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DEPARTMENT OF THE AIR FORCE
AIR FORCE INSTITUTE FOR ENVIRONMENT, SAFETY AND OCCUPATIONAL
HEALTH RiSK ANALYSIS (AFMC)
BROOKS AIR FORCE BASE TEXAS

1 December 2000

MEMORANDUM FOR DR. MARY 8. WOLFE
P.0. BOX 12233, A3-07
RESEARCH TRIANGLE PARK NC 27709
ATTENTION: EXECUTIVE SECRETARY

FROM: AFIERA/RSRE
2513 Kennedy Circle
Brooks AFB TX 78235-5123

SUBJECT: NTP Board of Scientific Counselors RoC Subcommittee Meeting, 13 - 15 Dec 00

1. In reference to the Federal Register Notice (October 17, 2000, Vol 65 Number 210: 65352-61354), the U.S. Air
Force would like to submit written comments regarding the proposed change in cancer classification for
trichloroethylene recommended by the National Toxicology Program (NTP) (see Attachment). In addition, the U.S.
Air Force requests time to speak on this topic at the up coming NTP Board of Scientific Counselors RoC
Subcommittee, to take place 13 - 15 December, 2000. The U.S. Air Force oral comments will cover and possibly
expand on key issues discussed in the submitted written comments.

2. Contact information for oral comments is as follows:

Elizabeth A. Maull, Ph.D.

AF Institute For Environment, Safety and Occupational Health Risk Analysis (AFIERA)
2513 Kennedy Circle

Brooks Air Force Base TX 78235-5123

(210) 536-6126

(210) 536-1130

elizabeth.maull@brooks.af.mil

3. 1 will be your point of contact for both the written and oral comments for the U.S. Air Force. Please address any
questions or concerns to me at (210) 536-6126 or e-mail elizabeth. maull@brooks.af.mil. The attached written
comments have aiso been posted through the regular mail.

/ 2
[Thzh Al
ELIZABETH A. MAULL, Ph. D.
Toxicologist

Attachment:
SAF/MIQ Memeo. 29 Nov 00, w/] atch
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DEPARTMENT OF THE AIR FORCE
WASHINGTON GC

Office Of Tha Assistant Secretary
&9 HGV vl

MEMORANDUM FOR DR. MARY S. WOLFE
P.O. BON-I223); A3-07 -
RESEARCH TRIANGLE PARK NC 27709
ATTENTION: EXECUTIVE SECRETARY

FROM: SAFMIQ
1860 Air Force Pentagon
Washington DC 20030-1660

SUBJECT: Comments for the National Toxicology Program Regarding the Upgrade of
Tnchloroethylene

The Depaniment of Defense would like to thank the National Toxicology Program (NTP)
for the opportunity to comment on their curren! recommendation 10 reclassify trichlornethylene
(TCE) to "known to be (a) human casinoges.” Trichlotoethylene is a chemical that has had—
widespread use throughout the DoD since the early-part of this century. As a result, spent TCE
was disposed of in accordance with the best practices-of the day, although some retease of TCE-
was unintentionai. The DoD acknowiedges responsibility for such environmental releases,
including the need to reduce any assotiated risks 1o reasonable levels.

Based on the following criteria for the "known o be Human Carcinogen™:

“There is sufficient evidence of carcinogenicity from studies in humans, which indicates a
causal relationship between exposuse todhe agesh. substance ot mixiure and humman cances.”

We do not belicve the requirement for causality between exposures to TCE and human
cancers has been met. Our specific consmems-are provided in the attachment. “The-‘Bepartment
of Defense recormmends thatthe-cancer-chassification rermait as reported in the 9 edition of'tire-
Report on Carcinogens, "reasonably amicipaed 10 be(a) human catcinogen.”

There are wide variations in epidemiological study results, likely due to the inahility 0.
separate the health effects of TCE from those associated with other solvents. In those studies
with positive findings, the strength af assaciation is.modest. at best. Trichloroethylene hasheen
re-evaluated by both the Internatinnal Ageacy forResearch on Cancer (JARC, 19953-and the
American Conference of Govrmmental Indesrial Hygieniee (ACOIH, 1993). Neitherchthese -
groups found that there was sufficientinfornmtion-dmx to classify TCE as a known traman
carcinogen. In fact, ACGIH classificd TCP 25 A5~ mot-suspected as a human carcinogen based”
on properly conducted epidemiologic studies in humans.
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To rank a chemical as a known human carcinogen is obviously a major decision with wide-
reaching impact: once so ranked, it will be extremely difficult to return to a lower classification
rank. Consequently. it is very important thatthis be a well-informed decision based on a
preponderance of scientific data. Without any clear-cut evidence that TCE is causally associated
with caacer(s) in a significant manner, the Department of Defense takes exception to the
National Toxicology Program’s (NTP) propesal to elevate trichloroethylene lo the status of
“known to be human carcinogen."” .

Our point of contact is Dr. Elizabeth Maull, AFIERA/RSRE, (210) 536-6126 or e-mail
eliz , @brooks. ]

|

. %QMAS W._1L MCCALL JR

Deputy Assissant Secretasy .
- of the-AirForce
(Environmene, Safety, and® )
"Occupdtional Health)
Atachment:
Technical Comments
cc:
DUSD(ESY
DASA (ESOH)

DASN (E&S) -
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Department of Defense
Tockmical Comments.__
Neminstion < Upgrade Trichloroethylene

1. The Department of Defense (DoD) takes exception to the National Toxicology Program’s
(NTP) proposal to elevate trichlorocthylene to the status of "known to be human carcinogen.”
Ta be sa classified, NTP's critexia.requise that, "(Qhete is sufficient evidence of
carcinogenicity from studies in humans which indicate a causal relationship between
expesure to the agent, subsencacs axmure asbbipan cancar.” The NTE hasjailed ta
demonstrate that this critesonhesbesnmet. -

2. Although NTP gives consideration to all relevant information (to include but not limited to
dose response, route of exposure, chemnical szucture; metabolism, pharmacokiretics,
sensitive subpopulations, genefic effects, and other data relating to mechanism of action) in
categorizing chemicals as either reasonably anticipated to be, or known 10 be, a human
carcinogen, there is a requirement for the latter category to apply that a causal relationship
between the exposure to the substance (TCE in this case) and cancer be established through
studies in humans. -

3. Hill's criteria of causation (Hill, 1965, as cited in Lavin et al., 2000) are most frequently used
for determining causality. Briefly, these postuistesinclude:

Tcmpora]ity.- The exposure must precede the disease for a causal relationship to exist;

Specificity - A causal relationship is more Iikely to exist if the exposure is associated
with a specific disease outcome than with a multitude of possible discase outcomes;

Strength of association - The higher the estimate of risk, the greater the likelihood that the
exposure is associated with the disesse owlcame being studied; .. .

Dose-response effect - If the risk of disease-increases with increasing levels of exposure,
then the likelibood that-tire exposare is causatty retated to-the particnlar diseese-cuteome
becomes greater;

Consistency - It is more likely that a causal relationship exists if similar effects are
detected in multiple studiss, and.

Strength of association means measures of risk such as risk ratios (RRs) or standardized
mortality ratios, represented as point estimates along with their associated corffidence
intervals. In general, epidemiologists fook for a poinit estimate for a risk ratio of somewhit
greater than 2 to support causality. Risk ratin goint estimates less than 2 are cansidered to
demonstrate weak sssociations. These point estimates represent best guesses of the actual
tisk. The uncertainty surxounding thass estimakes ase reflected by the confidence intervals, _
which represent the range.in which truth is expacted 1o he found 95% of the time.
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4. Based on the requirement that a causal association be demonstrated in humans, a review of
the recent human studies was performed

a.  NTP included four each of cohort studies (Blair et al., 1998; Morgan et al., 1998;
Boice et al., 1999} and Kitz, 1999) and casc control sturhes (Vamvakas et al 1998,
Fritschi and Siemiatycki, 1996; Dosemeci ct al., 1999; and Greenland et al,, 1994)
and 3 reviews the human ¢ohort smdtcs(Welss, 1996; McLaughlin and Blot, 1997;
and Wartenberg et al., 2000) in.their curzent TCE background document for the BoC, .
10 ed not covered in. the previaus background paper.

b. Within all of these studics there are methodological problems and discrepancies
which do not support s catset-assectation berweernr expesures to ¥EE and-canvers.
Whertenberg et al. sammrarized-these Himitations-most saccinctly:

1) All of the expasure information is crude and it does not isolate TCE exposures
from other possible solvent exposures.

2) Few of the traditional confounders have been asscssed in any study.
3) Limited dose response information exists, limiting the ability to make inferences.

4) Diseases of interest are relatively rare thus limiting the sensitivity of the studies
reviewed.

5) Specifically for the Wartenberg study, the fashion in which the different studies
were categorized was subjestive and could influence the summary relative nsks.

c. Reviews of the Litarature

The three review papers covered a total of 8 occupational cohort studies of TCE exposed
warkers. For the Wartenberg et al:-work; we-are-onty considering his-best-chmracterized
exposure group, the Tler I studies. Dr. Weiss, being the carliest paper, considered only 4
of the eight comumion papers; McLaughlin and Blot included 6 of eight studics; and
Wartenberg et al., covered 7 of eight original studies. Results for these papers were
reported as either Standardized Incidence Ratios or Standardized Mortality Ratios.. The
only obviously significant measure was that for kidney cancer in Henschler et al., 1995.
Neither Weiss nor McLaughlin and.Blot we in favor of including the Henschler et al.
paper as it was undertaken as the result of a cancer cluster investigation. The study-of
Henschler et al. and the follow on swdies will be-discussed separately. Forthe reviews -
cited, with the exception of Wartenberget al. Morsmmgmnahgrm&ﬂoﬂa
Weiss and McLaughlin and Blot view the buman data associating TCE withrcancer in
humans as weak. Weiss did acknow/ledge that the only plausible excesses suggested by
the data were fOr liver, biliary tract and kidaey cancers and for non-Hodgkin's lymphotma;
however, a dircct causal relationship was unlikely due to the relatvely small relative nisk.
and the lack of clear exposure-respanse patterns. McLanghlin and Blot (1997).canclude
that there was “no credible.cvidenca for anassaciation between the risk of seaabenll
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cancer and TCE". The datafailed ta meet Hill's criteria of strength of assaciation (in the. .
form of relatively small relative risks) and the lack of a clear exposurr-response patiern. -

The hast review considered-by-the-NTP was completed in 2000 by Wartenberg ct al. This
study was mislabelediir the NTP TCE bacRyground docutnent as a mets-anafysts: Ir face,
the authors have recommended that 2 meta-analysis be done on the extam data.“The
Wartenberg et al. study is a complicated analysis where studies are ranked according to
the best characterized exposuce (Tiex I), X (Tier II), dry cleaners and
laundry workers (Tier III). Although it is likely that all of these are mixed exposures,
only the Tier IIT is Jaheled aaheing.exposedito avariety of solvents. Someqf the.
controversial Genmnan studies have heen included in the Tier [ studies despite the fact that
they are considered to-be the-outgromth of mcancer cluster investigation. Based omthe
Tier Istudics, Wartenberg-etal-have idemified 11 cencers with relative risks > 1.2 for
the incidence of cancer {cervical cancer, skivrcanver, liver cancer, kidney cancer,rectat
cancer, non-Hodgkin's lymphoma, Hodgkin's disease, multiple mycloma,
lymphohematopoietic cancer, larynx cancer, and prostate cancer). For four of these sites
(cervix, larynx, rectum and skin), the relative risk is based on only one study. Six of
these sites were included in more than one study with the null value in¢luded in the
associated confidence interval (failing individually to fulfil] the criteria for association).
The only site with.an increased average relative risk that included in multiple
investigations and exceeded unity within the-cenfidence interval, suggesting statisiiend.
significance, was for-kidney-cancer. If one-goes further and looks at the individual
studies, however, theincreased average refative risk was-driven by Henschier-et al"stody-
“This review fails to demonstrate consistency across studies.

d. Case Control Studies

Four additional case contral sindies were considesed far the 10% edition of the Regart on.
Carcinngens: Dosemeci et.al (1999), Frisschi and Siemiatycki (1996), Geesnland.ct al ,
- €1954) and Vamvarkes-et sk, {19509 [n geweral,.case camtro] studies - -
@be as-powerful-as-ovhort-stadies, -All-ofthese studics-have flawssndhonrthet weuld
limit the-support they provide-forclassifying FCPas a-"known humer careinoger™ The-
study of Dosemeci et al. was 2 population-based case vomtrol stady tomducted in
Minnesota looking at the impact of exposures to a variety of chlorinated alfpbatic
bydrocarbons on the tisk of develoging renal cell carcinoma. Although overall, exposure
to TCE resulted in an increased risk for RRC, this increase was only considered
significant in women, and.the.confidence. intervalincluded the null value. The anthors
results could be explaimed b» chanwe-aloney-besed on the small nurnber of casem This.
study was limited bythe-towbility-evaivate-the risls by level of expesureto-individual
solvents. In addition the awthors ordy had4mited occupational histortes: - Greenisedetat.
(1994) were restricted to looking at TCE exposed vs unexposed for their study in a
Musaf.:husetts transférmer manuficturing plant. This study cannot provide #ny data
rcgud.mg c!ose response. They were unable to demonstrate any statistically significant
elevations in odds ratios for the cancers examined. Limitations of this study include

selection bias, exposure misclassification, loss to follow up and uncontrolled
confounding.
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e. Occupational Cohort Studies

The NTP background document includes an additional 4 occupational cohort studies
beyond those covered in the previous RoC: Of the4 cohort studies, Blair et-al. amd
Morgan et al. are follow-ups 6T previous cohort groups. These cohorts included the
following numbers of workers (TCE exposed and total workers): 7,204 and 4,457 (Blalr
eral, 1998), 2,267 and 77,965 (Baice et al.. 1999), 4,733 and 20,508 (Morganet al,
1998), and 3,814 and 3,814 (Ritz, 1999).

For the Biair ct al. paper, all of the confidence intervals surrounding the point estimates,
with the exception of asthessy irelede the wali-valwe; suggesting non-sigeifiemssfve TCR
-eXposures-as a possitic-interpretetionIn sddition, the RR¢-among wericers-onposed to
other chemicals, but ot TCE, ofterrhad-RRY as birge as-workers exposcdto-FER: " b -
“Blair et al, the authors state that their dataTail to support'Hill's Criteria because there 1
insufficient evidence for strength of association, dase-response, or consistency.

Morgan ct al. (1998) have similar conclusions; their data offer little support for any
association between TCE spommmend: casate maality fom lcukemia, cansenofithe -
hematopoictic tissues,-or-digestive, liverand respiratory.cancers. Althongh they did find
ashglnexms ofcmeﬂn'htq Mmami ovariam cances, theresilie
W ant-znd-thus-causadity ¢ spported. In addition -smal svambers,
lack of mfonnat:on on conf&undmg ﬁsctofrmias snulmg and lack of quantitative-
exposure information limit the Sndings 6f Morgan et al.

Boice et al. (1999) examined scveral chemical exposures (TCE, perchloroethylene,
asbestos, and chromate) commonly found in aerospace manufacturing processes. As with
the above-mentioned studiss, thay found little evidence that exposures to TCE in.
aerospace industry resulted in meagurahle increases in any cancer. In fact, Boice et al.
was unable to confirm the nem-sigmificant increases obsaesved in either Blaise et al.ar-
Morgan ¢t al. This-deesnot-demonstrate consistency in findings between studies, an
important criterion forcausadity—

The analysis of Ritz (1999) shows the strongest association between biliary and liver
cancer and TCE exposures (RR = 12, CI = 1.03 to 144). However, this is based on the
incidence of one cancer. It is also important to note the extremely wide confidence
intervals. In this study, because olthe paucity of tumars, some cancers needed ta be
grouped. Therefore itis impossible 10 tease aut the liver cancers fram biliary.cancers.
There were trends for an increase i othexeancers associated with TCE, bue iddney -
cancer wasniot one ofthe-inereased-cancers. - Thiscohort es a whole had non-significant
increases in mortality for-cancers-of the csophagus, stomach, liver, pancreas, proste—
brain, and lymphopoietic cancer and Hodgkin's disease. This study isat odds with-the
other 3 additiofial cohort studies considered since the RSC, 9 edition. However, this is a
difficult study to interpret. No where is there a clear explanation of the comparison
group. Itis also unclear as to how many individuals were exposed to TCE alone,
although there are comments to the effect that most of the TCE expasad individualg were.
—exposure to other solvents.
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One final concern with all of these studies is that although exposure reconstruction is
attempted, there are ne-quantitstive-measusements-for_exposure. In all likelibood, TCE. -
exposure did not occur by itself. -Several studies suggest that exposures t0-additional
salvents results in increased cancer-incidencves similar to TCE or that the new-chemsicatly-
exposed had similar risk ratios as the TCE exposed (for example see-Boice et al., ¥ublc 8
and Blair et al., Table 3, kidfiey cancers). The collective trend demonstrated in all of*
these cohorts is that TCE exposurs is not unequivocally causally associated with
increased risk of cancers.

f. Additional Studies

Wartenberg et al. suggests evidence supporting a hypothesis of an association between
TCE exposure and cancer is asstrong or stronger-for the kidney as for any other site--
There is some concern, however, that most of the data supporting thistrypothests-has
been generated by a select group of scienfists in Germany and has not been repiicated
elsewhere. It is not our intention to find fault with either these scientists or theéir work.
There is abundant discussion in the literature addressing the controversial nature of these
studies, beginning with the cxiticisms of the original stndy (Henschler et al., 1995). These
German. Mm&havchccnmnnd&dmh.ﬂam However, they may be useful in
estimating- the TCE onposusmlevels that s possibly baassociated with samal cell ..
carcmoma. Vamvarkas-etel.(1998), Hensohler-et-al. (1995), Bruniag et al.{19973aad
Brauch et-al. (1999) aff suggestimtalthougirniorquantitative exposure-datmenists or
their cohorts, it ig likely that thess individuals were exposed-toextremely-high levelsof
TCE in the workplace Gased on recolléctions of pre-narcotic effects.

The exact role of TCE exposures in the development of renal cell carcinomas (RCC) has
yet.to be conclusively demensizaied,. Bruging, st.al.(1997) and Braugh.ctal (1999)
,mhmmmmwm of TCE. for prolagged periads
of time-rosilt in mumtioas withsale vomlippeb-hindes imor SUppEESOK gROS—
Bruning-et-al. suggom<hat-cwon 2-efehogensis.a “hotepot” for TCE.induced mutations.
Thus is supported by Brencirer 2 who-sopgeseediut melsotide 454-of tho VL goneina-
specific target for these nmutations. “‘However, there-are some inconsistencies-between
thése two studies. In Bruning et al,, T00% of the TCE exposed RCC patients-were:
observed to have muations in the VHI. geus; 44% of those mutations occurred in exon2.
In the second paper, 75% of the TCE exposed had mutations in the VHL gene, but in this

case 52%. of the mutations weese-in.amon. 1. A.thicd pager (Schraml et al, 1999) examined |

RCC from the Berlin area and found na differsnces between the papulation of non-TCE
exposed and the TCE escposed in seams of histological tumor type or in the. pescastage of
VHL mutations. Schraml’s study group was small and it is hard to dzaw firm coaclusions
from it. The authors also suggest-thet the patients in their study may have been cxpesed
to lower doses of T@ﬂnnm‘dl&muﬂ*uﬂﬂrwﬂngﬂ al-papers. Theresultsof
the three groups indicate that more reseach is required before definitive conclustons-carr
be drawn regarding VHL mutations and TCE exposures.

> .09
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5. Itis possible, under the conditions cited by the numerous German investigators, thata .
“maximum tolerated dose® was achieved in moﬂﬁu&wkp.hccs during the timeef theiw
investigations. ‘Under these high-exposare conditions; the oxidative pathways-for TCE
metabolism were saturated and more TCE witrmretatofized through the G3H-conjugative—-
pathway leading to renal damage. Other évidence, both animal and human, suggeststhat the
Dpecessary precursor event for the induction of cancer is neplirotoxicity, resulting in repair and
proliferation mechanisms. This.is likely to be.snonelinear process for the induction of -
cancer,.again suggesting that at lower exposure levels (consistent with contemporary -
regulations and enginecrimgsontmlerTCE cxpemanuculdaot result inkidaay cancess. [t
is important to note that shese inusstigators didact separt increased liver.cancer even at these
higir dose exposures. — A

6.  Given that one of the clussifications provided by e NTIis rcasonsbly-entrcipated™o be-
(a) human carcinogen, it would be prufiant 1o use the “known” category Tor those toxicarms
that have consistently been demonstrated to support a significant risk of cancer in Bumans in
well-designed studies. Ezom. the.perspective af the QoD), it is the responsibility of the
regulatory promulgate standards that protect the public from significant risk. Although the
NTR-is not regulatory in.pate.classificationshenges will have repercussions.in the
regulatory arena. We arcconcesned that these zecent studies have not demonstrated obvious
andrsignificant increases i caneor-dueno exposwrenieTCE to warrant a changain -
classification. Our concernreiates-not-only to-the fact that the only significantsvork effert
supporting an increase in renal ceff carcinoma-fras beer generated in a single grographie- -
location and may actually be describing something other than TCE-induced cancers, but-we
are also concerned that the coharts being studied have been exposed to high levels of TCE
that are by law prohibited in oux work places. It is important that agencies to start to
consider, as NTP suggests in its introductory material, dose response effects. If the German
renal cell carcinomas were induced by exposunes to TCE, it is more than likely because the.
oxidative metabolic pathway had been saturated due to high exposures. It is unlikely that
such high exposures would be replicated in the-workplace today based on the implamestation
of enginecring-controls. -Other-cvidence, both-animal and human, suggests that the necessary
precursor event for the imductionof cancer is-mephrovexicity, resulting in repsrand - -
proliferation mechanisms. “These are fikety to be non<tinear processes for-the-induction of
cancer, again suggesting that at lower exposure [evels (consistent with contemporary
regulations and engineering controls) TCE exposiures would not result in kidney cancers.

In general, the human studies considesed. since tha.publication of the 9* edition of the Regart on.
10 demonstrate causality in human-ssediosr: As the-studiesdo not support cansality,the. -
Department of Befense recommends-that the-canoer clessification remain as repertod in-the 9"
edition of the Report on Carcimogens-rexsonably-anticipated to-be (2) humaneesreimegerr—

TOTAL P.88





