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Abstract:

This review article explores the intricate link between Poly Cystic Ovarian Syndrome (PCOS) and gynaecological 
cancers, primarily focusing on endometrial, breast, and ovarian cancers. PCOS, marked by hormonal imbalances 
and metabolic disruptions, sets a milieu conducive to cancer development. The link between PCOS and 
endometrial cancer is particularly strong due to chronic anovulation causing an oestrogen-driven endometrial 
hyperplasia. Strategies to mitigate endometrial cancer risk in PCOS encompass weight management, physical 
activity, insulin resistance reversal, progesterone withdrawal bleeds, breastfeeding, and pregnancy.

Although no definitive link is established between PCOS and breast cancer, the impact of oral contraceptive 
pill use on breast cancer risk in PCOS treatment requires further inquiry. Similarly, the association between 
PCOS and ovarian cancer is intricate, with some evidence suggesting genetic and epigenetic connections, 
while others indicating reduced risks. Notably, a potential link between PCOS and serous borderline tumours 
exists, necessitating additional research for clarity.

This article highlights the importance of understanding PCOS-related cancer risks and management strategies. 
It underlines the need for interdisciplinary efforts to advance knowledge regarding PCOS-associated cancer 
risks, risk prediction models, and targeted interventions.
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Introduction

PCOS is an endocrinopathy affecting women in age-groups 
starting from adolescence, through the reproductive years 
and to effects lasting in the post-menopausal age-group as 
well.1 The incidence varies across populations in India from 
3.7 to 22.5 percent depending upon the criterion being used 
Rotterdam or Androgen Excess Society.2,3 There are varying 
manifestations of hyperandrogenism, menstrual irregularities, 
insulin resistance and altered metabolic profile in women with 
PCOS.4 This altered hormonal and metabolic milieu over long-
term provides a nidus for cancers to develop. 

Association of PCOS with gynaecologic cancers was first 
reported over 70 years ago.5 Chronic anovulation, a hallmark 
feature of PCOS, causes prolonged exposure of oestrogen 
to endometrial cells unopposed by progesterone leading to 
endometrial hyperplasia, which has a potential to develop into 
carcinoma. Many women with PCOS have hyperinsulinism due 
to insulin resistance. High insulin levels cause an increase in 
levels of many hormones including testosterone and have been 
implicated as an alternative pathway for tumorigenesis.6 On the 
same note, cancer breast and ovary have aslo been associated 
with hormonal disorders affection ovulation.7
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PCOS and Endometrial Cancer (EC)

EC is the sixth most common cancer in women worldwide 
and the 15th most common cancer overall. There were over 
380,000 new cases of endometrial cancer reported in 2018.8 
In India, there were over 13000 cases in 2018, the incidence is 
increasing with the adoption of Western lifestyles in the urban 
areas and has a differential pattern across states.8,9 One of 
the early landmark published paper by Mayo Clinic in 1953, 
cited association of EC with PCOS and advised for dilation and 
curettage of the endometrial cavity to rule out cancer before 
proceeding to ovarian surgery.10 Ever since there have been 
many studies, multiple reviews and 3 metanalysis so far that 
reveals an increased risk of up to 3 fold-higher EC in patients 
with PCOS.11 

Historically, EC is subdivided into two pathogenetic types, which 
have differences in metabolic and endocrine associations, 
namely Type 1 and Type 2 tumours. 

With many other risk-stratification systems including European 
and French systems incorporating various features over the last 
two decades, there is a paradigm shift to molecular classification 
due to the limitations of these systems.12

Pathogenesis 

Historically, hyperestrogenism induced proliferation unopposed 
by progesterone associated with anovulation in PCOS, had 
been considered the sole reason for neoplastic conversion. 
Now, there is a redefinition of the pathogenesis with multiple 
components. 

1. Hyperandrogenism 

Hyperandrogenism is one of the diagnostic components of 
PCOS. Excess production of androgens occurs due to disruption 

of the normal hypothalamic-pituitary-ovarian axis. The pulsatile 
production of gonadotropin-releasing hormone (GnRH) by the 
hypothalamus is disrupted and there is excessive production 
of gonadotropins. High levels of GnRH favours the production 
of beta-subunit of Luteinising Hormone (LH) over Follicle 
Stimulating Hormone (FSH) resulting in elevated LH/FSH ratio. 
Increased levels of LH leads to theca cells hyperplasia which 
leads to increased androgen synthesis. Also, an important 
component for the development of hyperandrogenic state 
is increased levels of insulin caused by insulin resistance. 
Increased insulin levels mimic the activity of LH on theca cells 
in ovary causal pathway that links hyperinsulinism with ovarian 
hyperandrogenism and infertility in obesity.13 This association is 
strengthened by observations of a decline in hyperandrogenism 
upon improvement of insulin resistance.14 This complex pathway 
has been simplified in Figure 1, which depicts the action of 
insulin-sensitizers on the liver and ovary leading to decrease 
in endometrial cancer risk.15

2. Hyperestrogenism unopposed by progesterone 

The role of hormones in development of neoplasia is dualistic, 
firstly in mutagenesis and then as promoters.16 Unopposed 
oestrogen is a risk factor for endometrial cancer and it is 
based on facts that it causes endometrial cell proliferation 
in the follicular phase. The basic mechanism of action of 
oestrogen is that it’s binding to endometrial cell DNA, activates 
the proliferative PI3K/AKT/mTOR signaling and also leads to 
positive modulation of other genes associated with endometrial 
proliferation like cMyc and cyclin A, which in turn leads to piling 
up of replication errors, predisposing to malignancy.17 Also, the 
proliferative effects of estradiol on endometrial tissue is caused 
by increase in production of Insulin-like growth factor (IGF-1) by 
the stromal tissues locally.17 

Progesterone, on the other hand mitigates the effects of 
oestrogen by genomic and non-genomic pathways to modulate 
cell proliferation.18 It reduces estrogenic activity by increasing 
17β-hydroxysteroid dehydrogenase and estrogen sulfo 
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transferase which covert estradiol into estrone, which has 
reduced activity and, into estrogen sulfates which are excreted 
rapidly.18 Progesterone also induces the gene-expression and 
synthesis of insulin-like growth factor binding protein-1 (IGFBP-1), 
which inhibits IGF-1 activity on endometrium.19

This complex association between estrogen, progesterone and 
obesity has been depicted by a simple line-diagram in figure 2. 

3. Insulin resistance and obesity 

The prevalence of IR in PCOS is of paramount significance, 
to the tune of 50-70% and occurs independent of obesity.20 
Hyperinsulinemia induced by IR predisposes the body to many 
cancers including endometrial cancer. The exact mechanism 
by which hyperinsulinemia predisposes to EC is uncertain, 
but it is proposed to be linked to the effects of insulin and IGF 
on endometrial cells by altering the P13K-PTEN-AKT signaling 
pathway.21 There have been studies confirming that insulin 
and IGF have proliferative effects on endometrial cells in-vitro, 
which is thought to be caused by overexpression of IGF type-1 
receptors. This is thought to be via protein kinase pathway, 
causing an increase in expression of vascular endothelial growth 
factor or perhaps, by inhibiting apoptosis.22

There is also a case for indirect mechanism of action by 
alteration of hormone milieu caused by hyperinsulinemia which 
causes stimulation of theca cell androgen activity, increased 
free testosterone levels as there is decreased hepatic sex 
hormone binding globulin (SHBG) levels, increased LH and IGF-1 
stimulated androgen production and sustained IGF-1 activity.23 

Obesity is frequently seen in association with PCOS, and obesity 
and IR together act synergistically for the development of EC.16 
For every 5 kg/m2 increase in BMI, there is a proportionate 
60% increased risk of EC.24 Insulin acts as a growth factor for 
adipose tissue and causes both hypertrophy and hyperplasia 
of adipocytes.20 In obese women with PCOS, these hormonal 
changes act synergistically to increase the activity of free 
estrogens for the development of EC.25

Prevention 

The lifetime risk in patients with PCOS for development of 
EC is around 9%.26 With other risk factors like obesity, insulin 
resistance and reproductive history of nulliparity often being 
present alongside PCOS, the risk become even higher and 
it becomes imperative to recognize women at-risk for the 
development of EC. This would help us select the sub-group 
at risk in whom appropriate risk-reducing measures can be 
taken to prevent development of EC. 

1. Weight management and physical activity

Maintaining a normal range BMI helps reduce risk of EC. 
There can be various methods to achieve the desired weight 
like lifestyle modifications, anti-obesity medications, bariatric 
surgery, which usually result in loss of about 4-6%, 7-10% and 
15% weight loss respectively, but the key remains sustaining 
the weight-loss.27 There is evidence suggesting that women 
who are able to maintain weight-loss have a lower risk of EC 
compared to those who don’t.28 

Physical activity has an association with a lowered risk of EC, 
with possible biological mechanisms of weight loss, decrease in 
adipocytes, which changes the internal hormonal milieu, body 
metabolism and immunity.16 In a meta-analysis by Schmid et 
al., recreational physical activity, occupational physical activity, 
and walking/biking for transportation have been associated 
with a lowered risk of EC.29 

2. Insulin resistance reversal 

There exists a linkage at a molecular level between EC and 
PCOS with respect to hyperinsulinaemia, which is of paramount 
importance. Metformin is an insulin sensitizer as it reduces 
the gluconeogenesis in the presence of insulin. Metformin is 
known to exert anti-proliferative effects by decreased circulating 
insulin and insulin-like growth factor levels and by inhibition of 
mammalian target of rapamycin signalling.30 

Although metformin use has been linked with a good survival 
outcome with EC in diabetes patients in a meta-analysis, the 
chemoprotective role of metformin is debatable.31 A 2017 
Cochrane analysis reported insufficient evidence to encourage 
or confute the use of metformin alone or in combination with 
standard therapy - specifically, megestrol acetate - versus 
megestrol acetate alone, for management of endometrial 
hyperplasia to prevent EC.32 There is a lacuna of good-quality 
evidence for evaluating benefits of metformin in risk-reduction 
of EC in women with PCOS and IR and is a concept that needs 
to be explored more. 

3. Progesterone withdrawal bleeds

Chronic anovulation in PCOS makes the endometrium 
susceptible to the unopposed proliferative action of estrogen. 
Progesterone induced withdrawal bleeding of endometrium 
allows for the proliferation to be temporarily suspended and 
helps reducing risk of developing atypical hyperplasia and EC.16 

4. Breast feeding and pregnancy 

Breast-feeding provides protection against EC.33,34 In a meta-
analysis by Jordan et al., ever breastfeeding was associated 
with an 11% reduction in risk of endometrial cancer (pooled 
OR 0.89, 95% CI 0.81-0.98) and longer average duration of 
breastfeeding per child was associated with lower risk of 
endometrial cancer.33 Another meta-analysis, found a linear 
relationship of breast-feeding with EC, and estimated that EC risk 
decreased by 1.2% for one-month increment of breastfeeding.34 

Parity is associated with a decreased risk of EC. In a meta-
analysis, not only was a reduced risk found with pregnancy 
but also the dose-response analysis suggested a nonlinear 
relationship between the number of parity and endometrial 
cancer risk.35 The Relative Risk decreased with each increased 
parity. 

Screening

Women with PCOS fall under the intermediate risk-group 
for endometrial cancer due to effect of unopposed action 
of oestrogen, for which there are no screening guidelines at 
present.36 Currently, American Cancer Society recommends that 
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women at average and increased risk be informed about the 
risks involved and symptoms (in particular, abnormal bleeding) of 
endometrial cancer at the onset of menopause and to promptly 
report these symptoms to their physicians.37 

Screening strategies needs a revamp given the increasing 
incidence of EC. There is line-of work and research aimed to 
take action in this segment of Intermediate-risk women to offer 
them screening or risk-reducing strategies like intrauterine 
device with progesterone, which reduces EC risk by 19%.38

Various studies have been aimed at development of predictive 
models for risk association with various parameters including 
epidemiological, reproductive and genetic factors, with serum 
biomarkers, imaging features and symptoms included in some.39

Areas of future research

1.	 PCOS and EC, both are complex diseases with an extensive 
interplay of genetic and environmental factors playing their 
part in pathogenesis. A deep understanding of the molecular 
pathways might not be possible given the heterogeneity and 
complexity involved. Recently, molecular –omics have been 
used to unravel these complexities by using bioinformatics 
analysis and mathematical modelling using genomics, 
proteomic and metabolomics approaches and is known as 
network biology. High-quality data based on computational 
modelling with multi-disciplinary collaborations needs to 
come forth to help understand these complex interactions 
between EC and PCOS. 

2.	 Risk stratification models based approaches utilizing 
epidemiological and genetic factors for identifying those 
possibly at a higher risk and evolving utilizable and cost-
effective screening methods for them. 

PCOS and breast cancer 

Breast cancer is the most common cancer-affecting women 
globally.8 The association between breast cancer and PCOS is 
multiplex and with many confounders. In animal model studies, 
androgen-induced PCOS rats reported benign tumours too 
had a mixed pattern of fibroadenoma/fibroma and cysts.40 In 
a recent meta-analysis, there was no increased risk of breast 
cancer found with an association between PCOS and the breast 
cancer risk in case-control studies 0.87 (95% CI, 0.44 to 1.31) 
and that of cohort studies was estimated 1.18 (95% CI, 0.93 to 
1.43).41 Similarly, in a long-term Danish registry from 1977-2012, 
found no association between PCOS and breast cancer (N = 
59, SIR = 1.1; 95% CI = 0.8-1.4) and concluded that women with 
PCOS have the same risk of breast cancer as that of the general 
population.42 Another aspect in that management of PCOS is 
oral contraceptive (OC) pills and it’s important to understand 
the link between OC pills and breast cancer development. A 
recent Danish prospective cohort study found an increased 
risk of breast cancer amongst women using OC pills, with the 
risk increasing with increased duration of use, however, the 

absolute increase in risks was small.43 Thus, PCOS doesn’t 
have an association with breast cancer risk, but more studies 
are needed for evaluation of OC use with breast cancer risk 
as they are used in PCOS treatment. 

PCOS and ovarian cancer 

Ovarian cancer is the seventh most common cancer amongst 
women and has low 5-year survival rates.44 In a study, 
incorporating whole-exom study, irregular menstruation ascribed 
from PCOS was associated with the development of ovarian 
cancer.45 Ovarian tissue of patients with irregular menstruation 
showed DNA hypomethylation and shared miRNA and mRNA 
forms like that seen in ovarian cancer. The study thus provided 
genetic and epigenetic changes in irregular cycles, which confer 
increased risk of ovarian cancer. 

However, in a study with over 16,000 women with invasive or 
borderline ovarian cancer and 17,000 controls, both irregular 
and longer (>35 days) menstrual cycles were associated with 
reduced risks of ovarian cancer.46 Also, in overweight women 
who reported irregular cycles, serous borderline histology was 
found at a higher frequency. In a meta-analysis by Barry et al., in 
2014, no increased risk of ovarian cancer was found in women 
with PCOS.11 Thus, we have no definitive evidence of increased 
risk of ovarian cancer in PCOS as confirmed by various studies 
and a suggestive association exists between serous borderline 
tumors and PCOS, which needs to be confirmed by further 
research led in the same.11,46 

Key points 

•	 The altered hormonal and metabolic milieu in patients 
with PCOS over long-term provides a nidus for cancers to 
develop

•	 An increased risk of up to 3 fold-higher EC incidence in 
patients with PCOS

•	 Risk stratification models based approaches for identifying 
those at a higher risk of EC, evolving utilizable and cost-
effective screening methods for prevention

•	 PCOS doesn’t have an association with increased breast 
cancer risk

•	 No definitive evidence of increased risk of ovarian cancer 
in PCOS

•	 Suggestive association exists between serous borderline 
tumors and PCOS
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