





The New England Journal of Medicine
Downloaded from nejm.org on February 23, 2012. For personal use only. No other uses without permission.
Copyright © 1994 Massachusetts Medical Society. All rights reserved.



774 THE NEW ENGLAND JOURNAL OF MEDICINE

who had used clomiphene, resulting in a higher risk
than that among infertile women who had never used
the drug (Table 5). When we examined the risk associ-
ated with the duration of use, we noted no increase in
the risk associated with the use of clomiphene for less
than 12 menstrual cycles, whereas the women who
used the drug for 12 or more cycles were at consider-
ably increased risk (adjusted relative risk, 11.1; 95
percent confidence interval, 1.5 to 82.3). Adjustment
for the presence of ovulatory abnormalities reduced
the relative risk associated with the use of clomiphene
for 12 or more cycles from 11.1 to 7.7 (95 percent
confidence interval, 1.0 to 60.1), whereas adjustment
for weight increased the risk to 18.0 (95 percent
confidence interval, 1.4 to 230.1). Among the long-
term users of clomiphene in the subcohort, the me-
dian number of cycles of use was 16 (range, 12 to
45); among comparable women with ovarian tumors,
the median number of cycles of use was 17 (range,
12 to 20).

Among the women with no apparent ovulatory ab-
normalities, the risk (adjusted only for age and year of
enrollment in the cohort) of ovarian tumors associated
with the use of clomiphene for 212 cycles, as com-
pared with the risk associated with clomiphene use for
0 to 11 cycles, was 9.1 (95 percent confidence interval,
1.0 to 86.5); among the women with ovulatory abnor-
malities, the relative risk associated with long-term
use was 7.4 (95 percent confidence interval, 1.0 to
53.1). Among nulligravid women, the risk of ovarian
tumors associated with the use of clomiphene for =12
cycles, as compared with the risk associated with clo-
miphine use for 0 to 11 cycles, was 10.8 (95 percent
confidence interval, 1.5 to 77.9), whereas among grav-
id women, the relative risk was 17.0 (95 percent confi-
dence interval, 1.2 to 242.8).

There was no increase in the risk of ovarian tumors
associated with the use of human chorionic gonado-

Table 3. Risk of Ovarian Tumors in the Cohort of Infertile Women,

as Compared with Rates of Ovarian Tumors in the General Popu-

lation of Western Washington, According to the Type of Abnor-
mality and Use of Medications for Infertility.

AGE-STANDARDIZED INCIDENCE RATIO

VARIABLE No. oF CASEsS (95% CONFIDENCE INTERVAL)
OBSERVED ~ EXPECTED
Ovulatory abnormality 6 1.6 3.7 (1.4-8.1)
Nonovulatory abnor- 5 2.7 1.8 (0.6-4.3)
mality*
Tubal abnormality 2 0.7 3.0 (0.4-10.8)
Endometriosis 0 0.7 0
Male factor 2 1.4 1.5 (0.2-5.3)
Other 1 0.4 2.4 (0.1-13.3)
Unknown 1 0.4 2.6 (0.1-14.3)
Infertility drug used?
Clomiphene 9 2.9 3.1 (1.4-5.9)
HCG 3 1.1 2.8 (0.6-8.0)
HMG/FSH 1 0.2 5.6 (0.1-31.0)
None 2 1.4 1.4 (0.2-5.0)

*Some women had more than one type of nonovulatory abnormality.

THCG denotes human chorionic gonadotropin, HMG human menopausal gonadotropin, and
FSH follicle-stimulating hormone.
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Table 4. Relative Risk of Ovarian Tumors Associated with Ovula-
tory Abnormalities in the Cohort of Infertile Women.

Case

OVULATORY PATIENTS ~ SUBCOHORT RELATIVE Risk
ABNORMALITY (N=11) (N =135 (95% CONFIDENCE INTERVAL)
MODEL 1* MODEL 2
no. of women (%)
No 5(45.5) 87(64.4) 1.0 (ref e) 1.0 (ref e)
Yest 6(54.4) 48 (35.6) 1.8(0.5-6.1) 2.2 (0.6-8.2)
Amenorrhea 0 6 (4.4) —_— —
Oligomenorrhea 3(27.3) 22(16.3) 2.9(0.5-15.2) 2.2(0.3-13.5)
Anovulation 3(27.3) 14(10.4) 2.4(0.5-11.3) 2.5(0.4-14.1)
Luteal-phase defect 0 13 (9.6) — —
Polycystic ovaries 2 (18.2) 18 (13.3) 4.1(0.5-36.0) 2.4 (0.2-22.5)

*Adjusted for age at enrollment and year of enrollment.
tAdditionally adjusted for weight.
$Some women had more than one type of ovulatory abnormality.

tropin when case patients were compared with subco-
hort members (adjusted relative risk, 1.0; 95 percent
confidence interval, 0.2 to 4.3). Furthermore, we ob-
served no trend in the risk associated with the dura-
tion of treatment (data not shown). The median dura-
tion of treatment among both case patients and
subcohort members was 3.0 months. Because of the
low prevalence of exposure to other drugs that induce
ovulation, we did not estimate the relative risks associ-
ated with their use.

DiscussIiON

Our study had a number of limitations, among
which was the imprecision of our estimate of the num-
ber of person-years of risk for the occurrence of ovar-
ian tumors among women in western Washington.
Most of the women in the cohort (72 percent) were
identified as residents of the study area on the basis of
1991 records of licensed drivers in Washington State.
Women identified as living in western Washington on
the basis of credit tracing were also considered resi-
dents of the study area. In addition, we included the
small proportion of unlocated cohort members (3.6
percent) as residents of western Washington. To the
extent that we have overestimated the years during
which cohort members resided in western Washing-
ton, we have overestimated the expected number of
ovarian tumors occurring in the cohort. Such an over-
estimation would result in an underestimation of age-
standardized incidence ratios.

An additional potential source of error is the oc-
currence of oophorectomy among cohort members.
If the proportion of women in the cohort who under-
went this procedure was higher or lower than that in
the general population, the comparisons with popula-
tion rates are biased. Also, if certain subgroups
of infertile women (e.g., those with ovulatory abnor-
malities or those who had taken clomiphene) under-
went oophorectomy more frequently or less frequently
than did other infertile women, our within-cohort
comparisons may also be affected.

In some instances, particularly in the case of wom-

The New England Journal of Medicine
Downloaded from nejm.org on February 23, 2012. For personal use only. No other uses without permission.
Copyright © 1994 Massachusetts Medical Society. All rights reserved.



Vol. 331 No. 12

Table 5. Relative Risk of Ovarian Tumors Associated with Use of
Ovulation-Inducing Drugs in the Cohort of Infertile Women.

Case

OVULATION-INDUCING ~ PATIENTS ~ SUBCOHORT RELATIVE RISk

DruUG (N=11) (N =135) (95% CONFIDENCE INTERVAL)
MODEL 1* MODEL 2}
no. of women (%)
Clomiphene citrate
No 2(18.2) 48 (35.6) 1.0 (refe e) 1.0 (ref e)
Yest 9(81.8) 87(64.4) 2.2(0.4-10.7) 2.3(0.5-11.4)
1-11 cycles 3(27.3) 64(47.4) 0.7(0.1-4.6) 0.8(0.1-5.7)
=12 cycles 5(45.4) 18(13.3) 7.2(1.2-43.9) 11.1(1.5-82.3)
Human chorionic
gonadotropin
No 8(72.7) 100 (74.1) 1.0 (ref e) 1.0 (refe e)
Yes 3(27.3) 35(259) 1.0(0.2-4.1) 1.0(0.2-4.3)

*Adjusted for age at enrollment and year of enrollment.
tAdditionally adjusted for gravidity at enrollment.

$The number of cycles of use was unknown for five subcohort members and one woman with
ovarian cancer.

en whose surnames had changed and whose social
security numbers were unknown, we may have failed
to match cohort members correctly to CSS records.
However, given the small proportion of cohort mem-
bers with unknown social security numbers (and the
high proportion of CSS records containing social secu-
rity numbers), we expect that a minimal proportion of
tumors occurring among cohort members residing in
the study area were not identified.

Some of the infertile women did not undergo all the
diagnostic procedures, and some of these women may
have had unrecognized abnormalities. Such a misclas-
sification would be likely to be nondifferential (i.e.,
occurring to an equal extent in cases and noncases)
and would reduce our ability to observe a relation
between the risk of tumor and a particular type of
abnormality.

Women may receive ovulation-inducing drugs from
more than one doctor. In general, information about
prior treatment at infertility clinics not participating
in the study was available in the medical charts, al-
though a small proportion of the women had taken
clomiphene for an unknown period before enrollment
in the cohort. Also, some women may have initiated
treatment at a new clinic after undergoing treatment
at a study clinic. Information not contained in the
medical records or concerning events that occurred
after the evaluation for infertility at the study clinics
was not available for this analysis.

Only a small number of tumors developed during
the follow-up period, limiting the precision of our risk
estimates. Also, our ability to examine the relation
between the risk of cancer and specific types of ovula-
tory abnormalities and between the use of clomiphene
and histologic subtypes of tumors is limited.

The relatively long interval between enrollment in
the cohort and the diagnosis of a tumor (mean, 6.9
years) suggests that the observed increase in risk was
not due to the diagnosis of preexisting tumors that
resulted in infertility. Also, all but two women in
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whom ovarian tumors developed were no longer being
followed at an infertility clinic at the time of the diag-
nosis, suggesting that most diagnoses were not the
result of increased surveillance during the evaluation
for infertility.

The relative risk for the development of borderline
tumors was somewhat higher than that for the devel-
opment of invasive cancer, as compared with the rates
in the general population. In addition to a particularly
strong etiologic relation, the relatively high risk of bor-
derline ovarian tumors may reflect an increased likeli-
hood of a diagnosis at an early stage in the progression
of the tumor (if borderline ovarian tumors progress to
invasive tumors) or the diagnosis of some borderline
tumors that would otherwise have remained occult in
women who had previously received care for infer-
tility.

Interpretation of age-standardized incidence ratios
is limited by the possibility that infertile women
may differ from the general population with regard
to characteristics (such as the pregnancy history)
that influence the risk of ovarian tumors. Howev-
er, the calculated age-standardized incidence ratios
were generally consistent with the results of within-
cohort analyses, which showed a doubling of the
risk associated with ovulatory abnormalities and with
the use of clomiphene. The increased risk associ-
ated with clomiphene was most evident among women
who had used the drug during 12 or more menstrual
cycles.

Neither of two previous cohort studies!®!* that as-
sessed the risk of ovarian cancer among infertile wom-
en reported a clearly increased risk relative to that
expected on the basis of rates in the general popula-
tion. Although not specifically stated, it is likely that
only invasive cancers were considered in these studies.
Since in one of the studies'®* women were evaluated for
infertility between 1935 and 1964, their exposure to
clomiphene (which was first approved for use in the
United States in the mid-1960s'®) or other ovulation-
inducing agents was likely to have been minimal.

A series of articles on the results of a combined
analysis of 12 U.S. case—control studies reported in-
creased risks of invasive epithelial ovarian cancer,?
borderline epithelial ovarian tumors,® and nonepithe-
lial ovarian cancer® associated with the use of fertil-
ity drugs. Interpretation of these results is limited
by the absence of information about the types of
drugs used or the duration of their use. Among gravid
women, there was little increased risk of invasive epi-
thelial cancer associated with the use of fertility
drugs (relative risk, 1.4; 95 percent confidence inter-
val, 0.5 to 3.6), whereas among nulligravid women,
the risk was substantially increased (relative risk,
27.0; 95 percent confidence interval, 2.3 to 315.6).*
In contrast, our results suggest that the risk was ele-
vated among both gravid and nulligravid women. A
possible explanation for the differences between these
two sets of results is that, in the case~control study,
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the women who did not become pregnant may have
used ovulation-inducing drugs longer than those who
conceived.

In the present study, clomiphene was commonly
used by infertile women, whether or not they had
ovulatory abnormalities. The risk of ovarian tumors
associated with long-term use of clomiphene was in-
creased among both the women with ovulatory abnor-
malities and those with no known ovulatory abnor-
malities. These results suggest that the increased risk
associated with the use of clomiphene is not merely a
reflection of the presence of ovarian abnormalities
that may be indications for treatment with this drug.
Although our findings raise the possibility that pro-
longed use of clomiphene increases the risk of ovarian
tumors, additional, larger studies are needed to test
this hypothesis.
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