK) model that meets EPA’s validation concerns and other requirements. As you know, the
2010 Toxicological Review of Chloroprene developed an inhalation unit risk (IUR) for
chloroprene based on the most sensitive species (the female mouse) in laboratory exposure studies.
As described in the EPA Cancer Guidelines (2005), the preferred approach for developing an [UR
relevant to humans based on laboratory results from other animal species is through the use of
PBPK models when these are available. Our letter of April 6, 2018, included a copy of our
proposed "Workplan to Provide a Physiologically-Based Pharmacokinetic (PBPK) Model to
Support the Inhalation Unit Risk (IUR) for Chloroprene," dated March 23, 2018, prepared by
experts at Ramboll. The Ramboll team includes Dr. Harvey Clewell as a lead scientist, who was
instrumental in work related to the development of PBPK models for chloroprene.

In the time since sending the April 6, 2018, letter, we have worked with Dr. Clewell and
the Ramboll team to develop and document a PBPK model that addresses the technical questions
and comments from EPA on prior chloroprene PBPK models. Dr. Clewell reports that his work
updating and validating the chloroprene PBPK model is now close to complete. Dr. Clewell
believes that the updated model resolves EPA’s concerns. Ramboll is now in a position to provide
EPA the computer code so that EPA can undertake its own validation of the model.

{N3596549.1}
Jones WALKER LLP
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Although the updated PBPK modeling work is close to complete, DPE values EPA’s
review and comment on this model and would like to understand what the next steps are for
providing this model to EPA. We specifically request:

The opportunity to provide the PBPK model computer code and documentation to
EPA for review;

Guidance from EPA on best practices for obtaining peer review of the PBPK model
and underlying data; and

Guidance from EPA concerning next steps for correcting the [UR based on the EPA
vetted and peer reviewed PBPK model.

The application of a PBPK model is an important step towards the application of the best
available science in a chloroprene risk assessment. Without the application of a PBPK model, the
IUR overestimates the human risk of chloroprene exposure. Correcting the erroneous IUR is an
urgent matter for DPE, as the current IUR is creating immense burdens on DPE’s Neoprene
manufacturing facility in LaPlace, Louisiana, and threatens the long-term viability of the facility.

We are looking forward to working closely with you on this collaborative effort. We would
like to schedule a meeting or a telephone conference with you to discuss the EPA review of the
updated chloroprene PBPK model and a path forward. We will be in touch with your office to
follow up on this request.

REH/kb

Yours very truly,

Robert E. Holden
Attorney for Denka Performance Elastomer LL.C

cc: (Via Electronic Mail):
Tina Bahadori, Sc.D. ORD/NCEA Director
Stephen Fine, Ph.D. Acting Chief Information Officer
David Gray, EPA Region 6 Director of External Affairs
Vincia Holloman, Director of Enterprise Quality Management Division
Anne Idsal, J.D., Region 6 Administrator
John Vandenberg, ORD/NCEA RTP Division Director
Kistina Thayer, ORD/NCEA IRIS Division Director
Richard Yamada, Ph.D. Deputy Assistant Administrator, Office of Research &

Development
Samantha Dravis, Associate Administrator for Policy, Office of Policy, EPA

{N3596549.1}
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EPA comments on DPE Workplan to provide a physiologically-based
pharmacokinetic (PBPK) model to support the inhalation unit risk for
chloroprene

A document titled “Workplan to provide a physiologically-based pharmacokinetic (PBPK) model to
support the inhalation unit risk for chloroprene” dated March 23, 2018 was provided to EPA on April 6,
2018, on behalf of Denka Performance Elastomers (DPE). The April 6 letter indicated DPE would be in
contact regarding the workplan and on May 17, 2018 a letter on behalf of DPE was received that
indicated the PBPK model development was proceeding.

We appreciate the opportunity to comment on the proposed workplan for PBPK modeling of
chloroprene. We have some thoughts to offer on the approach to quality assurance and review of PBPK
models in risk assessment applications as well as some specific thoughts on chloroprene PK modeling.

Approach to quality assurance and documentation

The Pharmacokinetic Workgroup (PKWG) at the U.S. EPA has developed a Quality Assurance Process
Plan (QAPP) for computational modeling, focused on PBPK models, which we sent previously for your
consideration. Prior to application of a PK model in its assessment work, NCEA will conduct a review
according to this QAPP. Such review will be significantly facilitated if corresponding documentation is
created during the modeling process. It is much easier to record this information as the modeling is
being conducted than to attempt to reconstruct the information later.

Model data

One component of the QAPP is that the data used for model calibration and evaluation should be
validated against the original source and need to be made publicly available along with the model code
and supporting scripts. If data have been digitized from published figures, then extraction of data from
the figures is documented. (To do this an image of the figure with full citation and a copy of the
spreadsheet, csv, etc., with the initially digitized values can be saved in a “model data” folder. One
method of validation is to plot the digitized data in Excel with a clear background and overlay the plot on
the figure image, to assure the plot of digitized points and original points in the image align. If the data
are copied from a table, then the reference, table, number, etc., should be provided, with a copy of the
document.)

If the data are converted from the originally published units or otherwise mathematically manipulated,
it is most helpful if the calculations for the conversion/calculations are embedded as “live” cell-
equations in Excel. The resulting set of values matching those used in the PBPK model files (csv or
scripts) can be highlighted. A text description of the conversion, with units identified, should also be
included, either in the spreadsheet or in an appendix for the report. Alternatively, well-documented
computer programs (e.g., R or Python scripts) that modify, filter, and/or pre-process the data can be
provided.

Model parameters

Like model data, full documentation of the source/derivation of all parameters is necessary. A source
citation alone is often not sufficient to determine how a parameter value in a PBPK model was obtained.
For example, Brown et al. (1997) lists the brain weight (fraction) in mice in 3 different tables (Tables 4, 8,

1
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and 21), with different values in each. The specific table or page in the cited source must be identified.
If an allometric coefficient for cardiac output (CO) has been derived from a reported value for total CO,
provide the calculation with units shown. Calculations embedded in an Excel spreadsheet are easiest to
verify. Itis particularly important to provide the derivation where data from multiple sources or tables
have been combined. For example, a wide range of allometric coefficients for CO and alveolar
ventilation appear in the PBPK literature, and it can be very difficult to determine how a specific value
was derived.

Chloroprene science issues

Single vs. repeated exposures and respiratory depression, and animal-human extrapolation

In section 2.2 it is noted that higher chloroprene levels may have occurred after single inhalation
exposures compared to repeated exposures due to stress, leading to heightened ventilation during the
initial exposure. We note that in the Himmelstein et al (2004b) model, the selected ventilation and
cardiac output rates for all species were set generally a factor of 2 lower than standard physiological
values for modeling of gas uptake experiments but then were set to the standard values when
calculating internal doses for bioassays. Using higher values for the bioassays would lead to higher
predicted internal doses, hence lower tumor slope factors, but may be inconsistent with the in vivo PK
data. While visual observation of reduced breathing frequency in animals during chloroprene exposure
has been noted, a reduction in breathing frequency can be off-set by increased tidal volume, so
observations of changes in frequency are not authoritative evidence for a reduction in the total amount
inhaled per time (i.e., minute ventilation). The U.S. EPA is not aware of quantitative ventilation data for
chloroprene-exposed animals. Reduction in these parameters required to fit in vivo PK may simply be
adjustments to compensate for other modeling errors.

Regarding differences between acute and long-term exposure, it might be appropriate to assume that
the initial response is overcome under bioassay conditions, with the bulk of the bioassay occurring after
the animals have acclimatized to the exposures. Visual observations of animal respiration during
chloroprene exposures are consistent with this hypothesis. However, if RD data are not available for
chloroprene, we suggest that they be collected for both naive and pre-exposed animals, to support what
is otherwise a hypothesis being made to fit specific data sets. In general, we recommend that the model
be calibrated to match data for repeated exposures to best represent the bioassay conditions, but
otherwise the parameters should be consistent with those needed to match any available PK data.

Finally, RD should be described as a continuous function of exposure concentration, alveolar
concentration, or lung tissue concentration, with normal ventilation at zero concentration, rather than
as only occurring at zero or full response, to allow for appropriate analysis of the range of bioassay
exposures.

Number of parameters and consistency across tissues and genders

Since the form of the key metabolizing enzyme, specifically the CYP, should not vary between males and
females or between tissues of the same species, a reasonable initial assumption is that the value of Km
is the same across these components of the analysis. Enforcing this equality would reduce the number
of fitted parameters, hence improve the statistical certainty in model results, unless this restriction can
be shown to significantly degrade model fits (i.e., that relaxing the condition significantly improves the
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statistical likelihood of the data vs. model predictions). Hence, we suggest that the analysis be
conducted in this way, being parsimonious in the number of fitted parameters.

MCMC analysis

While Bayesian parameter estimation via Markov chain Monte Carlo (MCMC) methods provides useful
information about uncertainty in model parameters, the EPA recognizes that such analysis can be more
time- and work-intensive than standard methods for obtaining point estimates for model parameters
(e.g., least squares, maximum likelihood, or maximum a posteriori parameter estimation). Further, to
properly characterize parameter uncertainty, the full set of original experimental data would be
required (i.e., data for each individual animal or human subject as opposed to summary data) and
attaining convergence of MCMC chains for PBPK model parameters can be difficult and time-consuming.
The most likely application for an animal (mouse) PBPK model would involve using point estimates of
the parameter values in the PBPK model to estimate internal doses under bioassay conditions. The
statistical modeling typically used by EPA (i.e., using BMDS software, MS_Combo tool) uses a fixed
measure of dose for each exposure group. This statistical model addresses uncertainty in the dose-
response assessment by estimating uncertainty in the response metric. Hence an MCMC analysis is not
something that the U.S. EPA needs for its subsequent application of the PBPK model and more time-
efficient methods for obtaining point estimates of PBPK model parameters and outputs could be used,
although the uncertainty information from such an analysis might be useful for evaluating the PBPK
model.

Likelihood Calculation for Serial Samples

When evaluating the improvement in model fit resulting from an additional parameter (e.g., using a
different value for Km in the liver vs. the lung) and for MCMC analysis, the likelihood calculation should
account for the expected correlation among serial samples from the same experimental unit.
Specifically, serial samples taken from a gas uptake chamber or incubation vial are not independent
observations and the likelihood calculation should reflect the correlation (Klein et al., 2012).

Dose metrics

There are multiple measures of internal dose that could be considered as potential dose metrics for
chloroprene. For chloroprene a key factor is that the combined risk of tumors across all tumor-bearing
sites should be evaluated; i.e. the approach used in the 2010 IRIS assessment which was supported
during external peer-review. It has been proposed that the tissue-specific rate of metabolism be used as
a measure of tumor risk for the lung, but such a metric could not be rationally applied to tumor-bearing
sites that lack metabolism (e.g., mammary tissue). That the majority of oxidative metabolism measured
by Himmelstein et al. (2004a) appeared to go to 2-chloro-2-ethenyloxirane (2-CEO), which is unstable in
aqueous media, is supportive of an assumption that most of the metabolites affecting tissues in which
metabolism occurs are those formed in that tissue. However, it is still possible that a fraction of 2-CEO
survives long enough to reach other tissues and that (1-chloroethenyl)oxirane (1-CEO), which is more
stable, also contributes to toxicity. Hence whole-body metabolism (total of metabolism in liver, lung,
and kidneys) will also be evaluated by the U.S. EPA as an appropriate dose metric. Whole-body
metabolism is also less uncertain than tissue-specific metabolism, since it can be validated by in vivo gas
uptake and blood concentration data (see below).
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Scale-up of in vitro data

The microsomal preparations used for different species and organs come from a variety of sources and
were not tested contemporaneously in the same laboratory. For example, microsomes for male mice
and rats (liver and lung) were purchased from one of two commercial suppliers and metabolic activity
was measured by Himmelstein et al (2004a); for female mice and rats (liver and lung), prepared in house
and activity measured nearly a decade later by Yang et al (2012). Human microsomes for different
tissues were purchased from differing commercial sources and tested by either Himmelstein et al
(2004a) or Yang et al (2012). It is noted that the difference between Vmax/Km for the female vs. male
mouse lung is over 6-fold (Yang et al., 2012, Table 4), while the lung tumor incidence is nearly identical.
The discrepancy between the estimated difference in lung metabolic parameters and tumor incidence
raises the question as to how much the differences in microsome source (including animal colonies and
housing), microsome preparation, in vitro incubation method, and chemical analyses may have led to
artifactual results. While the method for microsome preparation from the liver is well-established and
standardized, lung microsomes require careful dissection of the tissue and are more likely to vary
between laboratories and individuals performing the preparation. Hence, this question carries over to
the reported difference between mouse and human lung metabolism: to what extent are these real vs.
the result of uncontrolled experimental variability? An option that might be considered is to conduct a
limited additional set of in vitro experiments, across tissues, genders, and species for which existing data
are being analyzed, but contemporaneously with all other experimental factors controlled as carefully as
possible. The resulting data could then be checked for consistency with the existing data.

While the U.S. EPA will fully consider a revised model in the absence of these suggested additional data,
it is less likely to make use of lung-specific metabolism as an internal metric given the uncertainty noted
here. Hepatic metabolism, which is the majority of whole-body metabolism, is more similar for male
and female mice, hence more consistent with the observed tumor incidence.

The PK models of Yang (2012) and Himmelstein (2004b) estimate in vivo metabolic rates by direct scale
up of the in vitro estimates of Vmax and km. (IVIVE scaling, done using literature values for microsomal
protein content per gram tissue.) While the in vitro measurements of P450 metabolism have a lengthy
history of providing important information on kinetic processes, direct scale up of in vitro to in vivo rates
entails multiple uncertainties. For example, Wambaugh et al. (2015) compared IVIVE predictions to in
vivo data across a set of chemicals and showed discrepancies frequently up to a factor of 10, which we
interpret as the current level of uncertainty in IVIVE extrapolation. That level of uncertainty is higher
than is considered acceptable for use of a PBPK model in an IRIS Toxicological Review (which differs from
the use-case of hazard identification and risk ranking advocated by Wambaugh et al. (2015)). Hence, for
the PBPK model to be accepted for use, the scaling must be validated by showing that model predictions
match the in vivo gas uptake data of Himmelstein et al. (2004b) for male mice and rats, and the blood
concentration data submitted to the docket. In general, model predictions should be within a factor of 2
of the in vivo data, though there may be some outliers. If correction factors must be applied to the
scaling to achieve this level of agreement between model predictions and these in vivo PK data, then
those same factors should be applied consistently (also, across tissues for IVIVE calculations) when
estimating internal doses for the animal bioassays and for evaluation of the internal dose-exposure
relationship in humans.



RFR EXHIBIT B Page 17 of 18
June 13, 2018

Key Points

» Afull set of model data, that the EPA can then make publicly available, is needed for the model
to be used if a revision of the IRIS Toxicological Review is warranted.

» Given the different sources of in vitro PK data as noted, the nominal difference between mouse
and human lung metabolism appears to be highly uncertain. In the absence of new validating
(in vitro) data, lung-specific metabolism is considered too uncertain to use as a dose metric for
tumor response in that site.

» Model code should be well-documented and allow for an independent reviewer to easily
reproduce any results.

> If sources and calculations for model parameters are not fully documented, this is likely to delay
significantly EPA’s QA review of the model, hence possible use in consideration of the case for
correction.

> The number of fitted parameters should be kept to a minimum to bound statistical uncertainty.

» The model must be validated or otherwise tuned to match existing in vivo PK data for rats and
mice, both gas uptake and blood concentration data.

> If parameters need to be adjusted to match the in vivo PK data, then the adjustment should be
consistent between data sets. For example, if different scaling factors are needed to fit mice vs.
rat data, then it is not clear how the model can be reliably extrapolated to human:s.

> Respiratory depression, if included, should be described as a continuous function of exposure
concentration or another appropriate dose metric. The difference between acute PK studies
and long-term bioassays should be rationally considered.

»  While MCMC analysis has advantages, it is not necessary.

» Any analysis of parameter or internal dose uncertainty and significance of differences in
parameters or internal dose between experimental groups (e.g., male vs. female mice) needs to
be based on an appropriate calculation of statistical likelihood, given the experimental design.
Serial samples from the same experimental unit are not independent.
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June 26, 2017 Robert E. Holden Direct: (504) 556-4130
reholden@Liskow.com

Via Federal Express and Electronic Mail (quality@epa.gov)
Information Quality Guidelines Staff

U.S. Environmental Protection Agency

William Jefferson Clinton North

1200 Pennsylvania Avenue, NW

OEI Quality Staff, Suite 5315

Washington, DC 20004

Re:  Request for Correction - Toxicological Review of Chloroprene (CAS No. 126-99-8) In
Support of Summary Information on the Integrated Risk Information System (IRI1S)

Dear Sir or Madam:

This Request for Correction is submitted under the Information Quality Act! and the U.S.
Environmental Protection Agency’s (EPA or the Agency) implementing guidelines (EPA
Guidelines),? as well as the guidelines of the Office of Management and Budget (OMB)3 and
other applicable law, on behalf of Denka Performance Elastomer LLC (DPE).

DPE petitions EPA to correct information disseminated in the EPA document entitled
“Toxicological Review of Chloroprene (CAS No. 126-99-8) In Support of Summary Information
on the Integrated Risk Information System (IRIS)”* (the 2010 IRIS Review). The 2010 IRIS
Review does not comply with the EPA Guidelines for the reasons summarized below and
detailed in the toxicological and epidemiological expert review prepared by Drs. Kenneth Mundt,
Robinan Gentry, and Sonja Sax, prominent scientists with Ramboll Environ, attached as Exhibit
1 (the Ramboll Environ Report). In sum, the 2010 IRIS Review provides conclusions and advice
to the public that do not reflect the “best available science” or “sound and objective scientific

! Section 515(a) of the Treasury and General Government Appropriations Act for Fiscal Year
2001, P.L. 106-554; 44 U.S.C. § 3516 (notes).

2 EPA, Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of
Information Disseminated by the Environmental Protection Agency (Oct. 2002).

3 67 Fed. Reg. 8452 (Feb. 22, 2002).

4 EPA/635/R-09/010F (September 2010).

4484135
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practices” required under the EPA Guidelines.®> Specifically, the 2010 IRIS Review should be
corrected in three particular ways:

1. The 2010 IRIS Review establishes an erroneous human inhalation unit risk (IUR)
of 5 x 10 per pg/m? expected excess cancers per lifetime (70 years) of exposure.
An IUR is a basic cornerstone of quantitative air pollution risk assessment
science. Ramboll Environ concludes that the IRIS IUR is 156 times too high and
should be replaced with a more accurate value of 3.2 x 10 per ug/m®, or the IUR
should be withdrawn pending further review by EPA.

2. The 2010 IRIS Review classifies chloroprene as a “likely” human carcinogen
based on erroneous interpretations of available data, particularly in the rejection
of the primary conclusions of the leading epidemiological study of chloroprene
that showed no linkage between worker exposure to chloroprene and the
incidence of cancer. Chloroprene should instead be classified as a chemical for
which there is evidence only suggestive of human carcinogenicity.

3. The Reference Concentration (RfC) for noncancer inhalation exposure risks
reflects many of the same methodological errors as the IUR, and should be
withdrawn pending further IRIS review.

DPE has been harmed by the erroneous information in the 2010 IRIS Review and EPA’s
failure to comply with the information quality guidelines. By way of background, DPE acquired
the Neoprene production facility in LaPlace, Louisiana from DuPont on November 1, 2015.
Chloroprene is the base feedstock for Neoprene, and DPE is in compliance with its air permits,
all of which authorize chloroprene emissions. However, based in large part on the erroneous
IUR — which was the primary input to the risk calculations in EPA’s 2011 National Air Toxics
Assessment (NATA) study published on December 17, 2015, right after DPE acquired the
facility — EPA, the Louisiana Department of Environmental Quality (LDEQ), and many
members of the public in Louisiana’s St. John the Baptist Parish have turned DPE’s air emissions
into an environmental cause célébre. Based on the erroneous IUR and the facility’s emission
characteristics, the NATA study erroneously identifies DPE’s facility as associated with the
highest offsite cancer risks of any chemical facility in the United States. This does not comport
with data from the Louisiana Tumor Registry, which indicates that St. John the Baptist Parish
has one of the lower cancer rates of any parish in the state.®

Since acquiring the facility, DPE has committed to spend approximately $18 million on
pollution controls in order to reduce chloroprene emissions by approximately 85% below the
facility’s 2014 emissions. However, these dramatic emission reductions may not be sufficient to
satisfy EPA emission reduction requirements based on the erroneous IUR and the emission
profile of the facility.

5 EPA Guidelines at p. 22.

6 https://statecancerprofiles.cancer.gov/incidencerates/index.php?stateFIPS=22&cancer=
001&race=00&sex=0&age=001&type=incd&sortVariableName=rate&sortOrder=default#results.

4484135



RFR EXHIBIT C Page 3 of 142
LISKOW Page 3

June 26, 2017

The only ambient standard applicable to chloroprene is a Louisiana 8-hour standard of
857 pug/m®. Even though there is no more stringent regulation, EPA has declared: “Based on
this [TUR] value” in the 2010 IRIS Review, the appropriate risk level of “100-in-1 million” is 0.2
ng/m® on an annual average basis.” DPE’s state-of-the-art emission reduction projects
technologically cannot achieve this extraordinarily low ambient target.

Moreover, as a result of the erroneous IUR, DPE has suffered severe reputational
damages. Public statements by EPA have led the public to expect the attainment of this
extraordinarily low value of 0.2 ug/m3. Citizen activists picket the facility and local schools
wearing red t-shirts emblazoned with “Only 0.2 will do.”

The damages to DPE resulting from the erroneous IUR, the classification of chloroprene
as a “likely” human carcinogen, the RfC, and the related NATA findings are more fully
summarized in the letter from Koki Tabuchi, DPE CEO, to EPA Administrator Scott Pruitt,
dated June 26, 2017 (attached as Exhibit 3). For DPE, this matter is at a crisis point.

The Information Quality Act, its implementing guidelines, and public policy must be
applied here to correct the 2010 IRIS Review. Under the EPA Guidelines, influential
information like the 2010 IRIS Review is required to be based on the “best available science”
and “sound and objective scientific practices.” Public policy similarly argues for good science to
provide the basis for chloroprene emission controls. Notwithstanding the significant amount of
agency work that went into the compilation of the 2010 IRIS Review, the Review falls short of
these information quality standards because it calculates the IUR with one unreasonably
conservative assumption on top of another, without consideration of the full body of available
scientific evidence.

As discussed further below, the 2010 IRIS Review preceded important reform initiatives
recommended by the National Research Council (NRC) of the National Academies of Sciences
in 2011 and 2014, which Congress and EPA have since embraced. The 2010 IRIS Review needs
to be corrected in accordance with these reforms.

As the Ramboll Environ Report shows, the most significant error in the 2010 IRIS
Review was EPA’s failure to follow its own (and the NRC’s) recommended method for
estimating potential cancer risks in humans when relying on animal laboratory toxicity studies:
physiologically based pharmacokinetic (PBPK) modeling. It is well established that interspecies
differences in cancer susceptibility result from differences in how various species (including
humans) metabolize chloroprene. These differences can and should be accounted for with PBPK
modeling, resulting in a more appropriate and scientifically substantiated IUR. The Ramboll

7 Memo from John Vandenberg, Director, Research Triangle Park Division, National Center for
Environmental Assessment, Office of Research and Development, EPA, to Wren Stenger,
Division Director, Multimedia Planning and Permitting Division, EPA Region 6, “EPA’s
Integrated Risk Information System (IRIS) Assessment of Chloroprene,” dated May 25, 2016
(Exhibit 2) (Vandenberg Memo).
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Environ Report calculates a PBPK-adjusted IUR value of 3.2 x 10 per ug/m3, which is far more
scientifically justified and appropriate than the IUR value contained in the 2010 IRIS Review.

Because the 2010 IRIS Review fails to comply with the EPA Guidelines, DPE requests
that EPA take the following corrective action:

e Immediately issue notice to the public that the 2010 IRIS Review has been suspended
(or withdrawn), pending further review;® and

e Review and revise the 2010 IRIS Review to reflect the best available science and
sound and objective scientific practices, before reinstating it, including the following
actions as suggested by the Ramboll Environ Report:

0 Replace the 2010 IRIS IUR of 5 x 10* excess cancers per pg/m® of
chloroprene exposure with the best available and weight-of-evidence value of
3.2 X 10 per ug/m?;

o Lower the risk classification of chloroprene from “likely to be carcinogenic to
humans” to a chemical for which there is only *“suggestive evidence of
carcinogenic potential”; and

o Correct the Reference Concentration (RfC) for chronic inhalation exposure
noncancer health effects to address the same fundamental difference between
rodent and human susceptibility to chloroprene health effects.

Alternatively, DPE requests that EPA immediately withdraw only the incorrect IUR and RfC
values pending further review, and then correct those values to reflect the best available science
and sound and objective scientific practices.

DPE’s Request for Correction is organized into six sections: Section | demonstrates that
the 2010 IRIS Review constitutes “information” “disseminated” to the public; Section Il shows
that the 2010 IRIS Review is subject to heightened information quality standards because it is
influential scientific information; Section 111 explains how the 2010 IRIS Review fails to comply
with the EPA Guidelines; Section IV shows how EPA’s correction of the 2010 IRIS Review
would benefit DPE, which has been harmed by its errors; Section V provides DPE’s contact
information; and Section V1 sets forth the relief that DPE is seeking.

l. The 2010 IRIS Review is Information Disseminated to the Public

The EPA Guidelines apply to “information” that EPA “disseminates” to the public.®
“Information” in this context “generally includes any communication or representation of

8 In response to similar requests for correction relating to deficient or unsound IRIS assessments,
EPA has withdrawn those assessments. See, e.g., Oct. 24, 2012 Letters from Monica Jones,
Director, Quality Staff, Office of Environmental Information, to Methanol Institute (regarding
IRIS toxicological review of methanol) and to Bergeson & Campbell (regarding IRIS
toxicological review of inorganic arsenic).

o EPA Guidelines at p. 15.
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knowledge such as facts or data, in any medium or form” including on a webpage.l® For
purposes of the EPA Guidelines, EPA “disseminates” information to the public “when EPA
initiates or sponsors the distribution of information to the public.”*!

Clearly, the 2010 IRIS Review meets these threshold requirements. First, it is
“information.” Among other things, the 2010 IRIS Review classifies chloroprene as “likely to be
carcinogenic to humans.”*?> The 2010 IRIS Review also establishes a chronic cancer human
inhalation unit risk estimate (or IUR) of 5 x 10 per pg/m®. The IUR is a fundamental
cornerstone of air pollution risk assessment modeling. Further, for noncancer effects, the 2010
IRIS Review establishes a Reference Concentration (RfC) for chronic inhalation exposure of 2 x
102 mg/m3.13

Second, there is no question that EPA is responsible for distributing the 2010 IRIS
Review to the public. EPA released the 2010 IRIS Review to the public in September 2010 by
posting it on its website.!* The 2010 IRIS Review is still prominently featured on EPA’s website
to this day.®

1. As Influential Scientific Information, the 2010 IRIS Review is Subject to a
Heightened Standard of Quality

The EPA Guidelines require “influential” scientific information to meet a “higher degree
of quality.”*® In particular, EPA has established very rigorous standards for “influential
scientific risk assessment information.”*” These stringent quality standards are applicable here.

First, the 2010 IRIS Review clearly constitutes “influential” risk assessment information.
The term “influential” means that EPA can “reasonably determine that dissemination of the
information will have or does have a clear and substantial impact (i.e., potential change or effect)

10 EPA Guidelines at p. 15.

1 EPA Guidelines at p. 15.

12 2010 IRIS Review at pp. 96-97 (emphasis in original).
18 2010 IRIS Review at p. 123.

14 See, e.g., https://cfpub.epa.gov/ncealiris_drafts/recordisplay.cfm?deid=236845 (last visited June
21, 2017) (attaching 2010 IRIS Review).

5 See id; see also https://www.epa.gov/la/laplace-louisiana-frequent-questions#carcinogen-
determination (last visited June 21, 2017) (discussing 2010 IRIS Review).

16 EPA Guidelines at p. 19-20. Likewise, OMB has declared that: “The more important the
information, the higher the quality standards to which it should be held.” 67 Fed. Reg. at 8452.

17 EPA Guidelines at pp. 20-23.
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on important public policies or private sector decisions.”*® The 2010 IRIS Review fits within
this definition. Indeed, EPA has expressly acknowledged that IRIS assessments, such as the one
at issue, generally constitute “influential” information for purposes of its information quality
guidelines.®

The 2010 IRIS Review is particularly influential. EPA has emphasized that the 2010
IRIS Review “was developed using a robust, transparent, and public process and represents the
Agency’s top tier source of toxicity information on chloroprene.” Vandenberg Memo at 2
(Exhibit 2). Moreover, based on the IUR in the 2010 IRIS Review, EPA’s 2011 National Air
Toxics Assessment (NATA) identified DPE’s facility as having the highest offsite cancer risk in
the United States,?® where “the facility total is higher [than] the 2nd highest facility by 2 orders
of magnitude.”? Further, following the NATA study, EPA and LDEQ pressed DPE to radically
reduce its facility emissions in order to meet an annual average ambient air target of 0.2 pg/m?®
for chloroprene.?> This ambient target is based on the IUR from the 2010 IRIS Review.
Accordingly, DPE is installing state-of-the-art emission reduction devices at a capital cost of
approximately $18 million to decrease its chloroprene emissions.?®> However, even these
significant measures will not be sufficient to meet the 0.2 pg/m?® ambient target, placing DPE’s
future viability at risk.

For influential scientific risk assessment information like the 2010 IRIS Review, the EPA
Guidelines require EPA to ensure that:

(A)  The substance of the information is accurate, reliable and unbiased. This
involves the use of:

(i) the best available science and supporting studies conducted in
accordance with sound and objective scientific practices, including,
when available, peer reviewed science and supporting studies; and

(ii) data collected by accepted methods or best available methods (if the
reliability of the method and the nature of the decision justifies the use
of the data).

18 EPA Guidelines at p. 19.
190 70 Fed. Reg. 17766, 17770 (April 7, 2005).
20 See, e.g., https://www.epa.gov/la/laplace-louisiana-frequent-questions#highest-risks (last visited

June 21, 2017) (“The top 6 census tracts with the highest NATA-estimated cancer risks nationally
are in Louisiana due to Denka (formerly DuPont) chloroprene emissions.”).

21 Email from K. Petersen, LDEQ, to D. Grego, DuPont, dated June 25, 2015 (Exhibit 4) (comment
relating to preliminary NATA risk assessment calculations).

22 See, e.g., Letter from Chuck Carr Brown, Secretary, LDEQ, to DPE (May 27, 2016) (Exhibit 5).

28 See Letter from DPE to EPA Administrator Pruitt (Exhibit 3).
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EPA Guidelines at p. 22 (emphases added).

In calling for the use of “best available science,” the EPA Guidelines expressly recognize
that “scientific knowledge about risk is rapidly changing and ... risk information may need to be
updated over time.”?* The EPA Guidelines specify that an “influential” risk assessment should
be updated when inter alia the assessment will have a “clear and substantial impact” on private
sector decisions.® The “clear and substantial impact” standard is met here, in light of the
decisions that DPE is compelled to make and the significant resources it must expend in
responding to the directive from EPA and LDEQ for DPE to radically reduce its chloroprene
emissions.

Moreover, the “best available science” standard clearly encompasses recent pertinent
recommendations from the National Academies of Sciences National Research Council (NRC).
In particular, following EPA’s issuance of the 2010 IRIS Review, the NRC recommended major
changes to IRIS’s methodology in 20112° and 2014;%” and Congress repeatedly instructed EPA in
2012, 2014, and 2015 to enhance and improve the IRIS methodology to address the NRC
recommendations.?® EPA, in turn, advised Congress that it would be and was implementing
these changes.?® The NRC’s recommendations for modified IRIS risk assessment methods
plainly represent the “best available science” and *“sound and objective scientific practices”
required by the EPA Guidelines. Further, EPA’s current IRIS Program Multi-Year Agenda
expressly recognizes the importance of updating IRIS values.®® However, on August 9, 2016,
Ramboll Environ scientists met with EPA IRIS staff members to discuss their concerns about the
2010 IRIS Review. At that meeting, EPA staff indicated that they are unable to undertake the

24 EPA Guidelines at p. 23.
% EPA Guidelines at p. 23.

2 National Research Council, Review of the Environmental Protection Agency’s Draft IRIS
Assessment of Formaldehyde (2011).

2z National Research Council, Review of EPA’s Integrated Risk Information System (IRIS) Process,
at 3 (2014).

28 H.R. Rep. No. 112-331 at 1072 (Dec. 15, 2011) (Conference Committee joint explanatory
statement accompanying 2012 Consolidated Appropriations Act); 160 Cong. Rec. H475, H977
(Jan. 15, 2014) (explanatory statement accompanying 2014 Consolidated Appropriations Act); H.
R. Rep. No. 113-551 at 59 (July 23, 2014), cited in 160 Cong. Rec. H9307, H9766 (Dec. 11,
2014) (explanatory statement accompanying Consolidated and Further Continuing Appropriations
Act of 2015).

29 See U.S. Environmental Protection Agency Office of Research and Development, EPA’s
Integrated Risk Information System Program Progress Report and Report to Congress at 11 (June
2012); U.S. Environmental Protection Agency Office of Research and Development, EPA’s
Integrated Risk Information Program Progress Report and Report to Congress at 3 (Feb. 2015).

%0 IRIS Program Multi-Year Agenda (Dec. 2015) (https://www.epa.gov/iris/iris-agenda).
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requisite work to employ the best available science to update the inaccurate chloroprene
assessment primarily due to “resource constraints.”3!

I11.  The 2010 IRIS Review Fails to Comply with the EPA Guidelines

As shown below (and explained in greater depth in the Ramboll Environ Report), the
2010 IRIS Review does not reflect the “best available science” or “sound and objective scientific
practices” required by the EPA Guidelines. Accordingly, the 2010 IRIS Review must be
corrected.

In sum, the IUR is flawed and must be replaced with a more scientifically rigorous value.
The IUR is based on the faulty assumption that carcinogenic results reported in the most
sensitive species and gender in the laboratory — the female mouse — can be used to predict the
potential for carcinogenic risk in the human without fully considering differences in the way
mice and humans metabolize chloroprene. To correct this error, EPA should have employed a
PBPK model to adjust for cross-species differences in susceptibility to chloroprene risks.

Moreover, the extraordinarily high IUR in the 2010 IRIS Review is not consistent with
the epidemiological data, which do not demonstrate higher rates of cancers in humans
occupationally-exposed to chloroprene compared with the general, unexposed population. The
2010 IRIS Review rejected the conclusion from the leading epidemiological study on
chloroprene that there are not higher rates of cancer following chloroprene exposure in workers.
Indeed, the data showed that many of the study cohorts had a lower incidence of cancer than the
control or unexposed population. The 2010 IRIS Review, however, substituted its own
interpretation of that study, selectively highlighting the appearance of a higher (but not
statistically significant) risk of certain cancers among more highly chloroprene-exposed groups
compared with the risk in the least exposed group. This difference is based on a relative deficit
(that is, fewer than would be expected in the general population) in the comparison group, likely
due to chance, and not due to increased risk among the exposed workers.

Ramboll Environ demonstrates in their report that reliance on the IUR in the 2010 IRIS
Review results in an estimate of expected cancer much larger than those reported in the
epidemiological data. In contrast, reliance on the PBPK-adjusted IUR value produces an
estimate of expected cancers that is consistent with the epidemiological results. In addition, the
PBPK-adjusted value is more in line with the IURs for similar chemicals in the environment,
such as vinyl chloride, 1,3-butadiene, and benzene.

A Epidemiological Evidence Shows No Increase in Cancers Among Workers
Highly Exposed to Chloroprene

The 2010 IRIS Review classified chloroprene as “likely to be carcinogenic to humans” in
part based on EPA’s interpretation of “an association between liver cancer risk and occupational

81 Letter from Kenneth A. Mundt, Ramboll Environ, to John VVandenberg, Director of Research at
National Center for Environmental Assessment, EPA (Aug. 23, 2016) (Exhibit 6).
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exposure to chloroprene” and “suggestive evidence of an association between lung cancer risk
and occupational exposure.”®? However, EPA’s evaluation of the epidemiological evidence in
the 2010 IRIS Review was flawed because it failed to take into account required quality criteria
set forth in EPA’s “Guidelines for Carcinogen Risk Assessment” (2005), which are largely
consistent with NRC’s recommendations (NRC 2014). In sum, the 2010 IRIS Review gave
equal weight to poor quality Russian, Armenian, and Chinese epidemiological studies, and
erroneously interpreted and rejected the conclusions of the leading epidemiological study to
support a finding of a linkage between chloroprene exposure in workers and the incidence of
cancer.%

When Ramboll Environ applied the NRC and EPA criteria, it reached largely opposite
conclusions from those of the 2010 IRIS Review: Ramboll Environ’s appropriate weighing and
synthesis of the epidemiological evidence demonstrated that chloroprene exposure is unlikely to
cause lung or liver cancer at the occupational exposure levels encountered in the underlying
studies. Furthermore, in contrast with EPA’s interpretation, the lack of any clear cancer risk is
consistent with the results from the animal studies demonstrating significant differences across
species in the carcinogenic potential of chloroprene, and the mechanistic evidence that humans
are far less sensitive to chloroprene.

Using an approach consistent with EPA (2005) and NRC (2014), Bukowski (2009)
evaluated the quality and weight-of-evidence associated with eight mortality studies of seven
chloroprene-exposed cohorts from six countries. Bukowski found that the four-cohort Marsh et
al. (2007 a, b) study was by far the most methodologically rigorous study to date, having the
largest overall cohort size and follow-up and therefore the highest statistical power. Under EPA
(2005) and NRC (2014), the Marsh et al. (2007 a, b) study should have been given more weight
than the other studies. In the 2010 IRIS Review, however, EPA failed to do that. To the
contrary, the 2010 IRIS Review actually misinterpreted the Marsh et al. study to reach the
opposite conclusions from those of the study authors.

Marsh et al. (2007 a, b) found no excess cancer mortality among chloroprene-exposed
workers. Specifically, Marsh et al. concluded that “persons exposed to chloroprene ... did not
have elevated risks of mortality from any of the causes of death examined, including all cancers
combined and lung and liver cancer, the cancer sites of a priori interest.”®* The Marsh study
calculated standardized mortality rates (SMRs), the ratio of cancer mortality in exposed classes
of workers to the general population, for its epidemiological evaluation. Marsh evaluated 15
categories of exposed workers and concluded that there was no elevated cancer risk to the
exposed workers.

EPA, however, rejected this primary finding, and instead relied on a statistically
insignificant evaluation of three calculated SMRs greater than 1.00 for three small subgroups of
exposed workers. As the Ramboll Environ Report notes, however, these three subgroups used

32 Ramboll Environ Report at p. 15.
3 See Ramboll Environ Report at pp. 15-23.

3 G.M. Marsh et al., Chemico-Biological Interactions 166 (2007) 285-300, at p. 298.
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for comparison were so small that the findings may have been due entirely to chance. In
particular, each of these comparison groups exhibited a deficit (that is, fewer than expected based
on general population rates) of liver cancers. There were only two to six liver cancer deaths in
the comparison groups, making that subgroup analysis statistically unreliable. Because of the
deficit of cases in the comparison group, Marsh et al. (2007 a, b) pointed out that there is an
apparent but statistically non-significant elevation (that is, an elevation likely due to chance) in
risk among the exposed groups. Even if these subgroup analyses were appropriate and
representative of overall study findings, the failure to achieve statistical significance should have
been noted and taken into account. Quite simply, Marsh et al. (2007 a, b) does not demonstrate
a causal association between chloroprene exposure and lung or liver cancer.

Furthermore, EPA gave equal weight to epidemiological studies from Armenia
(Bulbulyan et al. 1999), Russia (Bulbulyan et al. 1998), and China (Li et al. 1989). Under the
NRC’s recommendations, however, less weight should be accorded to these particular studies
because they contain significant limitations. For instance, the results of these studies are
statistically weak due to small study populations in which the expected number of specific cancer
deaths is often less than two. These studies also contain inaccurate reference population rates
leading to improper estimates of expected deaths. Additionally, these studies do not control for
other causes of cancer in those regions (e.g., in China, where there are high rates of liver cancer
due to hepatitis B viral infection and aflatoxin exposure, and in Armenia and Russia, where there
are high levels of tobacco use and alcohol consumption).3®

Taken as a whole, the epidemiological evidence on chloroprene and cancer is insufficient
to conclude that chloroprene is a human carcinogen. Further, this evidence is consistent with the
toxicological hypothesis that humans are less sensitive than animals to the possible carcinogenic
effects of chloroprene, and also supports the conclusion by Allen et al. (2014) that a modified
cancer IUR that accounts for animal-to-human extrapolations is needed (as further discussed
below).

As a “validity check,” Ramboll Environ calculated the expected cancer rates for the
Marsh study group exposure levels with both the 2010 IUR calculated by EPA and a PBPK-
adjusted IUR. As stated in the Ramboll Environ Report:

Marsh et al. (2007a) reported less than one excess liver cancer death when
compared to US rates, and a deficit of about two liver cancer deaths when
compared to the more appropriate local country rates. In contrast, using the 2010
Review IUR and mean reported chloroprene exposures, approximately 15 excess
liver cancer deaths should have been observed. Repeating this exercise using the
risk estimate derived by Allen et al. (2014), we showed that the estimated excess
cancer risk estimates were consistent with the observed cases reported by Marsh
et al. (2007a).

% These limitations have not been rectified by investigators in subsequent analyses of these cohorts
since their original publication.
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Ramboll Environ Report at p. 51. In short, use of the 2010 IUR calculated by EPA drastically
over-predicts cancers among chloroprene-exposed workers, while a PBPK-adjusted IUR leads to
predictions in accord with the results from studies of workers occupationally exposed to
chloroprene.

B. The IUR Does Not Reflect the Best Available Science or Sound and Objective
Scientific Practices

The IUR in the 2010 IRIS Review does not reflect the “best available science” or “sound
and objective scientific practices.” Accordingly, the IUR must be withdrawn and corrected.

1. The IUR is Primarily Based on Data from the Female Mouse, Which
is Uniquely Sensitive to Chloroprene Exposure

In developing the IUR, EPA relied on the studies conducted by the National Toxicology
Program (NTP) in mice and rats (NTP 1998), and a study conducted by Trochimowicz et al.
(1998) in rats and hamsters. The animal data showed very little consistency across species in
tumor incidence and sites. Based on the number of tumors and tumor sites, the female mouse
was determined by EPA to be the most sensitive species and gender, with the incidence of lung
tumors statistically elevated at all exposure levels in both female and male mice. Rats were
found to be less sensitive to chloroprene exposure than mice.

Statistically significant increased lung tumor incidence was not observed in any other
animal species evaluated. The incidence of liver tumors in mice were statistically increased only
in female mice at the highest exposure level (80 parts per million [ppm]), and no significant
increase in the incidence of liver tumors was observed in rats or hamsters. For other tumor sites,
statistically increased incidences were found primarily at the highest exposure levels (i.e., 80
ppm). In the study by Trochimowicz et al. (1998), there were few statistically significant
increases in tumor incidence, no statistically significant trends observed with increasing
concentration, and, in hamsters, only a small proportion of animals (20% or less) had any
observed tumors.

These results indicated substantial species differences and demonstrated that the female
mouse is uniquely sensitive to chloroprene exposure, with lung tumors being the most sensitive
endpoint. In addition, the fact that rats are less sensitive to chloroprene exposure than mice
points to significant species differences that cannot be disregarded in the human carcinogenicity
evaluation. These differences relate to how various species metabolize chloroprene. EPA’s
IUR, however, failed to take these differences into consideration, and simply assumes that
humans metabolize chloroprene in the same manner as a select strain of female mice and
therefore are as sensitive to chloroprene as these female mice.*

% See Ramboll Environ Report at pp. 7-8, 39-40.
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2. The TUR Rests on the Unwarranted Assumption that Different Tumor
Types are Statistically Independent

In deriving the IUR for chloroprene, EPA used a composite value that was based on
multiple tumor types, rather than its standard approach of using the most sensitive species,
gender, and endpoint. EPA’s composite approach is based on the assumption that the different
tumor types are statistically independent. But, as shown in the Ramboll Environ Report, the
underlying data do not demonstrate mechanistic or biological independence.” In other words,
the mechanism of action in multiple tissues could be due to dependent events; for example, a
liver tumor could be dependent on the generation of the same metabolite that leads to the
development of a lung tumor.

As further discussed in the Ramboll Environ Report, EPA’s assumption that multiple
tumor types are independent led EPA to consider individual animals multiple times if they had
multiple types of tumors. This approach significantly overstates the carcinogenicity of
chloroprene. Indeed, EPA itself recognized in the 2010 IRIS Review that if the assumption of
independence is not valid, then the assumption would overestimate risk.®® As Ramboll Environ
points out, this assumption alone led EPA to overestimate risk by 50%. EPA then further
magnified that overestimation by rounding its composite inhalation IUR up to a single digit,
resulting in an even more overly conservative value.*

3. The TUR Rests on the Assumption that Chloroprene Has A Mutagenic
Mode of Action, But the Available Evidence Does Not Support that
Assumption

At the final step in calculating the IUR for chloroprene, EPA applied an age-dependent
upward adjustment factor based on its hypothesis that chloroprene has a mutagenic mode of
action. This upward adjustment was not warranted because the available evidence does not
support a mutagenic mode of action for chloroprene.

The term “mode of action” (MOA) describes the sequence of key events and processes,
starting with the interaction of a chemical and a cell, leading to cancer formation. The 2010 IRIS
Review hypothesized that chloroprene could have a mutagenic MOA (where “mutagenic” refers
to the capacity of the chemical to react with or bind to DNA in a manner that causes mutations).

However, an evaluation consistent with the NRC (2011, 2014) recommendations shows
chloroprene’s genotoxicity profile lacks several attributes necessary to conclude that there is a
mutagenic MOA, including negative findings from an in vivo test of genotoxicity and lack of
consistent findings of point mutation induction in in vitro and in vivo studies.

81 Ramboll Environ Report at p. 27.
38 2010 IRIS Review at p. 123.

39 Ramboll Environ Report at p. 28.
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Overall, unlike known carcinogens such as 1,3-butadiene, the evidence does not support a
mutagenic MOA for chloroprene. We refer the Agency to the more detailed discussion of the
foregoing points presented in the Ramboll Environ Report.*® The result, though, is clear: the
evidence does not support making an adjustment to the IUR on the basis of a hypothesized
mutagenic MOA.

4. The IUR Must Be Corrected By Employing the PBPK Model to
Sufficiently Account for Differences in Mice and Humans

In light of the difference in tumor incidence between the female mouse and other species,
as well as the lack of evidence for a mutagenic MOA, it is important to evaluate the
pharmacokinetics that may explain the profound cross-species differences. Himmelstein et al.
(2004 a, b) developed a chloroprene physiologically based pharmacokinetic (PBPK) model to
help explain the divergent results observed across animal species. The model estimated the
disposition of chloroprene in the lungs of mice, rats, and hamsters following inhalation exposure.
Using this model, Himmelstein et al. (2004 a, b) showed greater correspondence between the
amount of metabolized chloroprene in lung tissue (internal dose) and the tumor incidence results
than results based on inhaled concentration. This finding supported the hypothesis that
chloroprene metabolites are responsible for the observed tumor incidence in animals, and that
because different animals metabolize chloroprene at different rates, toxicity across species will
differ. Himmelstein et al.’s (2004 a, b) results confirmed that the mouse is the most sensitive
species and that humans are likely to be comparatively less sensitive to the effects of chloroprene
exposure.

EPA claimed that it did not use the PBPK model developed by Himmelstein et al. (2004
a, b) to inform the IUR in the 2010 IRIS Review because the data required to validate the model
had not been published. However, all of the quantitative data necessary to refine and verify the
critical parameters for the existing peer-reviewed PBPK model for chloroprene (Himmelstein et
al. 2004b) were available at that time and could have been applied to adjust the cancer unit risk
to account for species-specific target-tissue dosimetry. Further, since the 2010 IRIS Review was
issued, these data have been published, and the model has been validated (Thomas et al. 2013,
Yang et al. 2012, Allen et al. 2014). In particular, Allen et al. (2014) derived an IUR based on
PBPK results that was 100 times lower than EPA’s value, using a method which integrates both
the animal and human evidence. Importantly, the IUR reported by Allen et al. (2014) is
comparable to IURs for similar compounds, such as vinyl chloride, which have stronger and
more consistent epidemiological evidence of human carcinogenicity than chloroprene.

The NRC (2014) has advised that, if sufficient and relevant quantitative information is
available, PBPK models should be constructed to assist in the determination of tissue dosimetry,
species-to-species extrapolation of dose, and route-to-route extrapolation. Indeed, in the 2010
IRIS Review itself, EPA acknowledged: “Ideally, a PBPK model for the internal dose(s) of the
reactive metabolite(s) would decrease some of the quantitative uncertainty in interspecies
extrapolation; however, current PBPK models are inadequate for this purpose.”* Now, in 2017,

40 See Ramboll Environ Report at pp. 9-14, 29.

4 2010 IRIS Review at p. 141.
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adequate PBPK models certainly do exist. They have been peer-reviewed, published, and
validated. There simply is no good excuse for ignoring them.

In sum, the IUR should be reassessed based on the validated PBPK model, which will
lead to a much more accurate IUR.2

5. The Correct Chloroprene IUR is 156 Times Lower than the
Chloroprene IUR Derived by EPA

As explained in detail in Exhibit 1, Ramboll Environ recalculated the IUR to correct the
scientific deficiencies identified above.*® In particular, Ramboll Environ applied a PBPK model
to account for species-specific pharmacokinetic differences. Additionally, Ramboll Environ’s
IUR contains no upward adjustment for a mutagenic MOA, because such an adjustment is not
supported by the available evidence.

Based on this approach, Ramboll Environ calculated an IUR of 3.2 x 10 per pg/m?
(which is of the same order of magnitude as the IUR derived by Allen et al. (2014)). Notably,
Ramboll Environ’s value is 156 times lower than EPA’s IUR. Consequently, Ramboll Environ’s
IUR would provide an ambient target concentration of 31.2 pg/m3, 156 times higher than EPA’s
proffered value. Ramboll Environ’s analysis confirms that the IUR in the 2010 IRIS Review is
scientifically invalid and must be corrected and updated immediately.

C. EPA’s IUR for Chloroprene is Drastically Higher Than IURs for Similar
Chemicals

EPA’s IUR for chloroprene is dramatically higher than IURs for similar chemicals. It is
extremely important for EPA to use consistent scientific methodology for different chemicals,
and it has not done so with chloroprene. Although the dramatic difference between the 2010
IUR for chloroprene and those for similar chemicals does not directly demonstrate that the 2010
chloroprene IUR is incorrect, it clearly provides a “reality check” and a basis for additional
scrutiny of the 2010 IUR. And in the regulatory world of air pollution controls, the dramatic
difference in the 2010 chloroprene IUR and those of similar chemicals translates into the
difference between technologically feasible and infeasible emission control technologies.

Specifically, the IURs for several known carcinogenic compounds are 1 to 2 orders of
magnitude lower than the chloroprene IUR, and are supported by stronger human
epidemiological evidence (1,3-butadiene and benzene) or reflect the application of PBPK
modeling to extrapolate results from animals to humans (vinyl chloride). One of the 2010 IRIS
Review’s stated reasons for characterizing chloroprene as a “likely” human carcinogen is the
structural similarity between chloroprene and “known” carcinogens, like vinyl chloride and 1,3-
butadiene.

42 See Ramboll Environ Report at pp. 39-43.

43 See Ramboll Environ Report at pp. 44-50.
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For vinyl chloride, and in contrast to chloroprene, the epidemiological evidence linking
vinyl chloride with angiosarcomas of the liver, as well as primary hepatocellular cancers, is clear
and consistent (Boffetta et al. 2003, Mundt et al. 2000, Mundt et al. 2017 ). EPA appropriately
applied a PBPK model for vinyl chloride to account for differences between animals and
humans, resulting in a cancer IUR that is approximately 57 times lower than the IUR for
chloroprene.

Likewise, the IUR for 1,3-butadiene is based on sufficient and stronger epidemiological
evidence. Further, there is a large body of evidence related to PBPK modeling of 1,3-butadiene
that explains large differences in pharmacokinetics across species for 1,3-butadiene, much like
the differences observed for chloroprene. This information is critical to informing the
chloroprene IUR, particularly in light of insufficient epidemiological data. The 1,3-butadiene
IUR based on human occupational studies is 17 times lower than the IUR for chloroprene.

Table 8.1 of the Ramboll Environ Report contains these comparisons and others (e.g., the
IUR for benzene is 64 to 227 times lower than the chloroprene IUR). The comparison of the
chloroprene IUR with the IURs of known carcinogens — for which there is stronger evidence of
human carcinogenicity — suggests that the chloroprene IUR from the 2010 IRIS Review is
greatly at odds with the IURs for similar chemicals and should be viewed as suspect and
deserving of further review.

D. EPA’s Classification of Chloroprene as “Likely to be Carcinogenic to
Humans” Should Be Reviewed

Additionally, EPA must reconsider the cancer classification for chloroprene. In the 2010
IRIS Review, EPA characterized chloroprene as “likely to be carcinogenic to humans” based on
the following five criteria:

(1) statistically significant and dose-related information from the NTP (1998)
chronic inhalation bioassay data demonstrating the early appearance of tumors,
development of malignant tumors, and the occurrence of multiple tumors within
and across animal species;

(2) evidence of an association between liver cancer risk and occupational
exposure to chloroprene;

(3) suggestive evidence of an association between lung cancer risk and
occupational exposure;

(4) a proposed mutagenic mode of action (MOA); and

(5) structural similarities between chloroprene and known human carcinogens,
1,3-butadiene and vinyl chloride.

Ramboll Environ Report at p. 24. As noted above, however, three of the five criteria are based
on EPA’s misinterpretation of the underlying data. Further, the last criterion (structural
similarities with known human carcinogens) is not informative because chloroprene has a
different mode of action. In sum, based on the limited evidence remaining to support the
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potential carcinogenicity of chloroprene, Ramboll Environ concludes that “a more appropriate
classification of chloroprene is ‘suggestive evidence of carcinogenic potential.””**

In reaching that conclusion, Ramboll Environ observes that the epidemiological evidence,
based on an appropriate weight of evidence approach, fails to demonstrate clearly increased risks
among exposed occupational groups and the general population, and a weak difference between
exposed and unexposed workers reflecting a deficit among the least exposed. This lack of
evidence of the carcinogenicity in the human studies indicates that chloroprene should not be
characterized as a “likely” human carcinogen.

Additionally, although chloroprene shares structural similarities with 1,3-butadiene and
vinyl chloride, the toxicological evidence including possible modes of action (MOAS)
demonstrate substantial differences between chloroprene, vinyl chloride, and 1,3-butadiene. As
discussed above, the claim that chloroprene is mutagenic is not supported by the overall evidence
from the available data.

Most importantly, EPA’s narrative description does not include discussion of critical
uncertainties in relying on the mouse data from the NTP (1998) to predict the potential for
carcinogenic risk in the humans, given ample evidence of important pharmacokinetic differences
between mice and other species. In fact, as noted above, the NTP study and other animal studies
show that there is little evidence of consistent tumorgenicity across species other than the mouse
and in particular the hamster. This difference can clearly be explained by evidence of
differences in the pharmacokinetics of chloroprene across species.

Accordingly, EPA’s classification of chloroprene as a “likely” human carcinogen is
unwarranted. Instead, EPA should characterize the weight of evidence for chloroprene as only
“suggestive” of human carcinogenicity.

E. EPA’s Reference Concentration (RfC) for Chronic Inhalation Exposure
Should Be Reviewed

Further, the 2010 IRIS Review establishes a Reference Concentration (RfC) for chronic
inhalation exposure of 2 x 102 mg/m? for noncancer effects.*> According to EPA, “the RfC is an
estimate of a daily exposure to the human population (including susceptible subgroups) that is
likely to be without an appreciable risk of health effects over a lifetime.”*® RfCs are derived for
compounds for which inhalation is an important route of exposure, including gases such as
chloroprene. However, EPA’s RfC in the 2010 IRIS Review suffers from many of the same
flaws as the IUR.

In particular, EPA did not employ a PBPK model to adjust the RfC to account for
different species’ differing sensitivity to chloroprene. The RfC is based on the National

44 Ramboll Environ Report at p. 24.
45 2010 IRIS Review at p. 123.

46 2010 IRIS Review at p. 113.

4484135



RFR EXHIBIT C Page 17 of 142
LISKOW Page 17

June 26, 2017

Toxicology Program’s two-year chronic inhalation study of rats and mice (NTP, 1998). EPA
selected all noncancer endpoints that were statistically increased in mice and rats at low and mid-
exposure levels compared with controls, and then employed benchmark dose modeling using its
own software to estimate a Point of Departure (POD). As the Ramboll Environ Report explains,
these noncancer endpoints suggest “significant cross-species and strain differences in the
toxicological response to inhaled chloroprene” and underscore the need for adjusting the RfC
value based on a PBPK model.*” PBPK methods have been used to derive appropriate RfCs for
other relevant chemicals, including vinyl chloride.

Additionally, as the Ramboll Environ Report shows, the RfC reflects the application of
unwarranted conservative adjustments. For instance, EPA applied an uncertainty factor of 3 to
account for database deficiencies related to the lack of a 2-generation reproductive study. This
adjustment is not needed based on several lines of evidence, including evidence showing that a
1-generation study should adequately provide the potential for reproductive effects following
exposure to chloroprene.*®

Accordingly, EPA needs to review the RfC to correct these deficiencies.

V. EPA’s Corrections of the 2010 IRIS Review Would Benefit DPE, Which Has Been
Harmed by the Errors

As shown in the attached letter from DPE to Administrator Pruitt, DPE has been harmed
by the errors in the 2010 IRIS Review and its IUR, and it will continue to be harmed until EPA
withdraws and corrects the 2010 IRIS Review and IUR.

As noted above, DPE acquired the Neoprene facility from DuPont on November 1, 2015.
Shortly after the acquisition, on December 17, 2015, EPA publicly released its 2011 National Air
Toxics Assessment (NATA), which identified DPE as creating the greatest offsite risk of cancer
of any manufacturing facility in the United States. The NATA findings concerning DPE are
based on the incorrect IUR in the 2010 IRIS Review and the emission profile of the Neoprene
facility.

Following the public release of the NATA, EPA and the Louisiana Department of
Environmental Quality (LDEQ) pressed DPE to reduce emissions to achieve an ambient air
target of 0.2 pug/m? for chloroprene on an annual average basis. The 0.2 pug/m? target is based on
the incorrect IUR in the 2010 IRIS Review, and represents more than a four thousand-fold
reduction in the applicable standard. As DPE’s letter explains, there is no agency rule or even
proposed rule requiring the attainment of the 0.2 pg/m?® target, yet EPA advised DPE, LDEQ,
and the public that this is the appropriate value to achieve.

DPE is an environmentally proactive company, and it is fully committed to compliance
with environmental requirements. Even though the 2010 IRIS Review and the IUR do not

41 Ramboll Environ Report at p. 53.

48 Ramboll Environ Report at pp. 53-54.
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comply with the information quality standards, DPE is taking extraordinary steps to meet EPA’s
and LDEQ’s demands. In January 2017, DPE entered into an agreement with LDEQ to reduce
chloroprene emissions by approximately 85% as compared with the facility’s 2014 emissions.
As DPE notes in the attached letter, it estimates that the capital cost of these emission reduction
devices is approximately $18 million, and the devices will cost hundreds of thousands of dollars
per year to operate. Even though DPE is installing the most advanced air pollution controls
available, DPE still will not be able to meet the stringent 0.2 pg/m? target.

Furthermore, because the 2010 IRIS Review and its IUR are flawed and incorrect, EPA’s
related public announcements have created unnecessary public alarm in LaPlace, Louisiana. For
example, after issuing the NATA, EPA created a public webpage specifically addressing DPE’s
chloroprene emissions.*®  Additionally, environmental activists and plaintiffs’ lawyers have had
numerous meetings in the community about DPE, all based on the faulty assumption that 0.2
pg/m? is the “safe” level for chloroprene. Further, a local citizen’s group has formed and has
been handing out misleading flyers and protesting near DPE’s facility.

In sum, the errors in the 2010 IRIS Review and the IUR and the related NATA findings
have placed a substantial strain on DPE’s limited resources, and have caused DPE severe
reputational damage.

V. Other Required Information

The EPA Guidelines require requests for correction to include the name and contact
information of the organization submitting the request, and to identify an individual to serve as a
contact.

For this Request, the contact information is as follows:

Jorge Lavastida

Executive Officer and Plant Manager
Denka Performance Elastomer LLC
560 Highway 44

LaPlace, LA 70068

(985) 536-7606
jorge-lavastida@denka-pe.com

Robert E. Holden

Liskow & Lewis

701 Poydras Street, Suite 5000

New Orleans, LA 70139

(504) 556-4130

reholden@]liskow.com

Counsel for Denka Performance Elastomer LLC

49 See https://www.epa.gov/la/laplace-louisiana-background-information.
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VI.  Conclusion: 2010 IRIS Review Must Be Immediately Withdrawn and Revised

For the reasons set forth above and in the Ramboll Environ Report, DPE respectfully
requests that: (1) this Request for Correction be granted; (2) the 2010 IRIS Review be suspended
immediately, pending further review; and (3) EPA review and revise the 2010 IRIS Review to
reflect the best available science and sound and objective scientific practices, as required by law.

Alternatively, as an interim measure, DPE requests that EPA immediately withdraw only
the incorrect IUR and the RfC pending further review, and then correct those values based on the
best available science and sound and objective scientific practices.

Very truly yours,
Robert E. Holden
Attorney for Denka Performance Elastomer LLC

REH:ddt
Enclosure

cc: Via Federal Express and Electronic Mail
Dr. Tina Bahadori, Director
EPA National Center for Environmental Assessment
(Bahadori.tina@Epa.gov)

Dr. Kristina Thayer, Director

Integrated Risk Information System Division

EPA National Center for Environmental Assessment
(Thayer.kris@Epa.gov)

Dr. John Vandenberg, Director

Research Triangle Park Division

EPA National Center for Environmental Assessment
(Vandenberg.john@Epa.gov)
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EXECUTIVE SUMMARY

Background

In 2010, the United States Environmental Protection Agency (US EPA) Integrated
Risk Information System (IRIS) program published a review of the epidemiology
and toxicology literature on chloroprene to provide scientific supportand rationale
for hazard and dose-response assessmentin IRIS, including deriving an inhalation
unit risk (IUR) and other values for chronic exposure (www.epa.goVv/iris).

In the “Toxicological Review of Chloroprene” (hereafter referred to as the “2010
Review”) (US EPA 2010a), US EPA concluded that chloroprene was “likely to be
carcinogenic to humans” based on (1) statistically significant and dose-related
information from an National Toxicology Program (NTP 1998) chronic inhalation
bioassay demonstrating the early appearance of tumors, development of malignant
tumors, and the occurrence of multiple tumors within and across animal species;
(2) evidence of an association between liver cancer risk and occupational exposure
to chloroprene; (3) suggestive evidence of an association between lung cancer risk
and occupational exposure; (4) the proposed mutagenic mode of action (MOA); and
(5) structural similarities between chloroprene and known human carcinogens
butadiene and vinyl chloride (US EPA 2010a).

The 2010 Review derived an IUR for lifetime exposure to chloroprene of 5 x 10-4 per
microgram per cubic meter (ug/m?3). This is the 5" highest IUR generated by US
EPA to date for any chemical (not including carcinogenic metals or coke oven
emissions) classified by US EPA or the International Agency for Research on Cancer
(IARC) as a known or likely/probable human carcinogen. As outlined in detail
below, we have determined that US EPA’s classification relied on questionable, non-
transparent evaluation and interpretation of the toxicological and epidemiological
evidence. Therefore, the IUR for chloroprene was not based on the best standard
methods US EPA has used for other carcinogens.

The IRIS Process: Challenges, Recent Changes, and Recommendations for
Improvement

The US EPA IRIS process has been subject to high-level constructive criticism.

Most noteworthy, subsequentto the 2010 Review, the National Research Council
(NRC) of the National Academies of Science (NAS) published a series of reports
recommending important changes to improve the IRIS process (NRC 2011, 2014).
The recommendations were well received by US EPA, but have not yet been fully
implemented, and have not been applied to previously published reviews. In
particular, NRC (2011, 2014) emphasized the importance of transparency and rigor
in the review methods. NRC (2011) provided guidance on development of inclusion
and exclusion criteria for studies, and on methods for evaluating and taking into
account various forms of bias and other methodologic characteristics that could
impact study findings.

While the 2010 Review meets some of these NRC recommendations, it does not
meet other key standards such as the evaluation and synthesis of the
epidemiological and mechanistic data, and would benefit from their consideration
and application. A transparent evaluation and integration of the published
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epidemiological and toxicological evidence on chloroprene carcinogenicity highlights
the need to reconsider US EPA’s classification of chloroprene as “likely to be
carcinogenic to humans” to be in line with the weight of evidence and the
International Agency for Research on Cancer’s (IARC 1999) classification of
chloroprene as “possibly carcinogenic.”

Toxicological Evidence

US EPA should evaluate the animal toxicological data that form the basis of the
estimated chloroprene inhalation unit risk (IUR) in accordance with the NRC
recommendations and US EPA standard risk evaluation methodologies. US EPA
relied on the animal studies conducted by the NTP that showed very little
consistency across species in tumor incidence and sites. These results indicated
substantial species differences and demonstrated a unique sensitivity in the female
mouse, with lung tumors being the most sensitive endpoint. Thus, US EPA used
the female mouse data to derive the IUR, but without fully accounting for important
pharmacokinetic differences between the mouse and humans.

In addition to revisiting the reliance on the animal dataset for the estimation of the
IUR, US EPA should critically re-evaluate and integrate the cytotoxic and genotoxic
evidence for chloroprene. The evidence from these studies indicates that
chloroprene acts through a different mode of action (MOA) than the structurally
similar and known human carcinogen 1,3-butadiene. Based on an evaluation
consistent with the NRC (2011, 2014) recommendations, chloroprene’s genotoxicity
profile lacks several attributes necessary to conclude that there is a mutagenic
MOA. Instead, the evidence supports site-specific cytotoxicity as a more likely

MOA, as opposed to US EPA’s conclusion that chloroprene acts via a mutagenic
MOA.

Epidemiological Evidence

It is also necessary to critically evaluate the available epidemiological evidence on
occupational chloroprene exposure. US EPA evaluated the epidemiological evidence
of chloroprene carcinogenicity based on several occupational cohorts from around
the world. This evaluation, however, would have benefited from more transparency
and rigor with regard to how individual study quality was assessed and weighted in
the overall weight-of-the-evidence assessment. In particular, US EPA did not
assignh more weight to the most recent epidemiological study by Marsh et al.
(20074, b), which also is the largest and most robust study to date. This study has
been rated by other scientists as the best quality study available in part because it
has the most comprehensive characterization of chloroprene exposure (Bukowski et
al. 2009). Instead, US EPA equally weighted this study with poorer quality Russian,
Armenian, and Chinese studies.

Marsh et al. (2007a, b) reported no excess occurrence of lung or liver cancers
among chloroprene exposed workers. In fact, overall and for all sub-cohorts
defined by specific plant(s), standardized morality ratios (SMRs) based on local
reference rates were all below 1.0, providing no indication of any excess of these
cancers among chloroprene exposed workers. US EPA, however, discounted this
primary finding, and instead interpreted a correlation between exposure level and
risk relative to a comparison subgroup where the comparison group exhibited
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anomalously fewer cancers than expected, creating the appearance of an increased
risk in the higher exposure groups. Furthermore, US EPA overlooked that there
were as few as two liver cancer deaths in the comparison subgroup, likely reflecting
a random deficit among this group. The US EPA summary of this study indicates
incomplete evaluation and misinterpretation of the published results. Properly
interpreted, the evidence does not demonstrate an association between
occupational chloroprene exposure and human cancer incidence.

US EPA’s Derivation of the Chloroprene IUR

US EPA derived the current chloroprene IUR based on a number of assumptions
that are not substantiated by the scientific evidence, contributing to overestimation
of an already conservative risk estimate (i.e., one based on the most sensitive
species, gender, and endpoint). Specifically, US EPA based the chloroprene IUR on
a composite estimate of risk based on multiple tumors observed primarily in mice,
not just the lung tumors for which the data were more conclusive. US EPA then
assumed that the female mouse-based IUR was representative of continuous
human exposure, and that lung tumors were systemic rather than portal-of-entry
effects; US EPA also rounded up at various stages of adjustment. Finally, US EPA
applied an age-dependent adjustment factor (ADAF) based on insufficient data to
support a mutagenic MOA.

A PBPK Model for Chloroprene

In calculating the IUR, US EPA should have used the available pharmacokinetic
model for chloroprene. Himmelstein et al. (2004 a,b) developed a physiologically
based pharmacokinetic (PBPK) model for chloroprene to help explain the divergent
results observed across animal species. The model demonstrates why the mouse is
the most sensitive species and why humans are likely to be comparatively much
less sensitive to the effects of chloroprene exposure.

The hypothesis that differences in pharmacokinetics are determinants of the
observed species differences has been demonstrated for other chemicals, including
vinyl chloride. Thus, it is scientifically appropriate that US EPA employ PBPK
models, which use the best available science to adjust for these differences, to
derive IURs for all chemicals, such as chloroprene, for which data are available.

US EPA did not use the PBPK model developed by Himmelstein et al. (2004 a,b) to
inform the chloroprene IUR because US EPA noted that the data required to validate
the model had not been published. However, all of the quantitative data necessary
to refine and verify the critical metabolic parameters for the existing peer-reviewed
PBPK model for chloroprene were available at the time of the 2010 Review and
could have been used. Since then, additional data have been published, and the
findings validate the model (Thomas et al. 2013, Yang et al. 2012, Allen et al.
2014). In particular, Allen et al. (2014) derived an IUR based on PBPK results and
the incidence of respiratory cancer that was 100 times lower than US EPA’s value,
using a method which integrates both the animal and human evidence.
Importantly, the IUR reported by Allen et al. (2014) is consistent with IURs for
similar compounds such as vinyl chloride and 1,3-butadiene, which have stronger
and more consistent epidemiological evidence of human carcinogenicity than
chloroprene.
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Calculation of an Updated Chloroprene IUR

We conducted an updated analysis by applying the results from validated PBPK
models to arrive at an IUR that includes an understanding of interspecies
pharmacokinetics. We applied standard US EPA methodology and conservative
assumptions to estimate of the potential cancer effects of chloroprene. Our
estimated IUR is 1.1x 10-2 per ppm or 3.2 x 10-% per ug/m3, which is of the same
order of magnitude as the IUR derived by Allen et al. (2014), and which better
reflects the scientific understanding of potential chloroprene cancer effects in
humans. Theseresults are also consistent with the results from validated PBPK
models and comparisons with other structurally relevant compounds such as vinyl
chloride and 1,3-butadiene, both recognized as known human carcinogens.

There is little scientific support for each of US EPA’s conservative assumptions and
subsequentadjustments. Combining a fuller understanding of interspecies
pharmacokinetic differences and validated PBPK models with the results from the
strongest epidemiological data provides the scientific grounds for updating the 2010
IUR and calls into question the strength of the evidence to supporta “likely to be
carcinogenic to humans” classification. Similar adjustments should also be
considered in estimating the chloroprene inhalation reference concentrations (RfC),
as species- and strain-specific differences are noted. This will assure that policies
and decisions resting on these toxicity values meet the test of sound science,
transparent methods, and reproducible findings.

Conclusions

The IUR published in the 2010 Review requires correction. An updated IUR should
be based on the best available methodology as well as a valid interpretation of the
body of published evidence. Correctionis critical given that the IUR published in
the 2010 Review is being used by US EPA for enforcement actions.
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1 INTRODUCTION

In December, 2015, the United States Environmental Protection Agency (US EPA)
published the 2011 National Air Toxics Assessment (NATA), indicating a high off-
site air pollution cancer risk from emissions of chloroprene from the Neoprene
production facility in LaPlace, Louisiana. The previous month, on November 1,
2015, Denka Performance Elastomer, LLC (DPE), had acquired the LaPlace
Neoprene production facility. The underlying NATA risk calculations combined
estimated ambient chloroprene concentrations from air modeling analyses with the
cancer inhalation unit risk (IUR) value derived by the US EPA Integrated Risk
Information System (IRIS) and documented in the Toxicological Review of
Chloroprene (hereafter referred to as the “2010 Review”) (US EPA 2010a).

On behalf of DPE, Ramboll Environ US Corporation (Ramboll Environ) prepared this
summary review of the US EPA toxicity assessment for chloroprene, focusing on a
detailed review of US EPA’s derivation of the cancer IUR reported in the 2010
Review (US EPA 2010a). US EPA'’s chloroprene risk assessment calculations are
based on and directly proportionalto US EPA’s IUR for lifetime exposure to
chloroprene of 5 x 10-4 per micrograms per cubic meter (ug/m3). The chloroprene
IUR is the 5t highest IUR generated to date for any substance classified by US EPA
or the International Agency for Research on Cancer (IARC) as a known or
likely/probable human carcinogen (not including carcinogenic metals or coke oven
emissions). The chloroprene IUR is orders of magnitude higher than IURs derived
by US EPA for substances, such as vinyl chloride, 1,3-butadiene, and benzene, that
have been classified by US EPA as known human carcinogens.! In contrast,
chloroprene has been classified as “likely to be carcinogenic to humans” based on a
weight-of-evidence (WOE) assessment that included an animal inhalation study
conducted by the National Toxicology Program (NTP 1998) and four (of nine)
epidemiological studies reportedly indicating increased risks for liver cancer (US
EPA 2010a). It was noted that these data were insufficient to classify chloroprene
as a known human carcinogen. On the other hand, IARC classified chloroprene as
“possibly carcinogenic to humans,” based on the same evidence from experimental
animal studies and similar epidemiological evidence concluded that the human
evidence was inadequate (IARC 1999).

Since the 2010 Review (US EPA 2010a), the National Academies of Sciences
National Research Council (NRC 2011, 2014) has recommended substantive
improvements to the IRIS evaluation process, calling for greater transparency
including improved methods for and documentation of scientific study selection,
critical review of study quality and limitations, and the synthesis of findings across
studies. This has provided much of the impetus for changes to the IRIS process.
Improvements in the critical evaluation of epidemiological study quality and bias
were noted as especially important, as statistical associations in epidemiological
studies are only meaningful if supported by rigorous study design and data quality
control. In addition, NRC noted the need for improved approaches to integrating
evidence across diverse lines of investigation—including evidence from animal

1 https://www.epa.gov/fera/dose-response-assessment-assessing-health-risks-associated-exp osure-hazardous -air-
pollutants
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experiments, mechanistic investigations and epidemiological studies—in drawing
conclusions regarding carcinogenicity and in deriving unit risk factors for cancer.
NRC recommended better evidence integration that considers and weighs the entire
body of scientific evidence, and that does not rely on select and unrepresentative
findings (NRC 2011, 2014). Similarly, using formaldehyde as an example, NRC
recommended improved use of evidence in risk assessments. NRC (2011)
recommended using physiologically based pharmacokinetic (PBPK) models to
quantify demonstrated differences in pharmacokinetics across species, and further
recognized PBPK models as a tool to supportextrapolations between species,
thereby reducing the uncertainty in quantitative risk assessments (NRC 2014).
These NRC recommendations remain highly relevant to the evaluation of
chloroprene. In Section 2, we highlight key recommendations made by the NRC
for improvements to the IRIS process that potentially impact the chloroprene
evaluation.

Consistentwith the NRC recommendations to improve the scientific quality and
validity of the 2010 Review, US EPA needs to address significant uncertainties
associated with the derivation of the IUR. These uncertainties pertain to the human
relevance of the animal evidence, and whether or not various cancer types
observed in animal experiments should be combined in estimating potential cancer
risk to humans. Studies available both at the time of the 2010 Review, and
published since, demonstrate clear and significant pharmacokinetic differences
between humans and animals (Himmelstein et al. 2004a, b; Yang et al. 2012;
Thomas et al. 2013; Allen et al. 2014). These differences must be considered in
order to derive a scientifically valid human cancer unit risk for chloroprene based on
animal studies. In Section 3, we discuss the uncertainties associated with
toxicological evidence; and in Section 4 we propose that the available mechanistic
evidence supports acytotoxic, rather than mutagenic, MOA for chloroprene.

In Section 5, we discuss US EPA’s evaluation of the epidemiological data. US EPA
did not fully or accurately summarize the findings from the Marsh et al. (2007a, b)
study, which represents the largest and most comprehensive epidemiological study
of chloroprene to date. Marsh et al. (2007a, b) reported no evidence of increased
risks of liver and lung cancer with occupational chloroprene exposure; however, US
EPA drew contrary conclusions from small subsets of the Marsh et al. (20074a, b)
data.

In Section 6, we discuss the uncertainty associated with the evidence presented by
US EPA to support a classification of “likely to be carcinogenic to humans,” noting
that the weight of evidence narrative is incomplete and the evidence is weaker than
US EPA reports, and is more consistent with a “suggestive” classification.

In Section 7, we summarize the uncertainties associated with the US EPA
derivation of the IUR, and in Section 8, we compare the IUR for chloroprene to
other chemicals that have been classified by US EPA and IARC as known or
probably human carcinogens. This comparison shows that the IUR for chloroprene
is substantially out of line with the US EPA risk evaluation of chemicals that are
known carcinogens.
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In Section 9, we summarize new evidence that indicates that a PBPK model is the
most valid and appropriate means of quantifying the large differences between
animal and human responses to chloroprene exposure and in Section 10, we use
PBPK results and standard US EPA methods endorsed by NRC to calculate an IUR
for chloroprene. In Section 11, we use exposure datafrom the Marsh et al.
(20074, b) study to calculate the expected incidence of cancer among workers
using the 2010 US EPA IUR and using PBPK-adjusted IURs as a “reality check” to
demonstrate that the PBPK-adjusted IUR, but not the US EPA-derived IUR, is
consistent with the epidemiological findings.

In Section 12 we discuss the need to apply pharmacokinetic modeling in the
derivation of the RfC, which also suffers from application of default methodology
that does not properly account for the known pharmacokinetic differences across
species, and species- and strain-specific differences in response.

Lastly in Section 13, we conclude that an updated and corrected IRIS assessment,
and especially an updated IUR, are warranted and urgently needed. The new
assessment should combine the most up-to-date scientific evidence regarding
chloroprene toxicity and carcinogenicity with improved and more transparent
methods for conducting toxicological and epidemiological reviews, in accordance
with the NRC recommendations and guidance (NRC 2011, 2014). We are confident
that the substantive and procedural reasons for updating the IRIS assessment for
chloroprene, as detailed in this report, will result in a valid and scientifically
appropriate IUR for chloroprene that is also consistent with the assessments for
other substances including several known human carcinogens.
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2 THE IRIS PROCESS: CHALLENGES, RECENT CHANGES,
AND NRC RECOMMENDATIONS FOR IMPROVEMENT

2.1 Purpose of the IRIS program

The IRIS programwas developed to be the primary source of toxicological
information for federal, state, and international regulatory agencies for setting risk-
based regulatory standards. Itwas intended to provide consistency among
toxicological assessments within US EPA. IRIS assessments contain hazard
evaluations (determinations of whether substances are capable of causing disease)
and dose-response assessments (determinations of the levels at which such effects
occur) for various chemicals, including cancer and non-cancer outcomes.

2.2 Challenges in the IRIS process

While most of the IRIS assessments have been straightforward and well
documented, others have proved to be more complex and challenging, sometimes
lacking transparency of methods. These problems have led to significant variability
and uncertainty regarding the calculated estimates of hazard or risk of health
effects in humans. As a consequence, the NRC has been called on multiple times to
review some of the more challenging or ambiguous assessments, including those
for formaldehyde, dioxin, and tetrachloroethylene.

In perhaps the most critical evaluation, the NRC (2011) reviewed the draft
"Toxicological Review of Formaldehyde- Inhalation Assessment"” (US EPA 2010c)
and outlined several general recommendations for the IRIS process, as well as
some specific aspects needing improvement. Subsequently, Congress held several
hearings regarding the IRIS program. A House Report (112-151) that accompanied
the Consolidated Appropriations Act of 2012 (Public Law 112-74)2 specified that as
part of the IRIS process, US EPA had to incorporate the recommendations of NRC in
its IRIS “Toxicological Review of Formaldehyde” where appropriate, based on
chemical-specific information and biological effects. Congress requested that NRC
oversee this process to ensure US EPA implemented the changes. Congressalso
directed that NRC should make additional recommendations as needed to further
improve the program. In 2014, NRC released a report on the IRIS process, which
largely described the findings in its 2011 formaldehyde review as they relate more
broadly to the IRIS process (NRC 2014). The final Toxicological Review of
Formaldehyde has not yet been released.

Subsequently, US EPA published a report entitled “Integrated Risk Information
System (IRIS) Program: Progress Report and Report to Congress” (US EPA 2015)
in which US EPA assured Congress that progress toward improving the IRIS process
and addressing the NRC recommendations was continuing.

NRC (2011, 2014) also emphasized the importance of a detailed protocol, including
making the methods and the process of the review transparent. Increased
transparency provides not only the opportunity for meaningful peer review, but also

2 pub. No. 112-74, Consolidated Appropriations Act, 2012 available at https://vww.gpo.gov/fdsys/pkg/PLAW-
112publ74/pdf/PLAW-112publ74.pdf
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for other investigators to verify the methods and replicate findings. The protocol
should specify how studies will be evaluated and weighted according to quality
rather than on the basis of findings; explicitly state the inclusion and exclusion
criteria for studies; describe how study quality will be evaluated; and outline
methods for evaluating and taking into account various forms of bias and other
methodologic characteristics of the studies that could impact their respective
conclusions. The 2010 Review did not follow such a protocol.

Another key criticism that the NRC (2011) made specific to the IRIS assessment of
formaldehyde, and more generally to the IRIS program as a whole, was that the
IRIS process lacked an appropriate framework for systematic review and
integration of all applicable lines of evidence. NRC (2011) cited the systematic
review standards adopted by the Institute of Medicine (2011) as being appropriate
for such an analysis.

2.3 Recommendations for improvement of the IRIS process in updating
the 2010 Review

Because the 2010 Review predates the NRC critique, it would benefit from
application of many of their reccommendations. For example, clearer descriptions of
how the epidemiological evidence was evaluated would provide greater
transparency. Similarly, epidemiological evidence should be evaluated for study
quality and assessed for potential bias, as some of the strongest epidemiological
evidence was misinterpreted (i.e., from the Marsh et al., 2007a, b studies), and
results from some weaker studies (from Russia, Armenia, and China) were given
equal weight.

US EPA’s Guidelines for Carcinogen Risk Assessment (US EPA 2005) established
study quality criteria for the WOE evaluation and for identifying and justifying the
use of specific epidemiological studies in assessing evidence of carcinogenicity, as
follows:

e Clear objectives

e Proper selection and characterization of comparison groups (cohort and
reference)

e Adequate characterization of exposure

e Sufficient duration of follow-up

e Valid ascertainment of causes of cancer morbidity and mortality
e Proper consideration of bias and confounding

e Adequate sample size to detect an effect

e Clear, well-documented and appropriate methods for data collection and
analysis

e Adequate response (minimal loss to follow-up)
e Complete and clear documentation of results

These points were similarly outlined in the NRC critique of the IRIS process (NRC
2014).



Basis for Correction of US EPA's 2010 Toxi &5 drievibia Idf &ni fiq@ee35 of 142 Page 6

Based on a critical review of the animal toxicology evidence, important differences
in chloroprene toxicity have been demonstrated across species that are explained
by differences in pharmacokinetics. In such circumstances PBPK models are
required to adjust for these differences and have been applied by US EPA for other
chemicals. Although a chloroprene-specific PBPK model was available at the time of
the 2010 Review, US EPA did notuse it. Since the release of the 2010 Review,
additional data and a fully validated PBPK model have been peer-reviewed and
published. By incorporating the highest quality epidemiological studies and the
most recently published data on the pharmacokinetics of chloroprene metabolism,
deriving a scientifically sound IUR for chloropreneis straightforward. As
demonstrated below, an IUR derived using methods applied by US EPA and the
scientifically highest quality data publically available will produce an IUR thatis over
150 times lower than the IUR published in the 2010 Review.
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3 TOXICOLOGICALWEIGHT OF EVIDENCE: ANIMAL
STUDIES

3.1 Guidelines for evaluating toxicological studies

US EPA set forth criteria for the evaluation of toxicological data in the "Guidelines
for Carcinogen Risk Assessment” (US EPA 2005). These guidelines are largely
consistent with the NRC recommendations for IRIS (NRC 2014). However, US EPA
did not apply these risk assessment guidelines in the 2010 Review in its evaluation
and determination of the weight of evidence (WOE) available from the animal,
mechanistic, and epidemiological studies of chloroprene. In this section, we discuss
the toxicological evidence available to evaluate whether it supports carcinogenicity
of chloroprene in humans.

3.2 Animal studies show important pharmacokinetic differences across
species

US EPA based the 2010 IRIS IUR estimate for chloroprene primarily on the findings
of a two-year inhalation study conducted by the NTP (1998). The NTP (1998) study
found statistically significant increases in tumor incidence at multiple sites in the
B6C3F1 mice, including: all organs (hemangiomas and hemangiosarcomas), lung
(bronchiolar/alveolar adenomas and carcinomas), forestomach, Harderian gland
(adenomas and carcinomas), kidney (adenomas), skin, liver, and mammary glands.
With increasing exposures, the tumors generally appeared earlier, and statistically
significant pair-wise comparisons were reported with increasing exposure level.
F344/N rats were less sensitive to chloroprene exposures than B6C3F1 mice.

US EPA also considered results from another large study conducted by
Trochimowicz et al. (1998) in Wistar rats and Syrian hamsters that showed a large
variability in the tumor incidence and sites across species. Trochimowicz et al.
(1998) found that although tumors appeared across multiple sites in both rats and
hamsters, there were no statistically significant increases at any particular site, no
significant trends observed with increasing concentration, and tumor incidence in
less than 20% of hamsters. These results showed that the Wistar rat and the
hamster are less sensitive to the toxicity of chloroprene than B6C3F1 mice or
F344/N rats.

The results of the NTP (1998) and Trochimowicz et al. (1998) studies indicated that
the mouse is the most sensitive species to chloroprene among the species tested,
based on the concentrations at which statistically significant increases in tumor
incidence were observed, as well as the number of tumor sites. In the NTP (1998)
study, the incidence of lung tumors was observed to be statistically significantly
elevated at the lowest exposure tested (12.8 parts per million [ppm]) in both
female and male mice. Statistically significantly increased lung tumor incidence
was not observed in any other animal species that was evaluated, including male
and female rats administered chloroprene at concentrations up to 80 ppm. For
other tumor sites, there were some statistically significantly elevated results in
B6C3F1 mice and F344/N rats, but primarily limited to the highest exposure levels
(80 ppm). For example, the incidence of liver tumors in mice were only statistically
significantly increased in female mice at the highest exposure concentration tested
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(80 ppm). For thesereasons, the 2010 Review noted that the differences in
response observed between the NTP (1998) and Trochimowicz et al. (1998) studies
may be due to species and/or strain differences.

Thus, across all tested species, the data demonstrated that mice are the species
most sensitive to chloroprene exposure and that the incidence of lung tumors is the
most sensitive endpoint in mice. The findings therefore are specific to mice and not
generalizable across animal species. Given the differences in responsein the
mouse as compared to other laboratory species following chloroprene exposure, it

is particularly important to evaluate the potential for differences in
pharmacokinetics to better characterize and explain the cross-species differences,
particularly in developing an IUR intended to be predictive of human risk.

3.3 Conclusions

US EPA derived a chloroprene human IUR based not only on the highest IUR, which
corresponded with the lung tumors (the most sensitive endpoint) and female mice
(the most sensitive species and gender), but also, as discussed below, US EPA then
calculated a human composite IUR that was based on multiple tumor sites in the
female mouse. Rats were considerably less sensitive to the carcinogenic effects of
chloroprene and thus were not considered further in the dose-response analysis;
however, the observed lower incidence of tumors in rats than mice indicates
significant species differences that cannot be disregarded in the human
carcinogenicity evaluation.
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4 MECHANISTICEVIDENCE: CHLOROPRENE MODE OF
ACTION

4.1 Guidelines for evaluating mechanistic studies

As with the evaluation of animal data, US EPA did not apply the guidelines for
evaluation of mechanistic weight of evidence set forth in the "Guidelines for
Carcinogen Risk Assessment” (US EPA 2005) and the NRC recommendations for
IRIS (NRC 2014). In this section, we discuss the mechanistic evidence available to
evaluate whether it supports a mutagenic mode of action (MOA) for chloroprene.

4.2 Mechanistic evidence for cancer effects from chloroprene do not
supporta mutagenic MOA

A key determinant of understanding whether an agent is carcinogenic is to establish
an MOA. In the 2010 Review, US EPA hypothesized that chloroprene “acts via a
mutagenic MOA involving reactive epoxide metabolites formed at target sites or
distributed systemically throughout the body.” US EPA noted that “this
hypothesized MOA is presumed to apply to all tumor types” (US EPA 2010a),
suggesting some non-independent events would be needed for the development of
all of the tumors observed. In formulating this hypothesis of a mutagenic MOA, the
2010 Review did not present a description of whether or how the available evidence
was critically evaluated, weighted and integrated. This is inconsistent with US EPA
(2005) guidelines which indicated that the purpose of the hazard assessment is to
“construct a total analysis examining what the biological data reveal as a whole
about carcinogenic effects and MOA of the agent, and their implications for human
hazard and dose-response evaluation.” These 2005 guidelines are also consistent
with the new NRC (2014) recommendations for the need for integration of the
evidence to support scientific conclusions.

In providing supporting evidence for a mutagenic MOA, the 2010 Review focused on
in vitro studies (using different exposure systems) in bacteria, with less weight
placed on the results from in vitro studies in mammalian cells and in vivo studies.3
In particular, in assessing whether chloroprene has a mutagenic MOA, the 2010
Review gave little weight to the studies conducted by the NTP and others (Tice
1988, Tice et al. 1988, NTP 1998, Shelby 1990, Shelby and Witt 1995). This also is
contrary to the recommendations of NRC (2014) regarding evidence integration.
The NTP (1998) study that served as the basis of the US EPA IUR for chloroprene
states, “chloroprene was not mutagenic in any of the tests performed by the NTP.”

Furthermore, the majority of the conventional genetic toxicology studies relied on in
the 2010 Review did not report positive results following administration of
chloroprene. In drawing conclusions concerning the chloroprene MOA, US EPA
should have acknowledged the flaws and methodological limitations in the studies
on which it relied. When these studies and their limitations are considered, along
with the predominantly negative in vitro and in vivo genotoxicity tests, there s little
evidence for concluding that chloroprene is mutagenic or genotoxic (NTP 1998,
Pagan 2007). Therefore, this evidence should not be used to support a

3 In vitro mammalian and in vivo studies are generally considered to be more relevant to effects that might be
observed in humans (e.g., Wetmore et al. 2013).



Basis for Correction of US EPA's 2010 Toxi &35 drRevibia Idf &hi fiqgee39 of 142 Page 10

classification of chloroprene as a “likely” human carcinogen and should not
influence the derivation of the chloroprene IUR.

In summary, the hypothesized MOA was based on four major assumptions by US
EPA (2010a):

1. There are similarities in the MOA for the known human carcinogen 1,3-
butadiene, which involves metabolism to a reactive epoxide intermediate

2. Chloroprene forms DNA adducts via its epoxide metabolite
3. Chloropreneis a point mutagen in vitro
4. Chloropreneis a point mutagen in vivo

However, the integration of the currently available evidence for chloroprene support
none of these assumptions. A discussion of why the available science is
inconsistent with these assumptionsis provided in the following sections.

4.2.1 The chloroprene mutagenic profile is distinct from that of 1,3-
butadiene

US EPA assumed that chloroprene has a similar MOA to that of 1,3-butadiene,
which is metabolized to epoxide intermediates and is a rodent carcinogen. While
both compounds may be carcinogenic in rodents, evidence is available that shows
that the mutagenic and clastogenic profiles of 1,3-butadiene are considerably
different from the profile of chloroprene (Tice 1988, Tice et al. 1988). Unlike 1,3-
butadiene, chloroprene does not induce effects when tested in standard in vivo
genotoxicity screening studies in mammals (Table 4.1). Although the reactive
metabolite of chloroprene (1-chloroethenyl) oxirane does induce mutations in vitro
in bacterial strains (Himmelstein et al. 2001a), neither the administration of
chloroprene nor the reactive epoxide metabolite was genotoxic or mutagenic in in
vitro mammalian cells, including Chinese hamster V79 cells (Himmelstein et al.
20014a, Drevon and Kuroki 1979). Also, unlike 1,3-butadiene, chloroprene was not
genotoxic when tested in vivo (Tice 1988, Tice et al. 1988, NTP 1998, Shelby 1990,
Shelby and Witt 1995).

Table 4.1. Comparison of the Mutagenic Profiles of Chloroprene and 1,3-Butadiene

In Vivo (B6C3F1 mouse)a
Chemical In Vitro Ames

CA SCE Micronuclei
1,3-Butadiene + + + +
Chloroprene +/- - - -

a Exposure was 10-12 days (6 hr/day) inhalation (Tice 1988)

These findings indicate that the reactive metabolites formed from chloroprene are
effectively detoxified in vivo in the concentration ranges studied. This is an
important difference between chloroprene and 1,3-butadiene. In addition, 1,3-
butadiene appears to be an effective somatic cell genotoxinin mice (Tice 1988),
whereas chloroprene was not genotoxic in in vivo assays (Tice 1988, Tice et al.
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1988, Shelby 1990, Shelby and Witt 1995, NTP 1998). The only published
chloroprene-related study showing positive chromosomal aberrations in vivo was a
study cited by Sanotskii (1976); but as acknowledged in the 2010 Review, this
study was technically deficient and conflicted with stronger and more recent studies
conducted by NTP in mice (Shelby 1990, NTP 1998).

Two other major differences between these chemicals are evident from the
experimental data. First, the ras profile in lung tumors in treated animals is
considerably different for chloroprene and 1,3-butadiene (Sills et al. 1999).
Secondly, the toxic effects and histopathology observed in chloroprene-treated
F344 rats and B6C3F1 mice are substantially different from those seenin 1,3-
butadiene exposed animals (Melnick et al. 1996). These differences in toxic effects
and histopathology suggest that the carcinogenic MOA for 1,3-butadiene also is
different from that of chloroprene.

Furthermore, even if we disregard the assumption that chloroprene acts via a
similar MOA as 1,3-butadiene, the chloroprene IUR is more than an order of
magnitude greater than that of 1,3-butadiene. This is inconsistent with the
assumption that these compounds have a similar MOA, and is also inconsistent with
US EPA’s underlying assumptions regarding the carcinogenicity and the potency of
chloroprene relative to 1,3-butadiene.

4.2.2 Evidence does not supportthe formation of DNA adducts by
chloroprene metabolism to an epoxide intermediate in vitro

The 2010 Review assumed that the chloroprene epoxide metabolite (1-
chloroethenyl)oxirane forms DNA adducts. There is little evidence that this occurs
in vivo. Although in vitro studies suggest an interaction between this metabolite
and DNA adducts, this effect has not been confirmed in vivo. In addition, the lack
of any observed genotoxicity in vivo as described above (Tice 1988, Tice et al.
1988, NTP 1998, Shelby 1990, Shelby and Witt 1995) does not support an
interaction between chloroprene and DNA in vivo.

4.2.3 Evidence does not support mutagenicity of chloroprenein vitro

The 2010 Review also assumed that chloroprene is a point mutagen in vitro.
However, the results of the bacterial mutagenicity studies are equivocal, at best,
and the findings from the Ames tests question the classification of chloroprene as a
mutagen (NTP 1998, Pagan 2007). The results from two studies indicated that
chloroprene was mutagenic in Salmonellatyphimurium TA100 and/or TA1535,
particularly with the addition of S9 mix, which incorporates the metabolism of
chloroprene (Bartsch et al. 1979, Willems 1980). Two other studies failed to show
any increase in TA1535 or TA100 revertants, as shown in Table 4.2. Chloroprene
was not mutagenic in S. typhimurium strains TA98 or TA1537 (Zeiger et al. 1987).
Because toxicity to the Salmonella cells was reported for all of the studies, one can
assume there was adequate exposure to chloroprene and its metabolites or
oxidative degradation products, although concentrations and composition
verification were not performed.
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Table 4.2. Ames Test Results for Chloroprene with TA1535 and/or TA100

Response
Study Method Exposure With S9 Without S9
mix mix
Bartsch etal. 1979 Desiccator? 4 hours ++ +
Westphal et al. 1994 Pre-inc® 2 hours - -
NTP 1998 Pre-inc® 20 minutes - -
Willems 1980 Desiccator® 24-48 hours ++ +

@ pPlates sealed in desiccator at 37° C with tops removed.
b Chemical added to sealed tubes and mixed at 37° C.

Toxicity results further appear to be dependent on the exposure methods and the
form of chloroprene tested (e.g., newly distilled or aged). Westphalet al. (1994)
confirmed the importance of both vehicle and decomposition products in assessing
the mutagenicity of chloroprene. For example, they showed that freshly distilled
chloroprene was not mutagenic, but chloroprene aged for as little as two to three
days at room temperature was mutagenic in S. typhimurium TA100. The
mutagenicity increased linearly with the age of the distillate, probably due to the
presence of decomposition products such as cyclic dimers (Westphalet al. 1994).
Therefore, it is not possible to conclude from published data that chloroprene is a
point mutagen in bacteria.

Chloroprene also does not appear to be mutagenic in mammalian cells. Drevon and
Kuroki (1979) were not able to induce point mutations when chloroprene was
tested in Chinese hamster V79 cells. The results for mammalian cells should carry
more weight than those in bacterial cells, because mammalian cells are more
relevant for understanding any potential effects in humans. Himmelstein et al.
(2001a) tested the primary metabolite of chloroprene, (1-chloroethenyl)oxirane,
and found it to be mutagenic in the absence of S9, suggesting that this metabolite
may be the reactive agent in the Ames test; however, this epoxide metabolite was
not genotoxic in mammalian cells in vitro (Chinese hamster V79 cells) (Himmelstein
et al. 2001a). Therefore, the results from the Ames test may not be an accurate
predictor of carcinogenicity of chloroprene, because glutathione and other
detoxification pathways that would mitigate or eliminate the production of
potentially active metabolites are not present in S9 microsome preparations at
levels presentin intact cells. Westphalet al. (1994) also found that addition of
glutathione to the chloroprene/metabolite Ames tests significantly diminished the
reported mutagenic activity. The absence of genotoxicity in intact mammalian cells
systems and in vivo studies suggests that the bacterial mutagenicity data have
limited relevance to the genotoxicity of chloroprene in humans. Critically, and as
discussed below, in vitro systems do not have the normal levels of detoxifying
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pathways found in intact mammalian cells to further metabolize/detoxify this
primary metabolite.

4.2.4 Evidence does not support mutagenicity of chloroprenein vivo

The 2010 Review assumed that chloropreneis a point mutagen in vivo (in
carcinogenicity bioassays with mutations identified in proto-oncogenes).
Investigators study mutations in tumors at target sites to identify “mutagen
fingerprints” for specific chemicals. As such, Sills et al. (1999, 2001) produced a
proto-oncogene mutation profile for some target tumors in the mouse. A
comparison of chloroprene and 1,3 -butadiene indicated that the profile for
chloroprene differed from that of 1,3-butadiene. In fact, the mutation rates in
chloroprene-exposed animals were similar to mutation rates in controlanimals.
Specific mutations were associated with chloroprene exposures across several
different tumor types, but showed no dose-dependency. In contrast, the incidence
of lung tumors increased with dose. This indicates that the lung tumors likely are
independent of and unrelated to the mutations. These findings suggest that the
underlying MOA is not the suspected K-ras mutation,* but rather a secondary MOA
at target sites; for example, an MOA that follows a dose-dependenttumor response
that is not associated with a corresponding dose-dependentincrease in mutations,
such as cytotoxicity-induced bronchiolar hyperplasia. If mutagenicity is the MOA,
then mutation rates also should be dose-dependent. This is not the case for
chloroprene, where mutations are not shown to be dose-dependent. Therefore, a
different MOA is likely.

4.3 Evidence supports an alternative MOA for chloroprene based on
cytotoxicity

Despite the inconsistencies in and questionable nature of the evidence for a
mutagenic MOA, the 2010 Review never considered alternative MOAs for
chloroprene. Considering alternative MOAs is recommended in US EPA’s (2005)
"Guidelines for Carcinogen Risk Assessment" and is consistent with
recommendations by NRC (2011, 2014) for evidence integration and WOE analyses
as specified in the Human Relevance Framework (Cohen et al. 2003, Meek et al.
2003, Cohen 2004, IPCS 2005, Boobis et al. 2006). US EPA (2005) guidelines
noted that “where alternative approaches have significant biological support, and no
scientific consensus favors a single approach, an assessment may present results
using alternative approaches.”

The likely alternative MOA for chloroprene is cytotoxicity, for which there are
supportive experimental findings. At very high concentrations, chloroprene is toxic
to animals, but does not demonstrate any genotoxicity (Shelby 1990), supporting
an MOA based on target-site cytotoxicity. In mice, histopathology evaluations of
chloroprene in target tissues are consistent with a non-genotoxic MOA. For
example, the incidence of chloroprene-induced bronchiolar hyperplasia in the
respiratory system follows the increased incidence of lung tumors, whereas the
incidence of lung K-ras mutations (a precursor of many cancers) does not. Also,
Melnick et al. (1996) reported that the toxicity and histopathology observed in

4 Mutations of the k-ras gene are considered an essential step in the development of many cancers (e.g., Jancik et
al., 2010).
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chloroprene-treated F344 rats and B6C3F1 mice were substantially different from
those seen in 1,3-butadiene exposed animals, suggesting an alternative MOA. In
this case, a cytotoxicity-driven hyperplasia could be the cause, which can result
from cell injury or death and subsequent tissue regeneration. Buzard et al. (1996)
hypothesized that hyperplastic processes lead to selection of pre-existing oncogene
and tumor suppressor gene mutations. Extrapolation from a target-site cytotoxic
MOA involving cell proliferation and tumor promotion to other tumor sites is
consistent with the attributes of chloroprene. It is important to note that the
toxicity of chloroprene is observed at very high concentrations in mice and to a
lesser extent in rats; however, it has been confirmed using a validated PBPK model
that both species would be expected to be more sensitive to chloroprene exposure
than humans. The differences in pharmacokinetics between mice, rats and humans
helps to explain the lack of clear evidence of carcinogenicity in humans from
epidemiology studies.

4.4 Conclusions

A critical evaluation of the cytotoxic and genotoxic profiles indicated that
chloroprene acts through a MOA different from that of 1,3-butadiene, a known
human carcinogen. Importantly, chloroprene’s genotoxicity profile lacks several
attributes necessary to conclude a mutagenic MOA:

e Standard in vivo tests for genotoxicity are negative and unlike
known carcinogens such as 1,3-butadiene: Chloroprene, unlike 1,3-
butadiene, is not genotoxic to somatic cells in vivo. The study results
indicate that the epoxide metabolite of chloroprene is effectively detoxified
under in vivo exposure conditions.

e Consistent data are lacking for point mutation induction in vitro and
in vivo: The evidence that chloropreneis able to produce point mutations
in vitro (specifically in bacteria) is equivocal, and chloroprene did not induce
mutations in cultured mammalian cells. There is a clear discordance
between findings of in vitro point mutation, DNA adduct induction, and in
Vivo ras mutations in target site tumors, which indicate that the observation
of these point mutations may not be relevant to the MOA for chloroprene-
induced tumors.

Overall, unlike known carcinogens such as 1,3-butadiene, the evidence does not
support a mutagenic MOA for chloroprene. Instead, the WOE supports an
alternative MOA attributed to site-specific cytotoxicity. Thus, it is neither necessary
nor appropriate to adjust the cancer unit risk based on a hypothesized mutagenic
MOA, and deriving a new IUR based on an alternative MOA that can be scientifically
substantiated is warranted.
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5 EPIDEMIOLOGICAL EVIDENCE: OCCUPATIONAL
STUDIES

5.1 Evaluation of the epidemiological studies

The 2010 Report classified chloroprene as “likely to be carcinogenic to humans” in
part based on US EPA’s interpretation of “an association between liver cancer risk
and occupational exposure to chloroprene” and “suggestive evidence of an
association between lung cancer risk and occupational exposure.” As with the
evaluation of the toxicological data, US EPA set forth criteria in the "Guidelines for
Carcinogen Risk Assessment” (US EPA 2005) for the evaluation of epidemiological
evidence, largely consistent with NRC recommendations (NRC 2014). While US EPA
applied some of these criteria in the 2010 Review, US EPA did not present quality
assessment and weighting of epidemiological evidence. Our application of these
criteria led to largely opposite conclusions: appropriate weighing and synthesis of
the epidemiological evidence demonstrated that chloroprene exposureis unlikely to
cause lung or liver cancer at the occupational exposure levels encountered in the
underlying studies. Furthermore, in contrast with US EPA’s interpretation, the lack
of any clear cancer risk is consistent with the results from the animal studies
demonstrating significant differences across species in the carcinogenic potential of
chloroprene, and the mechanistic evidence that humans are far less sensitive to
chloroprene.

Using an approach consistent with US EPA (2005) and NRC (2014), BukowsKki
(2009) evaluated the quality of eight mortality studies of seven chloroprene-
exposed cohorts fromsix countries (Table 5.1). Studies were assigned to
categories of high, medium or low quality for each of ten quality criteria and a WOE
assessment was performed. The four-cohort Marsh et al. (2007a, b) pooled study
is the most methodologically rigorous epidemiology study conducted to date. This
study has the largest overall cohort size and the most rigorous follow-up. Based on
the large cohort size, the Marsh study has the highest statistical power (see Table
5.2). Finally, the Marsh study has the most comprehensive exposure assessment,
including assessment of exposure to potentially confounding agents such as vinyl
chloride.
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Table 5.1. Quality Rankings for Cohort Studies of Cancer Risks from Occupational
Chloroprene Exposure

Marsh et al. (2007 a,b) Study Other Studies
US EPA Criteria North France- France-
1 iai 1 in2 ind ina5
Kentucky Ireland? Louisiana Mort*! Armenia I ncid™2 Russia China
Clear objectives HE H H H H-M H M
Comparison H H-M H-M M M M M-L L
groups
Exposure H H H M M L L
Follow-up H-M H-M M-L M-L M-L M-L
Case H H-M H-M H-M M M M H-M
ascertainment
Control of bias H-M H-M H-M M M-L M M-L
Sample size H M-L L H-M M-L
Data collect!on H H H H M M M-L M-L
and evaluation
Adequate H H H H M M M H-M
response
Documentation H H H H M-L M M L
of results
Overall rank
(1=best) 1 2 3 4 5 5 5 6
Source: Bukowski 2009 * Mort=Mortality ** Incid=Incidence I Subjective estimate of study quality for each

spedcific criterion H=high, M=medium, L=low; 1 — Marsh et al. 2007; 2 — Bulbulyan et al. 1999; 3 — Colonna and
Laydevant 2001; 4 — Bulbulyan et al. 1998; 5 — Li et al. 1989

Table 5.2. Relative Size of Marsh et al. (2007a, b) Study Compared with Other
Available Studies

Study

Subjects

Lung Cancer

Liver Cancer

Deaths Deaths
(Person-years)
Bulbulyan et al. 1998 5185 (70,328) 31 10
Bulbulyan et al. 1999 2314 (21,107) 3 3
ColonnaandLaydevant 2001 717 (17,057) 9 1

Leet and Selevan 1982

Should not b

e included in the 2010 Review

Combined Studies

Li et al. 1989 1258 (20,105)%" 2 6
[Total Other Studies 9474 (128,597) 45 20
Marsh et al. 2007a (L) 5507 (197,010) 266 17
Marsh et al. 2007a (M) 4849 (127,036) 48 1
Marsh et al. 2007a (P) 1357 (30,660) 12

Marsh et al. 2007a (G) 717 (17,057) 10

Total Marsh etal. (2007a, b) 12,430 (372,672) 336 19
Combined Studies 21,904 (501,269) 381 39
Marsh et al. (2007a,b) /7

57% (74%) 88% 49%

Previously, Rice and Boffetta (2001) reviewed the published epidemiological studies

of chloroprene-exposed cohorts. Their review included cohorts in the US (Pell

1978), China (Li et al. 1989), Russia (Bulbulyan et al. 1998), and Armenia
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(Bulbulyan et al. 1999) and noted significant methodological limitations in these
studies, including unclear documentation for cohort enumeration, inadequate
reference rates for standardized ratios, a lack of detailed histopathology of liver
cancer cases, and limited or no information on potential co-exposures. They also
remarked that the occupational chloroprene exposure assessment was poor for all
published studies, and the statistical power of the available studies was low due to
the small number of observed cancers of interest. Notably, one of the co-authors
of the critical review (Boffetta) was also a contributing author of the cohort studies
in Russia and Armenia (Bulbulyan et al. 1998 and Bulbulyan et al. 1999,

respectively).

To date, the identified limitations of the studies of Chinese, Russian, and Armenian
cohorts remain unaddressed, and most have not been updated. Only the original
studies of the US cohort from Louisville, Kentucky (Pell 1978, Leet and Selevan
1982) have been updated and improved. Substantial improvements included
detailed descriptions of the cohorts, appropriate comparisons to local cancer rates,
an improved exposure assessmentboth for chloroprene and associated co-
exposures (such as vinyl chloride), appropriate follow-up times to capture all
potential cancers, appropriate and valid determination of cancer cases, and well-
documented methods and results (Marsh et al. 2007a, b). A comparison of the
study limitations for key quality criteria across the different cohorts is summarized
in Table 5.3, and discussed in detail in the next section.

Table 5.3. Comparison of Key Study Criteria across Epidemiological Studies
US and Europe Armenia Russia China
Key Criteria (Marsh et al. (Bulbulyan et al. (Bulbulyan et al. )
2007a,b) 1999) 1998) (Li etal. 1989)

French, Irish and US
12,430

Sample Size 2,314 5,185 1,258
(Kentucky ~200,000
person-years)
Follow-up 1949-2000 1979-1993 1979-1993 1969-1983
Exposure Exposure modeling — Index (none, low, Index (none, med, High vs. low
P P eling high)- before/after high)- IH gh vs.
Assessment 7 categories based on recall

1980

(inadequate) + job

Baseline rates

National, local plant
area counties

Armenian rates

Moscow rates

From “local area”
1973-1975

1960-1994

1980-1989

1979-1993 or

expected lung
cancers: 0.4

1992-1993 (liver)

Confounding

Used local rate
comparisons;

Low prevalence of
other liver cancer risk
factors

Alcohol use (high
cirrhosis rates) and
smoking prevalent

Alcohol use (high
cirrhosis rates) and
smoking;

Hepatitis B and
aflatoxin;

Co-exposure to VCM

Co-exposures to
VCM

IH: Industrial hygiene
VCM: vinyl chloride monomer
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5.2 Important limitations of the epidemiology literature

The 2010 Review considered lung and liver cancer mortality reported in studies of
occupational cohorts from several countries published over 30 years: Pell (1978),
Leet and Selevan (1982), Li et al. (1989), Bulbulyan et al. (1998, 1999), Colonna
and Laydevant (2001), and Marsh et al. (2007a,b).

Cohort studies comprise a set of data distributed over time to address a
hypothesized exposure-disease association (Checkoway et al. 2004). In
synthesizing results of several cohort studies — or when conducting meta-analyses
of such results — it is important to verify that each study cohort is an independent
sample and that analytic results are independent, i.e., there should be no overlap
(e.g., Greenland and O’Rourke 2008). Especially for outcomes with long latency
periods and high case-fatality, such as lung and liver cancers, only the most recent
and most complete (and non-overlapping) results from cohorts with multiple follow-
up periods should be used. Updated results always have more observed person-
years at risk and almost always include larger numbers of the health outcome of
interest, increasing statistical stability and reducing the probability of chance
findings.

The epidemiological literature on chloroprene consists of seven published reports
based on nine distinct cohorts. In the 2010 Review, however, each published
epidemiological study was included as if it were independent, including early results
from overlapping or updated cohorts. Specifically, the early results from the Pell
(1978) and Leet and Selevan (1982) were included in the most recent update
(Marsh et al. 2007a, b). Therefore, the Pell (1978) and Leet and Selevan (1982)
studies should not have been considered as independent evidence, since all of their
cancer deaths were included in the Marsh (2007 a, b) update.

Additionally, the Chinese, Russian, and Armenian studies have serious limitations,
as documented by several authors including Rice and Boffetta (2001), Acquavella
and Leonard (2001), and Bukowski (2009). As noted above, these studies have not
been updated and the noted limitations remain unaddressed. These studies
therefore should be given less weight in the synthesis of evidence.

The study of Chinese workers (Li et al. 1989) suffered from small numbers of
workers, inadequate reference population mortality rates for statistical
comparisons, and a lack of adjustment for known causes of lung and liver cancers.
The researchers ascertained mortality among 1,213 workers for a 14-year period
from 1969 through 1983 and reported 6 deaths due to liver cancer and 2 deaths
due to lung cancer. However, they used local mortality rates for only a three-year
period (1973 to 1975) to estimate expected numbers of specific cancers. For rare
events such as any specific cancer, estimates based on small numbers will be
inherently imprecise. Liet al. (1989) reported 2.5 and 0.4 expected liver and lung
cancer deaths, respectively, among all cohort members followed between 1969 and
1983. The limited number of observed liver and lung cancer deaths divided by the
very small expected numbers produced highly imprecise standardized mortality
ratios (SMRs) with very large confidence limits. Furthermore, estimates for liver
and lung cancer incidence are higher among Chinese men (in 2002, liver cancer
mortality was 38 per 100,000 persons per year, and lung cancer mortality was 42
per 100,000 persons per year) and women (liver cancer, 14 per 100,000 persons
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per year, and lung cancer, 19 per 100,000 persons per year) (Parkin et al. 2005)
compared to the rest of the world. In the most high-risk areas of China, 1 in 10
people died of liver cancer (Hsing et al. 1991). The major causes of liver cancer in
China are chronic infection with hepatitis B virus and aflatoxin B1, in addition to the
rising prevalence of alcohol consumption and tobacco smoking (Chen et al. 2003,
Stuver and Trichopoulos 2008, Lee et al. 2009). In contrast, in the US in the years
2009-2013, there were an estimated 9 liver cancer deaths per 100,000 men and 4
liver cancer deaths per 100,000 women per year (SEER 2017). Therefore,
observational studies of liver cancer mortality within this Chinese population should
control for known causes of these cancers as potential confounding factors.
However, the authors of the Chinese study did not control for these confounding
factors, and US EPA did not consider the lack of control for confounders when
evaluating the quality and weight of the evidence from this study.

Similar to the Li et al. (1989) study, Bulbulyan and colleagues (1998) calculated
expected numbers of liver cancers using mortality and incidence rates for Moscow
for only two years (1992 to 1993), resulting in imprecise reference rates and
unstable results. Cancer mortality data from 36 European countries, including the
Russian Federation, showed that liver cancer mortality rates among women
increased from 1960, peaked during the late 1970s, and declined to their lowest
levels during the early 1990s, the period chosen for the study’s reference mortality
rates (Levi et al. 2004). In addition, the Armenian cancer registry is incomplete
and may have misclassified the histopathology of reported liver cancers for the
general population. Using a reference population with incomplete numbers and
mortality rates representative of only a small time period would underestimate the
expected incidence and mortality of liver cancer, resulting in over-estimates of the
risk estimates. In light of the small numbers and the likelihood that chance may be
an explanation for these estimates, the imprecise numbers reported in Bulbulyan et
al. (1999) and repeated in Zaridze et al. (2001) should be viewed skeptically and
given little, if any, weight.

The Russian and Armenian cohorts also suffered from inadequate consideration of
other major causes of liver cancer. In the populations represented in these
cohorts, thereis a high incidence of alcoholic cirrhosis, a well-known precursor for
liver cancer (London and McGlynn 2006). There were 11 deaths from cirrhosis of
the liver (3 in males and 8 in females) recorded for the Russian cohort. In the
Armenian cohort, 32 cases of cirrhosis of the liver were reported (27 in males and 5
in females). Alcohol consumption and smoking are well known risks factors for liver
cancer, and these factors were not adjusted for in the eastern European cohort
studies (Keller 1977, Makimoto and Higuchi 1999, Lee et al. 2009). A report by the
World Health Organization (WHO 2009) reported a prevalence of 70% and 27% for
current tobacco use among Russian men and women, respectively, and noted high
levels of alcohol consumption for the general population. The prevalence of current
tobacco use among Armenian men is also very high at 55% (WHO 2009). Proper
control for these causes was not possible, increasing the likelihood of confounding
and thus rendering the results unreliable.

Previous reviews have critiqued the Chinese, Russian, and Armenian studies for
inadequate descriptions of the source population rates used to calculate SMRs and
standardized incidence ratios (SIRs) (Rice and Boffetta2001). Another important
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methodological concern for the interpretation of SMR and SIR estimates is that
when they are based on very small expected values (i.e., less than two), they
indicate small population size and/or short follow-up, contributing to unstable
estimates (Checkoway, 2004). As such, findings from these studies are not reliable
and should carry little if any weight in evaluating cancer causation.

Taken together, the epidemiological studies evaluated in the 2010 Review do not
establish a clear causal connection between occupational chloroprene exposure and
liver and lung cancers. Consequently, the US EPA’s interpretation of the
epidemiological evidence as justifying a classification of chloroprene as “likely to be
carcinogenic to humans” is questionable. In particular, US EPA’s giving the same
weight to the large and more robust Marsh et al. (2007a, b) epidemiological studies
as it gave to the lower quality, lower power studies is inappropriate. Although the
Marsh et al. (2007a, b) studies have limitations typical of all historical cohort
studies, they are the largest studies of potential cancer outcomes with the most
complete documentation of exposure. These studies also were designed and
conducted specifically to address the limitations previously noted, making the
evidence from the Marsh et al. (2007a, b) studies far more valid and informative
than that from the other studies evaluated by US EPA. The review by Bukowski
(2009) (represented in Table 5.1) ranked the study by Marsh et al. (2007a, b) as
having the highest relative strength based on the same criteria for evaluation listed
in the US EPA’s "Guidelines for Carcinogen Risk Assessment” (US EPA 2005) and
consistent with NRC recommendations (NRC 2011, 2014), and it therefore should
be given the greatest weight.

5.3 The Marsh et al. (2007a, b) studies do not show a causal link between
occupational exposure to chloroprene and increased cancer risks

The Marsh et al. (2007 a, b) studies, the most robust epidemiological studies of
occupational chloroprene exposure, found no excess of lung or liver cancers (Marsh
et al. 2007a, b). The 2010 Review, however, stated, “The study involving four
plants (including the Louisville Works plant included in the Leet and Selevan (1982)
study by Marsh et al. (2007a, 2007b), which had the largest sample size and most
extensive exposure assessment, also observed increased relative risk estimates for
liver cancer in relation to cumulative exposure in the plant with the highest
exposure levels (trend p value = 0.09, relative risks [RRs] 1.0, 1.90, 5.10, and
3.33 across quartiles of exposure).” However, the interpretation of these relative
risks is more complex than US EPA stated, as the rate of liver cancer deaths among
workers was not different from that in the general population.

As shownin Table 5.4, Marsh et al. (2007a) computed standardized mortality ratios
(SMRs) using national and regional standard populations for the overall cohorts, for
selected demographics (males, females, blue-collar workers), and for work histories
and exposure factors. The authors concluded that occupational exposures to
chloroprene at the levels encountered by each of the cohorts did not show evidence
of elevated risk of cancer, including liver cancer.

In a separate publication, Marsh et al. (2007b) reported exposure-response datafor
chloroprene exposure and cancer. In Table 5.5 and Figure 5.1, results for the
Louisville plant are shown, including both the internal analyses (relative risks or
RRs) and external analyses (SMRs) which are based on comparisons with county
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populations. The RRs are the values that US EPA focuses on in their assessment of
potential liver cancer risks. However, as noted by Marsh et al., “The elevated RRs
result mainly from the exceedingly low death rates associated with the baseline
categories of each measure, as reflected by the correspondingly low SMRs (i.e., the

RR for a given non-baseline category is roughly related to the ratio of the
corresponding SMR for that category to the SMR for the baseline category).”

Table 5.4. Reported Observed Liver Cancer Cases, Expected Counts, and
Standardized Mortality Estimates for the Marsh et al. 2007a Study

95%0 Confidence

Study Cohort Observed Expected* SMR or SIR Limits p-value
Lower Upper
Louisville 17 16.35 1.04 0.61
Maydown 1 4.17 0.24 0.01
Pontchartrain 0 -- -- -- -- --
Grenoble 1 1.79 0.56 0.01
Louisville Subcohorts
(local reference)
Full Cohort 17 18.89 0.9 0.53 1.44 0.78
White race 16 15.69 1.02 0.58 1.65 0.99
Non-White race 1 3.13 0.32 0.01 1.77 0.36
Males 16 17.98 0.89 0.51 1.45 0.75
Females 1 0.94 1.06 0.03 5.93 0.99
Blue collar 17 18.28 0.93 0.54 1.49 0.89
Short-term worker 4 8.16 0.49 0.13 1.26 0.18
Long-term worker 13 10.74 1.21 0.64 2.07 0.57
Duration of
employment
< Syears 4 8.16 0.49 0.13 1.25 0.18
5-19 years 3.57 1.68 0.62 3.66 0.30
20+ years 7.14 0.98 0.4 2.03 0.99
Time since 1st
employment
< 20 years 1.79 0.56 0.01 3.11 0.93
20-29 years 3 3.3 0.91 0.19 2.66 0.99
30 + years 13 13.68 0.95 0.5 1.62 0.99
CD exposure status
Exposed 17 18.89 0.9 0.53 1.44 0.78

From Marsh et al. 2007a
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Table 5.5. Exposure-Response Analysis for Chloroprene and Liver Cancers, Based
on Internal (Relative Risks) and External (Standardized Mortality Ratio)
Estimates, Louisv