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FERTILITY DRUGS

The first available fertility drugs, first marketed
around 1955, were all preparations with folliclestimulating hormone (FSH) activity. Approximately
10 years later, clomiphene citrate (CC) and human
menopausal gonadotrophin (hMG) began to be marketed in most Western countries (31, 32). Before and
during this period, treatment for infertility also included pituitary irradiation and administration of pregnant mare serum gonadotrophins, conjugated estrogen,
oral contraceptives, and diethylstilbestrol (31, 33).
Currently, there are four major drugs being used for
infertility treatment, all of which can induce ovulation:
1) the antiestrogen CC; 2) hMG, which contains FSH
and luteinizing hormone (LH); 3) human chorionic
gonadotrophin (hCG); and 4) gonadotrophin-releasing
hormone agonists (GnRH(a)). These hormones are
used alone or in combination depending on the cause
of infertility and the protocol used (table 1). In addition, most regimens of in vitro fertilization programs
and other assisted reproductive technologies include
luteal phase support by exogenous administration of
natural progesterone or synthetic gestagen preparations (34, 35). Ovulation induction regimens may be
used to induce ovulation or superovulation. Superovulation is defined as ovulation of greater than the nor-
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In 1992, a pooled analysis of the risk of ovarian
cancer was published by Whittemore et al. (1). It
received a great deal of attention because of its size
and many strengths. The study confirmed most of the
previously identified risk factors for ovarian cancer,
but, in addition, a considerably increased risk of ovarian cancer was observed among infertile women who
had used fertility drugs (1). This finding started an
intense debate over the long term effects of artificial
ovarian stimulation, because the use of fertility drugs
has increased extensively during the past three decades, they are used on healthy women, and use of
new and more potent drugs has expanded. The main
concern with regard to public health has been possible
carcinogenic effects, especially an effect on ovarian
cancer and other hormone-associated cancers.
An association between use of fertility drugs and an
increased risk of cancer was initially suggested by
several case reports of ovarian cancer (2-17) and
breast cancer (17-19) occurring subsequent to treatment with fertility drugs. Following this finding, six
analytical studies examined ovarian, breast, and cervical cancer risk in cohorts of women who sought
treatment for infertility (20-26). Results from these
studies consistently indicated that there was no overall
effect of infertility on the risk of premenopausal breast
cancer (27). Use of fertility drugs was examined in
four of these studies (20-24). There was no overall
effect of fertility drug use on the risk of either cervical
cancer (21, 22, 24) or breast cancer (22, 23). In con-

trast to this finding, research on the overall effect of
infertility per se, and especially the effect of fertility
drug use on the risk of ovarian cancer, has been
inconsistent, which has caused debate (28-30).
It is well established that nulliparous women have
an increased risk of ovarian cancer and that increasing
parity protects against ovarian cancer. Thus, the fundamental issue in the debate has been whether use of
fertility drugs increases a woman's risk of ovarian
cancer over and above that predicted by infertility or
low parity. The aim of this review is to present findings on the general biologic effects of fertility drugs in
relation to possible carcinogenic effects on the target
organ of infertility treatment (i.e., the ovary), and
especially to review the existing epidemiologic data on
the relation between infertility/fertility drug use and
risk of ovarian cancer.
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TABLE 1.

Indications for the use of selected fertility drugs*
Clomiphene
citrate
(CC)

Normogonadotropic, euprolactinemic
anovulation (WHOf group I)
Artificial insemination (male factor)
Unexplained infertility
In vitro fertilization
Gamete intrafallopian tubal transfer

Human menopausal
and chorionlc gonadotrophins
(hMG and hCG)

Anovulatory infertility
Hypogonadotropic, hypogonadal with negative
progestin challenge
(hypoestrogenic) (WHO
group II)
Normogonadotropic, refractory to clomiphene
therapy

Gonadotrophln-releasing
hormone (agonist)
(GnRH(a))

Primary hypothalamic
amenorrhea
Secondary hypothalamic
amenorrhea
In vitro fertilization
Gamete intrafallopian tubal
transfer
Pituitary down-regulation prior to
gonadotrophin therapy

Oligo-ovulation
Cervical dysmucorrhea
Luteal phase deficiency
Unexplained infertility
In vitro fertilization
Gamete intrafallopian tubal
transfer

mal number of ova, usually the result of menotropin or
clomiphene therapy. Superovulation is used mainly for
unexplained infertility or in association with in vitro
fertilization, gamete intrafallopian tubal transfer, and
intracytoplasmic sperm injection programs (34).
Biologic effects of fertility drugs

When assessing the biologic effects of fertility drugs
on serum sex steroid levels, one must consider the fact
that the effect depends on the woman's individual
hormonal milieu, i.e., the specific cause of the infertility and the woman's age. Thus, it should be noted
that response to administered ovarian stimulants is
governed by the FSH: LH ratio prior to stimulation
(36). It is important to understand that the administration of fertility drugs must be individualized, as sensitivity to the drug differs between patients (35). In
fact, endogenous hormone levels, the rate of follicular
growth, and the number of developing follicles may
vary considerably from cycle to cycle in a given patient, even when she is using the same treatment
regimen (35).
CC is a weak synthetic estrogen, but it acts clinically
as an estrogen antagonist for ovulation induction at
typical pharmacologic doses (37-39). CC acts as an
anti-estrogen by interacting with estradiol receptors in
the hypothalamus. "Blinded" by CC molecules, the
estrogen receptor sites in the hypothalamus are unable
to correctly perceive the real level of estrogen in the
blood, which results in an increase in LH and, to a
lesser extent, in FSH (37-40). In light of its mecha-

nism of action, CC can only effectively be used for
inducing ovulation in women with an intact
hypothalamo-pituitary-ovarian axis (table 1) (35, 41).
As a consequence of elevated pre-ovulatory FSH and
LH levels, CC treatment generally results in a two- to
threefold increase in the mean estradiol level. Among
women with normal, spontaneous ovulatory menstrual
cycles, this results in an increase in the number of
ovulations per cycle to approximately three, the number of ovulatory follicles and serum concentrations of
estradiol being correlated with the regimen of ovulation induction employed. Also, the level of progesterone is higher in stimulated cycles than after spontaneous ovulation because multiple follicles mature and
are luteinized (31, 35, 42-45).
Gonadotrophins (hMG, hCG) are mainly used to
treat anovulatory infertility according to the World
Health Organization's classification of group I and
group II ovulatory disorders (table 1) (46, 47). In
regularly ovulating women, gonadotrophin therapy is
usually used to induce multifollicular development,
while in anovulatory infertility it is used to achieve
ovulation of a few mature oocytes. All stimulation
protocols designed for this purpose are aimed at augmenting the normal gonadotrophin signals. By keeping FSH levels high during the early- and midfollicular phases, the normal selection of one follicle is
usually replaced by several follicles' being rescued
from atresia and reaching the preovulatory stage.
Thus, FSH/hMG is given to amplify and prolong the
endogenous secretion of FSH (41, 47) and to ensure
Epidemiol Rev Vol. 20, No. 2, 1998
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* Based on data from Blacker (34) and Derman and Adashi (35).
t WHO, World Health Organization.
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balance is not known.
Case reports of cancer occurring subsequent to infertility treatment have only been published on ovarian
cancer (2-17) and breast cancer (17-19). In one casecontrol study (57) and three cohort studies (21-24, 58)
of infertile women, the effect of fertility drug use on
the risk of breast cancer, cervical cancer, and melanoma was analyzed. Among these studies, two found
no effect for cervical cancer (21, 22) and three found
no effect for breast cancer (22, 23, 57). In contrast,
Rossing et al. observed that CC use was associated
with a decreased risk of breast cancer (standardized
incidence ratio (SIR) = 0.5, 95 percent confidence
interval (CI) 0.2-1.2) (23) as well as of cervical cancer
(SIR = 0.4, 95 percent CI 0.2-0.8) (24) but an increased risk of melanoma (SIR = 1.8, 95 percent CI
0.9-3.1) (58). Only the study by Venn et al. (22) also
examined the risk of other hormone-associated cancers
associated with fertility drug use, but the number of
cases was too small to estimate an overall effect in the
cohort of infertile women exposed to in vitro fertilization treatment.
INFERTILITY

Fertility drugs and cancer

Of the fertility drugs currently being used, only CC
has been evaluated for its possible carcinogenic role
by the International Agency for Research on Cancer
expert group. The group's report, published in 1987,
concluded that the evidence for carcinogenicity of CC
in humans was inadequate (53). However, following
this report, two studies with relevant data on toxicity
(54) and possible carcinogenic activity (55) were published. Cunha et al. (54) showed that human fetal tract
tissue (grown in athymic nude mice) exposed to CC
had markedly influenced stromal (miillerian tissue)
differentiation. The authors concluded that CC (and
also the anti-estrogen tamoxifen) is a potent estrogen
in the human female genital tract and that it may be
teratogenic. Furthermore, Ohnishi et al. (55) found that
CC causes DNA-strand breaks in Escherichia coli.
Epidemiologic and experimental studies consistently suggest that endogenous as well as exogenous
sex hormones play an important role in the development of female reproductive cancers (56). Since exogenously administered fertility drugs increase the
woman's endogenous levels of gonadotrophins, estrogen, and progestogen, a role of fertility drugs in the
development of hormone-associated cancers (e.g.,
cancers of the ovary, breast, endometrium, cervix,
colon, and rectum, as well as melanoma) is theoretically possible. Whether fertility drugs act as direct
carcinogens or by inducing or promoting tumors
through interference with the endogenous hormone
Epidemiol Rev Vol. 20, No. 2, 1998

The term "infertility" has not been used in a standardized manner in different studies, but it is commonly defined as the inability of a couple to conceive
after 1 year of unprotected sexual intercourse. This
condition may be further classified as primary infertility, in which no previous pregnancies have occurred,
and secondary infertility, in which a prior pregnancy,
although not necessarily a live birth, has occurred (59).
Infertility may also be defined according to its specific
cause: i.e., ovulatory infertility, tubal infertility, cervical or endometrial infertility, infertility due to a male
factor, or unexplained infertility.
Most studies from industrially developed countries
indicate that about 10-15 percent of all couples will
experience either primary or secondary infertility at
some time during their reproductive lives (60-62).
Information on secular trends in the prevalence of
infertility is sparse because of large differences in
definitions and methods of measurement and a lack of
good population-based studies (61). However, data
from the US National Survey of Family Growth
showed that the prevalence of infertility among
women who had not been surgically sterilized was
13.3 percent in 1965, 13.9 percent in 1982, and 13.7
percent in 1988 (63). These data, together with similar
results from two UK studies (60, 62), indicate that the
prevalence of infertility has remained virtually the
same over the past few decades (60, 62, 63). In surveys conducted in industrialized countries during the
period 1970-1992, it was found that 4-17 percent of
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that at least two or three follicles (preferably 8-10) are
developed in order to maximize pregnancy potential
(35, 48). At present, three modes of gonadotrophin
treatment are used: substitution therapy (applied to
patients in World Health Organization group I), stimulation therapy (given to patients in World Health
Organization group II), and hyperstimulation therapy
(used in in vitro fertilization programs) (35, 49).
Gonadotrophin-releasing hormone (GnRH) was isolated in 1971. In that same year, the first pregnancy
resulting from GnRH treatment was reported (41, 50).
The primary indication for pulsatile GnRH therapy is
infertility associated with hypogonadotrophic hypoestrogenic chronic anovulation (47) (table 1). Administration leads to a prompt release of LH and FSH,
with the absolute amount of LH exceeding that of FSH
(35, 41, 50). In GnRH or GnRH(a) regimens, the
number of follicles developed and the number of oocytes obtained is greater than the number obtained
from other stimulation protocols. These protocols induce low levels of LH, FSH, and estrogen for 3-4
weeks but considerably increase the number of ovulations (51, 52).
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TIME TRENDS IN FERTILITY DRUG USE AND
INDICATIONS

Only limited data concerning the actual use of fertility agents are available. In the United States,
Wysowski (32) reported an approximate doubling in
the number of prescriptions written for fertility drugs
between 1973 and 1991. In Denmark, during the same
period (1973-1993), there was an 11-fold increase in
the sale of CC, and since 1986, the sale of hMG has
increased 13-fold (66). It appears, in keeping with the
increasing use of fertility services, that the number of
women who have been exposed to fertility drugs is
growing rapidly. A simplified overview of indications
and trends in fertility drug use is presented in figure 1.
As can be seen, a shift in indications for the use of
fertility drugs has occurred. Until in vitro fertilization
procedures became widely used in the mid- and late
1980s, infertility drugs such as CC and hMG were not
used on normally ovulating women. Rather, CC and
hMG were used primarily to treat women with ovulatory abnormalities such as anovulation, polycystic
ovaries, and luteal phase defects, as well as some
women with unexplained infertility (31, 41, 44, 49,
59). Thus, a "weak" drug was given to a limited
number of women, primarily those with oligomenorrhea or amenorrhea and those with low/normal

Drugs used:

CC

CC, hMG

CC,
hMG.hCG,
GnRH,
progesterone •

hMG.hCG,
GnRH(a),
progesterone*

Main
indications:

Anovulation

Anovulation,
Unexplained
infertility

Unexplained
infertility,
IVF,
Male factor

IVF,
ICS1,
GIFT,
Oocyte
donation

End aim
per cycle:

Ovulaiion
(1-3)

Ovulations

Superovulation

Superovulation

1960

1970

1980

1990

FIGURE 1. Trends in fertility drug treatment, 1960-1990. An asterisk (*) indicates that progesterone was administered for luteal
phase support in most in vitro fertilization programs and other
assisted reproductive technologies. CC, clomiphene citrate; hMG,
human menopausal gonadotrophin; hCG, human chorionic gonadotrophin; GnRH, gonadotrophin-releasing hormone; GnRH(a),
gonadotrophin-releasing hormone (agonist); IVF, in vitro fertilization;
ICSI, intracytoplasmic sperm injection; GIFT, gamete intrafallopian
tubal transfer. Based on data from March (41), Glasier (44), Insler
(49), and Healy et al. (59).

gonadotrophin and estrogen secretion who ovulated
infrequently or not at all. In a natural cycle, usually
only one ovum is released. Use of CC increases the
number of ova released to two or three. In programs
using CC plus hMG, the number of ova released is, on
average, 6.5. When GnRH(a) is added, the number
increases to an average of nine ova (22, 35, 48). Thus,
numbers of ovulations and mean hormone levels have
increased proportionally with the potency of the induction programs. In addition, indications for fertility
drug use have changed to include women without prior
decreased ovulations or hormone levels—i.e., women
who receive in vitro fertilization, gamete intrafallopian
tubal transfer, or intracytoplasmic sperm injection because of tubal damage, unexplained infertility, or partner infertility problems.
OVARIAN CANCER PATHOLOGY AND
EPIDEMIOLOGY

Ovarian cancer constitutes a heterogeneous group of
tumors. Overall, about 85 percent are of epithelial
origin. This group comprises serous, endometrioid,
and mucinous adenocarcinomas, of which serous adenocarcinoma is by far the most common type (67,
68). Ovarian cancers also include germ cell tumors
(2-3 percent) and sex cord tumors (2-3 percent).
Germ cell tumors are dominated by dysgerminomas
and sex cord tumors by the granulosa cell tumors. The
remainder are malignant neoplasms with unspecified
morphology (that is, undifferentiated carcinoma) and
others with specified morphology, such as sarcomas
and stromal/fibroepithelial tumors (68).
Epidemiol Rev Vol. 20, No. 2, 1998
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the general population, 32-95 percent of primarily
infertile women, and 22-79 percent of secondarily
infertile women had sought medical treatment for infertility (61). Data from a 1988 US survey (64) estimated that administration of fertility drugs was the
most common specialized treatment for infertility. Approximately 20 percent of infertile women had been
treated with fertility drugs to stimulate or induce ovulation; approximately 5 percent had undergone artificial insemination; and only about 2 percent had undergone in vitro fertilization (64).
Despite the relatively stable prevalence of infertility,
data show that the use of fertility services has increased significantly in recent years (60, 62, 64, 65).
For instance, between 1968 and 1984, the number of
office visits made for infertility increased nearly threefold in the United States (65). In the United Kingdom,
analyses of trends in medical services showed an increase in the use of general practitioners, as well as in
subsequent referrals to infertility specialists, among
successively younger age cohorts of women. This
finding applied to both primary and secondary infertility (60, 62, 64). In the study by Templeton et al.
(60), 95.1 percent of the younger cohort (women aged
36-40 years) had sought medical advice, compared
with 72.1 percent of the older cohort (women aged
46-50 years).
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decreased risk of ovarian cancer is also found among
women who have had a tubal ligation or hysterectomy
(86-88). No consistent trend in risk has been observed
with age at menarche, age at first pregnancy, or age at
menopause (1, 84, 85, 89). Similarly, most studies
have not found an association between duration of
hormone replacement therapy and ovarian cancer risk
(90). An increased risk of ovarian cancer has been
found among women with a familial aggregation of
breast and ovarian cancers, and the BRCA1 gene has
been located in these families (91).
Many studies that have assessed infertility as a risk
factor for ovarian cancer have been impaired by only
being able to use surrogate measures of infertility.
Data on length of unprotected intercourse before a
pregnancy or on physician-diagnosed infertility have
frequently not been obtained. Furthermore, a distinction has often not been made between involuntary and
voluntary infertility or between primary and secondary
infertility (20-22, 85, 88, 92). Instead, several studies
have found increased ovarian cancer risk among nulliparous married women (compared with nulliparous
unmarried women) or among women who reported
difficulties in conceiving or with unplanned childlessness (compared with women without such problems)
(85,92-97). Other studies have evaluated contraceptivefree years of marriage and found an overall increased
risk of ovarian cancer in the range of 1.5-2.0 (96, 98).
However, in several recent studies that used a quantitative measure of attempting pregnancy without success (and not a surrogate measure), it was revealed that
after stratification for parity, the risk was confined to
nulliparous women, with relative risks in the range of
1.5-2.7 (1, 88, 99).
Infertility may also be assessed by specific cause,
yet few studies have included this information. It appears, however, that ovarian cancer risk may indeed vary by type of infertility, with some studies
suggesting that ovulatory dysfunction is most predictive of subsequent ovarian cancer risk (1, 21, 100).
Whittemore (1) found an odds ratio of 2.1 (95 percent
CI 0.9-4.7) and Rossing et al. (100) reported a relative risk of 3.7 (95 percent CI 1.4-8.1) in women with
ovulatory infertility compared with women in the general population. Similarly, Brinton et al. (21) reported
an almost doubling in risk among women with luteal
phase defects compared with women with other causes
of infertility. In contrast, two other studies that had
information on type of infertility found that unexplained infertility related most strongly to ovarian
cancer risk (20, 22).
In most studies, reproductive risk factors for borderline and invasive ovarian tumors have been found to
be similar (73, 89, 93, 101). This was confirmed in a
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Intermediate between the completely benign tumors
and the malignant carcinomas are the borderline tumors or tumors with low malignant potential, including the granulosa cell tumors (69). The borderline
tumors constitute 10-17 percent of all ovarian malignancies (70, 71). Borderline tumors are characterized
by cellular stratification with variable nuclear atypia
and mitotic activity but without evidence of stromal
invasion (67). It is not known whether the natural
history of ovarian cancer includes a borderline phase
and, if so, what proportion of borderline tumors
progress to ovarian cancer.
There is marked geographic variation in ovarian
cancer incidence. In general, the incidence is highest
in the United States, Canada, and Scandinavia (the
world's highest incidence is in Denmark) and lowest
in Japan, Italy, and developing countries (72). Ovarian
cancer rates have remained almost constant in the high
risk areas (European and North American countries)
throughout the period 1958-1982 (72). In the same
period, a rising trend was observed in low risk areas
like Japan, India, and Singapore (72, 73). The agestandardized incidence rate, which is about 14 per
100,000 women in the high risk areas, corresponds to
a lifetime risk of approximately 1.9 percent. Malignant
ovarian tumors are most common in women over 60
years of age, with only 10 percent of ovarian cancers
occurring in women under the age of 40 years (74, 75).
In contrast, borderline tumors are more common in
younger women, the mean age at diagnosis being
approximately 40 years (71, 76).
Ovarian cancer is the most lethal gynecologic malignancy in the Western world. In high risk areas, it
ranks fourth in cancer mortality after cancers of the
breast, lung, and colon (77). Overall, 70 percent of
women present with stage III or stage IV disease (78).
Only 5 percent of patients with stage III or stage IV
disease, 21 percent of patients with stage II disease,
and 64 percent of patients with stage I disease are alive
5 years after diagnosis (78). The prognosis is substantially better for borderline ovarian tumors than for
invasive rumors: After a mean follow-up period of 7
years, one study on borderline tumors found that 99
percent of patients with stage I disease and 92 percent
with stage II and stage III disease were still alive (79).
There are several established risk factors for ovarian
cancer. The strongest of these relate to reproductive
events. Multiparity and oral contraceptive use have
been shown to be associated with a substantial reduction in risk (1, 80-83). It is generally agreed that the
protective effect increases with increasing numbers of
births (1, 83, 85) and that the association with oral
contraceptive use is dose-dependent, with a 50 percent
decrease in risk being seen after 3 years of use (80). A
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recent pooled analysis of nine case-control studies,
with the exception that the association with oral contraceptive use was less pronounced for borderline tumors than for invasive tumors (102). Fewer studies
have assessed the association between infertility and
borderline ovarian tumors, although, as with invasive
ovarian cancer, infertility appears to increase risk, with
risk estimates ranging from 2.3 to 4.0 (73, 101, 102).
STUDIES OF FERTILITY DRUG USE IN RELATION
TO RISK FOR OVARIAN CANCER

The evidence indicating a possible association between use of fertility drugs and development of ovarian tumors has emerged from both descriptive studies
(case reports and case series) (table 2) and analytical
studies (cohort and case-control studies) (tables 3-5).
Descriptive studies

Analytical studies

At present, the results of eight epidemiologic studies
on the relation between fertility drug use and risk of
ovarian and borderline tumors have been published
(tables 3-5). These studies included four cohort studies of infertile women (20-22, 100) (one study also
included an analysis of a nested case-cohort study
(100)), one hospital-based case-control study (104),
two population-based case-control studies (99, 105),
and a pooled analysis using original data from 12
case-control studies. The results of the pooled analysis
were published as three separate articles on risk factors
for invasive epithelial (1), borderline (102), and nonepithelial (106) ovarian tumors, respectively.
Cohort studies. A cohort study by Ron et al. (20)
consisted of 2,575 women evaluated for primary or
secondary infertility (table 3). Infertility was diagnosed by a physician, and from the clinical files the
type of infertility was also defined. A total of four
ovarian cancer cases were observed among all infertile
women as compared with 1.9 expected, yielding a
nonsignificantly elevated SIR of 2.1. The cancer risk
associated with use of CC or hMG was similar to the
risk observed in infertile women receiving other hormonal treatment or no hormones (risk estimates not
provided). One strength of this study was the nearly
complete follow-up, as the authors succeeded in
matching 96 percent of the identified patients from the
gynecologic outpatient clinic records with the population registry. Also, this study included information on
important risk factors for ovarian cancer, such as parity and use of oral contraceptives. However, since the
cohort was young (mean age at the end of follow-up
Epidemiol Rev Vol. 20, No. 2, 1998
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The first case report was published by Bamford and
Steele in 1982 (2). Since then, case reports on 50
women with a malignant or borderline ovarian tumor
detected during or after infertility treatment have been
published (2-17) (table 2). These reports have varied
widely in terms of the degree of clinical information
presented. The type of infertility is frequently not
specified, and only two case reports included information on potentially confounding factors such as a family history of breast cancer or ovarian cancer (15, 16).
Some of the case reports lacked information on the
total amount of fertility drugs received (6-8, 11, 12,
14, 16) or on the amount of time between diagnosis
and the first or last treatment cycle (3, 8, 11), although
all patients had received treatment before diagnosis.
Cases were 22-41 years of age at diagnosis. By histology, the tumors can be divided into three groups:
granulosa cell tumors (26 percent), borderline tumors
(28 percent), and adenocarcinomas (42 percent). The
young age of the patients in these reports probably
reflects the fact that the majority (54 percent) were
patients with tumors of low malignant potential. The
patients had received an average of six treatment cycles for infertility. Overall, CC was the treatment in 81
percent of the patients; 72 percent received gonadotrophins; and 56 percent were treated with both CC
and gonadotrophins. Of the nine patients who received
treatment for 12 or more cycles (marked with a double
dagger ($) in table 2), seven developed invasive epithelial carcinoma and two developed granulosa cell
tumors.
Some concern has been expressed as to whether the
association between fertility drugs and ovarian cancer
can be explained by detection bias. One of the case
series (12) found that all of the women studied became

pregnant after removal of their granulosa cell tumors;
thus, there was concern that they actually had had their
tumors before their infertility treatment started. Furthermore, Lais et al. (103) found an increased frequency of ovarian tumors during microsurgery for
infertility evaluation. Among 571 infertile women under 40 years of age who were undergoing laparoscopy,
a malignant ovarian tumor (cystadenocarcinomas) occurred in six women, as compared with only one
tumor among 5,806 women with no fertility problems
from the same population who underwent cholecystectomy or appendectomy. Findings from these case
reports may reflect an increased likelihood of detection of ovarian tumors in women undergoing infertility
surgery rather than an effect of fertility drug use on
ovarian cancer risk. However, in the absence of an
appropriate comparison group, descriptive studies can
only be used to generate hypotheses for further research and cannot directly address the relation between infertility and ovarian cancer risk.

Fertility Drugs and Ovarian Cancer

In this carefully conducted investigation, specific
information on type of infertility, type of infertility
drugs, and number of cycles of use was retrieved
directly from the clinical records, and blindly with
Epidemiol Rev Vol. 20, No. 2, 1998

regard to cancer diagnosis. Nevertheless, some limitations of the study should be noted. The results were
based on a small number of tumors, of which nearly
half were reported to be borderline. In the withincohort analysis, all types of ovarian tumors were
grouped together, and risks associated with CC use
were not provided separately for invasive and borderline tumors. Ideally, borderline and invasive ovarian
tumors should be analyzed separately, since they differ
in terms of behavior, prognosis, and age distribution
(70, 71). Furthermore, despite having similar risk factors (107), it is still not known whether there are
etiologic differences between ovarian tumors of low
malignant potential and invasive tumors. More importantly, the inclusion of granulosa cell tumors in the
group of epithelial tumors has been criticized because
of their different embryologic, pathologic, and epidemiologic characteristics (33). Rossing et al. (29) have
recently responded to this critique by eliminating
women with granulosa cell tumors from the analysis,
revealing an attenuated but still elevated risk associated with exposure to 12 or more cycles of CC (relative risk (RR) = 6.7, 95 percent CI 0.8-58.8). Additionally, it has been suggested that the high number of
borderline tumors in this cohort and the high ratio of
borderline tumors to invasive tumors may be the result
of detection bias due to intensive ultrasound surveillance in this population (108). This explanation seems
unlikely, however, since the majority of tumors (9 of
11) were diagnosed after infertility treatment had
stopped. Furthermore, the increased risk associated
with long term CC use was observed in both women
with ovulatory abnormalities (RR = 7.4, 95 percent CI
1.0-53.1) and women without them (RR = 9.1, 95
percent CI 1.0-86.5) (data not shown), which suggests
that the association was not due simply to an ovarian
abnormality leading to both infertility and CC use.
The most recent and, to date, the largest cohort
study carried out among infertile women was conducted by Venn et al. (22), with specific emphasis on
in vitro fertilization treatment (table 3). A total of
5,564 women were treated with ovarian stimulation,
while 4,794 women had no ovarian stimulation. Three
malignant ovarian tumors were observed in each
group. Relative to the general population, this yielded
an SIR of 1.7 (not significant) for the exposed women
and an SIR of 1.6 (not significant) for the unexposed
women. When only women with 5 or more years of
follow-up were included in the analysis, risk estimates
increased slightly. Finally, infertile women treated
with ovarian stimulation had a nonsignificant increased risk of ovarian cancer compared with infertile
women without this treatment.
Although this is the largest cohort study yet con-
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was 41.0 years), the study was limited by small numbers of observed events and by not presenting detailed
information on the different hormonal treatments or
their risk estimates.
Brinton et al. (21) studied 2,335 women evaluated
for infertility (table 3). Infertility was defined as the
inability to conceive in spite of attempts to become
pregnant for at least 1 year. The observed number of
ovarian cancer cases did not differ from that expected.
In comparison with the general population, ovarian
cancer risk was higher in women with progesterone
deficiencies (SIR = 1.6) than in women with other
causes of infertility (SIR = 1.1) (data not shown).
There were no differences in ovarian cancer risk between women treated for infertility and those not
treated (risk estimates not provided). A limitation of
the study, apart from its small size, is that it covered a
period during which primarily estrogens and progesterone were being used. In addition, the study lacked
detailed information on these infertility treatments;
furthermore, only 67 percent of the women in the
cohort could actually be traced.
Rossing et al. (100) examined a cohort of 3,837
women evaluated for infertility at several infertility
clinics (table 3). All of the women had attempted
conception for at least 1 year and had made at least
two visits to an infertility clinic. Cases were compared
with the general female population in the study area,
as well as with a control group of 135 women selected
at random from the cohort. In comparison with the
general population, the SIR for invasive epithelial
ovarian cancer was 1.5 (95 percent CI 0.4-3.7), and it
was 3.3 (95 percent CI 1.1-7.8) for borderline tumors
(data not shown). Women who had used hCG, hMG/
FSH, or CC were at increased risk for developing an
ovarian tumor: The SIRs were 2.8 (not significant), 5.6
(not significant), and 3.1 (95 percent CI 1.4-5.9),
respectively (data not shown). Infertile women with
ovulatory abnormalities had an approximate doubling
of risk for an ovarian tumor compared with infertile
women with other abnormalities. Ever use of CC was
associated with a relative risk of 2.3 (95 percent CI
0.5-11.4) compared with infertile women with no CC
use. The risk was mostly pronounced in women with
long term use (S12 cycles), and it was observed in
both nulligravid and gravid women (table 4). Data on
the use of hMG/FSH were not presented, but there was
no increase in risk of ovarian tumors associated with
the use of hCG when cases were compared with the
subcohort.
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LE 2.

Case reports on fertility drug use and ovarian cancer, 1982-1997
Study
(reference no.)
and year

amford and Steele (2), 1982

las and Menczer (3), 1982

en-Hur et al. (4), 1986

Country

United Kingdom
Israel

Israel

Histology

Endometnoid carcinoma
Borderline

Age
(years)
at
diagnosis

32^:

26

CC, hCG
FSH, LH, hCG

24 for hMG
24forhCG

CC
(hCG)

0)

Serous adenocarcinoma
Serous adenocarcinoma

27*
22

Bromocriptine, CC, hCG
CC

3

25

CC, LH, FSH, hCG

3

ulkarni and McGarry (6), 1989

United Kingdom

Papallary serous adenocarcinoma

35*

CC, cyclofenil

Several months, 18

appdhn et al. (7), 1989

The Netherlands

Granulosa cell tumor

29

CC

1

Germany

Papillary serous adenocarcinoma

34*

CC, FSH, LH, GnRH
Buserelin

>12forCC;1 for FSH
and LH; 4 for GnRH
6 for buserelin

ijmanetal. (10), 1992

opes and Mensier (11), 1993

illemsen etal. (12), 1993

The Netherlands
France

Borderline
Borderline
Borderline

32
25
28

hMG

2

hMG
hMG

3

Borderline
Borderline

38
36

LHRH-a, hMG, hCG
hMG, LHRH-a

2
4

Borderline

39
36
37
41

hMg, hCG
CC, hMG, hCG
CC, hMG, hCG
CC, hMG, hCG
hMG, hCG
Ovulation induction
hMG, hCG
CC
CC, hMG, hCG
CC, hMG, GnRH(a), hCG
CC, hMG, GnRH(a), hCG
CC, hMG
CC, hMG, GnRH(a), hMG

4
8

CC, bromocriptine, hMG
CC, hMG
CC, GnRH, hMG
CC, hMG
CC, bromocriptine
CC
CC, hMG, GnRH
CC

?, ?, 4

Borderline
Borderline
Borderline
Borderline
Borderline
Endometnoid adenocarcinoma
Endometnoid adenocarcinoma
Endometnoid adenocarcinoma
Serous adenocarcinoma
Clear cell adenocarcinoma
Clear cell adenocarcinoma
Undifferentiated carcinoma
The Netherlands

Granulosa cell
Granulosa cell
Granulosa cell
Granulosa cell
Granulosa cell
Granulosa cell
Granulosa cell
Granulosa cell

tumor
tumor
tumor
tumor
tumor
tumor
tumor
tumor

34
34
37
35
39
36*
34*
36
36
37

27
30
35
30
25
31*

27

2

?
4
4

6
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Serous adenocarcinoma

United States

Se
ye

12, 12,2

United Kingdom

oldberg and Runowicz (9), 1992

4

Several years

arter and Joyce (5), 1987

etl (8), 1991

Mo
si
las
trea

Du rations*,t
(cycles)

Preparations*

9

5

5

4

1

6
3
1
8
>20
>20
6

2,5
?! 3'

?
?, 4

?
?
12, 8, 2
6
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ducted, it has some limitations: 1) exposure to specific
fertility drugs was not analyzed—instead, exposure
was defined only as "in vitro fertilization" treatment
(table 3); 2) the median length of follow-up was short,
and only 51 percent of women in the exposed group
were followed for at least 5 years; 3) women who had
started but not completed a stimulated in vitro fertilization cycle were included in the exposed group;
4) there was no information on parity or other potential
confounders; and 5) the number of in vitro fertilization
treatment cycles was generally low (mean = 2;
range = 1-22), with 77 percent of the women having
had three or fewer stimulation cycles, thus limiting the
investigators' ability to study a potential doseresponse relationship with increasing numbers of in
vitro fertilization cycles. In addition, Rossing and
Weiss (109) subsequently pointed out that an inconsistency in the analysis of included person-time between registration and the first stimulated cycle could
have contributed to an underestimation of the relative
rates in the women who received in vitro fertilization.
This, together with limitations 2 and 3 above, may
have caused an underestimation of the true risk of
ovarian cancer.
Case-control studies. Whittemore et al. (1, 110)
performed a collaborative pooled analysis using original data collected from 12 case-control studies of
ovarian cancer diagnosed between 1956 and 1986.
Only three (95, 98, 111) of the 12 studies included had
data on infertility, use of fertility drugs, and epithelial
ovarian cancer (table 5). An increased risk of ovarian
cancer was observed in women who had used fertility
drugs as compared with women without a history of
infertility. However, the risk associated with the use of
fertility drugs was much higher among nulligravid
women than among gravid women (table 4). This is in
contrast to the study by Rossing et al. (100), in which
the risk associated with fertility drug use was increased in both nulligravid women and gravid women
(table 4). This inconsistency might result from the
nulligravid women in Whittemore et al.'s pooled analysis using fertility drugs longer than the women who
subsequently conceived. However, it has been argued
that the difference in the magnitude of risk between
nulligravidae and gravidae cannot be explained by the
protective effect of pregnancy or by duration of fertility drug use, but is more likely due to differences in
other patient characteristics (unknown confounding
factors) (112). Caro et al. (113) suggested that this
difference could be caused by selection bias, if women
who were treated for infertility and did not conceive
were less likely to participate in the control group, or
by recall bias, if these women were reluctant to reveal
fertility drug use.
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E 3.

Cohort studies of infertility drug use and risk of ovarian cancer

Study
(reference no.)
and year

Country

n et al. (20), 1987

Israel

Median
age
(years)
at entry

End of
follow-up

Women referred for
Infertility, 1964-1974

28.7

1981

n, = 1,343*
nu= 1,232
T= 2,575

12.3 years
(31,622)

CC, hMG, "other 4 ovarian cancers: Compared with general popu
hormonal
SIRt = 2.1 (NSt) tor Infer
2 unclassified
SIR = 6.1 (NS) for unclas
treatments,"
infertility; 1
no hormonal
Infertility
male partner
treatment
Compared with infertile wome
Infertility; 1
mechanical
no use of fertility drugs
Infertility
No excess risk among Inf
women} treated with C
or hMG

19.4 years
(45,408)

Primarily "estrogens or
progesterones"

11 ovarian canCompared with general popu
SIR = 1.3 (NS) for Infertili
cers: 5 proCompared with infertile wome
gesterone
SIR = 1.8 for hormonal
deficiencies;
2 structural
Infertility compared wit
types of Infertility
defects; 2 male
factors; 2 other
or unknown

CC
hCG
hMG

11 ovarian tumors: Compared with general popu
SIR = 3.7 (95% Clt 1.4-8
4 epithelial
for ovulatory Infertility
Invasive, 2 norv
epithellal, and Compared with infertile wome
Never CC use (2/48§): ad
5 borderline;
RRt = 1.0
5 with nonEver CC use (9/87): adju
ovulatory InRR = 2.3 (95% Cl 0.5fertility and 6
1-11 months of use (3/64
with ovulatory
RR = 0.8 (95% Cl 0.1Infertility
12 months of use (5/18):
RR = 11.1 (95% Cl 1.5

Type
of
cohort

Composition
of
cohort*

Mean length
of follow-up
(person-years
In parentheses)

United States

Women evaluated for
Infertility, 19351964

28.6

1981

n, = 530
nu = 1,805
7=2,335

sslng et al. (100), 1994

United States

Women evaluated for
infertility, 1974-1985

29.7

1992

In a subcohort 12.3 years
(43,438)
of 135
patients:
n, = 64%wlth
CC; 25.9%
with hCG;
4.4% with
hMG
T= 3,837

Women referred for
IVFt treatment,
1978-1992

32

19881993

n, = 5,564
nu = 4,794
7 = 10,358

nn et al. (22), 1995

Australia

5.2 years for
treated
group; 7.6
years tor
untreated
group
(66,927)

No.ot
cases and
type ot
Infertility

Risk of
ovarian
cancer
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nton et al. (21), 1989

Infertility
treatment
classification!

IVF treatment:
3 serous or
Compared with general popu
mudnous
Treated with IVF: SIR = 1
Until 1987,
(NS); SIR = 2.1 (NS
CCplus
adenocarcinocluding only women
mas In treated
hMG or
25 years of follow-up
hCG
group and 3
1987-1992,
serous or
No IVF: SIR = 1.6 (NS);
GnRH(a)
1.8 (NS) Including o
mudnous
women with £5 year
plus hMG
adenocarcinofollow-up
orhCG
mas In un1990-1992,
treated group; Compared with infertile wome
Infertile women with IVF
GnRH plus
5 with unment had an RR =
hMG/FSH
explained
(95% Cl 0.3-7.6)
infertility and
compared with wom
1 unknown
without IVF treatme
RR for unexplained Infert
19.1 (95% Cl 2.2-1

n, = treated with fertility drugs; nu = untreated; 7 = total.
Abbreviations: CC, clomiphene citrate; Cl, confidence interval; FSH, follicle-stimulating hormone; GnRH, gonadotrophln-releasing hormone; GnRH(a), gonadotrophin-releaslng hormone (agonist
n chorionic gonadotrophln; hMG, human menopausal gonadotrophin; IVF, In vitro fertilization; NS, not significant; RR,relativerisk;SIR, standardized Incidence ratio.
Treated for hormonal Infertility.
Number of cases/number of controls.

LE 4.

Results from selected studies of the risk for ovarian cancer associated with infertility and use of fertility drugs in never and ever pregnant women
Never pregnant women

Study

(reference no.)
and year

hlttemoreetal.(i),
1992

osgaard et al. (99),
1997

History of Infertility
No
Yes
Fertility drug use
No infertility
Never use
Ever use
Fertility drug use
among infertile
women
Never use
Ever use
Fertility drug use (CC*)
among infertile
women
0 - 1 1 cycles
£12 cycles
History of Infertility
No
Yes
Fertility drug use
No Infertility
Never use
Ever use
Fertility drug use
among Infertile
women
Never use
Ever use

Ever pregnant women

No. of
cases

No. Of
controls

Crude
RR*

58
34

78
23

1.0
2.1t

1.1-4.0t

1.0
2.1

54
22
12

78
22
1

1.0
1.4t
17.3t

0.7-2.9t
3.6-84t

1.0
1.6
27.0

22
12

22
1

1.0
12.0t

2.0-711

95% Cl*

No data
No data
20
64

53
58

1.0
2.9t

20
46
18

53
39
19

1.0
3.1
2.5

46
18

39
19

1.0
0.8t

RR, relative risk; C C , clomlphene citrate; Cl, confidence Interval.
Estimated from data provided in the paper.
Adjusted for age, study, and oral contraceptive use.
Adjusted tor age, study, parity, breastfeeding, and oral contraceptive use.

1.6-5.4t

0.4-1.71

Adjusted
RR

No. Of
cases

No. Of
controls

Crude
RR

1.0-4.2

472
62

888
112

1.0
1.0t

0.7-1.4f

1.0
1.0

0.7-313
2.3-315*

472
54
7

888
102
10

1.0
1.0t
1-St

0.7-1.4f
0.6-3.8f

1.0
0.8
1.4

54
8

102
10

1.0
1.5t

0.6-4.0t

95% Cl

1.0
10.8

1.5-78

No data
No data

1.0
2.7

458
71

1,286
187

1.0

1.3-5.5

1.0
2.7
2.3

1.3-5.5
0.9-5.6

458
61
10

1,286
148
39

0.9
1.0
0.6

1.0
0.8

0.4-1.7

61
10

148
39

95% Cl

Adjusted
RR

1.0
17.0

I.It

1.0
0.6t

0.8-1.4t

1.0
1.1
1.0
1.1
0.7

0.3-1.3f

1.0
0.6

95%

0.6Downloaded from epirev.oxfordjournals.org by guest on July 13, 2011

osslng et al. (100),
1994

Variable

0.60.5-

1.2-

0.6-

0.60.60.3-

0.2-

LE 5.

Case-control studies of infertility, use of fertility drugs, and risk of borderline tumors and ovarian cancer

Study
erence no.)
nd year

Country

temore et al.
1), 1992

United
States

n-Ross et al.

106), 1992

United
States

United
States

Data
collection
period

Pooled analysis
with datat
from three
case-control
studies (95,
98,111)

622 epithelial
ovarian cancers; 1,101
hospital and
population
controls

19771981

Pooled analysis
with dataf
from three
case-control
studies (95,
98,111)

Pooled analysis
with data*
from two
casecontrol
studies (98,
111)

88 borderline
ovarian
tumors; 752
population
controls

18 germ cell
tumors;
1,142 population
controls
45 stromal
tumors;
2,617
population
controls

19771981

19771981

(years)
ot
cases
at
diagnosis

Data
collection
method

Response
rates

Prevalence
Type
of inol
fertility
infertility
among
drug
controls

18-80 Personal
Cases:
Limited
inforinterview
5-24%
mation
died
before
contact
70-90%
Included
among
the remaining
Controls:
60-78%

18-80 Identical to
Whittemore et
al.(1)
above

Nl*

18-80 Identical to Cases:
Whitte5-24%
died
more et
before
aid)
above
contact;
70-90%
Included
among
the remaining
Controls:
60-90%

Nl

Nl

12

12

Nl

Variable

History of infertility
No
Yes
Fertility drug
use
No Infertility
Never use
Ever use
Fertility drug
use
among
infertile
women
Never use
Ever use
History of
Infertility
No
Yes
Fertility drug
use
No infertility
Never use
Ever use
Fertility drug
use
among
Infertile
women
Never use
Ever use
Fertility drug
use
Never use
Ever use

No. of No. of
cases controls

Crude

95%CI«

Adjusted
RR

9

526
96

966
135

526
76
20

966

1.0

124

1.1

0.8-1.5$

11

3.3

1.7-6.7*

76
20

124
11

1.0
2.9

1.4-6.4*

180
43

2,779
370

1.0
1.8

1.3-2.5*

1.0
1.9

1.3

69
15
4

657
86
9

1.0
1.7
4.2

0.9-3.0*
1.4-12.8*

1.0
1.6
4.0

0.8
1.1

15
4

86
9

1.0
2.5

0.7-9.0*

44
1

2,615 #
2

Nl

1.0
1.3

1.0-1.7*

1.0
1.0

0.8

1.0
0.9
2.8

0.7
1.3
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is et al.
2), 1992

Type of
case-control
study

Type and
no. of
cases and
controls

1.0"
13.4 0.9

nceschl et al.
104), 1994

ushan et al.
(105), 1996

Israel

Denmark

Hospital-based
case-control
study

Populationbased casecontrol
study

Populationbased casecontrol
study

195 epithelial
ovarian
cancers;
1,339
controls

164 Invasive
epithelial
tumors}}
and 36
borderline
tumors}};
408 controls

684 epithelial
(87%) and
nonepithelial
(7%) cases;
1,721
controls

19921993

1993

19891994

Nl

Personal
interview

Nl

Telephone Cases: 25%
of eligiinterview
ble died
before
contact;
70% induded
among
the remaining
Controls:
-63%
Cases: 37%
18-59 Posted
quesof eligltionnaire
ble died
before
contact;
81%
induded
among
the remaining
Controls:
-78%

Nl

CC*
hMG*

2.5

11.3

Tablets
15.5
onlyCC
Tablets
and1
Injection—
CC
and
hCG*
Several
injections—
hMG
or
hCG

History of Infertility
No
Yes
Fertility drug
use
No Infertility
Never use
Ever use
Fertility drug
use In
infertile
women
Never use
Ever use
History of Infertility
No
Yes
Fertility drug
use
No Infertility
Never use
Ever use
CC alone
hMG alone
CC +/- hMG
History of infertility
No
Yes
Fertility drug
use
No infertility
Never use
Ever use
Fertility drug
use
among
infertile
women
Never use
Ever use
CC alone
CC and hCG
hMG and hCG

191
4

1,305
34

1.0
0.8

0.3-2.3}

191
2
2

1,305
19
15

1.0
0.7
0.9

0.1-3.8}
0.2-4.0}

2
2

19
15

1.0
1.3

0.7-2.4}

166
34

362
46

1.0
1.6

1.0-2.6}

166
10
24
11
11
22

362
17
29
18
6
24

1.0
1.3
1.8
1.0
3.2
1.6

0.6-2.9}
1.0-3.3
0.9-3.1}
0.9-10.8}
0,6-4.1

613
135

1,484

1.0

613
107
28

1,484
187
58

107
28
15

187
58
27
13
13

6

7

245ffll 1.5

RR, relative risk; Cl, confidence interval; Nl, no information; CC, domlphene citrate; hMG, human menopausal gonadotrophin; hCG, human chorlonic gonadotrophin.
Studies In which data on fertility drugs were available.
Estimated from data provided In the paper.
Adjusted for age, study, parity, breastfeeding, and oral contraceptive use.
H Adjusted for age, study, and parity.
# Stromal tumors.
Both Infertile and nonfertlle.
Adjusted for age, area of residence, education, use of oral contraceptives, and number of pregnancies.
Results shown are totals of all ovarian tumors, I.e., invasive and borderline.
Adjusted for age, parity, body mass index, region of birth, education, family history, and interviewer.

1.0
1.4
1.2

1.0
0.8
1.0
0.8

0.9

1.0**

1.2-2.0}

1.1-1.8}
0.7-1.8}

0.5-1.4}
0.5-1.9}
0.3-2.1}
0.4-2.4}

0.7
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sgaard et al.
99), 1997

Itaty

1.3

0

0

250

Glud et al.

cases had died before enrollment (table 5). Furthermore, a high proportion of the cases were diagnosed
before the most currently used fertility drugs were
available (33). Other major limitations include the lack
of information on cause of infertility and type of
fertility drug used (33). Additionally, it has been suggested (113) that the prevalence of fertility drug use
among infertile control subjects is much lower (4
percent) than expected (20-30 percent) from surveys
conducted in the United States (64, 113). Thus, the
inability to assess fertility drug type, dose, or time of
drug administration in those patients taking fertility
drugs makes the results difficult to interpret. Finally,
the methodological problems inherent in combined
data sets and pooled analyses merit attention.
In the case-control study by Franceschi et al. (104),
a medical diagnosis of infertility was not associated
with an increased risk of ovarian cancer (table 5). No
difference in the risk of ovarian cancer was found
between women with and without fertility drug use.
Confining the analysis to infertile women, the crude
relative risk for use of infertility drugs was 1.3 (95
percent CI 0.7-2.4). Additional results from this study
(104), based on 208 cases and 873 controls, have been
published in a letter (115). Fertility drugs were used by
1.9 percent of cases and 1.5 percent of the controls,
yielding a relative risk of 1.1 (95 percent CI 0.4-3.6)
(data not shown). This study was not initially designed
to evaluate infertility, but instead had an emphasis on
dietary habits and hormone levels in relation to ovarian cancer. As a result, there was no information on
cause of infertility or specific types of fertility drugs
used. The results were based on very small numbers of
fertility drug users, and the prevalence of infertility
among controls appears low compared with that reported in similar studies (1, 105).
In the case-control study by Shushan et al. (105),
analyses were performed on a combined case group of
invasive and borderline epithelial ovarian tumors (table 5) and on a case group including only women with
borderline tumors (data not shown). From data presented in the paper, it was estimated that, compared
with women without a history of medically diagnosed
infertility, infertile women who had never used fertility drugs had a crude relative risk of 1.3 (95 percent CI
0.6-2.9) for an ovarian tumor, while the relative risk
for infertile women who had ever used fertility drugs
was 1.8 (95 percent CI 1.0-3.3). When adjustment
was made for confounding factors, the risk associated
with fertility drug use became nonsignificant. Analyses were not performed separately for nulliparous and
parous women. When the analysis was restricted to
borderline tumors, the risk remained elevated (RR =
3.5, 95 percent CI 1.2-10.1) (data not shown). The use
Epidemiol Rev Vol. 20, No. 2, 1998
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In the pooled analysis of Whittemore et al. (1), the
comparison of fertility drug use to nonuse was not
restricted to women diagnosed as infertile, and it may,
therefore, reflect the risk due to infertility itself as well
as that due to the use of drugs. It may be more
appropriate to assess risk associated with use of fertility drugs within the group of infertile women, as
these women are more likely to be comparable with
respect to other potentially confounding factors such
as parity and use of oral contraceptives. We calculated
new risk estimates, using infertile women who had not
used fertility drugs as the reference group, for all of
the case-control analyses (tables 4 and 5). In the
pooled analysis of epithelial ovarian cancer by
Whittemore et al., the crude risk related to fertility
drug use, when the analysis was restricted to infertile
women, was increased in ever users (table 5). An even
higher risk for fertility drug use was noted among
nulligravid women (table 4).
Harris et al. (102) published results from the pooled
analysis of Whittemore et al. concerning risk factors
for borderline ovarian tumors (table 5). In three of the
studies included in the pooled analysis, information on
physician-diagnosed infertility among ever-married
women and use of fertility drugs had been collected
(95, 98, 111). Relative to women who did not report
infertility problems, the risk associated with use of
fertility drugs was 4.0 (95 percent CI 1.1-13.9). Restricting the analysis to women with a history of infertility, the crude risk estimated from data provided in
the paper was 2.5 (95 percent CI 0.7-9.0) for fertility
drug use compared with never use (table 5). This is
similar to the crude estimate of 2.9 in infertile women
with invasive ovarian cancer (1). Data that would
allow calculation of risk estimates among nulliparous
and parous women separately were not provided.
Finally, Horn-Ross et al. (106) published results on
nonepithelial ovarian cancer, as part of the pooled
analysis of Whittemore et al. (table 5). However, information on use of fertility drugs was available only
for two of the studies (98, 111). One case (nulligravid)
with a stromal tumor and two controls (one nulligravid, the other multiparous) reported use of fertility
medications, yielding a nonsignificant elevated risk.
The results emerging from the pooled analysis of the
12 US case-control studies of ovarian cancer have
received international attention and have been much
debated. Authors have expressed their concern with
regard to several methodological issues (28, 33, 112114). One concern relates to the fact that results on
fertility drugs and epithelial ovarian cancer were based
on only three of the 12 original studies; consequently,
the numbers of exposed cases and controls were small.
In some of the original studies, up to 24 percent of
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plus hCG or hMG) increased the risk of ovarian cancer
(table 5).
The study had several strengths. Cases were included in the study through two national registries,
with histologic verification in all cases. A high proportion (81 percent) of the selected controls were
included. However, 36 percent of the cases had died
before contact was established, which could have
caused selection bias if risk determinants differed between the deceased patients and the patients included
in the study. Data were collected by means of a mailed
questionnaire, and there was no information on the
specific cause of infertility, the woman's age at the
time she was receiving treatment, calendar time, or
the specific fertility drug used. Given the fact that
information on the specific types of fertility drugs used
had to be extrapolated from their modes of action, and
given the variety of former infertility treatment regimens (such as use of estrogens, oral contraceptives,
steroids, etc.) (31, 33), the accuracy of the results
concerning specific drug types is not known.
HYPOTHESES ON OVARIAN CANCER IN
RELATION TO FERTILITY DRUG USE

The etiology and pathogenesis of ovarian cancer is
still largely unknown, but epidemiologic evidence indicates that hormone-mediated carcinogenesis is
thought to result from increased cell proliferation
(116, 117). Proliferation of epithelial ovarian tissue is
a result of cyclical gonadotrophin secretion and subsequent ovulation. With this increased cell division,
the risk of errors of various kinds (i.e., amplifications,
deletions, and mutations) also increases (116, 118, 119).
It remains unclear whether CC and/or exogenous gonadotrophins are capable of inducing or promoting malignant transformation through increased cell division.
Two main hypotheses concerning ovarian cancer
development have been proposed. In 1971, Fathalla
(120) suggested that repeated minor trauma to the
epithelial surface of the ovary caused by ovulations
increases the risk of ovarian cancer. This "incessant
ovulation" hypothesis has gained much support, as it is
in accordance with several known risk factors and
epidemiologic features of ovarian cancer. It agrees
with the observed protective effects of multigravidity,
oral contraceptive use, and breastfeeding, all conditions associated with anovulation or a decreased number of ovulations. The strong protective effect of
anovulation was especially evident in the pooled analysis of Whittemore et al. (1), where the relative risk of
epithelial ovarian cancer increased significantly with
increasing estimated years of ovulation (121). The
Fathalla hypothesis is also in agreement with the fact
that 80-90 percent of ovarian cancers originate from
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of CC was not associated with an increase in risk: The
adjusted relative risk was 0.9 (not significant) in the
combined case group (data not shown) and 1.3 (not
significant) among women with borderline tumors
(data not shown). When the analysis was confined to
women reporting fertility problems (combined case
group), the use of fertility drugs was associated with a
slightly increased crude risk (RR = 1.4, 95 percent CI
0.5-3.6). However, this effect was not apparent when
infertile women who had only used CC were compared with infertile women without such use (table 5).
A total of 11 women from the combined case group
and six women from the control group reported that
they had used hMG, yielding an adjusted relative risk
of 3.2 (95 percent CI 0.9-11.8) in comparison with
women with no hMG use (data not shown). The risk
was especially pronounced among women with borderline tumors (adjusted RR = 9.4, 95 percent CI 1.752.1) (data not shown).
In this study, data were collected by telephone interview, with no verification of the information on
fertility drug use. Furthermore, there was no information included on type of infertility, as most subjects
could not recall the particular cause of their infertility.
It may also be of methodological concern that 25
percent of the cases, defined as women diagnosed with
cancer during the period 1990-1993, had died before
contact was established; that a relatively low percentage of eligible controls were included in the study; and
that oral contraceptive use, usually a strong risk determinant for ovarian cancer, was not associated with
ovarian cancer in this study. In addition, as was noted
above, combining invasive and borderline tumors may
not be appropriate. Finally, it would have been of
interest to see the estimates calculated separately for
nulliparous and parous women, given previous findings by Whittemore et al. (1).
Findings from the largest case-control study have
been published by Mosgaard et al. (99) (table 5). Cases
were ascertained through the Danish Cancer Registry
and the Danish National Patient Registry. Controls
were selected randomly from the National Person Registry. Infertility was defined as having attempted pregnancy for more than 12 months without success. The
risk of ovarian cancer was not increased among treated
infertile women versus nontreated infertile women,
and the risks were similar among nulliparous and
parous women (table 4). Exclusion of non-epithelial
tumors did not change these odds. No data on the
specific types of drugs used were collected; this information had to be extrapolated from the mode of administration (tablets, injections, or both). Neither use
of tablets (CC) nor use of combination treatment (CC
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FSH also stimulates biochemical processes such as
steroidogenesis, aromatase activity, and cyclic adenosine monophosphate production (136-138), and LH
stimulates theca lutein cell development and androgen
production (136). Thus, FSH and LH are capable of
regulating cellular processes in the ovary. However, it
still remains controversial whether various types of
human ovarian tumors are target tissues for, and can
be modulated by, gonadotrophins. GnRH receptors
(136, 139) and LH/(hCG) and FSH receptors with high
affinity have been located in benign ovarian tissue
(140), as well as in ovarian cancer tissue of both
epithelial and stromal origin (15, 137, 138, 141-143),
indicating that gonadotrophic hormones may play a
role in the growth and differentiation of ovarian neoplasms. In addition, it has been suggested that growth
of well differentiated tumor cells is stimulated by
gonadotrophins, whereas poorly differentiated carcinomas seem to be nonresponsive to gonadotrophins
(i.e., loss of the specific receptors) (144), as is the case
with breast tumors. Thus, a direct biologic effect of
gonadotrophins on the development of ovarian tumors
is possible, but few biologic studies exist to convincingly substantiate the hypothesis.
However, in agreement with the gonadotrophin hypothesis are epidemiologic data showing that pregnancy and use of oral contraceptives, which lower
serum concentrations of gonadotrophins (145), reduce
the risk of ovarian cancer. During menopause, a period
accompanied by high gonadotrophin levels, the incidence of ovarian cancer increases. However, gonadotrophin levels are also lowered by the use of estrogen
replacement therapy; effects of this usage on ovarian
cancer risk are not consistent (1, 146). Furthermore,
a large prospective nested case-control study by
Helzlsouer et al. (147) that assessed prediagnostic
serum gonadotrophin levels in relation to subsequent
development of ovarian cancer found lower gonadotrophin levels (but higher androgen levels) among
cases than among controls. This association was most
pronounced for FSH. The relative risk for the highest
tertile of FSH concentration compared with the lowest
tertile was 0.1 (95 percent CI 0.0-1.0). Blaakaer et al.
(148, 149) also found significantly lower preoperative
serum FSH levels in postmenopausal women with
malignant ovarian tumors compared with healthy postmenopausal age-matched controls. No significant associations between levels of estradiol, LH, or progesterone and FSH and ovarian cancer risk were found.
Inhibin, an ovarian regulatory peptide, acts to suppress
synthesis and secretion of FSH and is considered undetectable in serum from healthy postmenopausal
women (150, 151). Interestingly, in some studies it has
been found that postmenopausal women with maligEpidemiol Rev Vol. 20, No. 2, 1998
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ovarian surface epithelial cells (67). Since ovarian
epithelial cells proliferate after ovulation to cover the
exposed surface of the ovary, it has also been proposed
that this process may lead to entrapment of epithelium
below the healing surface of the ovary, forming a
germinal inclusion cyst. The ruptures are repaired by
cell division, and growth ceases when repair is complete (122, 123). Thus, another mechanism by which
frequent ovulation might lead to ovarian cancer is the
formation of more germinal inclusion cysts, which are
then stimulated by growth factors such as estrogens,
gonadotrophins in high concentrations, and growth
peptides within the ovary (124). If the risk of ovarian
cancer is associated with the formation of germinal
inclusion cysts, women with ovarian cancer would be
expected to have more inclusion cysts than healthy
women. However, in a case-control study, the mean
numbers of germinal inclusion cysts were similar
among 37 women with unilateral ovarian cancer and
contralateral normal ovaries and 148 control women
who underwent incidental oophorectomy (125).
A genetic basis for Fathalla's incessant ovulation
theory has been suggested (126)—namely, that ovulations, with their repeated episodes of rupture and proliferation of ovary surface epithelial cells, allow tumor
promotion among cells already bearing allelic loss
(126). Allelic loss has consistently been shown to
represent loss of tumor-suppressor genes, and this may
lead to uncontrolled cell division and malignant transformation (118, 126, 127). It has been shown that a
relatively high frequency of allelic loss (loss of heterozygosity) on chromosomes 6q, 17p, and 17q appears to be specific to ovarian cancer (128, 129), and
some studies report a high rate of loss of the tumor
suppressor-gene p53 or overexpression of the mutated
p53 gene (118, 130, 131).
The second major ovarian cancer hypothesis is the
gonadotrophin theory proposed by Stadel (132) and
discussed by Cramer and Welch (133). This theory
predicts that persistent stimulation of the ovary by
gonadotrophins may have a direct carcinogenic effect
or may act in association with high concentrations of
estrogens. The gonadotrophin theory is based on the
animal studies of Biskind and Biskind carried out in
1944 (134). In these studies, it was found that rats
developed ovarian tumors of stromal origin (no epithelial tumors occurred) when they were manipulated
to produce high concentrations of gonadotrophins.
Similarly, succeeding studies found that tumor induction can be prevented in mice by inhibiting gonadotrophin production through administration of a
GnRH(a) (135). Furthermore, it has been found that
FSH binds almost exclusively to membrane receptors
on the granulosa cells and induces their multiplication.
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nant epithelial ovarian tumors have significantly elevated levels of immunoreactive inhibin compared with
healthy controls (150, 151). Preoperatively, women
with a malignant ovarian tumor had significantly low
FSH levels, which increased 8 months after the operation (110). This was also demonstrated among
women with granulosa cell tumors (151) and could
indicate ovarian suppression, most probably by inhibin. These findings, together with the findings of
Helzlsouer et al. (147), do not necessarily disprove the
"gonadotrophin theory," but they do raise new questions. It is unclear whether gonadotrophin levels per se
or gonadotrophin intrinsic activity can induce or promote the development of ovarian tumors in humans;
this must be clarified.
In addition to the two main hypotheses, some less
established hypotheses on the processing of chemical
carcinogenesis in the local ovarian environment have
evolved (89, 93, 152, 153), but none of these can be
directly or indirectly related to fertility drug use.

Infertility per se—that is, its effect separate of
parity—has been found to be a risk factor in some (96,
98) but not all (1, 88, 99) ovarian cancer studies. In
general, the number of cases has been too small to
estimate risk by specific cause of infertility, and in
studies where such data were available, no consistent
pattern by cause of infertility was seen (1, 20-22,
100).
Studies that have had limited (1, 20, 21, 99, 102) or
no (104) information on the specific types of infertility
drugs used are difficult to interpret, and when evaluating the possible role of fertility drug use in risk of
cancer, probably less emphasis should be placed on
them. Instead, attention may be focused on the three
studies in which such information was available (22,
100, 105). These studies all evaluated currently used
fertility drugs, with two having collected information
on specific drugs (100, 105) and one on specific treatment regimens (22). Furthermore, two of the studies
were able to analyze effects by specific cause of infertility (22, 100). In these three studies, increased
crude risks in the range of 1.4-2.5 were found among
infertile women who had ever used fertility drugs
when compared with infertile women with no drug
use. Higher risk estimates were found when the comparison group was women without infertility. Higher
risks were also found with the use of specific types of
fertility drugs. In the study by Rossing et al. (100), the
risk of CC use was dose-dependent, with risk increasing with years of use of CC. This effect was seen
among both gravid and nulligravid women, as well as
among women with and without ovulatory abnormalEpidemiol Rev Vol. 20, No. 2, 1998

ities. These findings argue against the notion that the
excess risk is explained by preexisting ovarian pathology or by nulligravidity itself. However, no such effect
of use of fertility drugs administered as tablets (and
extrapolated to CC use) was found in the study by
Mosgaard et al. (99). Unfortunately, the limited use of
fertility drugs, other than CC in the cohort studied by
Rossing et al. (100), prevents an assessment of risk
associated with other infertility medications (hMG,
hCG). However, it is of note that Shushan et al. (105)
found no effect of CC use alone but an increased risk
with combined use of CC and hMG, especially for
borderline tumors.
Only two studies have been able to analyze separately the effect of fertility drug use on the risk of
borderline ovarian tumors (102, 105). In these studies,
significantly increased adjusted relative risks in the
range of 3.5-4.0 were found. However, when analyses
were restricted to infertile women, the risks became
comparable to those observed for invasive tumors.
In general, epidemiologic studies on fertility drug
use and risk of ovarian cancer are hampered by methodological problems, such as small study size, short
follow-up time, and low prevalences of infertility and
fertility drug use, and hence low study power. This,
together with the other methodological problems described above, makes it possible that the effect of
fertility drug use on ovarian cancer risk has been
underestimated.
The ovarian cancer hypotheses, especially the hypothesis of high gonadotrophin levels inducing/
promoting epithelial ovarian cancer in humans, need
to be substantiated by more epidemiologic and biologic data. However, both hypotheses could explain
the role of fertility drugs in the development of ovarian
cancer. CC may act as a promoter, as it increases the
number of ovulations and increases endogenous levels
of gonadotrophins, as well as estrogens and progestogens. High levels of exogenous gonadotrophins (hMG,
hCG) may themselves be carcinogenic, especially to
the granulosa cells, or they may promote the carcinogenic process by significantly increasing the number
of ovulations. In the past 10 years, stronger ovulation
stimulants, inducing higher hormone levels and more
ovulations, have been used on an increasing number of
women (figure 1) (30). Infertile women with normal
ovulatory function, who have been exposed to excessive CC and/or gonadotrophin administration, constantly raised estrogen and progestogen concentrations, and multiple ovulatory cycles, may be more
prone to changes in the ovarian tissue than those with
ovulatory disorders. Thus, although the action of fertility drugs is the same, studies that have not taken into
account either pretreatment gonadotrophin/ovulation
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tered to the women. Risks for all female cancers will
be evaluated in these studies.
In conclusion, a disturbing and important question
has been raised. However, the currently available data
are not adequate for drawing a solid and final conclusion with regard to the possible association between
use of fertility drugs and risk of ovarian cancer. Thus,
it is still important to address this issue in new studies
which have a sufficient size and adequate data on both
exposure and outcome to provide more precise estimates of risk. Finally, it is important to determine
whether an increased risk applies to all groups of
infertile women treated with fertility drugs or whether
it only applies to selected subgroups, e.g., infertile
women who do not subsequently get pregnant. Answers to these questions are necessary in our counseling of infertile patients.
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