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Background: Endometrial cancer is the fourth most frequent gynecological cancer and the most frequent
type of uterine cancer. There is an increase in the incidence and mortality of uterine cancers in the past
few decades, and there are no well-established screening programs for endometrial cancer currently. Most
endometrial cancers arise through the interplay of familial, genetic, and lifestyle factors. Although a number
of genetic factors modify endometrial cancer susceptibility, they are not of standard use in the clinical
assessment of prognosis. We conducted a comprehensive systematic literature review to provide an overview
of the relationship between genetic factors and risk for endometrial cancer.

Methods: MEDLINE and EMBASE databases were searched for studies between January 2010 to March
2020 reporting the genes associated with endometrial cancer.

Results: Through the selection process, we retrieved 186 studies comprising 329 genes identified using
several molecular methodologies in all human chromosomes and in mitochondrial DNA. Endometrial
cancer exhibits a molecular complexity and heterogeneity coherent with its clinical and histologic variability.
Improved characterization of molecular alterations of each histological type provides relevant information
about the prognosis and potential response to new therapies.

Conclusions: The current challenge is the integration of clinicopathologic and molecular factors to

improve the diagnosis, prognosis, and treatment of endometrial cancer.
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Introduction mortality due to endometrial cancer in 2015 was 1,454, and

Endometrial cancer is globally the fourth most frequent the expected incidence of the cancer is 6,540 in 2020 (2). In

gynecological cancer and the most frequent type of uterine the United States, the incidence of endometrial cancer was

cancer, with the highest rates observed in developed
countries. There is a lifetime estimated occurrence of
endometrial cancer in 3% of women (1). In Brazil, the

63,230 and the mortality was 11,350 in 2018, with uterine
cancer being the fourth most common cancer in women and

the fifth leading cause of cancer deaths in the county (1,3).
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Endometrial cancer has a heterogeneous
pathophysiology, encompassing many histological types,
microscopical features, pathogenesis, behaviors, and
prognosis. Endometrial cancers have been classified into
two groups: type I is mostly low-grade endometrioid
tumors developing from glandular cells in the lining of the
endometrium, expressing high levels of estrogen receptor o
with a favorable overall prognosis. They represent 80-90%
of the endometrial cancer incidence and 40% of the cancer
mortality. Type II endometrial tumors mainly include
serous papillary or clear cell histology, are non-estrogen
dependent, and exhibit a more aggressive clinical course
with poor prognosis (4-9). The nine different subtypes
of endometrial cancer according to a recently updated
classification by WHO (10) are mucinous carcinoma,
endometrioid carcinoma, serous carcinoma, serous
endometrial intraepithelial carcinoma, clear cell carcinoma,
neuroendocrine tumor, mixed cell adenocarcinoma,
undifferentiated carcinoma, and dedifferentiated carcinoma.
However, endometrioid carcinomas and serous carcinoma
are together responsible for 85% and 3-10% of the
endometrial cancer cases, respectively (11). Endometrioid
carcinomas are regarded as the prototypical type I tumor,
whereas serous carcinomas are regarded as the prototypical
type II tumors (12).

Rates of uterine cancers have increased by 21% during
the past decade with increased mortality, similar to the
rates in the early 1980s. This increase may be attributed to
longer life expectancy, increased rates of obesity, and shifts
in female reproductive patterns (13,14). Recently, increased
incidence has been reported in low-middle income
countries, such as Brazil and South Africa (14).

Currently, there are no well-established screening
programs for endometrial cancer, and full hysterectomy is
the most widely used and effective treatment for early-stage
tumors (15). The risk assessment for endometrial carcinoma
is inaccurate and relies on less reproducible histological
examinations (16,17). Most patients receive a diagnosis in
the early stages (I/II) owing to abnormal vaginal bleeding,
observed in 94% of the cases (18). The patients show improved
prognosis after surgery alone, with 5- and 10-year survival
rates of 95% and 77%, respectively. However, diagnosis in
late stages (IV) results in a drastic reduction of survival, with
the 5-year survival rate being only 14% (19,20).

Several risk factors such as obesity, physical inactivity,
excess exogenous estrogen, and insulin resistance are
associated with increased risk of endometrial cancer (21).
Women with a family history of endometrial cancer have
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approximately a 2-fold increase in the risk of developing the
disease, with heritability between 27% and 52% (9,22,23). A
prospective study of 203,691 twins (monozygotic and same-
sex dizygotic) from Nordic countries revealed a cumulative
cancer incidence of 32%. In a median 32 years of follow-
up, the authors observed a significant overall familial risk
for cancer and specific types of cancer, including uterine
cancers (27%; 95% CI, 11-43%) (23).

In addition, approximately 3-5% of endometrial cancers
occur in women with Lynch syndrome, an autosomal
dominant hereditary predisposition to cancer, where
patients have an increased risk of multiple cancers, including
gastric, colorectal, ovarian, and endometrial cancers, during
their lifetime. Lynch syndrome is caused by variations in the
MLHI1, MLH3, MSH2, MSH6, PMS2, TGFBR2, or EPCAM
genes (24). The Society of Gynecologic Oncology since
2014 recommends a deep screening for Lynch syndrome
in every woman diagnosed with endometrial cancer (25).
Additionally, the much rarer autosomal dominant Cowden
syndrome substantially increases the risk of endometrial
cancer. Cowden syndrome is a cancer predisposition
syndrome caused by pathogenic variants in PTEN, with
affected patients having an increased risk of breast, thyroid,
renal, colorectal, and endometrial cancers and malignant
melanoma (26). Carriers of BRCAI mutations may also have
an increased risk of serous endometrial cancer (20).

Despite the involvement of genetic factors in the risk
of endometrial cancer, they are not incorporated in the
standard clinical procedures for prognosis assessment.
Currently, variables adopted for risk stratification comprise
stage, lymph node involvement, depth of myometrial
invasion, histology, and grade (27).

The identification of biomarkers and their relationship
with the risk factors are necessary for the improvement in
risk stratification and early detection of endometrial cancers
in view of the rise in disease incidence and mortality.
We conducted a comprehensive systematic review of
the literature to provide an overview of the associations
between genetic factors and risk of endometrial cancer.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx. doi.
org/10. 21037/tcr-20-2334).

Methods
Search strategy

The systematic review followed the Preferred Reporting
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Figure 1 Flow diagram of the included studies.

Items for Systematic Reviews and Meta-Analyses (PRISMA)
recommendations (28). The search was performed in March
2020. Databases searched were Embase and MEDLINE
with time spam restrictions from 2010 to 2020 aiming
to studies reporting genes and genetic polymorphisms
associated to endometrial cancer. Terms included MeSH
terms and words in both title and abstract comprising
“Endometrial Neoplasms”, “Endometrial Cancer”,
“Polymorphism, Genetic”, “Genetic Profile”, “Genetic
Markers” for MEDLINE. Terms for Embase were

» o«

endometrium cancer”,

» o«

“endometrium tumor”, genetic

” o«

marker”, “single nucleotide polymorphism” and related

terms. No language restrictions were applied.

Eligibility criteria

Studies were selected by three independent investigators in
a prepiloted form, with disagreements resolved by a fourth
member. The criteria for full-text evaluation were if they were
primary studies reporting genes involved in the pathophysiology
of the endometrial cancer disregarding the study design or
technique used for detection. Study outcome was the detection
of alterations in genes related to endometrial cancer reported.

Data extraction and synthesis

Data extracted from each study were gene, chromosome
location, year of publication, first author, type of study,
country of the study and doi number.
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Results

A total of 483 articles were evaluated and 186 (the
complete list of references of the summary of evidence
is available in Supplementary file 1) were retrieved in
the selection process, comprising 329 genes that were
studied in all human chromosomes and in mitochondrial
DNA by several molecular methodologies (Table 1).
The PRISMA flow of included studies is presented in
Figure 1. The complete summary of findings is available in
the online table (Table S1).

Evidence retrieved

It has become well known in the past two decades that
endometrial cancers present the highest molecular
complexity among common tumor types, and its
mechanistic heterogeneity is conformable with histologic
and clinical variability (29).

Endometrial carcinomas have distinguishing
molecular features. The most frequently mutated genes
in endometrioid carcinomas are PTEN (>77%), PIK3CA
(53%), PIK3R1 (37%), CTNNBI1 (36%), ARIDIA (35%),
K-RAS (24%), CTCF (20%), RPL22 (12%), TP53 (11%),
FGFR2 (11%), and ARIDSB (11%). The most frequently
mutated genes in serous carcinomas are 7P53 (80-90%),
PIK3CA (41.9%), PPP2RIA (36.6%), FBXW7 (30.2%),
CHD4 (16.3%), CSMD3 (11.6%), and COLAI1 (11.6%),
along with loss of heterozygosity (LOH) on many
chromosomes and several molecular changes (STKI5,
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Table 1 Genes studied in endometrial cancer

Chromosome Location Genes studied

1 1p  ARID1A; ELAPOR1; C1QTNF12; MTOR; GADD45A; GSTM1; LEPR; MACF1; MTHFR; NOTCH2; NRAS
1q  ADIPORT1; AGT; AKT3; CAPN9; CD247; CFHR4; CRP; DNAH14; FASLG; IL24; MDM4; MUC1; PTGS2; RHEX;
ZBTB7B
2 2p  CYP1B1; DNMT3A; EIF2AK3; FABP1; MEIS1; MSH2; MSH6

2q BARD1; BCL2L11; CASP8; CXCR4; ERBB4; ERCCS3; IL1A; IL1R2; IMP4; MCM6; UGT1A1; UGT1A8
3 3p  CTDSPL; CTNNB1; OGG1; MLH1; NPRL2; GFBR2; TLR9; VGLL4; XPC
3g ADIPOQ; AGTR1; FOXL2; IGSF10; PIK3CA; PIK3CB; TNK2
4 4p  FGFR3; JAKMIP1; MSX1; STX18
4q  BMP3; KIT; CXCL3; FBXW7; GC; KIT; NFKB1; PDGFRA; SULT1E1; TLR2; UGT2B4
5 5p  CLPTMIL; IL7R; PRLR; TERT
59  APC; CMYAS5; CYFIP2; HSD17B4; MSH3; PCDHGB4; PDGFRB; PIK3R1; RAD50; TNFAIP8
6 6p  CDKN1A; DDR1; DST; HFE; CDKN1A; VEGFA; YIPF3
6q  ARID1B; ESR1; IGF2R; RNASET2; SYNE1; TBP
7 7p  AHR; C70rf50; EGFR; IL6; NOD1; PMS2; TWIST1
7q  BRAF; CAPZA2; DPP6; LEP; MET; POT1; SERPINE1; XRCC2
8 8p  BMP1; MSR1; PPP2R2A
8q CCAT1; CNBD1; CPQ; LAPTM4B; MYC; NCOA2; PCMTD1; PRKDC; PSCA; PTK2; PTP4A3; SOX17; TERF1
9 9p  CDKN2A; LINGO2; CD274; PDCD1LG2; TLN1
99 DNM1; NIPSNAP3B; TGFBR1; TLR4; TSC1; XPA
10 10p TRDMT1; NUDT5

10g ADAM12; C100rf88; CYP2E1; SLF2; FAZ; FGFR2; HHEX; MBL2; MGMT,; PLAU; PRKG1; PTEN; RNLS; CXCL12;
SIRT1; TNKS2

11 11p  CYP2R1; HRAS; IGF2; P2RX3; CAVIN3

11q  ASRGL1; ATM; BIRC2; DHCR7; GAB2; HMBS; MMP3; MMP7; P2RX3; PGR; SCGB2A1
12 12p  ADIPOR2; CHD4; KRAS

12q CDK2; IGF1; MDM2; POLE; SH2B3; UBC; VDR; ZNF605

13 13q BRCA2; DCT; ERCC5; IRS2; PCDH17; RB1

14 14q  AKT1; BMP4; CIDEB; DICER1; ESR2; HIF1A; MLH3; SNX6; XRCC3

15 15q B2M; BLM; CYP19A1; CYP1A1; IGF1R; RAD51; SYNM; TICRR; TJP1; TTC23; VPS13C; ZSCAN29
16 16p  CIITA; CREBBP; ERCC4; HCFC1R1; IL32; PALB2; PDPK1; SULT1A1

16q CDH1; CTCF; E2F4; FTO; HSD17B2; MMP2; NOD2; TERF2; WWOX; ZFHX3
17 17p  SHBG; SMYD4; SREBF1; TP53

17q ACE; BIRC5; BRCAT1; BRIP1; CDK12; ERBB2; CYGB; HNF1B; MAPT; NF1; NME1; RAD51C; RAD51D; SPOP
18 18q BCL2; C18orf21; MC4R; MOCOS; NEDD4L; SMAD4

Table 1 (continued)
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Table 1 (continued)
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Chromosome  Location Genes studied
19 19p  MUC16; DNMT1; INSR; KEAP1; NFIC; PIK3R2; RETN; SMARCA4
19q AKT2; APOE; BAX; CCNE1; DYRK1B; ERCC1; ERCC2; LIG1; PAK4; NOP53; PLAUR; POLD1; PPP2R1A; TGFB1;
URI1; XRCC1
20 20p BMP2
20q ASXL1; AURKA; BMP7;, DNMT3B; EYA2; MMP9; SNAI1; ZNF217
21 21q GABPA; TFF3
22 22q BIK; CBY1; CHEK2; CHEK2; COMT; GSTT1
X Xp  ATP6AP2; FOXP3

Xq  ARMCX4; DACH2; HPRT1; TAF1; XIST

Mitochondrial - MT-CO2; MT-ND1

pl6, E-cadberin, and C-erbB2) (3,11,30,31). Moreover,
microsatellite instability (MSI) is detected in 25-40% of
type I carcinomas, although it is rare in type II carcinomas
(<5%). TP53 is mutated in more than 90% of type II
carcinomas and in 11% of type I carcinomas. From the
pathogenetic viewpoint, type I versus type II classification
is interesting, despite the challenging application to clinical
practice (11).

A recent characterization of 373 endometrial carcinomas
using array- and sequencing-based technologies, through
an integrated analysis of genomic, transcriptomic, and
proteomic data by The Cancer Genome Atlas (TCGA)
provided comprehensive information about pathway
alterations and molecular mechanisms, describing four
different molecular subgroups. Polymerase epsilon
(POLE)-mutated subgroup with very high mutation rates
(232x10° mutations/Mb) (ultramutated) is associated with
good prognosis and account for 7-10% of endometrioid
carcinomas. MSI subgroup with frequent hypermethylation
of MLHI promoter and elevated mutation rates (18x
10° mutations/Mb) account for 28-30% of endometrioid
carcinomas. Low copy number alterations subgroup with
low mutation rate (2.9x10° mutations/Mb) represents
39% of endometrioid carcinomas, and high copy number
subgroup (serous-like) with low mutation rate (2.3x
10° mutations/Mb) but frequent TP53 mutations with
worse prognosis represents serous carcinoma (94%). The
candidate driver or pathogenic genes varied in all four
subgroups, with 190 genes in the POLE subgroup, 21 in the

© Translational Cancer Research. All rights reserved.

MSI subgroup, 16 in the low copy number subgroup, and 8
in the high copy number subgroup (3,11,12) (7able 2).
Endometrioid carcinomas were present in all four
subgroups. Endometrioid carcinoma is generally
characterized by frequent derangements of the PI3K-
PTEN-AKT-mTOR, RAS-MEK-ERK, and canonical
WNT-B-catenin pathways. Endometrial cancer presents
more mutations than any other tumor type studied thus far
in the PI3K/AKT pathway by TCGA. The PI3K-PTEN-
AKT-mTOR signal transduction pathway regulates
cell growth and survival, synthesis of specific proteins,
and metabolism. The RAS-RAF-MEK-ERK pathway
plays a central role in regulation of cell proliferation,
cell survival, and differentiation, is activated by KRAS
mutations in endometrioid carcinoma, and can co-occur
with alterations in PTEN, PIK3CA, and/or PIK3RI. The
canonical WN'T-B-catenin pathway regulates several
cellular processes, which are constitutively activated
in endometrioid carcinomas through gain-of-function
mutations in CTNNBI1 (B-catenin) (12). In addition,
DNA mismatch repair (MMR) deficiency, a characteristic
of 30% endometrioid cancers, is a major pathway
enabling genomic instability in human cancers. Non-
functional MMR leads to accumulation of insertion/
deletion mutations at repetitive DNA stretches, such
as microsatellites, and are, therefore, present with the
MSI phenotype (32,33). The consequence of epigenetic
silencing caused by promoter hypermethylation of MLH]1
leads to MSI in sporadic endometrioid carcinomas.

Transl Cancer Res 2020;9(12):7706-7715 | http://dx.doi.org/10.21037/tcr-20-2334
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Table 2 The most frequently altered genes of endometrial cancer

subgroups

TCGA subgroup Mutation profile Frequency

POLE ultramutated PTEN 94%

FBXW7 82%

ARID 1A 76%

PIK3CA 1%

PIK3R1 65%

KRAS 53%

ARID5B 47%

Microsatellite instability PTEN 88%

hypermutated PIK3CA 54%

KRAS 35%

PIK3R1 40%

ARID 1A 37%

RPL22 33%

Copy number low PTEN 7%

PIK3CA 53%

CTNNB1 52%

ARID1A 42%

PIK3R1 33%

Copy number high TP53 92%

PIK3CA 47%

PPP2R1A 22%

TCGA, The Cancer Genome Atlas.

This results in the accumulation of somatic mutations at
nucleotide repeats throughout the genome by defective
MMR. Recently, ATR, CTCF, JAK1, RNF43, and RPL22
were indicated as drivers of the sustained pathogenic
frameshift mutations at mononucleotide repeats in
MSI-positive endometrioid carcinomas. Other known
mechanisms of genomic instability in endometrioid
carcinomas are somatic mutations of the exonuclease
domain of POLE (12).

All types of serous carcinomas, except for a single tumor,
belong to the high copy number subgroup in the TCGA
classification. Mutations and/or dysregulation of TP53 or
p53 are the most frequent molecular aberrations. Somatic
mutations in PPP2RI1A, FBXW7, SPOP, CHD4, and TAF1

are also involved in the serous carcinoma pathogenesis.
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In addition, overexpression or amplification of CCNEI,
ERBB2, MYC, synuclein-y, and p16 is observed (12,34,35).

Endometrial cancer risk may be influenced by common
low-penetrance variants, such as single nucleotide variants
(SNVs), in genes involved in cell survival, estrogen
metabolism, and transcriptional control. A systematic
review by Bafligil er al. (36) revealed that SNVs in HNFIB
(rs11263761), KLF (rs7981863), EIF2AK (rs937213),
CYPI19AI (rs17601876), SOX4 (rs1740828), and MYC
(rs4733613, rs35286446, rs139584729) are strongly
associated with endometrial cancer.

Recently, Benati er al. (37) investigated the relative length
of the telomere in cell-free DNA (cfDNA) of patients with
endometrioid endometrial cancer and healthy controls.
They showed that the relative telomere length in cfDNA
was significantly lower in cancer patients than in healthy
controls, with a diagnostic accuracy of 0.87 (95% CI:
0.79-0.95, P<0.0001) and 80.0% (95% CI: 64.35-90.95%)
sensitivity and 80.65% (95% CI: 62.53-92.55%) specificity
for endometrial cancer. The authors also highlighted that
despite the reduced relative length of telomere in ¢cfDNA
is not specific for endometrial cancer, it might be useful
as an early diagnostic tool for endometrial cancer in high-
risk patients, such as those with endometrial hyperplasia,
particularly in young patients that may benefit from a
fertility-sparing approach.

Providing strategies for translation of genomic profile to
clinical practice is garnering interest, especially the use of
methods often available in the pathology toolbox (11,38,39).
Stello ez al. (40) aimed to confirm the prognostic potential
of the TCGA subgroups from two large randomized trial
populations comprising 834 early-stage endometrioid
endometrial carcinomas (PORTEC-1 and -2) with long-
term follow-up. They confirmed the effect of the four
molecular subgroups on prognosis initially proposed by the
TCGA. The substitution of markers for molecular analysis
methods applicable clinically was used and proved feasible in
>96% of patients with endometrioid endometrial carcinoma.
Integration of well-established clinicopathological factors
with prognostic molecular alterations resulted in a robust
risk assessment. Approximately 15% patients with a
markedly unfavorable prognosis and 50% patients with a
favorable prognosis could be identified. Another way for
clinical translation may be the development of polygenic
risk scores for endometrial cancer. Therefore, a major
research priority is the expansion of endometrial cancer
genomic profile to non-European populations enabling
comparable polygenic risk scores of many ethnic groups (9).
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Casarin et al. (2020) (41) investigated the potential
role of glandular cells as a prognostic factor in cervical
cytology in the preoperative identification and assessment
of endometrial cancer. They observed no differences in the
S-year disease-free survival and overall survival between
the normal cytology and glandular cell groups. However,
cervical stromal invasion and presence of glandular cells
increased the risk of local recurrence in endometrial cancer.

In addition to the genetic factors, the available data
showed that the endocannabinoid system plays an important
role in the development and progression of gynecological
malignancies. The activation of cannabinoid receptor
type 1 (CBIR), a G-protein coupled receptor present in
the central nervous system and peripheral tissues such
as the ovaries and uterus, can regulate cell proliferation,
differentiation, and death. Moreover, cannabinoid receptor
activation can inhibit cancer cell invasion through indirect
downregulation of metalloproteinase (MMP2) expression
and activity. Endocannabinoids also play a role in the
inhibition of neoangiogenesis by decreasing the production
of proangiogenic factors and/or by directly modulating
endothelial cells, decreasing the expression of vascular
endothelial growth factor (VEGF) and VEGF receptor
(VEGF-R). The cannabinoid receptor type 2 (CB2R) is
expressed the most in endometrial cancer biopsies and has a
potential role in the control of cancer cell growth through
the regulation of mitochondrial function and cell apoptosis
(42,43).

Despite the availability of guidelines for assessment,
genetic testing, and genetic counseling of patients diagnosed
with endometrial cancer, these services are not offered
equitably or consistently (44-47). Genetic counseling is a
process to support individuals and families affected by or are
at risk of genetic or hereditary diseases. Trained healthcare
personnel provide counseling, and the assessment is based
on a combination of the personal medical and family history.
The aim of the counseling is to help individuals understand
and adapt to the clinical, psychosocial, economical, and
ethical issues raised during the diagnostic process, with a
focus on disease information, inheritance, genetic testing,
management options, career, and family plan, as well as
management of affected or at-risk relatives (47-50).

Hinchcliff ez 4/. (44) summarized the literature on genetic
counseling and genetic testing of patients affected by
gynecologic cancers and observed that a small proportion
of studies provided assessment on guideline compliance or
tumor screening completion rate [immunohistochemistry

© Translational Cancer Research. All rights reserved.
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(IHC) and/or MSI], genetic counseling, or genetic testing
among patients diagnosed with endometrial cancer in the
United States. In addition, the authors draw attention to
the variability of tumor screening among hospitals and
also among healthcare providers ordering the testing,
interpretation of findings, and patient triage to genetics
services.

Although endometrial cancer is mostly diagnosed in
women over the age of 60 years, approximately 5% of all
women diagnosed are of reproductive age (51), and the
impairment of reproductive function, especially ovarian
insufficiency, is one of the long-term consequences
of cancer therapy. The American Society of Clinical
Oncology (ASCO) and the American Society for
Reproductive Medicine (ASRM) strongly recommend
clinicians to inform patients about the potential loss of
fertility and possibility of fertility preservation before
chemotherapy and radiotherapy (52). Moreover, quality
of life represents a relevant concern in patient care;
together with potential secondary infertility, the side
effects of cancer diagnosis and treatment can affect the
physical, mental, and social wellbeing of patients leading
to depression and anxiety (53).

Because of the diversity and complexity of the genetic
counseling process, in-depth approaches on patient
counseling by a team should be considered. An ideal
counseling team should consist of clinicians including
oncologist, surgeon, obstetrician gynecologist, psychologist
and/or psychiatrist, medical geneticist, molecular diagnostic
specialist, genetics nurses, and ancillary staff (42-44).

Conclusions

In summary, a combination of genomic characterization
along with pathological diagnosis, genetic counseling
and psychological support are pivotal in improving the
prognostic assessment and clinical management of patients
with endometrial cancer.
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