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National Toxicology Program

P.O. Box 12233, A3-07

Research Triangle Park, NC 27709

RE: Review of Nominations for Listing in the 10" Report on Carcinogens (65 Federal Register
65352): Non-Asbestiform Talc

Dear Dr. Wolfe,

The Cosmetic, Toiletry, and Fragrance Association' (CTFA) appreciates the opportunity to provide
comments on the proposed listing of non-asbestiform talc in the 10™ Report on Carcinogens. Non-
asbestiform talc is used within the personal care products industry, and thus the review for listing
is of significant interest to CTFA members. The basis of the nomination is addressed in the
documents included in this submission, which show conclusively that the listing of non- asbestiform
talc is not scientifically justified. ‘

Enclosed are comments on the proposal prepared by the following individuals:

. Dr. Donald Dungworth, Professor of Veterinary Pathology, Emeritus, University of
California, Davis; the emphasis of Dr. Dungworth’s comments is on the animal inhalation
studies. Contact information for Dr. Dungworth can be found with his submission.

. Dr. Jay Goodman, Professor of Pharmacology and Toxicology, Michigan State University;
Dr. Goodman was a member of NTP’s Board of Scientific Counselors reviewing the NTP
chronic bioassay with non-asbestiform talc, and his comments address that study. Contact
information for Dr. Goodman can be found with his submission.

! CTFA is the U.S. national trade association representing the personal care products industry. CTFA is
comprised of over 300 active members that produce the vast majority of the cosmetics distributed in the U.S. and
that also produce many over-the-counter drugs designed for dermal application. The association also has over 300
associate members that provide raw ingredients and suppliers and services to the industry. Many of CTFA’s
members are international companies that do business in foreign countries as well.
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. Dr. Kenneth Rothman, Professor, Department of Epidemiology and Medicine, Boston
University; Dr. Harris Pastides, Dean, School of Public Health, University of South Carolina;
and Dr. Jonathan Samet, Chairman, Department of Epidemiology, Johns Hopkins University;
their review is of the epidemiology studies relating to talc and ovarian cancer. The contact
information for the authors of this document is as follows: Kenneth Rothman, Dr.P.H., MPH,
Boston University, 715 Albany Street B6, Boston, MA 02215, 617-638-8089,
krothman@bu.edu; Harris Pastides, Ph.D., MPH, School of Public Health, 109 Health
Sciences Building, University of South Carolina, Columbia, SC 29208, 803-777-5032
(phone), 803-777-4783 (fax), hpastides@sph.sc.edu; Jonathan Samet, M.D., M.S,,
Department of Epidemiology, Johns Hopkins School of Hygiene and Public Health, 615
North Wolfe Street, Suite 6039, Baltimore, MD 21205, 410-955-3286 (phone), 410-955-
0863 (fax), jsamet@jhsph.edu.

. Dr. Samuel Shapiro, MB, FRCP(E), Emeritus Director, Slone Epidemiology Unit, Boston
University School of Public Health, and Visiting Professor of Epidemiology, Columbia
University School of Public Health; review of the epidemiology studies relating to talc and
ovarian cancer. Contact information for Dr. Shapiro is Division of Epidemiology, The
Joseph L. Mailman School of Public Health, Columbia University, 600 W. 168" Street,
PH18, New York, New York, 10032.

. Joshua Muscat, MPH, Research Scientist, American Health Foundation; review of the
epidemiology studies relating to talc and ovarian cancer. Contact information is American
Health Foundation, 1 Dana Road, Valhalla, New York, 10595, 914-789-7353 (phone); 914-
592-6317 (fax); jmuscat2@earthlink.net.

CTFA appreciates the opportunity to submit information on the proposed listing.

Sincerely,

ool et o

Gerald McEwen, Jr., Ph.D., ].D.
Vice President-Science
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D.L.DUNGWORTH, B.V.Sc., PH.D., M.R.C.V.S., DIP.A.C.V.P.

PROFESSOR OF VETERINARY PATHOLOGY, EMERITUS

UNIVERSITY OF CALIFORNIA, DAVIS
6260 CAPE GEORGE ROAD

PORT TOWNSEND, WA 98368

FAX 360-385-4966
PHONE 360-385-5006
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November 29, 2000

Board of Scientific Counselors

National Toxicology Program

National Institute of Environmental Health Sciences
P.O. Box 12233

Research Triangle Park, NC 27709

Dear Board Members,

My name is Dr. Donald L. Dungworth and | am an Emeritus Professor of Veterinary Pathology at
the University of California at Davis. My primary research area has been the study of
Pulmonary Pathology/Toxicology.

The enclosed document was prepared in response to the NTP proposal to list non-asbestiform
talc in the 10™ Report on Carcinogens.

Thank you for consideration of these comments. Please feel free to contact me if additional
information is needed.

Sincerely,

Donald L. Dungwg
Emeritus Professor






ANALYSIS OF NTP DRAFT REPORT ONTALC,
ASBESTIFORM AND NON-ASBESTIFORM

D. L. Dungworth
Emeritus Professor of Veterinary Pathology

University of California at Davis

Executive Summary

Based on the analysis of findings concerning non-asbestiform talc, the following
conclusions are justified:

Rigorous evaluation of the animal studies does not support the conclusion that,
based on animal studies, non-asbestiform talc can reasonably be anticipated to
be a human carcinogen because neither the requirement for activity in muitiple
species, nor multiple sites, nor multiple routes has been satisfied adequately.

Non-asbestiform talc induces pulmonary tumors in female rats at considerable
lung burdens and when associated with persistent, severe, chronic active
inflammation and accompanying epithelial proliferation.

The carcinogenic effect in the rat lung has a threshold related to the precondition
for considerable particle-induced inflammation and epithelial proliferation.

Even if a mechanism for tumor induction by poorly soluble, non-genotoxic
particles were to exist in human lungs analogous to that in rats (and evidence
thus far runs counter to this), tumors would arise at exposure concentration
levels well above those that cause clinically relevant pneumoconiosis. The NTP
draft document (pp. 71/72) contains a statement agreeing with this conclusion.



o The statistically significant (P< 0.01) increase in adrenal pheochromocytomas in

male F344 rats, which have a very high incidence in controls, does not provide
biologically plausible evidence for a true carcinogenic effect given the
susceptibility of chromaffin cells in the F344 rat to neural, humoral and growth
factor stimuli.

Introduction

This analysis will be limited to experimental findings with non-asbestiform taic,
and the emphasis will be on animal inhalation studies

Evidence will be reviewed according to requirements for a substance to be
reasonably anticipated to be a human carcinogen from studies in experimental
animals i.e. an increased incidence of malignant and/or a combination of
malignant and benign tumors: (1) in multiple species or at multiple sites, or (2) by
multiple routes of exposure, or (3) to an unusual degree with regard to incidence,
site or type of tumor or age at onset. Furthermore, the conclusions regarding
carcinogenicity are to be based on scientific judgement, with consideration given
to all relevant information.

The requirement for causing tumors in multiple species or by multiple exposure
routes has not been met by non-asbestiform talc, nor has that for an unusual
degree regarding incidence, site or type of tumor or age at onset. The
conclusions with regard to non-asbestiform talc, therefore, must be based on
interpretation of the chronic inhalation study in which high lung burdens of talc in
rats, but not mice, were associated with an increase in primary lung tumors in
female rats. The frequency of benign and malignant pheochromocytomas also
increased 20 to 27% from a high control level in both male and female rats that
also had evidence of impairments in pulmonary function. Analysis of the NTP
experimental inhalation study, other relevant in vivo studies and in vitro studies
follows.



Inhalation Studies (NTP 1993 and Wehner et al. 1977)

1. Pulmonary Carcinogenesis Endpoint

Female F344 rats exposed for up to 122 weeks (6 hours/day, 5 days/week) to

0, 6 or 18 mg/m?® air concentration of non-asbestiform talc developed a significant
increase in bronchiolo-alveolar adenomas or carcinomas at the 18 mg/m® level.
Fourteen of 50 (28%) of exposed females had tumors compared to 1 of 50 (2%)
of controls. No tumors were observed in female rats exposed to 6 mg/m?® air
concentration of talc. Male rats did not have a significant increase in lung
tumors at either 6 or 18 mg/m®. Failure to detect tumors in male rats was
probably related mainly to their shorter life span (113 weeks in males compared
to 122 weeks in females), although a lesser degree of inflammation in male rats
(NTP 1993) might also have played some part. Pulmonary tumors induced in
rats by various particles (carbon black, titanium oxide and diesel exhaust) are
mostly found after 25 to 30 months on study (Dungworth et al. 1994, Nikula
2000). This is especially true for bronchiolo-alveolar carcinomas. The largest
number of tumors is typically found in rats terminated at the end of a 30-month
study. Male rats surviving only up to 26 months (113 weeks), as in the talc study,
are therefore unlikely to reveal a significant increase in tumors, especially if the
stimulus is weak. Where the survival of male rats is sufficiently long, for
example as reported for a diesel exhaust study (Mauderley et al. 1987), both

male and female rats have significant increases in lung tumors over controls.

In the same NTP study, male and female B6C3F1 mice exposed to 0, 6 or 18
mg/m? of non-asbestiform talc for up to 104 weeks, using the same regimen as in
rats, did not have any increases in frequency of lung tumors. It is worth noting
here that it has been estimated that the rats and mice in the NTP study were
exposed to between 2,000 and 20,000 times the levels of airborne talc compared

to humans using the product normally (Zazenski et al. 1995).



With regard to non-neoplastic pulmonary changes, both rats and mice in the
NTP study developed lesions associated with accumulation of particles (see
below), but they were more severe and complex in the rats.

in a follow up report to the NTP (1993) document, Boorman and Seely (1995)
reported that the lifetime inhalation exposure of the rats and mice caused no
ovarian lesions and no talc particles were detected in the ovaries of a 20%
random sampling of exposed female rats using polarized light.

Apart from the NTP study, the hamster is the third species that has been
exposed to airborne talc (baby-powder) (Wehner et al. 1977). The calculated
respirable fraction of talc was around 8 mg/m?> and exposure ranged up to 150
minutes/day, five days/week for up to 300 days, unless hamsters died sooner.
Surviving hamsters were kept to the end of their natural life span. Evaluation of
pulmonary changes was confounded by a variety of incidental lesions. No
significant neoplastic or non-neoplastic changes were found over the course of
the study.

2. Significance of Rat Lung Carcinogenesis

In the NTP study, female rats exposed to levels of non-asbestiform talc causing a
high lung burden developed pulmonary tumors. Non-asbestiform talc is not a
pulmonary carcinogen for mice. The positive pulmonary carcinogenesis by high
lung burdens of non-asbestiform talc in rats places it together with other low
solubility, low toxigenic and non-genotoxic particles that have the same effect,
i.e. carbon black and titanium dioxide. These particles have been referred to as
"nuisance dusts", particles not otherwise classified (PNOC - ACGIH 1994), or
poorly soluble particulate materials (PSPs - ILSI, 2000). This type of particle
does not cause tumors in mice (NTP 1993, Heinrich et al. 1995, Nikula 2000).
The high lung burdens in rats are associated with chronic active inflammation,
epithelial hyperplasia/metaplasia, and increased tumor development after 24 to



30 months. The high particle burden associated with the inflammatory and
proliferative events in rats has been referred to as "overload" by those studying
kinetics of particle deposition, clearance and retention (Oberdorster 1995). This
has led to the general concept that there is a link between high particle burden
(overioad), persistent inflammation, epithelial hyperplasia and neoplasia which, if
not specific to the rat, occurs to a much greater extent in the rat than in any of the
other species examined. The most recent consideration of the relevance of
response to particle "overload" in the rat lung to human risk assessment was an
ILSI Risk Science Institute Workshop (ILSI 2000). With respect to interpretation
of the carcinogenic response of the rat lung to non-asbestiform talc (and similar
particles) there are several questions:

a. What is known of the mechanisms of particle-induced
carcinogenesis in the rat lung and does a threshold exist?

b. What is the sensitivity of the rat to particle-induced carcinogenesis
compared to other species?

c. What is the probable relevance for humans of the particle-induced
tumors in rats?

These three questions will be addressed in turn.

(@) What is known of the mechanisms of particle-induced carcinogenesis in
the rat lung and does a threshold exist?

Pulmonary tumors in rats arise as a late event out of a background of persistent
particle-induced inflammation. This chronic active inflammation is associated
with epithelial hyperplasia and metaplasia, as well as other hallmarks of chronic
active inflammation, including fibrosis (Dungworth et al. 1994). The concept that
persistent inflammation and epithelial hyperplasia/metaplasia provide the initial
steps in the carcinogenic process is generally accepted (Oberdorster 1995,
Driscoll 1996, ILSI 2000). The key event in this sequence is the severity of



particle-induced inflammation. The rat is much more sensitive to particie
induced inflammation than mice, hamsters, or monkeys (Heinrich et al. 1986,
Dungworth et al. 1994, Donaldson 1999, Nikula 2000). This is currently believed
to play a major role in the failure of mice and hamsters to develop lung tumors
when exposed analogously to rats.

As just stated, the key initiating event in the rat is the particle-induced
inflammation which, when persistent and severe at high lung burdens, can
eventually give rise to tumors. Particle "overload" can act as a surrogate for the
chain of events in the rat because the degree of overload is correlated with the
severity of inflammation. Overload as determined by particle kinetics, can occur
in mice and hamsters (Oberdorster 1995, ILSI 2000), but has no bearing on
carcinogenicity because of the lack of good correlation between "overioad" and
severity of inflammation in these two species. It is therefore somewhat
misleading to equate particle-induced carcinogenesis simply to "overload”. The
crucial factors are the cellular and subcellular events actually taking place within
the pulmonary parenchyma.

An important implication of particle-induced inflammation being the initial event in
the carcinogenic process in the rat lung, especially by non-genotoxic (not directly
genotoxic) particles such as non-asbestiform talc or carbon black, is that tumors
will not develop if there is little or no inflammation. In other words, there is a
threshold below which tumors would not be expected to occur. The best
evidence to date linking inflammation and mutational events, which are believed
to be necessary for tumorigenesis, is from Driscoll et al. (1996). Using the hprt
clonal selection assay on isolated alveolar type Il cells from rats exposed to
carbon black, they found significantly increased mutant frequencies caused by a
13-week exposure (6 hours/day, 5 days/week) to 7.1 and 52.8 mg/m*. No
significant mutant frequency was caused by exposure to 1.1 mg/m?3 carbon black,
and at this concentration there was no significant puimonary inflammation, thus



supporting the likelihood of absence of mutational events in the absence of
significant inflammation.

b. What is the sensitivity of the rat to particle-induced carcinogenesis
compared to other species?

The greatly reduced sensitivity of mice and hamsters to particle-induced
inflammation compared to rats, and the correlation with absence of demonstrated
carcinogenesis in mice and hamsters, was dealt with in the preceding section.
Among rodent species tested, therefore, particle-induced carcinogenesis is either
a rat specific phenomenon or it is only manifest in the rat across the
concentration ranges tested. The upper ranges tested have often been well
above realistic levels.

Carcinogenicity of poorly soluble particles has not been tested in non-human
primates, but short-term tests do reveal differences in particle response between
rats and primates. Comparison of lungs from Cynomolgus monkeys and F344
rats exposed to the same concentrations of shale dusts for 2 years revealed
chronic active inflammation associated with intra-alveolar particles in rats but
more interstitialization and much less alveolar-related inflammation in monkeys
(MacFarland and Coate, 1982). Comparison of Cynomolgus monkeys and
Sprague-Dawiley rats exposed to coke dust for 2 years produced similar findings
(Klonne et al.1987). Nikula et al. (1997) carried out more detailed studies on
intrapulmonary particles, including morphometric analyses, in comparing
responses of male Cynomolgus monkeys and F344 rats to 2 years of exposure
to coal dust, diesel exhaust or a combination of both. Their findings confirmed
and amplified the earlier studies with Cynomolgus monkeys. Rats retained a
greater proportion of particulate material within terminal airspaces and this was
associated with significant alveolar inflammation, epithelial hyperplasia and
septal fibrosis. Monkeys, in contrast, retained a greater proportion of particulate



material in the pulmonary interstitium and did not have significant alveolar

inflammation and its sequelae.

These consistent findings in monkeys are important for two main reasons. First,
they indicate that comparing pulmonary responses in rats and monkeys on the
basis of accumulated lung burden of particles is erroneous. The relative
compartmentalization of the retained lung burden is crucial to interpretation.
Interstitialization of poorly soluble, low toxigenic particles takes them out of the
inflammatory pathway - as evidenced by the findings in Cynomolgus monkeys.
When such particles are interstitialized in rats, they also do not incite an
inflammatory response (Dungworth et al. 1994). Even if humans are predicted
to accumulate higher lung burdens of talc than rats and mice (Pickrell et al. 1989,
also cited on p.65 of the NTP draft document), this does not imply greater
ensuing inflammation and probability of tumor development because
interstitialization has not been taken into account. Second, the findings show
that the response in a non-human primate is more like that in mice and hamsters

than rats.

Various reasons have been adduced to account for the greater sensitivity of rats
to particle-induced tumors in the lungs (Donaldson 2000). Emphasis has been
on a greater proinflammatory and proliferative milieu. Factors that are may be
just as important, and which do not appear to have been explored, are: I) that
proliferating epithelium in an inflammatory environment in the rat lung might be
more prone than that of other species to errors in DNA replication, and 2) the
epithelial cells might be less able to repair DNA errors arising either

spontaneously or as a result of substances such as reactive oxygen species.



C. What is the probable relevance for humans of particle-induced lung
tumors in rats?

There is a strong link between particle-induced inflammation and eventual tumor
development in the rat. The evidence obtained thus far indicates much less
inflammation in monkeys than rats. Itis therefore reasonable to presume that
there is much less drive toward carcinogenesis in monkeys than rats. Evidence
that humans respond more like monkeys than rats has been provided by Green
(2000). He has concluded that, with a particle such as coal dust, the chronic
active inflammation and epithelial hyperplasia in terminal air spaces, which pave
the way for carcinogenesis in the rat, do not occur to a significant degree in
humans.

Support for the conclusion that the rat is not predictive for humans at overload
exposures to poorly soluble, low toxigenic and non-genotoxic particles is also
provided by epidemiologic studies. Moderate to high lung burdens of particles
such as coal dust, titanium dioxide, carbon black and talc have occurred
following occupational exposures. No conclusive evidence of an increase in
lung cancer caused by the particles alone has been found (IARC 1987, 1989,
1996, 1997, NTP draft 2000). Watson and Valberg (1996) also concluded that
the rat is not predictive for humans in dealing with this type of particle at overload
exposures. All the evidence points to the conclusion that if a mechanism for
tumor induction in human lungs by poorly soluble, non-genotoxic particles exists,
as in the rat (i.e. out of persistent inflammation and epithelial proliferation), it
would be manifest at exposure concentration levels well above those needed for
clinically-significant pneumoconiosis to become apparent.



3. Significance of Increased Frequency of Adrenal Medullary
Pheochromocytomas in the NTP (1993) Study

Increased frequencies of benign and malignant pheochromocytomas occurred in
both male and female rats exposed to 18 mg/m?® of non-asbestiform talc. The
increase was from 53% (control) to 79% (treated) in males and from 27%
(control) to 47% (treated) in females. The increase was significant in males at
the P<0.01 level and in females at the P<0.05 level. Goodman (1995) has
presented evidence for why only the increase in males should be considered
statistically significant, and this seems to be the most sensible approach.
Calculating significance on the basis of combined benign and malignant
pheochromocytomas is realistic because of the difficulty in histologic
differentiation between benign and malignant proliferations (Tischler and DeLellis
1998). The biological relevance, however, has even more bearing on the
interpretation than the question of whether a statistically significant increase has
been achieved, and whether it is directly related to talc.

Hyperplastic and neoplastic proliferation in the rat adrenal medulla is frequent in
some strains of rats commonly used in carcinogenicity studies, the F344
included. This often causes a problem in interpretation of true carcinogenic
hazard (see reviews by Tischler and DeLellis 1988, Tischler and Coupland 1994,
Tischler 1996).

Dietary influences and a wide variety of exogenous agents can increase the
incidence of pheochromocytomas, particularly in strains like the F344 with a high
spontaneous (control) incidence. The evidence indicates that various humoral
and neural (cholinergic) stimuli can increase the rate of proliferation of chromaffin
cells of the adrenal medulla and this facilitates development of neoplastic
transformation (Tischler and Coupland 1994, Tischler 1996). The F344 rat, with
control incidences in the range of 30 to 50% in males and 15 to 30% in females,
appears to be especially vuinerable to small variations in proliferative stimuli from
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neural, hormonal or growth factor stimuli. It is therefore not surprising that rats
with impaired pulmonary function caused by talc pneumoconiosis at the 18
mg/m?® exposure level have increases in pheochromocytomas. Another
plausible, but unsubstantiated mechanism could be the influence of fibroblast
growth factor (FGF) associated with the progressively fibrosing lung inflammation
and which has been shown to stimulate proliferation of chromaffin cells (see
Tischler 1996).

It is therefore highly improbable that an increase of pheochromocytomas in the
proliferatively labile chromaffin cells of the F344 rat can be considered relevant
for human carcinogenesis, especially when they are associated with chronic
pulmonary inflammation and functional impairment.

Non-inhalation Studies

The most significant of these quoted in the NTP draft is the failure of
intraperitoneal injection of talc in rats to cause a significant increase in
mesotheliomas (Pott et al. 1974, 1976). This should be interpreted in light of the
fact that intraperitoneal injection of dusts is a highly sensitive system for
detecting carcinogenic potency (Pott and Roller 1996, Roller and Pott 1998).
The results of the study by Stanton et al. (1981) are not interpretable because of
uncertainties about the nature of the various grades of talc and the possibility of
confounding by "solid state" carcinogenesis. The study by Bischoff and Bryson
(1976) is also unconvincing in showing any biologically plausible tumor response
to the intrathoracic injection of USP grade talc.

Genotoxicity Studies

The studies reviewed by the NTP Talc draft document and by NTP (1993) are
consistent in their not demonstrating any genotoxic effects of non-asbestiform
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talc in prokaryotic, eukaryotic or mammalian systems in vitro. The conclusion
that non -asbestiform talc is not directly genotoxic is not therefore in dispute.

Conclusions

Based on the foregoing analysis, the following conclusions are justified:

o Rigorous evaluation of the animal studies does not support the NTP
conclusion that, based on animal studies, non-asbestiform talc can
reasonably be anticipated to be a human carcinogen because neither the
requirement for activity in multiple species, nor multiple sites, nor multiple
routes has been satisfied adequately.

o Non-asbestiform talc induces pulmonary tumors in female rats at
considerable lung burdens and when associated with persistent, severe,
chronic active inflammation and accompanying epithelial proliferation.

o The carcinogenic effect in the rat lung has a threshold related to the
precondition for considerable particle-induced inflammation and epithelial
proliferation.

e Even if a mechanism for tumor induction by poorly soluble, non-genotoxic
particles were to exist in human lungs analogous to that in rats (and evidence
thus far runs counter to this), tumors would arise at exposure concentration
levels well above those that cause clinically relevant pneumoconiosis. The
NTP draft document (pp. 71/72) contains a statement agreeing with this
conclusion.

o The statistically significant (P< 0.01) increase in adrenal pheochromocytomas

in male F344 rats, which have a very high incidence in controls, does not
provide biologically plausible evidence for a true carcinogenic effect given the

12



susceptibility of chromaffin cells in the F344 rat to neural, humoral and growth

factor stimuli.
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B440 LIFE SCIENCES BUILDING PHONE: (517) 353-7146

November 22, 2000 FAX:(517) 353-8915

Board of Scientific Counselors

National Toxicology Program

National Institute of Environmental
Health Sciences

P.O. Box 12233

Research Triangle Park, NC 27709

Re: Proposal to list non-asbestiform talc in the 10th Report on Carcinogens
Dear Board Members:

| was a member of the National Toxicology Program’s Board of Scientific
Counselors (NTP Board), and a member of the Board’s Technical Reports
Review Subcommittee, when the report “NTP Toxicology and Carcinogenicity
Studies of Nonasbestiform, Cosmetic Grade Talc” (the NTP Talc Report) was
reviewed on June 23-24, 1992. My purpose in writing to you is to request that
you reject the proposal captioned above.

In my view, the appropriate conclusion to be drawn from the NTP Talc Report is
that the maximum tolerated dose (MTD) was exceeded in the female rats
exposed to the high dose of talc (18 mg/m for 6 hours daily, 5 days/week),
based upon marked, chronic lung toxicity. Therefore, the data obtained in the
female rats at this dose are not appropriate for human risk assessment. The
results of the NTP bioassay indicated clear evidence of carcinogenic activity of
talc only in female rats exposed to the dose that, in my view, exceeded the MTD.
These remarks are not intended to connote that the talc bioassay is invalid.
The good news is that under the conditions of this study mice did not develop
tumors male rats did not develop lung tumors, and female rats exposed to 6
mg/m® for 6 hours daily, 5 days/week did not develop lung tumors.
Furthermore, the pheochromocytomas observed in the rats, when viewed in
light of the high spontaneous incidence of this tumor, do not appear to be
treatment-related. Thus, it is not appropriate to employ the results of the NTP
talc bioassay as a basis for a cancer risk assessment involving a linear
extrapolation to estimate a theoretical risk to humans that might be exposed to
relatively low doses of talc. Importantly, | believe that the NTP data should be
regarded as supporting the safety of talc under typical conditions of use.

MSU is an Affirmative Action/Equal Opportunity Institution
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NTP Board of Scientific Counselors
11/22/00
Page 2

A thorough discussion of the NTP Talc Report and the basis for the views
presented above appear in the following publication: Goodman, Jay I. (1995) An
analysis of the National Toxicology Program’s (NTP) Technical Report (NTP TR
421) on the Toxicology and Carcinogenesis Studies of Talc, Regulatory
Toxicology and Pharmacology 21: 244-249. It is my opinion that the views |
expressed 5 years ago remain valid today.

Thank you for considering my views, and please do not hesitate to contact me if
you would like additional information.

I S e

Jay |. Goodman, Ph.D.
Professor
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An Analysis of the National Toxicology Program’s (NTP) Technical Report
(NTP TR 421) on the Toxicology and Carcinogenesis Studies of Talc’

Jay I. GoopMan?

Department of Pharmacology and Tozicology, Institute for Environmantal Toxicology, B-440 Life Sciances Building,
Michigan Staze University, East Lansing, Michigan 48324

Racsived October 1, 1994

The NTP toxicology and carcinogenicity studies of
nonasbestiform, cosmetic-grade tale (the NTP Talc Re-
port) were conducted by exposing male and female
F344/N rats and B6C3F1 mice to target aerosol concen-
" trations of 0, 6, and 18 mg/m? tale for 6 hr daily, 5 days
per week. Based on results of the high dose, the Report
concluded that tale caused lung tumors in female rats
and pheochromocytomas in male and female rats. and
there was no evidence of carcinogenic activity in mice.
A thorough evaluatjon of lung toxicity revealed that
talc-induced lung tumors occurred only in the group of
animals that exhibiled the most profournd degree of
chronic toxicity. However, these data were presonted
as empirical observations rather than discussed in a
manner that would relate them to the risk assessment
implications of the bioassay, i.e., relevant data were
collected but not ‘“‘used.’”” In addition, the evaluation of
the pheochromocytomas was inadequate because it
failed to place sufficient emphasis on the spontaneous
incidence of this tumor in rats. These deficiencies
caused the author to vote against the conclusions pre-
. sented in the Talc Report when it was reviewed by the
NTP Board of Scientific Counselors. The appropriate
conclusions are (1) the data do not indicate that the
pheochromocytomas were treatment-related; (2) the
maximum tolerated dose (MTD) was exceeded in the feo-
male rats exposed to the high dose; and (3) tale is not
expected to cause lung tumors under conditions of
exposure that fail to result in marked chronic lung tox-
icity. © 1995 Academic Press, Inc.

INTRCGDUCTION

The NTP toxicology and carcinogenicity studies of
nonasbestiform, cosmetic-grade tale (the NTP Tale Re-

! Presented, in part, at the International Society of Regulatory Tox-
icology and Pharmacolory/U.S. FDA Workshap on Taic: Consumer

Uses and Health Pergpectives, NIH. Bethesda, MD, January 31-Feh- -

ruary 1, 1994.
*To whom correspondence should be addressed Fax: (517) 353-
5918,

0273-2300/95 $6.00
Copyright D 1995 by Academic Press, Ine, .
All rights of reproduction in any form reserved.

port) were conducted by exposing male and female
F344/N rats and B6C3F1 mice to target aerosol concen-
trations of 0, 6, and 18 mg/m? talc for 6 hr daily, 5 days
per week (NTP, 1993). A unique aspect of these studies
was the inclusion of a very thorough evaluation of lung
toxicity, in addition to the standard gross pathology and
histopathology assessments. The NTP Talc Report was
reviewed by the NTP Board of Scientific Counselors
(The Board), Technical Reports Review Subcommittee
onJune 23-24, 1992, Jay l. Goodman participated in this
review as a member of the Board and a member of the
Board’s Technical Reports Review Subcommittee. The
Board concurred with the recommendations of the NTP
staff and voted to approve (by a vote of seven yes votes to
one no vote (J. I. Goodman)) the following conclusions:
“Under conditions of these inhalation studies there was
some evidence of carcinogenic activity of talc in male
F344/N rats based on an increased incidence of benign
and malignani pheochromocytomas of the adrenal
gland. There was clear evidence of carcinogenic activity
of talc in female F344/N rats based on increased inci-
dences of alveolar/bronchiolar adenomas and carcino-
mas of the lung and benign and malignant pheochromo-
cytomas of the adrenal gland. There was no evidence of
carcinogenic activity of tale in male or female B6C3F1
mice exposed to 6 or 18 mg/m>.”

The specific aims of this paper are to focus on the
studies involving rats, the species in which there was
deemed to be a carcinogenic effect, and (1) to provide
an overview of the talc bioassay (NTP, 1993) with an
empbasis on the rationale for the author’s disagreement
with the conclusions reached by the other members of
the Board regarding the carcinogenicity of talc and (2)
to provide a realistic perspective regarding the signifi-
cance of the talc bioassay.

SYNOPSIS OF THE CARCINOGENICITY
STUDY OF TALC

Groups of 50 male and 49 or 50 female F344/N rats
were exposed wo aerosols containing 0, 6, or 18 mg/m’
talc, 6 hr a day 5 days per week, until mortality in any

244
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Female F344/N rats

0, 6, or 18 mg/m?
High-dose group alightly lower than controls
11/50, 13/49, 9/50

TABLE 1
Summary-of the Lifetime and 2-Year Careinogenicity Studies of Talc®
Maﬁ F344/N rats
Exposure levels 0, 6, or 18 mg/m?
Body weights High-dose group alightly lower than controls
Survival rates 9/50, 14/50, 186/50
Neoplastic effects Adrenal medulla: benign or malignant pheochromocytama

(26/49, 32/48, 37/47)

Level of evidence of Some svidence
carcinogenic
activity

Lung: alveclsr/bronchiolar adenoma or carcinoma
(1/50, 0/48, 13/50)

Adrenal medulla: benign or malignant
pheochromocytoma (13/48, 14/47, 23/49)

Clear evidence

* National Toxicology Program, 1993.

exposure group reached 80% (113 weeks for males and
122 weeks for females). The survival of male and female
rats exposed to talc was similar to that of the controls,
and the mean body weights of the animals in the high-
dose group were only slightly lower (not more than ap-
proximately 10% lower) than those of controls after
Week 65 (NTP, 1993). The results were interpreted as
indicating some evidence of carcinogenicity based on be-
nign and malignant pheochromocytomas in male and fe-
male rats and clear evidence of carcinogenicity based on
alveolar/bronchiolar adenomas and carcinomas of the
lung in female rats. The study is summarized in Table 1.

Groups of 47 to 49 male and 48 to 50 female B6C3F1
mice were exposed to aerosols containing 0, 6, or 18 mg/
m? tale, 6 br a day 5 days per week, for up to 103 or 104
weeks. Final mean body weights and survival of the mice
ezposed to talc were similar to those of the controls
(NTP, 1993). The results were interpreted as indicating
no evidence of carcinogenic activity in mice,

INTERIM EVALUATIONS IN RATS

In a parallel series of ancillary studies, additional
groups of animals were exposed to talc, as described
above, and examined for interim pathology evaluations
or pulmonary function tests after 6, 11, 18, and 24

months and Jung biochemistry and cytology studies after
24 months. These are outlined below.

PARAMETERS ASSESSED IN THE ANCILLARY
STUDIES

B Lung talc burden

N Pulmonary function

B Lung biochemistry; bronchoalveolar lavage fluid
was analyzed to determine:

* Cell injury—lactate dehydrogenase.

« Chronic inflammation—polymorphonuclear leu-
kocytes, pulmonary macropbages, alkaline phos-
phatase, and protein.

« Lysosomal activation—g-glucuronidase and acid
phosphatase.

« Response to oxidant injury—-increased glutathi-
one reductase.

H Lung collagen metabolism, protein synthesis, and

Proteinase activity.

LUNG TALC BURDEN, LUNG WEIGHTS, AND
RESPIRATORY FUNCTION

The lung talec burden at the 6-, 11-, 18-, and 24-
month interim sacrifice times was similar in male and

TABLE 2
Lung Tale Burden (Normalized to Exposure Concentration) of Rats®
Male ' Female
6 mg/m’ 18 mg/m? 6 mg/m’ 18 mg/m®
6-Month interim 0.439 = 0.040° 0.602 = 0.013* 0.406 = 0.032 0.464 + 0.007°

12-Month interim 0.731+0.098 1185+ 0.118° 0.785 = 0.043 0.787 = 0.187
18-Month interim 1.22=0.12 1.53 = 0.05 1.28 = 0.06 1.35 = 0.04
24-Month interim 1.74=0.21 134 £0.19 1.52+0.15 1.63=0.13

“ Table F3, National Toxicotogv Program, 1993.
® Units are presented as mg talc/g control lung/mg/m®.

* Significantly different (P % 0.05) from the 6 mg/m* group by Dunn's or Shirley's test.
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TABLE 3
Total Lung Capacity of Rats®
0 mg/m? 6 mg/m’ 18 mg/m?
Male
6-Month interim = 12.86 + 0.54* 19.48 = 0.48 19.25 = 0.39
11-Month interim 20.06 £0.32 18.44 £ 0.39* 17.67 £ 0.45*
13-Month interim  20.30 £ 0.43 18.87 = 0.41°* 18.34 = 0.52°
24-Month interimm  20.50 = 0.83 20.20=0.28 16.47 = 1.53
Female
8-Month interim  14.20 = 0.25 14.56 = 0.27 13.80 =0.27
11-Month intertm  13.29 =z 0.21 1231 0,17 12.06 = 0.26*
18-Month interim  13.34 = 0.26 12.68 = 0.28* 11.43 = 0.31"
24-Month interim 14,35 =0.31 13.73 £ 0.34*° 11.50 = 1.07*

¢ Table F10, National Toxicology Program, 1993.
® Units are presentcd ag ml; ratio is (dosed group mean/control

zroup mean) X 100.
* P x0.01
“* Significantly different (P < 0.05) from the control by Dunn's and

Shirley's test.

female rats exposed to 6 or 18 mg/m® tale, respectively
(Table 2).

The absolute and relative lung weights of male rats
exposed to 18 mg/m® were significantly greater than
those of controls at the 6-, 11-, and 18-month interim
evaluations and at the end of the lifetime study, while
those of fernale rats exposed to 18 mg/m® were signifi-
cantly greater at the 11-, 18-, and 24-month interim
evaluations and at the end of the lifetime study. In both
males and fernales, there was a concentration-related
impairment of respiratory function which increased in
severity with increasing duration of exposure (NTP,
1993). While decreases in total lung capacity were noted
in males and females, statistically significant reduc-
tions at the 24-month interim were only seen in females
and this occurred at both the 6 and 18 mg/m?® doses
(Table 3).

BRONCHOALVEOLAR LAVAGE AND LUNG
BIOCHEMISTRY

Following the completion of the pulmonary function
tests at the 24-month interim evaluation a thorough as-
sessment of biochemical and cellular parameters that
could provide insight regarding lung toxicity was made.
Bronchoalveolar lavage was performed on the remaining
rats in these groups and the lavage fluid was evaluatsd
for enzymes and protein (Table 4) and cell content (Ta-
ble 3). In addition, lung collagen metabolism and protein
synthests were assessed (Table 6) and proteinase activ-
ity in both lavage fluid and lung homogenate superna-
tant fluid was evalvated (Table 7, males; and Table 8,
femnales). While dose-relatad increases in these parame-
tars (indicative of toxicity) were noted in both males and
females, there was a larger number of parameters that

JAY I GOODMAN

showed statisﬁcally significant increases in the females
and, in general, the magnitude of the increases was
higher in the females.

ASSESSMENT OF THE NTP TALC REPORT

The NTP Tale Report noted that both in vitro and
in vivo studies indicate that talc is not genotoxic and it
included a thorough evaluation of lung toxicity (NTP,
1993). However, these data were presented as empirical
observations rather than discussed.in a manner that
would relate them to the risk assessment implications of
the bioassay. In other words, relevant data were col-
lected but not used. In addition, the evaluation of the
Pheochromocytomas was inadequate because it failed to
place sufficient emphasis on the spontaneous incidence
of this tumor in rats. These deficiencies caused the au-
thor to vote against the conclusions presented in the
Tale Report when it was reviewed by the NTP Board of
Scientific Counselors. The rationale for this decision in
the context of a more realistic perspective on the Report
is presented below.

The cazcinogen bioassay is a qualitative test; it is not
a risk assessment. The use of biological information is
required in order to place resultz of the bioassay into
proper perspective and to take a rational approach to-
ward risk assessment (Goodman, 1990, 1994). This no-
tion was endorsed in a recent review of the NTP by the
NTP Board of Scientific Counselors where it was stated
that “Mechanistic studies should pervade the activities
of the NTP.. . . With this emphasis the NTP should be
able to strengthen its interpretation of test results in the
context of human health. Such interpretation should be-
come a part of reports issued by the NTP” (NTP, 1992;
Goodman, 1994). It is appropriate to consider the NTP
Talc Report in this context.

Talc-induced lung tumors were not detected in male
rats, female mice, or male mice. In rats, the principal
toxic lesions associated with inhalation exposure to tale
included chronic granulomatous inflammation, alveolar
epithelial hyperplasia, squamous metaplasia and squa-
mous cysts, and interstitial fibrosis of the lung. These
lesions were accompanied by impaired pulmonary func-
tion. While the tale burden in the lungs of males and
females was similar (Table 2), the degree of chronic tox-
icity and inflammation was substantially higher in the
females (Tables 3-8; NTP, 1993). In mice, inhalation
exzposure to talc produced some chronic inflammation.
In contrast to rats, alveolar epithelial hyperplasia, squa-
mous metaplasia, and interstitial fibrosis were not ob-
served. Overall, markedly less talc-induced lung toxicity
was produced in mice than in rats (NTP, 1993). These
observations need to be juxtaposed with the findings re-
garding lung tumors. It is apparent that an increase in
lung tumors was ssen only in the test animals that
clearly exhibited the highest degree of chronic lung tox-
icity, the female rats exposed to the high dose (18 mg/
m®) of tale. The amount of toxicity leads the author to
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TABLE 4« .
Bronchoalveolar Lavage Fluid Enzymes of Rats at the 24-Month Interim Evaluation®
0 mg/m* 6 mg/m' 18 mg/r?

Male

8-Glucuronidase* ) 1.09 £ 0.40 18.86 = 3.20* " 89.24 % 14.24"*

Lactats debydrogenase 1634 £ 545 3193 * 606 8262 * 380"

Glutathione reductage 103.03 £ 18.43 99.35 + 19.79 110.99 + 0.55*

Total protein® 1.78 £ 0.40 3122 0.64 5.79 x 0.55~
Female . .

8-Glucuronidase® 3.33 £0.97 41.05 £ 4.39* 154,16 = 17.21%¢

Lactate dehydrogenase 1635 = 266 3906 = 444* 14E3 % 1E3™

Alkaline phosphatase 427.8+309 853.6 + 79.7%* 2504.7 + 221°°°

Glutathione reductase 1006 = 1.7 135.2 = 22.4 460.0 + 44.8°

Total protein® 1.20 £ 0.22 4.30 = 0.36** 12.96 x 0.28™

¢ Table F4, National Toxicology Program, 1993.
® Units presealed as mJU/g control lung.
¢ Units presented as mg/g control lung.

* Significantly ditferent (P = 0.03) from the control group by Dunn's and Shirley's test.

** P = 0.01.

conclude that the MTD was exceeded in the female rats
exposed to the 18 mg/m? dose.

The overall incidences of pheochromocytomas (be-
nign, malignant, or complex) of the adrenal medulla that
occurred in the 18 mg/m® exposed rats were significantly
greater than those of the controls (males, P = 0.006; fe-
males, P = 0.024) (NTP, 1993). However, the spontane-
ous incidence of these tumors was 53% in males and 27%
in females. In the author’s view, the criterion for statis-
tical significance should be P < 0.01. This is consistent
with the “guideline” indicating that a compound should
be considered carcinogenic if the highest dose produces
an increase in a common tumor that is significant at the
1% (P < 0.01) level or an increase in a rare tumor that
is significant at the 5% (P < 0.03) level; otherwise, the
compound is regarded as a noncarcinogen (Haseman,
1983; Haseman ez al,, 1986). A rare neoplasm was de-

fined as a neoplasm occurring with a frequency of less
than 1%. Therefore, there is no statistically significant
increase in pheochromocytomas in talc-treated female
rats and talc should not be deemed carcinogenic at this
site in these animals.

There has been a proniounced increase in the sponta-
neous occurrence of pheochromocytomas in male F344
rats, in studies conducted by the NTP, over the past 10
vears (Rao et al, 1990; NTP, 1993). In addition, the high
rate of pheochromocytomas in the control female rats
in the talc bioassay (13/48, 27%) is in sharp contrast to
reports indicating that the spontaneous incidence in
control female F344 rats, in NTP studies, has been less
than 10% (Rao etal, 1990), e.g., in the range of 5.2-7.1%
between 1980 and 1983 (Haseman and Rao, 1992). Un-
fortunately, the NTP failed to make a comparison of the
spentaneous pheochromocytomas observed in the talc

] TARBLE 5
Bronchoalveolar Lavage Fluid Cell Populations of Rats at the 24-Month Interim Evaluation®
0 mg/m’ € mg/m* 18 mg/m?
Mala
Poiymorphonuciear cells® 0.333 = 0.167 24417 = 2557 32.50 = 3.000°
Lymphocytes 0.000 = 0.000 0.500 = 0.258 0.500 % 0.500
Macrophages 93.67 % 3.3.72 70.25 = 2.53* 62.75 £1.75"
Epithelial cells 6.00 = 3.61 483 +141 4,25+1.75
Fomale .
Polymorphonuclesr cells 0.625 = 0.315 25.778 = 2.673* 37.000 = 1.528™
Lymphocytes 0.000 = 0.000 0.722 £ 0.183* 1.333 = 0.687"
Macruphages 8138 =175 7122 = 2.95%= 57.833 = 4.67*
Epithelial cellz 8.00%2.01 2.28 = 0.50" 4,833 x2.60

? Table F5. National "Toxicology Program, 1993,
¢ Units presented as percentuge of total cells.

* Significantly diffareat (P x 0.03) from the contra!l group by Dunn’s and Shirley's test.

>~ P =0.01.
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TABLE 6 .
Lung Collagen Metabolism and Protein Synthesis in Rats at the 24-Month Interim Evaluation®

0 mg/m?® 6 myg/m? . 18 mg/m?
Male .
Lavage fluid collagenous peptides* 39.79 & 5.07 46.99 = 6.51 79.21 = 13.73
Total lung collagen® 13.87 + 0.60 15.98 = 0.39° 1888 + 3.35°
Collagen production? 158 £0.17 1.60x0.17 1.63£0.22
Collagen degradation® 3167172 27742 1.42 9.18 +2.38°
Noncollagenous protein syntheais’ 142.1 2 14.5 195.8 = 22,1~ 312.2 +10.6*
Female : '
Lavage fluid collagenous peptides 78.27 2 11.64 115.36 = 8.61* 174.71 = 13.56™
Total lung collagen 14.32 £ 0.66 19.85 = 1.58* 86.47 * 3.39*~
Collagen production 0.982 +£ 0.185 1.804 = 0.744" 2.264 = 0.347*
Collagen degradation 1441+ 2,44 21.59 £ 4.99 9.38 =163
Noncollagenous protein synthesis 1789+ 345 325.3 +90.9 554.3 = 107"

@ Table F7, National Toxicology Program, 1993,

? Units are presented as ug/g control lung.

¢ Units are presented as mg/g control lung.

4 Units are presented as percentage new protein.
 Units are presented as percentage new collagen.
/Units are presented a3 dpm X 10°/g control lung.

* Significantly different (P « 0.05) from the control group by Dunn’s and Shirlev's Les

*Px0.01.

bioassay with the historical spontaneous incidence of
pheochromocytomas in rats. This would have been par-
ticularly appropriate (as the author indicated during the
Board’s review of the NTP Talc Report, June 23-24,
1992).

The marked increase in the spontaneous incidence of
' pheochromocytomas in female rats coupled with the
lack of a statistically significant increase of this tumor
in the treated animals (when the appropriate P value is
employed) and the trend toward an increasing sponta-
neous incidence in males indicate that the data pre-

sented in the NTP Talc Report do not warrant a conclu-
sion that tale causes pheochromocytomas in rats.

CONCLUSIONS.

The appropriste conclusion to be drawn from the
NTP Talc Report is that the MTD was exceeded in the
female rats exposed to the high dose and talc is not ex-
pected to cause lung tumors under conditions of
exposure that fail to result in marked chronic lung tox-
icity. Clear evidence of carcinogenic activity of talc was

TABLE 7

Proteinase Activity in Lavage Fluid and Lung Homogenate Supernatant Fluid of Male Rats
at the 24-Month Interim Evaluation®

0 mg/m? 6 mg/m? 18 mg/m*
Lavage fluid
Acid proteinase 0.994 £ 0.329 1.866 % 0.174 4.307 £ 0.218°
Cathepsin D 0.147 2 0.147 0.539 +0.150 2.420 £ 0,147
Cathepsin B 0.92¢ x 0.415 1.267 + 0.094 1.887 + 0.365
Homogenate aupernatant fuid
Acid proteinase 10.92 £ 0.64 17.5] +0.90° 25.13 * 1.50°°
Cathepain D 8.53=091 14.04 = 0,62° 21.03 x 1.56"
Carthepsin B 239041 3.48 = 0.37 4.10 = 0.06"
Neutral proteinase 0.715 = 0.168 2.417 £ 0.304° 4.505¢
PMN elastase cathepsin G 0.490 = 0.218 1.938 = 0.242° 4.457 = 0.377™
Macrophage elastase collagenase 0.225+0.099 0.482 = 0.077 0.000°

* Table F8, National Toxicology Program. 1993.
® Units are presented as mg/br/mg control lung.
‘n = 1: no statistic calculated.

* Significantly different (I & 0.03) from the control group by Dunn's and Shirley'a test.

=+ P<0.01.
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TABLE 8

Proteinase Activity in Lavage Fluid and Lung Homogenate Supernatant Fluid of Female Rats
at the 24-Montb Interim Evaluation®
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0 mg/m* & mg/m* 18 mg/m?
Lavage fluid
Acid prowinase 1.52£0.12° 8.46 +0.33" 6.05 £ 0.73™
Catbepsin D 0.015 £ 0.015 1.310 % 0.292° 4.043 £ 0.378"
Cathepsin B 1.61£0.26 2.15%0.22 201%0.17
Hormogenate supernatant fluid
Acid proteinase ' 14.04¢ 2095 29.43 + 1.18%° 3861+ 181>
Catbepsin D 20.05 = 0.63 22,97+ 1.07°* 30.25 + 1.60™
Cathepsin B 3.99£0.58 8.46 * 0.60" 8.37  0.42*°
Neutral proteinase 0.648 = 0.087 5.040 = 0.418°° 12.293 x 1.598°
PMN elastase cathepsin G 0.785 £ 0.142 4.351 £ 0.261°" 10.313 x 2.694"°°
Macrophage clastase collagenase 0.054 £ 0.037 0.068 + 0.175* 2.012 =~ 1.126*
* Table F8. National Toxicology Program, 1993.
® Units are presented as mg/hr/mg control lung.
* Significantly different (P < 0.05) from the control group by Dunn's and Shirley’s test.
= P £ 0.01.
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Executive Summary

A weighted average of the results from epidemiologic studies to date measuring the
relation between talc and ovarian cancer risk gives an overall relative risk of 1.31, with a 95%
confidence interval of 1.21-1.41. Bias and causation are competing explanations for the weak
positive association observed. This weak association could be an underestimate of a stronger
association if there are errors in measuring talc exposure that apply uniformly to all study
subjects (nondifferential misclassification). On the other hand, nondifferential misclassification
does not bias an association that is null to begin with, so postulating nondifferential
misclassification cannot shed light on whether the association results from a causal relation or
not. Most of the published studies are interview-based case-control studies, subject to recall bias,
which can readily give rise to associations of this magnitude. The evidence from these studies
regarding recall bias is mixed. Uncontrolled confounding can also easily explain associations
this weak; although no single confounding factor would seem to account for the overall effect,
the combined effect of several such unidentified confounders could do so. In considering these
competing explanations of bias and causation, the evidence in favor of a causal explanation is
only the overall weak association of a relative risk of 1.31. The lack of a plausible biologic
mechanism, on the other hand, weighs against a causal interpretation. Also weighing against a
causal explanation is the dose-response pattern among talc users, which is an inverse trend for
both duration of use and frequency of use. A causal relation would predict a positive trend, not
an inverse trend. Based on these considerations, we suggest that the evidence to date does not
indicate that talc can be "reasonably anticipated to be a human carcinogen."
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Introduction

In this document we offer an interpretation of the epidemiologic literature with respect to
the causal hypothesis that talc exposure causes an increase in the occurrence of ovarian cancer.
Overall, we identified 23 epidemiologic studies conducted since 1980 that have examined
consumer talc exposure with respect to subsequent risk for ovarian cancer."? The search
methodology is described in the appendix. Sixteen of these were case-control studies reporting
new data with effect estimates for talc exposure,-57-101113-1517-1921-33 anq one was a cohort study
reporting an effect estimate.” One study examined occupational exposure to talc in women, but
there were few exposed women in this study'®; the other studies did not report quantitative effect
estimates. The importance of this comparatively small set of epidemiologic studies is
underscored by the paucity of relevant animal research on this question.

Most of these published reports come from epidemiologic studies in which talc was not
the primary focus. Perhaps for this reason, talc exposure information was often crude. Inonly a
few of these studies was there any attempt to categorize talc exposure by frequency of use or
duration of use. For the 17 studies that reported some epidemiologic measure of effect, it was
usually a relative risk estimate for ovarian cancer given that there was some exposure to talc,
compared with no exposure or minimal exposure. These results are depicted graphically in
figure 1. The findings on balance indicate a slight positive association between talc exposure and
ovarian cancer, with an overall weighted relative risk of 1.31, and a 95% confidence interval of
1.21-1.41.

Figure 1
Study-specific Relative Risk Estimates for Ovarian Cancer Among Talc Users,
and Overall Weighted Average of Study Results
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Issues Affecting Causal Inference

Inferring a causal relation from a pattern of epidemiologic results follows no recipe, but
certain principles can be applied. To begin with, what alternative explanations might be offered
to explain a pattern of positive findings? If an uncontrolled confounding factor or a study-related
bias could explain the results, a causal inference is less reasonable. Second, is there a plausible
biologic mechanism? For example, environmental tobacco smoke shows a weak association
with lung cancer in numerous epidemiologic studies of never smokers, but the plausibility of the
relation, based on the known constituents of the smoke and their effect in higher concentrations,
among active smokers, makes a causal inference more reasonable. Third, is there a consistent
dose-response trend in the data? With rare exception, every causal relation in epidemiologic
research shows a progressive relation between various measures of increasing exposure. In this
discussion paper, we address the following issues that we believe are potentially relevant to
causal inference regarding talc and ovarian cancer:

Exposure misclassification
Recall bias

Confounding
Dose-response trends
Biologic mechanism

NPH LN -

Below we discuss briefly the import of each of these topics with respect to the
interpretation of the epidemiologic literature of talc and ovarian cancer. We omit discussion of
the role of chance in explaining any of the findings, because the combined weight of the 17
studies in figure 1 indicates that chance alone is an unlikely explanation for the overall weighted
average of relative risks from the studies of 1.31. Other possible issues, such as selection biases
and reverse causation might be relevant, but appear less important to us in interpreting these
results, so we have omitted them in the interests of brevity. (Reverse causation, for example,
could occur if preclinical ovarian cancer prompted women to use talc; while this situation is
possible in some instances, we do not think it is a realistic explanation for the observed effects.)

Exposure Misclassification

Nearly all the studies were case-control studies. It is commonly believed that the validity
of case-control studies is worse than that of cohort studies, but this view is mistaken. The
validity of a study depends on the specifics of the study design, the nature of the data, and the
nature of the hypothesis that the study addresses. For example, a cohort study that examines the
long-term risk of cancer among coffee drinkers after a one-time dietary assessment of coffee
consumption would suffer from weak exposure assessment. Although the exposure information
might be accurate for the time at which it was collected, the exposure status of cohort members
will change with time and the initial measure might be only poorly correlated with a more
meaningful measure of coffee consumption. The effect of having a poor measure of exposure
will be considerable nondifferential misclassification, a type of error that introduces a bias into
study results that tends to drive effect estimates towards the null condition of no effect. In
contrast, it may be possible to get more detailed exposure information from study subjects in a
case-control study, which might thus avoid some of the bias that would result from a cohort
study.
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Much like coffee consumption, talc exposure is likely to vary over time as women age
and their reasons for deciding to use talc change. Consequently a single baseline assessment of
talc exposure at the start of follow-up in a cohort may lead to effect estimates that are biased
toward the null. If talc habits are steady over time, a single baseline assessment becomes more
informative. Furthermore, if talc use influences cancer risk with a long induction period, talc
assessment at the start of a cohort study is more meaningful than an assessment of coffee
drinking on heart disease risk, which is thought to have only a short-term effect.

Case-control studies also suffer from exposure misclassification, but the potential exists
to extract more detailed history of exposure from the subject interview. In most of these studies,
the exposure metric is based on interview information. It is subject to inaccuracies from recall
error, as well as inaccuracies reflecting the nature of the questions asked and their relation to any
biologically relevant measure of talc exposure. Ideally one would wish to have a measure of talc
dose within the upper reproductive tract. The actual measures obtained by interview, however,
are likely to be only modestly correlated with a hypothetically ideal measure. The result of this
inevitable non-differential misclassification would be to bias any real effect towards the null.
Nevertheless, one cannot draw the conclusion that the overall slight positive relation between talc
exposure and ovarian cancer must be an underestimate of a larger effect because of
nondifferential misclassification. Non-differential misclassification does not introduce any bias
toward the null if the association is null to begin with, so to draw the conclusion that the overall
effect estimate from the 17 studies is an underestimate, one must already know or assume that
there is an even stronger positive relation in the data. Thus, the prospect of non-differential
misclassification in measuring talc exposure does not provide any help by itself in assessing
whether talc is related to ovarian cancer.

Recall Bias

Cohort studies do not suffer from recall bias, but recall bias is an issue for case-control
studies that obtain exposure information from subject interviews. Such was the case for all the
case-control studies whose effects are summarized in figure 1. Recall bias can readily introduce
enough bias to produce the modestly-sized overall effect (RR = 1.3) that emerges from these
studies. As an example, one of us reported an association between Bendectin and congenital
heart disease in 1979, with a RR of 1.6.%* One possibility for that positive relation was recall
bias, a strong consideration in light of the study design that produced the finding (the study was
not designed to evaluate Bendectin, which was only an incidental finding). To resolve the issue,
a second study was undertaken, this time aimed at evaluating an effect of Bendectin by
eliminating recall bias using a different design.?® The second study found a RR of 1.0,
prompting the conclusion that the RR of 1.6 reported in the earlier study was due to recall bias.
The amount of recall bias for Bendectin in the 1979 study amounted to an apparent effect that
was much stronger than the overall effect estimate for talc and ovarian cancer in the combined
studies in figure 1.

We believe that there is mixed evidence for recall bias in these studies. We base this
interpretation on the few studies that examined the effect of talc separately among women who
had a tubal ligation and those who did not. If recall bias were the explanation for the full effect
seen in the published literature, we would predict that the effect of talc exposure would appear to
be about the same for women who have a tubal ligation and those who did not, because tubal
ligation is unlikely to affect recall bias. In contrast, it would likely affect any biologic action of
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talc. Only three studies give information relevant to this question. In those studies, the evidence
is mixed. In one study the effect of talc is greater among women who have not had a tubal
ligation,? and in a second, talc use appeared to have no adverse effect among women who had
either a hysterectomy or a tubal ligation.”? In the third study,? however, there was little
difference in the effect of talc for women with and without tubal ligation or hysterectomy and the
effect for both groups was near null. Thus, the overall evidence on the possibility of recall bias is
equivocal, with no clear answer as to whether recall bias can be eliminated as an explanation.

Confounding :

Although there are some strong risk factors for ovarian cancer, for any of them to be
confounding to an extent that could account for the positive relations that have been reported,
they would have to be strongly correlated with talc use. Family history, ethnicity, obesity and
some reproductive risk factors are positively associated with the risk of ovarian cancer, but the
magnitude of these associations does not appear high enough to introduce enough confounding,
even jointly, to explain completely the positive association. Of course, it remains possible that
yet unidentified risk factors for ovarian cancer could be important confounders, and several such
factors in the aggregate could give risk to an overall association as weak as the one between talc
and ovarian cancer.

Dose-response trends

A nearly constant feature of causal relations in epidemiology and in the pathogenesis of
cancer in particular is a monotonically increasing relation between measures of exposure and
disease risk. Even when disease risk increases through a threshold phenomenon, progressive
dose-response trends are observed because the exposure measure varies and smooths the step
relation of a threshold into a gradual climb in risk. In contrast, many biases would not produce a
monotonic dose-response relation. For example, Horwitz and Feinstein advanced a theory of
"detection-bias" as a non-causal alternative to the theory that exogenous estrogens cause
endometrial cancer.® According to this theory, administration of estrogens would provoke
genital bleeding among some women, leading to a work up and to the diagnosis of pre-existing
endometrial cancers, accounting for the observed association. This theory, however, predicted
that the increase in endometrial cancer risk would be greatest for short-term users of exogenous
estrogens and would decline toward no effect for longer-term users. In actual fact this inverse
dose-response trend was not observed, undermining the detection bias theory.

Exposure to talc can be characterized by the age at which use started, the number of years
of use, and the frequency of use (e.g., number of times per day or per week). Among the talc
studies, several reported on either frequency of talc use or duration of talc use, or both. We
combined the findings from these studies into a meta-regression,?” an analysis that combines
dose-specific information from various studies into a single weighted regression analysis. Each
data point in a meta-regression represents one effect estimate at a given dose level; the data
points are weighted by the precision of each estimate, back-calculated from the confidence
interval for that estimate.

In figure 2 we show the data points and meta-regression line for frequency of talc use,
and in figure 3 for duration of talc use. These regression analyses confirm the picture that one
obtains from reading the individual studies (table 1): the dose-response relation across dose
levels above zero for talc exposure is not increasing, but instead declines. Although



Talc and Ovarian Cancer Page 6 November 28, 2000

misclassification could flatten a dose-response curve, it would not produce an inverse dose-
response curve. Thus, the observed pattern, whether based on individual studies or from the
combined meta-regression analysis, is not consistent with a causal interpretation for talc
exposure. Instead it suggests that some as yet unidentified bias accounts for the overall modest
relation between talc exposure and ovarian cancer.

Figure 2
Trend in Relative Risk by Frequency of Talc Use Among Users
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Trend in Relative Risk by Duration of Talc Use Among Users
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Table 1 :
Relative Risk Estimates of Ovarian Cancer by Frequency and Duration of Talc Use*
o Frequency Relative 95% Confidence
Citation (Applications/wk) Risk Interval
Booth et al.1989 7.00 130 0.80-1.90
1.00 2.00 1.30-3.40
0.25 0.70 0.30-1.80
Chang and Risch 1997 1.25 2.00 1.24-2.73
4.40 1.13 0.74-1.72
7.00 0.95 0.61-1.49
Cramer et al. 1999 4.00 221 1.37-3.56
7.00 1.17 0.78-1.76
7.00 1.57 0.80-3.10
Gertig et al. 2000 0.50 1.14 0.81-1.59
4.00 0.99 0.67-1.46
7.00 1.12 0.82-1.55
Harlow et al. 1992 0.55 1.50 0.80-2.70
4.10 1.20 0.60-2.20
7.00 1.80 1.10-3.00
Whittemore et al. 1988 2.14 1.27 0.82-1.96
5.65 1.45 0.94-2.22
Duration Relative 95% Confidence
Citation (years) Risk Interval
Chang and Risch 1997 15 1.70 1.09-2.64
35 1.44 0.96-2.15
50 0.86 0.54-1.38
Harlow et al. 1992 5 1.20 0.50-2.60
25 1.60 1.00-2.70
45 1.60 1.00-2.70
Ness et al. 2000 1 2.00 1.00-4.00
3 1.60 1.10-2.30
7.5 1.20 0.80-1.90
35 1.20 1.00-1.50
Whittemore et al. 1988 5 1.60 1.00-2.57
35 1.11 0.74-1.65
Wong et al. 1999 5 0.90 0.60-1.50
15 1.40 0.90-2.20
40 0.90 0.60-1.20

* For Open-ended Categories, the Values Assigned Assume that the Upper Category Boundary Corresponds to a
Maximum Frequency Equal to Daily Use and a Maximum Duration of Use of 60 Years
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Biologic Mechanism

The most plausible biological mechanism relating to the development of ovarian cancer
concerns ovulation and the hormonal factors affecting it. Specifically, factors that suppress
ovulation, such as gravidity, breast feeding, oral contraceptive use, tubal ligation and
hysterectomy appear to reduce strongly the risk of ovarian cancer. Body mass index may also
affect ovarian cancer risk. Medical conditions that may affect ovulation and also appear to
increase the risk of ovarian cancer include endometriosis, ovarian cysts, and hyperthyroidism.

It does not appear plausible, however, that talc exposure has a direct effect on ovulation.
If talc exposure is correlated with factors that affect ovulation, that correlation would produce
confounding, as discussed above. If talc were a cause of ovarian cancer, it is presumably through
a different mechanism than the many risk factors already known to affect ovarian cancer risk.
There is no other evidence regarding such a mechanism, nor any clear evidence that talc applied
perineally or on diaphragms makes its way physically to the ovaries. Ness et al suggest that
inflammation may mediate ovarian cancer risk and that talc may play a role by causing
inflammation.!” This theory merits further investigation, although the tenability of the theory
rests on the issue of whether talc particles physically reach the ovaries. Without a clear biologic
mechanism for talc to cause ovarian cancer, an inference that talc does cause ovarian cancer
would be an example of a "black-box" inference, meaning that the inference lacks a biologic
foundation. "Black-box" inferences, such as the inference some draw that electromagnetic fields
increase the risk for various cancers, are not necessarily invalid, but they are inherently more
tenuous than inferences that are rooted in biologic explanations.

Conclusion

The only evidence to support a causal interpretation is the overall modest positive
association seen in most of the epidemiologic studies that we have cited. The association is weak
enough to be plausibly explained by unidentified bias. Recall bias is one possibility, but
unidentified confounding could also readily give rise to the weak level of association that
confronts us from these studies. Bias and causation are competing explanations for the weak
positive association observed, an association that could be an underestimate of a stronger real
association if nondifferential misclassification has diluted it. In considering these competing
explanations, the lack of a plausible biologic mechanism based on the evidence to date weighs
against a causal interpretation. More important, there is also positive evidence against a causal
association: the inverse dose-response trend for both duration of use and frequency of use, a
pattern that could not be explained by a causal relation. Based on these considerations, we
suggest that the evidence to date does not indicate that talc can be "reasonably anticipated to be a
human carcinogen."
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Appendix
Literature Search Methodology

The literature search was designed to find published epidemiologic studies specifically
relating to the perineal use of non-asbestiform talc. The 2000 NTP Draft Report was used as the
initial resource to locate applicable studies. To identify other relevant publications, an on-line
search was performed in Dialog and using the internet. In addition, medical and scientific
resources such as Medline, Toxline, and SciSearch were queried using various keyword terms
including "talc," "non-asbestiform," "ovarian cancer," and "perineal." The search was limited to
papers published after 1980, because asbestiform products were removed from the market in
1976. Once relevant articles were obtained, bibliographies were "tree-searched" to identify other
applicable studies that may have been omitted during the on-line search. "Tree-searching”
involves reading an article’s bibliography, and then identifying citations that may contain
appropriate information based on the title or author. "Tree-searching” identified early studies or
those not recorded in on-line databases.
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EXECUTIVE SUMMARY

In response to NTP’s consideration of non-asbestiform talc as reasonably anticipated to
be a carcinogen to the human ovary, a critical review of the epidemiologic evidence was
conducted in the context of its potential for carcinogenicity. Associations identified in 16
case-control studies and one cohort study are overall of very low magnitude. In addition,
there is strong evidence to suggest bias and confounding in the published studies. These
alternative explanations have not been ruled out. Further, the application of standard
criteria for causation to the data set as a whole indicates that none of these criteria are
satisfied. Particularly troublesome are the inconsistencies seen across studies in subgroup
analyses including different modes of exposure and different cancer outcome subtypes.
Further, dose-response effects in terms of frequency or duration of exposure in those
studies where the information was available have generally not been evident; in fact,
much of the data contradict any dose response effects. Lastly, pending the opinion of
expert toxicologists there is no plausible biological evidence to support the hypothesis
that non-asbestiform talc increases the risk of ovarian cancer.

It is concluded that the epidemiologic data on non-asbestiform talc and ovarian cancer do
not satisfy standard criteria for causality, and that classification of non-asbestiform talc as
“reasonably anticipated to be a human carcinogen” is not supported by the
epidemiological evidence.

INTRODUCTION

The National Toxicology Program (NTP) has submitted a draft report for consideration
by its Board of Scientific Counselors entitled “Report on Carcinogens. Background
Document for Talc: Asbestiform and Non-Asbestiform.” In the Summary Statement
(pages iii and iv), the following claim is made:

The use of talc for perineal dusting on sanitary napkins and diaphragms has been associated with
ovarian cancer. Fourteen of 16 case control studies of human ovarian cancer provided evidence for an
association with the use of talc (presumably cosmetic grade, but information on fibrous content is
lacking). A recent large prospective cohort study did not demonstrate an overall increase in risk for
ovarian cancer with talc use (Gertig et al. 2000). However, in this study talc use was significantly
associated with one subtype of ovarian cancer, invasive serous ovarian cancer. Risk of this tumor type
was also elevated in several case-control studies (Harlow et al. 1992, Chang and Risch 1997, Cook et
al. 1997, Wong et al. 1999, and Cramer et al. 1999). There is conflicting evidence concerning
transport of talc through the genital tract to the ovary (Hamilton et al. 1984). Several studies provided
evidence that factors preventing translocation of talc to the ovary, such as tubal ligation or
hysterectomy, reduce the risk associated with talc use (Harlow et al. 1992, Whittemore et al. 1988,
Cramer et al. 1999). Risk of ovarian cancer associated with talc use is unlikely to be a consequence of
confounding or other biases.

Taken together, the findings are adduced as constituting sufficient evidence to classify
non-asbestiform talc as a substance reasonably anticipated to be a carcinogen to the
human ovary.



I have been asked by the CTFA to evaluate the epidemiologic evidence concerning the
use of non-asbestiform talc in relation to the risk of epithelial ovarian cancer. To that end
I have reviewed the studies referred to in the Draft Report, together with other relevant
material. Based on my evaluation, I conclude that there are no valid epidemiologic data
to implicate non-asbestiform powders in the etiology of epithelial ovarian cancer. In
addition, the published epidemiologic evidence concerning elevated risks for all talc
exposures, in whatever form or composition, is of questionable validity. Even the study
that initially generated the hypothesis that exposure to talc may increase the risk of
ovarian cancer (Cramer et al. 1982) is of questionable validity.

Contrary to what is stated in the NTP Report, bias and confounding are not only
possibilities, but the published studies contain data to suggest that they are likely. The
studies also suggest that several biases are generally present, and that they tend to be in
the same direction in all the studies that have not yielded null findings. Moreover, the
magnitude of the reported statistically significant overall relative risk (RR) estimates has
been low—in all instances 1.9 or less, and mostly 1.5 or less. For such low estimates,
epidemiologic methods are seldom, if ever, capable of making the distinction between
bias, confounding, and causality (Shapiro 2000).

As it is beyond the scope of this evaluation to undertake a study by study review of the
evidence, I have prepared a global critique. Before commencing that critique, however, it
is necessary to point out two major, and critical, errors in the Draft Report.

First, contrary to what is stated in the Report, there are virtually no data that associate the
use of diaphragms (including diaphragms known to have been stored in talc powder) with
an increased risk of ovarian cancer. The findings have been so uniformly negative that
Cramer et al. (1999), in their most recent case control study elected not to collect data on
diaphragm use on the grounds that earlier studies had established that such exposure has
been shown not to increase the risk of ovarian cancer (see also below: selection bias).

Second, contrary to the claim that the epidemiologic studies have evaluated exposure to
talc that is “presumably cosmetic grade,” (i.e., non-asbestiform) there are at most only
indirect and imprecise data on the risk associated with non-asbestiform talc. That claim
is only inferred, based on exposure that took place after 1976. However, supplies of talc-
containing powders may commonly have been stored before they were sold, after which
they may then have been used for appreciable periods of time before fresh supplies were
purchased. Thus the inference that after 1976, exposure was to non-asbestiform talc, may
not be justified. All that can be assumed is that at some unknown time after 1976, the
ratio of the use of asbestiform to non-asbestiform talc presumably declined.



CRITIQUE

Below, the assembled epidemiologic evidence to implicate talc in the etiology of ovarian
cancer is evaluated according to standard criteria used to assess causality in
epidemiologic research (Hill 1965, Susser 1991). The criteria are not mutually exclusive,
but to justify any causal inference a reasonable combination of them must be present.

Temporality

An absolute requirement for causal inference is that the exposure must antedate the onset
of the illness. For ovarian cancer, it is impossible to determine the time of onset with any
precision. In that circumstance, lag-time analysis must be used in order to ensure that all
exposures that are assessed have a strong likelihood of having taken place before the
disease commenced. Exposures in the distant past have been assessed in the different
studies, but they have mostly been ignored in the evaluation of dose response effects, in
terms either of duration or frequency of use. Lower abdominal symptoms, such as
vaginal bleeding, could lead to the use of powders. That is, ovarian cancer could
sometimes have “caused” talc exposure, rather than the reverse. For the estimation of
overall risk, only one case-control study (Cook et al. 1997), and two follow-up studies
(Hankinson et al. 1993, Gertig et al. 2000) have clearly specified the exposures in an
effort to establish an unambiguous temporal sequence of events.

Strength (Magnitude) of the Association

In observational studies, bias and confounding can never be entirely excluded as possible
explanations for an observed association. However, if in any given study, the risk among
the exposed is increased many-fold relative to the non-exposed (high relative risk
estimate), and if the methods used in the research are reasonably adequate, it is likely that
even if plausible sources of bias could be eliminated, the RR would remain elevated. For
example, the relative risk of lung cancer among heavy smokers has been shown to be
increased some 30-fold in countless studies. Some of the studies (including the original
pioneering work by Doll and Hill (1950) that was among the first to document the
association) are known not to have been free of bias (Doll and Hill 1964, Doll and Peto
1976). However, there are no plausible biases that could conceivably have accounted for
a 30-fold increase in the risk. Had it been possible to avoid the various biases, doing so
would have had (at most) only a minor effect on the magnitude of the RR—a strong if
slightly attenuated association would still have been present.

For weak associations (i.e., RRs of 2.0 or less), the situation is entirely different: minor
sources of bias and confounding may readily account for them. If all sources of bias
could be avoided, there may be no association at all. For this reason, making a confident
distinction between bias and causality is almost invariably beyond the resolving power of
observational research (Shapiro 2000). For RRs that are considerably below 2.0 (say, 1.5
or less), it is virtually impossible to do so (Shapiro 2000).



In the case-control studies of talc exposure and ovarian cancer, the finding that first gave
rise to the hypothesized association with ovarian cancer was a statistically significant
overall RR estimate of 1.92 (Cramer et al. 1982). In one subsequent study, it was 1.60
(Cramer et al. 1999). In the remaining studies, all statistically significant overall RR
estimates were 1.6 or less (Chang and Risch 1997, Cook et al. 1997, Cramer and Xu
1995, Green et al. 1997, Ness et al. 2000, Purdie et al. 1995). This general trend of
declining RR is strongly suggestive of the well-known phenomenon of regression to the
mean and it favors chance as an explanation for the initial hypothesis-generating
association (Cramer et al. 1982).

A meta-analysis combining the various studies has been published in which the summary
overall RR estimate was 1.3 (Gross and Berg 1995). The validity of the application of
meta-analysis to observational data is highly questionable (Shapiro 1997). In addition, as
is the case here, when there is marked heterogeneity among the studies in terms of their
methods (see below: consistency) and the definition of the outcomes and the exposures
studied, as well as in the confounding factors that were taken into account, it is generally
accepted that findings derived from meta-analysis are not only questionable, but
uninterpretable (Shapiro 1997, Greenland 1994). In the present case, that lack of
interpretability is compounded by the low magnitude of the summary RR estimates.

Some have argued that the fact that the reported risk estimates, although small, have been
positive in 14 out of 16 case control studies, as well as in a meta-analysis (which,
incidentally, is not independent of the 16 studies), points to causality. That argument
assumes that bias and confounding did not tend to be in the same direction across the
studies. Yet in observational research the same biases are commonly present, and in the
same direction, in more than one study. In addition, as explained below, there is
evidence in the published studies to suggest that this was the case (see below: selection
bias; information bias).

In addition to overall RRs derived from analyses of the total data in the various studies,
analyses of subgroups have also been performed. Some of the findings in the subgroups
have been invoked as evidence to support causality. For example, as mentioned above, in
their initial hypothesis-generating study, Cramer et al. (1982) reported an overall RR of
1.92 (95% confidence interval, 1.27-2.89) for women exposed to perineal dusting, or to
talc applied to sanitary napkins, or to both. That estimate was based on 92 exposed cases
and 61 exposed controls. They also examined multiple subgroups, in one of which
(exposure to perineal dusting in combination with exposure to sanitary napkins dusted
with talc, and in combination with exposure to diaphragms stored in talc) the RR was
3.28 (1.68-6.42). In that subgroup analysis there were only 32 exposed cases and 13
exposed controls. Moreover, as indicated by the 95% confidence intervals, the RR of
3.28 was statistically compatible with the overall and best RR estimate of 1.92. The
“blip” of 3.28 was identified in the course of multiple comparisons in which “significant”
associations would have been expected to occur by chance.



The procedure of exploring multiple subsets of data in the search for “statistically
significant” associations is known as “data dredging,” and it is not valid unless there are
well formulated hypotheses, specified a priori.

Other examples of subgroup analyses abound in the published studies. Thus, in some
instances there have been overall associations with all types of ovarian cancer (e.g.,
Green et al. 1997). In others overall associations have not been identified (e.g., Hartge et
al. 1983), or they have been weak and nonsignificant (e.g., Harlow and Weiss 1989).
Instead, causality has been suggested based on subgroup analyses carried out in the
search for elevated RRs. Some “significant” associations, virtually all of them with RRs
below 1.5, have been identified only with specific subtypes of epithelial ovarian cancer.
Again, the use of multiple comparisons in order to “dredge” for positive associations is
not valid; inevitably, some will turn up by chance. In addition, as a separate issue
discussed below (see below: consistency), the associations with the specific subtypes
have been inconsistent across the studies.

In summary, the overall associations identified in the published studies have almost
without exception been of low magnitude. Even the associations identified in subgroups
have generally been of low magnitude. None of the studies satisfy the causal criterion of
high magnitude associations.

Statistical Stability

The criterion of statistical stability requires that data derived from relatively unbiased and
unconfounded studies should be sufficiently robust so that chance, as an alternative
explanation of any given association, is only a remote possibility. That requirement,
however, is not independent of the requirement that the association should also be of
sufficient magnitude to ensure that bias and confounding are also remote possibilities.
Weak associations simply impose the need for greater numbers in order to achieve
“statistical significance.” Thus, biased data, if plentiful enough, can become "robust",
and “statistically significant.” In the face of the low magnitude of the associations that
have generally been observed, the “statistical significance” of the reported associations
cannot be invoked to support causality.

Dose-Response Effects

If talc increases the risk of ovarian cancer there should be evidence to suggest a dose-
response effect either in terms of frequency or duration of exposure, or both. Yet in the
preponderance of the studies, when possible dose-response effects have been looked for,
they have not been evident. Moreover, much of the data have contradicted any dose-
response effects. For example, Booth et al. (1989) reported RRs of 0.7, 2.0, and 1.3 for
monthly, weekly, and daily exposure, respectively. Under causal assumptions, it is not
plausible that daily use would carry a lower risk than weekly use. Or to give another
example, Cramer et al. (1999) reported RRs of 1.84, 1.43, and 1.43, respectively, for



lifetime total talc applications of <3,000, 3,000-10,000, and >10,000; again it is not
plausible that the smallest number of applications would carry the highest risk.

Virtually the only instances in which suggestions of dose-response effects have been
found were again in subgroup analyses; for example, among women classified by
frequency of exposure after the exclusion of exposures during pregnancy, oral
contraceptive use, and following sterilization (Cramer et al. 1999). Such post hoc
analysis of the data is not valid, and it is again based on multiple comparisons.

Consistency

An inference of causality is supported if the findings among several studies, carried out
by different investigators who use different strategies, nevertheless converge on the same
relatively invariant associations. For talc exposure, the studies have been markedly
inconsistent. Some have reported statistically significant overall associations between
talc use and invasive cancer (Chang and Risch 1997, Cramer at al. 1999, Gertig et al.
2000), while another study found an association between talc use and tumors of low
malignant potential (Harlow et al. 1992). Other studies have not reported significant
overall associations, but only associations within subgroups classified according to
cancer subtypes: sometimes the associations have been with serous tumors (Cook et al.
1997, Cramer et al. 1999, Gertig et al. 2000), sometimes with endometrioid tumors
(Harlow et al. 1992). Even Cramer et al, the originators of the talc hypothesis, have
published contradictory findings. Their original study, conducted in 1982, found that
histologic characteristics of tumors developing in women with perineal exposure to talc
did not differ significantly from those in women without perineal exposure to talc. In
contrast, their subsequent study of 1999 found a statistically significant association
between talc use and serous invasive cancer.

The studies have also been inconsistent in terms of other subgroup associations. Thus the
great majority of the findings have suggested that the use of diaphragms stored in talc
does not increase risk. With regard to other routes of exposure, sometimes the strongest
associations have been with perineal dusting (Cook et al. 1997, Eltabbakh et al. 1998,
Green et al. 1997, Harlow et al. 1992), sometimes with powder application to sanitary
napkins (Ness et al. 2000, Rosenblatt et al. 1992), and sometimes with applications that
have not been further described (Cramer et al. 1999, Cramer and Xu 1995).

There has also been no consistent pattern across the relevant studies that would make
clinical or biological sense. For example, it has been proposed that sexual intercourse
might facilitate the migration of talc up the female genital tract (Cramer et al. 1999). In
that case, the highest risk, surely, might be for diaphragm use; yet none has been found.
Remarkably, in the face of this striking inconsistency, Cramer et al. (1999) elected not to
study diaphragm use in their last study. When testing a hypothesis, it is not valid to
exclude factors that constitute genuine exposures even if their association with ovarian
cancer has been negative in other studies (see also below: information bias). The next
highest risk might be for regular perineal dusting, an association that has been repeatedly
sought, but only inconsistently found. By the same reasoning a somewhat weaker



association might be expected for application of talc to sanitary napkins, as they would
usually only be used for four or five days per month. However, the RRs for those
exposures have commonly been higher than for regular applications of talc to the
perineum. Finally, it might be expected that the RRs would be lowest for generalized
occasional body exposure to talc, or for application to unspecified sites; yet in some
studies the risk associated with such applications has been higher than for more intense
applications (see above: dose-response effects).

In summary, the studies have not only failed to satisfy the criterion of consistency, but if
anything, they have commonly revealed trends that were opposite to what might
reasonably have been expected, under causal assumptions, as dose-response effects.

Systematic Bias

As mentioned above, bias can never be entirely ruled out in observational research, and in
the face of RR estimates below 2.0 its possible existence, even when studies are well
performed, limits interpretability. That interpretability is even further limited when, as in
the present instance, there is strong evidence to suggest the presence of bias. The role of
selection bias and information bias is discussed below.

Selection Bias

Selection bias exists when, on the null, the cases and noncases selected for study are not
independent of the exposure of interest. In the majority of the case-control studies, the
response rates have been low, generally below 70% among the cases, and seldom much
higher among the controls (and probably lower still in those studies that recruited
controls through random digit dialing).

It is generally accepted that possible selection bias becomes a major concern when
enrollment rates in the targeted population are low. For example, among the cases, talc
use could have been markedly different among women with invasive cancer, compared to
those with tumors of low malignant potential. Specifically, it is reasonable to assume that
women who are hygiene conscious would preferentially use powders, and undergo more
frequent gynecological examinations, so that borderline tumors might be preferentially
diagnosed among powder users. For the same reason, even among women with invasive
cancer, the diagnosis might be made earlier among users than among nonusers. Thus
cases who are users could fall inside the time frame of the study, while nonusers may
only come to diagnosis after the study is completed.

The same problems are relevant to low recruitment rates among targeted controls. For
example, hygiene-conscious women would tend to use talc more frequently than non-
hygiene-conscious women. If there is a difference in the recruitment rates according to
hygiene consciousness, this could bias the results.



Perhaps the most egregious example of selection bias was the original study of Cramer et
al. (1982) that generated the hypothesis. In that study, only 45% of the eligible controls,
and 72% of the eligible cases participated. For the cases it might be argued that an
appreciable proportion had died, and that their pattern of powder use was unlikely to be
different from that of the survivors. That argument is speculative, and open to question.
Moreover, with only a 45% recruitment rate among the controls, no hypothesis was
justified in the first place, and the findings must be categorically rejected.

The only way to confidently avoid selection bias due to under-enrollment would be to
recruit 100%, or close to 100%, of all targeted cases or controls in a study base, specified
a priori. With ovarian cancer a high recruitment rate is difficult to accomplish, but
difficulty is not a criterion of causality. In the face of the poor recruitment rates in the
majority of the case control studies, it is simply not possible to claim that the associations
are unlikely to be accounted for by selection bias. It should also be noted that exactly the
same selection biases would operate in the identification of cases and noncases in a
cohort study.

Finally, possible selection bias was not adequately assessed in the published studies.
Firstly, as explained above, borderline tumors should have been excluded, since their
inclusion was much too likely to be dependent on life style factors, including the use of
talc-containing powders. Secondly, as also explained, even invasive tumors may
selectively have been included in the various studies because of earlier diagnosis among
powder users. This possibility could have been assessed, at least in part, by the
evaluation of risk stratified according to the staging of the cancer. Under causal
assumptions the association should then have been evident even among the most
advanced cases that would inevitably have come to diagnosis without any further
possibility of delay. An assessment according to stage has not been done.

Further strong evidence to support the likelihood of selection bias is that in two
successive analyses of follow-up data from the Nurses Health Study, there was no overall
association with the use of talc (Hankinson et al. 1993, Gertig et al. 2000). Follow-up
was for more than 20 years, and at most, only a few cases could have been missed during
the last year or two of follow-up.

In summary, given the multiple potential sources of selection bias present among
virtually all the studies, selection bias could readily have accounted, partially or wholly,
for the statistically significant overall relative risks of 1.9 or less that have been observed
in the various studies. Given the low recruitment rate in the original hypothesis-
generating study, even that hypothesis itself was based on unsatisfactory data. Contrary
to what has been stated by some authors, selection bias is not only possible in all the
studies that reported positive associations, but likely.



Information Bias

Information bias exists when, under the null, the recording of exposure status is not
independent of status as a case or a noncase. Following the initial hypothesis-generating
study in 1982, the possibility that talc-containing powders may increase the risk of
ovarian cancer was given extensive and repeated publicity. Thus, the strong likelihood is
that the cases would repeatedly have probed their memories (as well as have had their
memories probed for them by medical attendants) in order to remember every possible
occasion when they had used talc-containing powders. They may also have tended to
overestimate the duration or frequency of use, especially use that took place years
previously. Healthy control women, by contrast, would not have been motivated to
remember with the same intensity.

There is strong evidence in the published data to suggest that there was major information
bias. Some of that evidence has already been mentioned. Thus, the absence of an
association with diaphragms stored in talc could be explained by a lack of awareness
among the cases that the use of diaphragms could have represented exposure to talc. In
addition, the paradoxical data, in multiple studies, in which RRs were higher for short
duration than for long duration exposures, and higher for a small number of talc
applications than for a large number, also strongly support the likelihood of information
bias. Indeed, it is difficult to conceive of another explanation, and information bias is a
far more plausible explanation of the patterns that have been observed than possible
causality.

Further strong evidence to support the likelihood of information bias is that no overall
association was observed in two successive analyses of follow-up data in the Nurses
Health Study (Hankinson et al. 1993, Gertig et al. 2000). The exposures were recorded
before the cancers were diagnosed, and these data had the considerable advantage of
being free of information bias. Only one positive association was observed in this study,
a statistically significant RR of 1.4 for serous tumors. Again, however, that association
was discovered in the course of multiple comparisons.

Confounding

Confounding exists when a factor is associated both with the exposure, and
independently, with the outcome. The known risk factors for ovarian cancer include
infertility or low parity (or both), a family history of breast or ovarian cancer (BRCA1),
history of tubal ligation or hysterectomy, and probably, high socioeconomic status
(Purdie et al. 1995). Several of the published studies have not adequately allowed for
these factors. Factors such as socioeconomic status, for example, could both have been
determinants of talc use, and independently, of the risk of ovarian cancer.
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Coherence

The criterion of coherence requires that the findings should be broadly consistent with
other epidemiologic data on talc exposure, including occupational exposure. Hartge and
Stewart 1994 have evaluated the risk of ovarian cancer among persons occupationally
exposed to talc; no associations were found. Heller et al. 1996 found no difference in the
number of talc particles present in the ovaries of ovariectomized women who did and did
not regularly use talc.

Biological Plausibility

A causal inference would receive some support if there were experimental data in
animals to suggest that talc applied to the perineum travels up the female genital tract,
and then increases the incidence of ovarian cancer. Again I am not qualified to judge,
and I must defer to my colleagues in toxicology. However, my understanding is that the
only evidence to hint at any carcinogenicity is one study referred to in the Draft Report
that documented the occurrence of tumors in the rat lung and adrenal gland. There is no
evidence that talc is carcinogenic to the ovary. There is also no experimental evidence
that talc applied to the perineum even reaches the ovaries, and there are animal (monkey)
data to refute this hypothesis (Wehner et al. 1986).

CONCLUSIONS

I have reviewed the epidemiologic studies of the risk of epithelial ovarian cancer in
relation to exposure to talc. When assessed against the standard criteria of causality,
none of the positive associations satisfy any of them. All of the associations have been of
low magnitude; plausible and even likely sources of bias have not been ruled out. In
addition, the more valid studies, the follow-up studies in particular, do not suggest that
talc increases the overall risk of ovarian cancer. Subgroup associations have not been
consistent, and the analyses that have given rise to those associations were not valid.

Contrary to what is stated in the Draft Report, the published evidence does not meet the
standard required to classify talc as being reasonably anticipated to be a carcinogen.
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EXECUTIVE SUMMARY

Re: Solicitation of Public Comment to NTP Board of Scientific Counselors; Nomination of
NonAsbestiform Talc as "reasonably anticipated to be a human carcinogen in the 10™ Report on
Carcinogens."

The NTP reviewed 16 case-control studies and one cohort study that reported relative risk
estimates of ovarian cancer associated with cosmetic talc use. These studies are critically
reviewed in the Appendix. The majority of these studies were not specifically designed to test
the talc hypothesis, but included at least one question on ever having applied cosmetic talc to the
perineum. The first report on this association came from a community-based case-control study
(Cramer et al. 1982). All but three of the subsequent studies were based on a similar case-
control design, except for two hospital-based case-control studies (Rosenblatt et al. 1992, Wong
et al. 1999) and one cohort study (Gertig et al. 2000). A number of methodologic and
interpretational concerns have been raised in these studies that would mitigate against either a
causal interpretation (Muscat et al. 1998) or a “reasonably anticipated” conclusion.

These include:

1. The actual biological 'exposure’ of ovarian tissue to talc has been measured by poorly
defined proxy measures. The assumption that ovarian tissue is contaminated with talc
from perineal dusting is based on putative physiological actions including penetration of
the female reproductive tract from external talc dust, and translocation of talc particles to
the ovaries. This is supported by studies showing no relationship between cosmetic talc
burden in healthy ovarian tissue and lifelong perineal talc dusting. In contrast, the use of
talc-dusted diaphragms provides a more valid exposure measurement for testing the
hypothesis that talc burden in the ovaries of women with ovarian cancer is greater than
the talc burden in the ovaries of woman with healthy ovaries. The use of talc-dusted
diaphragms, by definition, results in female tract exposure to talc. Considering the
anatomy of the female reproductive tract, it is difficult to describe mechanisms by which
an inert particle such as talc is able to translocate to the ovaries under non-experimental
conditions. A meta-analysis of the association between talc-dusted diaphragm usage and
ovarian cancer risk resulted in a summary odds ratio of 0.79 (95% CI 0.46, 1.38).

2. Recall bias in questions on “ever versus never” using perineal talc exposure might have
resulted in spurious associations. Post-operative side effects of radiation treatment of
malignant ovaries might include perineal skin rash and irritation, leading to increased talc
use. The four case-control studies based on case interviews that were conducted in the
hospital immediately after diagnosis found little or no association with perineal talc use.
In studies with positive associations, recall bias might also have occurred due to
heightened awareness of the hypothesis in case subjects. It has not been demonstrated
that recall bias can be ruled out as an alternate explanation for positive findings.



The validity and the reliability of questions on perineal talc dusting exposure have never
been measured. The validation of exposure measures is a necessary component of proper
epidemiologic research.

In most studies, there was no trend in the odds ratios associated with increasing duration,
frequency or cumulative perineal talc exposure. In many of the studies with dose
information, the risk was lower with the highest lifetime exposures relative to the lowest
lifetime exposures. These epidemiologic findings are inconsistent with known
carcinogenic mechanisms. ’

There are conflicting findings on ovarian cancer risk associated with perineal talc
exposure in sterilized women compared to women with intact reproductive organs.

Publication bias, in the form of incomplete presentation of numerical study results, needs
to be addressed as a limitation of the epidemiologic studies being evaluated here.

¥



The following describes in greater detail the outline presented in the Executive Summary.

1. Testing the talc hypothesis using different epidemiologic measures

The presence of talc dust in ovarian cancer tissue was first reported in 1971 (Henderson et al.
1971). The observation of a high rate of ovarian cancer in World War II female gas mask
assemblers exposed to asbestos (Berry et al. 2000), a fiber with a similar chemical but not
morphologic composition to talc, helped raise the hypothesis that cosmetic talc may cause
ovarian cancer. It currently seems questionable if asbestos can induce ovarian malignancy.
Malignant mesothelioma in the peritoneal cavity, which is believed to be caused by asbestos
(Price 1997), can present as ovarian cancer. Even using modern diagnostic methods, peritoneal
mesothelioma is difficult to distinguish from ovarian masses (Clement et al. 1996, Sato et al.
2000). Asbestos fiber burden in healthy ovaries was found to correlate with reported asbestos
exposure, although comparisons with malignant tissue are unavailable (Heller et al. 1999).

Heller et al. (1996) determined talc particle counts in ovarian specimens from 24 women
undergoing oophorectomy and compared these counts to reported history of talc dusting. No
relationship was found between cosmetic talc burden in healthy ovarian tissue and lifelong
perineal talc dusting. Although the lack of an association in the Heller et al. findings could be
due to contamination or reflect nonuniform distribution of talc particles in ovarian tissue, this
recent study raises questions over whether reported associations between perineal talc exposure
and ovarian tumors in case-control studies reflects a carcinogenic action of talc. The validity of
these epidemiologic associations has also been questioned because it is unknown whether talc
dust in the perineal area can actually penetrate the female reproductive tract, and then translocate
to the ovaries against physiological forces working in the opposite direction.

Although the epidemiologic literature has focused primarily on external perineal exposure, the
talc hypothesis would appear to be tested with greater precision and validity by questions on the
use of talc-dusted diaphragms. The use of talc-dusted diaphragms, by definition, results in
female reproductive tract exposure to talc. In fact, experimental translocation of talc particles to
the ovary in women was achieved with deliberate or inadvertent manipulation of patients in the
supine position (as cited in Wehner 1998). Although data on the use of talc-dusted diaphragms
have been reported in some epidemiologic studies, this literature is sparsely referred to, and no
formal evaluation of the results has been conducted. The reasons for this probably reflect simply
that perineal talc-dusting is more common than the use of talc-dusted diaphragms and can be
examined with greater statistical precision in epidemiologic studies. If the use of talc-dusted
diaphragms occurred more commonly than perineal dusting, it is likely that the epidemiologic
literature would have focused primarily on talc-dusted diaphragms as the relevant risk factor. In
any case, it can be concluded that use of talc-dusted diaphragm results in exposure of the
reproductive tract to talc. Intuitively, the association with talc-dusted diaphragms appears to
provide a better test of the talc hypothesis.

Consequently, a meta-analysis of the association between talc-dusted diaphragm and ovarian
cancer risk was conducted (Greenland 1987). The results are shown in Tables 1 and 2 of this
document. Crude odds ratios and 95% confidence intervals were calculated based on the



exposure rates in cases and controls. In some studies, the OR was calculated but was based on
an inappropriate control group; e.g. subjects who reported no exposure to any talc. For these
studies, the OR was recalculated based on women who never used talc-dusted diaphragm as the
reference group. The summary crude odds ratio associated with use of talc-dusted diaphragm
was 0.79 (95% CI 0.46, 1.38).

Using this exposure measure, it can be concluded that there is no relationship between ovarian
cancer and talc exposure. Limitations in this conclusion include lack of any data with
cumulative exposure and possible confounding. In a meta-analysis of ten studies that examined
talc dusting and ovarian cancer risk, Gross and Berg (1995) found little difference between the
summary crude odds ratio and the summary adjusted odds ratio. Similarly, it appears unlikely
that confounding could have obscured a positive association with talc-dusted diaphragms. There
are some uncertainties in the interpretation of these findings. Diaphragms are used with
contraceptive jelly, which could affect migration of talc particles. However, the jelly is normally
applied to the rim and the surface of the diaphragm that faces the vaginal entrance. Jelly is not
normally applied to the surface of the diaphragm that faces the cervix. Cramer et al. (1982) point
out that talc-dusted diaphragms might be washed prior to their use. If this does occur, the extent
to which this impacts on the study findings depend on how these questions were asked, or
whether women volunteered to provide this information if not asked.

2. Recall bias

A pattern of small but elevated odds ratios for a particular exposure is not uncommon in
epidemiologic research. Although it might seem intuitive that consistent findings across case-
control studies could not be attributed to bias, some examples will serve to refute this notion.
For example, in a meta-analysis of 12 case-control studies of dietary fat and breast cancer, the
OR for the upper quartile of fat consumption relative to the lowest quartile was 1.46 (p<0.0001)
(Howe et al. 90). In contrast, a pooled analysis of 7 cohort studies of dietary fat intake and breast
cancer found an OR of 1.05 (95% CI 0.94-1.16) in the highest quintile relative to the lowest
quintile of fat consumption (Hunter et al. 1996). One possible explanation for the discrepancy in
the findings is recall bias in the case-control studies. Alternatively, changes in the levels of the
exposure (e.g., dietary fat consumption) might have obscured an association in the cohort
studies. In order to determine which explanation is more likely where case-control and cohort
data conlflict, it is useful to find examples in which there would not be any changes in the
exposure categorization in the cohort studies. Examples would include studies in which the
exposure is classified as ever versus never in middle age or older age adults.

One example is based on the literature of environmental tobacco smoke exposure and the risk of
breast cancer. In a meta-analysis of 5 case-control studies of ever versus no exposure, the OR
was 1.8 (95% CI 1.4-2.5). However in a pooled analysis of raw data from three cohort studies,
the relative risk was 1.1 (95% CI 0.9-1.4). (Wartenberg et al. 2000). Similarly, while the
majority of case-control studies that examined the association between having ever dusted the
perineum with talc and ovarian cancer found increased risks, no association was observed in the
Nurses Health Study (Gertig et al. 2000). The lack of an association in the Nurses Health Study
was not due to exposure misclassification since middle aged nurses in their 40’s or 50’s who
reported never using dusting powder would start using talc powder after the baseline period. By



definition, in a never versus ever classification, exposure misclassification could not occur in
cohort members who reported ever using perineal talc. An increased risk was observed in one
histologic subgroup of ovarian cases in the Nurses Health Study, a finding that requires further
study.

The above examples of conflicting findings in case-control versus cohort studies were selected
from the breast cancer literature since the methodologic issues in female breast cancer studies
might be expected to be similar to that for ovarian cancer. However, the above examples do
illustrate that recall or other forms of bias might result in spurious findings in case-control
studies even when an increased risk has been observed in multiple case-control studies.

Recall bias in case-control studies can either be nondifferential or differential. N ondifferential
recall bias occurs when the extent of bias is equal between cases and controls and results in an
attenuated association. Nondifferential bias results in an underestimation of risk, whereas
differential bias can result in a spurious association. It seems plausible that differential recall
bias occurred in the case-control studies of talc perineal dusting and ovarian cancer. It is
possible to speculate that for a cancer with few known causes and a poor prognosis, there might
be a greater interest or a greater attention paid to questions on talc powder use in cases than
controls. In these studies, the primary focus was on hormonal and reproductive risk factors. A
question or series of questions on genital talc dusting might be considered quite unusual and
striking to case subjects who are most likely unfamiliar with the hypothesis of talc dusting.
Healthy controls would not have any incentive to ponder this question. Although it is possible to
speculate on these scenarios, it is necessary to examine the epidemiologic literature to determine
the presence and extent of recall bias. For example, differential recall bias could be inferred by
comparing studies that used women with gynecologic or obstetric conditions with studies that
used population controls or hospital controls with non-gynecologic conditions. An ideal control
group would be women with ovarian cysts who might also be expected to respond to questions
on talc dusting in a similar way as cases with ovarian cancer. If studies using women with
ovarian Cysts as controls also showed an increased risk for ovarian cancer associated with talc
dusting, recall bias could be eliminated as a possible explanation. However, none of the case-
control studies of ovarian cancer used a design based on controls with reproductive diseases.

In most of the case-control studies on talc and ovarian cancer, cases were interviewed after
discharge from the hospital or were identified from cancer registries. Post-operative treatment of
ovarian cancer includes radiation to the pelvic area, which might result in skin rashes or irritation
in the perineum/genital area. It is feasible that this leads to increased talc use following
diagnosis. The increased risks observed in these studies might reflect post-diagnosis use of talc.
This is supported by the fact that in the four studies in which cases were interviewed directly in
the hospital at diagnosis, there was little or no association with overall talc use or perineal talc
use (Hartge 1983, Harlow and Weiss 1989, Rosenblatt et al. 1992, Whittemore et al. 1988). The
summary of individual studies attached to this response provides more information on case-
control methodologies. In some studies that did find positive associations, subjects were asked
about exposure prior to diagnosis. However, it is uncertain whether case subjects with a high
degree of morbidity that used talc after diagnosis would make the distinction.

3



In summary, there have been no attempts to scientifically determine whether alternative
explanations such as recall bias resulted in spurious increased risks in case-control studies of talc
and ovarian cancer. Since recall bias is a plausible alternative explanation, as has been shown in
other examples of case-control studies, the associations with talc dusting cannot be considered a
causal relationship. The burden of proof in carcinogen identification depends on the
demonstration of scientific fact and ruling out alternate explanations. There have been no
attempts to identify and rule out possible alternate explanations despite research efforts that have
been ongoing for almost two decades.

3. Validity and reliability

In many fields of epidemiologic research, especially studies with exposures that give rise to low
odds ratios, extensive validation work is done prior to using the exposure measure in case-
control or cohort studies. For example, in nutritional epidemiology, the validity of a food
frequency questionnaire (FFQ) is usually determined by comparison of responses to food diaries.
FFQs with low-validity scores are often considered too imprecise for its proper use in
epidemiology and few studies are published without demonstrating at least moderate single-order
or partial correlations with food diary data. Studies of environmental tobacco smoke and cancer
or coronary disease outcomes have been supported by studies demonstrating a high degree of
concordance between reported smoke exposure and biological markers of tobacco smoke
metabolites. Occupational studies of cancer and environmental air pollutants, water pollutants
and electromagnetic fields also commonly employ complex exposure measures using
environmental hygiene measurements.

The validity of reported exposures to genital talc powder has never been determined. There have
been no attempts to compare reported talc usage and frequency with a log maintained over a
defined amount of time (e.g., two weeks, month). It is possible to conduct validity tests on
current but not past talc usage patterns.

In the absence of validity testing, it is common to infer the validity of the exposure measurement
by repeated questionnaires. If the same response is provided on two or more separate occasions,
it suggests that the exposure measure is possibly valid, although inaccurate information can be
obtained from both readings. There have been no attempts to determine the reliability of self-
reported history of perineal talc powder use. In one study that evaluated the reliability of
questions on menstrual history, percent agreement for age at menopause and at menarche and
other variables ranged from 70-90% (Bean et al. 1980). Recollection of menstrual cycle length
was considered unreliable, and it might be suspected that questions on perineal talc dusting are to
some extent unreliable also. Indeed lifelong usage patterns are unknown, but respondents in
epidemiologic studies are forced to provide information in terms of a regular lifetime pattern.
Talc powder use might be sporadic, seasonal or change with circumstances (e.g., sexual activity,
parity).

Concerns over measurement error are done prior to the design, collection and analysis of
epidemiologic studies. Epidemiologic studies of perineal talc dusting and ovarian cancer have
been conducted over the past 18 years, yet no attempts have been made to determine the extent to



which talc usage questions measure what they purport to measure. Measurement error can have
a major impact on the results of epidemiologic studies (Kelsey et al. 1986).

4. Dose-response relationship

The fundamental aspect of carcinogenic mechanisms is that the likelihood of tumor initiation and
promotion is directly related to cumulative genetic damage and cellular insults (Wynder et al.
1992). In the studies that provide information on dose response, the ORs associated with the
intensity, duration or cumulative exposure do not generally show an increasing trend, as would
be expected in a causal association. In fact, by and large the smallest associations are seen with
the lowest levels of exposure. These findings are inconsistent with known mechanisms of
carcinogenic action. The NTP document notes that the “evidence for causality is weakened by
the absence of the exposure response trends in most studies.” A dose-response trend is a
necessary condition for inferring causality and the absence, much less an inverse trend, is
incompatible with accepted paradigms of causality. The NTP notes that this lack of a trend
might be due to “the difficulty of measuring exposures by retrospective recall.” If this is the
case, then the arguments presented in this response regarding adequate exposure definition,
validity of measurement, and recall bias would argue against a causal interpretation.

5. Tubal ligation

The NTP document noted that the association with talc dusting was apparent only in women who
never underwent tubal ligation in the study by Cramer et al. (1999). Similar findings were noted
in the Harlow et al. (1992) and Whittemore et al. (1988) studies, but not in the Gertig et al.
(2000) study.

The NTP document did not make mention that the association between after bath talc use and
ovarian cancer in the Chang and Risch (1997) study was the same for women who underwent
tubal ligation and women who did not have this procedure. In the study by Wong et al. (1999),
there was no difference in the risk of ovarian cancer associated with talc use between women
who had tubal ligation or hysterectomy (OR=0.9, 95% CI 0.4, 2.2) and those with no history
(OR=1.2,95% CI 0.8, 1.6). Although not stated in the NTP document, in the Whittemore et al.
(1988) study women who were exposed to talc prior to tubal ligation or hysterectomy had an
increased risk only for 1-9 years of exposure. The OR for 10+ years was 1.11 (0.74-1.65). In
addition, inverse trends with duration of talc exposure were found after adjustment for tubal
ligation (Ness et al. 2000).

6. Publication bias

Publication bias is the failure to report numerical negative findings. The investigation by Chang
and Risch (1997) was specifically designed to assess talc exposure and ovarian cancer risk.
However, the authors omitted from the publication findings on the association with talc-dusted
diaphragm. Similarly, Cramer et al. (1999) readily acknowledge “we did not assess potential talc
exposure from diaphragms or condoms, exposures not found to be associated with ovarian cancer
in our previous studies.” Thus, the authors specifically omitted data that would potentially refute
their hypothesis. Chen et al. (1992) found a positive association with talc dusting. Other sources
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of talc exposure were collected but odds ratios were not calculated because it was stated that
there was no association.



Summary

A number of epidemiologic studies have found small but consistent associations with ever
having dusted the perineum with talc powder or use of a talc-dusted sanitary napkin and the risk
of ovarian cancer. Some studies show a greater risk in women with tubal ligation, whereas an
equal number or more find no difference. These findings raise the hypothesis that talc use is
associated with ovarian cancer, but do not test the hypothesis. Proper epidemiologic methods
require determining the extent to which alternative explanations account for study findings.
These include bias, confounding and the accuracy of exposure measurement—methodologic
issues inherent in all epidemiologic designs. The one cohort study of talc dusting and ovarian
cancer risk found no overall association, raising the possibility of recall bias as an alternative
explanation in case-control studies. Misclassification in the cohort study is unlikely using an
“ever versus never”’ exposure measure. An increased risk in one histologic subgroup in the
cohort study adds to the uncertainty in these data. Many studies had no information on dose of
exposure, and the lack of an overall dose-response relationship in those studies with this
information argues against a causal interpretation. Indeed the inverse trend found in several
studies is incompatible with the known mechanisms of carcinogenesis.

There was no summary association between ovarian cancer and using a talc-dusted diaphragm,
an exposure measurement that perhaps has greater validity than perineal talc dusting in reflecting
ovarian exposure to talc. The overall risk fell below unity although the association was not
statistically significant. The precisions of these results were affected by publication bias in
which some studies that were designed specifically to test the talc hypothesis failed to report or
test the association with talc-dusted diaphragms.

The epidemiologic data on talc exposure are conflicting, but do not support the hypothesis that
cosmetic talc is “reasonably anticipated” to be a human carcinogen for the ovary.
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Table 1. Crude odds ratios for talc-dusted diaphragm and ovarian cancer.

Study, year Exposure (y/n) Exposure note Cases Controls Crude odds  Comfield
ratio 95% CI
1. Booth,1989 Ever 30 74
Never 178 329 0.75 0.33, 2.02
2. Cook, 1997 Ever 154 256 0.96 0.52,1.76
Never 22 35
3. Cramer, 1982 Ever 22 19 1.18 0.59, 2.35
Never 193 196
4. Harlow, 1992 Ever Diaphragmor 20 21 0.97 0.49,1.92
partner
Never 215 218
5. Harlow, 1989 Ever 11 27 0.51 0.22, 1.13
Never 105 131
6. Hartge, 1983  Ever 25 41 0.72 040,13
Never 110 130
7. Ness, 2000 Ever 10 33 0.53 0.25,1.13
Never 757 1334
8. Rosenblatt, Ever Education- 14 5 1.82 0.55, 6.34
1992 adjusted
OR=3.0
Never 60 39
9, Whittemore, Ever 9 19 1.38 0.57, 3.28
1988
Never 179 520

ol



Table 2. Meta-analysis of studies of talc-dusted diaphragm and ovarian cancer

Study, year Crude odds 95% CI  Variance Weight
ratio W)

1. Booth, 1989 0.75 0.85, 0.1754 5.70
2.02

2. Cook, 1997 0.96 0.52, 0.0978 10.22
1.76

3. Cramer, 1982 1.18 0.59, 0.1251 7.99
2.35

4, Harlow, 1992 0.97 0.49, 0.1214 8.24
1.92

5. Harlow, 1989 0.51 0.22, 0.1840 543
1.13

6. Hartge, 1983 0.72 0.40,1.3 0.0899 11.12

7. Ness, 2000 0.53 0.25, 0.1470 6.80
1.13

8. Rosenblatt, 1992 1.82 0.55, 0.3728 2.68
6.34

9. Whittemore, 1988 1.38 0.57, 0.2035 491
3.28

Z 63.09

OR 0.86 0.59,

1.40
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