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Aim: All over the world, many couples cannot conceive a child and have problems

with pregnancy. Ovulation-inducing drugs are among the most important drugs used

for the treatment of infertility. In recent years, there have been many debates about the

relationship between fertility medication and cancer. Due to the lack of comprehensive

study of this matter, and as understanding the relationship between the use of fertility

drugs and cancer is of importance, the present study was conducted to investigate the

relationship between infertility drugs and cancer in women.

Materials and Methods: To determine the relationship between infertility treatment

and cancer, a comprehensive search was carried out in databases such as; Medline,

Web of Science Core Collection, and Scopus using keywords words; “infertility,”

“ovulation induction,” “cancer,” “infertility treatment,” “ART,” “tumor,” “controlled ovarian

stimulation,” “fertility agents,” and “neoplasms.” Full-text, English language, and original

articles were included in this study.

Results: In total, 81 articles were entered into the study. The relationship between

fertility medications and breast, ovary, endometrial, uterus, colon, thyroid, skin, cervical,

and non-Hodgkin’s lymphoma cancers were studied. Although the relationship between

fertility medications and cancer is theoretically justifiable, most studies have shown that

risk of cancer will not increase after fertility treatment.

Conclusion: The results of this study did not show that fertility medications increase

the risk of cancer among users. In summary, the relationship between infertility treatment

and cancer incidence remains an open question.

Keywords: infertility, ovulation induction, cancer, infertility treatment, controlled ovarian stimulation, fertility

agents, neoplasms

INTRODUCTION

All over the world, 48.5 million couples have problems with pregnancy, and many children are
born with the help of fertility treatments, which primarily occurs in developing countries (1).
After cancer and cardiovascular disease, infertility is the third most common disease (2). With
increasing numbers of couples delaying parenting attempts, the prevalence of infertility is on the
rise. Decreased fatality is one of the most important issues inWestern countries, and is an essential
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part of reproductive health (1), which affects different aspects
of life and imposes huge economic burdens on societies
(2). Infertility is affected by various physiological, genetic,
environmental, social, infectious, and nutritional factors (1,
3). Assisted reproductive technology (ART) is one of the
most important strategies used today to increase the chance
of fertility among infertile people (4). The ART uses many
medications and techniques to increase the chance of fertility
(5). Ovulation-inducing drugs are among the most important
drugs used for the treatment of infertility, which affect the
ovaries by increasing the levels of estrogen, progesterone,
and gonadotropins. Complications of these drugs include
ovarian hyper-stimulation syndrome, osteoporosis, and adverse
pregnancy outcomes (6, 7).

In recent years, there have been many debates about
the relationship between ovulation-inducing drugs, infertility
treatment, and cancer (8–10). Changes in endogenous hormones
that occur following the use of these drugs have raised many
concerns about the safety of these treatments. Due to increasing
infertility and the subsequent increase in the use of fertility
drugs in recent years, investigating the long-term effects of these
drugs are considerably important. It also raises the following
question: Can the use of fertility drugs in the long-term cause
cancer? Since understanding the relationship between the use
of fertility drugs and cancer is important and due to the lack
of comprehensive study in this regard, the present study was
conducted to investigate the relationship between infertility
drugs and cancer among women.

MATERIALS AND METHODS

Search Strategy
To determine the relationship between infertility treatment
and cancer, a comprehensive search for reliable articles was
carried out in databases such as; Medline, Web of Science
Core Collection (Indexes = SCI-EXPANDED, SSCI, A &
HCI Timespan), and Scopus (all years), using keywords,
including “infertility,” “ovulation induction,” “cancer,” “infertility
treatment,” “ART,” “tumor,” “controlled ovarian stimulation,”
“fertility agents,” and “neoplasms.” Combinations of these
keywords were also used for the search. All keywords were
checked with PubMed Medical Subject Heading (MeSH). Then,
a manual search was conducted in valid journals for full-text
articles and related systematic reviews. All retrieved articles were
entered into the Endnote X7 software in one database. In order
to reduce errors during the review phase, the PRISMA statement
and Moher et al. (11) guidance were used.

Inclusion Criteria
Two researchers carefully reviewed the retrieved articles. The
criteria for entering the study included; full-text articles, English
language and original articles (case-control, retrospective and
prospective cohort), the use of keywords in the title or abstract,
articles with an abstract, and articles that have reviewed a type
of malignancies associated with the use of fertility drugs. In
vitro fertilization (IVF) and each of the clomiphene citrate
regimens, the gonadotropins, human chorionic gonadotropin

(hCG), humanmenopausal gonadotropin (hMG), gonadotropin-
releasing hormone (GnRH) agonist, and antagonists were studied
alone or in combination.

Exclusion Criteria
Case reports, case series, systematic reviews, meta- analysis, and
animal studies were excluded.

Extracting and Analyzing the Data
The articles were categorized according to their specific
characteristics including the number of participants, type of
study, and type of fertility regimen. The risk scale in this study
included; Standardized Incidence Ratio (SIR), Incidence Rate
Ratio (IRR), Hazard Ratio (HR), and Odds Ratio (OR).

RESULTS

Characteristics of the Selected Studies
After a comprehensive search through the databases, 320 articles
were entered into the study and the references of 41 articles
were manually reviewed. Duplicate articles were removed using
Endnote software (n = 160). During the initial evaluation, 201
articles were selected for the review. After reviewing the title and
abstract, 95 articles that were not consistent with the purpose of
this study or did not meet the inclusion criteria were removed.
The full texts of other articles were carefully examined by two
researchers, and 25 articles were removed for scientific reasons
(literature review: 9, commentary: 6, not English language: 2, full
text not available: 5, editorial: 3). At the end, 81 articles were
selected for the review (Figure 1).

Relationship Between Steroid Hormones
and Cancer
In general, cancer occurs as a result of the division of mutated
cells. Therefore, the hormone and any factor that stimulates the
growth of the cells can affect the occurrence of cancer (12).
The relationship between steroid hormones and some types
of cancers, such as breast and endometrium cancers, is well-
documented (12–14). Estrogen, progesterone, and testosterone
are steroid hormones that are produced following a series of
biological responses and are derived from cholesterol. Estrogen,
which is one of the most important female sex hormones, is
produced in the ovaries, the adrenal cortex, and the placenta,
and leads to the growth of the reproductive system and the
development of sexual traits (15). Based on the results of studies,
free estradiol and albumin-bounded estradiol are associated with
an increased risk of breast cancer (16) and can enhance the
progression of metastatic breast cancer (17). High levels of
estradiol and estrogen hormones in women with breast cancer
contribute to the progression of metastatic breast cancer (18).
Estrogen can contribute to the onset of cancer by affecting
the mitosis duplication of epithelial cells. Increasing mitotic
activity can play a role in increased probability of mutation
and DNA damage, and reduced apoptosis and growth of early
tumors (13, 19).

The role of gonadotropins in the occurrence of cancer has
also been discussed by researchers. High levels of LH and
FSH cause exposure to uncontested estrogen in the menstrual
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FIGURE 1 | Flowchart of the included eligible studies in review.

cycle, which contributes to an increase in cancer. On the other
hand, stimulating the synthesis of mitogenic growth factors by
gonadotropins can contribute to the growth of breast cancer cells
(20, 21). In addition, high levels of gonadotrophin, predict a
weaker prognosis in people with breast cancer (21).

Analysis Based on the Type of Cancer
(Table 1)
Breast Cancer
Breast cancer is a multifactorial disease and several risk factors
are involved in its onset. The majority of breast cancers
are hormone dependent (22). Several studies have pointed to
the etiologic role of endogenous and exogenous hormones in
increasing the risk of breast cancer. Therefore, the possible
relationship between ovulation-inducing drugs and increased
risk of breast cancer has been the subject of discussions by
researchers (23–25). Compared with normal ovulation cycle,
oestradiol concentration increase up to 10-fold in ovulation
stimulation cycle (26). Treatment with fertility drugs is associated
with an increased risk of breast cancer diagnosis in the first
year after the treatment (27). The result of a cohort study of
808,834 women showed that the risk of breast cancer increased

in individuals who gave birth following ART [adjusted hazard
risk (HR) 1.20, 95% CI 1.01–1.42]. However, in this study
confounding factors such as age of menarche, family history,
history of breastfeeding, and obesity were not controlled (28). In
a cohort study, the risk of breast cancer was increased among
individuals who used ovulation-inducting drugs, although this
risk was not statistically significant in primiparous women (29).
The result of a case-control study of 35–64 years old women
showed that, although the use of fertility drugs was not associated
with an increased risk of breast cancer in general, the relative
risk of breast cancer in people with a hMG use for more than
6 months or 6 cycles was about 2.7–3.8 (30). A case-control
study found that IVF treatment after the age of 30 years was
associated with an increased risk of breast cancer, however, the
characteristics of breast tumors in subjects treated with IVF did
not differ with the general population (31). Although the results
of the above studies suggest a relationship between infertility
treatment and the risk of breast cancer, a large, population
based cohort study between 1991 and 2010 stated, regardless
of infertility treatment, the risk of breast cancer in people who
are incapable of conceiving or maintaining fetuses is increased
by 2 times (32). Meanwhile, many researchers could not show
a positive relationship between fertility treatment and breast
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cancer (32–38). The result of a cohort study of 98,997 women
aged 40–65 years showed no relationship between the risk of
breast cancer and infertility treatment, the type of treatment, the
type of drug, the age of the person at the start of treatment, and
the duration of treatment. The author of this study suggested that
infertility treatments may be associated with an increased risk
of breast cancer among women with a family history of breast
cancer (39). In a cohort study of 54,362 women, Jensen showed
no relationship between the duration of fertility drugs use, the
time since the first use of drugs, and the risk of breast cancer (40).
The results of a cohort study pointed to the potential association
between family history and the use of ovulation-inducing drugs
in the incidence of breast cancer (39). In general, according to
the results of related studies, the relationship between fertility
treatment and breast cancer has not been proven.

Ovarian Cancer
Ovarian cancer is a rare and the most fatal gynecological disease
worldwide (41). Regardless of infertility treatments, the risk of
ovarian cancer may be altered with nulliparity (24), and infertility
(42, 43). Therefore, the relationship between infertility treatment
and ovarian cancer is difficult to prove. The “incessant ovulation
theory” states that uninterrupted ovulation can contribute to the
development of ovarian cancer by damaging ovary epithelium
and, therefore, any factor that contributes to the reduction of
ovulation can have a protective effect against ovarian cancer (44).
Many studies have indicated that an increased risk of ovarian
cancer is associated with the intake of clomiphene citrate and
gonadotropin (25, 45). A cohort study conducted from 1988 to
2013 revealed that, the risk of ovarian cancer is increased in
individuals treated with IVF (adjusted HR 3.9; 95% CI 1.2–12.6),
(46). The results of a cohort study showed an increase in the
incident of ovarian cancer after exposure to clomiphene citrate.
The results also indicated that risk of cancer increases with
increasing dosage of the drug among nulliparous women (25).
Use of clomiphene citrate, due to ovulation disorders, increases
the risk of ovarian cancer (SIR = 7.47; 95% CI 1.54–21.83),
(47). Although a number of studies have suggested that using
ovulation-inducing drugs is associated with ovarian cancer, many
of them have not shown any significant increase in the risk of
ovarian cancer by taking ovulation-inducing drugs (29, 33, 48–
52). The result of a retrospective cohort study showed that
women who use clomiphene citrate and remained nulligravid are
more likely to develop ovarian cancer than those who use this
drug and get pregnant (RR 3.63, 95% CI 1.36–9.72 vs. RR 0.88,
95% CI 0.47–1.63), (53). In a cohort study of 54,362 women,
authors reported that the risk of ovarian cancer does not increase
with the use of clomiphene citrate, gonadotropins, human
chorionic gonadotropin, and gonadotropin-releasing hormone,
and that there is no relationship between the duration of drug
use, duration of follow-up, and pregnancy (54). An increased risk
of ovarian cancer among those taking ovulation-inducing drugs
should be an issue of interest to therapists and, therefore, more
attention should be paid to the people’s choices (45).

In several studies, researchers have investigated the
relationship between borderline ovarian tumors and fertility
treatments. The risk to develop borderline ovarian tumors
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increased in women undergoing IVF, while childbirth,
hysterectomy and sterilization do not have protective effects
(55). In a cohort study, the use of clomiphene citrate and
gonadotropins increased the risk of borderline ovarian tumors
by up to 3 times (SIR = 3.61; 95% CI 1.45–7.44), (47). A case-
control study showed a relationship between borderline ovarian
tumors and the use of ovulation-inducing drugs, especially hMG
(56). The result of a study revealed that, although treatment with
clomiphene citrate for <1 year is not associated with an increase
in the risk of borderline tumors, its prolonged use increases this
risk (57). In a case-control study, researchers concluded that,
regardless of treatment, the risk of borderline ovarian tumors is
two times higher in nulliparous women (58). Other researchers,
however, could not show such a relationship (59, 60). A case-
control study examined the correlation between five groups of
fertility drugs including clomiphene citrate, human menopausal
gonadotropins and follicle stimulating hormone, gonadotropin-
releasing hormone analogs, human chorionic gonadotropins,
progesterone and borderline ovarian tumors. The study found
that use of progesterone was associated with an increased in
borderline ovarian tumors, especially serous tumors, but no
correlation was found between the borderline ovarian tumors
and the use of other drugs (59). There is an ongoing debate
about the relationship between fertility treatments and the risk of
ovarian cancer and, so far, there has been no definitive evidence
to confirm such relationship (24, 61, 62). The relationship
between these drugs and the borderline ovarian tumors has only
been reported in some studies (56, 63, 64).

Endometrial and Uterine Cancer
Endometrial cancer is one of the hormone-related cancers.
Although the relationship between endometrial cancer and
ovulation-inducting drugs is not clear, it appears that these
drugs increase mitosis activity, DNA replication, mutation and
malignancy by increasing serum level of estradiol during the
follicular phase (65). However, by increasing oocyte cycles and
pregnancy, the level of progesterone is significantly increased,
and this plays a protective role against endometrial cancer.
Results of several cohort studies showed an increase in
endometrial cancer among women who used clomiphene citrate
(24, 25). In a cohort study, researchers reported the highest
increase in endometrial cancer among nulliparous women and
those who have used more than 6 cycles of clomiphene (25). A
cohort study which lasted for 30-years revealed that infertility is
associated with an increased risk of endometrial cancer, and this
risk does increase by ovulation induction (24). This is consistent
with the finding of Brinton’s study (66). The results of a case-
control study supported previous research and stated duration of
use of fertility drugs was positively associated with endometrial
cancer risk (OR= 6.10; 95% CI, 0.96–38.6) (67). There have been
a few studies that did not show any relationship between fertility
treatment and endometrial cancer (68).

According to a cohort of 29,700 IVF women, the incidence
of uterine sarcoma increases in women who have history of
infertility (8). In a large cohort study, authors reported that the
risk of uterine cancer in people taking ovulation-stimulating
drugs is increased by 3 times, and this risk will increase by 8

times after taking clomiphene citrate for 12 months (29). Based
on the results of a retrospective cohort study, the risk of uterine
cancer increases with the increase in the dose of clomiphene
citrate, its cycle of use, and the time since its first use, The risk
is also increased in nulligravid and obese individuals (69). A
cohort study concluded that consumption of more than 2,250mg
of clomiphene is associated with a 2.6-fold increase in the risk
of uterus cancers (48). In 2009, researchers in a population
based cohort study pointed to the relationship between the high
dosages of gonadotropins and hCG and uterine cancer among
the gonadotropins and hCG users (70). Infertility drugs may
increase estrogen level during the follicular phase of ovulation
stimulation cycles, and use of hCG and clomiphene formore than
6 months may increase the risk of uterine cancer (54). In general,
uterine and endometrial cancers do not have high prevalence
among different age groups, especially young people who are the
target group in most studies, and therefore it is challenging to
determine the relationship between endometrial cancer and the
use of ovulation-inducing drugs.

Thyroid Cancer
The effect of exogenous hormonal agents on estrogen dependent
malignancies has been discussed by many researchers.
Stimulation of ovulation is associated with increased level of TSH
hormone in the circulation, which causes cell proliferation in the
gland (25). Some medications, such as clomiphene citrate, may
have a greater effect on the thyroid gland due to longer half-life
(71). The results of various studies suggest a link between thyroid
cancer and ART (25, 71). A cohort study concluded that, the use
of clomiphene citrate is associated with a 2-fold increase in the
risk of thyroid cancer, and this risk is not statistically significant
among the users of gonadotropins, hCG, and GnRH (71). The
risk of thyroid cancer is higher among nulligravid women who
take clomiphene citrate (72, 73). However, in a cohort study, the
risk of thyroid cancer was higher among parous individuals who
were taking clomiphene citrate (71). The use of clomiphene (RR
= 2.28; 95% CI: 1.08–4.82) and progesterone (RR = 10.14; 95%
CI: 1.93–53.33) is associated with an increased risk of thyroid
cancer (71). Other studies have not shown any relationship
between fertility drugs and thyroid cancer. Authors in a cohort
study stated that there is no evidence of any relationship between
gonadotropins and thyroid cancer (73). In a study, aggressive
pattern of papillary thyroid carcinoma was seen among thyroid
cancer patients who had received IVF treatment in the past
and this may cause a delay in the thyroid cancer diagnosis. In
this study, thyroid cancer was diagnosed after 4 years from the
last IVF treatment (74). The present study did not find any
relationship between fertility treatment and thyroid cancer.

Skin Cancer
Skin cancer endangers many people’s lives due to death or
disability. Age, gender, diet, and genetics affect incidence of
this cancer (75). Potential effect of oral contraceptive pills on
melanoma (76, 77), has been a source of concern for researchers
about the role of fertility drugs on this cancer. In a cohort study,
the incident of skin cancer (except melanoma) was higher in
those whowere using IVF treatment (78). Researchers stated that,
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although in general infertility treatment is not associated with
the risk of malignant melanoma, the use of clomiphene citrate
is associated with an increased risk of malignant melanoma, and
this risk is more pronounced among those who have been waiting
for pregnancy for more than a year (29). In a cohort study,
authors concluded that although infertility is not associated with
an increased risk of malignant melanoma, exposure to fertility
drugs in women with infertile partners increases the risk of
melanoma, and this risk is also reduced in women who receive
a low dose of fertility drugs (79). According to a retrospective
cohort study, infertile women with progesterone deficiencies
had higher melanoma risk (80). In a retrospective cohort study
among 8,422 women in 1965–1988, the researchers confirmed
this result and concluded that, the use of fertility treatment
does not significantly alter the risk of melanoma. In this study,
clomiphene citrate had a stronger effect on the risk of melanoma
(RR = 2; 95% CI:0.9–4.6) (73). Overall, the results of studies
have shown no relationship between the risk of melanoma and
fertility drugs.

Colon Cancer
Although lifestyle is one of the most important risk factors
for colon cancer, sex hormones may also affect the etiology
of colon cancer. The results of a cohort study showed that
infertility treatment does not increase the risk of colon cancer
(73). The result of a 21-year follow-up in a cohort study showed
that ovarian stimulation for IVF does not increase the risk of
breast cancer in comparison with the general population (81).
Furthermore, after a 30 year follow-up of 9,892 women treated
with pre- IVF fertility drugs, researchers found that these drugs
have no effect on colorectal cancer. The increase in IVF cycles
and a greater amount of gonadotropin ampoules did not alter
this risk (72). Other studies showed that ovulation stimulation
for IVF does not increase the risk of colon cancer in comparison
with the general population (48, 81). Estrogen is considered to
be protective against colorectal cancer (82), and so this cancer
is expected to decrease in women who use fertility drugs. In
addition, lower level of insulin- like growth factor I in women
who use exogenous hormones, may play a role in reducing
colorectal cancer in these group (81). Generally, the results of
present study suggest that fertility treatment is not a risk factor
for colon cancer.

Cervical Cancer
Cervical cancer is the fourth most common cancer among
women (83). Twenty years follow up of 8,422 women during
1965–1988 showed that infertility treatment does not change
the risk of cervical cancer (73). According to a cohort study,
ovulation induction reduces the risk of cervical cancer (48).

Other cohort studies reported a lower risk of cervical cancer
in people undergoing IVF treatment (23, 78, 84). Ultimately,
researchers have reported that, due to regular screening and
periodic examinations of infertile people, the risk of cervical
cancer is lower among these people (25). In addition, parity
and full- term pregnancy increase the risk of cervical cancer,
therefore, it seems that this cancer is less prevalent among
infertile women (83).

Non-Hodgkin’s Lymphoma
Ovulation induction is associated with an increased risk of non-
Hodgkin’s lymphoma, and this risk is more pronounced in
primiparous women as well as the first 5 years after childbirth
(HR 2.63, 95% CI: 1.02, 6.82) (29).

CONCLUSION

The purpose of this study was to determine the relationship
between the use of fertility drugs and cancer. Due to the
correlation between hormonal and reproductive factors and
women’s cancers, much more attention has been paid to the
relationship between the use of fertility drugs and cancer
in recent years. Although this relationship is theoretically
justifiable, the complex and multiple factors that are involved
in the onset of cancer make it difficult to determine the
definite relationship between the use of these drugs and
cancer. In spite of the relationship that exists between the
ovulation-inducing drugs and cancer in some cohort studies,
the results of our study showed no significant increase in
the incidence of cancer by infertility treatment. According to
the results of this study, there is no definitive relationship
between the use of fertility drugs and cancer, and only some
observational studies have pointed to this relationship. So,
the following question still cannot be answered: Are fertility
drugs safe?

Although, the small sample size, short-term follow-up, and
lack of control over confounding variables are some of the most
important limitations of such studies, more studies are needed
to achieve a better result. Since, the large proportion of people
who use ovulation-inducing drugs are young, long-term follow-
up can better detect the onset of cancer among them. At the
end, the relationship between infertility treatment and cancer
incidence remains an open question.
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