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Abstract

Background—Chronic inflammation has been proposed as a risk factor for ovarian cancer.
Some data suggest that anti-inflammatory medications may be protective against ovarian cancer;
however, results have been inconsistent.

Methods—We evaluated the risk of epithelial ovarian cancer with regular use of NSAIDs
prospectively in the NIH-AARP Diet and Health Study, using Cox proportional hazard models.
We also examined the risk of common subtypes of epithelial ovarian cancer (serous, mucinous,
endometrioid, clear cell and other epithelial) with regular use of NSAIDs. In addition, we
performed meta-analyses summarizing the risk of ovarian cancer with “regular use” of NSAIDs in
previously published studies.

Results—We did not observe a significant association between regular use of NSAIDs with
ovarian cancer risk in the AARP cohort (aspirin: RR 1.06, 95% CI 0.87-1.29; non-aspirin
NSAIDs: RR 0.93, 95% CI 0.74-1.15); however summary estimates from prospective cohort
studies demonstrated that use of non-aspirin NSAIDs may reduce the risk of ovarian cancer (RR
0.88, 95% C1 0.77-1.01). Although not significant, we found that mucinous tumors were inversely
associated with non-aspirin NSAID use (RR 0.69, 95% CI 0.23-2.10) in the AARP cohort, which
was supported by the meta-analysis (RR 0.69, Cl 0.50-0.94.)

*[tel: +1-301-4353975; fax: +1-301-4020916; wentzenn@mail.nih.gov].
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Conclusion—Although results from the NIH-AARP cohort study were not statistically
significant, our meta-analysis suggests that non-aspirin NSAIDs may be protective against ovarian
cancer. Additional analyses, focusing on dose, duration, and frequency of NSAID use and
accounting for ovarian cancer heterogeneity are necessary to further elucidate the association
between NSAID use and ovarian cancer risk.
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Introduction

Ovarian cancer is the tenth leading incident cancer in women in the United States. It has a
higher annual mortality rate than any other gynecologic malignancy, accounting for more
than 15,000 deaths per year [1]. Possible mechanisms of carcinogenesis which have been
proposed include the incessant ovulation, gonadotropin, hormonal, and inflammation
hypotheses; however, the etiology of ovarian cancer is poorly understood [2] and prevention
strategies are limited. In 1999, Ness and Cottreau hypothesized that inflammation of the
ovarian epithelium induced by ovulatory events and other ovarian cancer risk factors is a
potential causal factor for ovarian tumors, whereby repeated inflammation events resulting
in cell damage and oxidative stress can trigger mutagenesis [3].

Tzonou, et al [4] analyzed the role of unspecified analgesics, among other risk factors, as an
ovarian cancer risk factor in a hospital-based case-control study in Greece over two decades
ago. The findings from this analysis suggested that analgesics were inversely associated with
ovarian cancer. Cramer, et al [5] revisited this topic in a case-control study based in
Massachusetts and New Hampshire five years later and did not identify an association
between ibuprofen use and ovarian cancer risk; however, this analysis revealed a non-
significant inverse association with aspirin use, and a strong inverse association with
acetaminophen use. Since then, the association between ovarian cancer and non-steroidal
anti-inflammatory drug (NSAID) use and acetaminophen use has been studied in many case-
control [6-15] and cohort [16-21] studies with inconclusive results.

In 2005, Bonovas, et al [22] provided a meta-analytic summary describing the association
between NSAID use and ovarian cancer risk based on 10 studies; following this, in 2006,
Bonovas, et al [23] published a similar meta-analytic summary describing the association
between acetaminophen use and ovarian cancer risk based on 8 studies. These analyses did
not show a significant association between the use of NSAIDs and ovarian cancer; however,
relevant findings from at least five additional case-control studies [10,12,13,15,14], two
cohort studies [20,21] and one clinical trial [24] have been published, with heterogeneous
results.

To further assess the association between NSAID use and ovarian cancer risk, we examined
the associations of regular aspirin and non-aspirin NSAID use with ovarian cancer risk in
the large prospective NIH-AARP Diet and Health Study, including a large case series with
detailed histologic classification of tumors allowing for examination of associations within
histologic subtypes. To our knowledge, our study includes the second largest case series in a
prospective analysis on this topic; furthermore, ours is the second study and the first
prospective analysis to examine associations by tumor subtype. In addition, we conducted a
systematic review and meta-analysis which summarizes results among studies published
through December 2011 that assessed the relationship between regular use of aspirin or non-
aspirin NSAID and the risk of epithelial ovarian cancer.
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Material and methods

Study population

The NIH-AARP Diet and Health Study was established in 1995-1996 when a baseline
questionnaire which gathered information about diet and lifestyle was mailed to 3.5 million
AARP (formerly known as the "American Association of Retired Persons™) members ages
50-71 years located in the state of California, Florida, Louisiana, New Jersey, North
Carolina, or Pennsylvania, or in the metropolis of Atlanta, Georgia or Detroit, Michigan. In
total 617,119 self-administered questionnaires were returned and 566,399 of these were
satisfactorily completed and non-duplicate. Within 6 months from the return of a baseline
questionnaire, a second questionnaire, the risk factor questionnaire, which gathered
information about more detailed lifestyle and behavioral characteristics (including NSAID
use), was mailed to participants. In total, 334,906 subjects returned the risk factor
questionnaire and had no history of self-reported cancer in the breast, prostate or colon.
Further details of the design and methodology have been described previously [25]. The
NIH-AARP Diet and Health Study was approved by the Special Studies Institutional
Review Board of the U.S. National Cancer Institute.

In our primary analysis, we included study participants who returned both baseline and risk
factor questionnaires. Of these 334,906 individuals, we excluded study participants for
which one or both of their questionnaires were completed by a proxy (n=10,383); men
(n=188,116); women diagnosed with cancer before study entry (n=9,036); and those who
had a history of oophorectomy or unknown oophorectomy status at baseline (n=29,725). Of
the remaining 97,646 female participants we made further exclusions specific to case and
non-case groups. We identified 96,272 women who were not diagnosed with ovarian cancer,
who had no indication of death due to ovarian cancer by death reports and who did not have
a record of ovarian cancer in the cancer registries, as hon-cases. Cases were defined as 477
women diagnosed with ovarian tumors as their first primary registry confirmed neoplasm.
The remaining 897 participants were reported to have died from cancer, but did not have
registry confirmation and were excluded from the analysis group. In addition, we excluded
subjects with missing diagnoses and those with borderline or non-epithelial tumors (n=39).
The resulting cohort consisted of 96,710 women (438 cases and 96,272 non-cases)
contributing 864,888 person years of follow-up (2,062 person years and 857,807 person
years, respectively).

Exposure assessment

In our primary analysis, information about exposure was ascertained through the risk factor
questionnaire. Participants were asked if they had taken any aspirin products (including
generic aspirin, Bayer, Bufferin, Anacin, Ecotrin or Excedrin) in the past twelve months
(yes/no); and if yes, how often did they usually take them: less than 2 times per month, 2-3
times per month, 1-2 times per week, 3—4 times per week, 5-6 times per week, 1 time per
day, 2 or more times per day. In a second question, participants were asked if they had taken
any of the following non-aspirin NSAIDs in the past twelve months (yes/no): generic
ibuprophen, Advil, Nupren, Mortin, Aleve, Orudis, Ketoprophen, Naprosyn, Anaprox,
Feldene, Piroxicam, Clinoril, Sulindac, Indocin, Indomethacin, Relafen, Nalfon,
Nambumetone, or Fenoprene. Participants were asked not to consider Tylenol,
acetaminophen or other pain relievers when answering this question. If they had used any of
the listed medications in the past twelve months, they were asked how often they usually
took them. Based on their answers to these questions participants were classified in one of
three use categories for (1) aspirin and (2) non-aspirin NSAID: unknown, regular user
(taking one or more pills per week) or non-regular user (taking less than one pill per week).
Individuals who answered “no” to any use, but identified themselves as regular users in the
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second question were classified as having unknown use patterns (N=208, aspirin; N=136,
non-aspirin NSAIDs); similarly, individuals who answered “yes” to any use and who did not
answer the second question were classified as having unknown use patterns (N=109, aspirin;
N=204, non-aspirin NSAIDs). Individuals who did not answer “yes” or “no” to any use were
classified into a use pattern category solely by their answer to the second question
(N=13,807, aspirin; N=13,331, non-aspirin NSAIDs). Of the 96,710 study participants,
47,735 (49.4%) were not regular users of aspirin and non-aspirin NSAIDs, 20,913 (21.6%)
were regular aspirin users only, 15,592 (16.1%) were regular non-aspirin NSAID users only,
10,045 (10.4%) were regular users of aspirin and non-aspirin NSAIDs, 649 (0.7%) had
unknown patterns of aspirin use only, 890 (0.9%) had unknown patterns of non-aspirin
NSAID use only and 886 (0.9%) had unknown patterns of aspirin and non-aspirin NSAID
use.

Covariate assessment

Covariate data was collected from the baseline or the risk factor questionnaire; this included
information about age at entry, gynecologic surgeries, demographics, reproductive history,
menopausal status, anthropometric measures, lifestyle factors, and basic information (ever/
never use and duration of use) about oral contraceptives (OC) and postmenopausal
hormones (PMH). All covariates were modeled in categorical form, except for age at study
entry, which was modeled as a continuous variable. The associations between these risk
factors and ovarian cancer in the AARP cohort have been described previously [26].

Ascertainment of ovarian cancer

All cohort members were followed through the U.S. Postal Service national database of
address changes; updated vital status was tracked through the U.S. Social Security
Administration Death Master File and the National Death Index Plus. Incident ovarian
cancers were identified using linkage with cancer registries in the original recruitment areas
and in three common states of relocation (Arizona, Texas and Nevada). Identification of
cases by cancer registry linkage had an estimated sensitivity of approximately 90% and
specificity of 99.5%; completeness of case ascertainment has been reported previously [27].
Follow-up time was defined as time from study entry (the date at which a participant’s risk
factor questionnaire was collected) until diagnosis of any cancer, date of death, the date a
participant moved out of a registry ascertainment area, or date of last follow-up (December
31, 2006).

Only first primary incident ovarian cancers were included in our case set; participants with a
history of any cancer at the study entry or those who had died from cancer during follow-up
but that did not appear in the cancer registry data were excluded. Registry confirmed ovarian
cancer diagnosis was defined using International Classification of Disease for Oncology,
Third Edition (ICD-0-3) site and histology codes. Epithelial ovarian cancer cases were
classified into five histologic subtypes: serous (8441, 8460-62), endometrioid (8380-81,
8560, 8570), mucinous (8470-71, 8480-81), clear cell (8310, 8313) and other epithelial types
(8010, 8020-21, 8046, 8070, 8120, 8140, 8255, 8323, 8440, 8490, 8562, 8240, 8246, 8050,
8260, 8450); borderline and non-epithelial ovarian cancer cases were excluded from our
analysis.

Statistical analysis—Cox proportional hazards models were used to estimate hazard rate
ratios (RR) and 95% confidence intervals (CI) of all epithelial ovarian cancers combined and
of histologic subtypes. Models examining all epithelial ovarian cancers compared all cases
to all non-cases. To examine associations for serous, endometrioid, mucinous, clear cell and
other epithelial tumor types, we constructed five separate models, stratifying the analysis by
histologic subtype and comparing each case subtype to all non-cases.
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All models considered the two exposures, aspirin and non-aspirin NSAID use,
simultaneously; time on study (in year) was used as the time metric in all models; and well
established risk factors for ovarian cancer, including entry age (continuous), race/ethnicity
(white, non-white, unknown), age of menarche (<13 years, 13-14 years, 15+ years,
unknown), parity (nulliparous, one, two, three+, unknown), age of (natural or surgical)
menopause (premenopausal, <45 years, 45-49 years, 50-54 years, 55+ years, unknown),
hysterectomy status (ever, never, unknown), PMH use (never, estrogen only <10 years,
estrogen only 10+ years, estrogen and progesterone <10 years, estrogen and progesterone
10+ years, unknown), OC use (<1 year, 1 year to less than 10 years, 10+ years, unknown)
and first and second degree family history of ovarian cancer (no, yes, unknown) were
identified a prioriand adjusted for in our analyses.

To assess differences in effect estimates across histologic subtypes we utilized a method
which accounts for competing risks [28]. We have assumed that a diagnosis of one
histological subtype of ovarian cancer prohibited a case from being diagnosed with a
different histological subtype of ovarian cancer. In order to assess heterogeneity using the
latter method, we created five duplicate data sets with one record for each subtype; four of
the five outcomes were entered as a non-event in each record. The probability of histology-
specific failure risk was estimated by censoring each subtype at the time when it was
diagnosed. We then compared this model to a model with a single estimate for all cases
using a likelihood ratio test to assess statistical significance of heterogeneity.

Evidence for effect modification by parity status (parous, nulliparous), PMH use (ever,
never), oral contraceptive use (ever, never) and first and/or second degree history of ovarian
cancer (yes, no) was evaluated. Individuals with unknown status for the potential effect
modifier were dropped from this analysis. We assessed effect modification by including
cross-product terms between the exposure of interest (dichotomous) and the potential effect
modifier (dichotomous) in multivariate models and evaluating the p-value associated with
the cross-product term.

Sensitivity analyses were performed to assess whether simultaneously derived estimates
(aspirin and non-aspirin NSAID use modeled together) were similar to separately derived
estimates (aspirin or non-aspirin NSAID use only), in addition to assessing ovarian cancer
risk with monthly, weekly or daily use of aspirin and non-aspirin NSAIDs (less than 4 times
monthly, 1 to 6 times weekly, or 1 or more times daily, respectively), compared to never
use, in multivariate models assessing aspirin and non-aspirin NSAID use simultaneously and
separately; risk in heavy aspirin and non-aspirin NSAID users (5 or more times weekly),
compared to never users, was also assessed simultaneously and separately in multivariate
models. In addition, risk among “either” users (meaning users of aspirin, non-aspirin
NSAIDs or both) compared to “neither” users (meaning, users of neither analgesic type or
individuals whose use patterns of both analgesic type fell into the comparison group) was
assessed in regular compared to non-regular users, monthly, weekly or daily compared to
never users, and heavy compared to never users. We also conducted sensitivity analyses
examining the effect of removing cases with short follow-up (less than one or less than two
years) from our analysis on effect estimates. Exploratory analyses were also performed to
evaluate whether stratification by clear cell and endometrioid tumor types combined were
similar to clear cell or endometrioid tumor types alone. Likewise, pooled estimates of serous
and other epithelial tumor types were examined and compared to serous or other epithelial
tumor types alone.

In all analyses, p < 0.05 was considered statistically significant, using two-sided tests. All
analyses were performed using SAS software release version 9.3 (SAS Institute, Cary, NC).

Cancer Causes Control. Author manuscript; available in PMC 2013 November 01.
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Meta-Analysis—All articles examining the use of aspirin, non-aspirin anti-inflammatory
drugs and/or acetaminophen and ovarian cancer risk published through December 31, 2011
in the English language on the PubMed electronic database were identified by the systematic
keyword searches: ("anti-inflammatory agents, non-steroidal" [MeSH Terms] OR ("anti-
inflammatory" [All Fields] AND "agents" [All Fields] AND "non-steroidal™ [All Fields])
OR "non-steroidal anti-inflammatory agents" [All Fields] OR "nsaids" [All Fields] OR "anti-
inflammatory agents, non-steroidal" [Pharmacological Action]) AND ("ovarian neoplasms"
[MeSH Terms] OR (“"ovarian" [All Fields] AND "neoplasms" [All Fields]) OR "ovarian
neoplasms" [All Fields] OR ("ovarian" [All Fields] AND "cancer" [All Fields]) OR "ovarian
cancer" [All Fields]). Additional studies were identified through review of references in
articles identified through the above described search. A total of 247 studies were identified.
Only original articles contributing information about cases and non-cases that used aspirin
or non-aspirin NSAIDs were selected for inclusion. A total of 19 articles met these selection
criteria; of these, 12 were case-control studies, 6 were cohort studies (not including the study
presented here) and one was a randomized clinical trial. First author, date of publication,
study sample size, type, frequency and duration of use, effect estimate (RR) and 95% ClI,
histology information, and details about the study population were extracted for all of these
studies. Only studies which examined use patterns that could be translated into a similar
metric were included; regular and non-regular use was defined by number of pills taken per
week on average. In addition, the randomized clinical trial was not included in our analysis
because we wanted to capture true use patterns; we were concerned about compliance with
assigned use. A total of 13 studies examining the association between regular aspirin use and
ovarian cancer were included in our analysis; a total of 6 studies examining the association
between regular non-aspirin NSAID use and ovarian cancer were included in our analysis.
We also included our data estimates from the current analysis of the AARP cohort study.
Details of all 19 articles which met our initial selection criteria, including reasons for
inclusion or exclusion in our analyses are included in Supplemental Table SI.

Sensitivity analyses were performed to determine whether removal of any of the included
studies affected our estimates; in addition, inclusion of studies examining ibuprofen use
alone was assessed to determine whether this would alter our estimates for regular use of
non-aspirin NSAIDs. Estimates were also stratified by study design (case-control studies
compared to cohort studies) to assess possible effects of recall bias and selection bias in
case-control studies.

Summary estimates and 95% Cls were calculated using random effects models;
heterogeneity among studies was assessed using Cochran’s Q tests, for which p < 0.05 was
considered statistically significant; 12 estimates were calculated to determine the degree of
heterogeneity between tests, which was interpreted using a previously described scale: high
heterogeneity was observed in estimates with 12>75%, moderate heterogeneity was observed
in estimates with 50%<12<75% and low heterogeneity was observed in estimates with
12<50% [29]. All statistical analyses were performed using STATA software release version
11 (STATA Corporation, College Station, TX); forest plots and 12 estimates were generated
using R software package version 2.12.2 (http://cran.r-project.org/).

NIH-AARP Diet and Health Study Cohort

The study population of 96,710 women comprised 438 cases and 96,272 non-cases, ranging
in age from 50 to 71 years old and including 47,212 subjects who used aspirin and/or non-
aspirin NSAIDs at a regular frequency. Detailed characteristics of the study population by
aspirin and non-aspirin NSAID use patterns are described in Table I.

Cancer Causes Control. Author manuscript; available in PMC 2013 November 01.
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The adjusted RR comparing the risk of ovarian cancer in regular aspirin users to non-regular
aspirin users was 1.06, 95% CI 0.87-1.29. The RR comparing the risk of ovarian cancer in
regular non-aspirin NSAID users to non-regular users was 0.93, 95% CI 0.74-1.15. Of the
438 epithelial ovarian cancers in this cohort, 237 were identified as serous, 20 as mucinous,
31 as endometrioid, 16 as clear cell and 134 as other epithelial tumor subtypes. Stratified
analyses by serous (aspirin: RR 1.00, 95% CI 0.76-1.32; non-aspirin NSAIDs: RR 0.88,
95% CI 0.65-1.19), mucinous (aspirin: RR 1.57, 95% CI 0.63-3.93; non-aspirin NSAIDs:
RR 0.69, 95% CI 0.23-2.10), endometrioid (aspirin: RR 1.37, 95% CI 0.66-2.84; non-
aspirin NSAIDs: RR 0.91, 95% CI 0.40-2.06), clear cell (aspirin: RR 1.36, 95% CI 0.49—
3.75; non-aspirin NSAIDs: RR 0.38, 95% CI1 0.09-1.71), and other epithelial tumor types
(aspirin: RR 0.99, 95% CI 0.69-1.42; non-aspirin NSAIDs: RR 1.13, 95% CI 0.77-1.65)
comparing regular users to non-regular users did not show significant associations. These
results are summarized in Table Il. Heterogeneity across subtypes was also assessed; the
effects of aspirin and non-aspirin NSAID use on the risk of ovarian cancer were both found
to be homogeneous across subtypes (data not shown).

Evidence of effect modification by parity status, PMH use, oral contraceptive use or history
of ovarian cancer was not observed (data not shown.)

Sensitivity analyses did not indicate that there was a difference in effect estimates when
aspirin use and non-aspirin NSAID use were modeled separately compared to jointly. There
was not an effect of monthly, weekly or daily use of aspirin or non-aspirin NSAIDs
compared to never use on risk of ovarian cancer; furthermore, there were no associations
between heavy use of aspirin or non-aspirin NSAIDs compared to never use. There were
also no notable differences in estimates for pooled histologic subtypes compared to stratified
estimates (clear cell and endometrioid tumors pooled compared to clear cell tumors only or
endometrioid tumors only; serous and other epithelial tumors pooled compared to serous
tumors only or other epithelial tumors only.) Further, we did not observe differences in
effect estimates when removing cases with short follow-up (less than one or less than two
years) from our analyses.

Summary Results for Published Studies Using Meta-Analytic Approach

Of the 13 published studies identified as suitable for use in a summary analysis, all
contributed data to assess the risk of ovarian cancer with regular use of aspirin compared to
non-regular aspirin use; 6 contributed data to assess the risk of ovarian cancer with regular
use of non-aspirin NSAIDs compared to non-regular use of non-aspirin NSAIDs. None of
the individual studies showed a significant association between regular aspirin use and
ovarian cancer risk. Two studies [16,7] showed a significant inverse association between
regular non-aspirin NSAID use and ovarian cancer risk. Summary effects for each type of
analgesic were null when including risk estimates from the AARP cohort data in our
analysis (aspirin: RR 0.96, 95% CI 0.85-1.08, p-heterogeneity=0.06, 12 = 40.7%; non-
aspirin NSAIDs: RR 0.92, 95% Cl 0.74-1.15, p-heterogeneity= 0.00, |2 = 73.1%). Detailed
information about these summary results is compiled in Table Il and Table IV. Sensitivity
analyses did not indicate that removal of any one study from our analysis would alter our
effect estimate for regular aspirin use; however, removal of one case-control study (Wu
[14]) altered our effect estimate for non-aspirin NSAID use substantially (with exclusion of
study: RR 0.85, 95% CI 0.75-0.95, p-heterogeneity=0.44, 12 = 0.0%). Furthermore,
sensitivity analyses did not indicate that inclusion of studies examining ibuprofen use only
(Cramer [5]; Wernli [15]) would alter effect estimates for regular use of non-aspirin
NSAIDs (data not shown). Stratification did not demonstrate significant differences in effect
estimates between case-control and cohort study designs for either analgesic type; however
the estimate obtained for non-aspirin NSAIDs among cohort studies was borderline
statistically significant association (non-aspirin NSAIDs, cohort studies: RR 0.88, 95% ClI
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0.77-1.01, p-heterogeneity= 0.81, 12 = 0.0%). Summary results are displayed in Table V.
Forest plots demonstrating distribution of results by study are shown in Figure IA, for
aspirin use, and Figure 1B, for non-aspirin NSAIDs use.

DISCUSSION

Our analysis within a large prospective cohort including 438 incident ovarian cancer cases
did not find an association between aspirin or non-aspirin NSAID use with ovarian cancer
risk. In a meta-analysis summarizing data from available studies including our study, we
found that the regular use of aspirin was not associated with ovarian cancer risk; and the
regular use of non-aspirin NSAIDs was not significantly associated with ovarian cancer risk,
but statistically significant heterogeneity among studies was observed. Overall, our data
suggest no association (RR 0.92, 95% CI 0.74-1.15) between non-aspirin NSAID use and
ovarian cancer risk while data from only prospective cohort studies demonstrated that use of
non-aspirin NSAIDs may reduce the risk of ovarian cancer (RR 0.88, 95% CI1 0.77-1.01).

We noted through sensitivity analyses that exclusion of one case-control study [14] from our
analysis exploring the relationship between use of non-aspirin NSAIDs and ovarian cancer
risk altered our summary estimates substantially (RR 0.85, 95% CI 0.75-0.95), providing
more support for a potential inverse association between non-aspirin NSAIDs and ovarian
cancer. Interestingly, this study was the single case-control study with the most lenient
definition for regular use (= 1x/wKk) incorporated into our analysis. We note that two studies
(one included in our meta-analysis and one excluded due to overlap with an included study)
with regular use patterns defined as =24x/wk [7,16] demonstrated strong statistically
significant inverse associations with ovarian cancer (RR 0.50, 95% CI1 0.30-0.90; RR 0.59,
95% CI 0.35-0.98), indicating that more frequent use may be relevant. Furthermore, we
found that prospective cohort studies in our meta-analysis of non-aspirin use and ovarian
cancer provided homogenous results overall, but case-control studies showed more
heterogeneous effect estimates than cohort studies. We attribute much of this heterogeneity
to the vast differences in the definition of “regular use” across studies (varying from =1x/wk
to 24x/wk,)

Recent studies have demonstrated that risk factors for ovarian cancer differ by histologic
subtype [26,30]. Although our dataset contained a comparably large number of cases, there
were limited numbers of the less common epithelial ovarian cancer subtypes. We observed
point estimates which suggested that non-aspirin NSAIDs were inversely associated with
mucinous and clear cell tumors, for example; however, these results were not significant
(RR 0.69, 95% CI1 0.23-2.10 and RR 0.38, 95% CI 0.09-1.71, respectively.) Furthermore,
tests for heterogeneity demonstrated that there was no difference between estimates for
histologic subtypes (aspirin: p-heterogeneity = 0.792; non-aspirin NSAIDs: p-heterogeneity
= 0.594). However, the analysis was limited by low numbers of less common subtypes.

Only one other study examined the association between aspirin or non-aspirin NSAID use
and ovarian cancer subtypes, including 994 serous, 191 mucinous, 141 endometriod and 88
clear cell tumors [13]; this study demonstrated a significant inverse association between
non-aspirin NSAIDs and mucinous tumors (RR 0.69, 95% CI 0.50-0.94) and a suggestive,
but statistically non-significant, inverse association between non-aspirin NSAIDs and
endometrioid tumors (RR 0.76, 95% CI1 0.53-1.09 in ever users).

The ovary is often the site of metastases and 10-30% of ovarian tumors are actually
secondary cancers [31]. In instances where the primary cancer is not readily detected, an
ovarian metastasis may be misclassified as a primary cancer; for example, endometrioid and
mucinous subtypes are occasionally metastases of endometrial and colorectal cancers,
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respectively, rather than ovarian primaries [32,33]. Modungo proposed inflammation as a
potential mechanism for endometrial cancer development in 2005 [34]; however, few
studies have examined the association between NSAIDs and endometrial cancer since. The
studies which have been published on the topic are conflicting; several report a null effect
between NSAIDs and endometrial cancer [35-37], while others report an inverse association
in obese women [38,39] or an inverse association in all women [40]. On the other hand,
aspirin and non-aspirin NSAIDs are both established to be inversely associated with
colorectal cancer [41,42], with a stronger association observed between NSAID use and
proximal compared to distal colorectal cancer [43,44]. This may partially explain the
significant inverse association Merritt observed for mucinous subtypes, and the trend
observed in our analysis.

In addition to commonly representing metastases from other anatomical locations, both
endometrioid and mucinous tumors have been linked to inflammation inducing risk factors.
Endometriosis has been consistently linked to endometrioid tumors [45,46]. Endometriosis
is associated with chronic inflammation and may lead to inflammation-induced tumor
promotion at the site of the ovaries [47]. Likewise, smoking status and duration have been
linked to mucinous ovarian tumors [48-51]. Mucinous tumors differ histologically from
other ovarian cancer subtypes in that they resemble epithelium of the colon [52]. Colon
epithelium is highly susceptible to carcinogenesis induced by cigarette smoking [53,54], an
activity known to induce inflammation. Given that these two tumor subtypes are strongly
linked to inflammation inducing risk factors, it is conceivable that use of inflammation-
reducing analgesics could protect against these tumor types.

The NIH-AARP Diet and Health Study dataset has allowed us to prospectively assess the
associations between aspirin and non-aspirin NSAIDs and ovarian cancer risk in a large
cohort of women containing a moderate number of cases. The study design reduces concerns
about recall bias, while the sample size (the second largest prospective case set published to
date) provides greater power to detect an association than many previously published
studies. Though we noted concerns about incomplete histology data, our analysis was based
on a cohort in which accrual of cases occurred over a short time period (average follow-up
time of cases was less than 5 years), allowing for reduced concern over changes in histology
classification and terminology with time. This indicates that while we may have incomplete
histology data, the available histology data should be classified consistently.

Our analysis provides evidence for lack of association between aspirin use and ovarian
cancer risk, and only a suggestive association between non-aspirin NSAIDs use and risk; we
acknowledge several limitations that may contribute to these findings. Our dataset does not
provide information about dose or duration of analgesic use; both of these attributes may be
important factors contributing to potential associations. Regular low-dose use of NSAIDs
indicated for cardiovascular disease, for example, could also be considered as a
chemoprevention strategy if an association between use and decreased ovarian cancer risk
was established. Unfortunately, dose and duration information have not been consistent
across previously published studies, so it was not possible for us to explore these factors in
our meta-analysis either. Furthermore, we do not have information on indication for use, a
factor which could independently affect risk. If the pro-inflammatory effects of ovulation
contribute to ovarian carcinogenesis, then knowing use patterns for aspirin and non-aspirin
NSAIDs at younger ages may be more relevant than recent use for assessing cancer
relationships.

It is not uncommon for a large proportion of tumor histologies to be unspecified and
grouped as “other epithelial tumors” in any case series [55]; the majority of these are
assumed to be serous tumors, but not all can be classified as such. In our dataset,
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approximately 31% of cases were classified as “other epithelial tumors”; the large
proportion of histologically unspecified epithelial ovarian cancer cases limited our ability to
examine histology-specific associations with sufficient power. Furthermore, the data relies
on pathological diagnoses as recorded, rather than based on centralized pathology review;
this could lead to misclassification.

Our cohort consisted of individuals who were eligible for AARP membership; thus we did
not include women under the age of 50 in our analysis, limiting the assessment of exposures
and outcomes at younger ages. Furthermore, this inclusion criterion limits the
generalizability of our results.

While our meta-analysis supports the evidence for the lack of association between regular
aspirin use and epithelial ovarian cancer, it suggests an inverse association between regular
non-aspirin NSAID use and epithelial ovarian cancer. Due to paucity of less common
epithelial ovarian cancer subtypes in our data, we were unable to provide strong conclusive
evidence about the associations between aspirin and non-aspirin NSAIDs and less common
tumor subtypes. Among the studies identified in our review, only one other provided
subtype analyses; data from this study provided evidence for an association between non-
aspirin NSAIDs and mucinous tumors and for a suggestive effect on endometrioid tumors.
The association between all classes of NSAIDs and histologic subtypes of epithelial ovarian
cancer need to be examined in greater detail to parse out whether these effects are real;
additionally, dose and duration of use should be examined properly in future studies, to
determine whether the heterogeneity of effects we have observed among studies can be
partially explained by differing patterns of use.
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Refer to Web version on PubMed Central for supplementary material.
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