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Induction of ovulation and ovarian cancer:
a critical review of the literature
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Objective: To critically examine the possible association between ovulation-inducing drugs and ovarian cancer.
Design: Medline literature review and cross-reference of published data.
Results(s): The studies that have adjusted for the effects of confounding factors such as duration of oral
contraceptive use and number of pregnancies have noted an increased risk of ovarian cancer among infertile
women who remain childless despite long periods of unprotected intercourse. Whether such women are at risk
due to the primary basis for their infertility or factors such as ovulation-inducing drugs, has been the subject of
several studies. Overall, the findings on ovarian cancer (especially invasive epithelial and non-epithelial) risk
associated with fertility drug treatment are reassuring. However, a stronger association between fertility drug use
and borderline tumors of the ovary has been observed.
Conclusion(s): Despite the overall reassuring findings of the available studies, there is a need for well-designed
clinical trials to understand the possible carcinogenic effects of the ovulation-inducing drugs. (Fertil Steril� 2006;
85:819–26. ©2006 by American Society for Reproductive Medicine.)
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pidemiological studies have linked epithelial ovarian can-
er with both nulliparity (1, 2) and infertility (3, 4). In
articular, concerns have been raised by some investigators
egarding the risk of ovarian malignancy during or after
varian stimulation. Other researchers have found no such
ssociation.

Induction of ovulation is most frequently used to restore
vulation in anovulatory patients with the aim of inducing
nifollicular growth and release of a mature oocyte. Con-
rolled ovarian hyperstimulation (COH) exposes the ovaries
o supraphysiological levels of gonadotropins to result in
ultiple follicular development for assisted conception. The

undamental consideration is whether ovarian stimulation,
nder either or both circumstances, increases the chance of
varian neoplasia as an independent risk factor. Although
his is a seemingly straightforward question, ovarian cancer
s a relatively rare outcome, and mostly occurs late in life,
any years after normal childbearing age or fertility therapy.

In this article, we critically review the evidence in the
edical literature relating the effects of fertility drug use to

varian cancer risk. The relative strengths and weaknesses of
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hese studies and integration of available data in counseling
nfertile patients are presented.

OHORT STUDIES
ossing et al. (3) examined a cohort of 3,837 infertile
omen from 1974 to 1985. A total of 11 cases of ovarian

umors were detected (four invasive epithelial, two non-
pithelial, and five borderline tumors). Compared with the
eneral population, the standardized incidence ratio (SIR;
he ratio of the observed to the expected new cases) for
nvasive epithelial ovarian cancer was 1.5 (95% confidence
nterval [CI] 0.4–3.7) and was 3.3 (95% CI 1.1–7.8) for
orderline tumors. Ever use of clomiphene citrate (CC) was
ssociated with a relative risk of 2.3 (95% CI 0.5–11.4)
ompared with infertile women with no CC use. The risk
as most pronounced in women with long-term use of CC

12 or more cycles) with a relative risk (RR) of 11.1 (95% CI
.5–82.3) and was observed in both women with refractory
nfertility and those who became pregnant. There was no
ncrease in risk of ovarian tumors associated with the use of
CG when cases were compared with the subcohort. This
tudy was limited by small number of tumors with almost
alf of them being borderline tumors. Moreover, invasive

pithelial, borderline, and granulosa cell (GC) tumors were
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ll studied in one group despite the differences in tumor
iology based on histologic subtype (Table 1).

Venn et al. (5) reported the largest cohort study evaluating
he association between fertility treatment and ovarian can-
er. They included 10,358 infertile women referred for IVF.
ix malignant ovarian tumors were observed. A significant
ssociation was found between unexplained infertility and
nvasive epithelial ovarian cancers with a RR of 19.9 (95%
I 2.23–165) compared with the general population. About
alf of the women were given ovulation-induction agents
nd the other half received no treatment. There was no
tatistically significant difference in the incidence of ovarian
ancer between the two groups. Relative to the general
opulation, SIR of 1.7 (95% CI 0.55–5.27) was noted in the
roup treated with fertility drugs whereas the SIR was 1.6
95% CI 0.52–5.02) in the unexposed group. Despite its
arge size, this study had major limitations. First, the fol-
ow-up was short for treated women (mean, 5.2 years) and
econd, even women who started but did not complete the
VF were included in the evaluation. Lastly, this study was
imited by the young population of the cohort with a mean
ge of 39 years at the completion of the study. For these
easons, the effect of fertility drugs on ovarian cancer may
ave been underestimated.

Venn et al. (6) expanded the cohort to 29,700 women in
999 with a follow-up of 7 years for the exposed group and
0 years for unexposed group. Women who underwent IVF
ere at no increase for ovarian cancer compared to the
eneral population (SIR � 0.9). Again, women with unex-
lained infertility had significantly more ovarian cancers
han expected (SIR � 2.6).

In a more recent article, Venn et al. (7) described the
eatures of ovarian cancers in this cohort of 29,700 IVF
atients. Twelve cancers of ovary were identified with the
ollowing histologic types: four serous, one mucinous, one
eromucinous, three endometrioid, two clear cell, and one
nknown type. A choriocarcinoma of the fallopian tube was
lso diagnosed in a woman with history of tubal infertility.

Modan et al. (8) studied a cohort of 2,496 infertile women
reated between 1964 and 1974. Site-specific analysis re-
ealed 12 ovarian cancers vs. 7.2 expected (SIR � 1.6, 95%
I 0.8–2.9). Sensitivity analysis revealed that nulliparity
ight have explained the increased risk of ovarian cancer.
hey concluded that treatment with ovulation-inducing
rugs did not appear to increase the risk for ovarian cancer
ut its role could not be completely excluded.

Potashnik et al. in a prospective cohort study (9) followed
,197 infertile women for a mean of 17.9 years. No increased
isk of ovarian cancer was noted among those who had used
ertility drugs compared with the unexposed group. The
nfertile group as a whole was not at higher risk compared
ith the general population. The SIR for the exposed group
as 0.7 (95% CI 0.01–380) and for unexposed group was 1.4
95% CI 0.02–7.49) compared to general population. As c

820 Mahdavi et al. Induction of ovulation and ovarian cance
ith most of the available studies, this study had a low mean
ge at follow-up (44 years) and there was lack of control for
onfounding factors.

Doyle et al. (10) studied a cohort of 5,556 infertile women
f whom 75% had received ovarian stimulation drugs. A
otal of six ovarian cancers were found in the cohort from
990 to 1997. The RR was 0.59 (95% CI 0.12–3.00) for the
xposed group. The data did not support a hypothesis linking
nfertility treatment involving ovarian stimulation with in-
reased ovarian cancer during the follow-up period.

Recently, Brinton et al. (11) reported a retrospective co-
ort study of 12,193 women who were evaluated for infer-
ility during the period of 1965 to 1988 at five clinical sites
nd identified 45 subsequent ovarian cancers in follow-up
hrough 1999. The infertility patients had a significantly
levated ovarian cancer risk compared with the general pop-
lation (SIR 1.98, 95% CI 1.4–2.6). When patient charac-
eristics were taken into account and risks assessed within
he infertile women, the rate ratios associated with ever
sage were 0.82 (95% CI 0.4–1.5) for CC and 1.09 (95% CI
.4–2.8) for gonadotropins. There were higher, albeit non-
ignificant, risks with follow-up time, with the rate ratios
fter 15 or more years being 1.48 (95% CI 0.7–3.2) for
xposure to CC and 2.4 (95% CI 0.7–8.3) for gonadotropins.
lthough drug effects did not vary by causes of infertility,

here was a slightly higher risk associated with CC use
mong women who remained nulligravid, based on six ex-
osed patients (rate ratio 1.75; 95% CI 0.5–5.7). They con-
luded that despite generally reassuring results, slight but
onsignificant elevations in risk associated with drug usage
mong certain subgroups of users, supported the need for
ontinued monitoring of long-term risks.

ASE-CONTROL STUDIES
ne of the first studies to draw attention to a possible

ssociation between fertility drugs and ovarian cancer was
eported by Whittemore and co-workers (12) who performed
collaborative pooled analysis using original data collected

rom 12 case-control studies of ovarian cancer diagnosed
etween 1956 and 1986. Only 3 of the 12 studies had data on
nfertility, use of infertility drugs, and epithelial ovarian
ancer. A 2.7-fold increased risk of ovarian cancer was
bserved in infertile women who had used fertility drugs and
7-fold increased risk in the women who had never been
regnant before. In this study, infertile women who had not
sed infertility drugs experienced no increased risk of ovar-
an cancer compared with women without history of infer-
ility. This study has been criticized for major limitations. It
ncludes outdated infertility treatments such as pituitary ra-
iation, conjugated estrogen, and diethylstillbestrol (DES).
o information on duration or type of infertility is provided

nd cases are not controlled for confounding factors such as
ral contraceptive (OC) use or family history of ovarian

ancer (Table 2).
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TABLE 1
Selected cohort studies of ovarian cancer risk and fertility drugs.

Author

Median age
at end of

follow-up (y)

Mean length
of follow-up

(y)

Total cohort
size (no. of

ovarian cancer)
SIR (95% CI): comparison
with general population

RR (95% CI): drug use vs.
no use

Confounding
control

Rossing
et al. (3)

41.5 11.6 3,837 (11) No drug 1.4 (0.2–5.0) Clomiphene 2.3 (0.5–11.4) Parity, oral
contraceptive,
weight, cause of
infertility

Clomiphene 3.1 (1.4–5.9) �12 cycles 11.1 (1.5–82.3)
hMG 5.6 (0.1–31.0) hCG 1.0 (0.2–4.3)
hCG 2.8 (0.6–8.0)

Venn
et al. (5)

39 7 29,666 (13) No IVF 1.2 (0.5–2.6) Cause of
infertility

IVF 0.9 (0.4–1.8)
Modan

et al. (8)
50 21.4 2,496 (12) No drug 1.6 (0.6–3.5) Not indicated

Clomiphene 2.7 (0.9–5.8)
Potashnik

et al. (9)
44.8 17.9 1,197 (2) No drug 1.35 (0.02–7.49) Treatment 0.5 (0.02–7.49) Not indicated

Treatment 0.68 (0.01–3.80)
Doyle

et al. (10)
46 15.5 5,556 (6) No drug 1.7 (0.2–6.0) Treatment 0.6 (0.1–3.0) Parity

Treatment 0.8 (0.2–2.2)
Brinton

et al. (11)
47 19.4 12,193 (45) No drug 2.1 (1.4–3.0) Clomiphene 0.8 (0.4–1.5) Oral contraceptive,

family history,
parity

Clomiphene 1.8 (1.0–3.0) hMG 1.1 (0.4–2.8)
hMG 2.3 (0.7–5.3)

Mahdavi. Induction of ovulation and ovarian cancer. Fertil Steril 2006.
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TABLE 2
Selected case-control studies of ovarian cancer risk and fertility drugs.

Author
Type of
controls

No. of cases
(% treated)

No. of controls
(% treated) Comparison OR (95% CI) Covariates

Whittemore et al. (12) Hospital and
population

718 (2.8) 1,236 (0.9) Fertility drugs vs. no infertility
Nulligravids
Gravids

2.8 (1.3–6.1)
27.0 (2.3–316)
1.4 (0.5–3.6)

Age, study site,
family history

Ness et al. (13) Population 1,060 (14.1) 1,337 (15.0) Fertility drugs vs. no use
Nulligravids
Gravids

1.0 (0.8–1.3)
1.8 (0.7–4.4)
0.7 (0.5–1.0)

Cause of infertility,
parity, family
history

Franceschi et al. (14) Hospital 195 (1.0) 1,339 (1.1) Fertility drugs vs. no use 0.7 (0.2–3.3) Oral contraceptive,
parity, age

Shushan et al. (15) Population 164 (12) 408 (7.1) Fertility drugs vs. no use
Clomiphene
hMG

1.3 (0.6–278)
0.9 (0.3–2.3)
3.2 (0.9–11.8)

Age, parity, family
history, weight

Mosgaard et al. (16) Population 684 (20.7) 1,721 (23.8) Fertility drugs vs. no use
Clomiphene
hMG

0.8 (0.4–2.0)
0.7 (0.2–2.0)
0.8 (0.2–3.7)

Age, oral
contraceptive,
weight

Parazzini et al. (18) Hospital 971 (0.5) 2,758 (0.4) Fertility drugs vs. no use
�6 cycles

1.1 (0.4–3.3)
1.0 (0.2–3.8)

Oral contraceptive,
family history,
parity

Parazzini et al. (20) Hospital 1,031 (1.5) 2,411 (1.1) Fertility drugs vs. no use 1.3 (0.7–2.5) Oral contraceptive,
family history,
parity

Mahdavi. Induction of ovulation and ovarian cancer. Fertil Steril 2006.
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Ness et al. (13) published a reanalysis of pooled data from
even case-control studies with 4,644 cases diagnosed from
989 to 1999 and 7,182 population controls. Among nulli-
ravid women with infertility for more than 5 years com-
ared with those treated for less than 1 year, the risk of
varian cancer was increased 2.67-fold (95% CI 1.91–3.74).
owever, no association between fertility drug use and the
verall risk of invasive ovarian cancer was found (odds ratio
OR] � 0.97; 95% CI 0.76–1.25). In addition, increasing
uration of fertility drug use (CC and hMG) was not asso-
iated with increased risk. Separate analyses of cancer in
ulligravid and gravid women showed a nonsignificant in-
rease in the OR for nulligravid women exposed to fertility
rugs (OR � 1.60; 95% CI 0.90–2.87). However, Ness et al.
ound that fertility drug use was associated with a signifi-
antly increased risk of borderline serous ovarian tumors
hen analysis by histologic subtypes of cancer was performed

OR � 2.43; 95% CI 1.01–5.88). An elevated risk was not
oted with any other borderline or invasive subtypes.

In the case-control study by Franceschi et al. (14), a
edical diagnosis of infertility was not associated with an

ncreased risk of ovarian cancer. The RR of ovarian cancer in
he exposed infertile population compared with the unex-
osed population was 1.3 with 95% CI 0.7–2.4. However,
his study was limited by lack of information on cause of
nfertility and type of fertility treatment.

Shushan et al. (15) conducted a case-control study on a
ombined case group of invasive and borderline epithelial
varian tumors and a case group including only women with
orderline tumors. Compared with women without a history
f infertility, infertile women who had never used fertility
rugs had a crude RR of 1.3 (95% CI 0.6–2.7) of an ovarian
umor, whereas the RR for infertile women who had ever
sed fertility drugs was 1.8 (95% CI 1.0–3.3). When adjust-
ent was made for confounding factors, the risk associated
ith fertility drugs became nonsignificant. When the analy-

is was restricted to borderline tumors, the RR was 3.5 (95%
I 1.2–10.1). The adjusted RR with CC use was 0.9 (P�NS)

or epithelial ovarian cancers and 1.3 (P�NS) for borderline
umors. However, the RR with hMG use was 3.2 (95% CI
.9–11.8) for the combined case group and 9.4 (95% CI
.7–52.1) for the borderline tumors. As mentioned earlier,
his is contrary to the findings of Rossing et al. (3). The
nvestigators provided no information on types of infertility.
lthough this study had the strength of including cases

hrough Israel Cancer Registry with histologic verification in
ll cases, it was limited by lack of information on specific
auses of infertility and the fact that 36% of cases had died
efore contact was established, which could have caused
election bias.

Mosgaard et al. (16) conducted the largest case-control
tudy with 684 cases of epithelial and non-epithelial ovarian
ancer and 1,721 controls. The risk of ovarian cancer was not

ncreased among treated infertile women compared with e

ertility and Sterility�
nexposed infertile women. The risks were similar between
ulliparous (OR � 0.8) and parous women (OR � 0.6).

Mosgaard et al, in another case-control study (17), as-
essed the risk of borderline ovarian cancer among infertile
omen treated with fertility drugs. The analysis included
31 cases and 1,721 controls during the period 1989 to 1994.
he OR for borderline ovarian cancer among infertile un-

reated nulliparous women compared with fertile nulliparous
omen was 1.9 (95% CI 0.76–4.89). The OR for borderline
varian cancer among treated nulliparous women compared
ith untreated infertile nulliparous women was 1.5 (95% CI
.51–4.39) and the OR among treated parous women com-
ared with untreated infertile parous women was 1.5. They
oncluded that there was no statistically significant increase
n the risk of borderline ovarian cancer among nulliparous
omen who were treated with fertility drugs compared with
ulliparous untreated infertile women. The same was true
bout treated parous women compared with untreated parous
nfertile women.

Parazzini et al. (18) conducted a case-control study with
71 cases of invasive epithelial ovarian cancer and 2,758
ospital controls. In comparison with women who had never
sed fertility drugs, the multivariate OR for women who had
aken fertility drugs was 1.1 (95% CI 0.4–3.3). This study
howed reassuring evidence of the absence of a strong as-
ociation between fertility drugs and subsequent risk of
eveloping invasive epithelial ovarian cancer.

In another case-control study, Parrazini et al. (19) com-
ared 93 patients with borderline ovarian tumor with 273
ospital-based controls. They found statistically significant
ncrease in the risk of low malignant potential tumors in
atients who had previously used fertility medications (OR

27.5). This study was limited with very small number of
ases (only four) who had used fertility medications.

Recently Parrazini et al. (20) published a study of 1,031
ospital cases of invasive epithelial ovarian cancer diag-
osed from1992 to 1999 and 2,411 hospital controls. A total
f 15 cases and 26 controls reported use of fertility drugs.
he corresponding OR was 1.3 (95% CI 0.7–2.5). The OR
as 0.6 among nulliparous women and 1.9 among parous
nes. An apparently stronger association, although not sig-
ificant, was found between fertility drug use and ovarian
ancer risk in parous women.

In a recent meta-analysis of seven case-control and three
ohort studies, Kashyap et al. (21) systematically evaluated
he literature regarding the relationship between assisted
eproductive technology (ART) and ovarian cancer. This
eta-analysis showed a significantly elevated risk for expo-

ure of infertility medications and ovarian cancer in subjects
ho underwent ART compared with general population con-

rols (1.52; 95% CI 1.8–1.97). When cases of ovarian cancer
ere compared with infertile controls for exposure to infer-

ility medications, the OR (0.99, 95% CI 0.67–1.45) was not

levated. However, cohort data comparing outcome in

823
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reated infertile patients with untreated infertile patients sug-
ested that treated patients may tend to a lower incidence of
varian cancer (OR � 0.67; 95% CI 0.32–1.41). There are
everal fundamental problems with this meta-analysis. First,
t did not explore the possibility of a dose–response rela-
ionship between fertility medications and ovarian cancer.
econd, the follow-up of these patients was limited.
hird, invasive epithelial tumors, borderline tumors, and
on-epithelial tumors were all studied in one group de-
pite their different pathogenesis.

ESCRIPTIVE STUDIES
ince 1982, case reports on 66 women with a malignant or
orderline ovarian tumor during or after infertility treatment
ave been published (22–33). Histologic types of these tu-
ors include 34 invasive epithelial ovarian cancer, 16 bor-

erline tumors, 15 GC tumors, and 1 malignant teratoma.
he type of infertility is frequently not specified and few
ase reports included information on potentially confound-
ng factors. Some concern has been expressed as to whether
he association between fertility drugs and ovarian cancer
an be explained by detection bias. One of the cases series
28) found that all of the women studied became pregnant
fter removal of their GC tumors. Thus, there was a concern
hat they actually had had their tumors before infertility
reatment started. Furthermore, Lais et al. (34) found an
ncreased frequency of ovarian tumors during microsurgery
or infertility treatment. This finding may reflect an increased
ikelihood of detection of ovarian tumors in women under-
oing infertility surgery rather than an effect of fertility drug
se on ovarian cancer risk.

ISCUSSION
wo hypotheses have postulated ovulation as potential bio-

ogic promoters of ovarian cancer. The most widely accepted
ypothesis suggests that epithelial ovarian carcinoma results
rom repeated ovulations, where the cumulative effects of
ach minor trauma to the ovarian epithelium can lead to
alignant transformation (Fathalla’s incessant ovulation hy-

othesis) (5). As a result of ovulation, the ovarian surface
pithelium is also exposed to estrogen (E)-rich follicular
uid (FF). Support for this theory lies primarily in the
ell-established protective effects of multiparity, breast

eeding, and OC use—all conditions in which ovulation is
uppressed. The second hypothesis suggests that persistent
xposure of the ovary to endogenous and exogenous gonad-
tropins in conjunction with secondarily elevated E2 concen-
ration, may be directly carcinogenic (35). Indirect support
or this hypothesis is provided by the detection of gonado-
ropin receptors in experimentally induced ovarian tumors.
strogens have been shown to stimulate cell proliferation in
ells containing estrogen receptors (ER), and use of E re-
lacement therapy has been suggested to cause an increased
isk for ovarian cancer in several studies (35, 36). Alterna-

ively, OCs may diminish the risk of premalignant genetic o

824 Mahdavi et al. Induction of ovulation and ovarian cance
bnormalities by decreasing the number of ovulations,
hich at subsequent stages, would otherwise respond to
R-mediated E action. Contrary to E, P has been proposed

o exert a protective role against ovarian cancer (37). Epi-
emiological evidence has demonstrated a reduced risk of
varian cancer for those women using progestin-only con-
raceptives (38). Decreased P receptor (PR) is found in
varian malignancies (39), and PR expression is found to be
elated to improved survival in ovarian cancer patients (40),
ossibly through mechanisms of P-mediated inhibition of
ell proliferation and induced apoptosis (41). The increased
erum E-to-P ratio in women with oligoovulation may ex-
lain the increased incidence of ovarian cancer in this sub-
roup of infertile women (41).

There are now extensive clinical and epidemiological data
inking endometriosis to an increased risk of ovarian cancer.
ess (42) has recently discussed similarities between the
roposed etiology of ovarian cancer and the observed patho-
hysiology of endometriosis. The synchronous occurrence of
ndometriosis with endometrioid, clear cell, and mixed sub-
ypes of ovarian cancers suggests transformation of endome-
riosis constituents into tumor cells. Such transformation can
e due to loss of heterozygosity and somatic mutation of
umor suppressor genes, particularly PTEN/ MMAC/ TEP1
43). Nezhat et al. (44) have demonstrated an association
etween alterations in bcl-2 and p53 proteins with malignant
ransformation of endometriotic cysts. Endometriosis as a
ommon cause of infertility can provide another possible
xplanation for ovarian carcinogenesis in this population.

Because subfertile populations have lower pregnancy
ates than the general population, and low parity is an im-
ortant risk factor for ovarian cancer, risk estimates for
varian cancer reported in cohort studies that are solely
ased on comparison with general population are likely to be
iased upward. Studies that have limited or no information
n the specific types of infertility drugs are difficult to
nterpret. Instead, attention may be focused on the studies in
hich such information was available (3, 11, 13, 15). In

hese studies, increased crude risks in the range of 1.4–2.5
ere found among infertile women who had ever used

ertility drugs when compared to infertile women with no
rug use. In the study by Rossing et al. (3), the risk of CC use
as dose-dependent, with risk increasing with duration of
sage. After controlling for the presence of ovulatory abnor-
alities, the RR associated with long-term use of CC (12
onths or more) was 11.1 (95% CI 1.5–82). This was one of

he few statistically significant findings and was similar in
ravid and nulligravid women, as well as among women
ith or without ovulatory abnormalities. However, no such

ffect was found in Mosgaard et al. study (16). Shushan et al.
15) found no effect of CC use alone, but an increased risk
ith combined use of CC and hMG, especially for borderline

umors. Notably, none of the cohort studies had an extended
ength of follow-up greater than a median age above 50 years

ld, the age group in which most epithelial ovarian cancer
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ccurs. This may lead to a reduced observation of ovarian
ancer based on length of follow-up.

In the three studies that have specifically examined the
ffect of fertility drug use on the risk of borderline tumors,
stronger association was observed than with the risk of

nvasive tumors (13, 15, 19). The plausibility of these results
s heightened by the finding that ER expression is a common
eature of ovarian borderline tumors (45). The high propor-
ion of borderline tumors may also suggest that the increased
isk is attributed to the increased medical surveillance and
ounger age of subfertile women. We should emphasize that
he association between borderline tumors and ovulation-
nducing drugs was not a consistent finding among different
tudies.

The relation between subfertility treatment and the risk of
on-epithelial ovarian malignancies is even less clear. The
tudy of Willemsen et al. (28) on fertility drugs and GC
umors suggests that these tumors may be present before
dministration of fertility drugs and that their growth may be
riggered by increased gonadotropin levels. On the other
and, Unkila-Kallio and colleagues (31) showed that the
ncidence of GC tumors in Finland declined by nearly 40%
rom 1985 to 1994. In the same period of time, the use of CC
nd hMG increased 13-fold and 200-fold, respectively. They
oncluded this to be one piece of evidence that ovulation
nducers were unlikely to cause GC tumors of the ovary.

In general, epidemiological studies on fertility drug use
nd risk of ovarian cancer are hampered by methodological
roblems, such as small study size, short follow-up time, and
ow prevalence of infertility and fertility drug use. This
akes it possible that the effect of fertility drug use on

varian cancer risk has been underestimated. In most studies
here has been a lack of information on confounding factors
uch as OC use or family history of ovarian neoplasia.
urthermore, analyses have not always been performed sep-
rately for different types of ovarian tumors. Ideally, inva-
ive epithelial tumors, borderline tumors, and non-epithelial
umors should be analyzed separately.

In summary, the findings to date on ovarian cancer (espe-
ially invasive epithelial carcinoma and non-epithelial neo-
lasia) risk associated with fertility drug treatment are reas-
uring, but not definitive. A stronger association has been
bserved between fertility drug use and borderline tumors of
he ovary. This finding, however, is not consistent among the
vailable studies to date.

EFERENCES
1. Ron E, Lunenfeld B, Menczer J, Blumstein T, Katz L, Oelsner G, et al.

Cancer incidence in a cohort of infertile women. Am J Epidemiol
1987;125:780–90.

2. Brinton LA, Melton LJ, Malkasian GD, Bond A, Hoover R. Cancer risk
after evaluation for infertility. Am J Epidemiol 1989;129:712–22.

3. Rossing MA, Daling JR, Weiss NS, Moore DE, Self SG. Ovarian
tumors in a cohort of infertile women. N Engl J Med 1994;331:771–6.
4. Venn A, Healy D, McLachlan R. Cancer risks associated with the 2

ertility and Sterility�
diagnosis of infertility. Best Practice & Research Clinical Obstet
Gynaecol 2003;17:343–67.

5. Venn A, Watson L, Lumley J, Giles G, King C, Healy D. Breast and
ovarian cancer incidence after infertility and in vitro fertilization. Lan-
cet 1995;346:995–1000.

6. Venn A, Watson L, Bruinsma F, Giles D, Healy D. Risk of cancer after use
of fertility drugs with in-vitro fertilization. Lancet 1999;354:1586–90.

7. Venn A, Jones P, Quinn M, Healy D. Characteristics of ovarian and
uterine cancers in a cohort of in-vitro fertilization patients. Gynecol
Oncol 2001;82:64–8.

8. Modan B, Ron E, Lerner-Geva L, Blumstein T, Menczer J, Rabinovici
J, et al. Cancer incidence in a cohort of infertile women. Am J
Epidemiol 1998;147:1038–42.

9. Potashnik G, Lerner-Geva L, Genkin L, Chetrit A, Lunenfeld E, Porath
A. Fertility drugs and risk of breast and ovarian cancers: results of a
long-term follow-up study. Fertil Steril 1999;71:853–9.

0. Doyle P, Maconochie N, Beral V. Cancer incidence following treatment
for infertility at a clinic in the UK. Hum Reprod 2002;17:2209–13.

1. Brinton LA, Lamb EJ, Moghissi KS, Scoccia B, Althuis MD, Mabie JE,
et al. Ovarian cancer risk after use of ovulation-stimulating drugs.
Obstet Gynecol 2004;103:1194–203.

2. Whittemore AS, Harris R, Itnyre J. Characteristics relating to ovarian
cancer risk: collaborative analysis of 12 US case-control studies. II.
Invasive epithelial ovarian cancers in white women. Am J Epidemiol
1992;136:1184–203.

3. Ness RB, Cramer DW, Goodman MT. Infertility, fertility drugs, and
ovarian cancer: a pooled analysis of case-control studies. Am J Epide-
miol 2002;155:217–24.

4. Franceschi S, La Vecchia C, Negri E. Fertility drugs and risk of
epithelial ovarian cancer in Italy. Hum Reprod 1994;9:1673–5.

5. Shushan A, Paltiel O, Iscovich J, Elchalal U, Peretz Y, Schenker JG.
Human menopausal gonadotropin and risk of epithelial ovarian cancer.
Fertil Steril 1996;65:13–8.

6. Mosgaard BJ, Lidegaard O, Kjaer SK, Schou G, Anderson AN. Infer-
tility, fertility drugs, and invasive ovarian cancer: a case-control study.
Fertil Steril 1997;67:1005–12.

7. Mosgaard B, Lidegaard O, Kjaer SK, Schou G, Andersen AN. Ovarian
stimulation and borderline ovarian tumors: a case-control study. Fertil
Steril 1998;70:1049–55.

8. Parazzini F, Negri E, La Vecchia C, Moroni S, Franceschi S, Crosignani
PG. Treatment for infertility and risk of invasive epithelial ovarian cancer.
Hum Reprod 1997;12(10):2159–61.

9. Parazzini F, Negri E, La Vecchia C, Moroni S, Polatti A, Chiaffarino F,
et al. Treatment for infertility and risk of ovarian tumors of borderline
malignancy. Gynecol Oncol 1998;68:226–8.

0. Parazzini F, Pelucchi C, Negri E, Franceschi S, Talamini R, Montella
M, et al. Use of fertility drugs and risk of ovarian cancer. Hum Reprod
2001;16:1372–5.

1. Kashyap S, Moher D, Fung MF, Rosenwaks Z. Assisted reproductive
technology and the incidence of ovarian cancer: a meta-analysis. Obstet
Gynecol 2004;103:785–94.

2. Bamford PN, Steele SJ. Uterine and ovarian carcinoma in a patient
receiving gonadotropin therapy: case report. Br J Obstet Gynaecol
1982;89:962–4.

3. Atlas M, Menczer J. Massive hyperstimulation and borderline carci-
noma of the ovary: a possible association. Obstet Gynecol Scand
1982;61:261–3.

4. Nijman HW, Burger CW, Baak JP, Schats R, Vermorken JB, Kenemans
P. Borderline malignancy of the ovary and controlled hyperstimulation,
a report of 2 cases. Eur J Cancer 1992;28A:1971–3.

5. Lappohn RE, Burger HG, Bouma J, Bangah M, Krans M, de Bruijn
HW. Inhibin as a marker for granulose-cell tumors. N Engl J Med
1989;321:790–3.

6. Dietl J. Ovulation and ovarian cancer. Lancet 1991;338:445.
7. Kulkarni R, McGarry JM. Follicular stimulation and ovarian cancer.

BMJ 1989;299:740.

8. Willemsen W, Kruitwagen R, Bastiaans B, Hanselaar T, Rolland R.

825



2

3

3

3

3

3

3

3

3

3

3

4

4

4

4
4

4

Ovarian stimulation and granulosa-cell tumour. Lancet 1993;341:
986–8.

9. Balasch J, Barri PN. Follicullar stimulation and ovarian cancer. Hum
Reprod 1993;8:990–6.

0. Goldberg GL, Runowicz CD. Ovarian carcinoma of low malignant
potential, infertility and induction of ovulation—is there a link? Am J
Obstet Gynecol 1992;166:853–4.

1. Unkila-Kallio L, Leminen A, Tiitinen A. Malignant tumors of the ovary
or the breast in association with infertility: a report of thirteen cases.
Acta Obstet Gynecol Scand 1997;76:177–81.

2. Komatsu T, Konishi I, Mandai M, Koshiyama M, Nanbu K, Yamamoto S,
et al. Peritoneal papillary serous carcinoma arising in an infertile woman
during ovulation-induction therapy. Gynecol Oncol 1995;56:470–4.

3. Karlan BY, Marrs R, Lagasse LD. Advanced-stage ovarian carcinoma
presenting during infertility evaluation. Am J Obstet Gynecol 1994;
171:1377–8.

4. Lais CW, Williams TJ, Gaffey TA. Prevalence of ovarian cancer found
at the time of infertility microsurgery. Fertil Steril 1988;49:551–3.

5. Clinton GM, Hua W. Estrogen action in human ovarian cancer. Crit
Rev Oncol Hematol 1997;25:1–9.

6. Garg PP, Kerlikowske K, Subak L, Grady D. Hormone replacement
therapy and the risk of epithelial ovarian cancer: a meta-analysis. Obstet
Gynecol 1998;92:472–9.
7. Risch HA. Hormonal etiology of epithelial ovarian cancer, with a

826 Mahdavi et al. Induction of ovulation and ovarian cance
hypothesis concerning the role of androgens and progesterone. J Natl
Cancer Inst 1998;90:1774–86.

8. Rosenberg L, Palmer JR, Zauber AG. A case control study of oral
contraceptive use and invasive epithelial ovarian cancer. Am J Epide-
miol 1994;139:654–61.

9. Noguchi T, Kitawaki J, Tamura T. Relationship between aromatase
activity and steroid receptor levels in ovarian tumors from postmeno-
pausal women. J. Steroid Biochem Mol Bio 1993;144:657–60.

0. Miller WR, Langdon SP. Steroid hormones and cancer. Eur J Surg
Oncol 1997;23:163–83.

1. Bu SZ, Yin DL, Ren XL, Jiang LZ, Wu ZJ, Gao OR, et al. Progesterone
induces apoptosis and up-regulation of p53 expression in human ovar-
ian carcinoma cell lines. Cancer 1997;79:1944–50.

2. Ness RB. Endometriosis and ovarian cancer: thoughts on shared patho-
physiology. Am J Obstet Gynecol 2003;189:289–94.

3. Giudice LC, Kao LC. Endometriosis. Lancet 2004;364:1789–99.
4. Nezhat F, Cohen C, Rahaman J, Gretz H, Cole P, Kalir T. Compar-

ative immunohistochemical studies of bcl-2 and p53 proteins in
benign and malignant ovarian endometriotic cysts. Cancer 2002;94:
2935– 40.

5. Sushan A, Paltiel O, Schenker JG. Induction of ovulation and border-
line ovarian cancer—the hormonal connection? Eur J Obstet Gynecol

Reprod Biol 1999;85:71–4.

r Vol. 85, No. 4, April 2006


	Induction of ovulation and ovarian cancer: a critical review of the literature
	COHORT STUDIES
	CASE-CONTROL STUDIES
	DESCRIPTIVE STUDIES
	DISCUSSION
	REFERENCES


