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Talcum powder, chronic pelvic inflammation and NSAIDs in relation

to risk of epithelial ovarian cancer
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Chronic inflammation has been proposed as the possible causal
mechanism that explains the observed association between certain
risk factors, such as the use of talcum powder (talc) in the pelvic
region and epithelial ovarian cancer. To address this issue we eval-
uated the potential role of chronic local ovarian inflammation in
the development of the major subtypes of epithelial ovarian can-
cer. Factors potentially linked to ovarian inflammation were
examined in an Australia-wide case—control study comprising
1,576 women with invasive and low malignant potential (LMP)
ovarian tumours and 1,509 population-based controls. We con-
firmed a statistically significant increase in ovarian cancer risk
associated with use of talc in the pelvic region (adjusted odds ratio
1.17, 95% CI: 1.01-1.36) that was strongest for the serous and
endometrioid subtypes although the latter was not statistically sig-
nificant (adjusted odds ratios 1.21, 95% CI 1.03-1.44 and 1.18,
95% CI 0.81-1.70, respectively). Other factors potentially associ-
ated with ovarian inflammation (pelvic inflammatory disease,
human papilloma virus infection and mumps) were not associated
with risk but, like others, we found an increased risk of endome-
trioid and clear cell ovarian cancer only among women with a his-
tory of endometriosis. Regular use of aspirin and other nonsteroi-
dal anti-inflammatory drugs was inversely associated with risk of
LMP mucinous ovarian tumours only. We conclude that on bal-
ance chronic inflammation does not play a major role in the devel-
opment of ovarian cancer.

© 2007 Wiley-Liss, Inc.

Chronic inflammation (hereafter referred to as inflammation)
was first invoked as a possible mechanism leading to the develop-
ment of epithelial ovarian cancer to explain observed associations
between certain factors, such as use of talcum powder in the peri-
neal region or pelvic inflammatory disease (PID) and risk of ovar-
ian cancer.! The major mechanisms thought to underlie ovarian
carcinogenesis, namely increased pituitary gonadotropins or inces-
sant ovulation, do not explain such associations.

A link between inflammation and cancer in general has long
been recognized. As early as 1863, Virchow noticed the presence
of leukocytes in cancer tissues and sug;ested a possible connec-
tion between inflammation and cancer.” Since inflammation also
represents the process by which the immune system responds to
infection or irritation, however, it has been referred to as a ‘dou-
ble-edged sword’ with acute (beneficial) inflammation distin-
guished from the chronic (detrimental) inflammation that may
prevent a robust anti-tumour response.’

Indeed the most consistent evidence linking inflammation with
ovarian cancer comes from the many reports that use of talc in the
perineal region increases ovarian cancer risk.* It has been sug-
gested that the association between talc use and ovarian cancer is
strongest for serous tumours when compared to other less common

subtypes.*®7 This would be consistent with the histological simi-
larities observed between serous ovarian cancer and mesothe-
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chemical properties of talcum powder and asbestos. Testing vari-
ous factors that are possibly related to ovarian inflammation in a
case—control study, Ness et al.® found that perineal talc use and
endometriosis, defined as the presence of endometrial tissue out-
side the uterus and associated with localised inflammation at the
site of endometriotic implants, were positively associated with
ovarian cancer risk. However, they saw no association with PID,
which they had also expected to be associated with increased
risk.® Extending these epidemiological analyses, McSorley et al.’
recently found significantly higher circulating C-reactive protein
(CRP) levels, a marker of systemic chronic inflammation, among
167 women with incident ovarian cancer risk in a multicentre
nested case—control study.

The potential role of ovarian inflammation in the development
of ovarian cancer remains an open question. The aim of the cur-
rent study was to further examine the role of local chronic inflam-
mation in the development of epithelial ovarian cancer overall and
by histologic subtype. In addition to talcum powder use, we exam-
ined medical conditions that cause inflammation in the pelvic
region, including endometriosis and PID, and we also tested the
hypothesis that if inflammation causes ovarian cancer then regular
use of anti-inflammatory drugs should be inversely associated
with this disease.

Material and methods
Study design

The Australian Ovarian Cancer Study is an Australia-wide pop-
ulation-based case—control study of epithelial ovarian cancer. It
includes incident cases of invasive and low malignant potential
(LMP) ovarian cancer diagnosed in women (aged 18-79 years)
between January 2002 and June 2005. A total of 3,553 women
were identified with suspected ovarian cancer. Of these, 304 died
before contact could be made, physicians refused to give consent
to contact 133, usually because they were too sick or unable to
give informed consent and 194 women could not be contacted. A
further 167 (5%) were excluded on the basis of language difficul-
ties (70), mental incapacity (33) and illness (64). The remaining
2,755 women were invited to participate and, of these, 2,319 (84%
of those approached) agreed to take part.

Two researchers independently abstracted information on
tumour site, histological subtype and tumour behaviour (invasive
vs. LMP) from the diagnostic histopathology reports and discrep-
ancies were resolved by consensus. For a sample of 87 women,
the pathology reports and full set of diagnostic slides were
reviewed by a gynaecologic pathologist and the agreement with
the original abstracted data was more than 97% for tumour site,
behaviour and subtype. After histopathology review, 624 women
were excluded because they were found to have nonepithelial,
nonovarian or benign tumours and 10 because their cancer was
first diagnosed before the start of the study period. Of the final
1,685 eligible participants with invasive or LMP cancers of the
ovary, peritoneum or fallopian tube, 1,576 (94%) returned a ques-
tionnaire and comprised the case population in the current study.
Separate analyses were also carried out for the 994 serous, 191
mucinous, 141 endometrioid and 88 clear cell tumours (the
remaining 162 tumours were of other epithelial or mixed sub-
types).

Potential control participants were identified from the Austra-
lian Electoral Roll (all citizens are required by law to enrol). Con-
trols were frequency-matched to the entire case series based on
age (5-year groups) and state of residence. In all, 3,600 women
were contacted. Of these, 158 were ineligible because of language
difficulties (n = 97) or illness (n = 61) and 16 were unable to be
contacted a second time. Of the 3,426 eligible women, 1,612
(47%) agreed to participate and returned a questionnaire. From
these women, 6 were excluded because they reported a previous
ovarian cancer and 97 because of a previous bilateral oophorec-
tomy resulting in a total of 1,509 controls for study.

Study participants filled in a comprehensive health and lifestyle
questionnaire, which included questions about their personal
details, physical characteristics, family history, medical and surgi-
cal history, lifestyle habits and reproductive factors. To determine
use of talcum powder in the perineal region, participants were
asked whether they had ever used powder or talc in the genital
area or on underwear or sanitary pads/diaphragm. They were
asked their age at first use and years of talc use in these areas. Du-
ration of talcum powder use prior to and after hysterectomy/tubal
ligation was calculated and in all analyses perineal talc use was
defined as use occurring while the reproductive tract was patent
(i.e., prior to hysterectomy/tubal ligation for those women who
had undergone gynaecological surgery). Information on talc use
under the arms or on the chest or abdomen was also collected.

To measure use of nonprescription anti-inflammatory medica-
tions, participants were given examples of the type of medication
(e.g., aspirin) followed by a list of the common generic and brand
names. To quantify the frequency of use, participants were asked
how often they had taken various medications over the past 5
years (ranging from never to as much as twice or more per day).
The current analyses were restricted to medications known to sup-
press inflammation namely aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs). Participants were also asked
whether they had ever had any of a number of specific medical
conditions and, if so, the ages at which these were diagnosed.

Ethics approval was received from the Human Research Ethics
Committees at the Queensland Institute of Medical Research,
Peter MacCallum Cancer Centre, University of Melbourne, all
participating hospitals and cancer registries.

Statistical analysis

Risk estimates were calculated as odds ratios (OR) with 95%
confidence intervals (CI). y>-Squared tests were used to test for
differences in patient characteristics (e.g., age, level of education).
All significance tests were 2-sided and a p-value of less than 0.05
was taken as significant. Unconditional multiple logistic regres-
sion models were constructed to simultaneously adjust for con-
founding factors.

Exposures to factors of interest occurring in the 12 months prior
to diagnosis for cases (or 12 months prior to first contact for con-
trols) were excluded because the aetiological influence of very
recent exposures on incident ovarian cancer is likely to be minimal
and, in cases, recent behaviours may reflect the presence of sub-
clinical disease. All models were adjusted for the categorical vari-
ables of age in 10-year groups (<50, 50-59, 60-69, >70), highest
level of education, parity (number of pregnancies >6 months)
and duration of contraceptive use (including oral contraceptive
pills and contraceptive injections). Analyses of endometriosis and
potential symptoms of endometriosis (painful or long periods)
were also adjusted for the categorical variable of body mass index
(BMQ 1 year prior to diagnosis/recruitment (<24.9, 25-29.9, >30
kg/m"~). Other potential confounders that were considered for all
analyses but not included in the final models since they did not
substantially alter risk estimates were: income, family history of
ovarian or breast cancer, hysterectomy and/or tubal ligation and
smoking.

All analyses were performed using the SAS system V 9.1 (SAS
Institute, Cary, NC). Tests for linear trend were performed using
the maximum likelihood test with the categorical variable of inter-
est entered as a continuous term.

Results

The final study population included 1,576 women with epithe-
lial ovarian cancer (invasive and LMP) and 1,509 controls. Cases
were significantly older than controls (mean age cases = 57.8,
mean age controls = 56.42, p = 0.001) and were less likely to
have continued their education beyond high school (Table I). As
expected, cases were significantly more likely to be nulliparous
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TABLE I - DESCRIPTIVE CHARACTERISTICS OF 1,576 WOMEN WITH
EPITHELIAL OVARIAN CANCER AND 1,509 RANDOMLY SELECTED
POPULATION-BASED CONTROLS

Controls’ Cases'
Variable (N = 1,509) (N = 1,576) p-Value
N (%) N (%)
Highest level of education
High school 735 (49) 851 (54) 0.02*
Technical college/ 550 (37) 502 (32)
trade certificate
University 218 (15) 214 (14)
Number pregnancies (6 months)
Nulliparous 181 (12) 208(19)  <0.0001°
1-2 644 (43) 647 (41)
>3 684 (45) 628 (40)
Ever used oral contraceptives
No 330 (22) 505 (32) <0.00013
<5 years 361 (24) 432 (28)
>5 years 811 (54) 619 (40)
Previous tubal ligation 406 (27) 355 (23) 0.00032
Previous hysterectomy 289 (19) 364 (23) 0.05%
Mother/sister with 195 (13) 273 (19) 0.0022
ovarian or

breast cancer

"Numbers may not sum to total because of missing data.—>y>-square
test for heterogeneity, adjusted for age group (10 year catego-
ries).—>y2-square test for trend, adjusted for age group (10 year catego-
ries).

and to report a mother or sister with ovarian or breast cancer.
Cases were less likely to have used oral contraceptives or to report
a previous tubal ligation. Unexpectedly, cases were somewhat
more likely to report a prior hysterectomy (Table I).

Ever use of talc in the perineal region (among women with pat-
ent fallopian tubes) was associated with a significant increase in
risk of all types of epithelial ovarian cancer combined (adjusted
OR = 1.17, 95% CI: 1.01-1.36) (Table II). Analysis by histologi-
cal subtype showed that the increase in risk was strongest for se-
rous and endometrioid tumours although it was only statistically
significant for serous tumours (adjusted OR = 1.21, 95% CL
1.03-1.44 and 1.18, 95% CI 0.81-1.70, respectively). This
increased risk was seen for both invasive and LMP serous tumours
(data not shown), although the association with LMP tumours was
not statistically significant because of the smaller numbers. There
was no clear trend of increasing risk with longer duration of use,
although tests for trend were of borderline statistical significance
for all cancers and the serous subgroup (p = 0.02 for both). When
we considered invasive and LMP tumours separately, a modest
but statistically significant increase in risk of invasive serous
tumours was observed in the highest category of use (over 25
years, adjusted OR = 1.35, 95% CI: 1.06-1.72), whereas little or
no increased risk was observed with less than 25 years of use. For
serous LMP tumours, a modest increase in risk was observed only
in the lowest duration of use category (upto 10 years, adjusted OR
= 1.71, 95% CI: 1.07-2.73) with no association for over 10 years
of use.

Increased risk of ovarian cancer was specifically related to talc
use in the pelvic region as talc use on other body sites showed no
association (OR = 1.01, 95% CI: 0.84-1.20). In contrast to the
elevated risk of ovarian cancer observed with perineal talc use
prior to hysterectomy and/or tubal ligation, talc use after such sur-
gery showed no association with serous ovarian cancer risk,
regardless of duration (Table II).

Prior to 1976, talcum powder was often contaminated with
asbestos fibres.!%!! To assess whether the association between use
of talc and ovarian cancer risk varied over time we evaluated this
separately for different age groups. Our assumption was that use
of talcum powder among older women would largely have been
prior to 1976 (when voluntary guidelines to prevent asbestos con-
tamination of talcum powder were adopted) whereas a greater pro-

OVARIAN CANCER

TABLE I - ASSOCIATION BETWEEN PERINEAL TALCUM POWDER USE (SEPARATING THE EFFECTS OF USE PRIOR TO AND AFTER HYSTERECTOMY AND/OR TUBAL LIGATION) AND RISK OF EPITHELIAL
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genital tract was unobstructed (i.e., prior to hysterectomy).
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portion of use in younger women would have been after that date.
Significantly elevated risks of ovarian cancer overall and for the
serous subtype were seen in women who were 70 years of age or
older and also among those who were less than 50 for the serous
subtype only. A modest increase in risk was also observed in the
50-59 year group (nonsignificant) however no association was
observed in the 60-69 year age group. Similar results were
observed when invasive tumours were examined separately (the
number of LMP tumours was too small to evaluate the effects by
age).

Table III shows no significant association was observed
between PID and risk of all subtypes of ovarian cancer combined
(OR = 1.15,95% CI: 0.85-1.57), or for the different histological
subtypes. When we examined the association relative to the time
elapsed since diagnosis of PID, no association with ovarian cancer
risk was observed (data not shown).

A reported history of genital herpes was not associated with risk
of all subtypes of ovarian cancer combined (OR = 1.17, 95% CI:
0.73-1.87). However, a significant positive association was seen
with risk of serous tumours (OR = 1.65, 95% CI: 1.01-2.69;
Table II), with similar nonsignificant increases observed for
both invasive (OR == 1.65, 95% CI: 0.98-2.78) and LMP serous
tumours (OR = 1.76, 95% CI: 0.71-4.34). For serous tumours,
similar increased risks were seen for both more recent (less than
20 years) and long-term (over 20 years) infection (data not
shown).

Neither HPV infection, based on self-reported history of abnor-
mal pap smears and/or genital warts, nor a history of mumps after
the age of puberty were associated with risk of ovarian cancer
overall (Table III). There was also no association with mumps
when we considered infection at any age (OR = 0.95, 95% CI:
0.81-1.12). There was however a suggestion that HPV infection
was associated with a slightly increased risk of the endometrioid
subtype (OR = 1.58, 95% CI: 1.03-2.44). Analyses considering
time since the condition was first reported did not alter these
results.

We found no significant association between a reported history
of endometriosis and ovarian cancer risk overall (OR = 1.31, 95%
CI: 0.97-1.78). However statistically significant increased risks
were seen for the endometrioid and clear cell subtypes (OR =
1.85, CI: 1.02-3.38 and OR = 2.66, CI: 1.31-5.44, respectively).
Because endometriosis may go undiagnosed, we also considered a
reported history of potential symptoms of endometriosis (long or
painful periods) however neither was associated with ovarian can-
cer risk (Table HI). Similar results were noted when the analysis
was restricted to women who had not used hormonal contracep-
tives. As with other medical conditions, risk estimates did not
vary with time elapsed since endometriosis was first reported.

For comparison with inflammation believed to occur in close
proximity to the ovaries, medical conditions associated with
inflammation at other body sites were also examined (including
gall stones, inflammatory bowel disease, diverticulitis, oesophagi-
tis, gastritis and pancreatitis). None of these conditions was associ-
ated with ovarian cancer risk (data not shown).

To assess whether regular use of anti-inflammatory medications
was inversely associated with ovarian cancer risk, use of aspirin
and NSAIDs in the 5 years prior to study recruitment was exam-
ined. Any use of aspirin was not associated with ovarian cancer
risk for all subtypes combined (OR for any vs. no use = 1.06,
95% CI: 0.92-1.23; Table IV) or for any of the individual sub-
types. Ever use of NSAID:s in the last 5 years also had no effect on
risk of all subtypes of ovarian cancer (OR = 0.88, 95% CI: 0.76—
1.02). However, risk of mucinous tumours was inversely associ-
ated with any use of NSAIDs (OR = 0.69, 95% CI: 0.50-0.94)
and a further decrease in risk was observed with more frequent
use (p-value trend = 0.01). Separate analyses of invasive (n = 44)
and LMP (n = 147) mucinous tumours demonstrated that the
observed inverse association was driven entirely by LMP tumours
(OR for any vs. no use = 0.59, 95% CI: 0.41-0.84, compared to

= 88)

N
(95% CD
0.87 (0.30-2.49)
0.74 (0.10-5.63)
3 (0.24-2.83)
4 (0.65-2.00)

1.0
0.72 (0.36-1.47)

0.81 (0.35-1.92)
2.66 (1.31-5.44)

Clear cell
OR?
1.0
1.26 (0.62-2.53)
0.8
1.0
1.13 (0.59-2.15)
1.14(

1.0
1.0
1.0
1.0

Endometrioid (N = 141)
OR? (95% CT)
1.29 (0.66-2.52)
0.32 (0.04-2.37)
1.58 (1.03-2.44)
0.97 (0.50-1.87)
5 (1.02-3.38)
1.23 (0.71-2.12)
0.72 (0.27-1.85)
1.0
1.07 (0.65-1.75)
1.12 (0.72-1.73)

1.0
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1.0
1.8
1.0

191)

W=
(95% CD

OR?
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0.40 (0.09-1.71)
0.98 (0.66-1.45)
0.78 (0.40-1.49)
0.89 (0.46-1.75)
0.70 (0.40-1.22)
0.78 (0.34-1.78)

2(0.77-1.64)

1.0
0.95 (0.61-1.47)
1.1

Mucinous
1.0
1.0
1.0
1.0
1.0
1.0

994)

.81-1.36)

.55-1.23)
.83-1.31)

.96—-1.43)

g |

o ~
o288 o
——0 —

OR? (95% CI)
0.96 (0.66-1.38)
1.0
1.65 (1.01-2.69)
0.92 (0.74-1.15)

1.0
1.06 (0.79-1.42)

Serous (¥
1.14 (0.80-1.62)

1.0
1.0
1.0

1

"Numbers may not sum to total because of missing data.—*Adjusted for age, education, parity and oral contraceptive pill use.~>Additionally adjusted for body mass index one year prior to diagnosis.
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All cases (N = 1,576)
OR? (95% CI)

1.0

1.15 (0.85-1.57)
1.0

1.17 (0.73-1.87)
0.94 (0.78-1.15)
0.96 (0.73-1.25)
1.31 (0.97-1.78)

1.0
1.0
1.0

23)
273 (19)
508 (75)
164 (25)
192 (14)
62 (4)
711 (49)
301 (20)
452 (31)

All cases’
N (%)

124 (8)
1,173 (82)

1,460 (93)
103 (7)
1,425 (97)
1,197 (81)
1,431 (92)

Controls'
N (%)
84 (6)

1,420 (98)
35(2)
1,148 (78)

317 (22)

496 (76)

160 (24)

1,413 (94)
87 (6)
1,174 (82)

188 (13)
75 (5)

760 (52)

290 (20)

404 (28)

1,406 (94)

3
3

TABLE 1I - ASSOCIATION BETWEEN SELF-REPORTED MEDICAL CONDITIONS POTENTIALLY ASSOCIATED WITH INFLAMMATION OF THE OVARIES AND RISK OF EPITHELIAL OVARIAN CANCER

Never
Ever
HPYV infection
Never
Ever
Never
Ever (postpubertal)
Never
Ever
Never/rarely
Often
Always
Painful periods
Never/rarely
Sometimes
Often

Never
Ever
Long periods® (>7 days)

PID

Genital herpes
Mumps
Endometriosis
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TABLE 1V ~ ASSOCIATION BETWEEN ANTI-INFLAMMATORY MEDICATION USE IN THE PAST 5 YEARS AND RISK OF EPITHELIAL OVARIAN CANCER

Controls! All cases'  All cases (N = 1,576) Serous (N = 994) Mucinous (N = 191) Endometnord (N=141) Clear cell (N 88)
N (%) N (%) OR?(95% CI) OR? (95% CI) OR? (95% CI) OR? (95% CD R” (95% CI)
Aspirin
Never 772 (51) 783(50) 1.0 1.0 1.0 1.0 1.0
Ever 730 (49) 781(49) 1.06(0.92-1.23) 1.06(0.90-1.25) 0.99(0.72-1.35) 0.92 (0.64-1.32) 0.92 (0.58-1.45)
<1/week 612 (41) 650(41) 1.06(0.91-1.23) 1.05(0.88-1.25) 0.98 (0.71-1.36) 0.98 (0.68-1.43) 0.95 (0.59-1.54)
>2/week 118(8) 131(8) 1.06(0.80-1.41) 1.11(0.81-1.51) 1.02(0.52-2.03) 0.56 (0.23-1.34) 0.75 (0.30-1.89)
p-Value (trend) 05 04 0.99 04 0.6
NSAIDs
Never 625(42) 723(46) 1.0 1.0 1.0 1.0 1.0
Ever 878 (58) 836(54) 0.88(0.76-1.02) 0.93(0.78-1.10) 0.69 (0.50-0.94) 0.76 (0.53-1.09) 0.92 (0.58-145)
<1/week 653 (43) 625(40) 0.90 (0.76-1.05) 0.94 (0.78-1.12) 0.73 (0.53-1.02) 0.73 (0.50~-1.09) 0.97 (0.59-1.60)
>2/week 225(15) 211(14) 0.83 (0.66-1.04) 0.90(0.70-1.16) 0.51(0.28-0.93) 0.84 (0.49-1.44) 0.79 (0.39-1.58)
p-Value (trend) 0.1 0.3 0.01 0.3 0.6

!Numbers may not sum to total because of missing data.—*Adjusted for age, education, parity and oral contraceptive pill use.

1.17, 95% CI 0.62-2.21 for invasive mucinous tumours). There
was also a dose-response relationship for LMP mucinous tumours
(OR for 2 or more pills per week vs. no use = 0.46, 95% CI: 0.23-
0.91, p-value trend = 0.01).

Discussion

The hypothesis that chronic inflammation may lead to the de-
velopment of epithelial ovarian cancer was first proposed to
explain how certain factors, such as talc use in the perineal region
may be linked to increased risk of developing ovarian cancer.
Testing the inflammation hypothesis in a case—control study, Ness
et al. found that proinflammatory factors, such as perineal talc use
and endometriosis increased ovarian cancer risk, but others such
as PID did not significantly increase ovarian cancer risk (separate
analyses of 1nd1v1dual histological subtypes of ovarian cancer
were not presented).® Consistent with this hypothesrs, McSorley
et al® recently reported a trend of increasing ovarian cancer risk
with increasing levels of CRP, a marker of inflammation. How-
ever, given the lack of specificity of CRP and its association with
prevalent chronic conditions, such as ischaemic heart disease, 25
is difficult to rule out confounding as an alternate explanation for
these results.” Until the present study, no other eprdemlologrcal
studies appear to have tested the hypothesis that ovarian inflam-
mation is associated with ovarian cancer risk. In the current study,
a significantly elevated risk of ovarian cancer overall and of the
serous subtype associated with perineal talc use was identified. A
nonsignificant increase in risk was also seen for endometrioid
tumours. Other factors that could potentially cause ovarian inflam-
mation (such as PID, HPV infection, mumps and endometriosis)
were hot associated with ovarian cancer risk overall, however
there was some evidence of a positive association with some of
these factors in the subtype specific analyses. These results in
combination with previous studies suggest that chronic inflamma-
tion is unlikely to play a major role in the development of ovarian
cancer.

Focusing on talc use, we found that any use of perineal talc was
associated with a small but significantly increased risk of ovarian
cancer overall and specifically amongst the invasive and LMP
serous tumours although no clear dose-response with increasing
duration of use was identified. Thrs finding is consistent with
results of previous studies,*57-'013.1

As expected, ovarian cancer risk was only related to talc use in
women with no surgical closure of the fallopian tubes or those
who had used talc presurgery, with no association seen for talc use
after tubal sterilisation or hysterectomy. Similar observations were
made in previous case—control studies of ovarian cancer (all sub-
types) with elevated risks observed in women who had not had a
tubal ligation*'# or those who had used talc presurgery.'® These
former studies together with the current findings support the hy-
pothesis that talc particles are transported to the ovaries via unob-

structed fallopian tubes. In contrast, the Nurses’ Health study
found no increase in risk among women who were perineal talc
users but had never had a tubal ligation.

While it has been demonstrated experimentally that talc par-
ticles can reach the ovaries in humans and rodents as the result of
talc use in the pelvic region, 15-17 gvarian talc particle burden in
normal human ovaries is not correlated with reported exposure
levels."” This suggests that use of only a small amount of talc may
be required for some talc to reach the ovaries and increase risk of
cancer.

It has been hypothesised that talc is linked to ovarian cancer de-
velopment through inflammation, however evidence linking an
inflammatory response with talc contamination of the ovaries is
lacking. Talc-induced inflammation is unlikely to be in the forma-
tion of 9gra.nulomas as these are rarely observed in human ova-
ries."®'® Other likely manifestations of talc-induced inflammation
include reduced fibrinolysis, activation of neutrophils and macro-
phages and increased production of cytokines and growth factors,
and these have been suggested to occur in the perrtoneum in
response to contamination by surgical glove powder.” Rrgorous
investigation of the precise biological response of the ovarian sur-
face epithelium to perineal talc use is needed.

We also sought to determine whether possible contamination of
talc with asbestos fibres, which are known to cause inflammation
of epithelial tissues, could explain the observed link between peri-
neal talc use and serous ovarian cancer. Voluntary guidelines to
prevent asbestos contamination of cosmetic talc were introduced
in 1976 and consequent}]y earlier formulations were more likely to
contain asbestos fibres.'%!! Increased risk of serous ovarian cancer
was not restricted to perineal talc use in the oldest age groups,
who were more likely to have been exposed to asbestos-contami-
nated talc, but was also observed in the youngest (less than 50
years) and the 50-59 year old age group. Other studies have also
reported no increase in risk of all subtypes of ovarian cancer asso-
ciated with talc use before 1970'2 or before 1975.!* These  findings
contrast with 2 other reports of increased risk of serous’ and all
subtypes of epithelial ovarian cancer'® associated with earlier use
of talc.

If inflammation plays a role in the aetiology of ovarian cancer
then it would be expected that PID would be associated with
increased risk of ovarian cancer. PID was not associated with ele-
vated risk of ovarian tumours in our data, confirming several pre-
vious reports of no association with PID in studies of all subtypes
of ovarian cancer.®2"?2 To date there has been only one report of

sr%mﬁcant positive association between PID and ovarian can-

Genital herpes infection was associated with a nonsignifi-
cant increased risk of invasive serous cancer in our data, although
this observation was based on a small number of exposed cases
(n = 27). One previous study found no assoctation between geni-
tal herpes and ovanan cancer risk (the number of exposed cases
was not reported).® Latent infection by herpes virus is established
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in the nerve root ganglia and it is associated with a vanety of
initial and recurrent symptoms such as genital ulceration.?* Tt is
biologically plausible that inflammation associated with genital
herpes infection could increase risk of ovarian cancer as Herpes
simplex virus type 2 has been detected in the upper genital tract of
women with acute PID*>?% and acute salpingitis.”’ Further studies
are needed to confirm this association.

HPV infection (based on reports of abnormal pap smears and/
or genital warts) showed no association with ovarian cancer
risk, except for the endometrioid subtype. We hypothesised that
HPV infection could potentially cause ovarian inflammation as
HPV DNA has been identified in the ovaries of patlents with
primary ovarian squamous intraepithelial neoplasia®®?® and in
the upper genital tract of patients with cervical squamous carci-
noma.” In addition, high-risk HPV DNA has been reported in
10% of ovarian epithelial carcinomas.' Abnormal pap smears
and genital warts are generally associated with HPV genotypes
classified as high-risk and low-risk, respectively, in regards to
their association with carcinogenic transformation.”* However,
separate analyses also showed no association with ovarian can-
cer risk.

Mumps infection (either after puberty or at any age) was not
associated with ovarian cancer risk. It has been estimated that
some 5% of postpubertal mumps cases are associated with clini-
cally apparent oophoritis, which in severe cases could result in
infertility caused by nonfunctional ovarian tissue.> We were
unable to identify these particular cases in the current analysis and
therefore further study is needed to examine the association
between mumps oophoritis and ovarian cancer.

While endometriosis is a condition associated with localised
inflammation, it is also related to changes in hormone levels
(increased oestrogen unopposed by progesterone) at the site of
endometriotic implants.>* Despite this, endometriosis or potential
symptoms of endometriosis (long or painful periods) were not
associated with ovarian cancer risk overall, but there was an
increased risk of endometrioid and clear cell subtypes among
women who reported a history of endometriosis. This result was
anticipated because current epidemiological evidence suggests
that endometriosis is most strongly associated with the endome-
trioid and clear cell subtypes of ovarian cancer.>>3¢

Finally, if inflammation did promote epithelial ovarian cancer
development, then it may be reasonably expected that regular use
of anti-inflammatory medications would reduce risk. However, no
overall association with ovarian cancer risk was observed in the
current study. This supports results from 2 recent meta-analyses,
which have also not shown that regular use of anti-inflammatory
medications (aspirin or other NSAIDs) reduces ovarian cancer
risk. 338 Of interest however was the apparent inverse association
between NSAID use and the mucinous subtype, which was
entirely driven by the LMP group. We know from other epidemio-
logical studies that the aetiology of mucinous tumours differs in a
number of ways from the other subtypes of ovarian cancer, so
NSAID use may be another factor to add to this list. However, this
result awaits confirmation by others.
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Strengths of our study included its large size (1,576 women
with ovarian cancer and 1,509 population-based controls) and
Australia-wide coverage. A limitation was the low response rate
for controls (47%), which could have resulted in selection bias
and possibly led to an over-representation of healthy subjects
among the controls. Indeed our hysterectomy rate among controls
was ~5% lower than expected, but as there are no obvious links
between hysterectomy and inflammation that we have not consid-
ered, we do not believe that these small differences would have
affected the present results. A healthy control bias would most
likely influence the analyses of medical conditions, specifically
sexually transmitted infections (STIs). For example, if participat-
ing controls were less likely to have had an STI this could bias
risk estimates for STIs upwards. While we saw a positive associa-
tion between herpes infection and ovarian cancer risk, there was
no association with other STIs suggesting that our ORs are not
systematically biased. Overall, a small number of participants
reported STIs and it is possible that STIs were underreported
because of possible asymptomatic infection or because of the neg-
ative connotations associated with having an STI. It is also possi-
ble that controls would be more likely to underreport STIs than
cases therefore potentially biasing the risk estimates upwards.
Another general limitation was that analyses of medical conditions
were based entirely on self-reported medical history and as a result
the accuracy of these reports could not be confirmed, although
self-reports of these miscellaneous conditions are unlikely to be
influenced greatly by case/control status.

In summary, most factors that could potentially cause ovarian
inflammation (such as PID, HPV infection, and postpubertal mumps)
were not associated with a significant elevation in ovarian cancer risk
in our study. In addition, the expected corollary, an inverse associa-
tion with regular use of anti-inflammatory medications, was not
observed. While some subtype-specific associations were observed,
these were not strong and showed no coherent pattern of association
within or across subtypes, aside from the well-recognised increase in
risk of endometrioid and clear cell cancers among women with endo-
metriosis. The elevation in ovarian cancer risk associated with use of
talc in the perineal region that we and others have observed has been
regarded as the main evidence supporting an inflammatory mecha-
nism in the development of epithelial ovarian cancer. However, ex-
perimental evidence that perineal talc use elicits an inflammatory
response in the ovaries is lacking and overall we conclude that
chronic inflammation does not play a major role in the development
of ovarian cancer.
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