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Abstract: Endometrial cancer, also known as uterine cancer, is the most common gynaecological malignancy with
burgeoning incidence and mortality rates globally. Racial disparity, socioeconomic and geographical differences are
important determinants of endometrial cancer incidence and mortality. Endometrial cancer is mainly categorised as
type | and type Il. Although less prevalent, type Il is the most aggressive form of the disease and typically diagnosed
at a late stage, contributing to higher mortality. Black women are at higher risk of developing aggressive, type Il dis-
ease. Type | tumours are related to higher levels of circulating estrogen with lower-grade tumours that have a good
prognosis and frequently related to PTEN mutations. In comparison, type Il tumours are estrogen-independent, typi-
cally have poor prognosis and associated with the p53, HER2, PPP2R1A, FBXW7 and PIK3R1 mutations. The risk
of developing type Il malignancy is higher in women with Lynch syndrome as a result of mutations in the MMR gene
family. Genetic modifications contribute to aberrant alternative splicing events that are related to tumour develop-
ment, progression and resistance to therapy. Alternative splicing events are rapidly emerging as potential biomark-
ers and therapeutic targets. Type Il endometrial cancer lacks targeted therapy and biomarkers for novel therapeutic
strategies. Recent advances have illustrated a number of molecular targets that are currently explored for the treat-
ment of advanced, late-stage endometrial cancer. The aim of this review is to outline 1) the epidemiology of type I
endometrial cancer in black women, 2) discuss the correlated risk factors that contribute to the development of type
Il endometrial cancer and 3) the associated molecular mechanisms and genetic factors underlying the disease, and
4) aberrant splicing events and biomarkers with therapeutic potential as novel drug targets.

Keywords: Endometrial cancer, racial disparity, socioeconomic and geographical differences, estrogen, obesity,
alternative splicing, biomarkers

Introduction

Gynaecological cancers are the second most
common cancers in women following breast
cancer. Endometrial cancer, the most common
uterus cancer, is the sixth most frequently
diagnosed cancer among women globally [1].
Endometrial cancer is the presence of malig-
nant cells formed in the endometrium, which is
the lining of the uterus, and is the most com-
mon gynaecological cancer in women in high-
income countries such as the United States
(US) [2, 3], although the aggressive disease
type is primarily observed in the black popula-
tion [4]. The endometrium consists of a basal

and functional layer which is the endometrial
lining. In women who are of reproductive age,
estrogen and progesterone are required to
maintain the normal functional layer that is
shed during menstruation. Several risk factors
are associated with endometrial cancer such
as early menarche, late menopause, obesity
and anovulation can cause an increase in estro-
gen levels and enlarge the endometrial lining
leading to endometrial hyperplasia or endome-
trial cancer [5, 6]. The endometrial lining will be
shed as heavy menstrual or irregular bleeding
and often leads to early detection, particularly
in menopausal women [5]. Diagnostic hysteros-
copy with endometrial biopsy are recommend-
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Figure 1. Endometrial cancer subtypes. Type | endometrial cancer is typi-
cally caused by excess levels of estrogen and have favourable prognosis.
In contrast, type Il is often diagnosed in black women with an aggressive

outcome [3, 11].

ed for postmenopausal women with irregular or
abnormal bleeding to detect malignancy at
early stages [71].

Endometrial cancer is categorised into several
histological subtypes based on cellular differ-
entiation. These subtypes are endometrioid
carcinoma, mucinous adenocarcinoma, adeno-
carcinoma, serous carcinoma, clear-cell carci-
noma, neuroendocrine carcinoma, mixed cell
adenocarcinoma and, undifferentiated and
dedifferentiated carcinoma [3, 5, 8]. Of these
subtypes, adenocarcinoma is the most fre-
quently diagnosed type of endometrial cancer.
Additional to subtype categorisation, endome-
trial cancer is further classified into types |
and type Il that are based on its association
with estrogen levels (Figure 1). Type | tumours
are generally caused by excess estrogen
levels in the body. These tumours are typically
lower grade that are correlated with Kras,
Phosphatase and tensin homolog (PTEN) and
PIK3CA mutations and have favourable progno-
sis [5, 9]. In contrast to type |, type Il cancers
are fast growing tumours that metastasize and
not associated with excess estrogen levels.
Type Il cancers are commonly high-grade ade-
nocarcinomas that are poorly differentiated
and associated with TP53 and human epider-
mal growth factor 2 (HER2) mutations. These
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tumours have a high rate of
recurrence and metastasis;
therefore, type Il endometrial
cancers have poor prognosis.
Type | tumours occur more fre-
quently and account for about
90% of endometrial cancers,
and type Il accounts for the
remaining 10% [5, 10, 11].

The incidence rate of endo-
metrial cancer is on the rise.
A racial disparity has been
reported in endometrial can-
cer with varying incidence
rates in several ethnic groups.
However, black women, in par-
ticular, have shown an in-
crease in incidence of aggres-
sive type Il tumours that are
higher graded compared with
white women [12, 13]. The
aim of this review is to outline
1) the epidemiology of type Il
endometrial cancer in black women, 2) discuss
the correlated risk factors that contribute to the
development of type Il endometrial cancer and
3) the associated molecular mechanisms and
genetic factors underlying the disease and 4)
aberrant splicing events and biomarkers with
therapeutic potential as novel drug targets.

Epidemiology

Endometrial cancer, also known as corpus
uteri, is diagnosed in 382 069 women globally
every year and contribute to an estimated
23.5% of mortality (Table 1) [14]. The lifetime
risk of developing endometrial cancer in diff-
erent regions is presented in Table 1. The
International Agency for Cancer Research
(IACR) reported the highest incidence rate of
endometrial cancer in North America with 20.5
age-standardised rate (ASR) per 100 000 and
lowest being South-Central Asia with 2.5 ASR
per 100 000. Polynesia had the highest mor-
tality rate with 4.7 ASR per 100 000 and the
lowest was 0.74 ASR per 100 00O in Northern
Africa (Figure 2) [14]. In 2018, the IACR stated
endometrial cancer as the 20" leading cancer
in Africa. However, this lifetime risk may vary in
different age and ethnic groups. For instance,
the National Cancer Registry (NCR) in South
Africa estimates the lifetime risk of endometrial
cancer for women to be 1 in 145. The risk, how-
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Table 1. Incidence, mortality rate and cumulative risk of endometrial cancer globally

REGION INCIDENCE (NEW CASES) CUM. RISK 0-74 (%)* MORTALITY CUM. RISK 0-74 (%)*
Global 382 069 10.1 89 929 0.21
Africa 12 919 0.41 5568 0.19
East Africa 3782 0.39 1966 0.22
West Africa 2993 0.40 1625 0.24
North Africa 3620 0.46 760 0.09
Southern Africa 1375 0.57 601 0.24
North America 65 208 2.55 11 898 0.38
Latin American and Caribbean 29 353 0.92 7 493 0.22
South America 18 357 0.84 5 156 0.22
Central America 8 310 1.05 1363 0.18
Caribbean 2 686 1.17 974 0.39
Asia 148 764 0.64 34 460 0.15
East Asia 95 704 0.86 17 276 0.15
West Asia 10 031 1.07 2423 0.24
South-East Asia 20 796 0.67 6570 0.22
South-Central Asia 22 233 0.29 8191 0.11
Europe 121578 1.97 29 638 0.36
Central and East Europe 54 657 2.33 13 790 0.49
West Europe 26 737 1.55 6 507 0.24
North Europe 16 922 1.97 3881 0.31
South Europe 23 262 1.78 5 460 0.28
Oceania 4 247 1.77 872 0.28
Australia and New Zealand 3713 1.83 732 0.26
Melanesia 440 1.30 118 0.38
Polynesia 54 1.92 17 0.56
Micronesia 40 1.66 5 0.09

*The cumulative risk, at age O to 74 years, of being diagnosed with or mortality from endometrial cancer. Cancer data for Ameri-
ca is presented separately for North America and Latin American and the Caribbean by GLOBOCAN. Data adapted from [14].

ever, varies based on ethnicity. In South Africa,
Asian women have an estimated risk of 1 in 69,
1 in 165 for black women, 1 in 127 for mixed
race women and 1 in 114 for white women
[15]. Despite cancer surveillance data in Africa,
under-reporting of cancer cases from public
and private hospitals is a challenge. Cancer
incidence estimates from South Africa show
that 28% of under reporting has been observ-
ed in private hospitals due to withholding of
data and should be quantified to reflect accu-
rate cancer burden in the country. Therefore,
improved cancer surveillance in both the pri-
vate and public hospitals will be advantageous
for accurate reporting of cancer incidence rates
[16].

Geographical disparities

Endometrial cancer is mostly prevalent in
high-income countries compared to low- and
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middle-income countries. Factors that contrib-
ute to the geographic variations may include
access to high quality healthcare and number
of oncologists available in low-, middle- and
high-income countries [17]. For instance, an
estimated 36% of US counties are situated
further than 50 miles from the nearest gynae-
cologic oncologist [18]. Majority of women in
low- and middle-income countries experience
similar or severe geographical barriers in
accessing quality healthcare. In 2018, approxi-
mately 87% new cases of endometrial cancer
were recorded in high-income countries [6, 14].
Lortet-Tieulent et al. (2018) showed the highest
incidence rates of endometrial cancer was
recorded in North America and Europe [6]. The
high incidence rate in these countries could be
attributed to lifestyle risk factors such as obe-
sity which is associated with almost 50% of
endometrial cancer cases [5]. Of a total 43
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Figure 2. Global data for endometrial cancer. Age-standardized rate (ASR)
for world incidence and mortality rate of endometrial cancer [14].

countries that were studied, the incidence rate
was rapidly growing in 26 countries in this epi-
demiology study [6]. However, the mortality
rate is steadily increasing steeper than the
incident rate due to the rise in advanced endo-
metrial cancers and increased life expectancy
in high-income countries [19]. Some countries
showed a decline in incidence rate in women
below the age of 50 years [6]. Although, the
median age of diagnosis is 63 and occurs pre-
dominantly in postmenopausal women. About
10% of cases are diagnosed in women less
than 40 years [20].

Socioeconomic disparities

Socioeconomic inequalities are observed
across all cancer incidence, mortality and
survival rates. Variations in health outcome
are influenced by socioeconomic status (SES)
measured by a range of factors including
income, social class and education. Individuals
with a higher SES typically have a favourable
health outcome compared to individuals with
lower SES due to lack of access to healthcare.
Late diagnosis of disease, poor health and
reduced survival rates are observed in people
with lower SES [21]. Madison et al. (2004)
showed that women from higher household
incomes are less likely to present with
advanced, aggressive type Il endometrial can-
cer. Black women from lower SES lack health-
care insurance and are less likely to receive
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chemotherapy, radiation ther-
apy and hysterectomies as pri-
mary treatments compared to
white women with higher SES
[22]. Furthermore, Long et al.
(2013) elucidated that differ-
ence in histology and SES con-
tribute to the vast difference
in incidence and mortality
observed in endometrial can-
cer [23]. Endometrial cancer
diagnosis in black women with
lower SES had a 2.5 times
higher likelihood of dying from
the disease. Regardless of
stage and grade of endome-
trial cancer, black women are
twice likely to receive delayed
treatment for endometrial
cancer resulting in poor prog-
nosis indicating a potential
influence of SES [23].

SES influences the incidence and biology of
endometrial cancers regardless of racial dis-
parity. An important indicator of SES is the
level of education. A European population-
based study with over 5500 women evaluated
the influence of education and immigration
status by comparing it to the incidence of en-
dometrioid and non-endometrioid endometrial
cancer [24]. Not surprisingly, the results illus-
trated a significant correlation of higher inci-
dence of advanced stage disease and low
education levels. Although, immigrant women
did not have a higher incidence rates despite
low education levels [24]. This further indicates
a geographical influence in developing endo-
metrial cancer. SES negatively contributes to
poor outcomes and lower survival rates in
endometrial cancer due to other factors that
are closely attributed to lower SES such as
increased smoking, higher body mass index
(BMI) and obesity leading to the development
of other important co-morbidities [25].

Racial disparities

Additional to socioeconomic and geographical
differences, racial disparity is an important
determinant in endometrial cancer. An epide-
miological study conducted on endometrial
cancer patients elucidated the incidence in dif-
ferent ethnic backgrounds. Black patients, or
women with African descent, had the highest
incidence rate with 6.3 per 100 000 and the
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lowest was 4.5 per 100 000 in South Asian
women [26]. Reflecting the incidence rate,
black women have twice the mortality rate
compared to their white counterparts. This
couldbeduetothehighprevalence oftheaggres-
sive type Il disease in the black population.
Furthermore, the SES, co-morbidities and lack
of effective treatment in this population can
be attributed to high incidence and mortality
rates [27]. A large study with 10647 endome-
trial cancer patients illustrated that 24.4% of
black women had an aggressive serous carci-
noma and 24.9% carcinosarcoma compared to
16.3% and 16% in white women, respectively.
Additionally, white women had higher rates of
stage | disease (45.8%) [4]. The aggressive his-
tology observed primarily in the black popula-
tion may explain the poor outcomes and
reduced survival rates.

Genetic differences are another factor that are
influenced by racial disparity in endometrial
cancer. The aggressive type Il endometrial can-
cer that is often prevalent in the black popula-
tion is associated with certain genetic compo-
nents. Mutations in p53 gene are frequently
observed in patients with type Il endometrial
cancer. Genomic studies have elucidated the
recurrence of p53 and PIK3R1 mutations in
black women and most likely related to the
aggressive type Il endometrial cancer and
unfavourable prognosis [23, 28]. Mutations
in PTEN and PIK3CA were associated with
favourable prognosis and most commonly
detected in early stage endometrial cancers in
white women [28]. Moreover, the upregulation
of HER2 is often observed in black women and
correlated with treatment resistance and poor
survival in aggressive endometrial cancer.
Genomic studies scrutinising HER2 expres-
sions have shown that 70% of black women
have higher levels of HER2 expression com-
pared to 24% in white women [23]. In contrast,
PTEN mutations and microsatellite instability
is associated with type | endometrial cancer
with favourable prognosis and is frequently
detected in white women. An estimated 22%
of PTEN mutations and 16% microsatellite
instability was detected in white women com-
pared to 5% and 13% in black women, respec-
tively [23, 28]. These results highlight that
genetic factors are also indicative of racial dis-
parities in the development of aggressive, type
I endometrial cancer.
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Risk factors

Endometrial cancer is a multifactorial disease.
Type | and type Il disease is attributed to numer-
ous risk factors such as ethnicity, age, obesity,
BMI, endogenous exposure to estrogen, oral
contraceptive usage, early menarche, late
menopause, parity, family history and genetic
predisposition [29]. An overlap of risk factors
for both subtypes have previously been report-
ed. However, evidence arising from a large
epidemiologic study suggest that type Il en-
dometrial cancer are mostly correlated with
obesity, age, diabetes, ethnicity, menopause,
genetic predispositions and other primary can-
cers [13, 29-31]. Understanding the risk fac-
tors and the aetiology of the aggressive type Il
disease is essential in implementing preventive
strategies.

Ethnicity and age

Ethnicity is a strongly correlated risk factor for
aggressive subtypes of endometrial cancer.
Incidence rates have been shown to differ in
ethnic groups. Cote et al. (2015) showed the
significantly increasing trend of endometrial
cancer in black and Asian women compared to
white women [12]. Black women are at higher
risk of developing the aggressive and higher
graded type Il endometrial cancer with poor
prognosis, elevated risk of recurrence and mor-
tality. The aggressive type Il endometrial can-
cer incidence rate is closely associated with
non-white women, advanced age and obesity
[13, 29]. Regardless of the tumour subtype, the
5-year survival rates in black women are also
significantly lower [12]. The American Cancer
Society reported that black women have a 62%
5-year survival rate compared to the white
counterpart with 83%. This difference is 5-year
survival between the ethnic groups were attrib-
uted to early detection in white women. Due to
the racial disparity, black women generally had
poor survival rates [32].

Age is a key risk factor that influences the
developing endometrial cancer. Endometrial
cancer risk increases with advanced age and
postmenopausal women are highly likely to
be diagnosed compared to premenopausal
women with only 4% of diagnosis before the
age of 40 [33]. A recent study by Clarke et al.
(2020) detected endometrial cancer in 85.7%
of postmenopausal women over the age of 45
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years (mean age was 55 years) with abnormal
uterine bleeding. In premenopausal women,
also aged over 45 years, the rate of endome-
trial cancer detected was 14.3%. Endometrial
cancer in these women were correlate with age
and high BMI [34]. Women enrolled in this study
were aged between 45-86 years and a higher
rate of atypical hyperplasia and endometrial
polyps were detected in women with higher
BMI and advanced age [34]. In contrast, an
estimated 2-14% of women younger than 40
years of age are diagnosed with malignancy of
the endometrium. Younger women with the dis-
ease are likely to have excess endogenous lev-
els of estrogen or defects in the mismatch DNA
repair pathway or other known risk factors [35].
A study by Giannella et al. (2019) and Pennant
et al. (2017) both detected a prevalence of
1.3% endometrial cancer in premenopausal
women [36, 37]. The incidence of endometrial
cancer in young women may increase with
more than one concurrent risk factors present.
Women with endometrial hyperplasia of the
non-atypical and atypical type had an increased
risk of cancer progression of 10% and 40%,
respectively [36]. Therefore, it is vital to screen
young women for hyperplasia that may prog-
ress to malignancy.

Obesity

Endometrial cancer risk is strongly associated
with higher body mass index (BMI) and obesity,
and accounts for approximately 27% of endo-
metrial cancer [38]. The risk of endometrial
cancer is elevated in women who have a higher
BMI and are obese as young adults or in middle
age [39]. In adipose tissue, androgen is con-
verted to estrone which is a form of estrogen
that contributes to the development of endo-
metrial intraepithelial neoplasia leading to
malignancy [5, 13]. Endogenous estradiol and
estrogen levels are higher in obese women
compared to women with normal BMI [40]. The
incidence rate of endometrial cancer is rapidly
growing in urbanised population where obesity
poses a major health challenge. Over the past
few decades, the incidence rate of obesity has
drastically increased with enhanced BMI's
observed in populations such as South Asia,
South East Asia, Latin America and the
Caribbean [41]. Obesity has escalated from
30% to 38% in women from 1980 to 2013 [6].
This increase in BMI and obesity may be a neg-
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ative contributor to the increase in incidence in
endometrial cancer and is correlated with type
| endometrial cancer than type Il. Although,
type Il patients were also categorised as obese
indicating the role of other risk factors [13]. The
rate of obesity has slightly decreased in the
2000s in high-income countries, most likely
due to the prevention strategies and interven-
tion policies to fight the healthcare burden [41].
Black women, however, are still disproportion-
ately affected by obesity. Cultural norms, envi-
ronmental factors, SES, psychological stress
and lifestyle factors contribute to this trend in
black women [42]. Physical activity and promot-
ing healthy eating is an important strategy that
can reverse obesity and modify the risk of
developing endometrial cancer by 59% [6, 41].

Increased BMI and obesity contributed to 34%
of the cases of newly diagnosed endometrial
cancer globally in 2012. Additionally, obesity is
a major risk factor for other metabolic syn-
drome such as diabetes and insulin resistance
which is also associated with endometrial can-
cer [6]. With the increasing prevalence of obe-
sity globally, prevalence of diabetes is also on
the rise. The risk of endometrial cancer increas-
es by 72% in diabetic women [40]. Cote et al.
(2015) have reported a twofold risk increase in
women who are diabetic with enhanced rates in
black women in the US [29]. Mechanisms relat-
ed to insulin resistance, hyperglycaemia and
chronic inflammation caused by obesity-related
hormonal imbalance in diabetic patients could
contribute to the development of endometrial
cancer [40, 43, 44]. Insulin and insulin-like
growth factor (IGF) signalling pathways are
known to enhance cell proliferation and media-
tors of the inflammatory pathway overturns
tumour suppressor activity [44, 45]. Prolonged
insulin therapy may increase the risk of endo-
metrial cancer. The correlation of pre-existing
diabetes and endometrial cancer is particularly
important and useful for screening women at
high risk and for early detection.

Reproductive factors

Reproductive factors such as early menarche,
late menopause, null parity, term of pregnancy
and childbearing history influence the risk of
endometrial cancer. Early menarche, before
the age of 12, and late menopause, after the
age of 55, both significantly increase the risk by
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two-fold [20]. Evidence supports the positive
link between polycystic ovary syndrome (PCOS)
and the risk of endometrial cancer. The main
characteristics of PCOS is that the ratio of
luteinizing hormone to follicle stimulating hor-
mone is high. This leads to chronic anovulation
and thick endometrium with follicular cysts.
Due to chronic anovulation, the endometrium
is exposed to estrogen for longer periods
leading to hyperplasia and eventually endome-
trial cancer [20]. This risk can be modified by
administering progestogens in women with
PCOS that allows regular shedding of the
endometrium and in turn, regulates the circu-
lating estrogen levels [46]. This is similar to the
increased risk observed in pregnant women
with preeclampsia, a condition thought to in-
crease androgen levels and regulate estrogen.
Therefore, increasing the risk of endometrial
cancer in women who suffer from preeclampsia
[47].

Reproductive factors such as parity, number of
full-term pregnancies, age of first pregnancy
and breast feeding may also play an important
protective role against endometrial cancer. A
44% decrease in risk was observed in women
whose last birth was at the age of 40 compar-
ed to women who were 25 years at last birth
[46]. Prolonged exposure to progesterone dur-
ing pregnancy reverses the effects of estrogen
on the endometrium and hence, reduces the
risk. Another study showed that older age at
first birth was closely associated with the
risk reduction of type | tumours and the risk
reduction for type Il tumours were observed in
women with shorter time since previous birth
[47]. Furthermore, 11% decrease in risk was
associated with breast feeding [46]. Widely
promoting breast feeding and regulating hor-
mone levels in women with PCOS may alleviate
the risk associated with endometrial cancer in
high risk women.

Family history and genetic predisposition

Regardless of age, women with family history of
endometrial cancers are more susceptible to
developing the disease and are likely to be
screened at regular intervals for early detec-
tion. The risk of endometrial cancer can also be
evaluated based on risk of familial clustering of
cancers such as breast, ovarian, colorectal and
cervical [48-50]. This risk may increase with
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one or more affected first-degree relatives.
With a positive family history, the risk is shown
to increase risk 2 fold with a first or second
degree relative affected by endometrial cancer
[49]. Studies have shown the risk of endome-
trial cancer with a positive family history of
colorectal cancer [48, 51, 52]. A colorectal can-
cer diagnosis of a first degree relative increas-
es a women’s risk of endometrial cancer by
17% and could indicate inherited or sporadic
genetic anomalies [49]. In a recent study, only
2% of women reported family history of endo-
metrial cancer. These women with positive fam-
ily history also had other risk factors such as
obesity, early menarche and underwent post-
menopausal hormonal replacement therapy
[53]. Obtaining comprehensive family history
and assessing other important risk factors is
necessary to evaluate an individual's risk of
developing endometrial cancer.

DNA repair mechanisms play a vital role and
act as guardians of the genome. Germline
mutations in the DNA mismatch repair genes
gives rise to Lynch syndrome, an autosomal
dominant inherited disorder, and contributes
to about 2-6% of endometrial cancers [49, 54].
Germline mutations in MLH1, MSH2, MSH6
and PMS2 results in Lynch syndrome. The risk
of developing endometrial cancer in women
with Lynch syndrome is increased by 27-57%
[46]. Therefore, a personal or family history of
Lynch syndrome may predispose women to
endometrial cancer [49]. For instance, germline
mutations in MSH6, a mismatch repair gene,
contributes to an increased risk of 26% in
women older than 70 years and 44% in women
who are 80 years old [51]. Similarly, a positive
family history of a first degree relative with
breast cancer predisposes women to a twofold
increased risk of type Il endometrial cancer.
This could be attributed to BRCA1/2 familial
mutations which is known to cause ovarian
cancer or the use of tamoxifen during the treat-
ment of breast cancer. Tamoxifen is widely
used as an anti-estrogen treatment for estro-
gen-positive breast cancer but has a positive
correlation with the development of endome-
trial cancer [50, 55].

Another risk factor that contributes to genetic
predisposition of endometrial cancer is the
presence of single nucleotide polymorphisms
(SNPs). A recent study has identified SNPs in 6
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genes namely HNF1B, KLF, EIF2AK, CYP19A1,
SOX4 and MYC that are significantly correlated
to the development of endometrial cancer.
Evidence shows that women harbouring SNPs
in these genes have 2.09 times higher risk of
the disease [56]. ldentification of variants or
SNPs in genes associated with endometrial
cancer can be utilised for risk prediction, tar-
geted treatment and to implement prevention
strategies for women at risk.

Molecular biomarkers in endometrial cancer

Despite the current knowledge in type Il endo-
metrial cancer, there is still a need to develop
more effective regimens that will not just ease
the physical burden, but the socio-economic
burden in endometrial cancer patients. Such
regimens may include the identification of sen-
sitive and specific biomarkers. There is current-
ly no reported biomarker in endometrial cancer
for diagnostic or prognostic purposes. Given
the establishment of new genomic classifica-
tions of endometrial cancers, the use of bio-
markers to drive therapeutic approaches will
be the basis for individualised cancer care in
the future. Diagnostic, prognostic and antican-
cer therapy potentials of these biomarkers will
be a great breakthrough in the fight against
endometrial cancer, type Il in particular [57].

As defined by the US National Cancer Institute
(NCI), a biomarker is a biological molecule
found in blood, other body fluids, or tissues that
is a sign of a normal or abnormal process, or of
a condition or disease’. The World Health
Organisation defines a biomarker as ‘any sub-
stance, structure or process that can be mea-
sured in the body or its products that can influ-
ence or predict the incidence of outcome or
disease. In medicine, biomarkers can be used
for screening, diagnosis, prognosis and treat-
ment purposes. There are different types of
biomarkers, some of which overlap. Such exam-
ples may include gene-based biomarkers that
also function as biomarkers in their protein
expressed form [58]. Based on these defini-
tions, a biomarker not only includes tumour
protein markers, but also genes and chromo-
somes. Studies of genes with abnormal expres-
sion in endometrial cancer have identified vari-
ous i) oncogenes (KRAS, HER2, epithelial
growth factor receptor (EGFR), phosphatidylino-
sitol 3-kinase catalytic subunit (PI3KCA) and
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fibroblast growth factor receptor 2 (FGFR2)), ii)
the tumour suppressors (PTEN, p53, p21 and
cyclin-dependentkinase inhibitor 2A (CDKN2A)),
iii) mismatch repair genes (the hMLH1, hMSH2,
hMSH6, PMS1 and PMS2, that may lead to mic-
rosatellite and genome instability), iv) apopto-
sis related genes (the BCL 2 gene family) and
the v) hormone receptors’ expression levels
(expression levels of estrogen receptor (ER)
and progesterone receptor (PR)) [57, 58].
Moreover, abnormal gene expression can be a
result of deleterious mutations in these specific
genes that are associated with type | and type
Il endometrial cancer (Figure 3) [59]. The differ-
ence in ER signalling in type | and Il endometrial
cancer is also important. The PR is required for
the inhibition of endometrial cell proliferation
that is due to estrogen signalling and downreg-
ulates the activities of estrogen by preventing
the transactivation of ERa [60, 61]. Cell prolif-
eration markers such as high Ki-67 indices
in serous carcinoma and high levels of angio-
genesis factors such as the vascular endothe-
lial growth factor A (VEGF-A) have also been
linked to endometrial cancer [62]. Interestingly,
Townsend et al. (2019) also identified Jagged?2
(JAG2), Aurora Kinase A (AURKA), Phospho-
glycerate Kinase 1 (PGK1), and Hypoxanthine
Guanine hosphoribosyltransferase 1 (HPRT1)
as potential biomarkers, as these genes have
been found to be upregulated and also show
significant impact on overall endometrial can-
cer patient survival, particularly HPRT1 and
AURKA [63]. Specific to type Il endometrial can-
cer, genetic alterations in p53, HER2, p16 and
E-cadherin have been documented [64, 65].
Furthermore, Singh et al. (2011) showed that
TP53 was increasingly expressed in African-
American women than in their Caucasian coun-
terparts with endometrial cancer. In this study,
the 5-year survival rate dropped to 52% from
85% [66]. Genetic alterations which include
perturbations in the alternative splicing events
are rapidly emerging as potential diagnostic,
prognostic and therapeutic targets.

Endometrial cancer type | and type Il are
associated with different biomarkers that
determine the prognosis and beneficial in pre-
dicting response to therapy. Molecular altera-
tions that are specific to disease type can be
identified using genetic profiling for clinical util-
ity. For instance, lymph node metastasis is
associated with the over expression of cell
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Figure 3. Biomarkers in endometrial cancer. Mutations in oncogenes, tumour suppressors, mismatch repair (MMR)
genes and hormone receptors genes lead to abnormal expression resulting in malignant transformation. Mutations
in these genes are associated with type | and type Il endometrial cancer.

cycle checkpoints genes, CDC2 and MAD2L1,
and the transcriptional regulator, ZIC2 zinc fin-
ger protein. These biomarkers can be utilised
to predict prognostic outcomes in patients
with endometrioid endometrial cancer [67].
Furthermore, hormone receptors in advanced
endometrial cancer is closely correlated to
clinical response. Evidence shows that the
presence of ER and PR respond differently to
hormone therapy [68]. A previous study report-
ed that treatment response was strongest in
ERa endometrial tumours. A lack of clinical
response was observed in PRa and PRp
tumours. Despite these response results,
approximately 26% of endometrial cancers
lacking ER responded to hormonal therapy and,
in contrast, the absence of PR resulted in a
32% clinical response [68]. This is particularly
relevant for aggressive, type Il endometrial
cancers with poor prognosis that lack ER
and PR. On the contrary, patients harbouring
HER2 deletion or amplification, typically preva-
lent in type Il cancer, show no response to
anti-HER2 treatment [69]. Recent data, howev-
er, shows enhanced clinical response and pro-
gression-free survival in response to anti-HER2
treatment in patients with type Il endometrial
cancer [70-72]. Although, further validations of
clinical response to anti-HER2 is warrant-
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ed. These results highlight the importance
of molecular characterisation of endometrial
cancers to facilitate clinically beneficial
outcomes.

Alternative splicing in endometrial cancer

Alternative splicing is carried out by the spliceo-
some, which consists of five small nuclear
ribonucleoprotein (snRNP) particles. These
snRNP particles are U1, U2, U4, U5, and U6
snRNPs that assemble at each intron around
splice sites [73]. The spliceosome recognizes
each splice site that consists of a consensus
sequence around each exon-intron junction
[74, 75]. Additional sequence components in
exons or introns can work as enhancers or
silencers to regulate the binding of splicing
factors. The splicing factors can then either
promote or inhibit the recognition of a given
exon by the spliceosome. Two main nuclear
RNA-binding protein families may regulate
splicing, particularly in cancer-related genes.
These two families are the heterogeneous
nuclear ribonucleoprotein (hnRNP) and the
serine/arginine-rich protein (SR) family [76,
7).
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Alternative splicing is an important regulation
mechanism in the processing of mRNAs after
transcription. Pre-mRNA produces different
mRNAs through different splicing methods to
translate into different proteins with unique
functions [78, 79]. About 95% of all human
genes undergo alternative splicing and this
contributes to protein diversity [79, 80]. This
ubiquitous process has been shown to play a
crucial role in cellular health and cancer biology
[81, 82]. There are different types of alternative
splicing events and these can be distinguished
as (a) alternate acceptor site (AA), (b) alternate
donor site (AD), (c) alternate terminator (AT), (d)
alternate promoter (AP), (e) exon skip (ES), (f)
mutually exclusive exons (ME), and (g) retained
intron (RI) [83].

There is increasing evidence that aberrant
alternative splicing is closely related to the
development of cancer. Aberrant alternative
splicing events can thus be targeted as cancer
biomarkers. Although, one of the limits with this
approach may be in concentrating on fewer
genes than in whole genome analysis. Whole
genome analysis of alternative splicing events
may aid to overcome this limitation by targeting
events of this process as biomarkers to improve
overall endometrial cancer patient care. Wang
et al. (2019) constructed a model based on the
Prognostic-Related Alternative Splicing Events
(PASEs) and splicing factors using whole
genome analysis of alternative splicing events
[78]. This has assisted in promoting the prog-
nosis of endometrial cancer patients.
Additionally, miRNA regulation has also been
shown to influence splicing events that control
the cell fate [84].

The effective diagnosis and prognosis of endo-
metrial cancer, particularly type Il is limited by
a lack of sensitive and specific biomarkers. A
single gene can undergo various types of alter-
native splicing events and also be regulated
by different splicing factors. This complicates
the study of the regulatory networks between
alternative splicing events and splicing factors
and further complicates identifying and defin-
ing potential alternative splicing biomarkers.
Using whole genome sequencing analysis,
Wang et al. (2019) revealed that aberrant
expression of splicing factors is associated
with the overall survival of endometrial cancer
patients [78]. Furthermore, research has
shown that alternative splicing of ERx and PR
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closely correlate with the occurrence and
development of endometrial cancer [85].
Recently, a newly identified splicing factor,
YT521, was shown to promote the alternative
splicing of VEGF-A. This leads to an upregula-
tion of VEGF-165 variant, thereby promoting
endometrial cancer invasion [86].

Alternative splicing contributes to various
aspects of tumour development, tumour pro-
gression and resistance to therapeutic treat-
ments. A significant portion of cancer-associat-
ed genes are regulated through alternative
splicing, indicating a pivotal role alternative
splicing plays in the production or activation
of oncogenes and tumour suppressors [78].
As an important biological process, under-
standing alternative splicing in cancer might
contribute to better understanding of the malig-
nant transformation and identify novel path-
ways that are particularly relevant to tumori-
genesis. Understanding the molecular origins
of cancer-associated alternative splicing iso-
forms will aid to understand the basis of cancer
and simultaneously provide opportunities to
improve the efficiencies, sensitivity and speci-
ficity of the anti-cancer treatments that will kill
rapidly dividing cells rather than normal cells.
For instance, targeting alternative splicing iso-
forms selectively expressed by cancer cells
and not by normal cells may be suitable thera-
peutic targets and could also suggest precise
personalized therapy (Figure 4) [87]. Molecular
targeted therapy, particularly targeting alterna-
tive splicing events in endometrial cancer holds
promising therapeutic approaches since cur-
rent standard treatments are not responsive
[88]. With the increased endometrial cancer
type Il mortality rates and lack of effective
treatment, there is a need for new treatment
options and alternative splicing targeted thera-
py is promising [89-96]. In addition to ERa, PR
and VEGF, other identified and potential bio-
markers in type Il endometrial cancer with tar-
geted alternative splicing may include HER2,
F-box/WD repeat-containing protein 7 (FBXW7),
Protein Phosphatase 2 Scaffold Subunit Alpha
(PPP2R1A), p53, PTEN and PIK3CA.

HER2

HER2 is one of the four human epidermal
growth factor transmembrane cell surface
receptors [97]. HER2 amplification leads to
oncogenic functions and is closely associated
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with type Il endometrial cancer with unfavour-
able prognosis. The prevalence of HER2 gene
alterations is widely prevalent in type Il endo-
metrial tumours compared to type | [88].
Alternative splicing has revealed three diff-
erent splice variants of HER2 with conflicting
roles in tumour biology. These isoforms are i)
A16HER-2 (which results from exon 16 skip-
ping), this isoform increases transformation
of cancer cells and is related to treatment
resistance [98], ii) second isoform is Herstain
(results in the retention of intron 8), and iii)
pl00 is the third isoform (resulting from the
retention of intron 15) (Figure 5). The second
and third splice variants act antagonistically
to A16HER-2, as they inhibit tumour cell prolif-
eration [99, 100]. HER2 overexpression in
endometrial cancer has been reported and the
precise roles of its splice variants p100, X5,
A16HER-2, CTF-611, CTF-687, HER2-B and
Herstatin in endometrial cancer remains to be
elucidated, as they have been in breast cancer
[101].

FBXW7
FBXW?7 isoforms have also been implicated in

cancer [102]. FBXW7 is a tumour suppressor

3071

that degrades various oncoproteins. These
oncoproteins include c-Myc, c-Jun, cyclin E,
different members of the Notch family Aurora-
A, mTOR and KLF5 [103]. Loss of function or
mutation of FBXW7 has been reported in
various human cancers, including endometrial
cancer. Frequent mutations in the WD40
repeats alters the function of FBXW7 and con-
tributes to its oncogenic properties (Figure 6).
These mutations are commonly detected in
type Il endometrial cancers [104]. FBXW7c,
FBXW7B, and FBXW7y are the 3 different
FBXW7 mammalian isoforms. These isoforms
differ in their 5-UTR and N-terminal coding
regions and have distinct cellular localizations.
This restricts their interactions with their part-
ners. FBXW7a is localized in the nucleoplasm,
while FBXW7p in the cytoplasm, and FBXW7y
is nucleolar [105]. FBXW7« is abundantly ex-
pressed in proliferating cells and performs
most of the known functions of FBXW7.

PPP2R1A

PPP2R1A is another gene whose alternative
splicing events have been implicated in endo-
metrial cancer. Particularly in type Il, about
40% of these tumours are associated with het-
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Figure 5. Isoforms of HER2. The HER2 gene (A) is spliced to give rise to multiple variants as well as the wild type (B).
The region between exons 14 and 16 give rise to many variants, some of which are involved in endometrial cancers.
(C) The p100 isoform results from the retention of intron 15. (D) The X5 isoform which splices in part of intron 14
(E). The A16HER-2 results from the skipping of exon 16. This isoform increases transformation of cancer cells and is
related to treatment resistance. In addition to these splice variants there are 2 further variants produced by alterna-
tive translation initiation in exon 15 and 17, CTF-611 (F) and CTF-687 (G). (I) The HER-2B isoform is produced with
the exclusion of exon 17. The last isoform (H) Herstatin is formed by the inclusion of intron 8 [101].

WD40 repeats

FBW7

Figure 6. Alternate splicing of FBXW7. There are three isoforms of FBXW7 - FBXW7a, FBXW7(3 and FBXW7y. The
isoforms differ in their 5’-UTR and N-terminal coding regions and have distinct cellular localizations. The domain
structure of these isoforms remains the same and the changes in the N-terminal lead to changes in the cellular
localisation [125].
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outcomes. Patients with ser-
ous endometrial cancers har-
bouring PPP2R1A mutations
show poor 5-year survival
compared to patients without
the PPP2R1A mutation [88].
Further validations of 5-sur-
vival year of patients with and
without PPP2R1A mutations
are warranted.
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p53

p53 mutations are frequent
in most cancers. In endome-
trial cancer, p53 mutations
are correlated with high grade
tumours and advanced dis-
ease. An estimated 57.7-92%
of TP53 mutations occur in
type Il tumours [88]. In hu-
mans, about 12 different pro-
tein-encoding transcripts of
the p53 gene have been iden-
tified. These pb53 isoforms
have been potentially identi-
fied as predictive and progno-
stic markers in cancer patient
care (Figure 7) [106, 107].
Furthermore, the p53 splice
variants have emerged as
possible active contributors
in cancer development and
progression [108]. For instan-
ce, pb3B and p53y protein
expression is associated posi-
tively with overall survival (0S),
. chemotherapy response and
mutational markers for surviv-
al in the aggressive blood can-
cer acute myeloid leukaemia

domain

tified. Alternate splice variants of p53 arise due to the use of alternative [109].
translation sites or promoters. The isoforms share a DNA binding domain.

The alpha, beta and gamma variants differ in the use of alternate exon 9
splice sites, that lead to an exclusion of exon 10 and the loss of the Basic C
terminal domain. Further variants arise due to deletions of the N terminus
due to the exclusion of exons 1, 2 and 3. This leads to progressive losses of

the Transactivation and proline rich domains [107].

erozygous missense mutations in PPP2R1A, a
variant PPP2R1 isoform and tumour suppres-
sor gene that encodes the alpha subunit of
PP2A [88, 99]. Evidence supports that associa-
tion of PPP2R1A mutations with aggressive
type Il endometrial cancer and unfavourable
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Contrary to other studies,
p53y was not directly linked to
the OS but was proportionally
linked to prognosis of breast
cancer disease [110]. Such
data highlights the complexity
of alternative splicing events in different can-
cers and therefore cannot be approached with
the same regimens. This calls for a clear unique
patient model underpinning the molecular
basis of the diseases, targeting alternative
splicing, and therefore thriving towards person-
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alized, unlike generalized, medicine. Increased
p53 expression in endometrial cancer type
Il has been reported, however, the precise
roles of the different isoforms in type Il endo-
metrial cancer would be beneficial to these
patients.

PIK3CA and PTEN

The phosphoinositide 3-kinase (PI3K) signal-
ling pathway is vital in regulating cell prolifera-
tion, cell cycle control and apoptosis. Dele-
terious mutations in PIK3CA and PTEN have a
negative effect on the PI3K pathway which
often observed in type Il endometrial cancers.
PTEN mutations are found in almost 25% of
cases of hyperplasia and up to 80% of endo-
metrioid cases [111, 112] with 67-84% muta-
tions detected in type | [104]. PTEN mutations
are, therefore, significantly linked to type |
rather than type Il endometrial cancer, howev-
er, a significant number of PTEN mutations
are detected in type Il endometrial cancer.
For instance, 2.7-22.5% PTEN mutations are
reported in type Il serous carcinoma, 11-21% in
type Il clear cell carcinoma and 19-33.3%
in type Il carcinosarcoma [104]. PTEN negative-
ly regulates class | PIK3 enzymes. These
enzymes play a role in the PI3K signalling
pathway. PIK3 is highly dysregulated in cancer,
leading to elevated PI3K signalling, uncon-
trolled cell proliferation and tumour develop-
ment [113]. Endometrial cancer has been
reported to harbour genetic alterations in com-
ponents of the PIK3 signalling pathway, PIK3CA
oncogene and the tumour suppressor PTEN in
particular. Deletions in the coding region of
PTEN gives rise to several minor splice variants
such as PTEN-L, -M and -O (Figure 8). A number
of the splice variants are known to be associ-
ated with cancer [114]. PIK3CA gene encodes
the PIK catalytic subunit p110a. Unlike the
p110B isoform, pl10a alterations are more
common in endometrial cancer [115, 116].
Furthermore, these class | isoforms have
been targeted for and are currently on clinical
trials with regards to treatment of endometrial
cancer patients [117, 118]. This highlights
the use of alternative splicing molecular
markers as cornerstone markers not just in
diagnosis and prognosis, but also in the anti-
cancer treatment of type Il endometrial
cancer.
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Challenges and limitations

Early diagnosis is key in treating endometrial
cancer and lowering mortality rates. The typical
diagnosis of type Il endometrial cancer in black
women poses a major healthcare challenge
particularly in resource restrained settings.
Racial disparities in endometrial cancer is well
recognised [12]. But high-risk black women
may be at a disadvantage in receiving optimal
and effective treatment. Endometrial cancer in
young women generally have a favourable out-
come due to early detection. Evidence shows
that young black women have 19% worse sur-
vival rates compared to white women after
adjusting for pathologic difference in the two
groups. Likewise, a 24% survival rate was
detected in black women with early stage
tumours [119]. Black women are affected with
lower survival rates at across all subtypes
due to socioeconomic factors and limited
access to standard healthcare [12]. It is imper-
ative to identify women with high risk factors,
particularly young black women in resource lim-
ited setting, to prevent the onset of endometri-
al cancer and implement early treatment
strategies.

Histological classification of endometrial can-
cer subtypes is vital for determining treatment
options and evaluating prognosis. Challenges
with inconsistent classification based on histol-
ogy of endometrial cancer tissue and tumour
heterogeneity can lead to inaccurate treatment
and risk stratification. Furthermore, rare histo-
types and diversity within tumours pose an
additional challenge in precise categorisation
of tumour subtypes which are essential to
evade over or under treating patients [4, 120].
Diagnostic reproducibility and accurate subtyp-
ing are poor in the aggressive, grade 3 endo-
metrial tumours, specifically type Il endome-
trial cancers [4]. Talhouk and McAlpine (2016)
argue that molecular classification of endo-
metrial tumours in conjunction with histopa-
thology may have added benefits [120]. Mole-
cular classification is relevant for choosing
treatment options based on subtypes [121].
Additional to subtyping, women with inherited
endometrial cancer may also benefit from
molecular classification [120].

Other challenges associated with endometrial
cancer include screening and prevention of
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Figure 8. PTEN splicing and the generation of splice variants. Multiple isoforms of PTEN have been identified. These
isoforms are produced from the PTEN mRNA (A) including the wildtype (B). Four of these variants (PTEN-L, -M, -N
and -0) are translational variants (C-F). These variants contain an additional sequence of varying length at the
N-terminus and differ in functions and sub-cellular localization. A short non-functional variant (G) has also been
identified. Isoform (H) and (J) are produced by including intron 3b and 3c, and 3b, respectively. Isoforms (I, K and
L) are produced by the deletion of exon 6. Other isoforms have been identified in samples from old individuals and
cancer patients. These variants contain insertions around exon 3 accompanied in some variants by deletions of
exon 6 [114].

women on tamoxifen treatment for breast can-
cer and women with predisposition of endome-
trial cancer. Estrogen signalling resulting from
tamoxifen can cause abnormal bleeding. Since
screening of asymptomatic women is not rec-
ommended, malignancy of the endometrium is
these women are not prevented and screening
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strategies are implemented on the onset of
symptoms [122]. In the instance of hereditary
endometrial cancer, endometrium biopsies
are used to screen women aged 35 and above
as recommended by the American Cancer
Society. In selected patients, however, endo-
metrial biopsies may not be useful for detect-
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ing malignancy [122]. In such cases, transvagi-
nal ultrasounds are recommended, although
this should be conducted at the physicians dis-
cretion since it has not shown any benefits in
asymptomatic patients [123].

Conclusions

Endometrial cancer is on the rise with alarming
incidence and mortality rates attributed to
numerous risk factors. Racial disparity has
been reported in endometrial cancer. Black
women are at a disadvantage with higher risk
of developing the aggressive form of the dis-
ease. The rise in obesity among black women
further increases the risk of endometrial can-
cer due to rise in diabetes and increased levels
of circulating estrogen. Due to knowledge defi-
cit and equal access to standard healthcare,
black women are at risk of delayed diagnosis.
By improving early diagnosis, the rapid detec-
tion of late-stage disease in black women
can be possible and lead to better disease
management. The lack of biomarkers for tar-
geted therapy pose as a major challenge in the
treatment, specifically of type Il endometrial
cancer with reduced overall survival rates.
Identification of biomarkers that may assist in
diagnosis, prognosis and novel therapeutic
options would alleviate the burden of endome-
trial cancer. Additionally, public health efforts
are warranted to encourage healthy lifestyle
with adequate physical exercise to maintain
a healthy weight and increase awareness
of endometrial cancer, particularly in black
women in rural areas. Modifiable risk factors
may reduce the risk of developing endometrial
cancer. Prevention and early detection of dis-
ease could potentially attribute to lower inci-
dence and mortality rates and successful
treatment outcome, respectively.

Acknowledgements

We would like to thank the Medical Research
Council of South Africa (SAMRC) for funding this
research.

Disclosure of conflict of interest
None.

Address correspondence to: Zodwa Dlamini,
SAMRC/UP Precision Prevention & Novel Drug
Targets for HIV-Associated Cancers (PPNDTHAC)
Extramural Unit, Pan African Cancer Research

3076

Institute (PACRI), University of Pretoria, Faculty of
Health Sciences, Hatfield 0028, South Africa. E-mail:
Zodwa.DlaminiQup.ac.za

References

[1] GLOBOCAN. Cancer Today. 2018 [cited 2020
28/07/2020]; Available from: https://gco.
iarc.fr/today/online-analysis-dual-bars-2?v=
2018&mode=cancer&mode_population=regi
ons&population=250&populations=900&key
=asr&sex=2&cancer=39&type=08&statistic=5
&prevalence=0&population_group=0&ages_
group%5B%5D=0&ages_group%»5B%5D=
17&nb_items=20&group_cancer=1&include_
nmsc=1&include_nmsc_other=1&dual_distri
bution=1&population1=900&population2=71
0&show_values=false&type_multiple=%257B
%2522inc%2522%253Atrue%252C%2522m
0rt%2522%253Afalse%252C%2522prev%25
22%253Afalse%257D&population_group_glo-
bocan_id=&type_sort=0#collapse-group-0-0.

[2] PDQ and A.T.E. Board, Endometrial Cancer
Treatment (PDQ®): Health Professional Ver-
sion. 2019, National Cancer Institute (US):
Bethesda (MD).

[3] Amant F, Mirza MR, Koskas M and Creutzberg
CL. Cancer of the corpus uteri. Int J Gynaecol
Obstet 2018; 143 Suppl 2: 37-50.

[4] Baskovi M, Lichtensztajn DY, Nguyen T, Karam
A and English DP. Racial disparities in out-
comes for high-grade uterine cancer: a califor-
nia cancer registry study. Cancer Med 2018; 7:
4485-4495.

[5] Horta M and Cunha TM. Endometrial cancer, in
MRI and CT of the female Pelvis. In: Forstner R,
Cunha TM and Hamm B, editors. Springer
International Publishing; Cham. 2019. pp.
179-208.

[6] Lortet-Tieulent J, Ferlay J, Bray F and Jemal A.
International patterns and trends in endome-
trial cancer incidence, 1978-2013. J Natl
Cancer Inst 2018; 110: 354-361.

[7] Saccardi C, Vitagliano A, Marchetti M, Lo Turco
A, Tosatto S, Palumbo M, De Lorenzo LS, Vitale
SG, Scioscia M and Noventa M. Endometrial
cancer risk prediction according to indication
of diagnostic hysteroscopy in post-menopausal
women. Diagnostics (Basel) 2020; 10: 257.

[8] Kurman RJ, Carcangiu ML, Herrington CS and
Young RH. WHO classification of tumours of
female reproductive organs. World Health
Organization classification of tumours, 4th edi-
tion. sixth. 2014, France: Lyon: International
Agency for Research on Cancer.

[9] Colombo N, Creutzberg C, Amant F, Bosse T,
Gonzalez-Martin A, Ledermann J, Marth C,
Nout R, Querleu D, Mirza MR and Sessa C;
ESMO-ESGO-ESTRO Endometrial Consensus

Am J Cancer Res 2020;10(10):3061-3082


mailto:Zodwa.Dlamini@up.ac.za

[10]

(11]

[12]

[13]

(14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

3077

Type Il genomics in endometrial cancer in black women

Conference Working Group. ESMO-ESGO-
ESTRO consensus conference on endometrial
cancer: diagnosis, treatment and follow-up.
Ann Oncol 2016; 27: 16-41.

CMS, PBM Definition guideline: endometrial
cancer. 2019.

El-Wahed MMA, Abdou AG, Al-Sharaky DR and
Kasem HA. Clinicopathological differences be-
tween type | and type Il endometrial carcino-
ma. Menoufia Medical Journal 2017; 30: 946-
951.

Cote ML, Ruterbusch JJ, Olson SH, Lu K and
Ali-Fehmi R. The growing burden of endometri-
al cancer: a major racial disparity affecting
black women. Cancer Epidemiol Biomarkers
Prev 2015; 24: 1407-15.

Feinberg J, Albright B, Black J, Lu L, Passarelli
R, Gysler S, Whicker M, Altwerger G, Menderes
G, Hui P, Santin AD, Azodi M, Silasi DA, Ratner
ES, Litkouhi B and Schwartz PE. Ten-year com-
parison study of type 1 and 2 endometrial
cancers: risk factors and outcomes. Gynecol
Obstet Invest 2019; 84: 290-297.

GLOBOCAN. Corpus uteri. 2018 [cited 2020
29/06/2020]; Available from: https://gco.
iarc.fr/today/data/factsheets/cancers/24-
Corpus-uteri-fact-sheet.pdf.

NCR, National Cancer Registry Report. 2014,
National Health Laboratory Service.

Singh E, Underwood JM, Nattey C, Babb C,
Sengayi M and Kellett P. South African national
cancer registry: effect of withheld data from
private health systems on cancer incidence
estimates. S Afr Med J 2015; 105: 107-9.
Chatterjee S, Gupta D, CaputoTAnd Holcomb
K. Disparities in gynecological malignancies.
Front Oncol 2016; 6: 36.

Shalowitz DI, Vinograd AM and Giuntoli RL
2nd. Geographic access to gynecologic cancer
care in the United States. Gynecol Oncol 2015;
138: 115-20.

Guzha BT, Adams T Mbatani RLN, Wu HT,
Fakieb N, Opie J and Denny LA. Endometrial
cancer with bone marrow metastases: a man-
agement dilemma. Southern African Journal of
Gynaecological Oncology 2017; 9: 22-24.
Méenpaa J. Epidemiology, risk factors, and
prevention for endometrial cancer, in manage-
ment of endometrial cancer. In: Mirza MR, edi-
tor. Springer International Publishing; Cham.
2020. pp. 61-67.

Darin-Mattsson A, Fors S and Kareholt |I.
Different indicators of socioeconomic status
and their relative importance as determinants
of health in old age. Int J Equity Health 2017;
16: 173.

Madison T, Schottenfeld D, James SA, Schwartz
AG and Gruber SB. Endometrial cancer: socio-
economic status and racial/ethnic differences

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

in stage at diagnosis, treatment, and survival.
Am J Public Health 2004; 94: 2104-11.

Long B, Liu FW and Bristow ER. Disparities in
uterine cancer epidemiology, treatment, and
survival among African Americans in the
United States. Gynecol Oncol 2013; 130 652-
9.

Svanvik T, Marcickiewicz J, Sundfeldt K, Holm-
berg E and Stromberg U. Sociodemographic
disparities in stage-specific incidences of
endometrial cancer: a registry-based study in
West Sweden, 1995-2016. Acta Oncol 2019;
58: 845-851.

Donkers H, Bekkers R, Massuger L and Galaal
K. Systematic review on socioeconomic depri-
vation and survival in endometrial cancer.
Cancer Causes Control 2019; 30: 1013-1022.
Shirley MH, Barnes |, Sayeed S, Finlayson A
and Ali R. Incidence of breast and gynaecologi-
cal cancers by ethnic group in England, 2001-
2007: a descriptive study. BMC Cancer 2014;.
14: 979.

Felix AS and Brinton LA. Cancer progress and
priorities: uterine cancer. Cancer Epidemiol
Biomarkers Prev 2018; 27: 985-994.

Althubiti MA. Mutation frequencies in endome-
trial cancer patients of different ethnicities
and tumor grades: an analytical study. Saudi J
Med Med Sci 2019; 7: 16-21.

Cote ML, Alhajj T, Ruterbusch JJ, Bernstein L,
Brinton LA, Blot WJ, Chen C, Gass M, Gaussoin
S, Henderson B, Lee E, Horn-Ross PL, Kolonel
LN, Kaunitz A, Liang X, Nicholson WK, Park
AB, Petruzella S, Rebbeck TR, Setiawan VW,
Signorello LB, Simon MS, Weiss NS, Wentz-
ensen N, Yang HP, Zeleniuch-Jacquotte A and
Olson SH. Risk factors for endometrial cancer
in black and white women: a pooled analysis
from the epidemiology of endometrial cancer
consortium (E2C2). Cancer Causes Control
2015; 26: 287-296.

Setiawan VW, Yang HP, Pike MC, McCann
SE, Yu H, Xiang YB, Wolk A, Wentzensen N,
Weiss NS, Webb PM, van den Brandt PA, van
de Vijver K, Thompson PJ; Australian National
Endometrial Cancer Study Group, Strom BL,
Spurdle AB, Soslow RA, Shu XO, Schairer C,
Sacerdote C, Rohan TE, Robien K, Risch HA,
Ricceri F, Rebbeck TR, Rastogi R, Prescott J,
Polidoro S, Park Y, Olson SH, Moysich KB,
Miller AB, McCullough ML, Matsuno RK,
Magliocco AM, Lurie G, Lu L, Lissowska J, Liang
X, Lacey JV Jr, Kolonel LN, Henderson BE,
Hankinson SE, Hakansson N, Goodman MT,
Gaudet MM, Garcia-Closas M, Friedenreich
CM, Freudenheim JL, Doherty J, De Vivo |,
Courneya KS, Cook LS, Chen C, Cerhan JR, Cai
H, Brinton LA, Bernstein L, Anderson KE,
Anton-Culver H, Schouten LJ and Horn-Ross

Am J Cancer Res 2020;10(10):3061-3082



(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

Type Il genomics in endometrial cancer in black women

PL. Type | and Il endometrial cancers: have
they different risk factors? J Clin Oncol 2013;
31: 2607-18.

Felix AS, Weissfeld JL, Stone RA, Bowser R,
Chivukula M, Edwards RP and Linkov F. Factors
associated with Type | and Type Il endometrial
cancer. Cancer Causes Control 2010; 21:
1851-6.

ACS, Cancer Facts & Figures 2019. 2019,
American Cancer Society Inc.: Atlanta.

Greggi S, Falcone F and Laurelli G. Fertility-
Sparing Treatment in Early-stage endome-
trial cancer, in management of endometrial
cancer. In: Mirza MR, editor. Springer Interna-
tional Publishing. Cham 2020. pp. 201-210.
Clarke MA, Long BJ, Sherman ME, Lemens MA,
Podratz KC, Hopkins MR, Ahlberg LJ, Mc Guire
LJ, Laughlin-Tommaso SK, Wentzensen N and
Bakkum-Gamez JN. A prospective clinical co-
hort study of women at increased risk for en-
dometrial cancer. Gynecol Oncol 2020; 156:
169-177.

Garg K and Soslow RA. Endometrial carcinoma
in women aged 40 years and younger. Arch
Pathol Lab Med 2014; 138: 335-42.
Giannella L, Cerami LB, Setti T, Bergamini
E and Boselli F. Prediction of endometrial
hyperplasia and cancer among premenopaus-
al women with abnormal uterine bleeding.
Biomed Res Int 2019; 2019: 8598152.
Pennant ME, Mehta R, Moody P, Hackett G,
Prentice A, Sharp SJ and Lakshman R. Preme-
nopausal abnormal uterine bleeding and risk
of endometrial cancer. BJOG 2017; 124: 404-
411.

Friedenreich CM, Derksen JWG, Speidel T,
Brenner DR, Heer E, Courneya KS and Cook
LS. Case-control study of endogenous sex ste-
roid hormones and risk of endometrial cancer.
Cancer Causes Control 2020; 31: 161-171.
Aune D, Navarro Rosenblatt DA, Chan DS,
Vingeliene S, Abar L, Vieira AR, Greenwood DC,
Bandera EV and Norat T. Anthropometric fac-
tors and endometrial cancer risk: a systematic
review and dose-response meta-analysis of
prospective studies. Ann Oncol 2015; 26:
1635-48.

Saed L, Varse F, Baradaran HR, Moradi Y,
Khateri S, Friberg E, Khazaei Z, Gharahjeh S,
Tehrani S, Sioofy-Khojine AB and Najmi Z. The
effect of diabetes on the risk of endometrial
cancer: an updated a systematic review and
meta-analysis. BMC Cancer 2019; 19: 527.
Bluher M. Obesity: global epidemiology and
pathogenesis. Nat Rev Endocrinol 2019; 15:
288-298.

Agyemang P and Powell-Wiley TM. Obesity and
black women: special considerations related
to genesis and therapeutic approaches. Curr
Cardiovasc Risk Rep 2013; 7: 378-386.

3078

[43]

[44]

[45]

[46]

(48]

[49]

(50]

(51]

[52]

(53]

Liao C, Zhang D, Mungo C, Tompkins DA and
Zeidan AM. Is diabetes mellitus associated
with increased incidence and disease-specific
mortality in endometrial cancer? A systematic
review and meta-analysis of cohort studies.
Gynecol Oncol 2014; 135: 163-71.

Omiyale W, Allen NE and Sweetland S. Body
size, body composition and endometrial can-
cer risk among postmenopausal women in UK
Biobank. Int J Cancer 2020.

Joung KH, Jeong JW and Ku BJ. The associa-
tion between type 2 diabetes mellitus and
women cancer: the epidemiological evidences
and putative mechanisms. Biomed Res Int
2015; 2015: 920618.

Njoku K, Abiola J, Russell J and Crosbie EJ.
Endometrial cancer prevention in high-risk
women. Best Pract Res Clin Obstet Gynaecol
2020; 65: 66-78.

Trabert B, Troisi R, Grotmol T, Ekbom A,
Engeland A, Gissler M, Glimelius |, Madanat-
Harjuoja L, Sorensen HT, Tretli S, Gulbech
Ording A and Bjorge T. Associations of preg-
nancy-related factors and birth characteristics
with risk of endometrial cancer: a Nordic popu-
lation-based case-control study. Int J Cancer
2020; 146: 1523-1531.

Bogani G, Tibiletti MG, Ricci MT, Carnevali I,
Liberale V, Paolini B, Milione M, Vitellaro M,
Murgia F, Chiappa V, Ditto A, Ghezzi F and
Raspagliesi F. Lynch syndrome-related non-en-
dometrioid endometrial cancer: analysis of
outcomes. Int J Gynecol Cancer 2020; 30: 56-
61.

Win AK, Reece JC and Ryan S. Family history
and risk of endometrial cancer: a systematic
review and meta-analysis. Obstet Gynecol
2015; 125: 89-98.

Wijayabahu AT, Egan KM and Yaghjyan L.
Uterine cancer in breast cancer survivors: a
systematic review. Breast Cancer Res Treat
2020; 180: 1-19.

Mantovani G, De Angelis M, Asteria C, Di Lecce
F, Mazza P, Vicenzi L and Boccia L. Hereditary
nonpolyposis colorectal cancer (HNPCC): from
diagnosis to surgical management of the main
hereditary form of colorectal cancer: a review.
Journal of Surgery and Research 2020; 3:
020-030.

Okuda T, Sekizawa A, Purwosunu Y, Nagatsuka
M, Morioka M, Hayashi M and Okai T. Genetics
of endometrial cancers. Obstet Gynecol Int
2010; 2010: 984013.

O’Keefe RM, Lariviere MJ, Vachani C, Hamp-
shire MK, Bach C and Arnold-Korzeniowski K.
Contribution of family history of gynecologic
cancers to associated risk-factors and screen-
ing: analysis of an Internet-based risk assess-
ment tool. Journal of Clinical Oncology 2020;
38.

Am J Cancer Res 2020;10(10):3061-3082



(54]

[55]

[56]

[57]

(58]

(59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Type Il genomics in endometrial cancer in black women

O’Hara AJ and Bell DW, The genomics and
genetics of endometrial cancer. Adv Genomics
Genet 2012; 2012: 33-47.

Hu R, Hilakivi-Clarke L and Clarke R. Molecular
mechanisms of tamoxifen-associated endo-
metrial cancer (Review). Oncol Lett 2015; 9:
1495-1501.

Bafligil C, Thompson DJ, Lophatananon A,
Smith MJ, Ryan NA, Naqvi A, Evans DG and
Crosbie EJ. Association between genetic poly-
morphisms and endometrial cancer risk: a sys-
tematic review. J Med Genet 2020; 57: 591-
600.

Banno K, Kisu |, Yanokura M, Tsuji K, Masuda
K, Ueki A, Kobayashi Y, Yamagami W, Nomura
H, Tominaga E, Susumu N and Aoki D.
Biomarkers in endometrial cancer: possible
clinical applications (Review). Oncol Lett 2012;
3:1175-1180.

Hutt S, Tailor A, Ellis P, Michael A, Butler-
Manuel S and Chatterjee J. The role of bio-
markers in endometrial cancer and hyperpla-
sia: a literature review. Acta Oncol 2019; 58:
342-352.

Banno K, Yanokura M, lida M, Masuda K and
Aoki D. Carcinogenic mechanisms of endome-
trial cancer: involvement of genetics and epi-
genetics. J Obstet Gynaecol Res 2014; 40:
1957-67.

McDonnell DP and Norris JD. Connections and
regulation of the human estrogen receptor.
Science 2002; 296: 1642-4.

Shang Y. Molecular mechanisms of oestrogen
and SERMs in endometrial carcinogenesis.
Nat Rev Cancer 2006 6: 360-8.

Horree N, van Diest PJ, Sie-Go DM and Heintz
AP. The invasive front in endometrial carcino-
ma: higher proliferation and associated derail-
ment of cell cycle regulators. Hum Pathol
2007; 38: 1232-8.

Townsend MH, Ence ZE, Felsted AM, Parker
AC, Piccolo SR, Robison RA and O’Neill KL.
Potential new biomarkers for endometrial can-
cer. Cancer Cell Int 2019; 19: 19.

Bell DW and Ellenson LH. Molecular genetics
of endometrial carcinoma. Annu Rev Pathol
2019; 14: 339-367.

Hernandez JE, Gonzalez-Montiel A, Allos-
Villalva JCC, Cantd D, Barquet S, Olivares-
Mundo A, Herrera LA and Prada D. Prognostic
molecular biomarkers in endometrial cancer: a
review. J Cancer Res Ther 2019; 7: 17-28.
Singh M, Darcy KM, Brady WE, Clubwala R,
Weber Z, Rittenbach JV, Akalin A, Whitney
CW, Zaino R, Ramirez NC and Leslie KK.
Cadherins, catenins and cell cycle regulators:
impact on survival in a gynecologic oncology
group phase |l endometrial cancer trial.
Gynecol Oncol 2011; 123: 320-8.

3079

[67]

(68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

Bidus MA, Risinger JI, Chandramouli GV, Dainty
LA, Litzi TJ, Berchuck A, Barrett JC and Maxwell
GL. Maxwell, Prediction of lymph node metas-
tasis in patients with endometrioid endometri-
al cancer using expression microarray. Clin
Cancer Res 2006; 12: 83.

Singh M, Zaino RJ, Filiaci VJ and Leslie KK.
Relationship of estrogen and progesterone re-
ceptors to clinical outcome in metastatic endo-
metrial carcinoma: a gynecologic oncology
group study. Gynecol Oncol 2007; 106: 325-
33.

Brooks RA, Fleming GF, Lastra RR, Lee NK,
Moroney JW, Son CH, Tatebe K and Veneris JL.
Current recommendations and recent prog-
ress in endometrial cancer. CA Cancer J Clin
2019; 69: 258-279.

Soumerai TE, Donoghue MTA, Bandlamudi C,
Srinivasan P, Chang MT, Zamarin D, Cadoo KA,
Grisham RN, O’Cearbhaill RE, Tew WP, Konner
JA, Hensley ML, Makker V, Sabbatini P, Spriggs
DR, Troso-Sandoval TA, Charen AS, Friedman
C, Gorsky M, Schweber SJ, Middha S, Murali R,
Chiang S, Park KJ, Soslow RA, Ladanyi M, Li BT,
Mueller J, Weigelt B, Zehir A, Berger MF, Abu-
Rustum NR, Aghajanian C, DeLair DF, Solit DB,
Taylor BS and Hyman DM. Clinical utility of
prospective molecular characterization in ad-
vanced endometrial cancer. Clin Cancer Res
2018; 24: 5939.

Fader AN, Roque DM, Siegel E, Buza N, Hui
P, Abdelghany O, Chambers SK, Secord AA,
Havrilesky L, O'Malley DM, Backes F, Neva-
dunsky N, Edraki B, Pikaart D, Lowery W,
ElSahwi KS, Celano P, Bellone S, Azodi M,
Litkouhi B, Ratner E, Silasi DA, Schwartz PE
and Santin AD. Randomized phase Il trial
of carboplatin-paclitaxel versus carboplatin-
paclitaxel-trastuzumab in uterine serous carci-
nomas that overexpress human epidermal
growth factor receptor 2/neu. J Clin Oncol
2018; 36: 2044-2051.

Charo LM and Plaxe SC. Recent advances in
endometrial cancer: a review of key clinical
trials from 2015 to 2019. F1000Res 2019; 8:
F1000 Faculty Rev-849.

Qi F, Li Y, Yang X, Wu YP, Lin LJ and Liu XM.
Significance of alternative splicing in cancer
cells. Chin Med J (Engl) 2020; 133: 221-228.

Matera AG and Wang Z. A day in the life of the
spliceosome. Nat Rev Mol Cell Biol 2014; 15:
108-21.

Zhang X, Yan C, Zhan X, Li L, Lei J and Shi Y.
Structure of the human activated spliceosome
in three conformational states. Cell Res 2018;
28: 307-322.

Chen Y, Huang Q, Liu W, Zhu Q, Cui CP, Xu L,
Guo X, Wang P, Liu J, Dong G, Wei W, Liu CH,
Feng Z, He F and Zhang L. Mutually exclusive

Am J Cancer Res 2020;10(10):3061-3082



[77]

[78]

[79]

[80]

(81]

[82]

[83]

(84]

[85]

(86]

Type Il genomics in endometrial cancer in black women

acetylation and ubiquitylation of the splicing
factor SRSF5 control tumor growth. Nat
Commun 2018; 9: 2464.

Morita M, Sato T, Nomura M, Sakamoto Y,
Inoue Y, Tanaka R, Ito S, Kurosawa K, Yama-
guchi K, Sugiura Y, Takizaki H, Yamashita Y,
Katakura R, Sato |, Kawai M, Okada Y, Watana-
be H, Kondoh G, Matsumoto S, Kishimoto A,
Obata M, Matsumoto M, Fukuhara T, Motohashi
H, Suematsu M, Komatsu M, Nakayama KiI,
Watanabe T, Soga T, Shima H, Maemondo M
and Tanuma N. PKM1 confers metabolic ad-
vantages and promotes cell-autonomous tu-
mor cell growth. Cancer Cell 2018; 33: 355-
367, eT7.

Wang C, Zheng M, Wang S, Nie X, Guo Q, Gao
L, Li X, Qi Y, Liu J and Lin B. Whole genome
analysis and prognostic model construction
based on alternative splicing events in endo-
metrial cancer. Biomed Res Int 2019; 2019:
2686875.

Wong ACH, Rasko JEJ and Wong JJ. We skip to
work: alternative splicing in normal and malig-
nant myelopoiesis. Leukemia 2018; 32: 1081-
1093.

Le KQ, Prabhakar BS, Hong WJ and Li LC.
Alternative splicing as a biomarker and poten-
tial target for drug discovery. Acta Pharmacol
Sin 2015; 36: 1212-1218.

Oltean S and Bates DO. Hallmarks of alterna-
tive splicing in cancer. Oncogene 2014; 33:
5311-8.

Wan L, Yu W, Shen E, Sun W, Liu Y, Kong J, Wu
Y, Han F, Zhang L, Yu T, Zhou Y, Xie S, Xu E,
Zhang H and Lai M. SRSF6-regulated alterna-
tive splicing that promotes tumour progression
offers a therapy target for colorectal cancer.
Gut 2019; 68: 118-129.

Ryan M, Wong WC, Brown R, Akbani R, Su X,
Broom B, Melott J and Weinstein J. TCGAS-
pliceSeq a compendium of alternative mRNA
splicing in cancer. Nucleic Acids Res 2016; 44:
D1018-22.

Dou XQ, Chen XJ, Zhou Q, Wen MX, Zhang SZ
and Zhang SQ. miR-335 modulates Numb
alternative splicing via targeting RBM10 in
endometrial cancer. Kaohsiung J Med Sci
2020; 36: 171-177.

Skrzypczak M, Merx |, Schuler-Toprak S,
Weber F, Inwald EC, Ortmann O and Treeck O.
Molecular profiling of estrogen receptor alpha
and progesterone receptor transcript variants
in endometrial cancer. Steroids 2015; 104:
122-8.

Zhang B, Shao X, Zhou J, Qiu J, Wu'Y and Cheng
J. YT521 promotes metastases of endometrial
cancer by differential splicing of vascular en-
dothelial growth factor A. Tumour Biol 2016.
37: 15543-15549.

3080

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

Bonomi S, Gallo S, Catillo M, Pignataro D,
Biamonti G and Ghigna C. Oncogenic alterna-
tive splicing switches: role in cancer progres-
sion and prospects for therapy. Int J Cell Biol
2013; 2013: 962038.

Remmerie M and Janssens V. PP2A: a promis-
ing biomarker and therapeutic target in endo-
metrial cancer. Front Oncol 2019; 9: 462.
Acharya S, Hensley ML, Montag AC and
Fleming GF. Rare uterine cancers. Lancet
Oncol 2005; 6: 961-71.

Buhtoiarova TN, Brenner CA and Singh M.
Endometrial carcinoma: role of current and
emerging biomarkers in resolving persistent
clinical dilemmas. Am J Clin Pathol 2016; 145:
8-21.

El-Sahwi KS, Schwartz PE and Santin AD.
Development of targeted therapy in uterine
serous carcinoma, a biologically aggressive
variant of endometrial cancer. Expert Rev
Anticancer Ther 2012; 12: 41-9.

Eritja N, Yeramian A, Chen BJ, Llobet-Navas D,
Ortega E, Colas E, Abal M, Dolcet X, Reventos J
and Matias-Guiu X. Endometrial carcinoma:
specific targeted pathways. Adv Exp Med Biol
2017; 943: 149-207.

Hogberg T, Signorelli M, de Oliveira CF,
Fossati R, Lissoni AA, Sorbe B, Andersson H,
Grenman S, Lundgren C, Rosenberg P, Boman
K, Tholander B, Scambia G, Reed N, Cormio
G, Tognon G, Clarke J, Sawicki T, Zola P and
Kristensen G. Sequential adjuvant chemother-
apy and radiotherapy in endometrial cancer-
-results from two randomised studies. Eur J
Cancer 2010; 46: 2422-31.

Levenback C, Burke TW, Silva E, Morris M,
Gershenson DM, Kavanagh JJ and Wharton JT.
Uterine papillary serous carcinoma (UPSC)
treated with cisplatin, doxorubicin, and cyclo-
phosphamide (PAC). Gynecol Oncol 1992; 46:
317-21.

Morgan J, Hoekstra AV, Chapman-Davis E,
Hardt JL, Kim JJ and Buttin BM. Synuclein-
gamma (SNCG) may be a novel prognostic bio-
marker in uterine papillary serous carcinoma.
Gynecol Oncol 2009; 114: 293-8.

Smith MR, Peters WA 3rd and Drescher
CW. Cisplatin, doxorubicin hydrochloride, and
cyclophosphamide followed by radiotherapy in
high-risk endometrial carcinoma. Am J Obstet
Gynecol 1994; 170: 1677-81; discussion
1681-2.

Jackson C, Browell D Gautrey H and Tyson-
Capper A. Clinical significance of HER-2 splice
variants in breast cancer progression and drug
resistance. Int J Cell Biol 2013; 2013: 973584.
Castiglioni F, Tagliabue E, Campiglio M, Pupa
SM, Balsari A and Ménard S. Role of exon-
16-deleted HER2 in breast carcinomas. Endocr
Relat Cancer 2006; 13: 221-32.

Am J Cancer Res 2020;10(10):3061-3082



Type Il genomics in endometrial cancer in black women

[99] Cherniack AD, Shen H, Walter V, Stewart C,
Murray BA, Bowlby R, Hu X, Ling S, Soslow RA,
Broaddus RR, Zuna RE, Robertson G, Laird
PW, Kucherlapati R, Mills GB; Cancer Genome
Atlas Research Network, Weinstein JN, Zhang
J, Akbani R and Levine DA. Integrated molecu-
lar characterization of uterine carcinosarcoma.
Cancer Cell 2017; 31: 411-423.

[100] Cutillas PR. Role of phosphoproteomics in the
development of personalized cancer thera-
pies. Proteomics Clin Appl 2015; 9: 383-95.

[101] Inoue K and Fry EA. Aberrant splicing of estro-
gen receptor, HER2, and CD44 genes in breast
cancer. Genet Epigenet 2015; 7: 19-32.

[102] Liu Y, Ren S, Castellanos-Martin A, Perez-
Losada J, Kwon YW, Huang Y, Wang Z, Abad M,
Cruz-Hernandez JJ, Rodriguez CA, Sun Y and
Mao JH. Multiple novel alternative splicing
forms of FBXW7alpha have a translational
modulatory function and show specific altera-
tion in human cancer. PLoS One 2012; 7:
e49453.

[103]Yeh CH, Bellon M and Nicot C. FBXW7: a
critical tumor suppressor of human cancers.
Mol Cancer 2018; 17: 115.

[104] Remmerie M and Janssens V. Targeted thera-
pies in type Il endometrial cancers: too little,
but not too late. Int J Mol Sci 2018; 19: 2380.

[105] Welcker M, Orian A, Grim JE, Eisenman RN and
Clurman BE. A nucleolar isoform of the Fbw7
ubiquitin ligase regulates c-Myc and cell size.
Curr Biol 2004; 14: 1852-7.

[106] Bischof K, Knappskog S, Stefansson |,
McCormack EM, Trovik J, Werner HMJ, Woie K,
Gjertsen BT and Bjorge L. High expression of
the p53 isoform gamma is associated with re-
duced progression-free survival in uterine se-
rous carcinoma. BMC Cancer 2018; 1: 684.

[107] Surget S, Khoury MP and Bourdon JC.
Uncovering the role of p53 splice variants in
human malignancy: a clinical perspective.
Onco Targets Ther 2013; 7: 57-68.

[108] Mehta S, Tsai P, Lasham A, Campbell H, Reddel
R, Braithwaite A and Print C. A study of TP53
RNA splicing illustrates pitfalls of RNA-seq
methodology. Cancer Res 2016; 76: 7151-
7159.

[109] Anensen N, Hjelle SM, Van Belle W, Haaland I,
Silden E, Bourdon JC, Hovland R, Taskén K,
Knappskog S, Lenning PE, Bruserud @ and
Gjertsen BT. Correlation analysis of p53 pro-
tein isoforms with NPM1/FLT3 mutations and
therapy response in acute myeloid leukemia.
Oncogene 2012; 31: 1533-45.

[110] Bourdon JC, Khoury MP, Diot A, Baker L,
Fernandes K, Aoubala M, Quinlan P, Purdie
CA, Jordan LB, Prats AC, Lane DP and
Thompson AM. p53 mutant breast cancer pa-
tients expressing p53gamma have as good a

3081

prognosis as wild-type p53 breast cancer pa-
tients. Breast Cancer Res 2011; 13: R7.

[111] Conciatori F, Bazzichetto C, Amoreo CA,
Sperduti |, Donzelli S, Diodoro MG, Buglioni S,
Falcone |, Shirasawa S, Blandino G, Ferretti G,
Cognetti F, Milella M and Ciuffreda L. PTEN as
a prognostic/predictive biomarker in cancer:
an unfulfilled promise? Cancers (Basel) 2019;
11.

[112] Gbelcova H, Bakes P, Priscakova P, Sisovsky V,
Hojsikova |, Straka L, Koneény M, Markus J,
D’Acunto CW, RumI T, Béhmer D, Danihel L and
Repiska V. PTEN sequence analysis in endo-
metrial hyperplasia and endometrial carcino-
ma in Slovak women. Anal Cell Pathol (Amst)
2015; 2015: 746856.

[113] Mazloumi Gavgani F, Smith Arnesen V, Jaco-
bsen RG, Krakstad C, Hoivik EA and Lewis AE.
Class | phosphoinositide 3-kinase PIK3CA/
pl10alpha and PIK3CB/p110beta isoforms in
endometrial cancer. Int J Mol Sci 2018; 19:
3931.

[114] Sharrard RM and Maitland NJ. Alternative
splicing of the human PTEN/MMAC1/TEP1
gene. Biochim Biophys Acta 2000; 1494: 282-
5.

[115] Jean S and Kiger AA. Classes of phosphoinosit-
ide 3-kinases at a glance. J Cell Sci 2014; 127:
923-8.

[116] Vanhaesebroeck B, Guillermet-Guibert J,
Graupera M and Bilanges B. The emerging
mechanisms of isoform-specific PI3K signal-
ling. Nat Rev Mol Cell Biol 2010; 11: 329-41.

[117] Juric D, Rodon J, Tabernero J, Janku F, Burris
HA, Schellens JHM, Middleton MR, Berlin J,
Schuler M, Gil-Martin M, Rugo HS, Seggewiss-
Bernhardt R, Huang A, Bootle D, Demanse
D, Blumenstein L, Coughlin C, Quadt C and
Baselga J. Phosphatidylinositol 3-kinase al-
pha-selective inhibition with alpelisib (BYL719)
in PIK3CA-altered solid tumors: results from
the first-in-human study. J Clin Oncol 2018; 36:
1291-1299.

[118] Mateo J, Ganji G, Lemech C, Burris HA, Han
SW, Swales K, Decordova S, DeYoung MP,
Smith DA, Kalyana-Sundaram S, Wu J, Motwani
M, Kumar R, Tolson JM, Rha SY, Chung HC,
Eder JP, Sharma S, Bang YJ, Infante JR, Yan L,
de Bono JS and Arkenau HT. A first-time-in-hu-
man study of GSK2636771, a phosphoinosit-
ide 3 kinase beta-selective inhibitor, in pa-
tients with advanced solid tumors. Clin Cancer
Res 2017; 23: 5981-5992.

[119] Mukeriji B, Baptiste C, Chen L, Tergas Al, Hou
JY, Ananth CV, Neugut Al, Hershman DL and
Wright JD. Racial disparities in young women
with endometrial cancer. Gynecol Oncol 2018;
148: 527-534.

Am J Cancer Res 2020;10(10):3061-3082



Type Il genomics in endometrial cancer in black women

[120] Talhouk A and McAlpine JN. New classification
of endometrial cancers: the development and
potential applications of genomic-based clas-
sification in research and clinical care. Gynecol
Oncol Res Pract 2016; 3: 14.

[121] Stubert J and Gerber B. Current issues in the
diagnosis and treatment of endometrial carci-
noma. Geburtshilfe Frauenheilkd 2016; 76:
170-175.

[122] Mehasseb MK and Latimer JA. Controversies
in the management of endometrial carcinoma:
an update. Obstet Gynecol Int 2012; 2012:
676032.

3082

[123] Steiner E, Juhasz-Bbsz |, Emons G, Kélbl H,
Kimmig R and Mallmann P; fir die AGO Uterus
der DGGG. Transvaginal ultrasound for endo-
metrial carcinoma screening - current evi-
dence-based data. Geburtshilfe Frauenheilkd
2012; 72: 1088-1091.

[124] Ji'Y, Mishra RK and Davuluri RV. In silico analy-
sis of alternative splicing on drug-target gene
interactions. Sci Rep 2020; 10: 134.

[125] Zhang W and Koepp DW. Fbw7 isoform inter-
action contributes to cyclin E proteolysis. Mol
Cancer Res 2006; 4: 935-43.

Am J Cancer Res 2020;10(10):3061-3082



