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Abstract. Prevention and treatment of infertility remains a
priority for developed countries where a large proportion of
women undergo in vitro fertilization (IVF) after ovarian
stimulation. Latest data suggest that, in the USA alone,
almost eight million women of fertile age will have sought
medical advice for fertility problems by 2025. However, over
the last years, attention has been increasingly focused, and
questions have risen, on the long-term health effects in
women who underwent assisted reproductive technologies
(ARTs). Since the emergence of ART, reports highlight a
possible connection of ovarian stimulation and several types
of gynaecological cancer, including ovarian, endometrial
and cervical types, but due to limited scientific evidence,
such a speculation is still under investigation. The objective
of this review is to summarize the latest data of ovarian
hyperstimulation and IVF, associated with the risk of
gynecological tract cancer development.

Over the last years, infertility has emerged as one of the major
diseases of young couples, since it is considered the third most
common health issue, only behind malignancies and
cardiovascular diseases (1). Nowadays, an increasing number
of people, almost 10% of the population or one in seven
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couples, mostly in developed countries, are facing difficulties
in conceiving naturally and are seeking fertility therapies
through assisted reproduction technologies (ARTS) (1-4). The
major factor contributing to this rise is the delaying attempts
to parenting due to the desire for a successful career and other
socioeconomic factors, such as the financial and educational
levels of people trying to conceive (1, 5).

Since the begging of ART utilization, an ongoing debate
on the long-term effects of fertility treatments and mainly
their potential effect on subsequent cancer risk, has existed
among members of the scientific community (5, 6). The
prevalence of infertility is affected by a number of
conditions, such as genetic, environmental, nutritional and
physiological with the main risk factors predisposing to
subfertility being obesity, anovulation, excessive smoking,
endometriosis, and nulliparity (1, 7). The same conditions,
which in the recent years are on the rise, are simultaneously
independent risk factor of carcinogenesis (7). Moreover,
ARTs utilize medications and procedures that cause ovarian
trauma via the oocyte retrieval and induce multiple
ovulations, hence having as an outcome an increase in sex
hormone levels (estrogen, progesterone and gonadotropins)
(1, 2). Taking into consideration the fact that female
reproductive malignancies and breast cancers are in many
cases hormone-dependent, an association between ARTs and
cancer seems intuitive (3) (Table I).

The aim of this review is to investigate the safety of the
fertility treatment modalities, both in the short and long-term,
and to examine whether the argument of correlation between
carcinogenesis and assisted reproduction techniques is
legitimate (Figure 1). Furthermore, our goal, is to determine
whether this risk is justifiable given the significant desire of
a woman to achieve a pregnancy and give birth.

1393



in vivo 35: 1393-1399 (2021)

Table 1. Infertility and gynecologic risk factors.

Infertility Gynecologic cancer
Uterine or cervical abnormalities Age
Fallopian tube damage or blockage STDs
Endometriosis Family history
Primary ovarian insufficiency Diabetes
Cancer Nulliparity (including Infertility)

Late menopause
Immunosuppression

(Common risk factors)
Tobacco & alcohol
Drugs
Obesity
Radiation
Ovulation disorders (e.g. PCOS)

STD: Sexual transmitted diseases; PCOS: polycystic ovarian syndrome.

Methods

An extensive search of the published literature was
conducted using the following key terms: Assisted
Reproduction Technology, In-Vitro Fertilization, Infertility,
Gynecological cancer, Ovarian, Endometrial, Cervical,
malignancy and carcinomatosis. The Medline/PubMed, and
the Cochrane Library Database of Systematic Reviews were
thoroughly searched for our primary search.

Ovarian Cancer

Invasive ovarian cancer. Although the research studies
investigating the connection amongst the risk surrounding the
ovarian cancer and medication of fertility utilization show
mixed outcomes, most studies do not demonstrate a significant
increase in risk (5, 6, 8-16). In the 1990s, two studies found a
relationship between fertility medication utilization and ovarian
cancer but were limited by specific disease characteristics, such
as low prevalence and late-onset, study design and lack of
stratification by type and duration of fertility medication use
(8, 16). Most recent studies and systematic reviews show no
overall connection between fertility medication utilization and
invasive ovarian cancer when using a subfertile control group
or the general population, although some studies finding such
an association utilized the general population rather than a
subfertile group as controls (5, 6, 8,9, 11-16). Briton et al. (9)
and Asante et al. (12) did not demonstrate any link amid
fertility treatment and ovarian cancer when using a subfertile
control group, even when women had undergone equal or more
than four cycles of IVF (9, 12). A meta-analysis of multiple
cohort research studies including 109,969 patients matched the
risk of developing ovarian cancer risk in women undergoing
fertility treatment with that in an infertile reference group and
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the overall population. In comparison with the overall
population, the risk of developing ovarian cancer increased
considerably for women receiving treatment of fertility issues
[relative risk (RR): 1.50, 95% CI=1.17-1.92, p<0.05], but
similar to that of the infertile reference group (RR: 1.26, 95%
CI=0.62-2.55, p>0.05). The fact that subfertile women possess
an inherently overwhelming risk for developing ovarian cancer
in contrast to that of the general population, likely explains
why a cohort study of parous women found fertility treatment
as a substantial threat element for developing ovarian cancer
over a 25-year follow-up [hazard ratio (HR)=3.9, 95% CI=1.2-
12.6, p<0.05] (5, 10).

Quite a lot of more recent scholarly works have made
efforts to separately stratify for the type of fertility treatment,
use of IVF and administration of gonadotropins and/or
clomiphene citrate (CC). Those specifically studying women
undergoing IVF have generally not found an increased risk
in ovarian cancer (11, 13, 15). One cohort study of 53.859
IVF patients found no association between invasive ovarian
cancer and IVF compared to that in the population
[standardized incidence ratio (SIR)=0.96-1.18, not
significant]. Paradoxically, IVF patients had a diminished
danger of all cancers (SIR=0.78, 95% CI=0.73-0.83),
although a study limitation was the short average follow-up
time of only 5 years (13). Another population-focused group
research study conducted in Norway about parous women
found no noteworthy relationship between ovarian cancer
risk and IVF (HR=1.56, 95% CI=0.94-2.60). More
significant threats of developing ovarian cancer occurred in
patients with IVF who had only had one child but no longer
existed after adjusting for multiple comparisons (6). Despite
these reassuring findings, two cohort studies show that
women failing to conceive after CC therapy have a
heightened threat for developing ovarian cancer, warranting
further investigation of this subgroup of women (14, 15).

Two recent studies have assessed the threat of developing
ovarian cancer in BRCA mutation carriers going through the
treatment of fertility issues, since this high-risk group may
also be more likely to undergo fertility treatment for fertility
preservation or diminished ovarian reserve (17). Both studies
are small in size but reassuring (18, 19). One cohort study of
BRCA mutation carriers’ involving 1,073 participants, of
which 164 (15%) patients received fertility treatment, showed
no association between the treatment of fertility issues and the
development of ovarian cancer, regardless of the type of the
fertility treatment employed (18). Another harmonized case-
control research included 941 pairs of BRCA mutation carriers
with and without a cancer diagnosis found no substantial
connection between the medication of the fertility employed
and the succeeding threat of ovarian cancer (19).

Borderline ovarian cancer. According to current literature, the
threat of developing borderline ovarian tumors is increased by
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Figure 1. Key points of fertility drugs and gynecologic cancer.

the utilization of gonadotropins as well as CC by more than
three times (SIR=3.61; 95% Cl=1.45-7.44) (10). Similarly, a
case-control research, adequately demonstrated the relationship
between the utilization of ovulation-inducing medications,
specifically hMG and borderline ovarian lumps (20). The
analysis of the study results established that the prolonged
utilization of the CC to treat infertility heightens the danger of
developing borderline tumors. However, the case study also
noted that the treatment of infertility problems for less than one
year using CC is not related to the heightened danger for the
development of borderline tumors (16). The investigators
concluded that the danger to suffer from borderline ovarian
cancers was two times greater among the nulliparous females,
irrespective of the method employed to treat infertility (21).
However, other scholars could not demonstrate such a
connection (22). The relationship existing amid the five sets of
fertility drugs was examined by another case-control research
study encompassing follicle-stimulating hormone, human
chorionic gonadotropins, CC, progesterone, gonadotropin-
releasing hormone analogs with the borderline ovarian tumors.

The study unearthed the association between the
utilization of progesterone and borderline ovarian tumors
claiming that the employment of progesterone was associated
with the heightened danger to develop borderline ovarian

cancer

No specific
association between
invasive ovarian
cancer and IVF
compared to that in
the general
population

tumors, particularly serous tumors. However, the study found
that there was no connection amid the development of
borderline ovarian cancers and the utilization of the other
various drugs (22). Although the existence of definite
agreement still lacks, the debate still continues among
various researchers on the connections amid the growth of
ovarian tumor and the treatment of fertility issues. Up to
date, no conclusive indications to authoritatively demonstrate
this relationship exist (11, 23). Many studies have
propagated the connection amid these medications with the
borderline ovarian cancers (11, 20).

Uterine Cancer

Endometrial cancer. Type 1 endometrial cancer is the most
prevalent histologic type and is considered hormone
dependent, since it is highly correlated with prolonged
unopposed estrogen, while progesterone has a protective
effect in the endometrium (2, 24). Additionally, several
conditions which are associated with this specific hormone
status, such as polycystic ovarian syndrome (PCOS), obesity,
anovulatory cycles and tamoxifen use for breast cancer
treatment are well known risk factors for endometrial cancer
(2,3, 14).
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It seems intuitive that since CC shares chemical properties
with tamoxifen, which has been correlated with an increased
risk of cancer in the endometrium, a pathogenetic link
between CC and endometrial cancer could be possible (25,
26). A great number of studies have evaluated this link with
contradicting results. Several cohort studies have shown an
increase in endometrial cancer rates among patients who
were treated with CC (10, 14, 23). In a recent registry-based
cohort study, the risk was shown to be dose dependent, since
the rate of endometrial malignancies was increased among
women who have used CC for more than six cycles
(HR=4.68, 95% CI=1.74-12.6, p=0.011) and among the
nulliparous patients (HR=4.49, 95% CI=2.66-7.60; p=0.04)
(14). Nonetheless, in the same study, when women
undergoing IVF were compared to the general population,
although slightly elevated, no significant difference was
found regarding the endometrial cancer rate (HR=1.62; 95%
CI=0.70-3.85, p>0.05) (3, 14).

Contrarily, the majority of studies have not confirmed these
results and have not demonstrated a significantly increased
rate of subsequent endometrial cancer in women treated in the
past with CC, gonadotropins and IVF (24, 26). In a
retrospective follow up study with 12,193 infertile female
patients, that were monitored for a very long period of time
(26 years), no significant difference was observed regarding
the risk of endometrial cancer with gonadotropins (HR=1.34,
95% CI=0.76-2.37, p>0.05), CC (HR=1.39, 95% CI=0.96-
2.01, p>0.05), or both (HR=1.77, 95% CI=0.98-3.19, p>0.05)
compared to control group of women non-users (27). Another
cohort study that lasted for 30 years and incorporated 2,431
women diagnosed with infertility, found that the risk of
endometrial cancer was significantly increased in women
treated with CC and human menopausal gonadotropin (hMG)
compared to the general population (SIR=5.0, 95% CI=2.15-
9.85, p<0.05), but no such association was confirmed in the
subsequent multivariable analysis (23). Furthermore,
according to large cohort study with 29,700 women, the
incidence of uterine cancer was not found higher than
expected in women exposed to IVF treatment versus untreated
infertile women (SIR=1.09, 95% CI=0.45-2.61, p>0.05) (28).
The safety of IVF has been demonstrated by another cohort
study with 19,000 women, in which after a follow up period
of 17 years after treatment, the endometrial cancer risk was
comparable after ovarian stimulation with IVF protocols
versus other fertility treatment approaches (SIR=1.41; 95%
CI=0.77-2.37, p>0.05) (29).

Nevertheless, it has been argued that, the fact that in most
studies the control group consists of the general population
can constitute a huge bias, since only the study group is
imposed to the effect of subfertility. Hence, it would be more
accurate to compare infertile women which are subjected to
fertility treatment with infertile patients that do not try to
conceive, as the control group (5, 26). Therefore, meta-
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analysis from 15 studies that utilized the general population
as the control group have demonstrated a 1.8-fold increased
risk of endometrial cancer in 1,7 million participants that
were exposed to any infertility drugs (26). On the other hand,
in the same systematic review, when the study group
(156,774 participants) were compared to an untreated
infertility cohort (six studies), no definite link between
uterine malignancy and exposure to any drug was recorded
(RR=0.96, 95% CI1=0.67-1.37, p>0.05) (26). Finally, another
meta-analysis of five studies, which included 776,224
infertile women, found no increased risk of endometrial
carcinomatosis between treatment and nontreatment
infertility groups (OR=0.78, 95% CI=0.39-1.57, p>0.05); the
authors even suggested that fertility drugs may reduce the
incidence of uterine cancer from 2.22 to 0.14%. The
researchers reached the same results when the role of IVF
treatment was exclusively investigated, concluding that the
incidence of uterine cancer was statistically decreased after
IVF protocols (OR=0.38; 95% CI=0.30-0.47, p<0.05) (30).

Cervical cancer. The research examination of about 8,422
women from 1965 until 1988 revealed that the threat of
cervical cancer prevalence is not altered by the infertility
treatment drugs (31). Similar views have been reported by a
cohort study, which claims that ovulation induction
considerably decreases the danger of cervical cancer (25). A
reduction in the risk of developing cervical cancer for
individuals going through IVF treatment is conveyed by
other similar cohort studies, and despite that the mechanism
behind this phenomenon remains unclear, perhaps is related
to the better access to medical care with more frequent
cervical cytology screening in women undergoing fertility
treatment (9, 32).

Discussion

The health-related safety of the ovulation-inducing drugs, as
well as the dangers connected to their utilization, have attracted
increased interest among scholars in the past three decades.
This is owing to the fact that the medications employed for
ovulation induction during IVF such as rFSH, hCG, and hMG,
proliferate the levels of gonadal hormones. This has
contributed to the intensification of the concerns about the risk
of developing cancer in endometrium, breast, ovary, as well as
other vulnerable and sensitive organs (10, 32).

Intensive ovulation induction treatment is accomplished
through the utilization of multiple folliculogenesis during IVF
treatment. Retrieval of the oocytes is achieved through the
puncture of the ovarian follicles (33). In some studies, the
interventions of ovarian puncture and ovulation induction, were
connected with the progression of ovarian cancer. However,
other studies dissociated the two inventions with ovarian cancer
development (9, 10, 19). The biological confirmations reiterate
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Figure 2. Main risk factors and their associations between infertility and gynecologic cancer.

the likelihood of the extensive relationship amid the ovarian
cancer progression and the exposure to ovulation-induction
medications, owing to the fact that associated change in
endogenous hormones, as well as the ““incessant ovulation”
throughout the procreative ages, are acceptable justifications
for numerous aspects that change ovarian cancer risk.
Furthermore, because one probability is that the utilization of
contraceptive drugs can decrease the danger of developing
ovarian cancer, women that reduced the utilization of oral
contraceptives in couples that are not fertile can potentially lead
to heightened dangers for developing ovarian cancer (34, 35).
As far as endometrial cancer is concerned, taking into
consideration its hormonal susceptibility, it is logical and
justifiable to suggest that fertility medication through ovarian
stimulation could increase the incidence of this malignancy (2,
4). Conversely, some could argue that fertility drugs could
decrease the risk of endometrial cancer due to the protective
effect of the progesterone that takes place secondarily with
ovulation (24). Several studies have investigated this plausible
relationship, but most of them are limited by low quality of
evidence since they are non-randomized and by
methodological issues and specifically a short or incomplete
follow-up period, a small sample size and different
confounding factors such as PCOS and obesity that are
independently linked to carcinomatosis (3, 5, 24). In addition,
many of the studies evaluate subfertile populations before IVF
was established as a common treatment modality, thus, their
outcomes do not reflect the current practice patterns (24).

Several studies have suggested that multiple cycles, as
well as high doses of CC may be related to an increased
risk of uterine malignancies. Nonetheless, the evidence for
this argument remains inconclusive since they are not
consistently reproduced through different studies.
Moreover, the suggestion of them being an independent risk
factor of cancer is very difficult to be undoubtedly
confirmed (4). Furthermore, the inconsistency of the
results, from studies conducted in the past, reveal the
importance of using an infertile group of women not treated
with fertility drugs, as the control group in the various
comparisons which are investigated. This could offer a
better adjustment regarding the preexisting risk factors for
uterine cancer that may simultaneously exist in subfertile
patients (3) (Figure 2).

Nevertheless, most of the existing meta-analysis and
studies, despite being mainly retrospective and cohort have
demonstrated the safety of different fertility treatment
options. The incidence of uterine cancer is not altered in
infertile patients treated with CC only, CC and hMG or hMG
alone, in comparison to the non-fertility treatment group.
Even further, a possible protective role of fertility medication
has been documented regarding the risk of uterine cancer,
when patients that have been subjected to IVF are evaluated
(30). Therefore, according to the guidelines issued by the
Practice Committee of the American Society for
Reproductive Medicine (ASRM) in 2016 (Summary
Statement - Grade B), the evidence are adequate to support
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the suggestion that fertility drugs are not directly related to
an increased risk of endometrial cancer (24).

Conclusion

In this review we tried to investigate the possible role of
fertility medications and ARTS to subsequent carcinogenesis
in infertile women. Despite the fact that this relationship
seems theoretically plausible, many factors are simultaneously
and independently present in both of these conditions
(infertility and cancer), such as anovulation, smoking,
nulliparity and obesity. Several studies have tried to determine
the exact association of these two entities; however, the data
remain limited since most research derives from observational
cohorts or meta-analyses. Furthermore, most of the existing
studies suffer from methodological issues, including short-
term follow-up periods, small sample sizes, different treatment
protocols and lack of controls over confounding factors.

Although no definite answer has been given, ARTs should
be considered relatively safe regarding their subsequent risk
of carcinogenesis. Additionally, despite the lack of high
quality evidence for the absolute safety of these drugs, and
even given the possibility of a modest increase in the
incidence of ovarian or endometrial cancer many years after
their use, the risk of their utilization may be justifiable
considering the great desire of a woman to conceive and give
birth to her own child. Nevertheless, more high-quality
research is required in the future, for definite conclusions to
be made. Until then, precautions should be taken, and the use
of these hormone-dependent drugs should be individualized
based on the needs of each woman.
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