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Objective: To evauate the risk of ovarian cancer as related to underlying causes of infertility.

Design: Retrospective observational cohort study.

Setting: Five large reproductive endocrinology practices.
Patient(s): A total of 12,193 women evaluated for infertility between 1965 and 1988.

Intervention(s): None.

Main Outcome Measure(s): Ovarian cancer ascertained through 1999.

Result(s): With 45 identified ovarian cancers, this cohort of infertility patients demonstrated a significantly
higher rate of ovarian cancer than the general female population (standardized incidence ratio [SIR] = 1.98;
95% confidence interval [CI], 1.4-2.6). The risk was higher for patients with primary infertility (SIR = 2.73)
than for those with secondary infertility (SIR = 1.44), and it was particularly high for patients who never
subsequently conceived (SIR = 3.33). Women with endometriosis had the highest risk (SIR = 2.48; 95% Cl,
1.3-4.2), with a further elevated risk among those with primary infertility (4.19, 2.0-7.7). Comparisons
among the infertile women, which alowed calculation of rate ratios (RRs) after adjustment for multiple
factors, also showed links with endometriosis. Compared with women with secondary infertility without
endometriosis, patients with primary infertility and endometriosis had a RR of 2.72 (95% ClI, 1.1-6.7).

Conclusion(s): Determination of ovarian cancer risk should take into account the type of infertility (primary
vs. secondary) and underlying causes. Further study of endometriosis may provide insights into ovarian
carcinogenesis. (Fertil Steril® 2004;82:405-14. ©2004 by American Society for Reproductive Medicine.)
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Although extensively studied, the etiology
of ovarian cancer remains unresolved, with few
recognized risk factors that would alow its
early detection. One established risk factor is
nulliparity, with childless women having be-
tween a two- and three-fold increased risk
compared with parous women (1, 2). A number
of studies have indicated that this association
may largely be attributable to infertility prob-
lems (2—4), but whether specific causes of in-
fertility predispose more than others remains
unknown. The studies that have attempted to
assess relationships with specific causes of in-
fertility have largely relied on patient reports,
which are recognized as having serious limita-
tions (5). Thus, studies that have medicaly
documented information on specific problems
that lead to infertility are needed and may

provide insights into mechanisms of ovarian
carcinogenesis.

The need for such studies is further sup-
ported by recent observations that certain
causes of infertility may be linked with the
occurrence of ovarian cancer. This includes
clinical reports of simultaneous occurrences of
endometriosis and ovarian cancer (6—15) as
well as several epidemiologic studies that have
shown high risks of ovarian cancer after a
diagnosis of endometriosis (16, 17). Anovula-
tion is another condition meriting attention
with respect to the risk of ovarian cancer. A
follow-up study of infertile women found a
nearly two-fold increased risk of ovarian can-
cer when patients with ovulatory abnormalities
were compared with patients with other infer-
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tility diagnoses (18). In addition, studies have reported that
patients with polycystic ovarian syndrome may have a high
risk of ovarian cancer (19, 20), possibly because of alter-
ations in anthropometry, endogenous hormones, or growth
factors. Finally, recent speculation regarding a possible eti-
ologic role of inflammation in the etiology of ovarian cancer
(21) has raised concern about effects of certain infectious
processes that could lead to tubal disease/pelvic adhesions.
Of note in this regard are severa studies that have found
elevated ovarian cancer risks among patients with a history
of pelvic inflammatory disease (22—24).

To gain a better understanding of the etiology of ovarian
cancer, we undertook a large retrospective cohort study of in-
fertile patientsfor whom abstracted medical record data enabled
careful characterization of causes of infertility. The collec-
tion of additional information relating to other reproductive,
medica, and lifestyle factors enabled an evduation of the
relationship of ovarian cancer risk with specific causes of in-
fertility independent of other predictors of ovarian cancer risk.

MATERIALS AND METHODS

The patients for this study were women who had sought
advice for infertility at one of five large reproductive endo-
crinology practices in the following metropolitan areas: Bos-
ton, New Y ork City, Chicago, Detroit, and the San Francisco
Bay area. These practices were chosen because they retained
al origina records and had evaluated large numbers of
infertile patients, many of whom received high doses of
ovulation-stimulating drugs. To alow extended follow-up,
only patients evaluated during the period 1965-1988 were
eligible for study. The study was approved by the Institu-
tional Review Boards at the collaborating centers as well as
at the National Cancer Institute.

Trained abstractors reviewed medica records of all pa
tients evaluated for infertility at these practices to determine
eigibility. Patients were eligible for inclusion in the study if
they were evaluated for infertility at one of the participating
clinics between 1965 and 1988, if they had a U.S. address at
the time of evaluation, and if they were seen more than once
or had been referred by another physician who provided
relevant medical information. Patients with either primary or
secondary infertility were eligible for inclusion, but those
who were evaluated for reversal of atubal ligation were not.
A total of 12,193 patients met the eligibility criteria

Using standardized software, trained abstractors entered
data directly into laptop computers. These included patient
identifiers as well as information on the workup for infertil-
ity (including details on all procedures and tests), medica-
tions prescribed, menstrual and reproductive histories, and
other factors that might affect health status. Information on
the clinical workup was used to define a number of discrete
causes of infertility according to an algorithm presented in
Appendix 1.
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Location information was sought through a variety of
sources, including clinic records, telephone directories,
credit bureaus, postmasters, and motor vehicle administra-
tion records. Additional information about vital status and
development of cancers was obtained by questionnaires that
were sent to located, living subjects and through linkage of
the cohort against selected cancer registries and the National
Death Index. Asdetailed in Figure 1, atotal of 9,751 (80.0%)
of the patients were successfully traced one or more years
after first clinic registration. A total of 1,319 (10.8%) of the
patients indicated upon contact that they did not want to
participate in the study and would not allow access to the
data available in their medical records. Only descriptive
information, i.e., calendar year at registration, age at regis-
tration, and race, was retained for these patients.

A total of 272 of the patients were traced as deceased. For
the patients traced as alive, information on the devel opment
of cancers was obtained from completed questionnaires,
clinic records, and cancer registries. Questionnaires were
initially mailed to patients beginning in early 1998, with
telephone follow-up attempted for nonrespondents. A total
of 5,597 of the patients completed the questionnaire. The
questionnaires ascertained information on demographic fac-
tors, updated health status, and lifestyle factors that could
affect health, including menstrual, pregnancy, and breast-
feeding history; use of exogenous hormones; anthropometric
factors; cigarette smoking; acohol consumption; and breast
and ovarian disease screening history.

An additional 216 patients had follow-up visits 1 year or
more beyond their initial clinic visit. For the 2,347 patients
for whom we were unable to obtain questionnaires, we had
location information that enabled tracing through cancer
registries, which was pursued in the states in which the
majority of patients were last known to reside, namely,
Cdlifornia, Florida, Illinois, Massachusetts, Michigan, New
Jersey, New York, and Texas. Attempts were made to med-
icaly verify cancers reported in the questionnaires by ob-
taining discharge summaries and operative and pathology
reports from the institutions where the diseases had been
diagnosed and/or treated. Six self-reported ovarian cancers
that were found to be benign or not neoplasms were ex-
cluded. Additional information on cancers was obtained
from the cancer registries, causes of death available from the
National Death Index, or copies of death certificates obtained
from individual state vital statistics registries. Death certifi-
cates, which noted cancer as a cause of death, were searched
for information on the duration of the disease to define an
approximate diagnostic date.

For the women with available medical records who were
followed for subsequent cancer diagnoses, person-years
were accrued beginning 1 year after first clinic registration
and continuing through the earliest date of cancer diagnosis,
death, or date last known alive and free of cancer (as indi-
cated by the last clinic visit, questionnaire completion, or
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Field and analytic status of eligible study subjects, women evaluated for infertility, 1965-88.

Women evaluated
for infertility
(1965-88)
(n=12,193)
|
Successfully located Lost to follow-up
(n=9,751) (n=2,442)
\ 4
|
Medical record data Refused access to
available for medical record data
cancer diagnoses (n=1,319)
(n=8,432)
| : |
Died Completed Clinic Cancer
( =|2e72) questionnaire records registries
n (n=5,597) (n=216) (n=2,347)
| | | |
]
. Ovarian cancer diagnosed
SIR analysis within 1 year of clinic visit
(n=8,429) (n=3)
|
. Ovaries removed within
RR analysis s
1 year of clinic visit
(n=8,369) (n=60)

Brinton. Causes of infertility and ovarian cancer. Fertil Steril 2004.

linkage against cancer registry data). Patients living in states
involving cancer registry searches had variable study ending
dates, depending on the completeness of registration, which
ranged from the end of 1997 to 1999. Otherwise, December
31, 1999, defined the end of the study period.

FERTILITY & STERILITY®

To explore different aspects of the relationship between
infertility and ovarian cancer, we used two analytic ap-
proaches with two predominantly overlapping subsets of the
eligible study population. We first established the ovarian
cancer risk associated with infertility by comparing ovarian
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Selected demographic factors of women evaluated for infertility.

Subjects in follow-up analysis

Subjects excluded from analysis

(n = 8,429) (n = 3,764)
n % n %
Calendar years of initial clinic evaluation
<1970 260 31 153 41
1970-74 1,898 225 848 225
1975-79 2,908 345 1,378 36.6
1980-84 2,516 29.8 1,048 27.8
1985-88 847 10.1 337 9.0
Age at initial clinic evaluation
<25 688 8.2 415 11.0
25-29 3,314 39.3 1,371 36.4
30-34 3,071 36.4 1,301 34.7
35-39 1,124 13.3 557 14.8
40+ 232 2.8 117 31
Unknown 0 3
Race
White 6,658 79.0 2,280 60.6
African-American 392 4.6 164 4.4
Other 471 5.6 191 51
Unknown 908 10.8 1,129 30.0

Brinton. Causes of infertility and ovarian cancer. Fertil Seril 2004.

cancer rates among women evaluated for infertility with
rates from the U.S. population (155,624 person-years ac-
crued). For this analysis, exclusions comprised patients lost
to follow-up, those who denied access to their medical
records, and three women who were diagnosed with ovarian
cancer during thefirst year of follow-up, leaving 8,429 study
subjects (see Fig. 1).

The second analytic approach assessed ovarian cancer
risk according to specific causes of infertility within the
cohort of infertile women, allowing for multivariate adjust-
ment of potential confounders. This analysis comprised an
internal comparison of cancer risk among women with a
specific cause of infertility compared with those with no
evidence of that cause. For this analysis, person-years were
additionally truncated at the time of removal of both ovaries.
A total of 60 women who had both ovaries removed within
1 year of their first clinic visit were excluded, leaving 8,369
study subjects (148,318 person-years accrued). Both analy-
ses included 45 women who developed ovarian cancers,
medical or cancer registry records confirmed 21 of these,
death certificates defined 10, and the remainder were self-
reported via questionnaires.

Standardized incidence ratios (SIRs) and 95% confidence
intervals (Cls) compared ovarian cancer risk in this cohort of
infertile women with that of U.S. women. Standardized
incidence ratios were computed as the number of observed
cancer events divided by the expected number of events
based on age, race, and calendar year—specific incidence

408 Brinton et al. Causes of infertility and ovarian cancer

rates for females from cancer registry rates available through
the Surveillance, Epidemiology, and End Results (SEER)
program of the National Cancer Institute. The SEER pro-
gram has population-based catchment areas and is widely
used to estimate cancer burden in the United States. An SIR
>1 indicates that the disease rate in the study group exceeds
that expected in the U.S. population, while an SIR <1
indicates a lower disease rate in the study population com-
pared with that expected.

Rate ratios (RRs) for developing ovarian cancer associ-
ated with various causes of infertility and 95% Cls on the
risks were estimated by Poisson regression using standard
likelihood ratio methods (25). For al analyses, the RRs were
adjusted for both age at follow-up (<40, 40—49, 50+ years)
and calendar year of follow-up (before 1980, 1980—89, 1990
or later). Other factors, such as study site and infertility
medications prescribed, were included in the regression
models, as necessary, to evaluate their roles as potentia
confounding factors or to examine variations of the RRs. In
addition, we used data obtained through questionnaires to
assess confounding and modifying influences of other pre-
dictors of ovarian cancer, including gravidity and parity at
follow-up, education, and oral contraceptive usage.

RESULTS

Table 1 shows the distribution of the analytic cohort and
that of the subjects excluded from analyses according to
selected demographic factors. The median year of first eval-

Vol. 82, No. 2, August 2004



Cause of infertility diagnoses among women evaluated for infertility (1965-88).

Women Among women evaluated Among al women in the
diagnosed for each condition analytic cohort
Cause of infertility® n n° %° n %
Endometriosis 1,919 5,632 34.7 8,429 22.8
Anovulation 2,320 8,398 27.6 8,429 275
Tubal disease/pelvic adhesions 2,998 6,972 43.0 8,429 35.6
Male factor 1,952 6,144 318 8,429 232
Cervical disorder 575 5,061 114 8,429 6.8
Uterine disorder 954 5,120 18.6 8,429 11.3

@ See Appendix 1 for further details as to means of classifying women into these causes of infertility groupings.
b Women with workups sufficiently complete to allow diagnosis of stated condition.
¢ Percentage of women with complete workups who showed evidence of each condition (no. of women diagnosed/no. of women evaluated for each

condition?).

d Percentage of women in the total analytic cohort diagnosed with each condition (no. of women diagnosed/no. of women in total analytic cohort).

Brinton. Causes of infertility and ovarian cancer. Fertil Seril 2004.

uation was 1978, while the median age of the study subjects
at first evaluation was 30 years. Nearly 80% of the subjects
were known to be white. There were no substantial differ-
ences according to calendar year or age at first evaluation
between the subjects included in the analyses and those
excluded; however, a larger proportion of the subjects ex-
cluded from analysis had missing information on race. The
median length of follow-up among subjects included in
analyses was 18.8 years, with over 80% of the study popu-
lation followed for 15 or more years.

Causes of infertility were classified into six different
categories according to a standardized algorithm (Appendix
1). These categories included endometriosis, anovulation,
tubal disease/pelvic adhesions, male factor, cervical disor-
ders, and uterine disorders. As shown in Table 2, the number
of subjects who had clinical workups sufficient to either rule
in or out a specific condition varied by the cause of infertil-
ity, with the largest number of patients adequately evaluated
for anovulation (which was based on the menstrual history
aong with other tests) and the least number of subjects
evaluated for cervical or uterine disorders. When percent-
ages were calculated in relation to the number of women
adequately evaluated for each condition, a total of 34.7%
showed evidence of endometriosis; 27.6%, anovulation;
43.0%, tubal disease/pelvic adhesions; 31.8%, male factor;
11.4%, cervical disorders, and 18.6%, uterine disorders.
These percentages were considerably lower when calculated
in relation to al study subjects.

The SIR analyses focused on comparisons of infertile
women with the genera population (Table 3). The total group
of infertile subjects was found to have a significantly higher
risk of developing ovarian cancer than the general popula-
tion (SIR = 1.98; 95% ClI, 1.4-2.6). When compared with
the general population, which comprised both gravid and

FERTILITY & STERILITY®

nulligravid women, the risk was substantialy higher for patients
evaluated for primary infertility (i.e., nulligravid women;
SIR = 2.73; 95% Cl, 1.8—4.0) than those evaluated for sec-
ondary infertility (gravid women; SIR = 1.44, 0.9-2.3). Sub-
jects who were known to not subsequently conceive were at
even higher risk (SIR = 3.33; 95% CI, 1.7-6.0). When risks
were examined by causes of infertility, the cause associated
with the highest (and statigtically significant) risk was that of
endometriosis (SIR = 2.48; 95% CI, 1.3-4.2). Mot other
causes of infertility were associated with SIRs of 2 or less.

Given the difference in risk for primary versus secondary
infertility, we stratified causes of infertility by this parameter
and pursued further comparisons with the general population
(Table 4). Given the small numbers of patients with either
cervical or uterine disorders, this analysis focused on other
causes of infertility. Petients evaluated for primary infertility
who were found to have endometriosis were at a particularly
highrisk (SIR = 4.19; 95% Cl, 2.0—7.7). Patients with primary
infertility and tubal disease/pelvic adhesions also had a notably
eevated risk (SIR = 3.24; 95% ClI, 1.6-6.0). Among the
patients with secondary infertility, high risks were noted for
patients with anovulation (SIR = 2.12; 95% CI, 0.9-4.2)
and uterine disorders (SIR = 1.97; 95% ClI, 0.4-5.8), al-
though this latter risk was based on only three cancers.

To clarify the effects of causes of infertility independent
of each other and other predictors of ovarian cancer risk,
subsequent analyses focused on comparisons within the co-
hort of infertile patients (Table 5). After adjustment for
completeness of evaluation, evidence for other causes of
infertility, and gravidity at entry, patients with endometriosis
were found to be at highest risk compared with other infer-
tility patients (RR = 1.26; 95% ClI, 0.6—-2.6). Adjustment for
other factors found to be related to ovarian cancer risk in this
population (race, education, oral contraceptive usage) as
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Standardized incidence ratios comparing ovarian cancer among infertile patients with the general population (based
on cancer incidence data from the Surveillance, Epidemiology, and End Results program), by type and cause of

infertility.
Observed Expected
Person-years of no. of no. of
observation events events SIR 95% ClI
All subjects 155,624 45 22.7 1.98 14-2.6
Type of infertility
Primary 66,561 26 95 273 1840
Never conceived 21,806 11 33 3.33 1.7-6.0
Pregnancy during follow-up 20,215 6 2.7 220 0.84.8
Pregnancy during follow-up unknown 24,540 9 35 257 1.24.9
Secondary 89,063 19 13.2 144 0.9-2.2
Evidence for specific causes of infertility
Endometriosis 35,196 13 52 248 1342
Anovulation 43,952 12 6.2 194 1.0-34
Tubal disease/pelvic adhesions 53,013 16 7.8 2.04 1.2-33
Male factor 36,886 10 53 1.88 0.9-35
Cervical disorder 10,640 2 15 1.32 0.2-4.8
Uterine disorder 16,992 6 2.7 220 0.84.8

Note: Cl = confidence interval; SIR = standardized incidence ratio.

Brinton. Causes of infertility and ovarian cancer. Fertil Seril 2004.

well as other factors found to be associated with ovarian
cancer risk in other studies (age at menarche, breastfeeding,
use of ovulation-stimulating drugs, tubal ligation, hysterec-
tomy, age at menopause, and menopausal hormone use) had
a minimal impact on this risk estimate or risks associated
with other causes of infertility. Patients with anovulatory
problems were not at increased or decreased risk compared
with other infertile patients, while those with other causes
(tubal disease/pelvic adhesions or male factor) were at a
somewhat lower risk.

Given previous observations of higher risk among pa-
tients with primary than with secondary infertility, we also

calculated RRs specific to women with primary infertility,
comparing their risks with those with secondary infertility
who had no evidence of a specific causes of infertility. This
showed a 2.7-fold excessrisk (95% Cl, 1.1-6.7) for patients
with endometriosis, a risk considerably higher than that
observed for the other causes of infertility.

DISCUSSION

Although it iswell established that nulliparous women are
at an increased risk of ovarian cancer, it is unresolved
whether certain conditions associated with infertility predis-

TABLE 4

Standardized incidence ratios comparing ovarian cancer among infertile patients with the general population (based
on cancer incidence data from the Surveillance, Epidemiology, and End Results program), by combined classification

of type and cause of infertility.

Primary infertility

Secondary infertility

Observed Observed

Evidence for specific causes no. of no. of

of infertility events SIR (95% Cl) events SIR (95% ClI)
Endometriosis 10 4.19 (2.0-7.7) 3 1.05(0.2-3.1)
Anovulation 4 1.65(0.44.2) 8 2.12(0.94.2)
Tubal disease/pelvic adhesions 10 3.24(1.6-6.0) 6 1.27 (0.5-2.8)
Male factor 7 2.66 (1.1-5.5) 3 1.12 (0.2-3.3)
Cervical disorder 1 1.56 (0.0-8.7) 1 1.14 (0.0-6.4)
Uterine disorder 3 248 (0.5-7.2) 3 1.97 (0.4-5.8)

Note: Cl = confidence interval; SIR = standardized incidence ratio.

Brinton. Causes of infertility and ovarian cancer. Fertil Seril 2004.
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Rate ratios® of ovarian cancer for all patients and for those with primary infertility by cause of infertility, comparisons

among women with infertility (n = 8,369).

All study subjects”

Patients with primary infertility®

No. of No. of

ovarian ovarian
Cause of infertility cancers RR (95% ClI) cancers RR (95% CI)
Endometriosis 13 1.26 (0.6-2.6) 10 272 (1.1-6.7)
Anovulation 12 1.03 (0.5-2.0) 4 1.41 (0.4-4.4)
Tubal disease/pelvic adhesions 16 0.88 (0.4-1.6) 10 1.56 (0.7-3.7)
Male factor 10 0.94 (0.4-2.0) 7 1.66 (0.6-4.3)

Note: Cl = confidence interval; RR = rate ratio.

2 Adjusted for age at follow-up, calendar time, study site (Boston/New Y ork, Chicago, Detroit, San Francisco Bay Area), gravidity at entry, and causes of

infertility.

b Relative to patients with no evidence of the specified cause of infertility and adjusting for women who were not medically evaluated.
¢ Relative to patients with secondary infertility without evidence of a specific cause of infertility.

Brinton. Causes of infertility and ovarian cancer. Fertil Seril 2004.

pose more than othersto this excess risk. We sought answers
to this question by classifying causes of infertility among a
large cohort of women that had been clinically evaluated and
followed for extended periods of time. Our results, for the
most part, indicated that risk is more influenced by the ability
to bear children than by specific causes of infertility. How-
ever, similar to several other studies, we observed that
women with a diagnosis of endometriosis might be at higher
ovarian cancer risk than women with other causes of infer-
tility.

The study took several different approaches to assess the
relationship of causes of infertility to ovarian cancer risk.
Thefirst approach, which compared patients with the general
population, was used because most previous investigations
of infertile patients have relied on such comparisons. How-
ever, in this approach, it must be recognized that infertility
patients are being compared with a group of patients who
have very different fertility patterns, including more often
giving birth and having greater numbers of offspring. Thus,
any differences in risk could easily reflect the influence of
different reproductive patterns rather than specific causes of
infertility.

In the present investigation, comparisons with the general
population showed a two-fold increased SIR. This risk was
similar to what has been observed in severa other smaller
follow-up studies, including those of Rossing et al. (18) (SIR
= 2.5, 11 ovarian cancers), Ron et a. (26) (SIR = 2.1, four
ovarian cancers), and Modan et a. (27) (1.6, 12 ovarian
cancers). One strength of our study was that the larger
number of observed ovarian cancer cases (45 total) enabled
risks to be separated according to the gravidity status of
patients at the time of infertility evaluation. Importantly, this
showed much higher risks for patients evaluated for primary
infertility (SIR = 2.7) than for those evaluated for secondary

FERTILITY & STERILITY®

infertility (SIR = 1.4) and particularly high risks for patients
who were known to not subsequently conceive (SIR = 3.3).

Defining causes of infertility can be a difficult task. The
evaluations that women (and their partners) receive vary,
depending on the symptoms, the treating physicians, and a
variety of other factors. There is little agreement on the
diagnostic criteria for various causes of infertility. We chose
a different approach than other studies by assigning causes
of infertility only to women who had received clinical work-
ups sufficient to definitively assign diagnoses.

Our population of infertile patients was similar to others
in terms of the proportions diagnosed with certain conditions
(28, 29). However, the more restrictive assignment of causes
of infertility used in our study may have contributed to some
differences in ovarian cancer risks associated with infertility
as compared with previous investigations. When only those
with complete evaluations were considered, the percentages
of women who had such conditions as male factor, endome-
triosis, and tubal disease/pelvic adhesions rose to between
30% and 40%. Cervical and uterine disorders were consid-
erably less common, perhaps because of the strict diagnostic
criteria used.

The other difference in our study as compared with pre-
vious investigations was that through internal comparisons
of the infertility patients we were able to adjust for effects of
multiple causes of infertility (common among patients pre-
senting to infertility clinics) (28) as well as other ovarian
cancer risk predictors that may be associated with the dif-
ferent causes of infertility. Thus, dissimilar to several previ-
ous studies, we found no unusually increased risk associated
with ovulatory causes of infertility (18, 20, 33), fallopian
tube dysfunction (30), or male factor/mechanical subfertility
(27). What emerged from our analysis was a more important
role for endometriosis, regardless of whether it occurred with
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or without other causes of infertility. Thus, it was notewor-
thy in our investigation that patients with endometriosis were
at a 4.2-fold increased risk compared with the general pop-
ulation if they presented with primary infertility. Patients
with endometriosis who presented with primary infertility
had a nearly three-fold increased risk compared with unaf-
fected patients presenting with secondary infertility.

Severa previous epidemiologic investigations have also
supported a link between endometriosis and ovarian cancer.
In a large Swedish record linkage study involving 20,686
women with hospital discharge diagnoses, Brinton et al. (16)
found an SIR of 1.9 for ovarian cancer based on 29 observed
cancers, with even further increases in risk among women
with long-standing histories of ovarian endometriosis. In a
survey conducted by the Endometriosis Association (31),
over five-fold excesses of ovarian cancer were reported
among a large series of self-referred women with endome-
triosis. Although neither of these studies was able to adjust
for other ovarian cancer predictors, including parity and oral
contraceptive usage, and had no information on ovarian
removal before the development of cancer, strikingly similar
risks associated with self-reported histories of endometriosis
have derived from several case-control studiesthat were able
to adjust for these factors (17, 22). In the largest of these
endeavors (17), a pooling project involving data from eight
case-control studies, the odds ratio associated with a history
of endometriosis was identical to that derived from the
Brinton et al. (16) study.

Although there are now extensive clinical and epidemio-
logical aswell experimental datalinking endometriosisto an
increased risk of ovarian cancer, little has been written on
possible biological mechanisms involved in the malignant
transformation process. Ness (32) has recently discussed
similarities between the proposed etiology of ovarian cancer
and the observed pathophysiology of endometriosis. Both
conditions are promoted by estrogen excesses and proges-
terone (P) deficits, which may interact with a variety of
immunological factors. Inflammatory mechanisms may also
be involved. Future studies of ovarian carcinogenesis may
therefore benefit from further exploration of the hormonal
and immune environments that may promote the growth of
endometriosis. These studies should focus specifically on the
processes involved for endometrioid or clear cell ovarian
carcinomas since these cancers have been most strongly
linked with prior histories or concomitant occurrences of
endometriosis (8, 11, 13, 15). Although we attempted to
assess this relationship epidemiologically, we were hindered
by the absence of information on the histologies of the
observed ovarian cancersin our study, with only three of the
19 for whom we had histology information having these cell
types.

Several previous studies have noted increases in risk
among patients with ovulatory disorders (18, 20, 33). In the
Rossing et al. (18) study, in which ovarian cancer risk was
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compared between different subgroups of fertility disorders,
the risk of ovarian cancer in women with oligomenorrhea,
anovulation, or polycystic ovarian syndrome was about two-
fold higher than that in women without ovulatory abnormal-
ities. We did not identify an overall increased risk associated
with anovulation but did observe an unexpected increase in
the risk of ovarian cancer among subjects with secondary
infertility due to anovulatory problems. Although the rela-
tionship was not statistically significant and may have been
due to chance, the associated risk was striking with its
variance with other categories of patients with secondary
infertility. It is therefore interesting to speculate that these
patients may have been unusual in some respect, including
having a predisposition to diminished ovarian reserves
through hormonal alterations that would relate to high ovar-
ian cancer risks.

A substantial proportion of the patients in this study had
tubal disease/pelvic adhesions. Since previous studies have
suggested that patients with tubal ligations are at a substan-
tially decreased risk of ovarian cancer (34-38), it might be
hypothesized that blocked tubes would also predispose to
decreases in ovarian cancer risk because of either compro-
mised ovarian function or reduced blood supply to the ova
ries (39). We found no evidence for areduced risk of ovarian
cancer among patients with tubal disorders and in fact ob-
served that patients with primary infertility due to tubal
problems were at elevated risk, although not statistically
elevated when internal comparisons were considered. Our
findings are consistent with several previous investigations
that have found higher ovarian cancer risks among patients
with fallopian tube dysfunction (30) or pelvic inflammatory
disease (17, 23, 24), lending further support to the notion of
inflammation as an important agent in ovarian carcinogene-
sis (22).

Severa studies have noted increased risks of ovarian
cancer among patients with unexplained infertility (17, 26,
27, 40). We were unable to reconcile our findings with these
studies because our definition of infertility depended on
assessing the adequacy of the clinical workups. Very few
women in our population (notably 309, or 3.7%) had clinical
workups that were sufficiently complete to rule out all of the
categorized causes of infertility. Thus, it is possible that
many of the women identified in previous studies as having
unexplained infertility would have been found to have spe-
cific causes had they received more extensive workups. This
was borne out in our study by the fact that the percentages of
women with any condition increased substantially when
proportions were calculated in reference to those adequately
evaluated. It would be of particular interest to know what
proportions of women with unexplained infertility may have
had endometriosis, especialy given hormonal studies that
suggest that patients previously labeled as having unknown
causes of infertility have disorders closely related to endo-
metriosis (41).
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Our study had a number of strengths over previous in-
vestigations in having long-term follow-up on a large series
of women, well-defined causes of infertility, and information
on many predictors of ovarian cancer risk (including ovarian
status, an unaccounted factor in al previous prospective
investigations).

There were, however, some limitations, particularly given
that patients were evaluated for infertility during eras
(beginning in the mid-1960s) when some of the more
specific evaluative techniques and many of the current
therapeutic modalities were unavailable. However, pa-
tients in earlier time periods had more complete evalua-
tions, since it is now common for patients to be referred
for IVF after fairly limited evaluations. We also had
losses to follow-up and other necessary exclusions due to
some patients denying access to their medical records and
were unable to gather questionnaire data on all located
subjects. We, however, did not identify any systematic
differences between those included and excluded from
analyses, other than race, a factor that we were able to
adjust for in both the external (SIR) and internal (RR)
analyses. Finally, while our numbers of observed ovarian
cancers were an order of magnitude greater than all pre-
vious prospective investigations, we were hindered by this
number when approaching analyses that stratified by sev-
eral factors, such as type and cause of infertility.

In summary, this study with its careful characterization of
causes of infertility among a large cohort of women empha-
sized the importance of type of infertility (primary vs. sec-
ondary) as a predictor of subsegquent ovarian cancer risk.
Although this appeared to be a more important predictor of
risk than specific causes of infertility, an independent effect
for endometriosis emerged. Given the consistency of this
finding with previous observations, it would appear useful
for further studies to focus on the common biologic mech-
anisms involved in both disease processes to gain a clearer
understanding of preventive approaches to ovarian cancer.
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FERTILITY & STERILITY®

APPENDIX 1: CRITERIA FOR DEFINING
CAUSES OF INFERTILITY

The following criteria were used to categorize women
into six categories of causes of infertility. Women could be
categorized according to multiple causes.

Endometriosis: Women who had a pelvic laparoscopy, cul-
doscopy, or laparotomy at which endometriosis was found.
Those categorized as having no endometriosis had one or
more of these procedures and did not have endometriosis as
a finding.

Anovulation: Primarily women who had an abnormal men-
strual history (fewer than four periods per year or aminimum
cycle length <20 or >50 days). In addition, patients were
considered anovulatory if a P withdrawal test or an X-ray of
the sella turcica had been done regardless of the outcome.
Finally, a serum prolactin level >25 ng/mL was considered
evidence of an ovulatory disturbance. Women categorized as
not being anovulatory consisted of those who had a recorded
menstrual history that did not meet these criteria and those
who did not have a P withdrawal test, a sella X-ray, or
elevated prolactin levels.

Tubal Disorder/Pevic Adhesions: Women who had a hys-
terosal pingogram that showed one or two obstructed or non-
filling tubes together with those who had a laparotomy or
endoscopy that showed tubal obstruction, pelvic adhesions,
or evidence of pelvic tuberculosis. Women categorized as
not having a tubal disorder/pelvic adhesions had a hystero-
salpingogram, endoscopy, or laparotomy that did not show
any of these conditions.

Male Factor: Women whose partners had abnormal results
in the semen analysis (<20 or >300 X 10° sperm/mL,
progressive motility <<25%, or norma morphology <30%),
considering the highest count before any treatment of the
male. Those categorized as not having a male factor had a
normal semen analysis by the same criteria.

Cervical Disorder: Women who had three postcoital tests at
time of ovulation that did not show motile sperm. Also
included in this group were six patients with congenita
absence of the cervix and 85 patients who had had a cervical
conization. Women categorized as not having a cervical
disorder included those who had at least one postcoital test
with any result but did not have three abnormal ones at
ovulation.

Uterine Disorder: Women who had a laparoscopy, culdos-
copy, laparotomy, or hysteroscopy that showed a develop-
mental abnormality or myomas. Women categorized as not
having a uterine disorder were those who had one or more of
these procedures that did not show a developmental abnor-
mality or myoma.
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