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RESUMO

Introdugdo: A Sindrome do Ovario Poliquistico (SOP) é frequentemente mencionada como um
fator de risco para o desenvolvimento de cancro do endométrio, no entanto, a maioria dos
estudos publicados ndao considera o efeito confundidor da obesidade, um fator de risco bem

estabelecido para cancro do endométrio e altamente prevalente em mulheres com SOP.

Objetivos: Clarificar a extensdao da influéncia da SOP no risco de desenvolvimento de cancro do

endométrio, considerando o fator confundidor que é o indice de Massa Corporal (IMC).

Metodologia: Foi conduzida uma revisdo sistematica da literatura nas plataformas PubMed,
Scopus e Web of Science, usando termos de pesquisa de forma a abranger todos os estudos que
examinassem a associacdo entre a SOP e o cancro do endométrio. Os estudos foram considerados
elegiveis para inclusdo caso reportassem valores de risco de cancro do endométrio em mulheres

com SOP, ajustados ao IMC.

Resultados: Na presente revisdo sistematica foram incluidos 5 artigos, mais precisamente 3
estudos de coorte e 2 estudos caso-controlo. Um estudo encontrou um risco estatisticamente
significativo de cancro do endométrio associado a SOP quando considerado o IMC. Outro estudo
reportou uma atenuac¢do do aumento de risco de cancro do endométrio apds ajuste pelo IMC, em
mulheres com menos de 50 anos. Os restantes trés estudos ndo reportaram diferengas

estatisticamente significativas entre valores de risco apds ajuste pelo IMC.

Conclusdes: O risco de cancro do endométrio em mulheres com SOP parece diminuir ou ser
equivalente ao risco de mulheres sem SOP quando o ajuste aos valores de IMC é realizado. As
diferencas no estabelecimento do diagnéstico da SOP traduzem-se em heterogeneidade dos
achados e dificuldade na comparag¢do dos resultados. O contributo da SOP para o risco de cancro

do endométrio é possivelmente menor do que o esperado previamente.

Palavras-chave: Sindrome do Ovario Poliquistico; cancro do endométrio; excesso de peso;

obesidade; estrogénios; progesterona



ABSTRACT

Introduction: Although Polycystic Ovary Syndrome (PCOS) is commonly referred to as a risk factor
for endometrial cancer (EC), most of the previous studies do not consider the confounding effect

of obesity, a well-known risk factor for EC that is highly prevalent in women with PCOS.

Objectives: This article aimed at clarifying the extent of the influence of PCOS on the risk of

developing EC, accounting for the confounding factor of body-mass index (BMI).

Methods: A systematic review was conducted on PubMed, Scopus and Web of Science using
search terms for all studies examining the association between PCOS and EC. Studies were eligible

for inclusion if they reported EC risk values in women with PCOS adjusted for BMI.

Results: Five articles, including 3 cohort studies and 2 case-control studies were included in the
review. One study found a statistically significant increased risk of EC associated with PCOS after
adjustment for BMI. One study found an attenuation of increased EC risk after BMI adjustment in
women younger than 50 years. The remaining three studies didn’t report statistically significant

differences in risk after adjustment for BMI.

Conclusions: EC risk in women with PCOS appears to decrease or be equal to the EC risk of non-
PCOS women when adjustment for BMI is performed. Differences in establishing PCOS diagnosis
across studies translates to heterogeneous findings and difficulty comparing results. The

contribution of PCOS alone to EC risk is possibly smaller than previously thought.

Keywords: Polycystic ovary syndrome; endometrial cancer; overweight; obesity; estrogen;

progesterone
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INTRODUCTION

Polycystic Ovary Syndrome (PCOS) is a complex disorder, being the most frequent
endocrinopathy among women of reproductive age. Prevalence values range from 4-21%,
depending on the diagnostic criteria used and the population studied.! This syndrome was first
described by Stein and Leventhal in 1935 in a seminal publication, in which the authors described
a series of cases of women with amenorrhea and enlarged cystic ovaries, hirsutism, and infertility.
2 Until then, a relationship between enlarged ovaries and menstrual irregularities hadn’t been
established. Consequently, in the mid-1950s, this constellation of signs and symptoms takes on
the name of Stein and Leventhal Syndrome. Later, this term was gradually abandoned and
replaced by the current designation.? Since its first description over 80 years ago, the interest of
the scientific community in this disorder has grown exponentially. This mounting interest is easily

justified by the important prevalence and adverse health outcomes it is associated with.3

Multiple sets of criteria have been established for the diagnosis of PCOS, among which the
European Society for Human Reproduction and Embryology and the American Society for
Reproductive Medicine (ESHRE/ASRM) criteria, more commonly known as the Rotterdam criteria,
are the most widely used and accepted. According to these criteria, PCOS is defined by the
presence of at least two of the following parameters: oligo-anovulation, hyperandrogenism
(clinical or biochemical), and polycystic ovarian morphology. Diagnosing PCOS implicates the
exclusion of other androgen excess or related disorders.* In 2011, the ESHRE/ASRM identified
different phenotypes according to the possible combinations of present criteria. As such, it is
possible to differentiate the classic phenotype, characterized by hyperandrogenism and chronic

anovulation, from other phenotypes characterized by ovarian dysfunction and polycystic ovaries.®

In terms of clinical manifestations characterizing this syndrome, they include menstrual
irregularities, amenorrhea, hirsutism and easy weight gain, usually arising in the second and third
decades of life.® Although it might seem relatively linear to establish a PCOS diagnosis through the
application of the defined criteria, PCOS is a complex and multifaceted syndrome of yet unknow
etiology.” It is currently believed that it stems from a combination of genetic, epigenetic and

environmental factors.®

Women diagnosed with PCOS can develop several comorbidities, namely metabolic,
reproductive, cardiovascular, and oncologic.? ° 1° The metabolic environment is characterized by
reduced insulin sensitivity, peripheral insulin resistance and hyperinsulinemia. Peripheral insulin
resistance is present mainly in the adipose tissue and skeletal muscle, whereas ovarian theca and

granulosa cells demonstrate a high sensitivity to insulin. In the theca cells, insulin promotes the



production of androgens, namely testosterone.' Aromatization of androgens in the peripheral
tissue perpetuates the cycle of endometrial exposure to estrogenic action, and additionally

evidence suggests that androgens exert a stimulatory effect on endometrial cancer cell lines.*?

Previous studies have demonstrated women with PCOS have higher rates of type 2
diabetes mellitus, independently of age and Body Mass Index (BMI).1* Studies comprising asian
and american women have shown that PCOS patients have an aproximately 5 times higher risk of
developing type 2 diabetes than healthy controls.®> This risk increases with higher waist
circunference values or when excess visceral fat is present. However, even with normal BMI,
some women with PCOS have metabolic disturbances due to an abnormal distribution of fat.!?
Obesity is also a very common comorbidity in these women, with Lim et al. reporting prevalence
values of over 60%.* > Therefore, it is not surprising that PCOS patients have an increased risk of
developing metabolic syndrome. Metabolic syndrome is characterized by the presence of a
cluster of metabolic disturbances like dyslipidaemia, hypertension, hyperglicemia and central
obesity.'® In this manner, it is easily understood that PCOS patients present a combination of
classical risk factors for cardiovascular disease. There is some evidence suggesting an increased
risk of premature atherosclerotic disease, and an increased risk for developing ischemic heart

disease, as demonstrated by Hart and Doherty in a large Australian study.!36

PCOS is considered the main cause of anovulatory infertility, however, this does not
necessarily imply that all women diagnosed with PCOS are infertile. On the other hand, these
patients have a higher risk of developing complications during pregnancy, such as gestational

diabetes, preeclampsia, or even abortion.’

The unbalanced metabolic and hormonal scenario that defines PCOS can increase the risk
of neoplastic disease, more specifically, hormone-related tumors such as endometrial, ovarian, or
breast cancer.’ The association between PCOS and endometrial cancer (EC) was suggested for
the first time over 50 years ago.’® Chronic anovulation, peripheral insulin resistance and
hyperandrogenism constitute possible oncogenic mechanisms, particularly in the endometrium.
When chronic anovulation is present, the endometrial tissue is subjected to continuous estrogenic
stimulation unopposed by progesterone. Estrogens induce proliferation and differentiation in the
endometrium, which can lead to hyperplasia, and ultimately to cancer.'” Also, women with PCOS
have hyperinsulinemia due to the effect of insulin resistance, which stimulates the synthesis of
more insulin.’® Besides being an important growth factor, insulin also promotes ovarian androgen
production and reduces the synthesis of the sex hormone binding globulin (SHBG), contributing to

an increased activity of free estrogens.’®2° Moreover, adipose tissue cells are highly dynamic,



holding the ability to not only synthesize estrogens but also aromatize androgens into estrogens,
contributing to a hyperestrogenic environment. It is currently believed that these hormonal and

metabolic imbalances have a synergic role in the pathogenesis of EC.8

Multiple studies and international guidelines present PCOS as an established risk factor
for EC. Many of the studies analyzing the risk of EC in women with PCOS do not take into account
confounding factors such as obesity, a well-established risk factor for EC. Obesity is present in the
majority of women with PCOS, which strongly limits the interpretation of the data obtained in
said studies.!” Thereby, the goal of the present review consists in analyzing the risk of EC in
women with PCOS, accounting for the confounding factor of BMI. With this review, we intend to

clarify the extent of the influence of PCOS on the risk of developing EC.

METHODS

The Preferred Reporting ltems for Systematic Reviews and Meta-Analyses protocols

(PRISMA-P) recommendations were used to guide this review.?

In this systematic review, we aimed to include studies addressing the risk of EC in women
with PCOS with adjustment to BMI. Meta-analyses, Systematic Reviews, Randomized Controlled
Trials (RCTs) and Prospective Studies were screened. Case reports and case series were excluded

from this review.

A search was conducted on PubMed, Scopus and Web of Science using the following
queries: ("uterine cancer" OR "endometrial cancer") AND ("Polycystic Ovary Syndrome" OR
"PCOS"). All studies identified were screened by two independent investigators for the following
inclusion criteria: (1) published in English or Portuguese, (2) between January 1990 and December
2021, (3) with full-text available, (4) articles focusing on the BMI-adjusted risk of EC in women
with PCOS. Two articles that met the inclusion criteria found by cross-referencing was also

included.

The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
framework was used to assess the quality of evidence of the included studies.?? Evidence from all
studies was firstly rated as “low” quality of evidence, based on the underlying methodology of
observational studies. Then, studies were downgraded if there was high likelihood of bias,
indirectness of evidence, unexplained heterogeneity or inconsistency of results, imprecision of

results, or high probability of publication bias. On the other hand, studies were upgraded if there



was a large magnitude of effect, evidence of a dose-response gradient, or all plausible

confounding factors would reduce a demonstrated effect.

RESULTS

The search strategy resulted in 732 articles. Two additional articles were added by cross-
referencing. In total, 391 duplicates were identified, remaining 343 articles. After examining title
and abstract to determine those that met the inclusion criteria, 250 articles were excluded. The
remaining 93 articles were accessed and analyzed for eligibility. Three articles weren’t retrieved
because the full-text version wasn’t available. Of the remaining 90 articles, 85 were further
excluded, for the following reasons: no relevant data about EC risk (n = 78), and no adjustment of
EC risk to BMI was performed (n = 7). Five articles were finally included in this review. A PRISMA
diagram of the search results is shown in Figure 1 (Appendix). The review included 3 cohort
studies and 2 case-control studies. Data from the 5 five selected studies are detailed in Table |

(Appendix).

Succinctly, one study 23 found a statistically significant increased risk of EC associated with
PCOS after adjustment for BMI. One study found an attenuation of increased EC risk after BMI
adjustment in women younger than 50 years.?* The remaining three studies didn’t report

statistically significant differences in risk after adjustment for BMI.2>?7

Wild et al. (2000) conducted a follow-up cohort study, including 319 cohort members and
1060 controls under 75 years of age. The cohort was composed of women with: (i) confirmed
PCOS diagnosis; (ii) histological evidence of polycystic ovaries (PCO) with clinical evidence not
available; (iii) macroscopic evidence of PCO with clinical evidence of ovarian dysfunction and (iv)
clinical evidence of ovarian dysfunction. In this paper, authors reported an increased EC risk, with
an OR of 5.3 (95% confidence interval [CI] 1.5-18.6) without adjustment for BMI, and a slightly
higher odds ratio (OR) of 6.1 (95% Cl 1.0-36.9) after adjustment for BMI.

A case-control study conducted by Zucchetto et al. (2009) included 454 cases of women
with histologically confirmed diagnosis of EC of which 25 (5.5%) women had a self-reported
history of PCOS. In the control group, comprised of 908 women admitted to the same network of
hospitals as the cases for unrelated causes, 43 (4.8%) women self-reported an history of PCOS.
The criteria used to define PCOS were not specified in this study. The results presented were
adjusted for multiple variables additionally to BMI, namely age, period of interview, age at
menarche, age at menopause, parity, and OC use when appropriate. Zucchetto et al.

demonstrated that overall, PCOS was not associated with EC, when accounting for BMI, reaching
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an OR of 1.25 (95% Cl 0.72-2.16), however, a non-significant increased risk was found in the

group of premenopausal women (OR 2.03, 95% Cl 0.76-5.38), based on 20 cases and 13 controls.

Fearnley et al. (2010) analyzed 156 cases of women with histologically confirmed
epithelial EC and 398 age-matched controls. PCOS was defined by self-reported previous diagnosis
by a doctor or signs compatible with PCOS such as hirsutism, menstrual irregularities, and acne.
The authors used these signs as proxy markers for PCOS, creating a combined variable termed
“PCOS-Index”, that included women who self-reported any of these signs as a measure of
probable undiagnosed PCOS. Before adjustment for BMI, EC risk was 4.0 (95% Cl 1.7-9.3). This
result was attenuated after the adjustment for BMI (OR 2.2, 95% Cl 0.9-5.70). A significant
positive association was also found between EC risk and the PCOS-Index variable (OR 2.1, 95% ClI
1.3-3.4), however, it was also attenuated after BMI adjustment (OR 1.6, 95% Cl 0.9-2.6). Fearnley
et al. also explored the associations between PCOS and Type | EC, with results showing only a
slight increase in risk. In the group of women with self-reported previous diagnosis of PCOS, the
risk for type | EC was 4.3 (95% Cl 1.8-10.2) before adjustment, and 2.4 (95% ClI 1.0-6.2) after
adjustment. The estimated EC risk in the PCOS-Index group was 2.2 (95% Cl 1.4-3.7) before BMI
adjustment, and 1.7 (95% Cl 1.0-2.8) after adjustment.

Brinton et al. (2010) studied 2560 women with primary or secondary infertility who met at
least one Rotterdam criteria for PCOS. Of these, 412 met the criteria for PCOS (22 criteria) and
2,148 met only one. Non-statistically significant excess standardized incidence ratios (SIRs) were
found in the PCOS group (SIR 1.91, 95% Cl 0.2-6.0), based on 2 cancers; however, the risk wasn’t
adjusted for BMI. This same pattern was also seen in the group of women fulfilling only one
Rotterdam criteria, with results being not statistically significant (BMI non-adjusted rate ratio (RR)

1.33 [95% CI 0.69-2.58]; BMI-adjusted RR 1.17 [95% C 0.60-2.28]).

In the study conducted by Morgan et al. (2012), the population was composed of 21,734
cases of young women diagnosed with PCOS and 86,936 age-matched healthy controls within the
same primary-care practice. Since the primary endpoint of this study was first incident record of
diabetes, women with previous diagnosis of diabetes were excluded. Diagnostic criteria used to
define PCOS were not specified. The hazard ratio (HR) for endometrial cancer was 3.990 (95% ClI
1.591-10.003) before adjustment for BMI, based on 9 cases and 11 controls, and significantly
decreased to 0.901 (95% Cl 0.194 — 4.176) after adjustment.



DISCUSSION

The first reports suggesting an association between PCOS and EC risk were published over
70 years ago, however they were markedly limited by small sample sizes and a lack of control
groups.? Since then, multiple systematic reviews and meta-analyses have reported a significantly
higher risk of EC among PCOS patients.?>3! In 1991, Escobedo et al. conducted a study in women
with a recent diagnosis of EC, and found an increased OR for EC of 4.2 (95% Cl= 1.7 — 10.4) in
women with infertility associated with ‘ovarian’ factors.3? In the beginning of the current century,
other studies also found an increased prevalence of EC in women with PCOS, corroborating
previous evidence.?*3> Harris et al. conducted a systematic review of the literature in 2016,
reporting that the majority of studies investigating the association between EC and PCOS without
accounting for BMI reach statistically significant increased EC risk values for women with PCOS.*°
The most recent meta-analysis, that focuses on the risk of EC in women with PCOS reports an

overall increased risk of EC of 2.79 (95% Cl 1.31-5.95) without BMI-adjustment.3!

The 2018 guidelines issued by ESHRE/ASRM recognize the extensively studied relationship
between PCOS and EC, advising endometrial surveillance by transvaginal ultrasound or
endometrial biopsy in PCOS patients who have thickened endometrium, prolonged amenorrhea,
unopposed estrogen exposure or abnormal vaginal bleeding, based upon clinical suspicion.3®
Nonetheless, the studies included in these guidelines don’t consider the possible confounding
effects of obesity.!%3! In the current state of knowledge, obesity is considered a well-established,
independent risk factor for EC with the risk increasing up to 60% for every 5-unit increase in BMI.
37 38 Fyrthermore, obesity is a highly prevalent characteristic in women with PCOS.'* Evidence
suggests that the great majority of women seeking treatment for PCOS have excess weight, and a
higher genetic susceptibility to obesity also seems to be present in these women.3°4° A systematic
review conducted by Lim et al. in 2012, reported an estimated pooled prevalence of obesity of
61% in women with PCOS.™ Likewise, evidence also suggests that weight control is beneficial for
improving PCOS symptoms and decreasing endometrial thickness, indicating its possibly crucial
role in diminishing EC risk in PCOS women.*! With this systematic review, we intended to evaluate
the relationship between PCOS and EC when adjustment of results to BMI was performed, with

the intention of understanding the exact role of PCOS in EC development.

Although OR values vary between studies, our findings indicate that the contribution of
PCOS to the increased EC risk is smaller than previous literature has suggested. Only Wild et al.’s
results indicate the contrary, with BMI adjustment increasing this risk. 2 Fearnley et al. reported a

decrease in risk after BMI-adjustment, demonstrating a significantly increased risk for type | EC.%*
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Brinton et al. reported a non-statistically significant increased EC risk among infertile women
fulfilling at least one Rotterdam criteria.?® Zucchetto et al. presented similar results, reporting no
increase EC risk in PCOS women; however, in this case the authors solely reported values after
BMI adjustment, which renders it difficult to draw illations from the unadjusted results, which
were not included in the article.?” Morgan et al. also found no increased risk after adjustment for

BMI.2

Heterogeneity in EC risk and conclusions between studies may be partially due to
differences in PCOS definition, selected populations, and adjustment for confounders between
the analyzed studies. Zuchetto et al. adjusted results for parity, OC use, age at menarche and age
at menopause and Fearnley et al. adjusted for age, parity, oral contraceptive use and type Il
diabetes. The remaining authors adjusted only to BMI. The discrepancies in PCOS definition
between studies pose as an important limiting factor in the comparison and interpretation of
results, as there are inconsistencies in the definition of cases. Although PCOS was first described
in 1935, guidance on establishing a diagnosis only emerged in 1990.%2 2° Since then, other sets of
criteria that expanded the definition of PCOS were created and started including the presence of
polycystic ovarian morphology alongside hyperandrogenism and oligo-anovulation. The flexibility
of the criteria allows for a wide spectrum of patients to be categorized as having PCOS.? This
broad definition raises the question of whether all women with a PCOS diagnosis suffer the same
long-term health consequences.*> Whilst Wild et al. and Brinton et al. used clear criteria to define
PCOS, the other authors failed to specify objective criteria or relied on self-reported
diagnosis/symptoms of PCOS by the included women.? ¢ Wild et al. relied on histological
confirmation of polycystic ovarian morphology and clinical evidence of chronic anovulation
(oligomenorrhea or amenorrhea), and androgen excess (hirsutism) to assess PCOS presence. 23
Brinton et al. used the Rotterdam criteria, the currently most widely used and accepted set of
criteria to define PCOS.% Zucchetto et al. and Fearnley et al. included women with self-reported
PCOS diagnosis, which can lead to recall bias and inclusion of women without criteria for PCOS
diagnosis.?* 2’ Fearnley et al. also included women reporting PCOS symptoms such as hirsutism,
severe acne or menstrual irregularities. Although at first glance this approach seems faulty since it
could lead to inclusion of women without PCOS, the authors classified these symptoms as proxy-
markers for undiagnosed PCOS, analyzing these women separately. A possible source of limitation
to this study were the varying methods for information collection, since in the first wave of
controls the questionnaire was self-administered, and in the second wave the questionnaire was
administered by telephone interview both to cases and controls.?* Morgan et al. relied on

medical records to assess PCOS diagnosis, however there was no information related to the



clinical or biochemical criteria by which the PCOS was established. This approach poses as a
limitation to this study since authors were unable to confirm a correct attribution of the
diagnosis.? Although Brinton et al. used clear criteria to select patients, the subset of patients for
which BMI adjusted EC risk values are included comprises patients meeting at least one
Rotterdam criteria. This means the risk estimate includes women who do not fulfill the criteria for

PCOS diagnosis, hampering any definite conclusion.?®

This review is also affected by the selection of varying case patient’s characteristics. For
example, Fearnley at al. and Zucchetto et al. selected women with a diagnosis of EC, while Brinton
et al. selected cases from a pool of patients who had sought healthcare providers’ advice for
primary or secondary infertility, possibly including women with varying severity of PCOS
phenotype.?* 26 27 PCOS itself is a heterogeneous syndrome that comprises varying degrees of
phenotype severity. This can contribute to the heterogeneity of results since some phenotypes

may face a higher risk of EC than others.

EC is classically divided into two subtypes: type |, the most prevalent and estrogen-
dependent in nature, and type Il, which is more aggressive and thought to be estrogen-
independent. PCOS associated chronic oligo-anovulation, hyperandrogenism, hyperinsulinemia
and genetic predisposition are believed to be involved in EC etiopathology. Specifically, it is
thought that PCOS is mainly associated with type | EC, which is generally attributed to long-term
exposure to estrogen unopposed by progesterone and is mostly correlated with obesity and other
frequent comorbidities associated with the syndrome. PCOS women also differ from the general
female population. In the latter, EC is commonly diagnosed in postmenopausal women with a
mean age of 70 years, whereas premenopausal women with PCOS seem to face a higher risk, as

will be discussed further on.*?

The transition from reproductive age to menopause represents a period of important
changes and brings along its own long-term health risks. A longitudinal study with a 20 year
follow-up period confirmed that the PCOS phenotype ameliorates with aging, and some patients
no longer fulfill the diagnosis criteria by the fourth decade of life.** Nevertheless, it is unclear
whether this improvement in phenotype correlates to a reduction in health risks associated with
PCOS, including EC.! In the most recent systematic review and meta-analysis on EC risk in women
with PCOS, OR values increased significantly when analysis was restricted to women under 54
years of age. Included studies were however hampered by a lack of control for confounders, small
number of cases and self-reported PCOS diagnosis.3? A recent Danish cohort study with more

than 12,000 subjects with PCOS also corroborated these results. In this paper, the authors showed
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that EC risk decreased to half and was no longer statistically significant when only women over 50
years were considered.” Fearnley et al. findings pertain to the analysis of premenopausal women
(<50 years), with results suggesting an overall increased EC risk in this population.?* Although
Zucchetto et al.’s findings suggest that EC risk is not increased in PCOS women, when analyzing
only the subset of premenopausal patients, an non-statistically significant increased risk was
found (OR = 2.03 95% Cl = 0.76-5.38).%7 In the remaining studies included in this systematic
review, a sub-analysis of the risk before and after menopause was not performed. Of notice that
these values relate to a very reduced number of cases. Current evidence suggests that the risk of
EC in women with PCOS may be attenuated after menopause, however it is yet insufficient and
further studies are necessary to assess this effect. It is crucial to remember that an endometrial
cancer diagnosis can have important implications in the quality of life of these young patients,
namely fertility implications. A recent retrospective chart review analyzed 69 women with
endometrial hyperplasia, EC or that had been subjected to endometrial sampling, aiming at
identifying risk factors that might warrant endometrial sampling before 25 years of age. The
authors found obesity to be associated with an increased risk of EC, however PCOS alone was not
identified as a risk factor for EC or hyperplasia.*® These findings put forth the possibility that the
increased EC risk attributed to women with PCOS might be due to long-term exposure to the
endocrine and metabolic alterations that characterize the syndrome, or due to a conjugation of

other factors.

Other factors commonly found in women with PCOS, such as type 2 diabetes and
metabolic syndrome have also been associated with cancer risk and thus, act as possible
confounders of the PCOS-cancer association.*” *® A large meta-analysis involving 7596 cases of EC
reported a significant association between diabetes and EC risk with a RR of 2.10 (95% Cl 1.75-
2.53).% Another large systematic-review and meta-analysis including 25 studies reported a strong
association between hypertension and EC, suggesting that women with an hypertension diagnosis

may face a 61% increase in the relative risk of developing endometrial cancer.®

In terms of clinical prognosis, in a recent retrospective cohort study, Uehara et al. found
that PCOS women show a higher rate of EC recurrence after surgery than patients without PCOS.
Authors suggested that insulin resistance (IR) and its related endocrine milieu are associated with
recurrence, raising the question of whether IR targeting therapy such as metformin might be
useful to stop EC progression.>! Although mechanisms of carcinogenesis are not fully understood,
with regards to the EC risk in PCOS, IR and consequent hyperinsulinemia seem to play important

roles.>? The most accepted hypothesis is based on the mitogenic effect insulin exerts through the



insulin-like growth factor-1 (IGF-1) receptor and the oxidative stress caused by hyperglycemia.>®
Metformin prescription to PCOS patients has increased in the context of infertility, obesity, and
hirsutism but not as a measure to prevent EC, however it has been shown that metformin has an
antiproliferative effect on multiple cancers.” >* In vitro studies have shown that metformin
inhibits the growth of endometrial cancer cells and attenuates their invasive and metastatic
power.>® Still, a large case-control analysis exploring the relationship between the use of
metformin and the risk of EC determined that there were no differences in cancer incidences
between the patients who had never used metformin and those who had.”® Similarly, a
retrospective cohort study that compared the incidence of EC in metformin versus sulfonylurea
initiators (non-PCOS patients), determined that metformin did not correlate to a decrease in risk
of developing EC when compared to sulfonylureas.>® Currently, the research supporting the use of
metformin in women with PCOS with the goal to prevent EC is still scarce and more evidence on

this topic is needed.>?

Considering EC prevention in women diagnosed with PCOS, the use of oral contraceptives
(OC) may play a role in these patients, since the endometrial tissue of women with PCOS is
subjected to the continuous effect of unopposed estrogens. OC’s are associated with decreased
risk of EC once they limit the exposure of endometrial cells to unopposed estrogen, thus reducing
cell proliferation.’® A high quality pooled analyses encompassing 36 epidemiological studies also
showed that the more prolonged the use of OC'’s is, the greater the reduction in risk.>” Supporting
this evidence, a large retrospective study showed a reduction of 33% in incidence of EC, with

protective effects lasting for over 30 years.*®

It is important to recognize features of PCOS unrelated to obesity that may be implicated
in EC pathogenesis. The action of unopposed estrogens is considered the main mechanism
implicated in endometrial carcinogenesis. Due to the oligo-anovulation that characterizes PCOS,
the endometrium is exposed to continuous mitogenic estrogen activity unbalanced by the
inhibitory effects of progesterone, and a chronic progesterone-deficient state ensues.*®*® Current
evidence also suggests women with PCOS demonstrate endometrial progesterone resistance,
with progesterone effects diminished even in the presence of ovulation and treatment with
exogenous progestin.®® ® The estrogen-driven proliferation may induce endometrial hyperplasia

and ultimately lead to the development of a neoplastic disorder.?”

Alongside the unopposed estrogen action in endometrial tissue, hyperandrogenism has
also been proposed as a causal factor for the increased EC risk in women with PCOS. Androgens

exert their effects directly through androgen receptors (AR), which have shown to have an
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increased endometrial expression in women with PCOS, but also indirectly as precursors for local

estrogen synthesis.®! 62

Also, a correlation between hyperplasia
and an over-expression of AR has been reported in women with PCOS.>® Adding to this,
epidemiological data reveal that EC risk in postmenopausal women correlates to elevated levels
of total and free testosterone. However, the same correlation was not found in premenopausal
women, with analyses suggesting that peripheral conversion of androgens into estradiol could
represent a more impactful causal factor for an increased EC risk in this age group.®® A recent
study conducted by Wiwapanit et al. set out to evaluate the effects of increased androgens levels
seen in PCOS in scaffold-free endometrial organoids. The authors concluded that administration
of PCOS hormones dysregulated genes as well as increased cell proliferation in the specimens. In
the light of these findings, chronically increased androgen levels would promote cell proliferation
and consequent accumulation of mutations, and loss of differentiation, eventually progressing to
neoplastic transformation.®* Nonetheless, studies in this field have reported conflicting evidence
when it comes to role of androgens in the endometrium, with studies attributing both a
proliferative and anti-proliferative role to androgens.®! The possible impact of androgens in

endometrial cancer is not yet clarified and further investigation in this field is necessary.

To improve insulin resistance, which seems to be closely related to EC pathogenesis, the
establishment of a low-glycemic index (Gl) diet has been suggested by several authors, as it is
plausible that it could reduce the risk of EC.**  In line with this, Silvera et al.’s findings suggest
that a high dietary glycemic load may correlate with increased risk of EC overall.®® The
implementation of a low-Gl diet may have short and long-term implications, improving the
symptoms in the present and reducing the risk of comorbidities related to IR in the future.®’
Further research into measures to attenuate EC risk in high-risk women is crucial to decrease

morbidity and mortality in these populations.

Other mechanisms such as inflammation and oxidative stress (OS) have also been
suggested as contributing for the neoplastic potential observed in women with PCOS. Despite the
multifaceted character of PCOS, OS and low-grade inflammation seem to a be a constant
presence, independently of BMI.® Inflammation is implicated in the pathogenesis of multiple
chronic pathologies, and PCOS is no exception. Increased levels of markers such as C-reactive
protein (CRP), interleukin-6 (IL-6), tumor necrosis factor a (TNF-a) and interleukin-8 (IL-8), among
others have been reported in women with PCOS.®® A chronic inflammatory state can accelerate
the rate of cell division, therefore increasing the chance of replication errors, DNA damage and

consequent mutations occurring.”® In a recent review, Zhang et al. reported that PCOS patients
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also exhibit mitochondrial dysfunction, a factor that has been shown to be vital in cardiovascular

disease, type 2 Diabetes mellitus and cancer.®®

As a complex and multidimensional syndrome, the pathogenesis of PCOS is yet to be fully
understood. The interest of investigators on phosphatidylinositol 3-kinase (PI3K) has been
increasing, since it has been recognized that it plays an important role in PCOS. Research has
shown that the PI3K-protein kinase B (Akt) signaling pathway has significant effects on insulin
resistance and EC. This signaling pathway has also been implied in processes such as
inflammation, cell proliferation and apoptosis, and plays an important role in the occurrence of
multiple neoplastic disorders in the lung, bladder and bone.”* While studying cell cycle regulators,
Villavicencio et al. found an excessive phosphorylation of the downstream target protein Akt in
endometrial cells in women with PCOS. This phenomenon dysregulated the cell cycle and
endometrial atypical hyperplasia/carcinoma ensued.”> Complex molecular interactions are most
likely responsible for the increased risk of EC in women with PCOS, and further research and
understanding of this relationship is crucial to prevent adverse health outcomes and to decrease

mortality in PCOS patients.

Overall, our findings suggest that EC risk appears to be only slightly increased or equal to
the general population when we account for the BMI. This is an important finding since successful
weight control in these patients probably reduces substantially their risk of developing EC,
lowering it to values similar to those of women without the syndrome. Other confounding factors
can interfere with these results, such as nulliparity, hypertension, type Il diabetes and metabolic
syndrome, all of which are more frequent among women with PCOS. The risk also seems to vary
according to menopausal status, although the evidence is insufficient to draw definitive

conclusions.

Strengths and limitations

Possible limitations to this review include publication bias since it only considered studies
in English and Portuguese. There is also a lack of strong evidence for the included studies (very
low to low quality evidence, n = 5 studies), mainly derived from the methodological types of
studies included (only observational studies met the inclusion criteria) which is an important
limiting factor. Additionally, the heterogeneity of results found illustrates the differences
between studies in establishment of PCOS definition, and therefore renders it difficult to compare
and equate results. Also, due to the inclusion of self-reported symptoms/PCOS diagnosis, the

presented EC risk values possibly include women without PCOS.
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The strengths of the current review include the application of the GRADE methodology to
evaluate the quality of evidence. This systematic review provides an important insight into the
relationship between PCOS and EC and contributes to raise awareness about the necessity to
perform BMI-adjustment when evaluating EC risk in this specific population. This knowledge adds
to an increased accuracy in future studies that investigate this intricate relationship. Additionally,
these results help shift the current perspective about the role of PCOS alone in the increased EC
risk attributed to these women, suggesting that it’s contribution could be significantly less
important than expected. In this sense, there is still a long way to go in the discovery and

understanding of the mechanisms that connect PCOS and EC.

CONCLUSION

EC risk in women with PCOS appears to be equal or slightly increased to the EC risk of
non-PCOS women when adjustment for BMI is performed, however the heterogeneity in our
findings don’t allow for a solid conclusion to be drawn. Nonetheless, there appears to exist a
benefit in weight-control in PCOS patients in order to not only decrease EC risk, but also to
prevent comorbidities associated with obesity, such as hypertension and diabetes, that also

contribute to EC risk.

13



APPENDIX

ldentification of studies via databases and registers

Identification

Records identified from®:
Databases in=733
Crossreferencing (n= 2

b J

Records removed bHefore
SCresning:
Duplicate records remaoved
(n=391)

Screening

Records screened

Records excluded™™
in= 260

(n= 343

Reparts sought for retrieval
n=4a

Y

Reports not retrieved

h=3)

Reports assessed for eligibility
(=90

Reports excluded:
Mo relevant data about EC
rigk (n =73
Mo adjustment of EC risk to
Bl {n="7

Included

Figure 1. Flow-chart of the literature research (PRISMA-P)

Studies included in review
(h=19)




Table I. Summary of evidence

Author Country; Study Design PCOS Population Results Conclusion Level of
Year of definition/diagnosis evidence
publication
Wild, S. et UK, 2000 Follow-up Confirmed PCOS N= 1379 (319 EC risk BMI Women with Low
al cohort study diagnosis (histological cohort non-adjusted PCOS are at
evidence of PCO with members and OR 5.3, 95% higher risk of EC
clinical evidence of 1060 controls) Cl 1.5-18.6 and this
ovarian dysfunction) Women with a EC risk BMI relationship
OR histological previous adjusted OR cannot be
evidence of PCO with diagnosis of 6.1, 95% Cl explained by
clinical evidence not PCOS 1.0-36.9 (P= confounding by
available OR 0.05) obesity.
macroscopic evidence
of PCO with clinical
evidence of ovarian
dysfunction OR
clinical diagnosis?
Zucchetto, Italy, 2009 Case-control Self-reported PCOS N=1362 EC risk BMI- PCOS did not Very low
A.etal study diagnosis? 454 cases adjusted OR increase the risk
(women with 1.25, 95% Cl of EC when
histologically 0.72-2.16¢ adjusted for BMI,
confirmed although there
diagnosis of Pre- was a non-
endometrial menopausal significant
cancer one year women: increased risk
before EC risk BMI- among
enrollment and adjusted premenopausal
no earlier OR 2.03, 95% women with
diagnosis of C10.76-5.38 PCOS.
cancer)
908 controls
(women
admitted
without
gynecological or
hormone-
related
conditions and
without prior
history of
hysterectomy)
Brinton, L. USA, 2010 Retrospective PCOS defined by >2 N=2560 22 Rotterdam Among women Very low
etal cohort study Rotterdam criteria Women with criteria: with infertility,
Women fulfilling at primary or EC risk BMI those with at
least one Rotterdam secondary non-adjusted least one
criteria were also infertility who SIR 1.91, 95% Rotterdam
included to expand met at least one Cl0.2-6.0 criteria
the cohort? Rotterdam (androgen excess
criteria for 21 Rotterdam or menstrual
PCOS. criteria disorder) have a
EC risk BMI statistically non-
non-adjusted significant
RR 1.33; 95% increased risk of
Cl 0.69-2.58 developing EC;
EC risk BMI- this risk is further
adjusted RR attenuated after
1.17;95% C adjustment to
0.60-2.28 BMI
Fearnley, E. Australia, Case-control Self-reported N= 554 PCOS: PCOS increases Very low
etal 2010 study previous diagnosis of 156 cases EC risk BMI the risk of EC in
PCOS by a doctor OR (women <50y non-adjusted women younger
symptoms compatible  old at diagnosis OR 4.0, 95% than 50,
with PCOSP ofa C11.7-9.3 although to a
histologically EC risk BMI lesser extent
confirmed adjusted OR after BMI
epithelial 2.2,95% Cl adjustment and
endometrial 0.9-5.7 this relationship
cancer) Type | EC is stronger if
398 controls cases: limited to type |
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(age-matched
women without
prior
hysterectomy
or endometrial
cancer)

EC risk BMI
non-adjusted
OR4.3,95%
Cl1.8-10.2
EC risk BMI
adjusted OR
2.4,95% Cl

1.0-6.2

PCOS-Index®:
EC risk BMI
non-adjusted
OR 2.1,95%
Cl1.3-3.4
EC risk BMI
adjusted OR
1.6, 95% Cl
0.9-2.6
PCOS-Index
Type | EC
cases:

EC risk BMI
non-adjusted
OR 2.2,95%
Cl1.4-3.7
EC risk BMI
adjusted OR
1.7,95% Cl
1.0-2.8

cancers.

Morgan, C.
etal.

UK, 2012

Retrospective
cohort study

Previous PCOS
diagnosis?

N=108,670
21,734 cases
(women
diagnosed with
PCOS between
1990 and 2010)
86,936 controls
(age-matched
healthy women
within the same
primary-care
practice)

EC risk BMI
non-adjusted
HR 3.990,
95% Cl
1.591-10.003

EC risk BMI-
adjusted HR
0.901, 95% Cl
0.194-4.176

PCOS increased
EC risk, although
adjustment for
BMI significantly
attenuated this
association to a
nonsignificant
difference from
controls.

Very low

a. Clinical evidence of chronic anovulation (oligomenorrhea or amenorrhea), and androgen excess (hirsutism).

b. Diagnosis criteria not specified.

c. Results presented were adjusted for age, period of interview, age at menarche, age at menopause, parity, and OC use when appropriate.

d. Data collected through clinical registries.

e. Women who self-reported any symptoms of PCOS such as acne, hirsutism, or very irregular periods as a possible measure of any undiagnosed PCOS.
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