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Abstract
Racial differences in the molecular profile of endometrial

carcinoma

Konstantinos Polymeros

Endometrial cancer (EC) is the commonest gynaecologic malignancy in developed
countries and its incidence is rising. Although excellent prognosis is associated with early
stage disease, treatment for late stage cases is challenging and the treatment optionslimited.
Racial differences have been shown in Black and Caucasian women diagnosed with EC
however, evidence for other racial groups is limited with Asian patients being particularly
under-represented in the literature.

The aims of the study were to propose effective targeted drug treatments suitable for
subsequent testing in animal models of EC and to identify differences in the mutational
profile of endometrial tumours between British White (BW) and South Asian (BSA)
women.

CUDC-907, a PI3K and HDAC inhibitor, was the most effective monotherapy treatment
in EC cells. Several combination treatments showed synergism and efficacy in EC cell
lines with the most efficacious being CUDC-907 and S63845 (MCL1 inhibitor) combined
with the MEK inhibitor PD0325901.

Although there was no significant difference in the overall mutation frequency of the 10
genes analyzed, numerous differences were observed between the two racial groups.
PIK3CA and PTEN mutations were positively associated in the BSA but not in the BW
group. On the contrary, BW women had co-existent ARID1A and PI3K pathway
mutations, which was not shown in BSA women. BSA women had higher grade disease
in our cohort and survival data are eagerly anticipated.

A range of targeted inhibitory drugs emerged from this study showing in vitro efficacy,
alone or in combination, in endometrial cancer cells. Further validation of these therapeutic
options in animal models is needed prior to confirming their suitability for use in EC. This
study, the first to attempt a comparison between a Caucasian and South Asian cohort of
women in genes frequently driving carcinogenesis in EC, showed several differences with

translational and clinical relevance.
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LIST OF ABBREVIATIONS

AA African American

AKT Protein kinase B

AML Acute myelogenous leukemia

APS Ammonium persulfate

ASA American Society of Anaesthesiologists
Bcl-2 B-cell lymphoma 2 protein

BET Bromodomain and extraterminal

BMI Body mass index

BSA British South Asian

BSO Bilateral salpingo-oophorectomy
BTK Bruton’s tyrosine kinase
BW British White

CAH Complex atypical hyperplasia

CDK Cyclin-dependent kinase

Cl Calculation Index

CLL Chronic lymphocytic leukemia

CR Complete response

CT Computed tomography

DLBCL Diffuse large B-cell lymphoma
DMEM  Dulbecco’s Modified Eagle’s Medium
DMSO  Dimethyl Sulfoxide

DPBS Dulbecco’s Phosphate Buffered Saline
DSPc Dual specificity phosphatase catalytic
EC Endometrial cancer

EGFR Epidermal growth factor receptor

EMT Epithelial to mesenchymal transition
ER Estrogen receptor
ERK Extracellular signal-regulated kinase
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ESGO European Society of Gynaecological Oncology
ESMO  European Society of Medical Oncology
ESTRO European Society for Radiotherapy & Oncology
FBS Fetal Bovine Serum

FFPE Formalin Fixed Paraffin Embedded

GCLC  Glutamate-cysteine ligase synthetase catalytic
GOG Gynecologic Oncology Group

GPCR  G-protein-coupled receptors

GSK Glycogen synthase kinase

HDAC  Histone deacetylase

HNPCC Hereditary non-polyposis colorectal cancer
HRT Hormone replacement therapy

Hsp Heat Shock Protein

IC50 The concentration of a drug that is required for 50% inhibition in vitro

IHC Immunohistochemistry

JAK Janus-associated kinase

LS Lynch syndrome

LVSI Lympho-vascular space involvement

MAPK  Mitogen-activated protein Kinase
MCL1  Myeloid cell leukemia 1
MCT1  Monocarboxylate transporter 1

Ml Myometrial invasion
MIS Minimally invasive surgery
MSI Microsatellite instability

MMR Mismatch repair

MRI Magnetic resonance imaging

MSI Microsatellite instability

mTOR  mammalian target of rapamycin

NF-kB  Nuclear factor kappa-light-chain-enhancer of activated B cells

NGS Next generation sequencing
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NHL
NIDDM
NSCLC
ORR
PCOS
PD-1
PDK1
PD-L1
PFS

Pl
PI3K
PIP2
PIP3
PP2A
PR
RCT
RFS
RIPA
RTK
SCNA
SDS
SEER
T-ALL

Non-Hodgkin lymphoma

Non-Insulin Dependent Diabetes Mellitus
Non-small cell lung cancer

Objective response rate

Polycystic ovarian syndrome
Programmed cell death protein 1
Phosphoinositide-dependent kinase-1
Programmed death-ligand 1
Progression-free survival

Propidium lodide

Phosphoinositide 3-kinase
Phosphatidylinositol 4,5-bisphosphate
Phosphatidylinositol 3,4,5-triphosphate
Protein phosphatase 2

Partial response

Randomized controlled trial
Recurrence-free survival

Radio immunoprecipitation assay
Receptor tyrosine kinase

Somatic copy number alterations
Sodium Dodecyl Sulfate

Surveillance, Epidemiology and End Results database

T-cell acute lymphoblastic leukemia

TEMED Tetramethylethylenediamine

T-LBL
VEGF

T-cell lymphoblastic lymphoma

Vascular endothelial growth factor
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Chapter 1 Introduction

1.1 Endometrial cancer

1.1.1 Epidemiology

Endometrial cancer (EC) is the most common gynaecologic malignancy in the developed
world. In the UK, 9,538 new cases were diagnosed in 2016 (Cancer Research UK. 2019).
Worldwide, there were an estimated of 382,069 new cases with 89,929 deaths in 2018 and
EC is the second most common gynaecological cancer after cervical (Bray et al., 2018).
The incidence has risen in the UK by more than 50% in the last 20 years (Office for
National Statistics, 2016) and it is projected to rise even more (Mistry et al., 2011). Unlike
most other cancers, in which mortality is falling with time, in the UK mortality rates from
EC have plateaued over the last four decades (6.6 per 100,000 population in 1975 versus
7.1 in 2016) (Cancer Research UK. 2019) despite advances in the diagnosis and surgical
management of the disease. This confirms data from the USA, which show that
endometrial and cervical cancer are the only malignancies for which the five-year survival
has decreased when comparing the 1975-77 period with the 2006-12 (Ahmedin Jemal et
al, 2017).

1.1.2 Histological and Molecular Classification

The histological subtypes of endometrial cancer are shown in Table 1.1 below.

Traditionally, EC is classified as type | and type Il (Bokhman, 1983). Type | is
histologically an endometrioid adenocarcinoma and is associated with a hyper-estrogenic
state. It accounts for more than 80% of cases. Patients with this type of cancer are typically
obese and often have cardio-metabolic syndrome (diabetes, heart disease and
dislipaedemia). It is usually preceded by endometrial hyperplasia and has a very
favourable prognosis if diagnosed early. Type Il is not associated with obesity and
oestrogen exposure, hence the endometrium is usually atrophic. The histological subtypes

are serous or clear cell and are associated with a poor prognosis.
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Histological subtypes

Endometrioid adenocarcinoma

Mucinous carcinoma

Serous carcinoma

Clear cell carcinoma

Squamous cell carcinoma

Undifferentiated carcinoma

Mixed carcinoma

Metastatic carcinoma

Table 1.1 Histological subtypes of endometrial cancer (Gordon & Ireland, 2009).

Newer molecular studies have attempted to re-classify endometrial cancer. The most
significant of them (TCGA, 2013) identified four distinct groups: a POLE ultra-mutated
group, a group characterized by microsatellite instability (MSI) and two groups divided by
the number of somatic copy number alterations (SCNASs) to low (where most of the
endometrioid histology cases belong) and high (where most serous cases belong). The
paradigm shift of this new categorization of endometrial cancer is that it ‘cuts through’
Bokhman’s binary model and identifies previously regarded as ‘Type 1’ cases
(endometrioid histology) which ‘behave’ similarly to ‘Type 2’ tumours (mostly serous
histology) and encompasses them in the SCNAs high group. The remaining three groups,
although they consist mostly of endometrioid tumours, have very different prognosis:
Excellent for the POLE ultra-mutated cohort, much worse for the SCNAs low group. The
implementation of this new molecular characterization of endometrial cancer in current
clinical practice could eventually alter the treatment strategies used and will unavoidably

lead to a more ‘personalised’ cancer therapy.

1.1.3 Aetiology-Pathophysiology

Obesity is the most significant risk factor contributing to the rise in the prevalence of EC.
In the last 20 years, there has been a continuous increase in the incidence of obesity in the
UK and currently 27% of women are obese (BMI1>30) as compared to 16% in 1993 (more

than 68% rise in the last 22 years) (Health survey for England. 2015). Obese women,
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particularly post-menopausal, have higher circulating levels of oestrogens, causing chronic
endometrial stimulation which subsequently leads to endometrial hyperplasia and cancer
(Kirschner et al., 1982). The mechanism behind the hyperestrogenemia observed in obese
women is the peripheral aromatization of androgens to oestrogens, taking place in the
adipose tissue.

Increased life expectancy plays a crucial role in the rising incidence of all cancers. Women
in the UK live longer compared to the past, with life expectancy having increased from
76.8 years (1980-82) to 82.9 (2015-17) (Office for National Statistics, 2018). Cancer is,
partly, a disease of aging, hence the projections are that EC will follow the trend of life
expectancy and will increase even further in the future. Mistry projected that in 2030 there
will be 45% more EC cases in the UK compared to 2007, an annual increase of 1.6%
(Mistry et al., 2011).

Tamoxifen use is another well-established risk factor for EC. Although it is used for the
treatment of breast cancer due to its anti-estrogenic activity, it acts as an oestrogen agonist
in the endometrium. The reason for this differential action is unclear but thought to be
associated with the expression of its co-regulator proteins (Yongfeng Shang & Myles
Brown, 2002). Its use in the UK has significantly increased over time, which correlates
with the large increase in the incidence of breast cancer (27% increase between 1993 and
2014) (Cancer Research UK. 2019). Tamoxifen use increases the risk of EC by 2-3 times
(Fisher et al., 1998; Wickerham et al., 2002).

Nulliparity is an independent risk factor for the development of EC and increases in the
UK (18% of women born in the UK in 1971 have no children compared to 11% of women
born in 1944) (Office for National Statistics, 2018). Recent studies (H. P. Yang et al.,
2015) have confirmed this causal association and large meta-analysis have shown that
there is an inverse, non-linear relationship between the number of children a woman has
and her lifetime risk of developing endometrial cancer (Q. Wu et al., 2015). The likely
reason behind this inverse association is the prolonged, protective progestogenic stimulus

to the endometrium associated with pregnancy.

Oestrogen-only hormone replacement therapy (HRT) is a well-known risk factor for EC

(\Valerie Beral et al., 2005a), although its use nowadays is almost non-existent in non-
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hysterectomized women. Tibolone, a drug used for the management of menopausal
symptoms, also increases the risk of EC. Continuous combined HRT has been shown to
reduce the risk of EC in obese women (BMI>30) but does not have a similar protective
effect inwomen of normal weight (Valerie Beral et al., 2005b). Similarly, cyclic combined
HRT also reduces the risk of EC in obese women but, unlike continuous preparations,
actually increases the risk of EC in women of normal BMI (<25) (relative risk 1.54, CI
1.20-1.99) (Valerie Beral et al., 2005b).

Hereditary nonpolyposis colorectal cancer (HNPCC or Lynch syndrome) is an autosomal
dominant condition which increases the risk of developing one or more of several cancers
at young age, most notably colorectal and EC. The lifetime risk of developing EC is
reported to range between 27-71% (Hendriks et al., 2004) depending on the exact mutation
of the mis-match repair (MMR) deficiency genes. The risk is higher with MLH1 and MSH2
mutations, followed by MSH6 while it is lower with PMS2 mutation (Steinke et al., 2013).
Patients with Lynch syndrome are diagnosed with endometrial cancer on average at the
age of 53.4 years as opposed to 63.6 years for EC patients without MMR deficiency
(Karamurzin & Rutgers, 2009).

Polycystic ovarian syndrome (PCOS) with its associated oligomenorrhea and anovulatory
cycles renders the endometrium susceptible to long periods of oestrogenic stimulation
without the protective influence of progesterone. This results in a three-fold increased risk
of EC later in life (Haoula et al., 2012).

The association of diabetes with EC is well established as the incidence of EC among
diabetic women is higher (Jakob Starup-Linde et al., 2013). Diabetic patients are more
obese, which predisposes to EC. Whether there is a further causal relationship, though, is
still debatable, as large studies failed to show higher incidence among diabetics when
controlled for BMI (J Luo et al.,, 2014). However, it has been shown that hyper-
insulinaemia and the associated mitogenic activity increases the risk of endometrial cancer
(Marc J. Gunter et al., 2008).

The fall in the hysterectomy rates in the UK has been implicated, at least partly, for the
increasing rates of EC. There was a 64% decline in the number of hysterectomies
performed in the NHS for menorrhagia between 1989-90 and 2002-3 (Reid & Mukri,
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2005) and the rates kept declining in the next decade, at a slower pace though
(Mukhopadhaya & Manyonda, 2013).

1.1.4 Symptoms-Diagnosis

The most common symptom leading to the diagnosis of EC is unscheduled vaginal
bleeding. This usually occurs in the menopause and prompts medical investigations which
for most patients consist of an ultrasound scan that measures the endometrial thickness.
The accuracy of the scan is higher when the transvaginal approach is being used as a
transabdominal probe is at greater distance from the uterus, particularly in obese patients,
which constitute the majority of EC cases. Depending on the scan result, a hysteroscopy
and endometrial biopsy might be needed. In pre-menopausal women, common symptoms
seen prior to diagnosis include intermenstrual bleeding, menorrhagia, abnormal vaginal
discharge and rarely fatigue and anaemia. After diagnosis has been established, an MRI
scan can be a useful tool in the preoperative staging of the disease as it can identify with
great accuracy the degree of myometrial invasion and serosal, adnexal and pelvic nodal
involvement. On the contrary, CT is not as sensitive as MRI in identifying the degree of
myometrial invasion. Its use in EC is limited in the staging of patients with advanced

disease as it can detect peritoneal spread and distant metastasis (Olawaiye et al, 2017).

1.1.5 Staging

The FIGO staging of EC has been amended (Pecorelli, 2009) and is presented below in
Table 1.2.
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Stage Criteria

0 Carcinoma in situ

I Tumour confined to uterine body

e IA e Tumour limited to endometrium or
involves <50% of myometrium
e IB e Tumour invades >50%  of

myometrium

1 Tumour invades cervical stroma, does not

extend beyond uterus

i Local and/or regional spread of tumour

o IlIA e Tumour invades serosa of uterine
body and/or adnexae
e IIIB e Vaginal and/or parametrial
involvement
¢ e o Metastases to pelvic and/or para-

aortic lymph nodes

i) 1ic1
i) Positive pelvic nodes
i) 1c2
i) Positive para-aortic lymph
nodes with/without positive
pelvic lymph nodes
v Tumour invades bladder mucosa and/or
bowel mucosa and/or distant metastases
e IVA e Tumour invasion of bladder and/or
bowel mucosa
e |VB o Distant metastases, including intra-

umbilical metastases and/or inguinal

nodes

Table 1.2 Staging of endometrial cancer

In December 2014, a joint conference was held in Milan and representatives of the

European Society of Medical Oncology (ESMO), European SocieTy for Radiotherapy &
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Oncology (ESTRO) and European Society of Gynaecological Oncology (ESGO) defined

new risk groups of EC in order to guide the use of adjuvant therapy (Colombo et al., 2016).

The groups are shown in Table 1.3 below.

Risk group

Description

Low

Stage | endometrioid, grade 1-2, <50%

myometrial invasion (MI), LVSI negative

Intermediate

Stage | endometrioid, grade 1-2, > 50% MI,
LVSI negative

High-intermediate

Stage | endometrioid, grade 3,
<50% MI, regardless of LVSI
status

Stage | endometrioid, grade 1-2,
LVSI  unequivocally  positive,

regardless of depth of invasion

High

Stage | endometrioid, grade 3, >
50% M, regardless of LVSI status
Stage Il

Stage 11l endometrioid, no residual
disease

Non endometrioid (serous or clear
cell or undifferentiated carcinoma,

or carcinosarcoma)

Advanced

Stage |11 residual disease and stage IVA

Metastatic

Stage IVB

Table 1.3. Risk groups to guide adjuvant therapy use (Colombo et al., 2016).

1.1.6 Prognosis

Survival significantly deteriorates with increased stage of disease (Table 1.4).
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Stage of endometrial cancer 5-year survival
Stage | 95%
Stage 11 7%
Stage 111 39%
Stage IV 14%

Table 1.4. 5-year survival in different stages of endometrial cancer (Office for National
Statistics, 2016).

Prognosis of endometrial cancer deteriorates in older patients. Five-year net survival is
more than 85% for women younger than 60 years old and it drops to 73% for women aged
70-79 years and 57% for those older than 80 (Cancer Research UK. 2019).

1.1.7 Treatment

For most patients diagnosed in early stages, treatment involves a total hysterectomy with
bilateral salpingo-oophorectomy (BSO). This can been performed through a laparotomy
or minimal invasive surgery (MIS, either laparoscopically or robotically). MIS confers
equal oncological outcomes and significantly improved quality of life along with less risk
of surgical complications as compared to open surgery (Joan L. Walker et al., 2012). In
cases of young women with an early stage disease without any evidence of adnexal
involvement, ovarian preservation can be offered and it might actually improve the overall
survival (Jia & Zhang, 2017). For women with high grade disease, pelvic and para-aortic
lymphadenectomy and omental biopsy are usually performed. In these latter cases, chemo-
radiotherapy is usually offered post-operatively. For patients not amenable to surgery due
to co-morbidities, radiotherapy and/or treatment with high doses of progestogens can be

used.

Several chemotherapy regimens have been tried as adjuvant treatments in advanced EC
and most of them are platinum-based. A recent Cochrane review (Galaal et al., 2014)
identified three main combinations: Cisplatin with doxorubicin, cisplatin with doxorubicin
and paclitaxel and cisplatin with doxorubicin and cyclophosphamide. A randomized

controlled trial (RCT) comparing the first two combinations showed that adding paclitaxel
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does not add any benefit to the combination of cisplatin with doxorubicin (Homesley et al,
2008).

1.2 Molecular pathways involved in endometrial carcinogenesis

The most important property of cancer cells is their uncontrolled proliferation, which is
achieved by a variety of different mechanisms. One of them is the activation of the various
components of signaling pathways, bypassing the need for receptor mediated activation
(Hanahan & Weinberg, 2011). In many cases this is achieved by somatic mutations which
offer a selective growth advantage in the subclone of cancer cells harboring them. These
mutations are called driver mutations and exert their action through a limited number of
signaling pathways (Bert VVogelstein et al., 2013). Cancer progression is therefore achieved
by the expansion of those subclones containing these driver mutations. The acquisition of
such mutations is usually a stochastic phenomenon although it can occur as part of an
inherited phenotype (Hanahan & Weinberg, 2011). It is also known that such driver
mutations increase the rate of other mutations (genomic instability), which in turn might
lead to further clonal expansion and eventually to ‘fitter’ tumour cells (Greaves & Maley,
2012).

In 1971, Alfred Knudson proposed the ‘two hit’ model of carcinogenesis, which was based
on his work in retinoblastoma (Knudson, 1971). He observed that cases with bilateral
tumours were occurring earlier as these patients had inherited a germline mutation (first
hit) and hence they only needed one somatic mutation at a later stage (second-hit) in order
to develop the tumour. On the contrary, unilateral tumours (the majority), were occurring
at an older age as they required two somatic mutations (one in each allele of the gene) in
order for the tumour to develop (two-hit model of carcinogenesis). This hypothesis was
later confirmed with studies on the retinoblastoma gene (Friend S. H. et al, 1986) and lead
to the understanding of tumour suppressor genes. According to this model, when cancer
arises as a result of biallelic inactivation of a gene, this gene can be called ‘tumour
suppressor gene’. A more generic definition was later proposed by Haber and Harlow
according to whom tumour suppressor genes are ‘genes that sustain loss-of-function

mutations in the development of cancer’ (Haber & Harlow, 1997).
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There are exceptions to the above definition of tumour suppressor genes and the ‘two-hit’
model of carcinogenesis. Two of the most notable are loss of heterozygosity (LOH) and
epigenetic silencing.

LOH refers to the loss of one of the two alleles of a gene in a cell. If this gene happens to
be a tumour suppressor gene, it would be enough for just one somatic mutation (‘one-hit
model’) occurring in the other copy of the gene in order to completely inactivate the gene
and potentially lead to a cancer growth. This was clearly shown in the case of CDKN1B
homozygous knockout mouse model, where all mice developed pituitary adenomas while
their wild-type counterparts did not. Some (32%), but not all, heterozygous mice also
developed pituitary tumours but it took longer for those tumours to develop (Fero M.L et
al, 1998).

Epigenetic silencing is an alternative mechanism that leads to suppression of gene
expression without the presence of a mutation. The first to be described and best-known
change associated with epigenetic silencing is CpG methylation (the methylation of
cytosine followed by a guanine nucleotide) (Holiday & Pugh, 1975; Riggs, 1975). Several
tumour suppressor genes have been described as epigenetically silenced including MLH1,
a gene particularly important in endometrial carcinogenesis. Germline mutation of MLH1
leads to microsatellite instability and subsequent increased risk for colonic, endometrial
and ovarian cancer (Lynch syndrome). MLH1 can also be inactivated through promoter
hypermethylation, leading to similarly increased risk of carcinogenesis. Interestingly,
MLH1 loss is much more frequently associated with promoter hypermethylation than a

germline mutation (Buchannan DD et al, 2014).

To summarise, the cancer cell uses a variety of mechanisms in order to increase its
proliferation and gain an advantage over neighbouring cells. Most of them exploit known
pro-survival pathways. The two most important signaling pathways for endometrial

carcinogenesis will be described below.

1.2.1 Phosphoinositide 3-kinase (P13K) signalling pathway

PI13K is a family of kinases which consist of three classes. Class | is the best described and
most involved in tumourigenesis. It has a catalytic and regulatory subunit. The catalytic

subunit (p110a) is encoded by the PIK3CA gene, while the regulatory subunit (p85) is
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encoded by the PIK3R1-3 genes (Cheng et al., 2009). Signals from tyrosine Kkinase
receptors (RTK) and G-protein-coupled receptors (GPCR) in the cell membrane lead to
PI3K activation which in turn phosphorylates phosphatidylinositol 4,5-bisphosphate
(PIP2) and thus converting it to phosphatidylinositol 3,4,5-triphosphate (PIP3) (Figure
1.1). PIP3 can be dephosphorylated by the PTEN phosphatase and reverted back to PIP2,
which halts the downstream effects of PIP3. In the absence of this action, PIP3 recruits
phosphoinositide-dependent kinase-1 (PDK1) and protein kinase B (AKT) in the inner cell
membrane. PDK1 subsequently phosphorylates AKT (p-AKT). Its activity increases even
further following phosphorylation by the mammalian target of rapamycin complex 2
(mTORC2) (Manning & Toker, 2017).

The activated AKT has several downstream effectors (Vanhaesebroeck & Alessi, 2000).
One of the most important is the activation (phosphorylation) of the mammalian target of
rapamycin complex 1 (mTORC1), which results in increased synthesis of proteins and
survival (Martini et al., 2014), an action that cancer cells take advantage of. Another one
is the inhibition (via phosphorylation) of glycogen synthase kinase-3 (GSK3) which has
an inhibitory function on many targets associated with cell survival and metabolism,
including the anti-apoptotic myeloid cell leukemia 1 (MCL1) protein (Manning & Toker,
2017). GSK3 inactivation by pAKT leads to subsequent downstream activation of those
factors previously inhibited by GSKS3.
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Figure 1.1 Schematic representation of PI3K/Akt pathway and the associations between
its various components (Manning & Toker, 2017).

1.2.2 PI3K targeted therapies

Endometrial cancer has the highest rate of PI3K pathway mutations compared to any other
cancer studied (TCGA, 2013). As this is one of the most amenable to targeted therapies
pathway, these drugs could be potentially good candidates to be tested in advanced cases
of EC.

1.2.2.1 Preclinical studies

Many inhibitors of PI3K and/or mTOR have been tested in vitro. Their efficacy depends
on the endometrial cancer cell line in which they have been tested and, in particular, in the

mutational status of this, along with the corresponding molecular pathway activation.
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AZDB8055 is an mTOR inhibitor that showed significant in vitro efficacy. It was tested in
24 EC cell lines and in all but one the surviving fraction 50% (SF50) was achieved with
concentrations of <1uM (Weigelt et al., 2013). Exactly the same applied to PF-04691502,
a dual PI3K/mTOR inhibitor which was equally effective (Weigelt et al., 2013). The same
group also reported on Pictilisib (GDC-0941), a PI3K inhibitor found to be very efficient
against half of the cell lines tested (13 out of 24) and in particular those harbouring
PIK3CA mutations. Similar findings on Pictilisib were confirmed recently by a different
group, which reported 1C50 values of less than 1uM in 11 out of 13 cell lines (Aslan et al.,
2018). From the same study, excellent results were shown when Apitolisib (dual
PI3K/mTOR inhibitor) was used (12 out 13 cell lines had an IC50 of less than 0.6uM).
GSK2636771, a selective PI3K beta inhibitor, showed no efficacy in any of the 24 EC cell
lines tested (Weigelt et al., 2013). Dactolisib (NVP-BEZ235) was tested in 13 EC cell
lines and showed significant efficacy as in 10 out of 13 cell lines had IC50 values of 100nM
or less (as compared to everolimus which had similar efficacy in only 3 out of these 13
cell lines) (Keiko Shoji et al., 2012). Voxtalisib (SAR245409) is another dual PI3K/mTOR
inhibitor which was tested in twelve EC cell lines with modest results as only in two of
them the 1C50 values were <1uM. In the remaining ten cell lines, IC 50 values were
between 2.2 and 7uM (Inaba et al, 2015).

Animal studies have tested a dual mTORCL/2 inhibitor (PP242, Torkinib) (Korets et al,
2013). The results were very promising with significant reduction of tumour volume after
20 days of treatment, better compared to everolimus and carboplatin alone. When PP242
was combined with carboplatin, the reduction in tumour volume was even more

significant.

1.2.2.2 Clinical trials

Several studies have attempted to explore the efficacy of PIBK/mTOR inhibitors in
advanced cases of endometrial cancer, with different results. The mTOR inhibitor
Temsirolimus was tried in a phase 2 trial (Amit M. Oza et al., 2011) showing some benefit,
particularly in patients who had not received chemotherapy previously (14% partial
response for 5.1 months and 69% stable disease for 9.7 months). The same research group
reported on the use of another mTOR inhibitor (ridaforolimus) in previously treated EC

with marginal benefit [progression free survival (PFS) of 3.6 months compared to 1.9
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months for progestins or any other alternative] at the expense of more serious side-effects
(Amit M Oza et al., 2015). Another mTOR inhibitor tested in a phase 2 French study was
everolimus (I Ray-coquard et al., 2013). It showed some small benefit in refractory to first

line chemotherapy cases with median duration of response 3.1 months.

Several PI3K inhibitors have been tested in vitro but only few of them made their way into
clinical trials in the context of advanced endometrial cancer. Gedatolisib (PF-05212384)
and PF-04691502 are dual PI3K and mTOR inhibitors which showed efficacy in
preclinical models (Mallon et al., 2011; J. Yuan et al., 2011). They were subsequently
evaluated in clinical trials which showed that PF-04691502 was not tolerated and had to
be discontinued due to side-effects. Gedatolisib had some modest activity with a
progression free survival (PFS) of 3.6 months and objective response rate (ORR) of 16%
(Josep Maria del Campo et al, 2016). Minimal efficacy was shown with the use of
Pilaralisib (PI13K inhibitor) in another phase Il study, as the ORR was only 6% (Matulonis
et al, 2014). Similar results published from a phase Il trial testing Apitolisib (dual
PI3K/mTOR inhibitor) in patients who had previously treated with one or two cycles of
chemotherapy (Makker et al., 2016). The ORR was 9% and PFS was 3.5 months with
hyperglycaemia being the main side-effect. An AKT inhibitor (MK-2206) tested in a phase
Il trial has shown poor efficacy in patients with advanced EC and up to two lines of
chemotherapy (Andrea P. Myers & et al, 2013). Buparlisib (BKM120) is a PI3K inhibitor
that was evaluated in a phase |1 trial in patients with advanced or recurrent EC who had
received up to one line of chemotherapy (P-E Heudel et al., 2017). This trial was closed
prematurely due to toxicity. There was no reported response and the PFS was 4.5 months.
LY3023414 is a dual PI3BK/mTOR inhibitor who was tested in a phase | trial in patients
with advanced cancers, including 12 with EC. In this study, the only patient with a
prolonged partial response (PR) was a patient with EC carrying a PTEN and PIK3R1
mutation (Bendell Johanna et al., 2018), while two other EC tumours harbouring ARID1A
mutations had reduced tumour sizes. This relative success is currently being evaluated in
a phase |1 trial (Memorial Sloan Kettering Cancer Center, NCT02549989).

1.2.3 Mitogen-activated protein kinase (MAPK) pathway

The MAPK pathways are some of the best-studied intracellular signaling pathways in

humans. They are responsible for several key cellular functions, including proliferation,
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differentiation and apoptosis (Morrison, 2012). Each MAPK pathway is a phosphorylating
cascade that involves a minimum of three kinases (MAP3K, MAP2K and MAPK) (Shaul
& Seger, 2007). Five MAPK cascades have been characterized in mammals (Qi & Elion,
2005). The most extensively characterized due to its involvement in the process of human
disease is the extracellular signal-regulated kinases 1 and 2 (ERK1 and ERK2, Figure 1.2).
The pathway is triggered by cell surface receptor tyrosine kinases (RTK) stimulation,
followed by Ras activation (Qi & Elion, 2005). Ras will then recruit Raf. There are three
Raf genes, A-Raf, B-Raf and C-Raf (Raf-1). MEK1/2 phosphorylation subsequently
ensues, followed by ERK1/2 phosphorylation (Figure 2). All Raf proteins can
phosphorylate MEK1/2, but the potency of them varies with B-Raf being the most and A-
Raf the least potent (McCubrey et al., 2007). ERK1/2 has several downstream effectors
including NF-«xB, p53, Bcl-2 (Qi & Elion, 2005; Shaul & Seger, 2007). Bcl-2

phosphorylation, along with other pro- and anti-apoptotic molecules, regulates apoptosis.
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Figure 1.2 Schematic representation of ERK1/2 pathway (Shaul & Seger, 2007). Red
arrows: Activating phosphorylation. Blue arrows: Inhibitory phosphorylation/de-
phosphorylation. Small straight lines (i.e S218, S222 etc.) represent sites of
phosphorylation. See text for more details.
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1.2.4 MAPK targeted therapies

1.2.4.1 Preclinical studies

MAPK pathway inhibitory drugs have been tested in vitro although not to the same extent
as PI3K inhibitors. Cobimetinib is a MEK inhibitor which was tested in 13 endometrial
cancer cell lines (Aslan et al., 2018). It showed some efficacy in 9 out of 13 cell lines
(IC50<1uM) and particularly in three cell lines carrying a KRAS mutation. SB203580, a
MAPK inhibitor, was effective against PTEN-deficient cell lines but not against those
carrying a wild-type PTEN (Lan Xiao et al., 2010). Pimasertib, a MEKZ1/2 inhibitor,
showed good results in six out of twelve cell lines tested (IC50 values<5uM) (Inaba et al,
2015). MEK inhibitor UO126 was shown to have inhibitory effect and also induce
senescence in three EC cell lines (Suga et al, 2006). Sorafenib is a B- and C-Raf inhibitor
currently used in clinical trials. It was tested in EC cell lines and showed cytotoxic effect
in all four of them but only in very high doses (>10uM), which probably is not clinically
relevant (Llobet et al, 2009). These results were later confirmed by another group which
tested Sorafenib in three EC cell lines and reported IC50 values between 4.2-8.6uM and
significant reduction in viability only when high doses (10uM) were used (N. Sun et al.,
2013). The Ras inhibitor Salirasib was used in two EC cell lines with disappointing results
as the 1C50 values were above 50uM (Faigenbaum et al., 2013). Selumetinib, a selective
MEK1/2 inhibitor was tested in three endometrioid EC cell lines and showed no clinically
relevant efficacy as monotherapy since the 1C50 values were between 27 and 79.7uM
(Schrauwen et al, 2015).

1.2.4.2 Clinical studies

Selumetinib was the only MEK inhibitor assessed as monotherapy in a Phase Il trial in
patients with recurrent EC (Coleman et al, 2015). The results revealed low efficacy with
ORR of 6% and stable disease in 25% of the patients but the drug was well tolerated which
suggests that it might be useful in combination treatments. Another MEK inhibitor (PD-
0325901) was tested as part of a phase I trial in combination with PIS3K/mTOR inhibitors
(PF-04691502 and gedatolisib) in advanced solid tumours (Wainberg et al., 2017). The

arm assessing PF-04691502 was closed early due to concerns regarding safety while the
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gedatolisib and PD-0325901 arm recruited 37 patients including one with advanced
endometrial cancer. Interestingly, this patient achieved a partial response and remained on
treatment for more than a year (376 days). She was carrying both a PIK3CA and KRAS

mutation and she was the second best responder in the whole study.

1.3 Drugs under investigation

From the data discussed previously it becomes apparent that most targeted drugs either
have limited efficacy when used as monotherapy or their use is limited due to toxicity. It
would be reasonable that the most appropriate next step would be to try rational
combinations of inhibitors, looking for synergistic effects. This could increase efficacy
against cancer cells while reducing the total side effects. For my study | selected some of
the most relevant pathways to be inhibited and some popular targeted drugs not yet tested

in EC, which are presented below.

1.3.1 UO126

As mentioned previously, UO126 is a selective MEK1/2 inhibitor which showed in vitro
efficacy in EC cell lines (Suga et al, 2006).

1.3.2 ldelalisib

PI3K inhibitor currently used against haematological malignancies. In particular, it is
currently a second-line treatment for the treatment of chronic lymphocytic leukemia (CLL)
and third-line treatment for the management of follicular lymphoma in the UK (Joint
Formulary Committee, 2018). As of January 2019, there are 17 trials testing idelalisib
which actively recruit patients with haematological cancers in several countries around the
world and one american study testing the drug in lung cancer patients (U.S. National
Library of Medicine, 2019). To our knowledge, this drug was never tested in EC

previously.
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1.3.3 Ibrutinib

It is a Bruton’s tyrosine kinase (BTK) inhibitor currently used in the treatment of
haematological malignancies. In the UK it is a second-line treatment for CLL and
Waldenstrom's macroglobulinaemia (Joint Formulary Committee, 2018). It is a drug that
is being investigated in a large number of trials, with 117 active ones recruiting patients
around the world with haematological but also solid cancers (renal, melanoma, colorectal,
gastro-oesophageal, glioblastoma and breast), either as monotherapy or, more commonly
in solid tumours, in combination with other drugs (U.S. National Library of Medicine,
2019). To our knowledge, it was never tested in EC before.

1.3.4 IMD0354

IxB kinase-p (IKKp) inhibitor that blocks NF-kB p65 nuclear translocation. Although it
has not been tested in EC, pre-clinical data suggest its efficacy in CLL (Kanduri et al.,
2011) and breast cancer cells (Azucena Gomez-Cabrero et al., 2013). It has also been
shown to have anti-angiogenic properties in ovarian cancer cells and animal models
(Kinose et al., 2015). Encouraging results were also shown with this drug in malignant
mesothelioma, both in vitro and in animal model (Nishikawa et al., 2014). Similarly good
results were achieved in adult T-cell leukemia cells and mice model (Uota et al., 2012)
and in pancreatic cancer cells (Ochiai et al., 2008). Despite this relative success in pre-

clinical studies, it has not made its way into a clinical trial as yet.

1.3.5 PF-03084014

It is a gamma secretase inhibitor which blocks the cleavage of Notch receptors and hence
leads to inhibition of Notch signalling pathway. This can induce apoptosis, particularly in
cancer cells overexpressing Notch. It showed promising efficacy in explant colorectal
cancer model, but mainly in tumours showing highly activated Notch and Wnt pathways
(Arcaroli et al., 2013). It was also effective in hepatocellular carcinoma tumour models,
both as monotherapy (C. X. Wu et al., 2017) but also in combination with Sorafenib (X.
Yang et al., 2018). Similarly, in combination with the epidermal growth factor receptor
(EGFR) inhibitor Erlotinib, it has shown synergistic efficacy against five head and neck

squamous cell carcinoma cell lines, although the doses of PF-03084014 used to achieve
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this were very high (30uM) (Zheng et al., 2018). A phase 11 clinical trial tested its efficacy
in patient with recurrent desmoid tumours. 29% of patients (5/17) had a confirmed partial
response while another five patients had stable disease (Kummar et al., 2017). Another
phase | study evaluated PF-03084014 combined with docetaxel in advanced breast cancer
(triple-negative). The combination was tolerated but the results were modest with 16% of
patients achieving a confirmed partial response and PFS of 4.1 months (Locatelli et al.,
2017). The same combination showed promising results in prostate cancer cell lines (Cui
et al., 2015). A small, phase I clinical trial evaluated the efficacy of PF-03084014 in eight
patients with refractory T-cell acute lymphoblastic leukemia (T-ALL) and T-cell
lymphoblastic lymphoma (T-LBL), one of which achieved a complete response
(Papayannidis et al., 2015). In combination with the purine analog fludarabine, it exerts
synergistic effect in CLL cells (Lopez-Guerra et al., 2015). A phase I trial also evaluated
its efficacy in 64 patients with a variety of advanced solid tumours including three cases
of endometrial leiomyosarcoma. Although the drug was well tolerated, its efficacy was
poor with the exception of desmoid tumours in which five out seven patients achieved a
partial response (Messersmith et al., 2015). PF-03084014 has not been tested in EC.

1.3.6 RO4929097

RO4929097 is another y secretase inhibitor, also called RG-4733. It has been extensively
tested in pre-clinical and early phase clinical trials although not in EC. At a pre-clinical
level, it showed efficacy in cervical cancer cell lines (L. Wang et al., 2018) It was tested,
in combination with Bevacizumab, in a phase | clinical trial involving 13 patients with
malignant glioma with modest results as two out of twelve patients available for evaluation
had response (one CR and one PR) (Pan et al., 2016). Another phase I trial assessed its
efficacy, in combination with the anti-metabolite Capecitabine, in advanced solid tumours
(mostly colorectal). The results were poor, with only 10% of the thirty patients responding
(including the only patient of the study with cervical cancer) (LoConte et al., 2015). It was
also tested in combination with Gemcitabine in a phase I trial involving 18 patients with
advanced solid tumours, which showed that the combination is safe but with limited
efficacy as only one patient responded (6%) and three patients (16%) had stable disease as
best response (Richter et al., 2014). Its combination with the mTOR inhibitor

Temsirolimus was safe in a phase | trial but again there was no response in 17 patients
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with advanced solid tumours although most of them had stable disease (73%) (Diaz-Padilla
et al., 2013). When combined with the vascular endothelial growth factor receptor (VEGF)
inhibitor Cediranib in a phase I trial enrolling patients with advanced solid tumours, it was
well tolerated, with one out of nineteen patients achieving a partial response (a patient with
an endometrial stromal sarcoma) and 58% of them having stable disease (Sahebjam et al.,
2013). A phase I clinical trial evaluated RO4929097 in patients with recurrent, platinum-
resistant ovarian cancer. The results were disappointing as none of the 40 patients available
for evaluation responded (although a third of them had stable disease) with a PFS of only
1.3 months (Diaz-Padilla et al., 2015). Equally poor results were shown on another phase
Il trial in patients with metastatic melanoma who had not received any prior chemotherapy.
Although the drug was well tolerated, the response rate was only 3% (1/32), with 25% of
patients having stable disease (S. M. Lee et al., 2015). In a phase Il trial in pancreatic
cancer, none of the twelve patients responded to treatment with RO4929097 with three of
them having stable disease (De Jesus-Acosta et al., 2014). Finally, no efficacy was shown
in a phase 11 trial of RO4929097 in patients with advanced colorectal cancer as none of the

33 patients had objective response (Strosberg et al., 2012).

1.3.7 Dinaciclib

A cyclin-dependent kinase (CDK) inhibitor with activity against CDK 1, 2, 5 and 9.
Various studies evaluated its efficacy. At a pre-clinical level, it was shown to be cytotoxic
against squamous cell lung cancer cells (Jeong et al., 2018), very efficient against T-cell
acute lymphoblastic leukemia cell lines (Moharram et al., 2017) and seven thyroid cancer
cell lines along with a mice model of thyroid cancer (S. Lin et al., 2017). It was also
efficient in pre-clinical models of triple-negative breast cancer (Rajput et al., 2016),
neuroblastoma (Z. Chen et al., 2016) and acute myeloid leukemia (Baker et al., 2016). A
study from our laboratory showed excellent results in CLL cell lines and primary CLL
cells (Y. Chen et al., 2016). Impressive results were also shown in eight pancreatic cancer
models when Dinaciclib was combined with the AKT inhibitor MK-2206 (Hu et al., 2015)
and in ovarian cancer mouse model in combination with cisplatin (X. Chen et al., 2015).
A recent study on serous endometrial cancer cells modified to carry FBXW7 mutations
showed that these cells were very sensitive to Dinaciclib in clinically relevant low
concentrations (Urick & Bell, 2018b). Dinaciclib entered several clinical trials which

showed its tolerability, albeit with important side-effects. A phase I trial in patients with
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various solid tumours showed no response in 61 patients (Mita et al., 2017). Another small
phase | study was conducted in nine patients with metastatic triple negative breast cancer
in order to assess the combination of Dinaciclib with the anthracycline Epirubicin. The
study closed early due to toxicity. No response was noted (Mitri et al., 2015). A small RCT
compared Dinaciclib with the anti-metabolite Capecitabine in metastatic breast cancer.
The study was closed early due to inferiority of the Dinaciclib arm in PFS (Mita et al.,
2014). A phase Il randomized controlled trial (RCT) comparing Dinaciclib with the
monoclonal antibody Ofatumumab in patients with refractory CLL closed prematurely
(unrelated to side-effects) but reported superiority of Dinaciclib in oncological outcomes
with PFS of 13.7 months compared to 5.9 for Ofatumumab (Ghia et al., 2017). A phase
1/2 study evaluated Dinaciclib in heavily pre-treated patients with multiple myeloma with
19% of patients (5/27) having some degree of response while the drug was shown to be
tolerated (Kumar et al., 2015). There are currently four clinical trials recruiting patients
with haematological malignancies (2), advanced solid tumours and advanced breast cancer

in combination treatments including Dinaciclib.

1.3.8 Palbociclib

An inhibitor of CDK 4 and 6. It has been extensively tested in many cancers, including
EC. There are currently 102 clinical trials actively recruiting patients with various cancers
in treatment arms involving Palbociclib (U.S. National Library of Medicine, 2019). Two
thirds of them recruit breast cancer patients but the drug is currently under investigation
for many solid tumours (pancreas, brain, colon, lung, head and neck and prostate) and
haematological malignancies (leukemias and lymphoma). There is also a phase 2 RCT
currently recruiting patients with advanced estrogen receptor positive (ER+) EC in
treatment of Letrozole and Palbociclib versus Letrozole alone. Palbociclib has been
approved in the UK for the treatment of locally advanced or metastatic breast cancer (Joint
Formulary Committee, 2018). Recent study in EC PTEN-deficient mouse model showed
reduction in tumour volume and cell proliferation along with better survival when
Palbociclib was used compared to untreated animals. Similar results were obtained in vitro
(3D cultures) (Dosil et al., 2017). Contemporaneously, another group reported efficacy of
Palbociclib in two out of the four EC cell lines tested along with reduction in tumour

growth in a mouse model (T. Tanaka et al., 2017).
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1.3.9 Sorafenib

It is an inhibitor of many protein kinases, most notably C-Raf, B-Raf and VEGFR. It has
been widely tested and is already licensed in the UK for the treatment of advanced renal
cell carcinoma (where interferon treatment has failed), advanced thyroid carcinoma
resistant to iodine treatment and hepatocellular carcinoma (Joint Formulary Committee,
2018). There are currently 114 clinical trials recruiting patients on Sorafenib treatment in
many solid and haematological cancers, the majority of them being focused on
hepatocellular carcinoma (U.S. National Library of Medicine, 2019). In EC, Sorafenib
showed efficacy in two EC cell lines, albeit at high doses (>5-10uM), but these results
were not reproducible in a PTEN-deficient EC mouse model as there was no effect in the
tumour size following Sorafenib treatment (Mirantes et al., 2016). Prior to that, Sorafenib
had already been tested in a phase 2 clinical trial in patients with advanced endometrial
carcinoma and carcinosarcoma. The results were poor as only 5% of patients with EC
(2/40) and none of the 16 patients with carcinosarcoma achieved a partial response
(although 42.5% of patients with EC had stable disease), with a PFS of 3.2 months
(Nimeiri et al, 2010).

1.3.10 Selumetinib

A MEK1 and 2 small molecule inhibitor. It has been extensively tested in various cancers,
including EC. As mentioned previously, the drug has already been tested in a phase 2
clinical trial in patients with advanced EC. It showed poor response rate (6%) as
monotherapy although it has a favorable toxicity profile (Coleman et al, 2015). There are
currently 23 clinical trials recruiting patients with haematological, breast, lung,
gastrointestinal, thyroid and bladder malignancies in Selumetinib treatment, usually in

combination with other drugs (U.S. National Library of Medicine, 2019).
1.3.11 Trametinib
Another MEK1 and 2 inhibitor which has already been licensed in the UK for use in

advanced melanoma and non-small cell lung cancer (NSCLC) provided they carry a BRAF

V600 mutation (Joint Formulary Committee, 2018). The treatment is either as a
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monotherapy (in melanoma) or in combination with Dabrafenib (in NSCLC and
melanoma). Trametinib has not been tested in endometrial cancer previously but it’s under
investigation in 72 clinical trials which currently recruit patients with a variety of cancers
(U.S. National Library of Medicine, 2019).

1.3.12 PD0325901

MEK inhibitor which has been tested in pre-clinical studies and clinical trials, although
not as extensively as Trametinib and Selumetinib. It appears to be an attractive drug for
combination treatments in various solid tumours. In combination with Palbociclib,
PD0325901 showed efficacy in pre-clinical model of colorectal cancer (Pek et al., 2017).
When combined with the Src inhibitor Saracatinib (AZD-0530) it had significant efficacy
in the majority of NSCLC cell lines tested (Chua et al., 2015). Similar efficacy was shown
in pre-clinical studies on gastric (Sogabe et al., 2014), papillary thyroid (Henderson et al.,
2010) and hepatocellular carcinomas (Hennig et al., 2010). It was also efficient against
melanoma cell lines (Ciuffreda et al., 2009). A phase | study evaluated PD0325901
combined with the dual PI3K/mTOR inhibitor Gedatolisib in 36 patients with advanced
solid tumours, including five patients with ovarian and one with endometrial cancer. The
objective response rate was 11% (4/36) but interestingly these were three patients with
ovarian cancer and the only patient with EC (Wainberg et al., 2017). There is currently a
Dutch phase 1/2 study recruiting patients with NSCLC in PD0325901 treatment combined
with the EGFR inhibitor Dacomitinib (U.S. National Library of Medicine, 2019).

1.3.13 PLX-4720

A B-Raf V600E inhibitor who has never been tested in EC nor has ever been entered into
a clinical trial. It showed no efficacy in a mouse model of colorectal cancer carrying
microsatellite instability (MIS) (Rohde et al., 2017). In combination with antibodies
targeting the PD-1 and PD-L1 cell surface proteins significantly reduced tumour volume
and prolonged survival in thyroid cancer mouse model (Gunda et al., 2018). In
combination with Cediranib, PLX-4720 proved effective in melanoma cell lines and lead

to reduction in tumour size in animal model (Friedman et al., 2015).
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1.3.14 Dabrafenib

Small molecule BRAF kinase inhibitor. It has been licensed in the UK for the treatment of
metastatic melanoma (with or without Trametinib) and advanced NSCLC (in combination
with Trametinib), in tumours that carry a BRAFV600 mutation (Joint Formulary
Committee, 2018). It has been tested in several clinical trials. It is currently the subject of
investigation in 46 clinical trials recruiting patients, most of them with melanoma, but also
with colorectal, brain, NSCLC, thyroid tumours and multiple myeloma (U.S. National
Library of Medicine, 2019). This inhibitor has not been previously tested in EC although
there is a case report in the literature of a patient previously treated for stage 1A, grade 1
EC and had disease recurrence 11 years later. After traditional chemotherapy failed and
since her tumour was found to carry a BRAFV600E mutation, she was treated with a
combination of Dabrafenib and Trametinib, which lead to a significant and maintained
response (Moschetta et al., 2017). This report highlights that such inhibitors might have a

significant role to play in a subset of EC patients with specific mutational signatures.

1.3.15 GW5074

C-Raf inhibitor. It has been shown to reduce the rate of tumour proliferation in colorectal
cancer mouse model (Borovski et al., 2017) and to inhibit cell growth in two hepatocellular
carcinoma cell lines (S. Lin et al., 2013). There is currently an active, phase 1 clinical trial
recruiting patients with solid tumours in combination treatment with GW5074 and
Sorafenib (U.S. National Library of Medicine, 2019).

1.3.16 VER-155008

Adenosine-derived inhibitor of Heat Shock Protein 70 (Hsp70). It has been tested in vitro
in four muscle invasive bladder cancer cell lines with some minimal efficacy as
monotherapy, although the dose used was high (10uM). The efficacy improved when
tested in combination with MAL3-101, another Hsp70 modulator, but still the doses
required for a response were very high for clinical standards (Prince et al., 2018). It was
also tested in a prostate cancer cell line and decreased the proliferation rate but not the
viability even at doses as high as 25uM (Kita et al., 2017). When VER-155008 tested in
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two breast and two colorectal cancer cell lines, it showed modest efficacy with 1C50 values
above 10uM for three out of four of them (and IC50 of 5.3uM for the HCT116 colorectal
cell line) (Massey et al., 2010). Similar findings were shown in two NSCLC cell lines as
VER-155008 was efficient but only on very high concentrations (>15uM) (Wen et al.,
2014).

1.3.17 BX-912

BX-912 is a phosphoinositide-dependent protein kinase (PDK) 1 inhibitor. It has been
shown to be effective in four mantle cell lymphoma cell lines (in two of them the 1C50
values were less than 1uM) (Maegawa et al., 2018). Results were not as promising in three
diffuse large B-cell lymphoma (DLBCL) cell lines as the IC50 values were high (3.7-
17uM) (Maegawa et al., 2018). It has not been tested in endometrial cancer and it has not

entered a clinical trial.

1.3.18 Fedratinib

Fedratinib is a janus-associated kinase (JAK) 2 inhibitor. It has been assessed in phase 2
clinical trials in patients with myelofibrosis with promising results in approximately half
of the patients (55%) who received it as second line treatment (Harrison, Claire N et al,
2017). It also showed efficacy in six Hodgkin and mediastinal large B-cell lymphoma cell
lines (Hao et al., 2014). Preclinical efficacy was confirmed in a panel of 16 NSCLC cell
lines (Pitroda Sean et al., 2018).

1.3.19 AZD3965

Inhibitor of monocarboxylate transporter 1 (MCT1). The company who developed the
drug tested it in a panel of 174 cell lines (Curtis et al., 2017). The majority of them were
resistant to treatment with AZD3965, especially those derived from solid tumours. A
significant number of DLBCL cell lines though was very sensitive to this inhibitor, raising
interesting clinical potential for its use in haematological malignancies. There is currently

a phase 1 clinical trial recruiting in six UK hospitals assessing the safety of AZD3965 in
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patients with advanced solid tumours, DLBCL and Burkitt lymphoma (U.S. National
Library of Medicine, 2019).

1.3.20 Quercetin

Flavonoid which has been shown to inhibit PI3BK/mTOR pathway (Castillo-Pichardo &
Dharmawardhane, 2012) and have various effects in several other pathways. There are
dozens of preclinical studies on a variety of cell lines in solid and haematological tumours
showing Quercetin’s efficacy, in pharmacologically high doses (Sak, 2014). It was

previously tested in Ishikawa EC cells with an IC50 value of 10uM (Kaneuchi et al., 2003).

1.3.21 ABT-199

Also called Venetoclax, a B-cell lymphoma 2 (Bcl-2) selective drug inhibitor showed to
be effective in many CLL, acute lymphoblastic leukemia (ALL), non-Hodgkin lymphoma
(NHL, including DLBCL) and acute myelogenous leukemia (AML) cell lines along with
a mouse model (Andrew J Souers et al., 2013). As part of the same study the drug was
also tested in three patients with refractory CLL with very promising results. As a result
of that, Venetoclax is currently licensed for the treatment of CLL (Joint Formulary
Committee, 2018). There are currently 88 active clinical trials recruiting patients with
various haematological malignancies around the world in treatment with Venetoclax,
alone or combined with other drugs (U.S. National Library of Medicine, 2019). The drug
was effective in xenograft mice model of breast cancer in combination with PI3K/mTOR
inhibitors and/or Tamoxifen (Vaillant et al., 2013). In pancreatic cancer cell lines, it
improved the efficacy of gemcitabine (Zhou et al., 2018). As monotherapy, ABT-199 had
some modest efficacy in nasopharyngeal cancer cell lines (IC50 2-3uM) and xenograft
mouse model (30% reduction in tumour volume) (Y. Wang et al., 2018). In triple negative
breast cancer cell lines, ABT-199 had no efficacy as monotherapy but showed promising
results when combined with Doxorubicin and this was confirmed in a xenograft mouse
model (Inao et al., 2018). In combination with idasanutlin, ABT-199 showed synergistic
activity in neuroblastoma cell lines and a mouse model of the disease (Van Goethem et
al., 2017). Combined with a bromodomain and extraterminal (BET) inhibitor (ABBV-075)

showed synergistic effect in small-cell lung cancer cells (Lam Lloyd et al., 2017).
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1.3.22 S63845

Recently developed myeloid cell leukemia 1 (MCL1) inhibitor. Highly efficient against
most of the multiple myeloma, lymphoma, CML and AML cell lines tested along with
mouse models of these diseases (Andras Kotschy et al., 2016a). It was not as effective
when tested in solid tumours with 15-33% of NSCLC, breast and melanoma cell lines
being sensitive to it when used alone (Andras Kotschy et al., 2016a). In combination with
ABT-199, it shows significant synergistic activity in T-cell ALL cell lines and zebrafish
model (Zhaodong Li et al., 2019) but also in nasopharyngeal cancer cells (Y. Wang et al.,
2018). Combined with Docetaxel, it acted synergistically in triple negative cells and
xenograft model (Merino et al., 2017). It has not yet been tested in endometrial cancer.

1.3.23 MG132

MG132 belongs to the family of proteasome inhibitors. Some of this class of drugs
(Bortezomib, Carfilzomib and Ixazomib) have already been approved for the treatment of
multiple myeloma. MG132 has only been tested in vitro in various cancers, usually in
combination treatments. Recent examples include its combination with the PDK1 inhibitor
GSK-470 which had synergistic efficacy in multiple myeloma cell lines (J. Zhang et al.,
2018). It also acts in synergy with cisplatin in osteosarcoma cell lines and xenograft model
(F. Sun et al., 2018) and with paclitaxel in breast cancer cells and mouse model (Y. Zhang
et al., 2018).

1.3.24 CUDC-907

PI3K and histone deacetylase (HDAC) inhibitor. It has been tested at a pre-clinical and
clinical level. It was shown to be very effective in seven mantle cell lymphoma cell lines
and eight patient samples with IC50 values less than 5nM (Guo et al., 2018). It also showed
promising efficacy in thyroid cancer cell lines and a mouse model of the disease (Kotian
Shweta et al., 2017). In a phase 1 clinical trials including patients with DLBCL, CUDC-
907 was shown to be safe and with an encouraging response rate of 37% (Oki et al., 2017).
This group is currently conducting a phase 2 trial based on these preliminary results. In
another phase 1 trial in patients with heavily pretreated lymphoma and multiple myeloma,

modest efficacy and acceptable tolerability was confirmed (Younes et al, 2016). There are
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currently two active clinical trials assessing the efficacy and tolerability of CUDC-907 in
patients with solid tumours (mainly triple negative breast cancer and high-grade serous
ovarian cancer) and children with lymphoma, neuroblastoma or brain tumours (U.S.
National Library of Medicine, 2019).

1.4 Genetics of endometrial cancer

The endometrial cancer is the one with the highest number of significantly mutated genes
across all cancers tested as part of the TCGA Pan-Cancer Atlas project (Michael S
Lawrence et al., 2014). The main genetic alterations involved in the pathogenesis of EC

will be described and are shown in Table 1.5.

Genetic mutation | POLE MSI SCNA low | SCNA high
PTEN 94% 88% T71% 10%
TP53 35% 0% 0% 92%
KRAS 53% 35% 16% 0%
FBXW7 82% 11% 6% 22%
PPP2R1A 0% 0% 0% 22%
CTNNB1 0% 20% 52% 0%
POLE 100% 0% 0% 0%
PIK3R1 65% 42% 33% 13%
PIK3CA 71% 54% 53% 47%
ARID1A 0% 37% 42% 0%

Table 1.5 Genetic mutations associated with the four classification groups of the TCGA
study and their respective incidence in its group.

1.4.1 PTEN

PTEN is a tumour suppressor gene located in the long arm of chromosome 10 (10g23). It
appears to play a significant role in several important cell functions including survival,
proliferation and metabolism (Song et al., 2012). It exerts its role through the PI3K-AKT-
mTOR pathway. In this pathway, the phosphatidylinositol 3 kinase (PI3K) phosphorylates
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phosphatidylinositol 4,5-bisphosphate (PIP2) and converts it to phosphatidylinositol 4,5-
triphosphate  (PIP3). PIP3 will then activate AKT through recruitment of
phosphatidylinositol-dependent kinase 1 (PDK1) and the mTOR complex (Milella et al.,
2015). PTEN exerts its action by converting PIP3 back to PIP2 (by dephosphorylation)
and hence halting the PI3BK-AKT cascade which leads to inhibition of cell growth and
proliferation (Figure 1.3).

Growth and survival signals

Figure 1.3 The action of PTEN within the PI3K pathway (see text for details) (Chalhoub
& Baker, 2009).

Endometrial is the cancer with the highest PTEN mutational frequency (65.7%) amongst
all 21 cancers tested in the TCGA Pan-Cancer Atlas project (Michael S Lawrence et al.,
2014). Their incidence is even higher amongst endometrioid EC (up to 83% incidence has
been reported) (Mutter et al., 2000). They are almost always present in the POLE ultra-
mutated (94%) but also very frequent in the SCNA low groups of EC (77%), while they
are less frequent in the SCNA high group (10%) (Piulats et al, 2016). PTEN mutations are
also associated with microsatellite instability (MSI) (Bilbao et al., 2006) and this was
confirmed in the TCGA study which found that 88% of endometrial cancers in the MSI
group were carrying PTEN mutations. The same study showed that PTEN mutations

inactivate the gene, as shown by the reduced expression of its protein (TCGA, 2013). They
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are considered to be an early event in the process of carcinogenesis as they are present in
cases of complex atypical hyperplasia (CAH) of the endometrium (Levine et al., 1998).
This fact was confirmed in more recent, whole-exome sequencing study (William J Gibson
etal., 2016). The association between PTEN mutations and survival in EC is controversial.
Older studies suggested that PTEN loss (usually associated with PTEN mutations) offer
worse prognosis in advanced EC patients receiving post-operative chemotherapy
(Terakawa et al., 2003). More recent studies report the opposite, attributing favorable
outcome to EC patients with PTEN mutations (A Akiyama-abe et al., 2013).

1.4.2 TP53

TP53 is a tumour suppressor gene located in the short arm of chromosome 17. It has been
called ‘Guardian of the genome’ (Lane, 1992) as it has a key role in preventing the
proliferation of cells with damaged DNA. When DNA damage occurs, TP53 will initiate
a cascade of events leading to either cell cycle arrest and DNA repair or apoptosis.

TP53 mutations are well described in the majority of human cancers and EC is not an
exception. Such mutations have been detected in 70-93% of type 11 EC (Moll et al., 1996;
Tashiro et al., 1997; Lax et al., 2000) and they are the most consistent genetic event in the
non-oestrogen related type of EC. They do occur though in 12% of tumours of
endometrioid histology (TCGA, 2013), which rise to 30% in grade 3 endometrioid tumours
(Murali et al, 2014b). 92% of the endometrial tumours in the SCNA high group described
in the TCGA study were harboring TP53 mutations and only 1% in the SCNA low group
(Le Gallo & Bell, 2014). TP53 mutations were also present in the POLE ultra-mutated and
MSI groups (35% and 8% respectively). Unlike PTEN mutations, which are inactivating,
TP53 mutations are activating as the protein expression is raised in EC (TCGA, 2013).

TP53 mutations have been shown to be present in 72-75% of endometrial serous
intraepithelial carcinoma lesions, generally accepted as the precursor lesion of serous EC
(Tashiro et al., 1997; Lin Jia et al., 2008). This provides evidence that genetic alterations
in TP53 are an early event in the pathogenesis of type 1l EC, which was also confirmed in
a recent, whole-exome sequencing study (William J Gibson et al., 2016). On the contrary,
the absence of these mutations in the hyperplastic endometrium (the precursor lesion of
type | EC) supports the idea that they occur late in the process of carcinogenesis in this

type of EC (Lax et al., 2000). The presence of TP53 mutations is associated with much
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worse survival and risk for distant recurrence of the disease (B G Wortman et al., 2018).
TP53 mutations are correlated with increased age at diagnosis of EC (Gonzalez-Rodilla et
al., 2012)

1.4.3 KRAS

K-ras oncogene is a member of the RAS family of oncogenes and is located in the short
arm of chromosome 12. It codes for the K-ras GTPase which is part of the RAS-RAF-
MEK-ERK pathway. K-ras mutations have been identified in up to a third of endometrioid
EC (Enomoto et al., 1991; Fujimoto et al., 1993; Lax et al., 2000; Zauber et al., 2015).
They probably represent an early event in the process of tumourigenesis as shown by
studies in which the rate of K-ras mutations in endometrial hyperplasias was very similar
with that of carcinomas (Sasaki et al., 1993; Zauber et al., 2015). KRAS mutations are
more common in endometrioid tumours with hyperplastic endometrium compared to
similar tumours with atrophic endometrium (34.9% and 2.3% respectively, p<0.01) (Geels
et al, 2015). They were also more common in the mucinous type of EC and in
endometrioid tumours with significant mucinous differentiation (Xiong et al., 2013). A
direct correlation of KRAS mRNA levels and obesity was shown in cases of complex
atypical hyperplasia which was not shown in EC cases, emphasizing again the role of these
mutations in endometrial carcinogenesis among obese women (Anna Berg et al., 2015). It
was also shown that KRAS mutations were more prevalent in patients with BMI over 25
compared to those with normal weight and in those with grade 1-2 compared to high grade
tumours (E Birkeland et al., 2012). KRAS mutations are very rare in type Il EC (Lax et
al., 2000), so many authors suggest that the presence of these mutations represent a good
prognostic factor (Sasaki et al., 1993) although more recent studies refute this (E Birkeland
et al., 2012). Others found that the presence of KRAS mutations is associated with longer
disease free but not overall survival (Sara A Byron et al., 2012a). They are frequently
common (53%) in the POLE ultra-mutated and the MSI groups of EC (35%), less common
in the SCNA low (16%) and rare in the SCNA high group (3%) (Le Gallo & Bell, 2014).
Recently, KRAS mutations were shown to be more frequently present in sporadic MSI
tumours compared to Lynch syndrome-associated EC (Libera et al., 2018). KRAS
mutations have been reported to occur rarely when CTNNB1 mutations are present (mutual
exclusivity) (Sara A Byron et al., 2012a). This mutual exclusivity was particularly

prominent in microsatellite stable tumours but not in the MSI ones and later confirmed by
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the large TCGA study (TCGA, 2013). Older studies have suggested that KRAS mutations
do not occur in conjunction with PTEN and PIK3CA mutations (mutually exclusive) (Ikeda
et al., 2000), although recent studies report a positive correlation between KRAS and PTEN
(but not PIK3CA) mutations (William J Gibson et al., 2016).

1.4.4 Microsatellite Instability

MSI refers to mutations in the microsatellite regions of DNA, which are caused by
malfunctioning DNA repair mechanisms. Microsatellites are areas of DNA consisted of
one or more nucleotides, being repeated in the genome. It has been proposed that MSI is
an early event in the process of endometrial carcinogenesis (Zauber et al., 2015).

MSI was previously reported to be present in 20-30% of cases of type | EC (Basil et al.,
2000; Bilbao et al., 2006). 28% of tumours in the TCGA study were clustered in the MSI
group (TCGA, 2013) with a 40% rate of MSI amongst endometrioid and only 2% among
serous tumours (6% rate in the SCNA high cohort), while another study found the rate of
MSI in clear cell EC to be 11.3% (Le Gallo et al., 2017a). In the same study, 92% of MSI
tumours were associated with promoter methylation of MLH1, pointing towards a sporadic
origin rather than Lynch syndrome-associated EC (Libera et al., 2018). An association
between MSI and PTEN mutations was previously reported (Bilbao et al., 2006). In this
study, 58% of the MSI positive tumours had concomitant PTEN mutations as compared to
30% for those who were MSI negative (p=0.002). This association was later confirmed in
a larger study (TCGA, 2013) which suggested that the rate of PTEN mutations in the MSI

cluster was even greater, at 88% (Piulats et al, 2016).

MSI is also associated with hereditary non-polyposis colorectal cancer (HNPCC) or Lynch
syndrome (LS), which is responsible for 2-6% of EC cases (Ring et al., 2016) with a 39-
50% lifetime risk of developing EC (Steinke et al., 2013). This syndrome is associated
with germline mutations in MMR genes (MSH2, MLH1, MSH6, PMS2). MSI can also be
caused by methylation of the MLH1 gene promoter, leading to silencing of the gene and
subsequent MMR deficiency (Esteller et al., 1998), which is the case in sporadic cases of
EC. This was confirmed by the TCGA study which showed lower levels of MLH1 mRNA
expression in the MSI cohort (TCGA, 2013). MLH1 and MSH2 gene mutations have a
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higher impact on the DNA repair mechanisms and hence increased risk of carcinogenesis
compared to MSH6 mutation (Steinke et al., 2013).

Sporadic cases of MSI (those associated with MLH1 promoter methylation) occur in older
patients compared to those associated with LS or those who do not have MMR deficiency
(McMeekin et al., 2016a; Cosgrove et al., 2017). The same studies confirmed that those
sporadic cases are associated with poor prognostic factors including higher stage and grade
at diagnosis along with lymphovascular space invasion (LVSI). One of them also
correlated these sporadic cases with larger tumour volume and higher rates of lymph node
positivity compared to MMR proficient tumours (22% versus 10%, p=0.005) and also
higher rates of needing adjuvant treatment (42% versus 29%, p=0.045) (Cosgrove et al.,
2017). Despite these poor prognostic features associated with MMR deficiency, the large
Gynecologic Oncology Group (GOG) study did not confirm worse progression-free
survival nor EC-specific survival on those patients (McMeekin et al., 2016a). On the
contrary, the more recent but smaller study showed that sporadic cases of MSI (associated
with  MLH1 promoter methylation) have reduced recurrence-free survival in the
endometrioid histology cohort (p<0.001) but not when non-endometrioid histologies were
included in the analysis (p=0.054) (Cosgrove et al., 2017). Interestingly, MMR deficient
tumours with probable germline MMR mutation have lower BMI compared to sporadic

cases of MMR deficiency or their MMR proficient counterparts (Cosgrove et al., 2017).

Prognosis associated with MSI is excellent. In the TCGA study, the MSI cluster has 10-
year recurrence free survival (RFS) of 80% (TCGA, 2013) with other studies reporting a
5-year RFS of 95% for MSI EC (Stelloo et al., 2015).

Immunotherapy, and in particular immune checkpoint inhibitors [Programmed Death
(PD)-1 and PD-Ligand 1 inhibitors], is an attractive option for MSI tumours (Naboush et
al., 2017). Studies have shown though that sporadic cases (those associated with MLH1
promoter methylation), have different immune cell populations (Pakish Janelle et al.,
2017) compared to LS-related cases, and although the reason behind this observation is
yet unclear, it might render the differentiation between the two quite important in terms of

different response to immunotherapy.
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1.4.5 FBXW7

FBXW?7 is a tumour suppressor gene located in chromosome 4932, encoding a member of
the F-box protein family characterized by the F-box. This protein family is a component
of a ubiquitin ligase which is responsible for the degradation of many proteins used by
cancer cells for their survival and proliferation, including c-Myc, mTOR, Mcl-1, CDK-2
and many others (Cao et al., 2016; Chien-Hung Yeh et al., 2018). Hence, FBXW7 mutation
leads to inactivation of its ability to break down proteins which, when accumulated,
increase cell proliferation and subsequently lead to carcinogenesis.

According to the COSMIC database, endometrium is the tissue with the highest percentage
of FBXW?7 mutations amongst all tissues studied (9.26%) (Chien-Hung Yeh et al., 2018),
while the large TCGA study showed a 16% mutation frequency in EC. These mutations
are extremely common (82%) in the POLE ultra-mutated cluster of the TCGA study
(TCGA, 2013), they are common in the SCNA high cluster (22%) and less frequent in the
MSI and SCNA low groups (9 and 6% respectively). Overall, the two largest studies to
date on serous EC have shown remarkably similar results, confirming the incidence of
FBXW7 mutations in this group of patients being 29-30.2% (TCGA, 2013; Jones N et al,
2015). Similar rates of such mutations (25%) have been recently shown to be present in
clear cell carcinomas of the endometrium (DeLair et al., 2017).

It has been reported that FBXW7 mutations were associated with lymph node metastasis
in a large cohort (n=1063) of EC patients (Garcia-Dios, Diego A. et al, 2012).

Serous EC cell lines which have been edited to carry FBXW7 mutations, show increased
sensitivity to the CDK inhibitor Dinaciclib (Urick & Bell, 2018a).

1.4.6 PPP2R1A

The Protein Phosphatase 2 Regulatory Protein-1A (PPP2R1A) gene encodes a regulatory
subunit of protein phosphatase 2 (PP2A), which is a serine threonine phosphatase. It has

been suggested to have a tumour suppressor function (Janssens et al., 2005).

PPP2R1A mutations have been shown to be present in 18.4% to 43.2% of serous EC
(Haesen et al., 2016). In the SCNA high cluster of the TCGA study, 22% of cases were

harbouring such a mutation and, if serous cases only are taken into account, the rate of
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PPP2R1A mutations was 36.6% (TCGA, 2013). Identical rates of such mutations (36%)
have recently been reported in clear cell EC (DeLair et al., 2017), although another larger
study published at the same time reported a 15.9% mutation rate (Le Gallo et al., 2017Db).
The rate of PPP2R1A mutations in the endometrioid type of EC is 5-7% (Shih, 2011,
McConechy MK et al, 2011).

It was recently shown that PPP2R1A mutations coexist with TP53 mutations and that they

occur early in the pathogenesis of type 2 EC (William J Gibson et al., 2016).

1.4.7 CTNNB1

The CaTeNiN Beta 1 (CTNNBL1) gene encodes B-catenin, a protein of the Wnt signaling
pathway which plays an integral role in cell-cell adhesion and the control of epithelial to
mesenchymal transition (EMT) (Valenta et al., 2012). EMT is the process during which
an epithelial cell can obtain a mesenchymal phenotype through a complex pathway of
biochemical alterations (Kalluri & Weinberg, 2009). It has been proposed that EMT is of
paramount importance for the malignant transformation of epithelial tumour cells and their

ability to invade and metastasize (Thiery, 2002).

The vast majority of CTNNB1 mutations are missense and they occur in the ‘hot-spot’ area
of exon 3. This area is responsible for the serine threonine phosphorylation sites where
glycogen synthase kinase 3 beta (GSK3b) binds and commences the degradation of -
catenin. When it’s mutated, degradation does not take place and [3-catenin accumulates in
the cytoplasm and the nucleus, which subsequently leads to its combination with
transcription factors and the activation of cell proliferation and neoplastic transformation
(C. Gao et al., 2018). It has been suggested that these events occur relatively early in the
process of endometrial carcinogenesis (Saegusa et al., 2001).

Overall, 30% of EC carry CTNNB1 mutations, with the rate increasing to 52% in the SCNA
low cluster of the TCGA study, which includes most of the endometrioid cases (TCGA,
2013). The rate of CTNNB1 mutations in the MSI group was 20% (Hong, 2014). No such
mutation was identified in the 44 serous EC cases examined in the TCGA study, while
another study which examined 30 cases of clear cell EC found that only two (7%) were
CTNNB1-mutant but both of them had a concurrent POLE mutation (the remaining 28
cases with wt-POLE had no CTNNB1 mutation) (DeLair et al., 2017). Another study found
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only one CTNNB1 mutation (2%) among 47 non-endometrioid EC cases (Kurnit et al.,
2017).

Liu et al analyzed 271 cases of endometrioid EC from the TCGA study and a further 184
cases from MD Anderson Cancer Center (validation cohort) (Yuexin Liu et al., 2014a).
They proposed their classification in 4 clusters with separate genetic signatures. Cluster 2
was characterized by CTNNB1 mutations in 87% of cases and younger age. This cluster
was associated with worse PFS (although significance was not reached). As the overall
rate of mutations in Cluster 2 was lower compared to all the other 3 clusters, the authors
hypothesized that CTNNB1 mutations are more likely to represent driver rather than
passenger mutations. The presence of CTNNB1 mutations in early grade (1-2) and stage
(1-2) EC has been shown to be associated with a significantly worse prognosis, conferring
an even worse RFS compared to TP53 mutations (hazard ratio 5.97 and 4.07 respectively)
in a more recent study (Kurnit et al., 2017). The same study confirmed that CTNNB1-
mutant patients are younger and, surprisingly, have lower rates of LVSI and deep
myometrial invasion along with lower grade disease compared to their wild type

counterparts.

CTNNB1 mutations are more frequently occurring in endometrioid tumours next to
atrophic rather than hyperplastic endometrium (Putten, L. J. M. van der et al., 2017) and
they are more frequent in sporadic cases of EC rather than those associated with Lynch
Syndrome (31% versus 7%, p=0.002) (Huang et al., 2013).

A phase 2 trial using Temsirolimus (mMTOR inhibitor) in advanced EC concluded that
carriers of somatic CTNNB1 mutations have a longer PFS compared to wt-CTNNB1
patients (Myers, Andrea P. et al, 2016). Similar results were shown from a similar phase
2 trial testing another mTOR inhibitor (everolimus) combined with letrozole in advanced
EC. Although the numbers were small (n=25) and significance was not reached (p=0.09),
the five CTNNB1-mutant patients had a PFS of 26 months compared to 2 months for the
wt-CTNNB1 group (Brian M Slomovitz et al., 2015). It has been shown that EC cell lines
and mouse model carrying CTNNB1 mutations are significantly more sensitive in
treatment with TTK kinase inhibitors compared to wt-CTNNBL1 cells (Zaman Guido et al.,
2017).
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1.4.8 POLE

Polymerase epsilon is an enzyme encoded by the POLE gene. Along with the other 2
polymerases (alpha and delta), it plays a crucial role in the process of DNA replication and
repair (Garg & Burgers, 2005).

POLE mutations have been shown to be present in 7% of EC cases. They are associated
with a hyper-mutability state (more than 4-times higher non-synonymous mutation rate
compared to all other EC cases studied in the TCGA study, 7.2x10° compared to 1.7x10°
® mutations/megabase, p<0.001) (TCGA, 2013). It has recently been proposed that they
represent early events in the process of both endometrial and colorectal carcinogenesis
(Temko et al., 2018). POLE mutations co-exist with PTEN (94%), PI13K mutations
(PIK3CA in 71% and PIK3R1 in 65% of cases), ARID1A (76%), FBXW7 (82%) and KRAS
mutations (53%), while they are characterized by microsatellite stability (TCGA, 2013;
Piulats et al, 2016), although others have reported no difference between MSI and
microsatellite stable tumours within the POLE cluster (Billingsley et al., 2015). They are
associated with higher grade at diagnosis but they are usually stage 1 and the prognosis is
excellent (8-year RFS of >90% in the TCGA study, 10-year RFS of 100% in 16 POLE-
mutant patients recruited in the PORTEC-1 trial) (TCGA, 2013; Van Gool Inge et al.,
2018). The latter study also showed in vitro that POLE mutations do not render EC cells
more chemo- or radiosensitive and hence this cannot explain the excellent prognosis

associated with them.

Interestingly, patients carrying somatic POLE mutations were shown to have the lowest
BMI compared to any other cluster of the TCGA study (mean BMI 29.8 compared to 33,
35.8 and 32.2 for the other three clusters) (Roque D et al, 2016).

Theoretically, POLE-mutant tumours are good candidates for treatment with immune
checkpoint (PD-1 and PDL-1) inhibitors as they are associated with significant immune
response due to their large number of neoantigens (Gadducci & Guerrieri, 2017). In reality
though, due to their good prognosis, it is unlikely that such treatments would be necessary

in this group of patients.
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1.4.9 PIK3R1

Phospholnositide-3-Kinase Regulatory subunit 1 is a gene encoding the 85kDa regulatory
subunit of the PI3K enzyme (PI3K function was described in 1.2.1). It is located in the
long arm of chromosome 5 (5913.1) (Volinia et al., 1992).

Endometrial cancer is the one with the higher mutational rate of PIK3R1 mutations
amongst all cancers tested by the TCGA Pan-Cancer Atlas study, with one third of cases
(33.9%) harbouring such a mutation (Michael S Lawrence et al., 2014). As expected, these
mutations are more common in the POLE ultra-mutated (64.7%), the MSI (41.5%) and the
SCNA low (33.3%) clusters, where the vast majority (88%) of endometrioid cases belong.
They are less common in the SCNA high group (13.3%), the group incorporating almost
all serous cases (TCGA, 2013), and similar mutational rates (15.9-18%) were shown in
clear cell EC (DeLair et al., 2017; Le Gallo et al., 2017b).

PIK3R1 mutations usually do not co-occur with PIK3CA mutations (mutual exclusivity)
in all clusters of the TCGA study (TCGA, 2013), but they coexist with PTEN and KRAS
mutations (Cheung et al., 2011).

There was no impact of PIK3R1 mutations in progression free survival in a large cohort of
endometrioid EC (S. N. Westin et al., 2015).

1.4.10 PIK3CA

Phosphatldylinositol-4,5-bisphosphate 3-Kinase Catalytic subunit Alpha gene encodes the
catalytic subunit of PI3K enzyme, the role of which has been explained in 1.2.1. It is
located in the long arm of chromosome 3 (3926.32) and its mutations have been involved
in many cancers due its integral role in the PI3K pathway (Volinia et al., 1992). The
majority of PIK3CA mutations occur in two hotspot regions; the helical domain in exon 9
(E542K and E545K) and the kinase domain in exon 20 (H1047L and H1047R) of the
PIK3CA gene (Samuels et al., 2005).

Endometrial cancer has the highest PIK3CA mutational rate (53.6%) compared to any

other cancer tested in the TCGA Pan-Cancer Atlas project (Michael S Lawrence et al.,
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2014). They are spread evenly across all clusters of the TCGA molecular classification of
EC. They are extremely common in the POLE ultra-mutated group (71%) but also in the
MSI (54%) and the SCNA low clusters (53%), where most endometrioid cases belong
(TCGA, 2013). Unlike other mutations which are common in the first three clusters but
not in the SCNA high cohort (where the majority of serous cases belong), PIK3CA
mutations occur in 47% of cases in this cluster (and 42% of serous cases) (Murali et al,
2014a). The rate of these mutations in clear cell EC is lower and has recently been reported
to be 13-36% (DeLair et al., 2017; Le Gallo et al., 2017b; Baniak et al., 2018).

There are conflicting reports on the effect of PIK3CA mutations in clinico-pathologic
variables. Earlier studies reported that those mutations are associated with an invasive
phenotype and they are relatively late events in the process of carcinogenesis (Monica
Prasad Hayes et al., 2006; Oda et al., 2008). The opposite was shown in a recent, whole-
exome sequencing study, which identified PIK3CA mutations in cases of CAH and
confirmed that these mutations occur early in the process of carcinogenesis (William J
Gibson et al., 2016). Another recent study showed no association between the presence of
PIK3CA mutations and age, BMI, stage, grade, LVSI, myometrial invasion, lymph node
metastasis, hormonal receptor status and histological subtype in 280 EC cases (Mjos et al.,
2017). From the same study, no association was found between PIK3CA mutational status
and disease-specific survival but exon 9 mutations were found to be associated with worse
disease-specific survival compared to wt-PIK3CA. Similarly, another study showed no
correlation between PIK3CA mutations and PFS in endometrioid EC (Westin, Shannon N
et al, 2015). On the contrary, a previous study analyzing the 90 cases with endometrioid
tumours from the TCGA database in the SCNA low cluster (most of which were low grade
tumours), reported improved survival for PIK3CA-mutant patients, which was not seen in
the other 3 clusters (D. I. Lin, 2015). Another study though reported that patients carrying
somatic PIK3CA mutations (in exons 9 and 20) have worse disease specific survival
compared to their ‘wild type’ counterparts in a group of grade 3 endometrioid tumours but
the same was not observed in serous EC (Mclntyre, John B. et al, 2013). Older study has
suggested that exon 20 PIK3CA mutations are associated with higher grade disease and
more myometrial invasion and LVSI while exon 9 mutations with low grade EC (LIluis
Catasus et al., 2009). Others have reported an association between PIK3CA mutations and
higher grade disease and that the H1047R mutation was associated with reduced RFS

(Garcia-Dios, Diego A. et al, 2012). A large study involving 464 tumours confirmed that
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PIK3CA mutations are not associated with age at diagnosis, they are associated with low
stage disease and they have no impact on disease-specific and overall survival (Sara A
Byron et al., 2012b).

It has been reported that PIK3CA mutations are more frequent in sporadic rather than
Lynch Syndrome-associated cases of EC (40% versus 14%, p=0.015) (Huang et al., 2013).
They are also significantly coexist with PTEN mutations (Konopka, 2011). As mentioned
previously, PIK3CA mutations are negatively associated (mutual exclusivity) with
PIK3R1 mutations (TCGA, 2013) and older studies have suggested mutual exclusivity
with KRAS mutations as well (Velasco et al., 2006; Kang, 2008), although others,
including whole-exome sequencing studies, found the opposite (Ollikainen et al., 2007;
William J Gibson et al., 2016).

Recently, a phase 1 clinical trial assessed the efficacy of Alpelisib (PI3Ka inhibitor) in
patients with solid tumours harbouring PIK3CA mutations (Dejan Juric et al., 2018). It
was tolerable and showed promising efficacy (disease control rate of 58.2%) in a cohort
of patients including a few with EC. CH5132799, a PI3K inhibitor, showed pre-clinical
efficacy in cells harbouring PIK3CA mutations (H. Tanaka et al., 2011) and entered a UK-
based, phase 1 clinical trial in patients with advanced solid tumours which showed some
efficacy in a patient carrying a PIK3CA mutation but not in those with wt-PIK3CA
(Blagden et al., 2014) Another PI3K and mTOR inhibitor (GDC-0980) was shown to be
significantly more effective in serous EC cell lines carrying PIK3CA mutations compared
to wt-PIK3CA cells (English, Diana P. et al, 2013).

1.4.11 ARID1A

AT-Rich Interaction Domain 1A gene encodes a protein which participates in many
proteinic complexes of the SWI/SNF (SWItch/Sucrose Non-Fermentable) family. This
family plays an integral role in chromatin remodeling and through that, in DNA repair and
cell proliferation (Reisman et al., 2009). ARID1A gene is a tumour suppressor located in

the short arm of chromosome 1 (1p36.11).

ARID1A mutations are common in EC as they occur in 34% of cases overall. They are

even commoner amongst endometrioid tumours as they occur in 42% of cases in the SCNA
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low and 37% of the MSI clusters of the TCGA study, which contain most of these type of
tumours. Similarly to PTEN mutations, they are inactivating since their proteinic
expression is reduced (TCGA, 2013). As expected, they occur frequently (76%) in POLE-
ultramutated cases (TCGA, 2013).

ARID1A mutations occur less frequently in clear cell EC (15.9-22%) (DeLair et al., 2017,
Le Gallo et al., 2017b), which is in contrast with much higher rates of these mutations in
ovarian clear cell cancer (46-57%) (Alldredge & Eskander, 2017). They are rarely present
in serous cases of EC (6-18%) (Wiegand et al., 2011; Matthieu Le Gallo et al., 2012).

ARIDIA mutations frequently coexist with PI3K pathway mutations (Liang et al., 2012)
and a wild type TP53 (Allo et al., 2014). They are also correlated with MMR deficiency
in high grade EC cases (Nelson, Gregg S. et al, 2013). ARID1A mutations are associated
with MSI caused by MLH1 promoter methylation (sporadic cases) but not with germline
mutations on the MMR genes (75% versus 14%, p<0.0001) (Tjalling Bosse et al., 2013)

Very few studies have examined the association between ARID1A loss and overall survival
(OS) in EC. A recent meta-analysis included only two studies and showed that ARID1A
status does not affect OS (Liu et al., 2017). Similarly, another study focusing on clear cell
EC, showed no effect of ARID1A mutations to survival (Fadare et al., 2013). One of the
two studies included in the meta-analysis found no association between ARID1A mutations
and stage, grade, myometrial invasion, LVSI, BMI, menopausal status, age and hormonal

receptor status of the 111 endometrioid EC cases analyzed (Rahman, 2013).

1.5 Overview of approach to variant calling

The use of next generation sequencing (NGS) is rapidly increasing in the study of many
diseases including cancer. This has brought new challenges in the field of variant calling
and the significance of each variant. The American College of Medical Genetics in
conjunction with the Association for Molecular Pathology and the College of American
Pathologists recently produced guidance for the interpretation of those variants (Richards
et al., 2015).
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In this document variants are classified as pathogenic, likely pathogenic, of uncertain
significance, likely benign or benign. The word ‘likely’ is advised when there is a more
than 90% chance of the variant being pathogenic or benign respectively.

This consensus document acknowledges the usefulness of publicly available variant and
population databases in researchers analyzing NGS results along with computer softwares
which help interpreting such results.

Criteria for classifying pathogenic and benign variants have been defined (Appendix 1)

and the selected criteria are marked and categorized according to Appendix 1 tables.

1.5.1 The role of family history

The importance of family history in the interpretation of somatic variants cannot be
overstated. Clinicians and laboratories should recognize germline mutations that are
known to increase the risk of an individual developing cancer as this might have significant
consequences for family members as well (BRCA gene mutations are a good example).
The family history itself can assist in determining the pathogenicity of variants. For
example, a negative family history for a genetic disease known to be inherited in a
dominant manner, can help in the interpretation of a mutation found in an offspring with
the disease as pathogenic and de novo. It is also useful to evaluate incidental mutations in
the absence of disease under the prism of family history. The possibility of such mutation
(in a healthy individual) being pathogenic is much less if the family history is free of the
disease associated with this mutation (Richards et al., 2015). On the contrary, as shown in
Table A.1, a strong family history is a supporting evidence for classifying a variant as

pathogenic, even if there is no phenotypic confirmation at the time of testing.

1.5.2 Genotype/phenotype interactions

It is now widely accepted that apart from genetic aetiology, many diseases (including
cancer) have environmental causes. Chemical agents, radiation, diet, are only a few
examples of such aetiologic factors for disease onset. What is now becoming more
apparent is the interaction between genotype and environment and that the same individual
might have a different susceptibility to a disease depending on the environment. An
example is the higher risk of skin cancer on a fair-skinned human if living in an

environment with significant sunlight exposure compared to one with less (Adami et al.,
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2002). The study of genetic/environmental interactions carries great importance as it
provides more accurate assessment of the population-attributable risk, it identifies new
environmental causes of disease, it reveals disease mechanisms and reasons for
susceptibility of particular individuals and through all this it allows the development of
preventive recommendations and/or new therapies (Hunter, 2005). These studies though
can be extremely challenging to perform especially due to the inherent difficulty in
quantifying the environmental exposure. A typical example of this is alpha 1-antitrypsin
deficiency, a condition caused by SERPINAL gene mutations and associated with lung
disease and in particular emphysema (US National Library of Medicine, 2020). Lung
disease can also be caused by several environmental factors like smoking, chemicals, dust
(pollution). An individual with SERPINAL gene mutation who doesn’t smoke has a modest
risk of developing lung disease. Their risk is highest in the presence of
smoking/environmental pollution. The evaluation though of these two factors can be
difficult as it relies mainly on questionnaires and is subject to recollection bias (Hunter,
2005). In summary, genotype is not the only factor determining the risk of disease. Its
interaction with the environment is a complex process which is difficult to be quantified

but will ultimately define disease onset and its course.

1.5.3 Single Nucleotide Polymorphisms (SNPs)

SNPs refer to single nucleotide changes across the genome. They are very common and
usually occur in the intronic areas of the DNA (US National Library of Medicine, 2020).
Nevertheless, they can occur within a gene or its regulatory area and can be involved in
the disease process. It is now commonly accepted that SNPs play a role not only in the
pathogenesis of diseases but also in the individual susceptibility to them (Deng et al., 2017)
along with responses to treatment (Chaudhary et al., 2015). The latter has lead to the
development of ‘pharmacogenomics’, a field studying individual variations in drug
responses due to genetic differences. Typical examples include the different efficacy of
anti-asthmatic and anti-hypertensive drugs to patients due to polymorphisms in various
areas of their genome (Chaudhary et al., 2015).

Studies have shown that genetic heterogeneity among various populations exists and that
even a small number of SNPs can be used to differentiate groups of different geographical

origin (Rosenberg et al., 2002; Allocco et al., 2007). This can be a very useful tool in
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genetic studies comparing distinct ethnic populations as it would allow researchers to
confirm the correct allocation of study participants in their respective ethnic group.

In view of the fact that SNPs are inherited (Hemminki et al., 2005), they are also used as
genetic markers of diseases and in particular of the familial component of the risk for
developing this disease. Along with family history, SNPs have been shown to predict the
susceptibility of an individual to several common diseases, including coronary heart
disease (Tada et al., 2016), breast and colorectal cancer (Lilyquist et al., 2018; Jenkins, M.
A. et al, 2019). It is anticipated that in the future, as data from genome-wide association
studies increase, SNPs will be incorporated in risk prediction algorithms along with
clinical variables of the disease (including family history) and this will increase the

sensitivity of these tools in identifying susceptible individuals (Do et al., 2012).

1.6 Racial differences in endometrial cancer

Racial disparities in the incidence and disease profile have been shown in many cancers
and endometrial cancer is not an exception. The issue of investigating ancestry and
genetics in research is challenging due to the concept of race being confused or influenced
by the interaction of environment and culture, as well as heterogeneity within populations
(Yudell et al., 2016). Although it has been proposed that the use of race as a surrogate
marker for measurable genetic differences should be avoided (Bevan, 2004), it is
acknowledged that there is utility when investigating the interplay of genes and
environmental factors (Williams, 2002). Most studies examining the epidemiological
differences between various racial populations have been conducted in the USA and
mainly focus on the White versus African American (AA) comparison. The data for other

groups are more limited and will be examined below.

1.6.1 Incidence

White women have been shown to have the higher incidence rates of EC in the USA (24.38

per 100,000 women) compared to women from all other races (M. -. Cote et al., 2015).
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The same study, which examined more than 120,000 patients from the Surveillance,
Epidemiology, and End Results (SEER) database, diagnosed with EC between 2000-2011,
showed that the incidence of the disease was 19% less in AA women (rate ratio 0.81
compared to reference 1 for White women), while older studies have reported differences
as high as 35% (Sherman & Devesa, 2003). The incidence of EC was even less amongst
Hispanics and Asian women (rate ratio 0.73 and 0.70 respectively). A previous large
prospective study examining almost 47,000 patients of multiethnic background in the USA
showed that the incidence rate of EC, after adjusting for risk factors, was 32% less in AA
compared to White (W) women (relative risk 0.68), while it was 35% less for Latinas
(relative risk 0.65) and 26% less for Japanese Americans [relative risk 0.74, 95%
confidence interval (Cl) 0.54-1.01], with the latter difference being just outside statistical
significance (Setiawan et al., 2007). This difference in the incidence rates (32% less for
AA women in the older study versus 19% in the recent one) can be explained, at least
partly, by the rapid increase in EC cases among AA women (annual percentage change of
2.5, compared to 0.6 for White women) (M. -. Cote et al., 2015). Based on these data,
future projections estimate that the gap will keep closing and might even be reversed after
2030 (Gaber et al., 2017).

The fact that Asian patients living in the USA have reduced rates of EC compared to their
White counterparts has been confirmed in other studies as well. Zhang et al showed that
the age-adjusted incidence rate of EC amongst Asians was 16.8 per 100,000 women
compared to 26.1 for White patients (36% less) and similar results were shown by Liao et
al (C. Katherine Liao et al., 2003; M. Zhang et al., 2006). The latter study, interestingly,
confirmed that amongst women of Japanese and Chinese origin, the rate of EC was higher
for those born in the USA compared to those who immigrated to the country, although still
much less compared to White women. The rate of EC in the Asian group is rising at a fast
pace with an annual percent change of 2.48 between 2000 and 2007, the higher among all
ethnicities studied (M. -. Cote et al., 2015).

Perhaps surprisingly, a study comparing the incidence rates of EC in various ethnic groups
in the UK concluded that AA women had a 16% higher incidence of the disease compared
to their White counterparts (rate ratio 1.16, Cl 1.03-1.31), which contradicts the previous
data from the USA (Shirley et al., 2014). The same study revealed that the incidence of
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EC among South Asian women living in the UK is 10% less compared to White (rate ratio
0.90, CI 0.81-1.01), but this was just outside statistical significance.

1.6.2 Clinico-pathologic differences

Interestingly, AA women are more frequently diagnosed with Type 2 endometrial tumours
(serous, clear cell), which by definition are more aggressive and therefore carry a worse
prognosis. Wright examined the data of more than 80,000 women from the National
Cancer Institute’s SEER database and found that 38% of endometrial tumours were type
2 in AA women as opposed to only 14.9% in White women (Wright et al., 2009). The
same study revealed that AA women were younger at diagnosis but presenting with higher
stage disease (73% of White patients were stage | versus only 54% of AA women,
p<0.001). A more recent, larger study confirmed these findings and showed that AA
women presenting with late stage disease (I11C/IV) was double that of Whites (17.8%
compared to 9.8%, p<0.001) (Fader, Amanda N. et al, 2016). AA women also present with
higher grade disease compared to White women, with identical results being confirmed by
two studies (32.7% versus 19.2%, p<0.001 and 32.8% versus 17.7%, p<0.001) (Setiawan
etal., 2007; Fader, Amanda N. et al, 2016). Similar results were shown for Latinas women,
who also had higher rates of late stage, higher grade and type 2 tumours compared to White
women (Setiawan et al., 2007). The same study showed that AA and Latinas have higher
BMI compared to White patients. AA women have also been shown to have increased
rates of LVSI in cases of early stage endometrioid EC (Elshaikh, Mohamed A. et al, 2012).

Asian women have been shown to present with EC on average 7 years earlier than White
women (58.4 compared to 65.1, p<0.01 in an older study, 57.7 years versus 64.3 in a more
recent one) (M. Zhang et al., 2006; Mahdi et al., 2014). They also present more frequently
with late stage disease (21.5% versus 15.4%, p<0.01 and 15.6% compared to 13.3%,
p=0.04 in the two aforementioned studies respectively) and have higher rates of lymph
node positivity compared to White women (13.8% versus 11.8%, p<0.001) (Mahdi et al.,
2014). A higher rate of type 2 tumours amongst Asian women (10.6% versus 9.6% for
White patients, p=0.041) has also been shown (Mahdi et al., 2014).
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1.6.3 Molecular and genetic differences

PTEN mutations in endometrial cancer are associated with a more favourable histologic
subtype (endometrioid) and better prognosis (Risinger et al., 1998). These mutations were
shown to be more prevalent in White women compared to their AA counterparts in older
studies (22% vs 5%, p=0.004) (Maxwell et al., 2000). A recent analysis of TCGA data
from our group showed that PTEN mutations were the commonest in both White and Asian
patients with an incidence of 63% and 85% respectively, while they were less frequent in
AA women (39%) (Guttery et al., 2018).

MSI has also been associated with endometrioid histology and better survival. Basil et al
reported that White patients are 3 times more likely to have MSI in their uterine specimens
compared to AA (Basil et al., 2000). On the contrary, Maxwell et al did not report a
statistically significant difference in MSI between White and AA women (16% vs 13%)
(Maxwell et al., 2000). An analysis of data from the TCGA study showed that 29% of
White patients belong to the MSI cluster compared to 14.3% of Black patients (Dubil et
al., 2018).

As mentioned previously, TP53 mutation is the commonest genetic mutation in type 2
endometrial cancer and hence it has been associated with worse survival. Studies have
shown that the overexpression of TP53 occurs more frequently in AA women compared
to White women (34% vs 11%, p=0.003) (Clifford et al., 1997) and this may be one of the
contributory factors which might explain the aggressive phenotype of their disease. These
results were confirmed by a TCGA data analysis from our group which confirmed that
TP53 was the commonest mutation in AA women as it was present in 49%, while it was
less common in White (32%) and Asian patients (25%) (Guittery et al., 2018). In another
analysis of TCGA data, it was shown that 61.9% of Black patients were clustered in the
SCNA high group compared to only 23.5% for their White counterparts (p=0.0005) (Dubil
et al., 2018).

It has been reported that AA patients with low-grade endometrioid tumours have higher
rates of KRAS and PIK3CA mutations compared to White patients (M. Cote et al., 2012).
HER2 overexpression is another common feature of serous endometrial tumours. Santin

has reported that this overexpression is significantly more common in AA compared to
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White patients (70% vs 24%, p=0.04), although this study was based on only 27 patients
with serous EC (Santin et al., 2005). He also showed that survival for those who were
heavily expressing HER2/neu in their tumour samples was significantly reduced compared
to those who were expressing little or no HER2.

1.6.4 Access to health care- Socioeconomic discrepancies

It has been postulated that access to health care might be a contributing factor for the worse
outcomes observed in AA women, as earlier studies showed a higher percentage of those
women not receiving cancer-directed treatment compared to their White counterparts (9%
versus 4%) and being treated with surgery less frequently (79% versus 91%) (Hicks et al.,
1998). However, later studies controlling for variables associated with treatment showed
that even when the same treatment modalities are being used, AA women carry a worse
prognosis, which cannot be explained by access to health care or treatment bias (Maxwell
et al., 2006). Finally, more recent epidemiological studies showed that insurance status
partially contributed to the survival difference observed between AA and White patients,
although this was not as significant as clinico-pathologic variables (with histology being

the most prominent) (Fedewa et al., 2011).

1.6.5 Prognosis

AA women are 60% more likely to die from their EC compared to White, after controlling
for known prognostic factors (Wright et al., 2009). There is a significant difference in the
5-year survival between AA and White women (61% for AA women versus 85% for
White) (Ahmedin Jemal et al., 2010). Even within the group of patients with early stage 1
disease and after controlling for clinical and socioeconomic variables, 5-year survival was
89.4% for White compared to 82% for Black patients (<0.001) (Fader, Amanda N. et al,
2016). This difference was even greater for patients with late stage disease (II1C/1V),
42.8% for White versus 24.6% for AA (p<0.001). The authors hypothesize that this might
be attributed to cultural beliefs (making treatment less accepted) or disease being
biologically different and hence less responsive to treatment compared to other races.
Similar results were confirmed in another study which showed that, across all histologic

types, AA women have a 55% higher mortality compared to White women (mortality rate
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ratio 1.55), and the difference becomes even bigger in the subgroups of serous and clear
cell histology (mortality rate ratio of 2.6 and 2.4 respectively) (M. -. Cote et al., 2015).

Asian and Hispanic patients with EC in the USA are less likely to die from the disease
compared to White women. Age-adjusted incidence-based mortality across all histologies
is 42% less in Asian women (mortality rate ratio 0.58) and 20% less in Hispanic (mortality
rate ratio 0.80), compared to White women (M. -. Cote et al., 2015). The Asian group in
particular has an impressively low mortality across all histologies with the exception of
clear cell tumours, where there is no difference with the White cohort. The greatest
difference is evident in the low-grade endometrioid tumours where mortality is less than
half compared to White women (mortality rate ratio 0.44). The same study showed that 5-
year survival across all histologic types was identical for White and Asian patients. An
older study had shown better 5-year survival for Asian patients (79.4% compared to 75.2%
for White, p<0.01) but this was attributed to the younger age at diagnosis as, when
controlling for age, there was no difference in survival rates (M. Zhang et al., 2006). A
recent study though showed 14% better overall survival amongst Asian patients compared
to White women, even after controlling for several prognostic variables including age
(Mahdi et al., 2014). Interestingly, this study also showed that Asian immigrants to the
USA have a 17% better overall and 34% better cancer-specific survival compared to US-

born Asian women.
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Chapter 2 Materials and Methods

2.1 In-vitro cell line studies

2.1.1 Endometrial cancer cell lines

The Ishikawa cancer cell line was obtained from Sigma-Aldrich (now Merck KGaA,
Darmstadt, Germany) and the HEC-1-A cell line from ATCC (ATCC® HTB-112™),

2.1.2 Resuscitation of frozen cells

Cryo-vials (1ml) containing cells were transferred from liquid nitrogen tanks to a 37°C
water bath for approximately one to two minutes. The content of the vial was then
transferred under aseptic conditions to a 15ml Falcon tube and pre-warmed complete
culture media was added slowly.

For Ishikawa cells, complete culture medium consisted of Dulbecco’s Modified Eagle’s
Medium (DMEM) which was supplemented with 5% Fetal Bovine Serum (FBS) and 1%
Non Essential Amino Acids. For HEC-1-A cells, complete culture medium consisted of
McCoy's 5A (Modified) medium, supplemented with 10% FBS.

The cells were subsequently transferred to a 60 or 200mm culture dish and incubated at
37°C in a humidified incubator with 5% COe..

2.1.3 Cell splitting

When cells reached 70-80% confluency in the culture dish, they were passaged into new
dishes. Cell splitting was achieved by discarding the old medium and washing the adherent
Ishikawa cells with 1X Dulbecco’s Phosphate Buffered Saline (DPBS, Gibco™) and the
HEC-1-A cells with 0.25% Trypsin-EDTA (Gibco™). Trypsin-EDTA 0.25% was then
added to both cell lines before incubating them for 5 minutes (longer incubation was
usually needed for the dissociation of HEC-1-A cells as they were always more adherent
to the dish). The dissociated cells were then washed with their respective medium and
transferred to a 15ml Falcon tube before centrifuging them at 150g for 5 minutes. The

supernatant was then discarded and the cell pellets were re-suspended in medium prior to
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seeding the cells in culture dishes at the desired number. Both cell lines were splitted every
two to three days depending on the cell confluency.
The culture media, supplements and reagents are shown in Table 2.1 below.

Medium/Supplement Producer Catalog Number
Dulbecco's Modified

Eagle’s medium Gibco 61965026
McCoy's 5A (Modified)

medium Gibco 16600082
MEM Non-Essential Amino

Acids Solution 100X Gibco 11140050
Fetal Bovine Serum Gibco 10500064
Dulbecco’s Phosphate | Gibco 20012019
Buffered Saline (PBS)

Trypsin-EDTA 0.25% | Gibco 25200056
(Phenol red)

Dimethyl Sulfoxide | Sigma-Aldrich D8418-100ML
(DMSO)

Table 2.1 Culture media, supplements and reagents used in cell culture.

2.1.4 Cryostorage

The cell pellet was obtained with the procedure described previously in 2.1.3. It was then
re-suspended with 1ml of solution consisted of 90% FBS and 10% Dimethyl Sulfoxide
(DMSO) for the Ishikawa cells and 95% complete culture medium supplemented with 5%
DMSO for the HEC-1-A cells. The cells were then transferred to cryovials at a
concentration of 2-3x10° cells/ml. Isopropanol freezing container (Thermo Scientific™
Mr. Frosty™, Cat. No 5100-0001) was then used to achieve slow freezing of the cryovials
(about -1°C per minute) in -80°C freezer. 24-48 hours later the cells were transferred to

liquid nitrogen storage vessel.
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2.1.5 Cell counting

Cell counting was performed prior to passaging the cells in order to assess their viability
and also prior to seeding them for performing MTS assay (see 2.1.6). It was also performed
prior to cryo-storage in order to ensure that a minimum of 2x10° cells were stored in each
cryo-vial. Cells were counted by mixing 10pL of cell suspension with 10uL of 0.4%
Trypan Blue Solution (Gibco™). Half of this mixture was added to cell counting slides

(Bio-Rad™) and counted using the T20 automated cell counter (Bio-Rad™) in cells/ml.

2.1.6 Cell proliferation assay

The CellTiter 96® AQueous One Solution Cell Proliferation Assay (Promega™) was used
to assess cell viability following treatment with various inhibitory drugs. This assay uses
a tetrazolium compound (MTS) and an electron coupling reagent (PES) which are
combined together in one solution. It is a colorimetric method as the MTS is converted by
metabolically active cells to a colored formazan product.

5,000-10,000 cells were transferred to 96-well, flat bottom plates, in triplicates. When
reached 70-80% confluence, they were treated with serial concentrations (10, 1, 0.1, 0.01
and 0.001uM) of various inhibitory drugs. Three control wells were used by adding DMSO
to it as all the drugs of our study were diluted in DMSO. Finally, three wells were filled
with culture medium only in order to measure the background absorbance.

CellTiter 96® AQueous One Solution Reagent (PROMEGA) was kept at -20°C freezer,
protected from light, as per manufacturer’s instructions. 48-hours after the drug treatment
it was thawed and added to the cells at a concentration of 5:1 (for every 100ul of medium,
20yl of the reagent was added). The 96-well plate was then incubated for 2-3hr at 37°C in
a humidified, 5% CO2 atmosphere.

The absorbance of the plate was read at 490nm using Infinite® F50 / Robotic ELISA plate
reader (TECAN™) and the data recorded with the Magellan™ data analysis software. The
percentage of cell viability was subsequently calculated with Microsoft Excel 2013 by
dividing the absorbance (optical density) of the sample with the one of the control and

multiplying this by 100. Graphs were created using GraphPad Prism 7.0 software.
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2.1.7 Flow Cytometry using Propidium lodide staining

Propidium iodide (PI) is a dye which does not pass through the cell membrane of live cells
but it easily permeates the membranes of permeabilized cells and binds to double stranded
DNA. Along with the ability of flow cytometry to measure fluorescence intensity in those

cell populations, Pl staining is used to perform cell cycle analysis.

Cells were cultured in 60mm culture dishes. When they reached 70-80% confluency, they
were treated with a drug inhibitor and incubated at 37°C in a humidified chamber with 5%
COz2. 24 hours later, their medium was collected on a 15ml Falcon tube. Trypsin 0.25%-
EDTA was used to detach the adherent cells, which were then added to the same Falcon
tube. Following centrifugation at 150g for 5 minutes, the supernatant was discarded and
the cell pellet washed with 1ml DPBS. The solution was centrifuged again and the
supernatant disposed. The cell pellet was then re-suspended with 1ml cold Ethanol 70% to

fix the cells and stored in the -20°C freezer until used (usually overnight incubation).

On the day of the staining, the Ethanol fixated solution was centrifuged for 5 minutes at
2509 and the supernatant discarded. DPBS was used to wash the pellet and further
centrifugation ensued. The pellet was re-suspended with 300-500ul of PI staining solution
constituted of 50ug/ml propidium iodide and 40pg/ml RNAase A in 1XPBS. The solution
was then transferred to 5 ml polystyrene round bottom FACS tubes (Falcon™) and
incubated in the dark for 30 minutes, at 37°C. The samples were read in BD FACSCanto™
I fluidics system (BD Biosciences™) and the cell cycle analysis was done using the FACS

Diva™ software (BD Biosciences™), version 6.1.3.

2.1.8 Protein analysis

2.1.8.1 Cell collection

For studying cell pathway activation, cells were plated in 60mm culture dishes and
incubated in a humidified chamber at 37°C. When they reached 70-80% confluency, they
were treated with a drug inhibitor. 24 hours later, the culture medium was collected in a
15ml Falcon tube. The cells were washed with DPBS (Ishikawa) and Trypsin 0.25%-
EDTA (HEC-1-A) and this was also collected in the same Falcon tube. The cells were
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detached after an incubation with Trypsin 0.25% for a minimum of 5 minutes at 37°C.
They were subsequently centrifuged at 150g for minutes and the supernatant was
discarded. The cell pellets were then lysed (as described in 2.1.8.2) in order to extract

whole cell protein.

2.1.8.2 Obtaining whole cell lysates

The pellets obtained in the previous step were incubated on ice with 100uL RIPA (radio
immunoprecipitation assay) lysis buffer containing 1% protease inhibitor and 1%
phosphatase inhibitor cocktails (Sigma-Aldrich™). RIPA lysis buffers contained 150mM
NaCl, 50mM Tris HCI pH 8.0, 1% Tergitol-type NP-40, 0.1% Sodium Dodecyl Sulfate
(SDS) and 0.5% sodium deoxycholate diluted in distilled water (dH20) and stored at 4°C.
After incubating the mix in 1.5ml Eppendorf tubes on ice for 20 minutes, the pellets were
macerated with 21 gauge needles (BD Microlance™ 3). They were subsequently
centrifuged at 14,000rpm for 15 minutes at 4°C and the supernatant was transferred into
new tubes and the pellets discarded. Bradford assay, a spectroscopic method of calculating
proteininic concentration, was then used to determine the protein concentration of the

sample.

4xSDS sample buffer had been prepared in advance. 10ml of stock consisted of 2.4ml 1M
Tris-HCI pH 6.8, 0.8 grams SDS, 4ml 100% glycerol, 2ml B-mercaptoethanol, 4mg
bromophenol blue and 1.6ml dH>O. The protein sample was diluted 1:3 with 4x SDS
buffer and boiled at 100°C for 5 minutes. Samples were then ready to be used or stored at
-20°C.

2.1.8.3 SDS-PolyAcrylamide Gel Electrophoresis (SDS-PAGE)

Polyacrylamide gels were prepared using a Mini-PROTEAN® Tetra Cell Casting Module
(Bio-Rad, Catalog Number #1658015) and the concentrations of the chemicals used are
shown in Table 2.2 below. The casting and the glass frames were cleaned and assembled
prior to making the gels. Gels were constituted of a 10% running (lower) and a 5% stacking
(upper) gel. From the ingredients shown in Table 2.2, TEMED was added in the fume

hood and APS was added last. The running gel was then poured between the glass frames
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and it was topped up with dH>0O for the last 2cm to the top. It was then left to solidify for

30 minutes.

After the gel was solid, the excess water was removed and the stacking gel was added up
to the top. A 15-well Mini-PROTEAN® Comb (1.5 mm, 40 pl, Bio-Rad™, Catalog
Number #1653366) was inserted in the glass frame. The gel was left to solidify for another
30 minutes and was subsequently placed into a Mini-PROTEAN Tetra Cell electrophoresis
tank (Bio-Rad™).

Running  (lower) 10% Stacking (upper) 5%

gel gel

Bis  Acrylamide eml Bis  Acrylamide 875uL
(40%) (40%)

1.5M Tris (pH 8.8) eml 0.5M Tris (pH 6.8) 1.75ml
10% SDS 240pL 10% SDS 70pL

10% APS 120pL 10% APS 70pL

TEMED 12uL TEMED 7uL

dH-0 11.5ml dH-0 4.325ml

Table 2.2 VVolume of chemicals used to prepare polyacrylamide gel for Western Blotting.
APS: Ammonium persulfate (Sigma-Aldrich™,
TEMED: N,N,N’,N'-Tetramethylethylenediamine (Sigma-Aldrich™.

The whole cell lysates, obtained as described in 2.1.8.2, were brought to the boil (100°C
for 5 minutes in a heating block) and they were allowed to cool prior to their loading in
each well. The volume loaded to each well had been previously calculated using the
Bradford assay. A 4puL PageRuler™ Plus Pre-stained protein ladder (ThermoFisher
Scientific™, Catalog Number 26619) was also loaded on the first well. The tank was
subsequently filled with 1X Running Buffer (100ml of 10X Running Buffer, 900ml dH;0).
In order to make 1 litre of 10X Running Buffer, 30.3g of Tris Base (Fisher Scientific™)
were mixed with 144g of Glycine (Fisher Scientific™) and 10g of SDS (Fisher

Scientific™), the remaining being dH-O.

Electrophoresis was performed starting at 60V for 20min, followed by 100V for at least

90 minutes.
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2.1.8.4 Western Blot analysis

Transferring buffer (1X) had already been prepared by mixing 700ml of dH2.0 with 200ml
of Methanol and 100ml of 10X Transferring Buffer. The mix was left in -20°C until
needed. 10X Transferring Buffer was prepared by mixing 30.3gr of Tris Base with 144gr
of Glycine and dH20 up to the volume of 1 litre.

The proteins from the polyacrylamide gel were transferred to nitrocellulose filter
membrane (Amersham; GE) using a Mini Trans-Blot® Cell (Bio-Rad™). Whatman Filter
Paper (Amersham; GE) and nitrocellulose filter membrane were cut in the size of the gel
and were immersed in transferring buffer. The filter sponge was placed in the black side
of the cassette followed by two filter papers, the gel, the membrane, two more filter papers
and finally another filter sponge. The cassette was subsequently placed into the plastic case
of the transferring tank and filled with transferring buffer. Ice was added both inside the
tank and outside of it. Transfer of the proteins occurred under constant 350mA current for

90 minutes.

Following transfer, membranes were incubated in blocking solution consisted of 5%
Bovine Serum Albumin (Sigma-Aldrich™) in 1XPBS with 0.1% Tween-20 (Thermo
Scientific™) for 1 hour at room temperature with orbital shaking. Following this, the
membranes were incubated overnight with the primary antibodies (Table 2.3), diluted in
blocking solution as per their manufacturer’s instructions (1/1000 being the commonest

used).
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Antibody Origin Dilution Molecular Supplier/ Catalog
Weight (kDa) | Number
Phospho-Akt Rabbit 1:1,000 60 Cell Signaling
(Ser473) Technology/#4060
AKT Rabbit 1:1,000 60 Cell Signaling
Technology/#9272
Phospho-p44/42 | Rabbit 1:1,000 44, 42 Cell Signaling
MAPK (Erk1/2) Technology/#4370
(Thr202/Tyr204)
p44/42  MAPK | Rabbit 1:1,000 42, 44 Cell Signaling
(Erk1/2) Technology/#9102
B-actin Rabbit 1:5,000 42 Abcam/ Ab8227
Actin (C2) Mouse 1:250 43 Santa Cruz/ sc-
8432
Phospho-MEK | Rabbit 1:1000 45 Cell Signaling
Y2 (Ser217/221) Technology/#9154
MEK 1/2 Rabbit 1:1000 45 Cell Signaling
Technology/#9122

Table 2.3 Antibodies used for Western blotting. All antibodies are monoclonal with the
exception of B-actin which is polyclonal.

The following day, the membranes were washed three times with 1X PBS with 0.1%
Tween-20 (ten minutes each). They were then incubated in the dark for 60 minutes and
under constant agitation with blocking solution in which the secondary antibodies had been
added. Secondary antibodies were Goat anti-Rabbit for rabbit primary antibodies (IRDye®
680RD Goat anti-Rabbit 1gG, Li-COR™, product number 926-68071) and Goat anti-
Mouse for mouse primary antibodies (IRDye® 800CW Goat anti-Mouse 1gG, Li-COR™,
product number 926-32210). Both types of secondary antibodies were used in a
concentration of 1 in 10,000. The membranes were then washed in the dark three times
with PBS-0.1% Tween-20 and once with 1X PBS. Finally, membranes were read in the
Odyssey imager (Li-COR™) and the protein bands analysed and quantified using Image
Studio Lite software version 5.2 (Li-COR™).
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2.2 Racial differences between British White and British South Asian

women

2.2.1 Ethical approval and recruitment

Ethical approval for the study was granted by Yorkshire and The Humber - Bradford Leeds
Research Ethics Committee (REC reference number: 15/YH/0510). The study’s protocol
was also approved by the University Hospital of Leicester’s Research and Development

department.

Women with a preoperative diagnosis of endometrial cancer or complex atypical
hyperplasia on a biopsy were recruited at the University Hospitals of Leicester between
February 2016 and February 2018. They all gave written informed consent prior to their
primary surgery, after being given a patient information leaflet. Each patient had a unique

study number which was subsequently used during experiments and data analysis.

2.2.2 Tissue and data handling

All patients underwent a hysterectomy as part of their treatment. Following surgery, the
uterine specimen was processed in the Pathology laboratory of Leicester Royal Infirmary
by trained NHS staff. Formalin Fixed Paraffin Embedded (FFPE) blocks of tissue were

available for the study after formal diagnosis had been established.

Soon after patient recruitment had commenced, a decision was made to add lipid profile
and glycosylated haemoglobin (HbAlc) testing in the routine pre-operative bloods
obtained from each participant, with the exception of those who had those investigations

performed (within the previous month).

Clinico-pathological data for the participants of the study were obtained from the patients’
medical notes and from the hospital’s online ICE system which stores laboratory results
of investigations. Data were stored in password-protected Microsoft Excel 2013 datasheets

and handled in accordance with University Hospital of Leicester’s policies.
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2.2.3 Patient and gene selection for sequencing

60 patients were selected for sequencing (30 WB and 30 BSA), after being completely
matched in terms of risk of adjuvant therapy using the ESGO-ESMO-ESTRO
classification (Colombo et al., 2016). Based on this consensus classification, patients with
EC are categorised based on their risk of developing a recurrence to low, intermediate,
high-intermediate, high, advanced and metastatic groups. We selected 15 patients from
each group of interest who were of low risk and 15 who were intermediate to high risk.
The percentage of patients with type 2 tumours in this cohort was representative of these
type of tumours in the general population of patients with EC.

Ten genes were chosen for analysis based on their frequency of somatic mutations in EC,
their tumour driving potential and their likely therapeutic significance. Five out of the six
most frequent mutations in EC identified in the TCGA study (TCGA, 2013) were selected
(PTEN, PIK3CA, ARID1A, PIK3R1 and TP53) along with genes shown to play a critical
role in endometrial and other common cancers (POLE, CTNNB1, PPP2R1A, KRAS and
FBXWT7).

2.2.4 ‘Subbing’ of glass microscope slides

Microscope slides were coated with a positively charged solution (3-
aminopropyltriethoxysilane) in order to increase its adhesiveness to the negatively charged

tissues.

Glass microscope slides were placed in racks and soaked in hot water containing an
alkaline cleaning solution (5% Decon 90), and they were left overnight. The following
day, they were washed for 30 minutes in hot running water followed by three washes in
distilled water. They were then dried in the oven for 1 hour at 60°C, while 5 tanks were
placed in the fume hood. The first one was filled with subbing solution (consisted of 2%
3-aminopropyltriethoxysilane in acetone), the next two with acetone and the last two with
distilled water. The slides were immersed in each tank for two minutes. They were finally
dried in the oven at 60°C.
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2.2.5 Tissue cutting

FFPE endometrial tissue was manually cut with a Leica RM2235 Rotary Microtome in
5um sections which were placed on a R A Lamb E65.2 Mounting Bath (Akribis Scientific
Limited) at 36°C, prior to being mounted on the glass slides prepared previously (see
paragraph 2.2.4). Finally, the slides were dried in the oven for two hours at 37°C.

2.2.6 Haematoxylin and Eosin stain

Tissue cuts mounted on glass slides (as described in 2.2.5) were deparaffinised in the fume
hood after being submerged in Xylene for 10 minutes. This step was repeated twice. They
were then rehydrated by using serial concentrations of Ethanol (100%, 90% and 70%), for
10 minutes in each one of them (twice for Ethanol 100%). The slides were then washed in
water for 3 minutes and immersed in Haematoxylin (Sigma-Aldrich) for 5 minutes. The
water wash was repeated for another 3 minutes and then the slides were de-stained for 10
seconds using a 1% acid solution in 70% Ethanol (1% HCL in 70% Ethanol). They were
then rinsed in tap water and immersed in Eosin for 1 minute. They were washed again in
water and dehydrated in 70% Ethanol for 30 seconds followed by 100% Ethanol for 5
minutes, with the latter step being repeated once more. Finally, they were placed on Xylene
for 5 minutes and again this step was repeated prior to placing coverslips on top of the

tissues using DPX mountant for histology (Sigma-Aldrich).

2.2.7 Immunohistochemistry

Endometrial tissue was cut and mounted on slides as described in 2.2.5. The tissue was
deparaffinised in two tanks containing Xylene in the fume hood (submerged for 10 minutes
in each one of them) and then dehydrated in two tanks of 100% Ethanol (submerged for
10minutes in each one of them). Endogenous peroxidase was blocked for 10 minutes using
a solution of 30% Hydrogen Peroxide in Methanol (2.4ml of H202 30% were diluted in
400ml Methanol) (Table 2.4). In the meantime, a Citrate buffer solution was prepared
using 2.94gr of Tri-sodium citrate dehydrate diluted in 1 litre distilled water along with

0.5ml of Tween 20. The pH was adjusted to 5.98-6.00 using acetic acid and the solution
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was microwaved in a pressure cooker for 10 minutes at 900 Watts (W). The slides were
subsequently microwaved in the Citrate buffer for 15 minutes and were then left to cool
down for approximately 30 minutes prior to wash on 1X PBS (twice, 10 minutes each).
After washing, the slide edges were dried and the edges of the tissue were marked using a
hydrophobic pen. The slides were placed in acrylic trays and incubated for 30-60 minutes
with 5% swine or goat serum (for rabbit or mouse primary antibodies respectively) in PBS.
The slides were then drained and the primary antibody added, diluted in the
aforementioned serum solution. The slides were placed in a humidified tray at 4°C and
were left overnight.

Following overnight incubation, 3 washes with 1X PBS performed (5 minutes each). The
slide edges were dried and a secondary biotinylated antibody was added after diluted 1:300
in 5% serum for 30 minutes (Polyclonal Swine Anti-Rabbit, Dako). Further three washes
with 1X PBS were performed and the slides were incubated for 30 minutes with
Horseradish Peroxidase Streptavidin (Vector Laboratories). After washing three more
times with PBS, slides were incubated for 5 minutes in the dark with DAB Peroxidase
Substrate (DAB substrate kit, Vector Laboratories) which has been made by adding 1 drop
of buffer solution, 2 drops of DAB and 1 drop of H,O, in 2.5ml of distilled water.
Following a further wash with tap water, the slides were submerged to Haematoxylin
(Sigma Aldrich) for 10-15 seconds and subsequently washed in tap water. Dehydration
was then achieved using serial concentrations of Ethanol (70%, 90% and 100%, for 10
minutes each). Finally, the slides were cleared in Xylene (twice, 5 minutes each) and
coverslips were added on top of them using DPX mountant. Finally, they were dried in the

fume hood prior to taking photos of them using a light microscope (Leica Microsystems).
The slides were reviewed by a Consultant Pathologist in order to confirm the positivity or

negativity of staining. The Pathologist was blinded to the patient’s details and their

clinicopathologic data.
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Antibodies/ Reagents Company Catalog Number
Hydrogen Peroxide | Sigma Aldrich H1009-100ML
Solution 30% (w/w) in

H20

Goat Serum (Normal) Dako X0907

Swine Serum (Normal) Dako X0901
Polyclonal Goat Anti- | Dako E0433
Mouse IgG / Biotinylated

Polyclonal Swine Anti- | Dako E0353
Rabbit 1gG / Biotinylated

MSH2 Antibody (FE11) | Thermo Fisher 33-7900
Mouse

Anti-MSH6 antibody | Abcam ab92471
[EPR3945] Rabbit

MLH1 Mouse Antibody Leica Biosystems NCL-L-MLH1
Anti-PMS2 antibody | Abcam ab110638
[EPR3947]

R.T.U. Horseradish | Vector Labs SA-5704
Peroxidase Streptavidin

DAB Substrate Kit for | Vector Labs SK-4100
Peroxidase

Haematoxylin Sigma Aldrich GHS132-1L
Eosin 1% aqueous Raymond Lamb LAMB/100-D
DPX Mountant Sigma Aldrich 06522

Table 2.4 Antibodies and reagents used in Immunohistochemistry experiments.

2.2.8 DNA extraction

2.2.8.1 Core biopsy

FFPE blocks of endometrial tumour was cut and mounted on glass slides as previously

described. Haematoxylin and Eosin stain was performed (see 2.2.6). A Consultant
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Pathologist reviewed the slide and marked the area which had the higher density of tumour
with a pen. A 1.5mm core biopsy was subsequently performed with a needle in the

corresponding FFPE block in this high density tumour area.

2.2.8.2 Extraction of DNA

The QlAamp® DNA FFPE Tissue Kit (QIAGEN, Catalog Number 56404) was used and

the manufacturer’s protocol was followed.

First, 1ml of Xylene was added to the Eppendorf micro-centrifuge tube containing the
previously obtained core biopsy and it was vortexed and centrifuged at full speed for 2
minutes in order to remove the paraffin. After removing the supernatant, 1ml of 100%
Ethanol was added to extract the residual Xylene from the sample and the tube was
vortexed and centrifuged again for 2 minutes. The supernatant was then removed and the
tissue was left to air dry for 10 minutes. The pellet was re-suspended using 180uL of buffer
ATL (provided with the kit) in which 20uL of proteinase K was added and the tube was
vortexed, prior to being incubated at 56°C for at least 1hr. The sample was subsequently
incubated at 90°C for 1hr and centrifuged afterwards. It was then allowed to cool before
adding 2 pl of RNase A (100 mg/ml) for an incubation time of 2min. 200 pl of Buffer AL
(provided with the kit) was subsequently added to the sample and mixed by vortexing
followed by another step in which ethanol was added (200 pl) and a further vortexing step.
The sample was then centrifuged and the lysate was transferred to the QlAamp MinElute

column (in a 2ml collection tube) and re-centrifuged at 6000 x g for 1 min.

The collection tube was then discarded. Buffer AW1 had been previously prepared by
adding 25ml of Ethanol (100%) to the 19ml of the pre-supplied buffer. 500uL of this buffer
was added and the column centrifuged at 6000g for 1 min. The column was placed in a
clean 2 ml collection tube and the previous one was discarded. Buffer AW2 has been
previously prepared by adding 30ml of Ethanol 100% to the 13ml of pre-supplied buffer.
500uL of this was subsequently added and the column centrifuged at 6000g for 1 min. The
column was placed in a clean 2 ml collection tube and centrifuged at full speed (20,0009)

for 3 min to dry the membrane completely.
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The column was finally placed in a clean 1.5ml Eppendorf tube, prior to adding 100uL of
pre-supplied buffer ATE to the center of the membrane and incubating for 5 minutes. It
was then centrifuged at full speed for 1 min.

2.2.8.3 Next generation sequencing (NGS)

Dr David Guttery used the lon AmpliSeq designer software (https://www.ampliseq.com)
to generate a custom 190 amplicon lon AmpliSeq panel for analysis of hotspot regions in
10 genes commonly mutated in EC (ARID1A, CTNNB1, FBXW7, KRAS, PIK3CA,
PIK3R1, POLE, PTEN, PPP2R1A, TP53) based on publicly available databases
(https://portal.gdc.cancer.gov/). The panel was designed to contain two pools, against
FFPE tissue, with amplicons ranging from 125-175 bp. The previously extracted DNA was
undertaken by Dr David Guttery, who performed NGS with the protocol presented in the
Appendix. | was present during the sequencing process in order to have a better
understanding of the technique and the processes involved along with the potential

problematic and challenging areas.

Sequencing data were analysed by Dr Guttery using the Torrent Suite v5.6.0. Mutations
with a quality score below 100 were omitted along with all variants detected in the first or
last 10 bases of an amplicon as likely mispriming events (Guttery et al., 2015).
ANNOVAR (K. Wang et al., 2010) was used to annotate all mutations with refGene 1D,
functional consequence and functional predictions using SIFT (Ng et al., 2009), Polyphen-
2 (Peshkin et al., 2010) and MutationTaster (Jana Marie Schwarz et al., 2014). Known
germline variants without pathological consequence were omitted from the analysis. All
variants detected were also manually confirmed across all samples using the Integrated
Genomics Viewer 2.3 (Thorvaldsdottir et al., 2011; Thorvaldsdottir et al., 2013).

2.2.9 Statistical methods
IC50 values of inhibitory drugs were calculated after converting the cell viability values
derived from MTS assay to percentage of inhibition. This was then converted to a

logarithmic value and from the linear regression graph created with GraphPad Prism

version 7.0, the 1C50 value was calculated.
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Calculation Index (CI) for combination drug treatments was calculated using the Chou-
Talalay method (Chou & Talalay, 1983). The Cl is calculated by the equation

a b

CI'=1c50a T Ics50B

where a is the cell viability of a specific concentration of drug A and b the cell viability of
a specific concentration of drug B, combined together. If CI<1, there is synergism, if CI>1
there is antagonism and when CI=1, there is additive effect. The mathematical rationale
and explanation of this method is very complicated and beyond the scope of this thesis. CI
though has prevailed in the literature over different methods of assessing synergism due
to its simplicity and reproducibility, even when relatively small number of drug
concentrations are combined. In this study, Cl was calculated using CalcuSyn Version 2.0

software (Biosoft).

Unpaired Student’s t-test was used to compare quantitative values between two groups (i.e
age, BMI), while Fisher’s exact test and Chi-square test were used to compare nominal
and categorical variables (> 2 categories) respectively. Statistical significance was

considered when p value was equal or less than 0.05.

This was an exploratory screening study that involved multiple testing to a relatively small
number of comparisons between two groups. The limitations of multiple testing are
acknowledged and any differences identified between the two groups would be validated

in future larger studies.

Finally, as my null hypothesis was that BSA women with EC carry different somatic
mutations compared to BW, it was of paramount importance to me to avoid a Type 2 error
(which means to accept my null hypothesis when it is actually false). For all these reasons
and based on Streiner and Norman’s work (Streiner & Norman, 2011), | decided not to use
the Bonferroni correction (Bonferroni, 1936) which is a statistical test used to adjust p
values when multiple tests are being used in order to protect from Type 1 error (reject the

null hypothesis when it is actually true).
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Chapter 3 Results

Identifying the sensitivity of endometrial cancer cell lines treated with various inhibitory
drugs and the response of the MAPK pro-survival pathway in these treatments was the
primary goal of our experiments, aiming at proposing treatments which could be tested in

patient samples or animal models.

Two endometrial cancer cell lines (Ishikawa and HEC-1-A) were chosen due to their
entirely different properties and genetic background. Ishikawa has been previously
characterised (Weigelt et al., 2013) and it is known to carry PTEN and PIK3R1 mutations
while HEC-1-A carry KRAS and PIK3CA mutations. Ishikawa has been derived from a
well differentiated uterine adenocarcinoma of an Asian patient while the HEC-1-A was
derived from a moderately differentiated papillary adenocarcinoma of a Caucasian
background. As the main focus of our project was to elicit differences between Asian and
Caucasian women, these two cell lines were chosen as an experimental model in order to

try and help characterize differences between these two ethnic groups.
3.1 Effect of various inhibitory drugs on endometrial cancer cells

In order to explore the different sensitivity of these endometrial cancer cells with the
distinct genetic background to a panel of specific inhibitors, they were treated with varying
concentrations of the inhibitors and their viability was assessed using an MTS assay. A
minimum of three independent experiments were performed for each inhibitor. The results
are shown below (figure 3.1 for Ishikawa, figure 3.2 for HEC-1-A cells). The inhibitory

concentration of 50% (I1C50) values for these inhibitors are presented in table 3.1 below.
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U0126
Idelalisib
Ibrutinib
IMD0354
PF03084014
R04929097
Dinaciclib
Sorafenib
Verlsb
cubDC-907
MG132
BX912
Fedratinib
Selumetinib

Trametinib
PD0325901
PLX-4720
Quercetin
ABT199
Palbociclib
GW5074
S63845
Dabrafenib

AZD3965

Figure 3.1 Assessment of viability using MTS assay after 48 hours of incubation with
various inhibitory drugs on Ishikawa cells. UO126: MEK1/2 inhibitor. Idelalisib: PI3K
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inhibitor. Ibrutinib: BTK inhibitor. IMD0354: 1B kinase-B (IKKf) inhibitor that blocks
NF-kB nuclear translocation. PF03084014: y secretase inhibitor. RO4929097: y secretase
inhibitor. Dinaciclib: CDKZ1/2/5/9 inhibitor. Sorafenib: Raf-1, B-Raf and VEGFR-2
inhibitor. Ver15508: Adenosine-derived inhibitor of Heat Shock Protein 70 (Hsp70).
CUDC-907: PI3Ka and HDAC1/2/3/10 inhibitor. MG132: Proteasome inhibitor. BX912:
PDK1 inhibitor. Fedratinib: JAK2 inhibitor. Selumetinib: MEK1, ERK1/2 inhibitor.
Trametinib: MEKZ1/2 inhibitor. PD0325901: MEK inhibitor. PLX-4720: B-Raf V600E
inhibitor. Quercetin: Flavonoid, mTOR inhibitor. ABT199: Bcl-2 inhibitor. Palbociclib:
CDK 4/6 inhibitor. GW5074: C-raf inhibitor. S63845: MCL1 inhibitor. Dabrafenib:
Small molecule inhibitor of BRAF serine-threonine kinase. AZD3965: MCT1 inhibitor.
Experiments were performed in triplicates and were repeated 3-10 times. Error bars are
not shown in order to avoid confusion as the graph is already ‘busy’.
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Figure 3.2 Assessment of viability using MTS assay after 48 hours of incubation with
various inhibitory drugs on HEC-1-A cells. The names of the inhibitors and their mode of
action has been described in Figure 3.1. All experiments were performed in triplicates and
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repeated 3-10 times. Error bars are not shown in order to avoid confusion as graph is

already ‘busy’.
Drug Drug Ishikawa HEC-1-A
(PTEN, (KRAS,
PIK3R1 PIK3CA
mutations) mutations)

Dinaciclib
(CDK inh.)

BX912 (PDK1
inh.)

CuDC907
(PI3Ka and
HDAC inh.)

GW5074
(CRAF inh.)

MG132
(proteasome
inh.)

S63845 (MCL1
inh.)

Dabrafenib
(BRAF inh.)

RO4929097 (y

secretase inh.)

IMD0354
(IKKB inh.)

PLX4720 (B-
Raf  VB0OE
inh.)

Fedratinib
(JAK2 inh.)

Ver15508
(Hsp70 inh.)

PF03084014 (y

secretase inh.)

ABT199 (Bcl-2
inh.)

Sorafenib (Raf
and VEGFR-2
inh.)

Ibrutinib (BTK
inh.)

Palbociclib
(CDK inh.)

Quercetin
(mTOR inh.)

PD0325901
(MEK inh.)

Idelalisib
(PI3K inh.)

Selumetinib
(MEK inh.)

UO126 (MEK
inh.)

Trametinib
(MEK inh.)

AZD3965
(MCTZ inh.)

Table 3.1 IC50 values (uM) of inhibitory drugs tested on Ishikawa and HEC-1-A cells.

Values were calculated using Graphpad Prism software. Colour code: Red (IC50< 1uM),
yellow (IC50=1-10uM) and green (IC50>10uM).
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The Ishikawa cells exhibited sensitivity to a variety of inhibitors, most notably Dinaciclib
(CDK inhibitor), CUDC-907 (PI3K and HDAC inhibitor), MG132 (proteasome inhibitor),
S63845 (MCL1 inhhibitor) and IMD0354 (NfkB inhibitor). Interestingly, each one of
these inhibitory drugs has an entirely different mode of action, which suggests that these

cells are relatively sensitive and can be inhibited using a variety of targeted approaches.

The most potent drug by far was Dinaciclib which had an IC50 value of just 4nM while
CUDC-907 had an IC50 of 27nM. Two thirds of the inhibitory drugs tested (16 out of 24)
had no clinically significant effect on the Ishikawa cells as their IC50 values were more
than 15uM.

HEC-1-A cells proved more resistant compared to Ishikawa as it is obvious in the graph
presented in Figure 3.2 and the 1C50 values shown in Table 3.1.

HEC-1-A cells are sensitive only to CUDC-907 (IC50 58nM). 80% of the inhibitors tested
(19 out of 24) had no effect on these cells while the remaining 4 inhibitors (MG132,
S63845, Sorafenib and PD0325901) had some modest effect with IC50 values between 7
and 9uM.

The data shows that these two endometrial cancer cell lines exhibit different sensitivities
to the inhibitors tested. For instance, Ishikawa were very sensitive to CDK inhibition
(Dinaciclib) while HEC-1-A were very resistant since even when treated with 10uM of

Dinaciclib, the viability remained at 60% (figure 3 below).
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Figure 3.3 Effect of Dinaciclib treatment for 48 hours on two EC cell lines using MTS
assay. Average of 5 experiments. Error bars represent standard deviation of the mean.

Other significant differences were seen with Nuclear Factor kappa B inhibition
(IMDO0354) as lIshikawa were sensitive (IC50<1uM) whereas HEC-1-A were very
resistant. Also, Ishikawa cells were more sensitive to the proteasome inhibitor MG132
(1C50 0.12uM versus 7.58uM, figure 3.4) and the MCL1 inhibitor S63845 (1C50 0.645uM
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Figure 3.4 Effect of proteasome inhibitor MG132 treatment for 48 hours on two EC cell
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lines using MTS assay. Average of two experiments. Error bars represent standard

deviation of the mean.

Finally, Ishikawa cells were modestly sensitive to the Janus kinase 2 (JAK-2) inhibitor
Fedratinib as opposed to HEC-1-A cells (IC50 3.89uM versus 77uM) and to the y secretase
inhibitor PF03084014 (1C50 6uM versus complete resistance for HEC-1-A cells). CUDC-
907 was the only drug which had good efficacy in both cell lines (Ishikawa IC50 27nM
versus 58nM for HEC-1-A). There were only two drugs in which HEC-1-A cells were
slightly more sensitive: the Raf inhibitor Sorafenib (IC50 for HEC-1-A 6.9uM versus
7.4uM for the Ishikawa) and the MEK inhibitor PD0325901 (1C50 9.3uM for HEC-1-A
cells versus 40uM for Ishikawa). Overall, there is a very clear distinction between these

two cell lines, with Ishikawa being more sensitive to the panel of inhibitors tested.

3.1.1 MEK inhibitors

One of the main categories of inhibitors tested were MEK inhibitors (MEKIi). The results
of testing on both cell lines is shown on figure 3.5 below. These inhibitory drugs don’t
show any efficacy on Ishikawa cells when used alone. The results are similar for the HEC
cells with a small exception the PD0325901 which slightly reduces viability on high
concentrations. Our results suggest that these agents would not be good options for

inhibiting endometrial cancer cells when used as monotherapies.
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Figure 3.5 Effect of MEK inhibitors on viability of Ishikawa and HEC1A cells, after
treating them for 48 hours. MTS assay used to determine viability. Experiments were
performed in triplicates and repeated a minimum of three times. Error bars represent
standard deviation of the mean.

In order to confirm the differences mentioned previously between the two cell lines, flow
cytometry using Propidium lodide (PI) was performed for some of the inhibitory drugs as
shown in Figure 3.6 below. The treatments in this case were for 24 hours in order to detect

any time-dependent discrepancies.
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Figure 3.6 Flow cytometry analysis (Pl staining) following proteasome inhibitor treatment
(MG132) of endometrial cancer cell lines for 24 hours. Sub-G1 refers to the percentage of

apoptotic cells.

As shown in Figure 3.6, the degree of cell death (percentage of cells in subG1) after 24hr
of treatment with MG132 confirms the higher sensitivity of Ishikawa cells and is in line
with the results shown earlier using MTS assay (Figure 3.4). Similarly, two cell lines were

tested with various concentrations of CUDC-907 and the results are shown in Figure 3.7.
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Figure 3.7 Effect of CUDC-907 treatment on endometrial cancer cell lines after 24 hours
of incubation. The graphs present the percentage of cells in each stage of the cell cycle
which were calculated using flow cytometry analysis with cells stained with P1. Average
of 2 experiments.

As shown in Figure 3.7, Ishikawa cells are more sensitive than HEC-1-A cells. After 24
hours treatment with 1uM of CUDC, the percentage of cells in the sub-G1 phase is 68%
versus 14% for the HEC cells. Similar differences are seen at lower concentrations as well.
These results confirm the different sensitivities of the two cell lines as shown previously

using a different technique (MTS assay).
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3.1.2 PI3K and MAPK pathway activation

In view of the marked differences in the sensitivity of these two cell lines, further
experiments were performed attempting to identify preferential molecular pathway
activation which might suggest a possible mechanism of action of resistance.

Ishikawa HEC-1-A
A
MG132(uM) - 0.1 1 - 0.1 1
P-AKT | |
AKT '— N o— ——d—|
p-MApK| — —_— e e
MAPK | =
B-actin [w— e ————
Ishikawa HEC-1-A
B
1
IMD0354 (uM) - ol 1 bMso @ !

P'AKT — T —

Actin C2 | === = s | —

Figure 3.8 Western blot on endometrial cancer cell lines treated with A. Proteasome
inhibitor (MG132). B. NFkB inhibitor (IMD0354) for 24 hours.

As shown in Figure 3.8A, the resistant cell line HEC-1-A, which carries a wild-type PTEN
gene, did not have increased basal levels of phosphorylated AKT in contrast with the
Ishikawa cells. This was confirmed with several other experiments during which HEC-1-
A cells treated with various inhibitory drugs has shown no AKT phosphorylation (Figure
3.8B). On the contrary, HEC cells had high activation of the MAPK pathway. In order to
explore the hypothesis that these resistant cells depend on activation of MAPK pathway
for their survival, the two cell lines were tested with several MEK inhibitors to see whether

they were able to suppress this pathway. The results are shown in Figure 3.9 below.
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Figure 3.9 Western blot on endometrial cancer cell lines treated with MEK inhibitors
Selumetinib and PD0325901 and Raf inhibitor Sorafenib for 24 hours.

The above shown MAPK pathway inhibitors have no effect on the viability of the two cell
lines (in clinically relevant concentrations, see Figure 3.5 previously). Interestingly, there
was an increase in the basal levels of MAPK and MEK phosphorylation on these EC cells,
the opposite of the anticipated result (with the exception of high dose PD0325901 on HEC
cells). This has been shown previously in other cancers (Y. Chen et al., 2017) and might
be associated with upstream reactivation of the pathway. It becomes obvious that MAPK
inhibition alone is not a good therapeutic option since it does not reduce viability nor
suppress this pathway even on relatively sensitive cells (Ishikawa).

Given that PI3K pathway is the most commonly mutated pathway in endometrial cancer,
PI3K (and HDAC) inhibitor CUDC-907 was tested since it was shown to be very effective

in both cell lines when viability assays were performed.
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Figure 3.10 Western blot on Ishikawa cell lines treated with PI3K and HDAC inhibitor

CUDC-907 and MEK inhibitors Selumetinib and Trametinib for 24 hours.

As expected, CUDC reduces the basal levels of AKT phosphorylation on Ishikawa cells

(Figure 3.10), unlike the MEK inhibitors shown above (Selumetinib and Trametinib).

Interestingly, when tested on both cell lines, CUDC seems to suppress MAPK

phosphorylation (Figure 3.11). The effect was more pronounced on Ishikawa cells (Figure

3.11B) but was significant on HEC cells as well (Figure 3.11A). This supports our

hypothesis that HEC cells may be dependent on the MAPK pro-survival pathway and

drugs which manage to suppress it (like CUDC) should affect their viability.

A CuDC-907 Selumetinib

MM - 001 01 1 001 01 1

P-MAPK Sl S e -——.“
cla i T Jempm— L} Pl

B CUDC-907 Selumetinib
MM - 0.01 012 1 0.01 0.1 1
— -
P-MAPK - ——

actinC2 " — — ——

Figure 3.11 Western blot on HEC (A) and Ishikawa (B) cell lines treated with PI3K and

HDAC inhibitor (CUDC-907) and MEK inhibitor Selumetinib for 24 hours.
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3.1.3 Drug combination treatments

In order to further investigate molecular pathway activation and the effect on the viability
of these two cell lines, several combination treatments were tested with emphasis on

synchronous suppression of the MAPK pathway.

As the main objective of this part of the study was to propose effective treatments for
endometrial cancer which can potentially be tested in animal models, the decision was
made to focus combination treatments on drugs proved to be efficient when tested alone.
For that reason, the majority of testing involved a combination of either CUDC907 or
Dinaciclib since these drugs were the most potent during the previous experiments. The
degree of synergism or antagonism for the combinations tested was calculated using the
CalcuSyn Version 2.0 software (Biosoft). This is based on the Chou-Talalay method of
calculating the combination index (Cl) (Chou & Talalay, 1983) which was summarised in

the methods.

3.1.3.1 PI3K and MEK inhibition

The PI3K and HDAC inhibitor was tested in combination with MEK inhibitors
Selumetinib, Trametinib and PD0325901 and the Raf inhibitor Sorafenib.
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Figure 3.12 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of CUDC-907 and Selumetinib. The values shown are the
average of 3 experiments. Error bars represent standard deviation of the mean. Cl=

Combination Index.
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As shown above, adding Selumetinib (MEK inhibitor) to CUDC had a neutral result on
Ishikawa cells, with no further reduction in viability (as reflected on the Cl). On the
contrary, the same combination had a synergistic effect in HEC cells, significantly
reducing their viability (C1=0.15). This further enhances our hypothesis that HEC cells,
although more resistant overall, depend significantly on the MAPK pro-survival pathway
for their proliferation.

Ishikawa
A
Selumetinib
CuDC Selumetinib 0.1UM+CUDC
MM - 00101 1 001 01 1 0.01 0.1 1
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- ———
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Figure 3.13 Western blot on Ishikawa (A) and HEC (B) cells treated with PI3K and HDAC
inhibitor (CUDC), MEK inhibitors (Selumetinib and Trametinib) and combination of them
for 24 hours.

As shown in Figure 3.13A, adding Selumetinib to treatment of Ishikawa cells with CUDC
does not add any further reduction to the basal levels of MAPK phosphorylation compared
to CUDC alone. It is reasonable to assume that this is, at least partly, responsible for the

lack of any synergistic effect when using this combination on Ishikawa cells.
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The overall picture was quite different on HEC cells; when adding MEK inhibitor

(Selumetinib) to cells treated with CUDC, basal levels of MAPK phosphorylation were

reduced even further compared to CUDC or Selumetinib alone (synergistic reduction).

This potentially explains the efficacy of this combination on HEC cells and the synergism

shown previously but, more importantly, suggests that our hypothesis for the importance

of MAPK pathway suppression on the resistant cell line (HEC-1-A) is more likely to be

correct. Also, Trametinib (at least in concentrations higher than 1.1M) suppresses MAPK

phosphorylation in HEC1A cells better than Selumetinib (which paradoxically and

consistently increases the P-MAPK levels). Due to this, | proceeded to investigate the

combination of CUDC and Trametinib in both cell lines.
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Figure 3.14 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of CUDC-907 and Trametinib. The values shown are the
average of 3 experiments. Error bars represent standard deviation of the mean. Cl=
Combination Index.

Combining another MEK inhibitor (Trametinib) with CUDC-907 (PI3K and HDAC
inhibitor) gave very similar results with the previous combination of Selumetinib and
CUDC. There was no synergistic effect of this combination to Ishikawa cells while there
was a mild synergism to HEC-1-A cells, not as profound though as shown previously with
Selumetinib. This confirms the previous proposal that PI3K and MEK inhibition combined
are a good therapeutic potential for resistant cells that carry mutations in both these
pathways (like HEC-1-A). On the contrary, no synergism is seen on cells (like Ishikawa)
which only carry mutations in the PI3K pathway, as these cells are already very sensitive
to PI3K inhibition alone.
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Figure 3.15 Western blot on Ishikawa cells treated with PI3K and HDAC inhibitor
(CUDC), MEK inhibitors (Selumetinib and Trametinib) and combination of them for 24
hours.

The Western blot in figure 3.15 shows that although Trametinib alone does not suppress
the basal levels of MAPK phosphorylation on Ishikawa cells (exactly as shown in figure
3.9 for three other MEK inhibitors), when combined with CUDC, it acts synergistically in
suppressing this pathway. Despite this effect on pathway suppression, it does not reduce
the viability of these cells even further, as they are already very sensitive to CUDC alone.
Interestingly, it is apparent from the same figure that Trametinib, when combined with
CUDC, is achieving better P-MAPK suppression with much smaller doses compared to
Selumetinib and CUDC. This fact potentially makes this combination therapeutically more
interesting due to the less risk of side-effects associated with using lower doses of

inhibitory drugs.

HEC1A
Selumetinib Selumetinib Trametinib Trametinib
0.1pM+CUDC 1uM+CUDC 0.01uM+CUDC 0.1pM+CUDC
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Figure 3.16 Western blot on HEC-1-A cells treated with PI3K and HDAC inhibitor
(CUDC) combined with MEK inhibitors (Selumetinib or Trametinib) for 24 hours.
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The fact that Trametinib achieves greater suppression of MAPK phosphorylation at much
lower concentrations compared to Selumetinib is also apparent in Figure 3.16, where it
can be seen that adding only 10nM of Trametinib to CUDC achieves greater P-MAPK
suppression compared to 1M of Selumetinib with the same concentration of CUDC. This
renders this combination as a promising one due to the potential safer side-effect profile
associated with the small doses necessary to achieve effective suppression of the MAPK

pro-survival pathway.
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Figure 3.17 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of CUDC-907 and PD0325901. The values shown are the
average of 3 experiments. Error bars represent standard deviation of the mean. Cl=
Combination Index.

The next combination between CUDC-907 and a MEK inhibitor tested (PD0325901)
showed significant synergism in both cell lines with very similar Combination Indices.
Interestingly, this was the only combination of CUDC with a MEK inhibitor which showed
synergism in the Ishikawa cells, making this combination a potentially interesting one. The
result re-confirmed that combining PI3K and MEK inhibitors is a promising therapeutic

strategy in endometrial cancer.
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Figure 3.18 Western blot on Ishikawa cells treated with CUDC-907 (PI3K and HDAC

inhibitor) and PD0325901 (MEK inhibitor) for 24 hours.

CUDC-907 has been shown to be very effective against Ishikawa cells and suppresses the
MAPK phosphorylation as shown in figure 3.13A. Adding PD0325901 shows synergistic

effect as it reduces viability from 66% (when Ishikawa cells are treated with CUDC
0.01uM alone) to 36% when adding 0.1uM of PD0325901 (CI 0.327) (Figure 3.17A). This

synergism though, is not associated with further suppression of the MAPK pathway, as

shown in figure 3.18, which confirms a very similar reduction to MAPK phosphorylation

as CUDC alone (Figure 3.13A). This further enhances the previous hypothesis that

Ishikawa cells do not significantly depend on the MAPK pathway for their survival.
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Figure 3.19 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of CUDC-907 and Sorafenib. The values shown are the
average of 3 experiments. Error bars represent standard deviation of the mean. Cl=
Combination Index.
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The next combination tested was this of CUDC and Sorafenib, a Raf inhibitor already used
in the treatment of liver, kidney and thyroid cancer (Llovet et al., 2008; Bernard Escudier
et al., 2009; Brose, Marcia S, Dr et al, 2014). The results shown in Figure 3.19, along with
the results of using Sorafenib as monotherapy presented in Figures 3.1 and 3.2, confirm
that this drug inhibitor is unlikely to be of therapeutic benefit in the context of endometrial
cancer. As monotherapy, it is effective only in doses clinically irrelevant (10uM) and
actually in smaller doses it appears to increase both the viability of the two cell lines but
also the activation of the MEK-ERK pro-survival pathway as shown in Figure 3.9. This is
particularly prominent in the Ishikawa cells who have relatively low basal levels of MAPK
phosphorylation and when treated with Sorafenib, these levels are markedly increased
(Figure 3.9). When tested in combination with CUDC, Sorafenib had a clear antagonistic
action which was more prominent on HEC-1-A cells (Figure 3.19).

There were some concentrations were synergism was achieved but again this was the case
only when Sorafenib was used in high concentrations (10uM), likely meaningless for use
in clinical practice especially when used in combination with another drug which increases

the risks of side-effects even further.
In order to confirm these findings, we decided to combine Sorafenib with Dinaciclib, a

CDK inhibitor who was shown to be the most potent of the inhibitors tested in Ishikawa

cells (but not shown the same efficacy in HEC cells).
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3.1.3.2 CDK inhibition
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Figure 3.20 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of Dinaciclib and Sorafenib. The values shown are the average
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of 3 experiments. Error bars represent standard deviation of the mean. Cl= Combination
Index.

The results from combining Dinaciclib with Sorafenib show a strong antagonistic effect in
both cell lines. This confirms our previous findings that Sorafenib is unlikely to be of
therapeutic advantage in endometrial cancer either as monotherapy or as a combination
with CUDC and Dinaciclib, due to the fact that in both cases the cell viability is
significantly reduced only when using very high concentrations of Sorafenib (10uM). The
reasons for these paradoxical pro-survival action of Sorafenib in EC cells were studied
using Western blotting.

Dinaciclib Dinaciclib
0.001uM+ 0.1uM +

Dinaciclip  Sorafenib  Sorafenib  gorafenib

uM © 001 01 1 01 1 01 1 0.1 1
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Mean viability (%) 100 38 16 8 101 112 31 19 121 120

Figure 3.21 Western blot on Ishikawa cells treated with Dinaciclib (CDK inhibitor) and
Sorafenib (MEK inhibitor) for 24 hours. The viability presented is the mean of at least 3
independent MTS experiments.

Western blotting (shown in Figure 3.21 and 3.22) confirmed previous findings (Figure 3.9)
that Sorafenib increases the activation of the MEK-ERK pro-survival pathway in EC cells
and this might explain the increased viability that these cells exhibit when treated with it.
From Figure 3.21 it is evident that Dinaciclib, a very potent drug inhibitor against Ishikawa
cells, significantly suppresses MEK phosphorylation when used alone, which is clearly
reflected in the viability of these cells (16% when 0.1uM of Dinaciclib is used). When
adding Sorafenib though, MEK phosphorylation is salvaged to a certain degree and this
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could explain the obvious antagonistic effect (31% viability when adding 0.1uM of

Sorafenib to the same concentration of Dinaciclib, CI=2.256).

Similar results are shown below (Figure 3.22) in HEC-1-A cells which are not as sensitive
to CDK inhibition (Dinaciclib) as Ishikawa cells. As it can be seen, Dinaciclib suppresses
the MEK phosphorylation when used alone with some reduction in cell viability (58%
when used in a concentration of 1uM). Adding 1uM of Sorafenib to a similar concentration
of Dinaciclib however, increases the MEK phosphorylation and adds no benefit as the

viability is almost identical (55%).

We then proceeded to test Dinaciclib with a MEK inhibitor (Selumetinib), previously

shown to act synergistically with CUDC in Ishikawa cells.

Dinaciclib ~ Dinaciclip  Dinaciclib
0.001uM+ 0.1uM+ 1uM+

Dinaciclib Sorafenib Sorafenib ~ Sorafenib  gorafenib
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Figure 3.22 Western blot on HEC-1-A cells treated with Dinaciclib (CDK inhibitor) and
Sorafenib (MEK inhibitor) for 24 hours. The viability presented is the mean of at least 3
independent MTS experiments.
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Figure 3.23 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of Dinaciclib and Selumetinib. The values shown are the
average of 3 experiments. Error bars represent standard deviation of the mean. Cl=
Combination Index.
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As shown in Figure 3.23, combining Dinaciclib with the MEK inhibitor Selumetinib does
not show any synergistic effect in neither of the two cell lines and gives similar results to
the previous combination of Dinaciclib with Sorafenib. This is more obvious in the
Ishikawa, as in these cells Dinaciclib is extremely potent when used alone and adding
Selumetinib not only does not offer any therapeutic advantage but overall has significant
antagonistic effect.

The results are more complex in HEC-1-A cells in which the addition of lower doses of
Selumetinib has a large antagonistic effect while higher doses have some synergistic effect
(C1=0.12 when adding Selumetinib 1uM).

In view of this result on HEC-1-A cells and taking into account the fact that PD0325901
was the only MEK inhibitor which was suppressing MAPK phosphorylation (at doses of
1uM, Figure 3.9), we tested the combination of Dinaciclib with PD0325901, in order to

see whether CDK and MEK inhibition can be proposed for further testing.
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Figure 3.24 MTS assay to assess viability of Ishikawa (A) and HEC (B) cells following
treatment with combination of Dinaciclib and PD0325901. The values shown are the
average of 3 experiments. Error bars represent standard deviation of the mean. Cl=
Combination Index.

The results in Figure 3.24A show antagonism when Dinaciclib is combined with
PD0325901 in Ishikawa cells. This confirms previous findings (Figures 3.20 and 3.23),
which show that the combination of CDK (Dinaciclib) with MEK inhibition has
antagonistic effect in Ishikawa cells. On the contrary, this latter combination of Dinaciclib
with PD0325901 is a promising one when used in the more resistant HEC-1-A cells as
synergism is clearly exhibited, even when relatively small doses of PD (0.1uM) are
combined with Dinaciclib. This result also confirms that PD0325901 is the most effective
MEK inhibitor from the ones we have tested in HEC-1-A cells, both as monotherapy and
in combination with PI3K and CDK inhibitors (CUDC907 and Dinaciclib respectively).
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Figure 3.25 Western blot on HEC-1-A cells treated with Dinaciclib (CDK inhibitor) and
PD0325901 (MEK inhibitor) for 24 hours.

Western blotting (Figure 3.25) showed that adding PD0325901 significantly suppresses
the MAPK phosphorylation in HEC-1-A cells compared to Dinaciclib alone and this adds
more evidence to the dependence of HEC-1-A cells to MAPK pathway activation for their

survival.

In view of the effectiveness of PD0325901 when used in HEC-1-A cells, we proceeded
with testing it in combination with S63845, a promising MCL1 inhibitor in various cancer
models (Andras Kotschy et al., 2016b) which also showed great efficacy in Ishikawa cells

and moderate efficacy in HEC-1-A cells when used alone (Table 3.1).
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3.1.3.3 Other combinations
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Figure 3.26 MTS assay to assess viability of Ishikawa (A) and HEC-1-A (B) cells
following treatment with combination of S63845 (BCL-1 inhibitor) and PD0325901
(MEK inhibitor). The values shown are the average of 3 experiments. Error bars represent
standard deviation of the mean. Cl= Combination Index.
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The results shown in Figure 3.26 reveal an interesting combination with synergistic action
in both cell lines. The effect is more prominent in Ishikawa cells but it is significant even
in the more resistant cell line (HEC-1-A). Unsurprisingly though, the doses of the MEK
inhibitor needed in order to achieve this synergism were higher in HEC cells.

Finally, the combination tested was of IMDO0354 (NFkB inhibitor), a very effective drug
when tested in Ishikawa cells (Table 3.1), with CUDC907.
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CUDCO907+IMDO0354 (HEC-1-A)
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Figure 3.27 MTS assay to assess viability of Ishikawa (A) and HEC-1-A (B) cells
following treatment with combination of CUDC-907 (PI13K and HDAC inhibitor) and
IMDO0354 (NfkB inhibitor). The values shown are the average of 3 experiments. Error bars
represent standard deviation of the mean. Cl= Combination Index.

The results shown in Figure 3.27 confirm the synergistic effect of NFkB and PI3K
inhibition in Ishikawa cells. The same combination has a very antagonistic effect on the
more resistant HEC-1-A cells, adding no benefit compared to treatment with CUDC-907

alone.

We showed previously that CUDC-907 suppresses the basal levels of MAPK
phosphorylation (Figure 3.11). When an NFkB inhibitor is added, the MAPK
phosphorylation is rescued and possibly enhanced (as shown in Figure 3.28 below). This
further strengthens the hypothesis that these resistant cells are very dependent on the
MAPK pathway and only inhibitory drugs and combinations which suppress it are
effective in reducing their viability. The same combination suppresses the P-MAPK in
Ishikawa cells (Figure 3.28) and this might be partly responsible for the great difference

in viability seen between the two cell lines when this combination is being used.
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Figure 3.28 Western blot on Ishikawa and HEC-1-A cells treated with CUDC-907 and
IMDO0354 for 24 hours.
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3.1.4 Summary

Table 3.2 below summarizes potentially efficient treatments which warrant further

validation in pre-clinical models in order to confirm their in vitro efficacy.

Proposed treatments HEC-1-A
~ Dinaciclib
CuUDC-907 CuDC-907
Single drug MG132
563845
IMDO0354

CUDC-907+Selumetinib
CUDC-907+ Trametinib
CUDC-907+ PD0325901 = CUDC-907+ PD0325901
Combination of drugs Dinaciclib+ PD0325901
S63845+ PD0325901 S63845+ PD0325901
CUDC-907+ IMD0354

Table 3.2 Summary of effective treatments in two endometrial cancer cell lines. Single
drugs were selected if IC50<1uM and combination of drugs if Cl<1 (synergistic effect).
In bold letters those drugs who were effective in reducing viability in both cell lines.

The results shown above confirm that CUDC-907 is the best monotherapy from all the
inhibitory drugs tested as it is effective against both cell lines and it is the only drug shown
to be effective in HEC cells when used alone. For the Ishikawa cells, there are a variety of
inhibitory drugs which can be proposed as monotherapies. It is worth noting that Ishikawa
cells carry PTEN mutations, which correlates with the majority of endometrial cancers
(62% of EC tumours were carrying a PTEN mutation in the TCGA study) (TCGA, 2013).
This means that treatment options effective against Ishikawa might have greater clinical

relevance as they represent the majority of endometrial cancers.

In resistant cells (represented by HEC-1-A in our study), combination treatments might be
the recommended approach. In particular, Table 3.2 shows that the combination of PI3K
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and MAPK inhibitory drugs represent good therapeutic strategy as they exhibit synergistic
effect in our in vitro model. The most effective of all the MEK inhibitors tested in HEC
cells is PD0325901 as it worked synergistically not only with CUDC-907 but also with
CDK inhibitor (Dinaciclib) and BCL1 inhibitor.
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3.2 Differences between British White (BW) and South Asian (BSA)

women

3.2.1 Clinico-pathological differences

In total, 207 patients were recruited as part of our study. One withdrew her consent at a
later date for reasons unrelated to the study. Data from the remaining 206 patients were
analysed. 78.6% (162) of them were BW women with the remaining 21.4% (44) being
women of South Asian origin. The term BSA was used due to their geographical location
of residing in the UK. Within the BSA cohort, the majority of women (61%, n=27) were
born in India and later immigrated to the UK. There is also a number of women of Indian
descent (14%, n=6), mainly Gujaratis originating from Western India who were born in
African countries (Uganda, Kenya, Malawi and Mozambique) and followed the same
journey. There were two patients of Pakistani origin (5%), three of Indian descent born in
the UK (7%), one of Indian descent born in Singapore (2%) and five of South Asian
descent (11%) for which we have no details on their place of birth.

The clinico-pathological data of the two groups of women are shown in Table 3.3 below.

As shown in Table 3.3 below, BW women are significantly older when diagnosed with
endometrial cancer when compared with their BSA counterparts. Interestingly, BW
women are also significantly more obese which is reflected in the rates of Class 3 (high-
risk) obesity with 30% of them (48/162) having a BMI equal or higher than 40, compared
to only 9% (4/44) in the BSA cohort, when overall, only 2% of Leicester population is
morbidly obese (BMI1>40) (Chris Righy & Joe Wheeler, 2018). The higher rates of obesity
among BW women confirm data from Leicester City Clinical Commissioning Group
which show that obesity prevalence is higher among BW compared to BSA adults (22.5%
versus 16%) (Atkinson et al., 2016).

BSA patients are much more frequently diabetic with almost half of them (45.5%, 20/44)
being diabetic at the time of diagnosis compared to 17% (28/162) rate of diabetes amongst
BW women (p=0.0002). This result reflects the higher prevalence of diabetes amongst
adult BSA patients compared to BW living in Leicester (13.2% versus 6.9%) (Benett et

al., 2016). Note that the rates of diabetes in Leicester are higher in the age groups in which

K. Polymeros Page 122 of 233



EC is more common (14.8% for the 45-64 age group and 26.2% for the 65-84 group)
(Benett et al., 2016). All 20 (100%) diabetic patients in the BSA group had type 2 diabetes
which did not require insulin for its management (Non-Insulin Dependent Diabetes
Mellitus, NIDDM). Similarly, 93% of BW women with diabetes (26/28) were type 2
diabetic. The difference is that, unlike the BSA cohort in which all patients were NIDDM,
in the WB group, 31% (8/26) of type 2 diabetic patients were insulin-dependent
(p=0.0065).

As mentioned previously, there is a proven association of diabetes with endometrial cancer
although the causal relationship is less clear. We analyzed pre-operative blood testing of
glycosylated Haemoglobin (HbAlc) levels in our patients in order to assess their
glycaemic control. As HbA1c is a marker of glycaemia and reflects the average levels of
glucose in the blood during the last three months, we wanted to assess the number of our
non-diabetic patients who had either occult diabetes or pre-diabetes. After excluding
patients who were known to be diabetic, we had data for 112 patients (92 BW and 20
BSA). There was no difference between the two groups with BSA women having a mean
value of 5.91% versus 5.81% for the BW cohort (p=0.64). The interesting point of this
analysis is that both groups had mean values placing them in the ‘pre-diabetes’ range (5.7-

6.4%), raising interesting questions regarding the metabolic profile of EC patients.
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n (%)
Mean age (range)
Mean BMI (range)
Diabetic (%)
Mean parity
Hypertensive (%)
Histology (%)
Endometrioid
Serous
Clear cell
Mixed
Carcinosarcoma
Mucinous
Adenosarcoma
Pre-cancerous

Normal

Stage

w N

Grade (%)
1
2
3
MMR status (%)
Proficient

Deficient

British White

162 (79)

65.4 (35-91)
36.1 (16.9-65)
28 (17)

2.1

82 (51)

115 (71)
9 (6)
3 (2)
7 (4)
3 (2)
1 (1)
2 (1)
20 (12)
2 (1)

124

93 (67)
16 (11)
31 (22)

46 (85)
8 (15)

British South
Asian

44 (21)

61.4 (36-77)

32.2 (22.7-52.2)

20 (45.5)

2.8

22 (50)

34 (77)
5 (11)
1(2)
0
1(2)
0

0

3 (7)

19 (46)
14 (34)
8 (20)

24 (73)
9 (27)

p value

0.034
0.0128
0.0002
0.0024
1
0.326

0.59

0.0024

0.174

Table 3.3 Clinico-pathological data of the 206 recruited patients of our study. Note that
MMR status is not available for all patients. Age and BMI data were calculated based on
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the patients with a cancer diagnosis, n=181 (pre-cancerous and normal histologies were
excluded). P values were calculated using Fisher’s exact test or Chi-square test (X?) for
categorical variables and t-test for independent variables.

There was no difference in the incidence of hypertension with half patients in both groups
being hypertensive when diagnosed with EC (Table 3.3). Lipid profile blood tests were
performed in 151 of our patients (115 BW and 36 BSA) as the addition of this test was
commenced later in the recruitment process. Excluding 41 patients who were on statins
prior to the blood test, we analyzed 110 patients (85 BW and 25 BSA). No difference was
seen in the cholesterol levels between the two groups, with mean value for the BW group
5.4 mmol/L and the BSA group 5.2 (p=0.35). When we excluded patients with pre-
cancerous histologies, we had 98 patients (75 BW and 23 BSA) but the results were
identical with mean cholesterol level 5.5mmol/L for the BW and 5.2 for the BSA group
respectively with no difference observed (p=0.325). Similar results were revealed after
analyzing triglycerides levels between the two groups. After excluding patients who were
receiving statins for treatment of dyslipidaemias, we analyzed 109 patients (85 BW and
24 BSA). There was no difference between the groups but the trend was the opposite
observed with cholesterol as BSA women had a higher mean value (1.97mmol/L compared
to 1.71mmol/L for BW, p=0.16). The results remained unchanged after excluding patients
without a cancer diagnosis. 97 patients were analyzed (74 BW and 23 BSA) and BSA

women had a mean value of 1.94mmol/L versus 1.69mmol/L for BW (p=0.19).

Increased parity is known to be protective against endometrial cancer (Raglan et al., 2018).
We identified a significant discrepancy in the mean parity between the two cohorts with
BW women having on average 2.1 children while BSA women 2.8 (p=0.0024). Although
the parity rate was significantly different, the nulliparity rate was very similar between the

groups with 16% of BW women and 14% of BSA women having no children (p=1).

The majority of patients underwent a robotically-assisted hysterectomy for treatment of
their endometrial cancer (55%), with 23% of patients undergoing a laparoscopic
hysterectomy, bringing the total number of minimally invasive surgical (MIS) procedures
to 78%, making this approach the standard of care in our unit. The remaining 22% of our

patients had the traditional abdominal hysterectomy. Interestingly though, there was a
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significant discrepancy in the rate of MIS between the two ethnic groups. 81% of BW
women had a minimally invasive hysterectomy versus 66% of BSA women (p=0.04).
Given that the rate of laparoscopic hysterectomies was identical between the two groups
(24% for the BW versus 23% for the BSA), the main difference was in the robotically-
assisted hysterectomies (57% in the BW cohort, 43% for the BSA). The explanation for
this large discrepancy is the higher conversion rate among BSA women. Overall, the
conversion rate was 5.3%, with 9 out of 169 patients undergoing a MIS being converted
to abdominal surgery due to inability of the patient to tolerate the pneumoperitoneum or
extensive adhesions, making access to the peritoneal cavity unsafe or completion of
surgery impossible. Within the groups, 15% of cases (5/34) involving BSA women had to
be converted from robotic/laparoscopic to open compared to only 3% (4/135) for BW

women (p=0.017).

Although we were unable to control for previous abdominal surgery, another possible
explanation for the higher conversion rate in BSA women could be the anaesthetic risk
associated with the creation of pneumoperitoneum which is necessary for performing
laparoscopic/robotic procedures. In order to investigate this possibility we analyzed data
from the anaesthetic charts completed pre-operatively, focusing on the American Society
of Anaesthesiologists (ASA) physical status classification system which classifies the
patients in six categories (ASA PS 1-6). We retrieved data for 191 patients (152 BW and
39 BSA). There was no difference in the ASA status between BW and BSA women with
95% of women in both groups being classified as ASA grade 2-3 (Table 3.4 below).

ASA grade BW (%) BSA (%) p value
1 6 (4) 2 (5)

2 88 (58) 27 (69) 0.37

3 57 (37) 10 (26)

4 1(1) 0

Table 3.4 ASA physical status criteria for the recruited patients of the study. ASA grade
was defined by Anaesthetic assessment. p value calculated using X2 test.

No difference was observed in the histological subtypes of endometrial cancer between

the two groups with endometrioid histology representing 82% of EC cases in the BW
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women (115/140) and 83% in BSA women (34/41). Interestingly, we were able to show a
significant preponderance of higher grade tumours amongst BSA women (Table 3.5
below). Based on this, 54% of BSA patients had a grade 2-3 tumour versus a 34% in the

WB cohort.

Grade of EC BW (%) BSA (%) p value
1 93 (66) 19 (46)
2 16 (12) 14 (34) 0.0021
3 31 (22) 8 (20)

Table 3.5 Histopathological grading of our endometrial cancer patients in the two groups
of interest. p value calculated using X2 test.

There was no difference in the MMR status between the two groups of interest although
there was a slight trend towards more MMR deficiency in the BSA group (Table 3.4).
MMR status is not yet routinely tested in our unit. The local protocol states that only
women younger than 60 or with a family history of endometrial or bowel cancer, raising
the possibility of Lynch syndrome, are having Immunohistochemistry performed in order
to identify Mismatch Repair deficient tumours. This was the case for 87 of our patients
with EC and the cumulative rate of MMR deficiency was 20% (15% for BW patients and
27% for BSA, p=0.174).

Overall, there are significant differences, both clinical and pathological, between BW and
BSA women in the cohort of patients recruited for our study. This further enhanced our
hypothesis that genetic differences between those two populations in genes frequently

driving carcinogenesis in EC might exist.
3.2.2 Gene differences
In order to test our hypothesis, tumour DNA derived from 60 patients was deeply

sequenced for 10 genes commonly involved in endometrial carcinogenesis based on the

protocols described in methods and in the appendix. Due to technical failure, we were
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unable to obtain results for three BSA patients. The clinico-pathological data for the 57

patients who were successfully sequenced is shown in Table 3.6 below.

As described previously for our entire cohort, BW women have significantly higher BMI

compared to the BSA group. Due to the relatively small number of patients in this

sequenced cohort, there was no difference in the age at diagnosis of EC between the two

groups. The incidence of diabetes was, as in the entire cohort of our study (Table 3.3),

higher in the BSA group but didn’t reach statistical significance. As expected, since our

two sequenced cohorts were matched, there was no difference in the histology or the

histopathological grading of their tumours.

Ethnic group British White British p value
South Asian
n 30 27
Mean age (range) | 62.3 (48-84) 61.2 (36-77) 0.7
Mean BMI (range) 37.8 (19-65) 32.5 (23-52.2) 0.0253
Histology 0.4
Endometrioid (%) | 28 (93%) 23 (85%)
Serous (%) 2 (T%) 4 (15%)
Stage (FIGO) 0.88
25 (83%) 23 (85%)
3 (10%) 3(10%)
2 (T%) 1 (5%)
Grade 0.37
1 20 13
2 7 10
3 3 4
Diabetes (%) 0.08
Yes | 6 (20%) 12 (44%)
No | 24 (80%) 15 (56%)

Table 3.6 Clinical and epidemiological data for the 57 patients with EC that were
sequenced as part of our study. p values were calculated using Student’s t test (age and
BMI), Fisher’s exact test (Histology and Diabetes), X test (stage and grade).
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There was a total of 129 non-synonymous mutations identified in the 10 genes tested (an
average of 2.3 mutations per patient, figure 3.29). There were five patients carrying five
mutations or more in the 10 genes tested. Interestingly, all of them had a POLE mutation

which is known to be associated with a hyper-mutated state (TCGA, 2013).
There was no difference between the two groups in the total number of non-synonymous

mutations in the ten genes tested with BW women having 2.3 mutations per patient versus
2.2 mutations per patient for the BSA cohort.
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Figure 3.29. Total number of non-synonymous mutations in the 10 genes tested on each
of the 57 patients of our study.

The total number of mutations in the ten genes tested, across the sequenced cohort, is

shown in Figure 3.30 below.
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Patient | ARID1A | CTNNB1 | FBXW7 PIK3CA | PIK3R1 PPP2R1A
EC001

EC002 1
EC003
EC005
EC006
EC008
EC009 1
EC010
EC012 1
EC013
EC018 1 1
EC020
EC021
EC023
EC024
EC025
EC028
EC032
EC035
EC038 1
EC040 1
EC041
EC043
EC045
EC048
EC049 1
ECO51
EC052
EC053 1
EC057 1
EC059
EC062 1
EC063
EC064
EC068
EC069
EC071 1
EC074 1
ECO76
EC078
EC085
EC087 1
EC095
EC097 1
EC099
EC100
EC104
EC114
EC115
EC117
EC120 2 2
EC121
EC133
EC135 1
EC140 1
EC141
EC156
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Figure 3.30 Total number of non-synonymous mutations in each of the 57 patients of our
cohort, in the 10 genes tested. The first column on the left represents each patient’s unique
study number. In bold letters and numbering are the BSA patients. White cells represent
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no mutation while colored cells represent mutated gene. The number within colored cells
shows the number of non-synonymous mutations identified in this gene.

The frequency of non-synonymous mutations in the ten genes tested is shown in figure
3.31 below.

PTEN 39% B R R B D EE BN DEE | ] T | 1] | L] I |
PIK3CA 37% HEN EEER BN ER | EN (1 [ | (1] (N | |
ARID1A 28% HEE  mN e n | | n R EE [ EH ER
FBXW7 23% L B | ] L] | (N ] | ] ] ]
CTNNB1 21% N | n L | [ | LN ] | LN |
PIK3R1 12% | | un LI B |

POLE 1% N | | n | ]

TP53 1% n L | ] |

KRAS 9% | | L | |

PPP2R1A 2% [ |

Genetic Alteration No alterations ~ ® Truncating Mutation ~ ® Inframe Mutation =~ ® Missense Mutation

Figure 3.31 Frequency of mutations in the 57 patients sequenced for the 10 genes shown
above. Figure created using Oncoprinter tool (Cerami et al., 2012; J. Gao et al., 2013).

As shown above, the most frequent mutations involve genes of the PI3K-PTEN pathway,
more specifically PTEN and PIK3CA (39 and 37% respectively). Another gene of this
pathway (PIK3R1), was mutated in 12% of our patients. Other common mutations include
ARID1A (28%), FBXW7 (23%) and CTNNBL1 (21%). Less frequent mutations include
POLE and KRAS mutations (11 and 9% respectively). Given that the proportion of non-
endometrioid tumours of our cohort is 11%, it is unsurprising that TP53 and PPP2R1A

mutations appear in 11 and 2% of patients respectively.
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The incidence of mutations in the 2 groups of interest is shown in Table 3.7 below.

Gene BW BSA p value
ARID1A 33% 22% 0.39
CTNNB1 13% 30% 0.19
FBXW7 20% 26% 0.75
KRAS 13% 4% 0.35
PIK3CA 40% 33% 0.78
PIK3R1 7% 19% 0.24
POLE 13% 7% 0.67
PPP2R1A 0% 4% 0.47
PTEN 43% 33% 0.59
TP53 10% 11% 1

Table 3.7 Incidence of non-synonymous mutations in British White and British South
Asian women. The p value was calculated using Fisher’s exact test.

BW women in our cohort had more ARID1A and KRAS mutations, although due to the
relatively small number of sequenced tumours, no statistical significance was reached.
BSA women had more CTNNB1 (30% vs 13%, p=0.19) and PIK3R1 mutations but again
this was not statistically significant. There was no difference in the incidence of FBXW?7,
PIK3CA, POLE, PPP2R1A, PTEN and TP53 between the two groups.
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3.2.2.1 ARID1A

ARID1A mutations were identified in 28% of our patients (16 out of 57). There was a total

of 17 mutations identified in 16 patients and these are shown in Figure 3.32 below.

#ARIDTA Mutations
-
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Figure 3.32 ARID1A mutations identified in our cohort and their localization on the gene’s
exones. Lollipop graph created using MutationMapper tool (Cerami et al., 2012; J. Gao et
al., 2013). Colour code: Green: Missense mutations. Black: Truncating mutations. Brown:
Inframe mutations. Purple: Other.

As seen in Figure 3.32, ARID1A mutations are scattered across the exons and no ‘hot-spot’

regions were identified.

There is a strong trend across the cohort showing co-existence of ARID1A with PI3K
pathway mutations (as defined by mutation in one or more of the three genes belonging to
this pathway, PIK3CA, PIK3R1 and PTEN). 81% (13/16) of patients carrying ARID1A
mutations had a co-existent PI3K mutation compared to 51% (21/41) for wild-type (wt)
ARID1A tumours (p=0.069). This strong (but not significant) trend reached statistical
significance in the BW cohort as 90% (9/10) of ARID1A mutant tumours had a
synchronous PI3K mutation compared to only 50% (10/20) for the wt-ARID1A tumours
(p=0.0485). There was no such trend in the BSA cohort (although the numbers were
smaller) as 67% (4/6) of patient carrying an ARID1A mutation had a co-existent PI3K
mutation compared to 52% (11/21) for the wt-ARID1A patients (p=0.66).

This positive association between ARID1A and PI3K mutations in the BW group is
reflected in the co-existence of ARID1A and PIK3CA mutations in this group with 60%
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(6/10) of ARID1A-mutant tumours having a concurrent PIK3CA mutation compared to
30% (6/20) of the wt-ARID1A tumours (p=0.14).

There was a significant association between ARID1A and POLE mutations across the
cohort as 25% (4/16) of ARID1A-mutant tumours were also carrying a POLE mutation,
compared to only 5% (2/41) for wt-ARID1A tumours (p=0.046). In subgroup analysis, the
trend was similar in both groups but not significant as the numbers were small. 30% (3/10)
of BW women carrying an ARID1A mutation had a concurrent POLE mutation versus only
5% (1/20) for the wt-ARID1A tumours (p=0.095). Similarly in BSA patients, 17% (1/6)
had co-existent mutations in these two genes compared to only 5% (1/21) of wt-ARID1A
patients carrying a POLE mutation (p=0.4).

There was no association between ARID1A mutations and the risk group of endometrial
cancer as 34% of low risk patients (10/29) were carrying ARID1A mutations versus 21%
(6/28) of high risk patients (p=0.38). Diabetes also has no association with the ARID1A
mutational status as 22% of diabetic patients carry ARID1A mutations compared to 31%
for the non-diabetic patients (p=0.75). There was no difference in the age at diagnosis
between patients carrying ARID1A mutations (mean age 63 years) and those having a wt-
ARID1A (61.2 years, p=0.58).

3.2.2.2 CTNNB1

CTNNB1 mutations are present in 21% of the patients tested (12/57). They were more
prevalent among BSA women as 30% of them (8/19) were carrying a mutation as opposed
to only 13% (4/30) of BW patients (p=0.19). There were a total of 13 mutations identified

in 12 patients and these are shown in Figure 3.33.
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Figure 3.33 Frequency and location of CTNNB1 mutations identified in our cohort.
Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations.

All CTNNB1 mutations were missense. 12 out of 13 mutations (92%) were located in a
‘hot-spot’ area of exon 3, from codon 32 to 41. Two thirds of these alterations (67%, 8/12),
affected Serine or Threonine residues (S33, S37 and T41).

Patients carrying CTNNB1 mutations were younger compared to those having a wt-
CTNNB1 (58.2 versus 62.7 years, p=0.2) but this trend was not significant. In subgroup
analysis though, the trend was even stronger among BSA women as those with CTNNB1
mutation in their tumours were eight years younger on average (55.6 versus 63.5 years,
p=0.077). This trend was not seen in the BW cohort (and if anything it was reversed, 63.3
years for patients carrying CTNNB1 mutation versus 62.1, p=0.85).

Across the entire cohort, there was no significant association between CTNNB1 mutations
and any other gene mutation. In the BSA group though there was a strong, non-significant
trend showing positive correlation between CTNNB1 and POLE mutations as 25% (2/8)
of CTNNB1-mutant tumours had a co-existent POLE mutation versus 0% (0/19) of wt-
CTNNB1 patients (p=0.0798). No such trend was shown in the BW cohort.

There was no association between CTNNB1 mutations and the risk group of EC as the 12

patients with such mutations were evenly distributed between low and high risk cases.

Diabetic status also had no correlation with the presence of CTNNB1 mutations.
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3.2.2.3 FBXW7
FBXW7 mutations were present in 23% of our patients (13/57). A total of 14 mutations

were identified and are shown in Figure 3.34 below. 93% of these mutations (13/14) were

missense.
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Figure 3.34 FBXW7 mutations identified in our cohort and their localization and
frequency on the gene’s exones. Lollipop graph created using MutationMapper tool.
Colour code: Green: Missense mutations. Black: Nonsense (truncating) mutation.

There was no difference between the groups of interest with 20% (6/30) of BW and 26%
(7/127) of BSA carrying such a mutation (p=0.75).

No association was found between age at diagnosis and FBXW7 mutations across the
cohort (mean age 60 years for patients carrying mutation versus 62.3 for wt-FBXW?7,
p=0.51). Subgroup analysis yielded similar results for BW women (62.7 years for carriers
of FBXW7 mutation, 62.2 for non-carriers, p=0.92) and a non-significant trend towards
younger age at diagnosis for BSA patients carrying an FBXW7 mutation (mean age 57.7
years versus 62.4 years for wt-FBXW7, p=0.33).

There was a strong but not-significant trend positively associating FBXW7 and POLE
mutations in the BSA but not in the BW cohort. 29% (2/7) of BSA women carrying an
FBXW?7 mutation had a concurrent POLE mutation compared to 0% (0/20) of those having
a Wt-FBXW?7 (p=0.0598). There was no such trend in the BW women as none of the 6
women carrying an FBXW7 mutation had a coexistent POLE mutation [compared to 17%

(4/24) for the wt-FBXW?7, p=0.56].
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Another strong (but again not significant) correlation identified in the BSA cohort was the
coexistence of FBXW?7 with PIK3R1 mutations as 43% (3/7) of FBXW7-mutant tumours
had a concurrent PIK3R1 mutation compared to only 10% (2/20) of wt-FBXW?7 tumours
(p=0.09).

There was no association between the FBXW7 mutational status and the risk group of
endometrial cancer although FBXW?7 mutations where slightly more prevalent in low risk
cases (28% versus 18% in the high risk group, p=0.53). No correlation between diabetes
and FBXW7 mutations was shown as the prevalence of these mutations was identical in
diabetic and non-diabetic patients (22% and 23% respectively, p=1).

3.2.2.4 KRAS

KRAS mutations were identified in 9% of our patients (5/57). There was a total of 6 KRAS
mutations and their localization is shown in Figure 3.35 below. All of them were missense
and half of them resulted from a substitution of glutamine to histidine (Q61H), a mutation

mainly reported in colorectal malignancies (Vaughn et al., 2011).

# KRAS Mutations
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Figure 3.35 KRAS mutations identified in our cohort and their localization on the gene’s
exones. Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations.

All four BW patients carrying KRAS mutations in their tumours had concurrent PI3K
pathway mutations versus only 38% (10/26) of wt-KRAS patients (p=0.0365). As there
was only 1 BSA patient with a KRAS mutation, analysis could not be performed for this
group. No other association between KRAS and any other mutation was elicited from our

analysis.
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There was no association between KRAS mutation and age at diagnosis as the mean age of
patients harbouring KRAS mutations was 64.2 years compared to 61.5 for wt-KRAS
tumours (p=0.6). Similar results were shown within the BW cohort (63.3 years for KRAS-
mutant tumours versus 62.1 for wt-KRAS, p=0.85). Again, there was no correlation
between diabetes and the presence of KRAS mutations (10% prevalence in the non-diabetic
cohort compared to 6% in the diabetic, p=1).

No correlation was found between KRAS mutations and the risk group of endometrial
cancer. They were present in 7% (2/29) of low risk cases compared to 11% (3/25) of high-
risk cases (p=0.67).

3.2.2.5 PIK3CA

PIK3CA was the second most frequent mutation across our cohort with 37% of patients
harbouring one (21/57). There was a total of 30 non-synonymous mutations in these 21
patients ranging from one to four mutations per patient. There were seven patients with
more than one PIK3CA mutations and frequently (three out of seven cases) this was

associated with a concurrent POLE mutation.

The localization of these mutations is shown in Figure 3.36 below. All 30 mutations were
missense with 33% of them (10/30) being located in the p85 binding domain. Out of these,
40% (4/10) were a gain-of-function R88Q mutation which represents 19% of PIK3CA
mutant tumours (4/21). Interestingly, all these four mutations were identified in BW

patients.
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Figure 3.36 PIK3CA mutations identified in our cohort and their localization on the gene’s
exones. Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations.

Another common mutation was the E545 in the helical domain with 19% of PIK3CA

mutant tumours (4/21) carrying such a mutation.

Across the cohort, there was a positive association between PIK3CA and PTEN mutations.
62% (13/21) of patients harbouring PIK3CA mutations had co-existent PTEN mutations
compared to only 25% (9/36) for wt-PIK3CA patients (p=0.01). Surprisingly, this
correlation was not confirmed in both groups. It was very strong for the BSA group with
78% (7/9) of PIK3CA-mutant tumours also carrying a PTEN mutation versus only 11%
(2/18) for the wt-PIK3CA cases (p=0.0012). On the contrary, no such association was
confirmed in the BW group as 50% (6/12) of PIK3CA-mutant tumours had concurrent
PTEN mutations compared to 39% (7/18) of the wt-PIK3CA ones (p=0.71).

There was no difference in the rate of these mutations among the two groups of interest
(40% of BW compared to 33% for BSA patients, p=0.78).

PIK3CA mutations were more prevalent in high risk endometrial cancer cases with 46%
of these cases (13/28) carrying such a mutation compared to 28% (8/29) of low risk

tumours but this trend was not significant (p=0.17).

There was no association between such mutations and the presence of diabetes across the
cohort as 36% of non-diabetic patients carried a PIK3CA mutation compared to 39% of
diabetic ones (p=1). Subgroup analysis though has shown the existence of a non-
significant trend within the BSA group as PIK3CA mutations were more frequent in

diabetic patients (50% compared to 20% for non-diabetic patients, p=0.13). If anything,
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the trend was the opposite in BW patients (although not as strong) with 46% of non-
diabetic patients (11/24) carrying a PIK3CA mutation compared to 17% (1/6) for the
diabetic ones (p=0.36).

Another interesting finding was the fact that patients harbouring PIK3CA mutations in
their tumours were significantly older at diagnosis with a mean age of 65.9 years across
the cohort compared to 59.3 for wt-PIK3CA patients (p=0.0245). This was even more
significant in BW patients with a mean age of PIK3CA-mutant patients 68.7 years
compared to 58 for patients having a wt-PIK3CA (p=0.0077). There was no such
difference in the BSA group (mean age 62.2 years for PIK3CA-mutant patients versus 60.6
for wt-PIK3CA, p=0.72).

3.2.2.6 PIK3R1

PIK3R1 mutations were identified in 12% of patients (7/57). There was a total of ten
PIK3R1 non-synonymous mutations identified in these seven patients (as three patients
had two mutations each. Two out of these three patients had a concurrent POLE mutation).

The localization of these mutations is shown in Figure 3.37 below.
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Figure 3.37 PIK3R1 mutations identified in our cohort and their localization on the gene’s
exones. Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations. Brown: Inframe deletions. Black: Truncating mutations (either stop-gain or
frameshift variant).

As shown in Figure 3.37, PIK3R1 mutations were scattered across the gene with no ‘hot-

spot’ areas.
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PIK3R1 mutations were more common in BSA women (19%, 5/27 compared to 7% for
BW patients, 2/30) but this was not significant (p=0.24).

A significant correlation between PIK3R1 and POLE mutations was seen across our
cohort. 43% (3/7) of PIK3R1-mutant patients had co-existent POLE mutations versus 6%
(3/50) for wt-PIK3R1 patients (p=0.02). This was also significant in the BSA group where
40% (2/5) of PIK3R1-mutant patients had concurrent POLE mutations compared to 0%
(0/22) for wt-PIK3R1 patients (p=0.028). Due to the fact that there were only two patients
in the BW cohort carrying PIK3R1 mutation, significance was not reached in this group

although the trend was similar.

As mentioned previously, there was also a non-significant (p=0.09) association between
PIK3R1 and FBXW7 mutations in the BSA cohort with 60% of PIK3R1-mutant tumours
(3/5) having a co-existent FBXW7 mutation compared to 18% (4/22) for the wt-PIK3R1

patients.

Interestingly, PIK3R1 mutations were negatively associated with PTEN mutations in the
BSA cohort as none of the five patients harboring such a mutation had a co-existent PTEN
mutation (compared to 41% of the wt-PIK3R1 patients, p=0.13) and although this was not
significant, it is in contrast with the two BW patients carrying somatic PIK3R1 mutations,

as both of them had a co-existent PTEN mutation.

Patients carrying PIK3R1 mutations were younger at diagnosis in our cohort (mean age
55.6 years at diagnosis compared to 62.6 years for wt-PIK3R1 patients), but this trend did
not reach significance (p=0.11). The same trend was shown in the BSA group (55.8 years
for patients carrying PIK3R1 mutations versus 62.4 years for the rest of the BSA group),

but due to small numbers, significance was not reached.

There was no association between PIK3R1 mutations and the risk status of endometrial

cancer as these were evenly split between high and low risk cases.
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3.2.2.7 POLE

Six POLE mutations were identified in the patients we tested (10.5% incidence rate across
the whole cohort). All of them were missense mutations with most of them (4/6, 67%) in
the exonuclease domain of the POLE gene (Figure 3.38). The commonest mutation was a
P286R, a mutation recently reported to be important driver of carcinogenesis in colorectal

malignancies (Ahn et al., 2016).
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Figure 3.38 POLE mutations identified in our cohort and their localization on the gene’s
exones. Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations.

There was no difference between the two studied groups in the incidence of POLE
mutations (4/30, 13% for BW compared to 2/27, 7% for BSA patients, p=0.67).

Patients carrying somatic POLE mutations (n=6) had many co-existent mutations in the
other nine genes tested. These patients had each an average of 6.2 non-synonymous
mutations in the ten genes tested compared to only 1.8 for the remaining 51 patients who

were carrying a wt-POLE gene (p<0.0001).

POLE-mutant patients are younger at diagnosis (mean age 57.2 years compared to 62.3

years for wt-POLE patients) but this was not significant (p=0.28).

POLE mutations were not associated with the risk status of endometrial cancer as the six

cases were evenly distributed in the low and high risk group.
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There was an interesting (although not significant) trend as all six mutations were
identified in non-diabetic patients (6/39), with no mutations seen in any of the 18 diabetic

patients of our cohort (p=0.16).

As mentioned previously, POLE mutations are significantly associated with ARID1A and
PIK3R1 mutations across our cohort. The former association was more prominent in the
BW group (although not significant, p=0.095) and the latter in the BSA group (p=0.028).

3.2.2.8 PPP2R1A

There was only one PPP2R1A mutation identified in our cohort (incidence rate 1.8%) and
its localization on the gene is shown in Figure 3.39 below. This mutation was in a ‘hot-
spot’ area (R182-183) which has been shown to be mutated also in ovarian clear cell

carcinoma (Sian Jones et al., 2010), apart from endometrial cancer (Haesen et al., 2016).
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Figure 3.39 PPP2R1A mutation identified in our cohort and its localization on the gene’s
exones. Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations.

This mutation was identified in a BSA patient with high risk endometrial cancer (stage 2,

grade 2, endometrioid histology). This patient was also carrying an ARID1A mutation.
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3.2.29 PTEN

PTEN was the most frequent genetic alteration identified in our cohort with 39% of
patients (22/57) carrying at least one mutation in the gene. 18% of these patients (4/22)
had two mutations on this gene bringing the total number of PTEN mutations identified to
a total of 26. The localization of these mutations across the gene is shown in Figure 3.40

below.
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Figure 3.40 PTEN mutations identified in our cohort and its localization on the gene’s
exones. Lollipop graph created using MutationMapper tool. Colour code: Green: Missense
mutations. Black: Truncating. Brown: Inframe deletion.

More than 60% (16/26, 62%) of these mutations were missense with most of the remaining
(9/26, 35%) being truncating mutations, either frameshift (5/26, 19%) or nonsense
mutations (stop-gain, 4/26, 15%). Finally, there was one inframe deletion (1/26, 4%). The
mutations are evenly distributed between the dual specificity phosphatase catalytic domain
(DSPc in Figure 3.40) and the C2 domain. These two areas have eleven mutations each

(11/26, 42%) with only four mutations (4/26, 15%) lying outside these domains.

The most common mutation identified in 15% (4/26) of the PTEN-mutant tumours of our
cohort was the substitution of arginine from glycine in position 130 of the PTEN gene
(R130G). Interestingly, all these four mutations were identified in BW women. Another
common mutation was the introduction of a stop codon in position 233 of the PTEN gene
(R233*). There were three patients with such mutation across our cohort, and all of them
were BSA.
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PTEN mutations are slightly more prevalent among BW women as 43% of them carry one
(13/30) compared to 33% incidence among BSA patients (9/27), but this was not
significant (p=0.59). The localization of these mutations in various domains of the gene in

each group are shown in Table 3.8.

PTEN domain BSA (%)

Phosphatase 8 (53) 3(27)

catalytic 0.168
C2 4 (27) 7 (64)

Other 3 (20) 1(9)

Table 3.8 Number of non-synonymous PTEN mutations identified in the two groups of
interest and their localization on the gene’s domains. p value calculated using X? test.

As shown in Table 3.8, BW women are more likely to have PTEN mutations in the
phosphatase catalytic domain compared to their BSA counterparts which, in turn, are more
likely to have mutations in the C2 domain of the gene. This trend did not reach significance

possibly due to the small numbers of patients studied.

Although PTEN mutations are more prevalent in low risk cases (45%, 13/29 compared to
32%, 9/28 for high risk cases), this was not significant (p=0.42). There was also no
significant association with diabetes despite the fact there was a trend towards more PTEN
mutations among diabetic patients (50%, 9/18, compared to 33%, 13/39, for non-diabetic
patients, p=0.25). Subgroup analysis revealed similar results with no association between

PTEN mutation, race and diabetes or risk group of endometrial cancer.

As mentioned before, PTEN mutations significantly co-exist with PIK3CA mutations as
59% (13/22) of PTEN-mutant tumours have concurrent PIK3CA mutations compared to
23% (8/35) for wt-PTEN tumours (p=0.01). This correlation was mainly influenced by the
BSA cohort in which the association was even stronger (p=0.001) and was not observed

in the BW group.
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There was no association between PTEN mutations and age at diagnosis (60.7 years for
mutated tumours versus 62.4 years for wt-PTEN, p=0.58). In subgroup analysis, BW
patients carrying a PTEN mutation tended to be younger (59.2 years compared to 64.6
years for their ‘wild-type’ counterparts) but this trend was not significant (p=0.19). On the
contrary, BSA patients with PTEN mutations were slightly older (62.9 years compared to
60.3 years for wt-PTEN) but this was not significant (p=0.55).

3.2.2.10 TP53

The incidence rate of TP53 mutations in our cohort was 11% (6/57). All six mutations
were missense and their site on the gene is shown in Figure 3.41 below. All these mutations

are localized in the DNA binding domain.
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Figure 3.41 Site and frequency of TP53 mutations identified in our cohort. Lollipop graph
created using MutationMapper tool. Colour code: Green: Missense mutations.

The most frequent TP53 mutation, identified in two patients, was the replacement of
histidine from glutamine or tyrosine in position 179 (H179Q and H179Y). This position is
part of the zinc coordination area and is important for the correct folding of the DNA
binding domain (Olivier et al., 2010). Both of them were in patients with a serous
component on the histology of their tumours, older (70 and 77 years old) and with no other
mutation in the other nine genes tested which likely means that this was the driver mutation

of their endometrial cancer.

There was no difference in the incidence of TP53 mutations between the two studied
groups as this was identical (10%, 3/30 for BW and 11%, 3/27 for BSA women, p=1).
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As expected, patients carrying somatic TP53 mutations were more commonly high risk
(18%, 5/28 compared to 3%, 1/29 for the low risk group) but due to the small number of
cases studied this was not significant (p=0.10).

There was no association between TP53 mutations and diabetes although five out of six
mutations were found in non-diabetic patients (5/39, 13%), compared to one (1/18, 6%)

which was found on a diabetic patient (p=0.65).

Patients with somatic TP53 mutations were significantly older at diagnosis with a mean
age of 72.5 years compared to 60.5 years for wt-TP53 patients (p=0.008).

No significant correlation was shown between TP53 and any other mutation in the other

nine genes tested.
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3.2.3 Mismatch Repair Deficiency analysis

As shown previously in Table 3.3, BSA patients with endometrial cancer (EC) were
significantly younger at diagnosis compared to BW. The incidence of mutations in ten
genes commonly mutated in EC was not different. We subsequently performed
immunohistochemistry (IHC) on tumour samples obtained from the 57 patients of our
cohort in order to check the presence of mismatch repair deficiency and any potential
differences between the two groups. Antibodies for four of the most frequently mutated
genes were investigated (MSH2, MSH6, MLH1 and PMS2) using the protocol described
previously in the ‘Methods’. The results of the testing are presented in Table 3.9 below.

MMR proficient MMR deficient p value

n 43 14
Race (%) 0.54
BW 24 (56%) 6 (43%)
BSA 19 (44%) 8 (57%)
Mean age 59.8 67.8 0.014
Mean BMI 36.5 315 0.066
Diabetes status 0.51
Diabetic 15 (35%) 3 (21%)
Non-diabetic | 28 (65%) 11 (79%)
Risk group (%) 0.55
Low 23 (53%) 6 (43%)
Intermediate- 20 (47%) 8 (57%)
High
Grade (%) 0.16
1 27 (63%) 6 (43%)
2 10 (23%) 7 (50%)
3 6 (14%) 1 (7%)

Table 3.9 MMR status in association with clinicopathological data. MMR proficient is
defined as a tissue expressing all four proteins (MSH6, MSH2, MLH1 and PMS2), while
MMR deficient a tissue lacking expression of at least one of the previously mentioned
proteins. P values were calculated using Fisher’s exact test (race, diabetes and risk group),
chi-square test (grade) and Student’s t-test (age and BMI).
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The incidence rate of MMR deficiency in our cohort was 25% (14/57). There was no
significant difference between the two ethnic groups of interest as BSA women had an
incidence rate of 30% (8/27) versus 20% (6/30) for the BW group (p=0.54).

Interestingly, across the entire cohort, MMR deficient patients were significantly older at
diagnosis (mean age 67.8 years compared to 59.8 years for MMR proficient patients,
p=0.014). This was driven by a significant difference within the BW group in which MMR
deficient patients had a mean age of 72.8 years as opposed to 59.6 years for MMR
proficient patients (p=0.007). The trend was similar but less prominent in the BSA cohort
(mean age 64 years for MMR deficient tumours compared to 60 years for MMR proficient)
and hence did not reach significance (p=0.37).

Patients who had MMR deficient tumours across the cohort tended to have lower BMI
(mean BMI 31.5 compared to 36.5 for MMR proficient patients), approaching significance
(p=0.066). The same trend was noticed in both BW and BSA women. In the BW cohort,
BMI was 38.8 for MMR proficient and 33.7 for deficient patients (p=0.28). In the BSA
group, 33.7 for proficient and 29.85 for deficient patients (p=0.15). Since this finding was
seen in both groups it suggests that this is a true finding although the results did not reach

significance.

There was no association between diabetes and MMR deficiency as 17% (3/18) of diabetic
patients were MMR deficient compared to 28% (11/39) of non-diabetic (p=0.51).

Subgroup analysis revealed similar results with no statistical significance.

There was also no correlation between the risk and MMR status of the endometrial cancer
cases studied. 21% (6/29) of low risk cases and 29% (8/28) of high risk cases were MMR
deficient (p=0.55). In the BW 33% (5/15) of high risk cases were MMR deficient
compared to only 7% (1/15) for the low risk patients (p=0.17). In contrast, in the BSA
cohort most MMR deficient cases were identified in the low risk group (5/14, 36%
compared to 3/13, 23% for the high risk group, p=0.68).
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MMR deficient cases were more likely to be of higher grade, 57% (8/14) were moderately
or poorly differentiated (grade 2-3) as compared to 37% (16/43) for the MMR proficient

cohort but this trend was not significant (p=0.16).

The type of MMR deficiencies identified in the cohort is shown in Table 3.10 below.
Almost 80% of these deficiencies (11/14, 79%) involved the MLH1/PMS2 genes (Figure
3.42), two (14%) were MSH6 deficiencies (Figure 3.43) and one (7%) was a deficiency of
MSH2/MSHES.

MMR deficiency BW BSA p value
n (%) n (%)

MLH1/PMS2 4 (67) 7 (88) 0.54

MSH2/MSH6 or MSH6 alone 2 (33) 1(12)

Table 3.10 Type of MMR gene deficiencies identified in our cohort. P value calculated
using Fisher’s exact test.
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Figure 3.42 84 year old BW patient with stage 2, grade 2 endometrioid endometrial cancer.
MMR deficient (MLH1/PMS2 negative). a) MLH1 negatively stained tumour (x40
magnification). b) PMS2 negatively stained tumour. ¢) MSH2 positively stained tumour.

d) MSH6 positively stained tumour.
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Figure 3.43 76 year old BW patient with stage 1B, grade 2 endometrioid endometrial
cancer. MMR deficient (MSH6 negative). a) MLH1 stained tumour (x20 magnification).
b) MSH2 stained tumour (x20). ¢) MSH6 negatively stained tumour (x20). d) PMS2
stained tumour (x20). e) Haematoxylin and Eosin stained tissue from the same patient.
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In the BSA cohort, there is a strong negative association between MMR deficient patients
and CTNNB1 mutations, raising the possibility of mutual exclusivity. In this group, none
of the patients carrying a somatic CTNNB1 mutation was MMR deficient (0/8, 0%). This
was in contrast to 42% (8/19) of the wt-CTNNB1 patients who was MMR deficient
(p=0.06). Interestingly, there was no such trend among BW women as 25% (1/4) of
patients with a somatic CTNNB1 mutation was MMR deficient compared to 19% (5/26)
of wt-CTNNBL patients (p=1).

A similar negative correlation was identified in the BSA cohort between MMR deficiency
and FBXW?7 mutations. None of the seven patients carrying a somatic FBXW7 mutation
was MMR deficient (0/7, 0%) as opposed to 40% (8/20) rate of MMR deficiency for the
wt-FBXW7 women. This trend, although strong, was not significant (p=0.068). Again, no
such negative association was seen in BW women as 17% (1/6) of FBXW7-mutant patients
were MMR deficient compared to 21% (5/24) of wt-FBXW7 women (p=1).

No other significant association was shown between MMR status and genetic alteration in
any of the other eight genes tested. There was also no correlation between PI13K pathway

mutations and MMR status.
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Chapter 4 Discussion

4.1 Endometrial cancer: A neglected disease

Endometrial cancer is the commonest gynaecological cancer in the Western world. It is
usually diagnosed at an early stage and its surgical management is associated with very
good prognosis. Nevertheless, extrauterine disease (stage 3 or above) is associated with
poor outcome, not greatly different to ovarian cancer, the disease frequently known as the
‘silent killer’ of women. And although it is true that the number of deaths from ovarian
cancer in the UK is 80% more compared to endometrial cancer (4,227 versus 2,360 for
2016) (Cancer Research UK. 2019), the clinical trials recruiting patients with advanced
endometrial cancer are disproportionately low. We are proposing the ‘Research Fairness
Ratio (RFR)’ as a marker of this imbalance where disease impact is the annual- number

of deaths from the disease in the UK.

Disease impact (annual mortality)

Research Fairness Ratio= — — , ,
Recruiting clinical trials worldwide

The lower the numerical value of RFR, the greater the number of active, recruiting clinical
trials and hence extensive research on the field. The RFR for some of the common cancers
are shown in Table 4.1 below. These numbers clearly show how poorly investigated EC is

compared to other common cancers and justify efforts to propose new targeted treatments.
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Type of cancer Mortality UK Recruiting clinical  RFR

trials
Breast 11,563 1,781 6.5
Ovary 4,227 511 8.3
Cervix 854 513 1.7
Endometrium 2,360 157 15
Lung 35,620 1,487 24
Colon 16,384 835 19.6

Table 4.1 Common cancers affecting women in the UK. Data for mortality are for 2016
and they represent deaths from disease (Cancer Research UK. 2019). Recruiting clinical
trials worldwide (209 countries). Data obtained April 2019 (U.S. National Library of
Medicine, 2019). RFR: Research Fairness Ratio.

4.2 PI13K pathway: The main battlefield

No other cancer has more PI3K mutations than endometrial cancer (TCGA, 2013). It is
unsurprising that most novel treatments for recurrent or advanced EC with targeted
therapies focus on this pathway. Several PI3K and/or mTOR inhibitors have been tested
in vitro with encouraging results however, unfortunately most of them failed to show
efficacy when used in clinical trials as monotherapies. In view of this extensive testing in
PI3K and mTOR inhibitors, we adopted a screening strategy with only 3 out of the 24
drugs tested inhibiting the PI3K pathway (ldelalisib, CUDC-907 and Quercetin, the former
two had never been tested in EC). The other inhibitory drugs had different mode of action

as | was hoping to discover alternative ways of inhibiting EC cell growth.

However, we can conclude that the most interesting drug whose action we investigated
was CUDC-907, a PI3K and HDAC inhibitor. This was the only monotherapy treatment
which was extremely effective in reducing cell viability in both cell lines, with IC50 values
of 27nM for Ishikawa and 58nM for HEC-1-A cells. Given the fact that it has not
previously been tested in EC but also has been proven to have tolerable toxicity profile as

it is currently under investigation in a phase 2 clinical trial (on diffuse B-cell lymphoma)
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(U.S. National Library of Medicine, 2019), | propose it as an attractive therapeutic option

for further evaluation in endometrial cancer in vivo models.

I have shown that CUDC-907, not only suppresses activation of the PI3K pathway, but
exerts its action through suppression of the MAPK pathway as well (Figure 3.11). This is
in agreement with similar findings in NSCLC, breast, melanoma and, in a study of our lab,
CLL cell lines (Qian et al., 2012; Y. Chen et al., 2019). The same study (Qian et al.)
concluded that histone deacetylase inhibition was responsible for the effect of CUDC-907
on the MEK-ERK pathway. Interestingly, in this study, CUDC-907 was tested on 29 solid
cancers cell lines and the 1C50 values obtained are remarkably similar to the results of my
study.

Another recent study has shown that treating KRAS mutant EC cells with Apitolisib (dual
PI3K and mTOR inhibitor), although it achieves suppression of phosphorylated AKT, it
increases MEK and MAPK phosphorylation (Aslan et al., 2018). My results showed a
superior effect when combining PI3K and HDAC inhibition as this combination (CUDC)
suppresses both pathways (P13K and MAPK), even on KRAS mutant cells (HEC-1-A).

4.3 MAPK pathway

This was the most extensively tested pathway in my project, with a third of the drugs used
inhibiting molecules of this pathway. The rationale was based on the fact that this pathway
is commonly involved in many cancers (Dhillon et al., 2007). None of the drugs, however,
proved effective when used alone. The most interesting member of this group is
PD0325901, which showed mild activity in HEC-1-A cells (IC50 value of 9.33uM).
Although this concentration is high for clinical purposes, the importance of the drug lies
in its potential to be used in combination treatments, especially when taking into account
that it has been shown to have a favourable toxicity profile. This was shown from its use
in a phase 1 clinical trial in combination with a PI3BK/mTOR inhibitor (Gedatolisib)
(Wainberg et al., 2017).

An interesting finding was the paradoxical activation of MEK-ERK pathway when EC

cells were treated with MEK inhibitors, as shown by the increased basal levels of MEK
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and MAPK phosphorylation in both cell lines, particularly at modest concentrations
(0.1uM) (Figure 3.9). This was shown previously in CLL in a study of our lab which
proposed as possible explanation an upstream reactivating loop (Y. Chen et al., 2017).
This paradoxical activation was more prominent in Ishikawa cells, possibly as a result of
the wild type genes controlling their MAPK pathway, which under normal circumstances
renders it in relative quiescence compared to their highly active PI3K pathway (see control
samples in Figure 3.9). On the contrary, HEC-1-A cells, which carry KRAS mutations,
have a constitutively more active MAPK pathway, and hence this activation is more subtle
and even reversed at treatments with higher concentrations of MEK inhibitors.

The association between KRAS mutations and resistance to MEK inhibitors has been
studied previously. In colorectal cancer, studies have shown that the stronger the ERK1/2
signalling is, the greater the sensitivity of colorectal cells to treatment with MEK1/2
inhibitors (Balmanno et al., 2009). This is in keeping with my results which confirmed
that the KRAS-mutant HEC-1-A cells, which have strong MEK1/2 signalling, are more
sensitive to MEK inhibitors than the Ishikawa cells (wild type MEK-ERK pathway).
Similarly, a study on 13 EC cell lines concluded that KRAS-mutant cell lines (including
HEC-1-A), were more sensitive to the MEK inhibitor Cobimetinib compared to the PTEN-

mutant cell lines (Aslan et al., 2018), which again is in keeping with our results.

4.4 Combining treatments

As described in paragraphs 1.2.2 and 1.2.4, the efficacy of targeted treatments as
monotherapy in advanced or recurrent endometrial cancer is limited. It becomes obvious
then that the way forward in heavily pre-treated and hence highly mutated and aggressive

tumours is attack from various angles.

In this study, several combination treatments were tested with some of them proving

effective and synergistic.
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4.4.1 PI3K and MEK inhibition

Four combinations of CUDC-907 with MEK and Raf inhibitors were tested and the results
confirmed that the cell line which lacked mutations in the MEK-ERK pathway (Ishikawa)
does not benefit from combined PI3K and MEK inhibition, as these treatments show no
synergistic efficacy when used in such cells. This is in keeping with an earlier study
combining PI3K/mTOR inhibitor with MEK inhibitor (Pimasertib), which showed
antagonism in Ishikawa cells (Inaba et al, 2015). The only exception to this was
PD0325901, which showed good synergistic efficacy when combined with CUDC in both
cell lines, with CI values of 0.38 and 0.4 respectively. On the contrary, in cells carrying
mutations in MEK-ERK pathway (HEC-1-A), the addition of MEK inhibitor (three out of
four inhibitors tested) synergistically reduced viability. The notable exception for both cell
lines was Sorafenib, which in both cell lines acted antagonistically to CUDC in
therapeutically relevant concentrations. These results with Sorafenib are in line with study
showing that the drug inhibits EC cell proliferation only on high doses (>5uM) and does

not have activity in mouse model of the disease (Mirantes et al., 2016).

The results of my work lead me to propose the combination of CUDC-907 with
PD0325901 as the best combination treatment for the suppression of PI3K and MAPK
pathways due to its efficacy in both cell lines but also its tolerability, as proven in a phase
1 clinical trial (Wainberg et al., 2017). Overall, the combination of CUDC-907 with
Selumetinib and Trametinib should probably be reserved for endometrial tumours

harbouring MEK-MAPK pathway mutations.

4.4.2 CDK inhibition

CDK inhibitors have been extensively tested in clinical trials in various cancers, more
notably breast, lung, melanoma and lymphoma (Asghar et al., 2015). In this study |
examined two of the most prominent members of this family (Dinaciclib and Palbociclib).
Dinaciclib was extremely efficacious on Ishikawa but not HEC-1-A cells, while
Palbociclib did not reduce cell viability significantly on either of the two cell lines. The
Palbociclib result of the current study contradicts two recent, contemporaneous studies.

The first one focused on PTEN-deficient mouse model and 3D cultures and showed
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reduction in tumour volume following treatment with Palbociclib (Dosil et al., 2017). The
second one examined the effects of the drug in four EC cell lines and found it effective in
two of them, including the HEC-1-A with a reported IC50 value of 0.65uM (T. Tanaka et
al., 2017). One might assume that the in vivo effects of a prolonged administration of a
drug (15 days in the Dosil et al., study) might be different from its in vitro efficacy, which
might potentially explain the results of the first study. As for the second study, the authors
assessed cell viability after 72 hours (compared to 48 hours in the current study) and this
might have contributed, at least partly, to the great difference observed.

Studies in KRAS-mutant colorectal cell lines have shown synergistic efficacy between
CDK (Palbociclib) and MEK inhibitors (M. S. Lee et al., 2016). The KRAS-mutant cells
used in my study (HEC-1-A) confirmed this reported synergism when Dinaciclib was
combined to PD0325901 (CI=0.61). This combination (CDK and MEK inhibitors) was
antagonistic in the KRAS-wild type (Ishikawa) cells, irrespective of the type of MEK
inhibitor used. A possible explanation might be that these cells are already very sensitive
on CDK inhibition alone and adding MEK inhibitors does not confer any extra therapeutic

advantage.

4.4.3 MCL1 inhibition

MCL1 overexpression has been shown in endometrial cancer (Hiroshi Hirata et al., 2010).
It is also common in most cancers and this is associated with cancer cell resistance to
chemotherapy through apoptotic evasion, while many pathways, including PI3K and
MAPK, control its transcription (Hird & Tron, 2019). For these reasons, | tested a novel
MCL1 inhibitor (S63845). As monotherapy, it showed good efficacy in Ishikawa and
modest efficacy in HEC-1-A cells (IC50 values of 0.6uM and 7.5uM respectively). This
efficacy was improved when combined with MEK inhibitor (PD0325901) with exhibited
synergism resulting in reducing viability in both cell lines, making this combination an

attractive one for further evaluation as it was never tested before in EC.
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4.5 Future directions for drug testing

Several treatment modalities, which have been explored in our project, worth further
investigation in animal studies first and, if their efficacy is confirmed, in phase 1 clinical
trials. Many rodent models of EC have been described and cover a broad spectrum of the
biology of endometrial tumours, enabling a variety of experiments with translational
interest (Van Nyen et al., 2018). As monotherapy, CUDC-907 should be explored due to
its efficacy in both cell lines. Nevertheless, previous experience from several studies
exploring PIBK/mTOR inhibitors (described in 1.2.2.2), predict that it is unlikely to
achieve significant clinical response rates in these recurrent, advanced cases with just one
drug. Hence, it becomes apparent that the emphasis of future work should be on
combination treatments, which have the ability to target several pathways of the cancer. In
EC, we propose CUDC-907 combined with PD0325901. This combination showed high
synergistic activity in both cell lines, while both drugs have been shown to be tolerable in
clinical trials, as mentioned earlier. CUDC can be combined with other MEK inhibitors
(Selumetinib, Trametinib) but only on patients carrying KRAS mutations. Finally, another
interesting combination is S63845 (novel MCL1 inhibitor) with PD0325901, although no
data are yet available for the safety profile of S63845 as it has not been tested in clinical

trials.

4.6 Race: Does it matter in science?

‘When we talk about the concept of race, most people believe that they know it when they

see it, but arrive at nothing short of confusion when pressed to define it’

Dr Evelyn Higgenbotham- historian

The term race is very controversial in the medical literature. Many prominent scientists
and scholars believe that race is a social construct which should not be used in science as
genetic heterogeneity does not correlate with people’s appearance. Others point out that it
perpetuates false beliefs that people are fundamentally different when science has proved
that the similarities we share are far more than the differences. How do we then define and

compare different ethnic population, which have different cultural, environmental,
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financial and social traits? Is the problem just about terminology? And how do we address
the issue when studies confirm that, even when matched for everything else, AA women
for example have worse prognosis and more aggressive endometrial tumours than White

women (see paragraph 1.5)?

It is appropriate to use better terms than race, more inclusive and less politically and
socially charged. Ancestry or origin are two of them. But nevertheless, we still need to
keep studying people with different origin, culture, environment and behaviour, as all these
factors can affect the biology of a disease. Without such studies, we would have never
known the higher incidence of melanoma in Caucasian patients, the worse survival in
prostate cancer among AA men, the higher rate of triple negative breast tumours among
AA women and the higher rate of BRCA1 mutations in Ashkenazi Jewish patients
(Ozdemir & Dotto, 2017).

4.7 South Asian women, endometrial cancer and Leicester

Leicester is the UK city with the largest proportion of people self-declaring Asian origin
(37.1%), with 31.8% of them being of South Asian origin (Office for National Statistics.,
2013). Previous work from our department has shown that British South Asian (BSA)
women in Leicester present with endometrial cancer at significantly younger age
compared to British White (BW) women, while they have much higher rates of diabetes
(Morris et al, 2014). In view of these differences, we decided to investigate matched
cohorts of BW and BSA patients in order to see whether genetic differences exist in
common genes associated with endometrial carcinogenesis. We also thought that if such
differences exist, the translational relevance would be huge, given the fact that South Asia
is a very densely populated area of the planet, with approximately 1.7 billion inhabitants
(United Nations, 2014). And although we acknowledge that South Asian may be too broad
a term when we talk about such ethnic and cultural diversity in this part of the planet, at

least we should try to differentiate somehow these ethnicities from the Caucasian.
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4.7.1 Epidemiology

Our results in the cohort of 206 patients prospectively recruited as part of the current study
confirmed previous work from our department and showed that BSA patients are an
average of 4 years younger at diagnosis (Table 3.3). This is in line with previous
epidemiological studies from the USA which showed that Asian women are younger at
diagnosis with EC compared to White patients (M. Zhang et al., 2006; Mahdi et al., 2014),
although the definition of Asian in these US studies is broadened to include women from
the whole continent and East Asia in particular (Japan, China, Korea etc.).

We found BSA women to have significantly lower BMI but higher rates of diabetes
compared to BW (Table 3.3). This paradox is also in keeping with large epidemiological
studies which suggest that Asian women, even when matched for BMI, have higher rates
of diabetes and insulin resistance compared to White women (Shai et al., 2006). The lower
BMI effect in women of Asian origin is well reported in the literature and has been
confirmed in both Indian and Chinese populations (Misra & Vikram, 2004). Interestingly,
South Asian women, when matched for BMI with their White and Black counterparts,
have higher rate of body fat. Dyslipidaemias are also more common in women of Indian
origin and all these factors combined confirm the increased prevalence of metabolic
syndrome in these women (Misra & Khurana, 2009). Large epidemiological studies have
confirmed that women with metabolic syndrome carry a 37-39% higher risk of developing
EC (Tone Bjarge et al., 2010; Trabert et al., 2015). Based on these data, it is reasonable to
assume that lifestyle changes (weight loss, exercise and diet adjustments), which are
shown to improve the metabolic profile, would have much greater impact in reducing the

prevalence of EC in BSA compared to BW women.

4.7.2 Clinico-pathological data

Previous reports have shown that Asian women present with EC at higher stage and grade
compared to Non-Hispanic Whites (M. Zhang et al., 2006; Mahdi et al., 2014). Our study
confirmed that BSA women have significantly higher grade at presentation compared to
BW (54% of BSA women were stage 2-3 compared to 33% for BW, Table 3.3). However,

there was no difference in the stage of the disease between the two populations. Whether
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this is a reflection of our small sample size or more fundamental differences between South
Asian patients of our cohort and the epidemiologically different Asian patients of the
aforementioned American studies, remains to be clarified in future studies which will

incorporate more South Asian patients.

The conversion rate of minimal invasive surgery (MIS) to laparotomy in our study (5.3%)
is comparable to recent studies (Keurentjes et al., 2018). Interestingly, the conversion rate
was much higher in BSA women (15% compared to 3% for BW, p=0.017). This has been
reported before in a study on robotic hysterectomies for Gynaecological cancers (Jones,
2014). According to this study from a large tertiary US hospital, non-White ethnicity was
a risk factor for conversion to laparotomy, even when adjusted for pre-operative risk
factors (OR 2.43, 95% CI 1.24-4.76, p<0.001). This study included 20 Asian patients and
the conversion rate was higher compared to their White counterparts (10% versus 6%) but
did not reach significance (p=0.36). The authors hypothesised that body habitus and
presence of fibroids in Black women might be responsible for the results. It has been
previously shown that Asian Indian women are generally shorter and with higher levels of
abdominal adiposity compared to White women (Misra & Vikram, 2004). We hypothesize
that these two factors significantly contribute to our reported higher conversion rates from

MIS to laparotomy among BSA women.

Concerns were raised recently from a large randomized trial regarding oncological
outcomes following MIS for cervical cancer as these were shown to be inferior compared
to open surgery (3-year overall survival 93.8% compared to 99% for the open surgery
group, hazard ratio for death from any cause, 6.00; 95% CI, 1.77 to 20.30) (Ramirez et al.,
2018). Although the same has not been shown in endometrial cancer (Janda et al., 2017),
it is important to remain vigilant and continue auditing oncological outcomes in EC as the

underlying aetiology behind this difference observed in cervical cancer might be common.

4.8 Genetic differences between British South Asian and White women

In view of the aforementioned epidemiological and clinical differences, we proceeded to

investigate mutational differences in 10 genes commonly altered in EC.
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We found no difference in the non-synonymous mutation rate between the two groups of
interest in the 10 genes tested. As expected, mutations of the PI3K pathway were the
commoner in both groups, with 60% of patients carrying a PIK3CA, PIK3R1 and/or PTEN
mutation. This is in line with large studies confirming that PI3K is the most commonly
altered pathway in EC (TCGA, 2013).

4.8.1 ARIDIA

The rate of ARID1A mutations in our cohort (28%) is similar to previously published
reports, along with the significant co-existence between them and mutations in the PI3K
pathway (Liang et al., 2012). This co-existence was significant in the BW group but not
in the BSA. The rate of ARID1A mutations in the two groups was not significantly
different.

It was recently shown that ARID1A-mutant cancer cells were sensitive to glutathione and
glutamate-cysteine ligase synthetase catalytic subunit (GCLC) inhibition (Ogiwara et al.,
2019). In particular, these cells were sensitive to PRIMA-1 (selective re-activator of
mutant p53 activity) and APR-246 (PRIMA-1 analog), which renders ARID1A a druggable
mutation. It is already known from previous work in breast and ovarian clear cell cancer
cells that ARID1A-mutations increase the sensitivity of cells to PI3K inhibitors (Samartzis
et al., 2014). It is hence reasonable to assume that combining PI3K inhibitors with
PRIMA-1 or APR-246 could be very effective in about a third of endometrial cancers
carrying ARID1A mutations. This is more likely to be the case in BW compared to BSA

women, as these patients have significantly more co-existence of these mutations.

4.8.2 CTNNB1

The rate of CTNNB1 mutations in our cohort (21%) correlates with previous studies in
which the reported rates are 23-24% (Murali et al, 2014a) and, although we found them to

be more frequent in BSA women, this did not reach significance.

92% of the mutations identified (12/13) where in exon 3, with most of them affecting the
serine threonine phosphorylation sites (S33, S37, T41 and S45) (8/12). This is in keeping

with previous large studies confirming the presence of this ‘hot-spot’ area in exon 3
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(Yuexin Liu et al., 2014b). Interestingly, a third of the CTNNB1 mutations in this study
affected codons 32, 34 and 35, which are not phosphorylation sites, which is identical with
what we observed (as 4 out of 12 exon 3 mutations were located in codons 32 and 34).
Further studies are warranted to identify the importance of these mutations in the function
of the Wnt signalling pathway.

The same study, examining data from the TCGA project, confirmed that CTNNB1
mutations occur in younger patients and are associated with worse prognosis, the latter
was also confirmed in a more recent study (Kurnit et al., 2017). In our study, we confirmed
a strong trend in the BSA cohort, with patients carrying CTNNB1 mutations being much
younger at diagnosis compared to wt-CTNNB1. Interestingly, this was not shown in BW
women. As for the prognosis and although our survival data are not mature yet, we already
noticed that one of the CTNNB1-mutant BSA women of our study had disease recurrence
very soon after her ‘curative’ surgery for a stage 1A, grade 2 endometrioid tumour and
sadly passed away just one year after her original diagnosis, giving an early indication that

those mutations indeed offer a worse prognosis.

The clinical relevance of identifying somatic CTNNB1 mutations has been confirmed in a
phase 2 clinical trial examining the effect of an mTOR inhibitor (Temsirolimus) in
advanced EC (Myers, Andrea P. et al, 2016). In this study, CTNNB1 mutations were
associated with better PFS survival, which confirmed the trend seen in a previous study
using another mTOR inhibitor (Everolimus) combined with Letrozole (aromatase
inhibitor) (Brian M Slomovitz et al., 2015). All these suggest that BSA women in
particular might be benefited more from treatment with mTOR inhibitors as they harbour

CTNNB1 mutations more frequently compared to BW women.

4.8.3 KRAS

Our reported rate of KRAS mutations (9%) is somewhat lower to recent large studies
(20.7% in the TCGA project) (TCGA, 2013). 98% of KRAS gene mutations in cancer are
located in the three ‘hot-spot’ areas, codons 12, 13 and 61 (Hobbs et al., 2016). This is in
line with our results as five out of six mutations (83%) identified in our cohort were found

in codons 12 and 61.
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Interestingly, the commonest mutation in our cohort was Q61H (3/6, 50%). This is in
contrast with the large TCGA study which identified only 2 such mutations (2/52, 4%). It
might be that the prevalence of specific KRAS mutations varies in different populations.
In general, Q61 mutations are rare in cancer as they represent only 2% of the total KRAS
mutations, with G12 mutations being the commoner (83%) (Hobbs et al., 2016). They are
more common in colonic and pancreatic adenocarcinomas. In the latter ones, it was shown
that Q61 mutations are associated with much better survival compared to codon 12
mutations (Agnieszka K Witkiewicz et al., 2015).

The only BSA patient in our cohort harbouring KRAS mutation had a G12D mutation.
These mutations are the most common in codon 12 (41%) (Hobbs et al., 2016) and have
been shown to be associated with worse survival in pancreatic adenocarcinoma (Ogura et
al., 2013; Faris et al., 2014) and increased AKT phosphorylation in NSCLC cells (Ihle et
al., 2012), rendering the carriers of such mutations potentially good candidates for
treatment with PI3K inhibitors. This is particularly relevant in view of our other finding
that in the BW group, KRAS mutations significantly correlate with PI3K pathway

mutations which again raises the possibility of increased sensitivity to such treatments.

In summary, it would be interesting to see large studies in EC addressing the biological
impact of specific KRAS mutations like the ones mentioned previously and how they are

linked with treatment potential and survival.

4.8.4 PIK3CA

The rate of PIK3CA mutations across our cohort (37%) is comparable to recent reviews
(Murali et al, 2014a). In total we identified 30 mutations, with a third localised in the p85
binding domain and another third in the helical domain (exon 9). It has been reported that
exon 9 mutations are associated with worse prognosis (Mclntyre, John B. et al, 2013; Mjos
et al., 2017). As previously mentioned, it would be interesting to analyse survival data
from our study (when they mature) in order to confirm such observations in our population.
We also had three patients with H1047R/L mutation (exon 20). These mutations have been

previously shown to be associated with better response to PISK/mTOR inhibitors
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compared to other PIK3CA mutations (Janku et al., 2014), which emphasizes the
importance of identifying these mutations in advanced cases prior to allocating these

patients in various therapeutic arms.

We observed a strong correlation between PIK3CA and PTEN mutations across our cohort,
which is in line with previous studies (Oda et al., 2005). In subgroup analysis though, this
association was only confirmed in the BSA and not the BW group. The role of double
mutations in the PI3K pathway (PTEN and PIK3CA) is intriguing. Older studies showed
that both mutations can activate the PI3K pathway on their own but when combined, this
triggers an even greater activating cascade (Oda et al., 2005). Still, many would argue that
a cancer cell does not need two mutations doing the same thing, unless they offer a
selective advantage for the survival of the cell. The hypothesis is that, when both these
mutations coexist, they either activate other pathways or inhibit negative feedback pressure
on the PI3K pathway (T. L. Yuan & Cantley, 2008). Another hypothetical model
summarised in this review by Yuan is based on the observation that PTEN loss leads to
p53 loss and subsequent growth arrest due to senescence in mouse model of prostate cancer
(Cordon-Cardo et al., 2005). The author hypothesizes that these cells later acquire PIK3CA
mutations in order to re-activate the PI3K pathway and overcome the growth arrest.
Another large study examined almost 20,000 solid tumours and concluded that this co-
existence is not uncommon, with 14% of PIK3CA-mutant tumours carrying a PTEN
mutation (Millis et al., 2016). An interesting finding from this study is the association of
PIK3CA mutations with hormonal receptor status as 44% of PIK3CA-mutant tumours had
estrogen receptor (ER) and 33% progesterone receptor overexpression (compared to 23%
and 13% respectively for wt-PIK3CA tumours). To summarize, it becomes apparent that
BSA women, who frequently harbour both PIK3CA and PTEN mutations, are excellent
candidates for treatment with PI3K inhibitors, especially in combination with other
targeted therapies, in order to overcome resistance from other activating pathways. The
role of combining PI3K inhibitors with hormonal treatments in this cohort of patients

warrants further investigation.

Our data show a significant correlation between the presence of PIK3CA mutation and
older age at diagnosis across our cohort, which was driven by the BW group in which there

was a more than 10 years mean difference between PIK3CA-mutant and wild type patients
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(68.7 versus 58 , p=0.0077). This is in contrast with large studies which showed no
correlation between PIK3CA mutations and age at diagnosis (Sara A Byron et al., 2012b;
Mjos et al., 2017). Both studies were methodologically different than ours as they
examined only exons 9 and 20 of the PIK3CA gene, which might have played a role in the
clinico-pathological analysis of their results. In any case, more studies are needed in the
BW population to confirm our reported association between older age and PIK3CA

mutations.

4.8.5 PTEN

PTEN mutations were the commonest genetic alterations in our study with 39% of our
patients harbouring one. This is still significantly lower than recent large studies,
suggesting that two thirds of endometrial tumours (65.7%) carry such mutations (Michael
S Lawrence et al., 2014).

The mutations were equally distributed between the two ‘hot-spot” areas of the gene, the
dual specificity phosphatase catalytic (DSPc) and the C2 domains. The commonest
mutation was the R130G located in DSPc, which was found in 4 BW women. This
mutation has been associated with higher levels of AKT phosphorylation in glioblastoma
and endometrial cancers (Papa et al., 2014), which potentially suggest greater sensitivity
to PI3K inhibitors in patients harboring these mutations. On the contrary, truncating PTEN
mutations in the C-terminal region, which are more common in BSA patients of our cohort,
were shown to be more sensitive to Doxorubicin and PARP inhibitors in breast cancer
cells (Gong et al., 2015). However, the authors hypothesize that patients with such
truncated mutations in the C-terminus are not good candidates for PI3K inhibitors as the
phosphatase activity of the PTEN gene is preserved and still able to suppress AKT. A
recent study in glioblastoma showed that certain PTEN mutations are associated with
resistance to immunotherapy (Junfei Zhao et al., 2019), and more specifically, to PD-1
inhibitors (Nivolumab and Pembrolizumab). Interestingly, some of these mutations
detected in non-responders (G132D, R173C and R233), have been identified in our cohort,

raising questions about a similar lack of efficacy of these therapies in endometrial cancer.
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4.8.6 Other genes

The rate of FBXW7 mutations in our study (23%) is comparable with the large TCGA
study which showed a rate of 16% amongst all EC tumours studied (TCGA, 2013). Such
mutations are more prevalent in serous and clear cell EC (30% and 25% respectively)
(Jones N et al, 2015; DeLair et al., 2017). Surprisingly, none of the 6 serous/clear cell
cases of our cohort was harboring such a mutation. FBXW7 mutations have been shown to
be associated with poor prognosis in gastric, colorectal and hepatocellular carcinoma (Cao
et al., 2016), so it would be interesting to assess our survival data in view of this

association.

POLE mutations are of particular interest in EC in view of the excellent prognosis
associated with their presence. 10.5% of our patients were carrying these mutations and
this is similar to much larger cohorts (7% in the TCGA study). The strong coexistence of
POLE with PI3K pathway and ARID1A mutations shown in the TCGA study was
confirmed in our cohort as all 6 POLE-mutant tumours were harboring a PI3K pathway
mutation and two thirds had ARID1A mutations as well. It would be interesting to confirm
excellent prognosis in these 6 patients and especially in the two patients presented with

stage 2 and 3 disease respectively.

Our reported rate of PIK3R1 mutations (12%) is significantly lower compared to the
TCGA dataset (33.9%) (Michael S Lawrence et al., 2014). Within our two ethnic cohorts,
BSA women had more PIK3R1 mutations (19%) compared to BW (7%), although this was
not significant (p=0.24). Given that 75% of sequenced patients in the TCGA study were
Caucasian, this marked difference in the prevalence of somatic PIK3R1 mutations raises
questions about genetic heterogeneity even within group of patients with similar ancestry.
On the contrary, our study confirms the significant coexistence between POLE and
PIK3R1 mutations, previously reported in the TCGA study (Piulats et al, 2016). We
identified a patient with an R348* PIK3R1 truncating mutation, which is of functional
importance as it was shown to activate the ERK pathway (Cheung et al., 2011) and hence

rendering EC cells more sensitive to MEK inhibitors.
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TP53 mutations are very common in Type 2 EC and this was also shown in our study, with
four out of six serous/clear cell tumours carrying such a mutation. The prognosis
associated with these mutations is notoriously worse (B G Wortman et al., 2018) and it
would be interesting to analyze survival data from the six patients of our cohort carrying
those mutations. We confirmed the previously reported (Gonzalez-Rodilla et al., 2012)
association between the presence of TP53 mutations and older age at diagnosis of EC (72.5
years versus 60.5, p=0.008). Age has been shown to be a predictor of poor survival in most
cancers (Quaresma et al, 2015). Whether this fact is associated with most aggressive
biological phenotypes (like TP53 mutations) or factors including later access to healthcare
and more comorbidities, which prohibit aggressive treatment modalities, warrants further
research but is likely to be multifactorial. In the previous mentioned study (Gonzalez-
Rodilla et al., 2012), based on their findings, the authors favor the former hypothesis of a
more aggressive EC tumour profile among elderly patients.

PPP2R1A mutations have been reported to occur frequently (36%) in serous and clear cell
EC (TCGA, 2013; DeLair et al., 2017), while only occur in 5-7% of endometrioid tumours
(Shih, 2011; McConechy MK et al, 2011). We only identified one such mutation in an
endometrioid tumour (2% rate among endometrioid EC) but none in the six serous/clear
cell cancers, which is in contrast with previous large studies but probably is attributed to

the very small numbers of such tumours sequenced in our study.

4.8.7 Mismatch Repair deficiency

Our reported rate of MMR deficiency across the sequenced cohort (25%) is similar to
recent large studies giving an incidence of 24-27% (Stelloo et al., 2017; Dillon et al.,
2017). In University Hospitals of Leicester, patients diagnosed with endometrial cancer
under the age of 60, those with personal history of bowel cancer or family history of bowel
and/or EC undergo IHC testing to confirm their MMR status. Those who test positive are
deemed at increased risk of having Lynch syndrome and are referred to a clinical
geneticist. Apart from the 57 patients of our sequenced cohort, we have MMR data on 30
more patients recruited in our study (Table 3.3). In total, we identified 17 patients with

MMR deficiency and our cumulative rate of deficiency is 20% (17/87). Between the two
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groups of interest, there was no difference in the rate of MMR deficiency (15% for BW
versus 27% for BSA women, p=0.17). In view of this non-significant trend for higher rates
of MMR deficiency among BSA women in our cohort and a recent study examining 385
Thai women and reporting unusually high rates of MMR gene defects (55%)
(Tangjitgamol et al., 2017), further studies are warranted to assess MMR status in South
Asian populations.

We clearly demonstrated that MMR deficiency is associated with higher age at diagnosis
(67.8 versus 59.8 years, p=0.014) and this was particularly prominent in the BW cohort
(72.8 years for MMR deficient versus 59.6 for MMR proficient, p=0.007). The association
between older age at diagnosis and MMR deficiency has been previously shown in studies
on colorectal cancer and confirms our findings (Frank A. Sinicrope et al., 2012; He et al.,
2016).

The concept of universal screening of tumours for MMR deficiency has long been debated
in colorectal cancer. Current guidelines recommend screening for all colorectal cancers up
to the age of 70 (Giardiello, Francis M. et al, 2014). In endometrial cancer though there is
even more equivocacy, as American recommendations promote screening in patients
younger than 50, while European experts recommend screening for all patients under the
age of 70 (Giardiello, Francis M. et al, 2014; Vasen et al., 2013). This is in line with studies
suggesting that screening in EC under the age of 70 is cost-efficient (Goverde et al, 2016).
Given the mean age of diagnosis of MMR deficiency in our cohort (67.8), | propose

increasing our ‘cut-off’ for checking MMR protein expression from 60 to 70 years of age.

Our study reports a trend associating obesity with decreased rates of MMR deficiency
(mean BMI 36.5 for MMR proficient tumours compared to 31.5 for MMR deficient,
p=0.066), and although this trend is not significant, is in keeping with studies in both
colorectal and endometrial cancer which confirm this association (Frank A. Sinicrope et
al., 2012; Joehlin-Price et al, 2014). The reasons behind this correlation are obscure
although previous studies in colorectal cancer had shown that hyperestrogenemia reduces
the risk of MMR deficiency, and this can explain the higher incidence of MSI in thin and
elderly patients (Slattery et al., 2001). The mechanism behind this might relate to the fact
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that with aging, the estrogen receptors (ER) in colonic cells hypermethylate and this leads
to reduced ER expression, which subsequently increases the carcinogenic potential of
these cells (Issa et al., 1994). Whether the same mechanism applies to endometrial cells

should be examined in future studies.

There was a non-significant association between MMR deficiency and higher grade
disease in our study (57% of MMR deficient tumours were grade 2-3 compared to 37% of
MMR proficient, p=0.16). This correlation has been previously confirmed in both
endometrial and colorectal cancer (Kim et al., 2018; James H Park et al., 2016). Despite
this finding, MMR deficiency is associated with improved RFS and OS in colorectal
malignancies, in both stage 2 and 3 disease as shown in randomized controlled trials
(Klingbiel et al., 2015; Sinicrope et al., 2017). This association has not been confirmed in
endometrial cancer. A meta-analysis reported a strong but not significant trend favoring
worse OS in MSI tumours (HR=2.02; 95% CI=0.85-4.83) (Diaz-Padilla et al, 2013), while
other studies showed no difference in OS between MMR deficient and proficient tumours,
although the former ones were associated with higher grade and LV SI rates (McMeekin et
al., 2016b). This discrepancy in the findings between endometrial and colorectal cancer
might represent different biologic behavior between different tumour sites and larger

studies are needed to shed light to the reasons behind these differences.

Combined loss of MLH1 and PMS2 was the commonest abnormality in our cohort
(19.3%), while isolated loss of MSH6 was identified in 3.5% of cases and combined loss
of MSH2 and MSH6 in one case (1.8%). These numbers are in keeping with large, recent

studies reporting respective rates of 15.7%, 3% and 1.9% (Joehlin-Price et al, 2014).

In the BSA cohort, there was an inverse correlation between CTNNB1 mutations and MMR
status (none of the CTNNB1-mutant patients was MMR deficient versus 42% of wt-
CTNNB1, p=0.06). Interestingly, this was not shown to be the case in the BW cohort. This
negative association between CTNNB1 mutations and MSI has been reported previously
in a large cohort of 466 endometrioid EC patients (Sara A Byron et al., 2012a) and is in
contrast with earlier findings in colorectal cancer which reported a positive association

between CTNNB1 mutations and MSI and no correlation in EC (Mirabelli-Primdahl et al.,
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1999). The discrepancy between these results might be attributed to the different biologic
behavior of endometrial and colorectal cancer but it is certainly worth investigating in
future studies.

In conclusion, assessment of MMR status becomes increasingly important in endometrial
cancer. In 2017, FDA approved Pembrolizumab, an antibody targeting PD-1 receptor in
human lymphocytes (FDA News release, 2017). For the first time the approval was given
to a drug for use in all MMR deficient solid tumours, irrespective of their location (tissue
agnostic immunotherapy), emphasizing the importance of assessing the MMR status and

officially entering the era of personalized medicine (Boyiadzis et al., 2018).

4.8.8 Summary

Figure 4.1 summarizes the most important findings of our study. It proposes two novel
combination treatments for further testing in animal models of EC and calls for larger
studies in the two ethnic groups studied in order to explore the genetic associations shown

in the graph and explained previously.
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4.8.9 Limitations

4.8.9.1 Cell line work

One limitation of my study was the fact that | used two endometrial cancer cell lines in
order to test a panel of inhibitory drugs and although these cell lines had entirely different
mutational profiles and suited the screening nature of the study, it would arguably be better
to perform the experiments in a larger panel of cell lines which would be more

representative of the disease.

The main limitation of any cell line work though is the uncertainty of the value of cell lines
as cancer model. The debate is longstanding and ongoing.

Proponents of cell line work emphasize on the fact that it is a cheap and easy to grow
screening tool available to almost every laboratory. They can undergo extensive testing
which would be impossible to ever attempt on human beings or even animal models
without huge ethical and regulatory issues. Work on cell lines has lead to therapeutic
successes and although the failures have been more than the success stories, this supports
the fact that cultured cells are a valid tool for cancer research (Gillet et al., 2013). Many
cell lines have been molecularly profiled (Barretina et al., 2012) and hence extensive
testing of their molecular pathways can lead to comparisons with tumours carrying similar
profiles as defined by large studies (TCGA, 2013).

On the contrary, the disadvantages of cell line experiments are well described. Many of
the properties that cancer cells possess in human beings (including multidrug resistance)
depend on their microenvironment which immortalized cells cultured in vitro can not
capture (Weinstein, 2012; Katt et al., 2016). In vitro cells are also a very poor model in
assessing the toxicities associated with anticancer drug treatments as these can only be

reliably assessed in in vivo models (Weinstein, 2012).

In summary, with all the flaws associated with it, cell lines remain a useful experimental
tool for cancer studies. The development of more sophisticated in vitro models (spheroids,
hybrid and tumour microvessel models) is already allowing experiments on various
parameters of the cancer phenotype and provide a wealth of information that the traditional

Petri dishes could never imagine (Katt et al., 2016).
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4.8.9.2 Ethnic differences

The main limitation of our study is the relatively small number of sequenced patients and
the subsequent lack of power to detect more subtle differences between the two ethnic
groups of interest. Also, due to lack of resources, we were unable to sequence a larger
number of genes which would have generated more information about the two studied

populations.

Still, our cohort had more Asian patients (27) compared to the paradigm shifting TCGA
study, which only included 20 Asian patients. The main strength of the study is that, to our
knowledge, this is the first attempt to compare somatic mutations between a Caucasian
and a South Asian cohort of women with EC. We also acknowledge the lack of germline
molecular data on the participants of the study. Lack of resources and uncertainty of the
effects of germline mutations for some of the genes tested in the offsprings, would have
made the ethical approval of our study more difficult and therefore it was not included.
We also do not present data on family history of the recruited patients as we deem the data
we hold less robust due to the fact that many patients were uncertain of their family history
and we did not have ethical approval to request access to the participants’ families medical

records.

The effect of the environment in the process of carcinogenesis is well established (Lesley
Rushton, 2003). Our study compared South Asian patients, mostly of Indian origin, who
are first or second generation immigrants to the UK. It is fair to say that the influence of
the environment cannot be measured and it would be worth repeating a study in which
endometrial tumours of Caucasian women would be compared with those of native South
Asian patients, in order to assess differences, which might be attributed to environmental

factors.

The reported in our study higher conversion rate of minimal invasive surgery to
laparotomy among BSA women (15% versus 3% for BW, p=0.017) should be interpreted
with caution as we have not controlled for the presence of previous surgery in these two
groups. A larger comparison is already planned in order to control for factors which might

affect the operability of a patient.
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4.8.10 Future directions

Next generation sequencing is a valuable tool in providing accurate data on the mutational
landscape of cancer. For a long time, the cost associated with it prevented its widespread

use in every day clinical practice.

As shown in Figure 4.1 below, this cost is rapidly falling. In 2001, DNA sequencing for a
whole human-sized genome costed 95 million US dollars compared to 1,121 dollars in
2017. This reduction will soon enable the transfer of this technology’s capabilities in

routine clinical care.

The previous discussion in 4.8 clearly demonstrates that the future of oncology in
advanced cancer cases will be a detailed analysis of the tumour’s mutational landscape.
Depending on each patient’s mutational burden, a combination of targeted therapies will
be used (personalized medicine) rather than ‘blanket’ chemotherapy for tumours which
might be in the same organ but have completely different biological behavior (current

strategy).

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

-

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 4.2 Cost of DNA sequencing technologies per human-sized genome in time
(Wetterstrand, ). The line for Moore’s Law represents the trend in computing power of
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doubling every two years and is shown for comparative reasons in order to show that
DNA sequencing technologies progress at a much faster pace.

Many research groups, including ours, are experimenting on the clinical applications of
detecting circulating tumour DNA (ctDNA) on patient’s plasma. The so called ‘liquid
biopsies’ have several advantages over traditional tissue biopsies; Less risks, easier to
obtain, no need for local/regional/general anaesthetic. It is conceivable that, in the near
future, these ‘liquid biopsies’ will be used to monitor the response to treatment and to
predict recurrence of the disease, might help to select targeted treatments based on the
mutational profile of the tumour, in specifying prognosis and inform on disease burden
(Clare Fiala & Eleftherios P Diamandis, 2018).

For all those reasons, it becomes apparent that efforts to identify differences in the
molecular profile of tumours and factors influencing those differences are important.
Ethnic origin has been shown to play a role in many cancers. Still, there is a complete lack
of data for people representing ethnicities of the developing world, which consist the larger
proportion of the world’s population. Our study attempted to shed some light in a
previously uncharacterized cohort of patients. Larger and more powerful studies are
needed in order to better characterize those populations in order to identify potential

differences with translational relevance.
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APPENDIX 1

Table A.1. Criteria for classifying pathogenic variants (American College of Medical
Genetics) (Richards et al., 2015). Across the tables, cis refers to variants being located
on the same copy of the gene (same chromosome) and trans refers to variants located in
both copies of the gene (both homologous chromosomes).

Criteria for classifying

pathogenic variants

Very strong evidence of
pathogenicity

PVS1

Null variant in a gene where loss of function is

a known mechanism of disease

Strong evidence of

pathogenicity

PS1

Same amino acid change as a previously
established pathogenic variant regardless of
nucleotide change

PS2

De novo in a patient with the disease and no

family history

PS3

Well-established in vitro or in vivo functional
studies supportive of a damaging effect on the

gene or gene product

PS4

The prevalence of the variant in affected
individuals is significantly increased compared

to the prevalence in controls

Moderate evidence of

pathogenicity

PM1

Located in a mutational hot spot and/or critical
and well-established functional domain without

benign variation

PM2

Absent from controls in Exome Sequencing
Project, 1000 Genomes or EXAC

PM3

For recessive disorders, detected in trans with a

pathogenic variant

PM4

Protein length changes due to in-frame
deletions/insertions in a non-repeat region or

stop-loss variants
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PM5 | Novel missense change at an amino acid
residue where a different missense change
determined to be pathogenic has been seen
before

PM6 Assumed de novo, but without confirmation of
paternity and maternity

Supporting evidence of | PP1 Co-segregation with disease in multiple
pathogenicity affected family members in a gene definitively
known to cause the disease

PP2 Missense variant in a gene that has a low rate of
benign missense variation and where missense

variants are a common mechanism of disease

PP3 Multiple lines of computational evidence
support a deleterious effect on the gene or gene

product

PP4 Patient’s phenotype or family history is highly
specific for a disease with a single genetic

etiology

PP5 Reputable source recently reports variant as
pathogenic but the evidence is not available to
the laboratory to perform an independent

evaluation

Table A.2. Criteria for classifying benign variants (Richards et al., 2015).

Criteria for classifying

benign variants

Stand-alone evidence of | BAL | Allele frequency is >5% in Exome Sequencing

benign impact Project, 1000 Genomes, or EXAC

Strong evidence of benign | BS1 Allele frequency is greater than expected for

impact disorder

K. Polymeros Page 180 of 233



BS2 Observed in a healthy adult individual for a
recessive, dominant, or X-linked disorder with

full penetrance expected at an early age

BS3 Well-established in vitro or in vivo functional
studies shows no damaging effect on protein

function or splicing

BS4 Lack of segregation in affected members of a

family

Supporting evidence of | BP1 Missense variant in a gene for which primarily

benign impact truncating variants are known to cause disease

BP2 Observed in trans with a pathogenic variant for
a fully penetrant dominant gene/disorder; or
observed in cis with a pathogenic variant in any

inheritance pattern

BP3 In-frame deletions/insertions in a repetitive

region without a known function

BP4 Multiple lines of computational evidence

suggest no impact on gene or gene product

BP5 Variant found in a case with an alternate

molecular basis for disease

BP6 Reputable source recently reports variant as
benign but the evidence is not available to the
laboratory to perform an independent

evaluation

BP7 A synonymous (silent) variant for which
splicing prediction algorithms predict no
impact to the splice consensus sequence nor the
creation of a new splice site and the nucleotide

is not highly conserved
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Table A.3. Variant classification criteria. See Tables A.1 and A.2 for details on the
criteria used (Richards et al., 2015).

Pathogenic

1 PVS1 and one of

>1 PS1-PS4

>2 PM1-PM6

1 PM1-PM6 and 1 PP1-
PP5

>2 PP1-PP5

>2 PS1-PS4

One PS1-PS4 and one of

>3 PM1-PM6

2 PM1-PM6 and >2 PP1-
PP5

1 PM1-PM6 and >4 PP1-
PP5

Likely pathogenic

1 PVS1 and 1 PM1-PM6

1 PS1-PS4 and 1-2 PM1-
PM6

1PS1-PS4and >2 PP1—
PP5

>3 PM1-PM6

2 PM1-PM6 and >2 PP1—
PP5

1 PM1-PM6 and >4 PP1-
PP5

Benign 1 BAl
>2 BS1-BS4
Likely benign 1 BS1-BS4 and 1 BP1-
BP7
>2 BP1-BP7
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APPENDIX 2

NGS protocol

Generation of DNA library

The DNA, which was extracted as described in paragraph 2.2.8.2, was subsequently
quantified using a nanophotometer. 20ng of genomic DNA was used for generating the
library. The lon AmpliSeq™ HiFi Master Mix was thawed and kept on ice during the
procedure. In a 0.2ml PCR tube, the following mixture (Table A.4) was prepared for each
DNAsample to a total volume of 20pl.

Component Cap colour Volume
5x lon AmpliSeq™ HiFi | Red 4ul
Master Mix

5x lon AmpliSeq™ CHPv2 | Clear 4ul
Panel

Genomic DNA, 10ng N/A Xul
Nuclease-free Water N/A 12- Xl
Total 20pl

Table A.4. PCR mix using the lon AmpliSeq™ HiFi Master Mix.

The pipette volume was set to 10ul and the mixture was pipetted up and down 5 times to
mix. The PCR tubes were placed in a thermal cycler and the program shown below in

Table A.5 was run in order to amplify the target genomic regions.
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Step Temperature Time Stage
Enzyme activation | 99°C 2 min Hold
Denaturation 99°C 15 sec 22 cycles
Annealing and | 60°C 4 min 22 cycles
extension

Final incubation 10°C Hold

Table A.5. PCR program for amplifying the target genomic regions.

The PCR products were stored at -20°C until used.

The FuPa reagent was thawed and kept on ice during the next step. 2ul of FuPa was added

to the PCR products and the sample was mixed. The PCR products were then placed in a

thermal cycler and the program shown in Table A.6 was run.

Temperature Time

50°C 10 min

55°C 10 min

60°C 20 min

10°C Hold (for up to 1hr)

Table A.6. PCR program after adding the FuPa reagent.

A barcode was assigned to each library by using the lon Xpress™ Barcode Adaptors 1-16

kit. A mix of lon P1 Adapter and lon Xpress™ Barcode was prepared at a final dilution

1:4 for each adapter as shown in Table A.7 below.
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Component Volume
lon P1 Adapter 2ul
lon Xpress™ Barcode 2ul
Nuclease-free water 4ul
Total volume 8ul

Table A.7. Mixture using the lon Xpress™ Barcode Adaptors 1-16 kit for barcode

assignment.

The Switch Solution was thawed and re-suspended and the mixture shown in Table A.8

was made.
Component Volume
Switch Solution 4ul
Diluted barcode adapter Mix 2ul
Digested samples 22ul
Total volume 28ul

Table A.8. Switch solution mixture.

2ul of DNA ligase was then added to each tube and the sample was mixed by pipetting.

The PCR tubes were then placed again in the thermal cycler and the program shown in

Table A.9 was run.

Temperature Time

22°C 30 min

72°C 10 min

10°C Hold (for up to 1 hour)

Table A.9. PCR program after adding DNA ligase to the Switch solution mixture.
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Purification of DNA libraries

The AMPure® beads were brought to room temperature, vortexed and pipetted. The ligated
samples from the previous step were transferred to DNA Lo-Bind Eppendorf tubes and
45ul of AMPure® XP Reagent was added to each tube and mixed. The mixture was
incubated at room temperature for 5 minutes. The tubes were then placed on a magnetic
rack and incubated for 2 minutes. The supernatant was discarded and 200ul of 70%
Ethanol (prepared with nuclease-free water) was added to each tube. The tubes were stirred
while on the magnetic rack in order to wash the beads and they were left for 2 minutes to
incubate. A second wash was subsequently performed after discarding the supernatant.
The pellet was then left to dry for 5 minutes in the magnetic rack. 50ul of Platinum® PCR
SuperMix High Fidelity and 2l of Library Amplification Primer Mix (Ion AmpliSeq™
Library Kit) were added to each pellet and mixed by pipetting. The tubes were placed back
in the magnet for 2 minutes. 50ul of the supernatant were then transferred to a PCR tube
and the tubes were placed in a thermal cycler, programmed to run the cycle shown in Table
A.10.

Step Temperature Time Stage
Enzyme 98°C 2 minutes Hold
activation

Denaturation 98°C 15 seconds

Annealing and | 60°C 1 minute 7 cycles
extension

Final Incubation | 10°C . Hold

Table A.10. PCR cycle after adding the SuperMix and the Primer Mix to the library.

The AMPure® beads were brought to room temperature, vortexed and pipetted. The
samples from the previous step were transferred to DNA Lo-Bind tubes and 25ul of
AMPure® XP beads added to each tube and mixed. The mixture was left for 5 minutes at
room temperature. The tubes were placed on a magnetic rack for 5 minutes and
subsequently the supernatant was transferred to a new DNA Lo-Bind tube. A further 60ul
of AMPure® XP beads were added to the supernatant from the previous step and mixed by

pipetting. The mixture was incubated for 5 minutes at room temperature. They were then
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placed on the magnetic rack for 3 minutes. The supernatant was then discarded and 150ul
of freshly prepared Ethanol 70% was added to each tube and the tubes were moved round
in order to wash the beads. They were then returned to the magnet and incubated for 2
minutes. After discarding the supernatant, a second wash was performed. The supernatant
was again discarded and the tubes were left to air-dry for 5 minutes. The tubes were
removed from the magnet. 50ul of Low TE was added to each tube and the mixture was
pipetted. The tubes were placed back on the magnet for 2 minutes. The supernatant was
then transferred to a new DNA Lo-Bind tube. The DNA libraries were then quantified
using the Qubit® 2.0 Fluorometer. 3pul of each library was finally diluted with sterile water
to 100pM (0.013ng/ul) and stored at -20°C.

DNA template preparation

The Ion One Touch 2 system was set up as per manufacturer’s instructions.

The reagents were prepared as followed:

lon PGM™ Template OT2 200 Reagent Mix: The solution is thawed, vortexed for 30
seconds and centrifuged for 2 seconds.

lon PGM™ Template OT2 200 PCR Reagent B: The solution is vortexed for 1 minute and
centrifuged for 2 seconds. If the solution is cloudy or has crystals, it was heated for 1
minute at 75°C.

Both reagents were kept at room temperature.

lon PGM™ Template OT2 200 Enzyme Mix: The mix was centrifuged for 2 seconds and
placed on ice.

lon PGM™ Template OT2 200 lon Sphere™ Particles (ISPs): The tube was allowed to
reach room temperature and vortexed.

Diluted DNA library: 2ul of the 100pM library was diluted in 23ul nuclease-free water,
mixed, centrifuged and placed on ice.

Ina DNA Lo-Bind tube, the reaction mixtures were prepared by adding the reagents in the

order and volume shown in Table A.11 below.
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Order Reagent Volume

1 Nuclease-Free Water 25ul

2 lon PGM™ Template | 500ul
OT2 200 Reagent Mix

3 lon PGM™ Template | 300ul
OT2 200 PCR Reagent
B

4 lon PGM™ Template | 50ul
OT2 200 Enzyme Mix

5 Diluted DNA library 25pl

- Total volume 900ul

Table A.11. Reaction mixture.

The solution was vortexed at maximum speed for 5 seconds, centrifuged for 2 seconds and
kept on ice. The lon PGM™ Template OT2 200 ISPs were vortexed at full speed for 1
minute and then centrifuged for 2 seconds. The spheres were re-suspended and 100ul of
the solution was added to the reaction mixture shown in table A.11. The new solution
(volume 1ml) was vortexed for 5 seconds and kept on ice.

The amplification solution was inserted to the sample port of the lon PGM™ One Touch™
Plus Reaction Filter Assembly. 1ml of lon PGM™ One Touch™ Reaction Oil was
subsequently added and after changing the tip, a further 500ul of Oil was added. The
Assembly filter was connected to the lon One Touch™ 2 instrument and the amplification
run was commenced. At the end of the run, a 10 minute centrifugation step was performed.
Both lon One Touch™ Recovery Tubes were removed from the instrument and placed on
a rack. The Recovery Solution was carefully removed from each tube apart from 50pul,
taking care not to disturb the ISP pellet. The pellet was subsequently re-suspended with
the Recovery Solution and the 2 solutions (50ul each) were mixed in a single DNA Lo-
Bind® tube.

Quality control: 2ul of the final solution were transferred to a 0.2ml PCR tube along with
19ul of Annealing Buffer and 1pul of lon Probes from the lon Sphere Quality Control Kit,
and they were mixed by pipetting. The tube was loaded to a thermal cycler and incubated

at 95°C for 2 minutes and 37°C for the same time. The unbound probes were then removed
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by adding 200ul of Quality Control Wash Buffer to the tube, mixing and centrifuging at
15,500x g for 2 minutes. The supernatant was discarded all but 10ul, taking care not to
disturb the pellet and the wash was repeated two more times. After the last wash, 190ul of
Quality Control Wash Buffer was added and the entire sample was transferred to a Qubit®
assay tube. A negative control consisted of 200ul of Quality Control Wash Buffer was
used and the Relative Fluorescence Units (RFU) were measured in the Qubit® instrument
for both Alexa Fluor® 488 and 647 options (aiming at a count over 100 as a proof of the
presence of ISPs in the assay). All these readings were entered in the respective section of
the Qubit® 2.0 Easy Calculator along with the lot-specific conversion factor for the ISPs
used in the lon PGM™ Template OT2 200 Kit (obtained from the lon Torrent Community
website). The percentage of templated ISPs was subsequently calculated with optimal

amount considered to be a 10-30%.

Enrichment of template-positive ISPs: An 8-well strip was obtained from the lon
OneTouch™ Supplies Kit and the square-shaped tab of the well strip was kept on the left.
In each well, the solutions shown in Table A.12 below were added. Well 1 was the well

near the square-shaped tab of the strip.

The filled 8-well strip was placed in the right-hand end of the slot of the lon OneTouch™
ES instrument tray The instrument was prepared and switched on as per manufacturer’s
instructions. Prior to starting the run, the contents of the first 2 wells were pipetted in order
to re-suspend the beads, taking care not to introduce any bubbles. The run was then
performed and the enriched ISPs were stored at 4°C (after being inverted 5-10 times) until

sequencing.
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Solution Preparation Procedure | Well number
130u1 Dynabeads® Vortex the beads for 30 | Well 2

seconds and centrifuge

the tube for 2 seconds.
Pipette the beads
thoroughly and transfer
13ul of them to a 1.5ml
DNA Lo-Bind® tube.

The tube was placed on a
magnetic rack for 2
minutes and the
supernatant removed.
130ul of MyOne® Beads
wash solution was then
added and the pellet re-
suspended. The solution
was transferred to Well 2
300ul Melt solution The Melt solution was | Well 7

prepared fresh (280ul of
Tween mixed with 40ul
of freshly made 1M
NaOH) and stored for 1
day. 300l of the solution
was transferred into well
7

100l ISPs  sample | The mixture was pipetted | Well 1

mixture from previous | thoroughly and

step transferred to well 1

300ul of lon OneTouch™ Well 3, 4 and 5
Wash solution

Empty Well 6 and 8

Table A.12. Composition of solutions needed to be added on each well of the 8-well strip.
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Sequencing

A planned run was created on the Ion Torrent browser as per the system’s instructions.
The lon PGM™ was cleaned every time the instrument was initialised using either 18MQ
water or a chlorite solution as per manufacturer’s instructions.

The 3 wash bottles were prepared (after making 0.5ml of 200mM NaOH) as follows:
Wash 2 bottle: The bottle was washed 3 times with 200ml of 18MQ water, filled with
water and lon PGM™ sequencing 200 v2 W2 solution (the whole bottle provided in the
Kit), while 70ul of 200mM NaOH was also added and the solution was mixed by inverting
the bottle.

Wash 1 and 3 bottles: The bottles were washed 3 times with 50ml of 18MQ water. 350l
of 100mM NaOH were added to the Wash 1 bottle while the lon PGM™ sequencing 200
v2 1x W3 solution was added to the Wash 3 bottle and both bottles were capped. The
system was then initialised and the on-screen instructions were followed including
installing new sipper tubes in W1-3 positions and attaching Wash bottles 1-3 respectively.
The dNTPs were prepared (dGTP, dCTP, dATP and dTTP) in their corresponding bottles
and the bottles were attached to their corresponding port. After initialisation is successful,
the chip was set up as follows:

Sample preparation: The control ISPs were vortexed and then centrifuged for 2 seconds.
5ul of control ISPs were added to the enriched, template-positive ISPs in a PCR tube,
mixed and centrifuged for 2 minutes at 15,500x g. The supernatant was carefully removed,
leaving 15ul in the tube. 12l of Sequencing Primer was added and the sample was pipetted
to disrupt the pellet. The sample was then incubated on a thermal cycler (95°C for 2
minutes followed by 37°C for 2 minutes). After removing the sample from the cycler, 3ul
of lon PGM™ sequencing 200 v2 polymerase were added to the ISPs, the sample was
pipetted and incubated at room temperature for 5 minutes.

Chip preparation: The chip was placed on the lon PGM™ grounding plate and the on-
screen instructions were followed after pressing ‘Run’ on the main menu. After scanning
the barcode, ‘Chip Check’ was pressed and the on-screen instructions were followed.
Sample loading: After tilting the chip by 45°, a pipette tip was inserted into the loading
port in order to remove as much liquid as possible from it. The chip was then centrifuged
in the MiniFuge for 5 seconds. The sample prepared in the previous step was then loaded

to the chip slowly, ensuring that no bubbles were inserted and the chip was subsequently
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centrifuged in the MiniFuge for 30 seconds. Following this, a pipette was firmly attached
to the loading port and the sample was mixed by pipetting. This process (centrifuging and
mixing) was repeated 3 times. After the final centrifugation step, with a pipette firmly
attached in the loading port, as much of the liquid as possible was removed from the chip
and discarded.

Performing a sequencing run: The run settings were selected from the dropdown lists. The
chip was loaded and clamped. Following calibration, the on-screen instructions were

followed and the run commenced. A water clean was performed after the end of the run.

Analysis: Sequencing data were accessed and analysed by Dr Guttery through the Torrent
Suite v5.6.0. All mutations with a quality score below 100 were omitted and all variants
detected in the first or last 10 bases of an amplicon were omitted as likely mispriming
events. Known germline variants without pathological consequence were omitted from the

analysis.

K. Polymeros Page 192 of 233



BIBLIOGRAPHY

Cancer Research UK. 2019.

Health survey for England. 2015. London: NHS, The Information Centre for
Health and Social Care.

A Akiyama-abe, T Minaguchi, Y Nakamura, H Michikami, A Shikama, S
Nakao, M Sakurai, H Ochi, M Onuki, K Matsumoto, T Satoh, A Oki, H
Yoshikawa, 2013. Loss of PTEN expression is an independent predictor of
favourable survival in endometrial carcinomas. The British Journal of
Cancer. 109, 1703-1710.

Adami, H., Hunter, D. and Trichopoulos, D., 2002. TEXTBOOK OF
CANCER EPIDEMIOLOGY. [e-book]. 1st ed. Oxford University Press.
Available from : http://www.r2library.com/resource/title/9780195109696.
Agnieszka K Witkiewicz, Elizabeth A Mcmillan, Uthra Balaji, Guemhee
Baek, Wan-chi Lin, John Mansour, Mehri Mollaee, Kay-uwe Wagner,
Prasad Koduru, Adam Yopp, Michael A Choti, Charles J Yeo, Peter Mccue,
Michael A White, Erik S Knudsen, 2015. Whole-exome sequencing of
pancreatic cancer defines genetic diversity and therapeutic targets. Nature
Communications. 6, 6744.

Ahmedin Jemal et al, 2017. Annual Report to the Nation on the Status of
Cancer,

1975-2014, Featuring Survival. Journal of the National Cancer Institute.
109, .

Ahmedin Jemal, Rebecca Siegel, Jiaquan Xu, Elizabeth Ward, 2010. Cancer
Statistics, 2010. Ca : A Cancer Journal for Clinicians. 60, 277-300.

Ahn, S., Ansari, A.A., Kim, J., Kim, D., Chun, S., Kim, J., Kim, T.W., Park,
l., Yu, C., Jang, S.J., 2016. The somatic POLE P286R mutation defines a
unique subclass of colorectal cancer featuring hypermutation, representing a
potential genomic biomarker for immunotherapy. Oncotarget. 7, 68638-
68649.

Alldredge, J.K. & Eskander, R.N., 2017. EZH2 inhibition in ARID1A
mutated clear cell and endometrioid ovarian and endometrioid endometrial
cancers. Gynecologic Oncology Research and Practice. 4, 1-9.

Allo, G., Bernardini, M.Q., Wu, R., Shih, I., Kalloger, S., Pollett, A., Gilks,
C.B., Clarke, B.A., 2014. ARID1A loss correlates with mismatch repair
deficiency and intact p53 expression in high-grade endometrial carcinomas.
Modern Pathology. 27, 255-261.

K. Polymeros Page 193 of 233


http://www.r2library.com/resource/title/9780195109696

Allocco, D.J., Song, Q., Gibbons, G.H., Ramoni, M.F., Kohane, 1.S., 2007.
Geography and genography: prediction of continental origin using randomly
selected single nucleotide polymorphisms. BMC Genomics. 8, 68.

Amit M Oza, Sandro Pignata, Andres Poveda, Mary McCormack, Andrew
Clamp, Benjamin Schwartz, Jonathan Cheng, Xiaoyun Li, Kristy Campbell,
Pierre Dodion, Frank G Haluska, 2015. Randomized Phase Il Trial of
Ridaforolimus in Advanced Endometrial Carcinoma. Journal of Clinical
Oncology: Official Journal of the American Society of Clinical Oncology.
33, 3576-3582.

Amit M. Oza, Laurie Elit, Ming-Sound Tsao, Suzanne Kamel-Reid, Jim
Biagi, Diane Michele Provencher, Walter H. Gotlieb, Paul J. Hoskins,
Prafull Ghatage, Katia S. Tonkin, Helen J. Mackay, John Mazurka, Joana
Sederias, Percy lvy, Janet E. Dancey, Elizabeth A. Eisenhauer, 2011. Phase
Il Study of Temsirolimus in Women With Recurrent or Metastatic
Endometrial Cancer: A Trial of the NCIC Clinical Trials Group. Journal of
Clinical Oncology. 29, 3278-3285.

Andras Kotschy, et al, 2016a. The MCL1 inhibitor S63845 is tolerable and
effective in diverse cancer models. London: Nature Publishing Group.
Andras Kotschy, Zoltan Szlavik, James Murray, James Davidson, Ana
Leticia Maragno, Gaétane Le Toumelin-Braizat, Mara Chanrion, Gemma L
Kelly, Jia-Nan Gong, Donia M Moujalled, Alain Bruno, Marton Csekei,
Attila Paczal, Zoltan B Szabo, Szabolcs Sipos, Gabor Radics, Agnes
Proszenyak, Balazs Balint, Levente Ondi, Gabor Blasko, Alan Robertson,
Allan Surgenor, Pawel Dokurno, ljen Chen, Natalia Matassova, Julia Smith,
Christopher Pedder, Christopher Graham, Aurélie Studeny, Gaélle Lysiak-
Auvity, Anne-Marie Girard, Fabienne Grave, David Segal, Chris D Riffkin,
Giovanna Pomilio, Laura C A Galbraith, Brandon J Aubrey, Margs S
Brennan, Marco J Herold, Catherine Chang, Ghislaine Guasconi, Nicolas
Cauquil, Fabien Melchiore, Nolwen Guigal-Stephan, Brian Lockhart,
Fréderic Colland, John A Hickman, Andrew W Roberts, David C S Huang,
Andrew H Wei, Andreas Strasser, Guillaume Lessene, Olivier Geneste,
2016b. The MCL1 inhibitor S63845 is tolerable and effective in diverse
cancer models. Nature. 538, 477-482.

Andrea P. Myers & et al, 2013. Phase Il, two-stage, two-arm, PIK3CA
mutation stratified trial of MK-2206 in recurrent endometrial cancer (EC).
Journal of Clinical Oncology. 31, 5524.

Andrew J Souers, et al, 2013. ABT-199, a potent and selective BCL-2
inhibitor, achieves antitumor activity while sparing platelets. New York:
Nature Publishing Group.

Anna Berg, et al, 2015. Molecular profiling of endometrial carcinoma
precursor, primary and metastatic lesions suggests different targets for
treatment in obese compared to non-obese patients.

K. Polymeros Page 194 of 233



Arcaroli, J.J., Quackenbush, K.S., Purkey, A., Powell, R.W., Pitts, T.M.,
Bagby, S., Tan, A.C., Cross, B., McPhillips, K., Song, E., Tai, W.M., Winn,
R.A., Bikkavilli, K., Vanscoyk, M., Eckhardt, S.G., Messersmith, W.A.,
2013. Tumours with elevated levels of the Notch and Wnt pathways exhibit
efficacy to PF-03084014, a y-secretase inhibitor, in a preclinical colorectal
explant model. British Journal of Cancer. 109, 667-675.

Asghar, U., Witkiewicz, A.K., Turner, N.C., Knudsen, E.S., 2015. The
history and future of targeting cyclin-dependent kinases in cancer therapy.
Nature Reviews. Drug Discovery. 14, 130-146.

Aslan, O., Cremona, M., Morgan, C., Cheung, L.W., Mills, G.B., Hennessy,
B.T., 2018. Preclinical evaluation and reverse phase protein Array-based
profiling of PI3K and MEK inhibitors in endometrial carcinoma in vitro.
BMC Cancer. 18, 168.

Atkinson, J., Lad, K. and Dunkley, S., 2016. Obesity in Leicester.

Azucena Gomez-Cabrero, Wolfgang Wrasidlo and Ralph A Reisfeld, 2013.
IMD-0354 Targets Breast Cancer Stem Cells: A Novel Approach for an
Adjuvant to Chemotherapy to Prevent Multidrug Resistance in a Murine
Model. San Francisco: Public Library of Science.

B G Wortman, C L Creutzberg, H Putter, I M Jirgenliemk-Schulz, J J
Jobsen, L C HW Lutgens, E M van der Steen-Banasik, J W M Mens, A
Slot, M C Stenfert Kroese, B van Triest, H W Nijman, E Stelloo, T Bosse, S
M de Boer, W L J van Putten, V T H B M Smit, R A Nout, 2018. Ten-year
results of the PORTEC-2 trial for high-intermediate risk endometrial
carcinoma: improving patient selection for adjuvant therapy. The British
Journal of Cancer. 119, 1067-1074.

Baker, A., Gregory, G.P., Verbrugge, I., Kats, L., Hilton, J.J., Vidacs, E.,
Lee, E.M., Lock, R.B., Zuber, J., Shortt, J., Johnstone, R.W., 2016. The
CDKO Inhibitor Dinaciclib Exerts Potent Apoptotic and Antitumor Effects
in Preclinical Models of MLL-Rearranged Acute Myeloid Leukemia.
Cancer Research. 76, 1158-1169.

Balmanno, K., Chell, S.D., Gillings, A.S., Hayat, S., Cook, S.J., 2009.
Intrinsic resistance to the MEKZ1/2 inhibitor AZD6244 (ARRY-142886) is
associated with weak ERK1/2 signalling and/or strong PI3K signalling in
colorectal cancer cell lines. International Journal of Cancer. 125, 2332-
2341.

Baniak, N., Fadare, O., Kobel, M., DeCoteau, J., Parkash, V., Hecht, J.L.,
Hanley, K.Z., Gwin, K., Zheng, W., Quick, C.M., Jarboe, E.A., Liang, S.X.,
Kinloch, M., 2018. Targeted Molecular and Immunohistochemical Analyses
of Endometrial Clear Cell Carcinoma Show that POLE Mutations and DNA
Mismatch Repair Protein Deficiencies are Uncommon. The American
Journal of Surgical Pathology. 1.

Barretina, J., Caponigro, G., Stransky, N., Venkatesan, K., Margolin, A.A.,
Kim, S., Wilson, C.J., Lehar, J., Kryukov, G.V., Sonkin, D., Reddy, A., Liu,

K. Polymeros Page 195 of 233



M., Murray, L., Berger, M.F., Monahan, J.E., Morais, P., Meltzer, J.,
Korejwa, A., Jané-Valbuena, J., Mapa, F.A., Thibault, J., Bric-Furlong, E.,
Raman, P., Shipway, A., Engels, I.H., Cheng, J., Yu, G.K., Yu, J., Aspesi,
J., Peter, de Silva, M., Jagtap, K., Jones, M.D., Wang, L., Hatton, C.,
Palescandolo, E., Gupta, S., Mahan, S., Sougnez, C., Onofrio, R.C., Liefeld,
T., MacConaill, L., Winckler, W., Reich, M., Li, N., Mesirov, J.P., Gabriel,
S.B., Getz, G., Ardlie, K., Chan, V., Myer, V.E., Weber, B.L., Porter, J.,
Warmuth, M., Finan, P., Harris, J.L., Meyerson, M., Golub, T.R.,
Morrissey, M.P., Sellers, W.R., Schlegel, R., Garraway, L.A., 2012. The
Cancer Cell Line Encyclopedia enables predictive modelling of anticancer
drug sensitivity. Nature. 483, 603-607.

Basil, J.B., Goodfellow, P.J., Rader, J.S., Mutch, D.G., Herzog, T.J., 2000.
Clinical significance of microsatellite instability in endometrial carcinoma.
Cancer. 89, .

Bendell Johanna, C., Varghese Anna, M., Hyman David, M., Bauer Todd,
M., Pant Shubham, Callies Sophie, Lin Ji, Martinez Ricardo, Wickremsinhe
Enaksha, Fink Aaron, Wacheck Volker, Moore Kathleen, N., 2018. A First-
in-Human Phase 1 Study of LY 3023414, an Oral PI3K/mTOR Dual
Inhibitor, in Patients with Advanced Cancer. Clinical Cancer Research : An
Official Journal of the American Association for Cancer Research. 24,
3253-3262.

Benett, J., Hutchinson, H. and Reeve, H., 2016. Diabetes data for Leicester.
[online]. Available at: https://www.leicester.gov.uk/media/181806/diabetes-
section-march-2016.pdf [accessed Oct 2019].

Bernard Escudier, Cezary Szczylik, Thomas E. Hutson, Tomasz Demkow,
Michael Staehler, Fréderic Rolland, Sylvie Negrier, Nicole Laferriere,
Urban J. Scheuring, David Cella, Sonalee Shah, Ronald M. Bukowski,
2009. Randomized Phase Il Trial of First-Line Treatment With Sorafenib
Versus Interferon Alfa-2a in Patients With Metastatic Renal Cell
Carcinoma. Journal of Clinical Oncology. 27, 1280-1289.

Bert VVogelstein, Nickolas Papadopoulos, Victor E. Velculescu, Shibin
Zhou, Luis A. Diaz, Kenneth W. Kinzler, 2013. Cancer Genome
Landscapes. Science. 339, 1546-1558.

Bevan, D., 2004. Genes, race and drugs. Clinical and Investigative
Medicine. Medecine Clinique Et Experimentale. 27, 5.

Bilbao, C., Rodriguez, G., Ramirez, R., Falcon, O., Leon, L., Chirino, R.,
Rivero, F., Diaz-Chico, B.,Nicolas, Diaz-Chico, C., Perucho, M., 2006. The
relationship between microsatellite instability and PTEN gene mutations in
endometrial cancer. Int. J. Cancer. 119, 563-570.

Billingsley, C.C., Cohn, D.E., Mutch, D.G., Stephens, J.A., Suarez, A.A.,
Goodfellow, P.J., 2015. Polymerase € (POLE) mutations in endometrial
cancer: Clinical outcomes and implications for Lynch syndrome testing.
Cancer. 121, 386-394.

K. Polymeros Page 196 of 233


https://www.leicester.gov.uk/media/181806/diabetes-section-march-2016.pdf
https://www.leicester.gov.uk/media/181806/diabetes-section-march-2016.pdf

Blagden, S., Omlin, A., Olmin, A., Josephs, D., Stavraka, C., Zivi, A.,
Pinato, D.J., Anthoney, A., Decordova, S., Swales, K., Riisnaes, R., Pope,
L., Noguchi, K., Shiokawa, R., Inatani, M., Prince, J., Jones, K., Twelves,
C., Spicer, J., Banerji, U., 2014. First-in-Human Study of CH5132799, an
Oral Class | PI3K Inhibitor, Studying Toxicity, Pharmacokinetics, and
Pharmacodynamics, in Patients with Metastatic Cancer. Clinical Cancer
Research: An Official Journal of the American Association for Cancer
Research. 20, 5908-5917.

Bokhman, J.V., 1983. Two pathogenetic types of endometrial carcinoma.
Gynecol Oncol. 15,.

Bonferroni, C.E., 1936. Teoria statistica delle classi e calcolo delle
probabilita. Firenze: Seeber.

Borovski, T., Vellinga, T.T., Laoukili, J., Santo, E.E., Fatrai, S., van
Schelven, S., Verheem, A., Marvin, D.L., Ubink, 1., Borel Rinkes, Inne H
M, Kranenburg, O., 2017. Inhibition of RAF1 kinase activity restores
apicobasal polarity and impairs tumour growth in human colorectal cancer.
Gut. 66, 1106-1115.

Boyiadzis, M.M., Kirkwood, J.M., Marshall, J.L., Pritchard, C.C., Azad,
N.S., Gulley, J.L., 2018. Significance and implications of FDA approval of
pembrolizumab for biomarker-defined disease. Journal for Immunotherapy
of Cancer. 6, 35-7.

Bray, F., Ferlay, J., Soerjomataram, 1., Siegel, R.L., Torre, L.A., Jemal, A.,
2018. Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer
Journal for Clinicians.

Brian M Slomovitz, Yunyun Jiang, Melinda S Yates, Pamela T Soliman,
Taren Johnston, Maureen Nowakowski, Charles Levenback, Qian Zhang,
Kari Ring, Mark F Munsell, David M Gershenson, Karen H Lu, Robert L
Coleman, 2015. Phase 11 Study of Everolimus and Letrozole in Patients
With Recurrent Endometrial Carcinoma. Journal of Clinical Oncology :
Official Journal of the American Society of Clinical Oncology. 33, 930-936.
Brose, Marcia S, Dr et al, 2014. Sorafenib in radioactive iodine-refractory,
locally advanced or metastatic differentiated thyroid cancer: a randomised,
double-blind, phase 3 trial. Lancet, The. 384, 319-328.

Buchannan DD et al, 2014. Tumor mismatch repair immunohistochemistry
and DNA MLH1 methylation testing of patients with endometrial cancer
diagnosed at age younger than 60 years optimizes triage for population-level
germline mismatch repair gene mutation testing. J Clin Oncol. 32, 90-100.
C. Katherine Liao, Karin A. Rosenblatt, Stephen M. Schwartz, Noel S.
Weiss, 2003. Endometrial Cancer in Asian Migrants to the United States
and Their Descendants. Cancer Causes & Control. 14, 357-360.

Cao, J., Ge, M, Ling, Z., 2016. Fbxw7 Tumor Suppressor: A Vital
Regulator Contributes to Human Tumorigenesis. Medicine. 95, e2496.

K. Polymeros Page 197 of 233



Castillo-Pichardo, L. & Dharmawardhane, S.F., 2012. Grape Polyphenols
Inhibit Akt/Mammalian Target of Rapamycin Signaling and Potentiate the
Effects of Gefitinib in Breast Cancer. Nutrition and Cancer. 64, 1058-1069.
Cerami, E., Gao, J., Dogrusoz, U., Gross, B.E., Sumer, S.0O., Aksoy, B.A.,
Jacobsen, A., Byrne, C.J., Heuer, M.L., Larsson, E., Antipin, Y., Reva, B.,
Goldberg, A.P., Sander, C., Schultz, N., 2012. The cBio cancer genomics
portal: an open platform for exploring multidimensional cancer genomics
data. Cancer Discovery. 2, 401.

Chalhoub, N. & Baker, S.J., 2009. PTEN and the P13-Kinase Pathway in
Cancer. Annual Review of Pathology. 4, 127-150.

Chaudhary, R., Singh, B., Kumar, M., Gakhar, S.K., Saini, A.K., Parmar,
V.S., Chhillar, A.K., 2015. Role of single nucleotide polymorphisms in
pharmacogenomics and their association with human diseases. Drug
Metabolism Reviews. 47, 281-290.

Chen, X., Xie, F., Zhu, X., Lin, F., Pan, S., Gong, L., Qiu, J., Zhang, W.,
Jiang, Q., Mei, X., Xue, Y., Qin, W., Shi, Z., Yan, X., 2015. Cyclin-
dependent kinase inhibitor dinaciclib potently synergizes with cisplatin in
preclinical models of ovarian cancer. Oncotarget. 6, 14926-14939.

Chen, Y., Germano, S., Shelmani, G., Kluczna, D., Jayne, S., Dyer, M.,
Macip, S., 2017. Paradoxical activation of alternative pro-survival pathways
determines resistance to MEK inhibitors in chronic lymphocytic leukaemia.
British Journal of Haematology.

Chen, Y., Germano, S., Clements, C., Samuel, J., Shelmani, G., Jayne, S.,
Dyer, M.I.S., Macip, S., 2016. Pro-survival signal inhibition by CDK
inhibitor dinaciclib in Chronic Lymphocytic Leukaemia. British Journal of
Haematology. 175, 641-651.

Chen, Y., Peubez, C., Smith, V., Xiong, S., Kocsis-Fodor, G., Kennedy, B.,
Wagner, S., Balotis, C., Jayne, S., Dyer, M.J.S., Macip, S., 2019. CUDC-
907 blocks multiple pro-survival signals and abrogates microenvironment
protection in CLL. Journal of Cellular and Molecular Medicine. 23, 340-
348.

Chen, Z., Wang, Z., Pang, J.C., Yu, Y., Bieerkehazhi, S., Lu, J., Hu, T.,
Zhao, Y., Xu, X., Zhang, H., Yi, J.S,, Liu, S., Yang, J., 2016. Multiple CDK
inhibitor dinaciclib suppresses neuroblastoma growth via inhibiting CDK2
and CDKQ activity. Scientific Reports. 6, 29090.

Cheng, H., Roberts, T.M., Zhao, J.J., Liu, P., 2009. Targeting the
phosphoinositide 3-kinase pathway in cancer. Nature Reviews Drug
Discovery. 8, 627-644.

Cheung, L W.T., Hennessy, B.T., Li, J., Yu, S., Myers, A.P., Djordjevic, B.,
Lu, Y., Stemke-Hale, K., Dyer, M.D., Zhang, F., Ju, Z., Cantley, L.C.,
Scherer, S.E., Liang, H., Lu, K.H., Broaddus, R.R., Mills, G.B., 2011. High
Frequency of PIK3R1 and PIK3R2 Mutations in Endometrial Cancer

K. Polymeros Page 198 of 233



Elucidates a Novel Mechanism for Regulation of PTEN Protein Stability.
Cancer Discovery. 1, 170-185.

Chien-Hung Yeh, Marcia Bellon, Christophe Nicot, 2018. FBXW?7: a
critical tumor suppressor of human cancers. Molecular Cancer. 17, 115.
Chou, T. & Talalay, P., 1983. Analysis of combined drug effects: a new
look at a very old problem. Trends in Pharmacological Sciences. 4, 450-
454,

Chris Rigby & Joe Wheeler, 2018. Leicester Health and Wellbeing Survey
2018.

Chua, K.N., Kong, L.R., Sim, W.J., Ng, H.C., Ong, W.R., Thiery, J.P.,
Huynh, H., Goh, B.C., 2015. Combinatorial treatment using targeted MEK
and SRC inhibitors synergistically abrogates tumor cell growth and induces
mesenchymal-epithelial transition in non-small-cell lung carcinoma.
Oncotarget. 6, 29991-30005.

Ciuffreda, L., Del Bufalo, D., Desideri, M., Di Sanza, C., Stoppacciaro, A.,
Ricciardi, M.R., Chiaretti, S., Tavolaro, S., Benassi, B., Bellacosa, A., Foa,
R., Tafuri, A., Cognetti, F., Anichini, A., Zupi, G., Milella, M., 2009.
Growth-inhibitory and antiangiogenic activity of the MEK inhibitor
PD0325901 in malignant melanoma with or without BRAF mutations.
Neoplasia (New York, N.Y.); Aug 2009; Vol. 11 (no. 8); P. 720-731. 11,
720-731.

Clare Fiala & Eleftherios P Diamandis, 2018. Utility of circulating tumor
DNA in cancer diagnostics with emphasis on early detection. BMC
Medicine. 16, 1-10.

Clifford, S.L., Kaminetsky, C.P., Cirisano, F.D., Dodge, R.S.,John T.,
Clarke-Pearson, D.L., Berchuck, A., 1997. Racial disparity in
overexpression of the p53 tumor suppressor gene in stage | endometrial
cancer. American Journal of Obstetrics & Gynecology. 176, 229S-232S.
Coleman et al, 2015. A phase 1l evaluation of selumetinib (AZD6244,
ARRY-142886), a selective MEK-1/2 inhibitor in the treatment of recurrent
or persistent endometrial cancer: An NRG Oncology/Gynecologic Oncology
Group study. Gynecologic Oncology. 138, 30-35.

Colombo, N., Creutzberg, C., Amant, F., Bosse, T., Gonzalez-Martin, A.,
Ledermann, J., Marth, C., Nout, R., Querleu, D., Mirza, M.R., Sessa, C.,
2016. ESMO-ESGO-ESTRO Consensus Conference on Endometrial
Cancer: diagnosis, treatment and follow-up. Annals of Oncology : Official
Journal of the European Society for Medical Oncology / ESMO. 27, 16-41.
Cordon-Cardo, C., Niki, M., Koutcher, J.A., Ludwig, T., Chen, Z., Gerald,
W., Paolo Pandolfi, P., Trotman, L.C., Shaffer, D., Lin, H., Scher, H.I.,
Dotan, Z.A., 2005. Crucial role of p53-dependent cellular senescence in
suppression of Pten-deficient tumorigenesis. Nature. 436, 725-730.
Cosgrove, C.M., Cohn, D.E., Hampel, H., Frankel, W.L., Jones, D.,
McElroy, J.P., Suarez, A.A., Zhao, W., Chen, W., Salani, R., Copeland,

K. Polymeros Page 199 of 233



L.J., O'Malley, D.M., Fowler, J.M., Yilmaz, A., Chassen, A.S., Pearlman,
R., Goodfellow, P.J., Backes, F.J., 2017. Epigenetic silencing of MLHL1 in
endometrial cancers is associated with larger tumor volume, increased rate
of lymph node positivity and reduced recurrence-free survival. Gynecologic
Oncology. 146, 588-595.

Cote, M.-., Ruterbusch, J.-., Olson, S.-., Lu, K.-., Ali-Fehmi, R.-., 2015. The
Growing Burden of Endometrial Cancer: A Major Racial Disparity
Affecting Black Women. Cancer Epidemiology, Biomarkers and
Prevention. 24, .

Cote, M., Atikukke, G., Ruterbusch, J., Olson, S., Sealy-Jefferson, S.,
Rybicki, B., Alford, S., Elshaikh, M., Gaba, A., Schultz, D., Haddad, R.,
Munkarah, A., Ali-Fehmi, R., 2012. Racial Differences in Oncogene
Mutations Detected in Early-Stage Low-Grade Endometrial Cancers.
International Journal of Gynecological Cancer. 22, 1367-1372.

Cui, D., Dai, J., Keller, J.M., Mizokami, A., Xia, S., Keller, E.T., 2015.
Notch Pathway Inhibition Using PF-03084014, a y-Secretase Inhibitor
(GSI), Enhances the Antitumor Effect of Docetaxel in Prostate Cancer.
Clinical Cancer Research : An Official Journal of the American Association
for Cancer Research. 21, 4619-4629.

Curtis, N.J., et al, 2017. Pre-clinical pharmacology of AZD3965, a selective
inhibitor of MCT1: DLBCL, NHL and Burkitt's lymphoma anti-tumor
activity. United States: .

De Jesus-Acosta, A., Laheru, D., Maitra, A., Arcaroli, J., Rudek, M.A.,
Dasari, A., Blatchford, P.J., Quackenbush, K., Messersmith, W., 2014. A
phase Il study of the gamma secretase inhibitor RO4929097 in patients with
previously treated metastatic pancreatic adenocarcinoma. Investigational
New Drugs. 32, 739-745.

Dejan Juric, Jordi Rodon, Josep Tabernero, Filip Janku, Howard A Burris,
Jan H M Schellens, Mark R Middleton, Jordan Berlin, Martin Schuler,
Marta Gil-Martin, Hope S Rugo, Ruth Seggewiss-Bernhardt, Alan Huang,
Douglas Bootle, David Demanse, Lars Blumenstein, Christina Coughlin,
Cornelia Quadt, José Baselga, 2018. Phosphatidylinositol 3-Kinase o—
Selective Inhibition With Alpelisib (BYL719) in PIK3CA-Altered Solid
Tumors: Results From the First-in-Human Study. Journal of Clinical
Oncology : Official Journal of the American Society of Clinical Oncology.
36, 1291-12909.

Delair, D.F., Burke, K.A., Selenica, P., Lim, R.S., Scott, S.N., Middha, S.,
Mohanty, A.S., Cheng, D.T., Berger, M.F., Soslow, R.A., Weigelt, B., 2017.
The genetic landscape of endometrial clear cell carcinomas. The Journal of
Pathology. 243, 230-241.

Deng, N., Zhou, H., Fan, H., Yuan, Y., 2017. Single nucleotide
polymorphisms and cancer susceptibility. Oncotarget. 8, 110635-110649.

K. Polymeros Page 200 of 233



Dhillon, A.S., Hagan, S., Rath, O., Kolch, W., 2007. MAP kinase signalling
pathways in cancer. Oncogene. 26, 3279-3290.

Diaz-Padilla et al, 2013. Mismatch repair status and clinical outcome in
endometrial cancer: A systematic review and meta-analysis. Critical
Reviews in Oncology and Hematology. 88, 154-167.

Diaz-Padilla, 1., Hirte, H., Oza, A.M., Clarke, B.A., Cohen, B., Reedjik, M.,
Zhang, T., Kamel-Reid, S., lvy, S.P., Hotte, S.J., Razak, A.A.R., Chen,
E.X., Brana, I., Wizemann, M., Wang, L., Siu, L.L., Bedard, P.L., 2013. A
phase Ib combination study of RO4929097, a gamma-secretase inhibitor,
and temsirolimus in patients with advanced solid tumors. 31, 1182-1191.
Diaz-Padilla, 1., Wilson, M.K., Clarke, B.A., Hirte, H.W., Welch, S.A.,
Mackay, H.J., Biagi, J.J., Reedijk, M., Weberpals, J.1., Fleming, G.F.,
Wang, L., Liu, G., Zhou, C., Blattler, C., Ivy, S.P., Oza, A.M., 2015. A
phase 1l study of single-agent RO4929097, a gamma-secretase inhibitor of
Notch signaling, in patients with recurrent platinum-resistant epithelial
ovarian cancer: A study of the Princess Margaret, Chicago and California
phase Il consortia. Gynecologic Oncology. 137, 216-222.

Dillon, J.L., Gonzalez, J.L., DeMars, L., Bloch, K.J., Tafe, L.J., 2017.
Universal screening for Lynch syndrome in endometrial cancers: frequency
of germline mutations and identification of patients with Lynch-like
syndrome. Human Pathology. 70, 121-128.

Do, C.B., Hinds, D.A., Francke, U., Eriksson, N., 2012. Comparison of
Family History and SNPs for Predicting Risk of Complex Disease. PL0S
Genetics. 8, e1002973.

Dosil, M.A., Mirantes, C., Eritja, N., Felip, I., Navaridas, R., Gatius, S.,
Santacana, M., Colas, E., Moiola, C., Schoenenberger, J.A., Encinas, M.,
Gari, E., Matias-Guiu, X., Dolcet, X., 2017. Palbociclib has antitumour
effects on Pten-deficient endometrial neoplasias. The Journal of Pathology.
242, 152-164.

Dubil, E.A., Tian, C., Wang, G., Tarney, C.M., Bateman, N.W., Levine,
D.A., Conrads, T.P., Hamilton, C.A., Maxwell, G.L., Darcy, K.M., 2018.
Racial disparities in molecular subtypes of endometrial cancer. Gynecologic
Oncology. 149, 106-116.

E Birkeland, et al, 2012. KRAS gene amplification and overexpression but
not mutation associates with aggressive and metastatic endometrial cancer.
London: Nature Publishing Group.

Elshaikh, Mohamed A. et al, 2012. The impact of race on outcomes of
patients with early stage uterine endometrioid carcinoma. Gynecologic
Oncology. 128, 171-174.

English, Diana P. et al, 2013. Oncogenic PIK3CA gene mutations and
HER2/neu gene amplifications determine the sensitivity of uterine serous
carcinoma cell lines to GDC-0980, a selective inhibitor of Class I PI3 kinase

K. Polymeros Page 201 of 233



and mTOR kinase (TORC1/2). American Journal of Obstetrics and
Gynecology. 209, 465.e1-465.€9.

Enomoto, T., Inoue, M., Perantoni, A.O., Buzard, G.S., Miki, H., Tanizawa,
O., Rice, J.M., 1991. K-ras activation in premalignant and malignant
epithelial lesions of the human uterus. Cancer Research. 51, .

Esteller, M., Levine, R., Baylin, S.B., Ellenson, L.H., Herman, J.G., 1998.
MLH1 promoter hypermethylation is associated with the microsatellite
instability phenotype in sporadic endometrial carcinomas. Oncogene. 17,
2413-2417.

Fadare, O., Gwin, K., Desouki, M.M., Crispens, M.A., Jones, H.W.,
Khabele, D., Liang, S.X., Zheng, W., Mohammed, K., Hecht, J.L., Parkash,
V., 2013. The clinicopathologic significance of p53 and BAF-250a
(ARID1A) expression in clear cell carcinoma of the endometrium. Modern
Pathology. 26, 1101-1110.

Fader, Amanda N. et al, 2016. Disparities in treatment and survival for
women with endometrial cancer: A contemporary national cancer database
registry analysis. Gynecologic Oncology. 143, 98-104.

Faigenbaum, R., Haklai, R., Ben-Baruch, G., Kloog, Y., 2013. Growth of
poorly differentiated endometrial carcinoma is inhibited by combined action
of medroxyprogesterone acetate and the Ras inhibitor Salirasib. Oncotarget.
4, .

Faris, J.E., Borger, D.R., Fernandez-del Castillo, C., Clark, J.W.,
Blaszkowsky, L.S., Zhu, A.X., Allen, J.N., Murphy, J.E., Ferrone, C.,
Goyal, L., Bardeesy, N., Duda, G.D., Zheng, H., Ting, D.T., Kwak, E.L.,
Lillemoe, K.D., Wo, J.Y., lafrate, A.J., Ryan, D.P., Hong, T.S., 2014. Effect
of molecular genotyping to predict outcomes in patients with metastatic
pancreatic cancer. Journal of Clinical Oncology. 32, 4128.

FDA News release, 2017. FDA approves first cancer treatment for any solid
tumor with a specific genetic feature.

Fedewa, S.A., Lerro, C., Chase, D., Ward, E.M., 2011. Insurance status and
racial differences in uterine cancer survival: A study of patients in the
National Cancer Database. Gynecologic Oncology. 122, 63-68.

Fero M.L et al, 1998. The murine gene p27Kip1l is haplo-insufficient for
tumour suppression. Nature. 396, 177-180.

Fisher, B., Costantino, J.P., Wickerham, D.L., Redmond, C.K., Kavanah,
M., Cronin, W.M., Vogel, V., Robidoux, A., Dimitrov, N., Atkins, J., Daly,
M., Wieand, S., Tan-Chiu, E., Ford, L., Wolmark, N., 1998. Tamoxifen for
prevention of breast cancer: report of the National Surgical Adjuvant Breast
and Bowel Project P-1 Study. J Natl Cancer Inst. 90, .

Frank A. Sinicrope, Nathan R. Foster, Harry H. Yoon, Thomas C. Smyrk,
George P. Kim, Carmen J. Allegra, Greg Yothers, Daniel A. Nikcevich,
Daniel J. Sargent, 2012. Association of Obesity With DNA Mismatch
Repair Status and Clinical Outcome in Patients With Stage Il or 111 Colon

K. Polymeros Page 202 of 233



Carcinoma Participating in NCCTG and NSABP Adjuvant Chemotherapy
Trials. Journal of Clinical Oncology. 30, 406-412.

Friedman, A.A., Amzallag, A., Pruteanu-Malinici, I., Baniya, S., Cooper,
Z.A., Piris, A., Hargreaves, L., Igras, V., Frederick, D.T., Lawrence, D.P.,
Haber, D.A., Flaherty, K.T., Wargo, J.A., Ramaswamy, S., Benes, C.H.,
Fisher, D.E., 2015. Landscape of Targeted Anti-Cancer Drug Synergies in
Melanoma Identifies a Novel BRAF-VEGFR/PDGFR Combination
Treatment. PloS One. 10, e0140310.

Friend S. H. et al, 1986. A human DNA segment with properties of the gene
that predisposes to retinoblastoma and osteosarcoma. Nature. 323, 643-646.
Fujimoto, 1., Shimizu, Y., Hirai, Y., Chen, J.T., Teshima, H., Hasumi, K.,
Masubuchi, K., Takahashi, M., 1993. Studies on ras oncogene activation in
endometrial carcinoma. Gynecologic Oncology. 48, 196-202.

Gaber, C., Meza, R., Ruterbusch, J., Cote, M., 2017. Endometrial Cancer
Trends by Race and Histology in the USA: Projecting the Number of New
Cases from 2015 to 2040. Journal of Racial and Ethnic Health Disparities.
4, 895-903.

Gadducci, A. & Guerrieri, M.E., 2017. Immune Checkpoint Inhibitors in
Gynecological Cancers: Update of Literature and Perspectives of Clinical
Research. Anticancer Research. 37, 5955.

Galaal, K., Al Moundhri, M., Bryant, A., Lopes, A.D., Lawrie, T.A., 2014,
Adjuvant chemotherapy for advanced endometrial cancer. The Cochrane
Database of Systematic Reviews. CD010681.

Gao, C., Wang, Y., Broaddus, R., Sun, L., Xue, F., Zhang, W., 2018. Exon 3
mutations of CTNNBL1 drive tumorigenesis: a review. Oncotarget. 9, 5492-
5508.

Gao, J., Aksoy, B.A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S.O.,
Sun, Y., Jacobsen, A., Sinha, R., Larsson, E., Cerami, E., Sander, C.,
Schultz, N., 2013. Integrative analysis of complex cancer genomics and
clinical profiles using the cBioPortal. Science Signaling. 6, pl1.
Garcia-Dios, Diego A. et al, 2012. High-throughput interrogation of
PIK3CA, PTEN, KRAS, FBXW?7 and TP53 mutations in primary
endometrial carcinoma. Gynecologic Oncology. 128, 327-334.

Garg, P. & Burgers, P.M.J., 2005. DNA Polymerases that Propagate the
Eukaryotic DNA Replication Fork. Critical Reviews in Biochemistry and
Molecular Biology. 40, 115-128.

Geels et al, 2015. Immunohistochemical and genetic profiles of
endometrioid endometrial carcinoma arising from atrophic endometrium.
Gynecologic Oncology. 137, 245-251.

Ghia, P., Scarfo, L., Perez, S., Pathiraja, K., Derosier, M., Small, K.,
McCrary Sisk, C., Patton, N., 2017. Efficacy and safety of dinaciclib vs
ofatumumab in patients with relapsed/refractory chronic lymphocytic
leukemia. Blood. 129, 1876-1878.

K. Polymeros Page 203 of 233



Giardiello, Francis M. et al, 2014. Guidelines on Genetic Evaluation and
Management of Lynch Syndrome: A Consensus Statement by the US Multi-
Society Task Force on Colorectal Cancer. Gastroenterology. 147, 502-526.
Gillet, J., Varma, S., Gottesman, M.M., 2013. The Clinical Relevance of
Cancer Cell Lines. Journal of the National Cancer Institute. 105, 452-458.
Gong, L., Govan, J.M., Evans, E.B., Dai, H., Wang, E., Lee, S,, Lin, H.,
Lazar, A.J., Mills, G.B., Lin, S., 2015. Nuclear PTEN tumor-suppressor
functions through maintaining heterochromatin structure. Cell Cycle. 14,
2323-2332.

Gonzalez-Rodilla, 1., Boix, M., Verna, V., Mufioz, A.B., Estévez, J., Jubete,
Y., Schneider, J., 2012. Patient age and biological aggressiveness of
endometrial carcinoma. Anticancer Research. 32, 1817.

Gordon, M.D. & Ireland, K., 2009. Pathology of Endometrial Carcinoma.
The Global Library of Women's Medicine.

Goverde et al, 2016. Cost-effectiveness of routine screening for Lynch
syndrome in endometrial cancer patients up to 70 years of age. Gynecologic
Oncology.

Greaves, M. & Maley, C.C., 2012. Clonal evolution in cancer. Nature. 481,
306-313.

Gunda, V., Gigliotti, B., Ndishabandi, D., Ashry, T., McCarthy, M., Zhou,
Z., Amin, S., Freeman, G.J., Alessandrini, A., Parangi, S., 2018.
Combinations of BRAF inhibitor and anti-PD-1/PD-L1 antibody improve
survival and tumour immunity in an immunocompetent model of orthotopic
murine anaplastic thyroid cancer. British Journal of Cancer. 119, 1223-
1232.

Guo, H., Zeng, D., Zhang, H., Bell, T., Yao, J., Liu, Y., Huang, S., Li, C.J.,
Lorence, E., Zhou, S., Gong, T., Jiang, C., Ahmed, M., Yao, Y., Nomie,
K.J., Zhang, L., Wang, M., 2018. Dual inhibition of PI3K signaling and
histone deacetylation halts proliferation and induces lethality in mantle cell
lymphoma. Oncogene.

Guttery, D.S., Blighe, K., Polymeros, K., Symonds, R.P., Macip, S., Moss,
E.L., 2018. Racial differences in endometrial cancer molecular portraits in
The Cancer Genome Atlas. Oncotarget. 9, 17093-17103.

Guttery, D.S., Page, K., Hills, A., Woodley, L., Marchese, S.D., Rghebi, B.,
Hastings, R.K., Luo, J., Pringle, J.H., Stebbing, J., Coombes, R.C., Ali, S.,
Shaw, J.A., 2015. Noninvasive detection of activating estrogen receptor 1
(ESR1) mutations in estrogen receptor-positive metastatic breast cancer.
Clinical Chemistry. 61, 974.

Haber, D. & Harlow, E., 1997. Tumour-suppressor genes: Evolving
definitions in the genomic age. Nature Genetics. 16, 320-322.

Haesen, D., Abbasi Asbagh, L., Derua, R., Hubert, A., Schrauwen, S.,
Hoorne, Y., Amant, F., Waelkens, E., Sablina, A., Janssens, V., 2016.
Recurrent PPP2R1A Mutations in Uterine Cancer Act through a Dominant-

K. Polymeros Page 204 of 233



Negative Mechanism to Promote Malignant Cell Growth. Cancer Research.
76, 5719-5731.

Hanahan, D. & Weinberg, R., 2011. Hallmarks of Cancer: The Next
Generation. Cell. 144, 646-674.

Hao, Y., et al, 2014. Selective JAK2 inhibition specifically decreases
Hodgkin lymphoma and mediastinal large B-cell lymphoma growth in vitro
and in vivo. United States: .

Haoula, Z., Salman, M., Atiomo, W., 2012. Evaluating the association
between endometrial cancer and polycystic ovary syndrome. Human
Reproduction (Oxford, England). 27, 1327-1331.

Harrison, Claire N et al, 2017. Janus kinase-2 inhibitor fedratinib in patients
with myelofibrosis previously treated with ruxolitinib (JAKARTA-2): a
single-arm, open-label, non-randomised, phase 2, multicentre study. Lancet
Haematology, The. 4, e317-e324.

He, E.Y., Hawkins, N.J., Mak, G., Roncolato, F., Goldstein, D., Liauw, W.,
Clingan, P., Chin, M., Ward, R.L., 2016. The Impact of Mismatch Repair
Status in Colorectal Cancer on the Decision to Treat With Adjuvant
Chemotherapy: An Australian Population-Based Multicenter Study. The
Oncologist. 21, 618-625.

Hemminki, K., Forsti, A., Lorenzo Bermejo, J., 2005. Single nucleotide
polymorphisms (SNPs) are inherited from parents and they measure
heritable events [serial online]. Journal of Carcinogenesis. 4, 2.

Henderson, Y.C., Chen, Y., Frederick, M.J., Lai, S.Y., Clayman, G.L.,
2010. MEK inhibitor PD0325901 significantly reduces the growth of
papillary thyroid carcinoma cells in vitro and in vivo. Molecular Cancer
Therapeutics. 9, 1968-1976.

Hendriks, Y.M.C., Wagner, A., Morreau, H., Menko, F., Stormorken, A.,
Quehenberger, F., Sandkuijl, L., Mgller, P., Genuardi, M., van
Houwelingen, H., Tops, C., van Puijenbroek, M., Verkuijlen, P., Kenter, G.,
van Mil, A., Meijers-Heijboer, H., Tan, G.B., Breuning, M.H., Fodde, R.,
Winjen, J.T., Brocker-Vriends, A.H.J.T., Vasen, H., 2004. Cancer risk in
hereditary nonpolyposis colorectal cancer due to MSH6 mutations: impact
on counseling and surveillance. Gastroenterology. 127, 17-25.

Hennig, M., Yip-Schneider, M.T., Wentz, S., Wu, H., Hekmatyar, S.K.,
Klein, P., Bansal, N., Schmidt, C.M., 2010. Targeting mitogen-activated
protein kinase kinase with the inhibitor PD0325901 decreases hepatocellular
carcinoma growth in vitro and in mouse model systems. Hepatology
(Baltimore, Md.). 51, 1218-1225.

Hicks, M.L., Phillips, J.L., Parham, G., Andrews, N., Jones, W.B.,
Shingleton, H.M., Menck, H.R., 1998. The National Cancer Data Base
report on endometrial carcinoma in African-American women. Cancer. 83,
2629.

K. Polymeros Page 205 of 233



Hird, AW. & Tron, A.E., 2019. Recent advances in the development of
Mcl-1 inhibitors for cancer therapy. Pharmacology and Therapeutics.
Hiroshi Hirata, Yuji Hinoda, Mohd S Zaman, Yi Chen, Koji Ueno, Shahana
Majid, Christina Tripsas, Mary Rubin, Lee-May Chen, Rajvir Dahiya, 2010.
Function of UDP-glucuronosyltransferase 2B17 (UGT2B17) is involved in
endometrial cancer. Carcinogenesis. 31, 1620-1626.

Hobbs, G.A., Der, C.J., Rossman, K.L., 2016. RAS isoforms and mutations
in cancer at a glance. Journal of Cell Science. 129, 1287-1292.

Holiday, R. & Pugh, J.E., 1975. DNA modification mechanisms and gene
activity during development. Science (New York, N.Y.). 187, 226-232.
Homesley et al, 2008. A randomized phase 111 trial in advanced endometrial
carcinoma of surgery and volume directed radiation followed by cisplatin
and doxorubicin with or without paclitaxel: A Gynecologic Oncology Group
study. Gynecologic Oncology. 112, 543-552.

Hong, B.e.a., 2014. The mutational landscape of endometrial cancer.
Current Opinion in Genetics & Development. 30, 25-31.

Hu, C., Dadon, T., Chenna, V., Yabuuchi, S., Bannerji, R., Booher, R.,
Strack, P., Azad, N., Nelkin, B.D., Maitra, A., 2015. Combined Inhibition of
Cyclin-Dependent Kinases (Dinaciclib) and AKT (MK-2206) Blocks
Pancreatic Tumor Growth and Metastases in Patient-Derived Xenograft
Models. Molecular Cancer Therapeutics. 14, 1532-1539.

Huang, M., Djordjevic, B., Yates, M.S., Urbauer, D., Sun, C., Burzawa, J.,
Daniels, M., Westin, S.N., Broaddus, R., Lu, K., 2013. Molecular
pathogenesis of endometrial cancers in patients with Lynch syndrome.
Cancer. 119, 3027-3033.

Hunter, D.J., 2005. Gene-environment interactions in human diseases.
Nature Reviews Genetics. 6, 287-298.

| Ray-coquard, L Favier, B Weber, C Roemer-becuwe, P Bougnoux, M
Fabbro, A Floquet, F Joly, A Plantade, D Paraiso, E Pujade-lauraine, 2013.
Everolimus as second- or third-line treatment of advanced endometrial
cancer: ENDORAD, a phase Il trial of GINECO. The British Journal of
Cancer. 108, 1771-1777.

Ihle, N.T., Byers, L.A., Kim, E.S., Saintigny, P., Lee, J.J., Blumenschein,
G.R., Tsao, A, Liu, S., Larsen, J.E., Wang, J., Diao, L., Coombes, K.R.,
Chen, L., Zhang, S., Abdelmelek, M.F., Tang, X., Papadimitrakopoulou, V.,
Minna, J.D., Lippman, S.M., Hong, W.K., Herbst, R.S., Wistuba, I.1.,
Heymach, J.V., Powis, G., 2012. Effect of KRAS Oncogene Substitutions
on Protein Behavior: Implications for Signaling and Clinical Outcome.
Journal of the National Cancer Institute. 104, 228-239.

Ikeda, T., Yoshinaga, K., Suzuki, A., Sakurada, A., Ohmori, H., Horii, A.,
2000. Anticorresponding mutations of the KRAS and PTEN genes in human
endometrial cancer. Oncology Reports. 7, 567.

K. Polymeros Page 206 of 233



Inaba et al, 2015. Antitumor activity of a combination of dual PI3K/mTOR
inhibitor SAR245409 and selective MEK1/2 inhibitor pimasertib in
endometrial carcinomas. Gynecologic Oncology. 138, 323-331.

Inao, T., lida, Y., Moritani, T., Okimoto, T., Tanino, R., Kotani, H., Harada,
M., 2018. Bcl-2 inhibition sensitizes triple-negative human breast cancer
cells to doxorubicin. Oncotarget. 9, 25545-25556.

Issa, J.J., Celano, P., Ottaviano, Y.L., Hamilton, S.R., Davidson, N.E.,
Baylin, S.B., 1994. Methylation of the oestrogen receptor CpG island links
ageing and neoplasia in human colon. Nature Genetics. 7, 536-540.

J Luo, S Beresford, C Chen, R Chlebowski, L Garcia, L Kuller, M Regier, J
Wactawski-wende, K L Margolis, 2014. Association between diabetes,
diabetes treatment and risk of developing endometrial cancer. The British
Journal of Cancer. 111, 1432-1439.

Jakob Starup-Linde, @ystein Karlstad, Stine Aistrup Eriksen, Peter
Vestergaard, Heleen K. Bronsveld, Frank de Vries, Morten Andersen, Anssi
Auvinen, Jari Haukka, Vidar Hjellvik, Marloes T. Bazelier, Anthonius de
Boer, Kari Furu, Marie L. De Bruin, 2013. CARING (CAncer Risk and
INsulin analoGues): The Association of Diabetes Mellitus and Cancer Risk
with Focus on Possible Determinants - A Systematic Review and a Meta-
Analysis. Current Drug Safety. 8, 296-332.

James H Park, Arfon G Powell, Campbell S D Roxburgh, Paul G Horgan,
Donald C Mcmillan, Joanne Edwards, 2016. Mismatch repair status in
patients with primary operable colorectal cancer: associations with the local
and systemic tumour environment. The British Journal of Cancer. 114, 562-
570.

Jana Marie Schwarz, David N Cooper, Markus Schuelke, Dominik Seelow,
2014. MutationTaster2: mutation prediction for the deep-sequencing age.
Nature Methods. 11, 361-362.

Janda, M., Gebski, V., Davies, L.C., Forder, P., Brand, A., Hogg, R.,
Jobling, T.W., Land, R., Manolitsas, T., Nascimento, M., Neesham, D.,
Nicklin, J.L., Oehler, M.K., Otton, G., Perrin, L., Salfinger, S., Hammond,
l., Leung, Y., Sykes, P., Ngan, H., Garrett, A., Laney, M., Ng, T.Y., Tam,
K., Chan, K., Wrede, C.D., Pather, S., Simcock, B., Farrell, R., Robertson,
G., Walker, G., Armfield, N.R., Graves, N., McCartney, A.J., Obermair, A.,
2017. Effect of Total Laparoscopic Hysterectomy vs Total Abdominal
Hysterectomy on Disease-Free Survival Among Women With Stage |
Endometrial Cancer: A Randomized Clinical Trial. Jama. 317, 1224-1233.
Janku, F., Hong, D.S., Fu, S., Piha-Paul, S.A., Naing, A., Falchook, G.S.,
Tsimberidou, A.M., Stepanek, V.M., Moulder, S.L., Lee, J.J., Luthra, R.,
Zinner, R.G., Broaddus, R.R., Wheler, J.J., Kurzrock, R., 2014. Assessing
PIK3CA and PTEN in early-phase trials with PI3K/AKT/mTOR inhibitors.
Cell Reports. 6, 377-387.

K. Polymeros Page 207 of 233



Janssens, V., Goris, J., Van Hoof, C., 2005. PP2A: the expected tumor
suppressor. Current Opinion in Genetics & Development. 15, 34-41.
Jenkins, M. A. et al, 2019. Ability of known susceptibility SNPs to predict
colorectal cancer risk for persons with and without a family history.
Familial Cancer. 18, 389-397.

Jeong, E., Lee, T., Ko, Y.J,, Kim, S.Y., Kim, H., Kim, H., Kim, C.H., 2018.
Anti-tumor effect of CDK inhibitors on CDKN2A-defective squamous cell
lung cancer cells. Cellular Oncology (Dordrecht). 41, 663-675.

Jia, P. & Zhang, Y., 2017. Ovarian preservation improves overall survival in
young patients with early-stage endometrial cancer. Oncotarget. 8, 59940-
59949.

Joan L. Walker, Marion R. Piedmonte, Nick M. Spirtos, Scott M. Eisenkop,
John B. Schlaerth, Robert S. Mannel, Richard Barakat, Michael L. Pearl,
Sudarshan K. Sharma, 2012. Recurrence and Survival After Random
Assignment to Laparoscopy Versus Laparotomy for Comprehensive
Surgical Staging of Uterine Cancer: Gynecologic Oncology Group LAP2
Study. Journal of Clinical Oncology. 30, 695-700.

Joehlin-Price et al, 2014. Mismatch repair protein expression in 1049
endometrial carcinomas, associations with body mass index, and other
clinicopathologic variables. Gynecologic Oncology. 133, 43-47.

Joint Formulary Committee, 2018. British national formulary.
[online].2019].

Jones N et al, 2015. Identification of potential therapeutic targets by
molecular profiling of 628 cases of uterine serous carcinoma. Gynecologic
Oncology. 138, 620-626.

Jones, N.e.a., 2014. Conversion from robotic surgery to laparotomy: A
case—control study evaluating risk factors for conversion. Gynecologic
Oncology. 134, 238-242.

Josep Maria del Campo et al, 2016. A randomized phase Il non-comparative
study of PF-04691502 and gedatolisib (PF-05212384) in patients with
recurrent endometrial cancer. Gynecologic Oncology. 142, 62-69.

Junfei Zhao, Andrew X Chen, Robyn D Gartrell, Andrew M Silverman,
Luis Aparicio, Tim Chu, Darius Bordbar, David Shan, Jorge Samanamud,
Aayushi Mahajan, loan Filip, Rose Orenbuch, Morgan Goetz, Jonathan T
Yamaguchi, Michael Cloney, Craig Horbinski, Rimas V Lukas, Jeffrey
Raizer, Ali | Rae, Jinzhou Yuan, Peter Canoll, Jeffrey N Bruce, Yvonne M
Saenger, Peter Sims, Fabio M Iwamoto, Adam M Sonabend, Raul Rabadan,
2019. Immune and genomic correlates of response to anti-PD-1
immunotherapy in glioblastoma. Nature Medicine. 25, 462-469.

Kalluri, R. & Weinberg, R.A., 2009. The basics of epithelial-mesenchymal
transition. The Journal of Clinical Investigation. 119, 1420-1428.

K. Polymeros Page 208 of 233



Kanduri, M., Tobin, G., Aleskog, A., Nilsson, K., Rosenquist, R., 2011. The
novel NF-xB inhibitor IMD-0354 induces apoptosis in chronic lymphocytic
leukemia. Blood Cancer Journal. 1, e12.

Kaneuchi, M., et al, 2003. Quercetin regulates growth of Ishikawa cells
through the suppression of EGF and cyclin D1. Greece: .

Kang, S.e.a., 2008. Mutual exclusiveness between PIK3CA and KRAS
mutations in endometrial carcinoma. International Journal of Gynecological
Cancer. 18, 1339-1343.

Karamurzin, Y. & Rutgers, J., 2009. DNA Mismatch Repair Deficiency in
Endometrial Carcinoma. International Journal of Gynecological Pathology.
28, 239-255.

Katt, M.E., Placone, A.L., Wong, A.D., Xu, Z.S., Searson, P.C., 2016. In
Vitro Tumor Models: Advantages, Disadvantages, Variables, and Selecting
the Right Platform. Frontiers in Bioengineering and Biotechnology. 4, 12.
Keiko Shoji, Katsutoshi Oda, Tomoko Kashiyama, Yuji Ikeda, Shunsuke
Nakagawa, Kenbun Sone, Yuichiro Miyamoto, Haruko Hiraike, Michihiro
Tanikawa, Aki Miyasaka, Takahiro Koso, Yoko Matsumoto, Osamu Wada-
Hiraike, Kei Kawana, Hiroyuki Kuramoto, Frank McCormick, Hiroyuki
Aburatani, Tetsu Yano, Shiro Kozuma, Yuji Taketani, 2012. Genotype-
Dependent Efficacy of a Dual PI3K/mTOR Inhibitor, NVP-BEZ235, and an
mTOR Inhibitor, RAD001, in Endometrial Carcinomas. PLoS One. 7,
e37431.

Keurentjes, J., Briét, J., de Bock, G., Mourits, M., 2018. Surgical volume
and conversion rate in laparoscopic hysterectomy: does volume matter? A
multicenter retrospective cohort study. Surgical Endoscopy. 32, 1021-1026.
Kim, J., Kong, J.K., Yang, W., Cho, H., Chay, D.B., Lee, B.H., Cho, S.J.,
Hong, S., Kim, J., 2018. DNA Mismatch Repair Protein
Immunohistochemistry and MLH1 Promotor Methylation Testing for
Practical Molecular Classification and the Prediction of Prognosis in
Endometrial Cancer. Cancers. 10, 279.

Kinose, Y., Sawada, K., Makino, H., Ogura, T., Mizuno, T., Suzuki, N.,
Fujikawa, T., Morii, E., Nakamura, K., Sawada, I., Toda, A., Hashimoto, K.,
Isobe, A., Mabuchi, S., Ohta, T., Itai, A., Morishige, K., Kurachi, H.,
Kimura, T., 2015. IKKp Regulates VEGF Expression and Is a Potential
Therapeutic Target for Ovarian Cancer as an Antiangiogenic Treatment.
Molecular Cancer Therapeutics. 14, 909-919.

Kirschner, M.A., Schneider, G., Ertel, N.H., Worton, E., 1982. Obesity,
androgens, estrogens, and cancer risk. Cancer Research. 42, 3281s.

Kita, K., Shiota, M., Tanaka, M., Otsuka, A., Matsumoto, M., Kato, M.,
Tamada, S., Iwao, H., Miura, K., Nakatani, T., Tomita, S., 2017. Heat shock
protein 70 inhibitors suppress androgen receptor expression in LNCaP95
prostate cancer cells. Cancer Science. 108, 1820-1827.

K. Polymeros Page 209 of 233



Klingbiel, D., Saridaki, Z., Roth, A.D., Bosman, F.T., Delorenzi, M.,
Tejpar, S., 2015. Prognosis of stage 11 and Il colon cancer treated with
adjuvant 5-fluorouracil or FOLFIRI in relation to microsatellite status:
results of the PETACC-3 trial. Annals of Oncology : Official Journal of the
European Society for Medical Oncology. 26, 126-132.

Knudson, A.G., 1971. Mutation and Cancer: Statistical Study of
Retinoblastoma.

Konopka, B.e.a., 2011. PIK3CA mutations and amplification in
endometrioid endometrial carcinomas: relation to other genetic defects and
clinicopathologic status of the tumors. Human Pathology. 42, 1710-1719.
Korets et al, 2013. Dual mTORC1/2 inhibition in a preclinical xenograft
tumor model of endometrial cancer. Gynecologic Oncology. 132, 468-473.
Kotian Shweta, et al, 2017. Dual Inhibition of HDAC and Tyrosine Kinase
Signaling Pathways with CUDC-907 Inhibits Thyroid Cancer Growth and
Metastases. Philadelphia: American Association for Cancer Research Inc.
Kumar, S.K., LaPlant, B., Chng, W.J., Zonder, J., Callander, N.e.a., 2015.
Dinaciclib, a novel CDK inhibitor, demonstrates encouraging single-agent
activity in patients with relapsed multiple myeloma. Blood. 125, 443-448.
Kummar, S., O'Sullivan Coyne, G., Do, K.T., Turkbey, B., Meltzer, P.S.,
Polley, E., Choyke, P.L., Meehan, R., Vilimas, R., Horneffer, Y., Juwara,
L., Lih, A., Choudhary, A., Mitchell, S.A., Helman, L.J., Doroshow, J.H.,
Chen, A.P., 2017. Clinical Activity of the y-Secretase Inhibitor PF-
03084014 in Adults With Desmoid Tumors (Aggressive Fibromatosis).
Journal of Clinical Oncology : Official Journal of the American Society of
Clinical Oncology1561-1569. 35, 1561-1569.

Kurnit, K.C., Kim, G.N., Fellman, B.M., Urbauer, D.L., Mills, G.B., Zhang,
W., Broaddus, R.R., 2017. CTNNB1 (beta-catenin) mutation identifies low
grade, early stage endometrial cancer patients at increased risk of
recurrence. Modern Pathology : An Official Journal of the United States
and Canadian Academy of Pathology, Inc. 30, 1032-1041.

Lam Lloyd, T., et al, 2017. Vulnerability of Small-Cell Lung Cancer to
Apoptosis Induced by the Combination of BET Bromodomain Proteins and
BCL2 Inhibitors. Philadelphia: American Association for Cancer Research
Inc.

Lan Xiao, Yue-bo Yang, Xiao-mao Li, Cheng-fang Xu, Tian Li, Xiao-yun
Wang, 2010. Differential sensitivity of human endometrial carcinoma cells
with different PTEN expression to mitogen-activated protein kinase
signaling inhibits and implications for therapy. Journal of Cancer Research
& Clinical Oncology. 136, 1089-1099.

Lane, D.P., 1992. P53, guardian of the genome. Nature. 358, 15.

Lax, S.F., Kendall, B., Tashiro, H., Slebos, R.J., Hedrick, L., 2000. - The
frequency of p53, K-ras mutations, and microsatellite instability differs in

K. Polymeros Page 210 of 233



uterine endometrioid and serous carcinoma: evidence of distinct molecular
genetic pathways. Cancer. 88, 814-824.

Le Gallo, M. and Bell, D.W., 2014. The emerging genomic landscape of
endometrial cancer. United States: American Association for Clinical
Chemistry.

Le Gallo, M., Rudd, M.L., Urick, M.E., Hansen, N.F., Zhang, S., Lozy, F.,
Sgroi, D.C., Vidal Bel, A., Matias-Guiu, X., Broaddus, R.R., Lu, K.H.,
Levine, D.A., Mutch, D.G., Goodfellow, P.J., Salvesen, H.B., Mullikin,
J.C., Bell, D.W., 2017a. Somatic mutation profiles of clear cell endometrial
tumors revealed by whole exome and targeted gene sequencing. Cancer.
123, 3261-3268.

Le Gallo, M., Rudd, M.L., Urick, M.E., Hansen, N.F., Zhang, S., Lozy, F.,
Sgroi, D.C., Vidal Bel, A., Matias-Guiu, X., Broaddus, R.R., Lu, K.H.,
Levine, D.A., Mutch, D.G., Goodfellow, P.J., Salvesen, H.B., Mullikin,
J.C., Bell, D.W., 2017b. Somatic mutation profiles of clear cell endometrial
tumors revealed by whole exome and targeted gene sequencing. Cancer.
123, 3261-3268.

Lee, M.S., Helms, T.L., Feng, N., Gay, J., Chang, Q.E., Tian, F., Wu, J.Y.,
Toniatti, C., Heffernan, T.P., Powis, G., Kwong, L.N., Kopetz, S., 2016.
Efficacy of the combination of MEK and CDK4/6 inhibitors in vitro and in
vivo in KRAS mutant colorectal cancer models. Oncotarget. 7, 39595-
39608.

Lee, S.M., Moon, J., Redman, B.G., Chidiac, T., Flaherty, L.E., Zha, Y.,
Othus, M., Ribas, A., Sondak, V.K., Gajewski, T.F., Margolin, K.A., 2015.
Phase 2 study of RO4929097, a gamma-secretase inhibitor, in metastatic
melanoma: SWOG 0933. Cancer. 121, 432-440.

Lesley Rushton, 2003. Education: How Much Does the Environment
Contribute to Cancer? Occupational and Environmental Medicine. 60, 150-
156.

Levine, R.L., Cargile, C.B., Blazes, M.S., van, B., Kurman, R.J., Ellenson,
L.H., 1998. - PTEN mutations and microsatellite instability in complex
atypical hyperplasia, a precursor lesion to uterine endometrioid carcinoma.
Cancer Res. 58, 3254-3258.

Liang, H., Cheung, LW.T., Li, J., Ju, Z., Yu, S., Stemke-Hale, K.,
Dogruluk, T., Lu, Y., Liu, X., Gu, C., Guo, W., Scherer, S.E., Carter, H.,
Westin, S.N., Dyer, M.D., Verhaak, R.G.W., Zhang, F., Karchin, R., Liu,
C., Lu, K.H., Broaddus, R.R., Scott, K.L., Hennessy, B.T., Mills, G.B.,
2012. Whole-exome sequencing combined with functional genomics reveals
novel candidate driver cancer genes in endometrial cancer. Genome
Research. 22, 2120-2129.

Libera, L., Craparotta, I., Sahnane, N., Chiaravalli, A.M., Mannarino, L.,
Cerutti, R., Riva, C., Marchini, S., Furlan, D., 2018. Targeted gene

K. Polymeros Page 211 of 233



sequencing of Lynch syndrome-related and sporadic endometrial
carcinomas. Human Pathology. 81, 235-244.

Lilyquist, J., Ruddy, K.J., Vachon, C.M., Couch, F.J., 2018. Common
Genetic Variation and Breast Cancer Risk—Past, Present, and Future.
Cancer Epidemiology, Biomarkers & Prevention : A Publication of the
American Association for Cancer Research, Cosponsored by the American
Society of Preventive Oncology. 27, 380-394.

Lin Jia, Yongjuan Liu, Xiaofang Yi, Alexander Miron, Christopher P.
Crum, Beihua Kong, Wenxin Zheng, 2008. Endometrial Glandular
Dysplasia with Frequent p53 Gene Mutation: A Genetic Evidence
Supporting Its Precancer Nature for Endometrial Serous Carcinoma.
Clinical Cancer Research. 14, 2263-2269.

Lin, D.1., 2015. Improved survival associated with somatic PIK3CA
mutations in copy-number low endometrioid endometrial adenocarcinoma.
Oncology Letters. 10, 2743-2748.

Lin, S., Hoffmann, K., Xiao, Z., Jin, N., Galli, U., Mohr, E., Blchler, M.W.,
Schemmer, P., 2013. MEK inhibition induced downregulation of MRP1 and
MRP3 expression in experimental hepatocellular carcinoma. Cancer Cell
International. 13, 3.

Lin, S., Lin, J., Hsueh, C., Chou, T., Wong, R., 2017. A cyclin-dependent
kinase inhibitor, dinaciclib in preclinical treatment models of thyroid cancer.
PloS One. 12, p. e0172315.

Liu, G., Xu, P., Fu, Z., Hua, X., Liu, X., Li, W., Zhang, M., Wu, J., Wen, J.,
Xu, J., Jia, X., 2017. Prognostic and Clinicopathological Significance of
ARID1A in Endometrium-Related Gynecological Cancers: A Meta-
Analysis. Journal of Cellular Biochemistry. 118, 4517-4525.

Llobet et al, 2009. The multikinase inhibitor Sorafenib induces apoptosis
and sensitises endometrial cancer cells to TRAIL by different mechanisms.
European Journal of Cancer. 46, 836-850.

Llovet, J.M., Ricci, S., Mazzaferro, V., Hilgard, P., Gane, E., Blanc, J., de
Oliveira, A.C., Santoro, A., Raoul, J., Forner, A., Schwartz, M., Porta, C.,
Zeuzem, S., Bolondi, L., Greten, T.F., Galle, P.R., Seitz, J., Borbath, I.,
Haussinger, D., Giannaris, T., Shan, M., Moscovici, M., Voliotis, D., Bruix,
J., SHARP Investigators Study Group, 2008. Sorafenib in Advanced
Hepatocellular Carcinoma. The New England Journal of Medicine. 359,
378-390.

Lluis Catasus, Alberto Gallardo, Miriam Cuatrecasas, Jaime Prat, 2009.
Concomitant PI3BK-AKT and p53 alterations in endometrial carcinomas are
associated with poor prognosis. Modern Pathology. 22, 522-529.

Locatelli, M.A., Aftimos, P., Dees, E.C., LoRusso, P.M., Pegram, M.D.,
Awada, A., Huang, B., Cesari, R., Jiang, Y., Shaik, M.N., Kern, K.A.,
Curigliano, G., 2017. Phase | study of the gamma secretase inhibitor PF-

K. Polymeros Page 212 of 233



03084014 in combination with docetaxel in patients with advanced triple-
negative breast cancer. Oncotarget 2320-2328. 8, 2320-2328.

LoConte, N.K., Razak, A.R.A., Ivy, P., Tevaarwerk, A., Leverence, R.,
Kolesar, J., Siu, L., Lubner, S.J., Mulkerin, D.L., Schelman, W.R., Deming,
D.A., Holen, K.D., Carmichael, L., Eickhoff, J., Liu, G., 2015. A
multicenter phase 1 study of y -secretase inhibitor RO4929097 in
combination with capecitabine in refractory solid tumors. Investigational
New Drugs. 33, 169-176.

Lopez-Guerra, M., Xargay-Torrent, S., Rosich, L., Montraveta, A., Roldan,
J., Matas-Céspedes, A., Villamor, N., Aymerich, M., Lopez-Otin, C., Pérez-
Galan, P., Roué, G., Campo, E., Colomer, D., 2015. The y-secretase
inhibitor PF-03084014 combined with fludarabine antagonizes migration,
invasion and angiogenesis in NOTCH1-mutated CLL cells. 29, 96-106.
Maegawa, S., Chinen, Y., Shimura, Y., Tanba, K., Takimoto, T., Mizuno,
Y., Matsumura-Kimoto, Y., Kuwahara-Ota, S., Tsukamoto, T., Kobayashi,
T., Horiike, S., Taniwaki, M., Kuroda, J., 2018. Phosphoinositide-dependent
protein Kinase 1 is a potential novel therapeutic target in mantle cell
lymphoma. Experimental Hematology. 59, 72-81.e2.

Mahdi, H., Schlick, C.J., Kowk, L., Moslemi-Kebria, M., Michener, C.,
2014. Endometrial cancer in Asian and American Indian/Alaskan Native
women: tumor characteristics, treatment and outcome compared to non-
Hispanic white women. Gynecologic Oncology. 132, 443-449.

Makker, V., Recio, F.O., Ma, L., Matulonis, U.A., Lauchle, J.O., Parmar,
H., Gilbert, H.N., Ware, J.A., Zhu, R., Lu, S., Huw, L., Wang, Y., Koeppen,
H., Spoerke, J.M., Lackner, M.R., Aghajanian, C.A., 2016. A multicenter,
single-arm, open-label, phase 2 study of apitolisib (GDC-0980) for the
treatment of recurrent or persistent endometrial carcinoma (MAGGIE
study). Cancer. 122, 3519-3528.

Mallon, R., Feldberg, L.R., Lucas, J., Chaudhary, I., Dehnhardt, C., Santos,
E.D., Chen, Z., dos Santos, O., Ayral-Kaloustian, S., Venkatesan, A.,
Hollander, 1., 2011. Antitumor efficacy of PKI-587, a highly potent dual
PI3K/mTOR kinase inhibitor. Clinical Cancer Research : An Official
Journal of the American Association for Cancer Research. 17, 3193-3203.
Manning, B.D. & Toker, A., 2017. AKT/PKB Signaling: Navigating the
Network. Cell. 169, 381-405.

Marc J. Gunter, Donald R. Hoover, Herbert Yu, Sylvia Wassertheil-Smoller,
JoAnn E. Manson, Jixin Li, Tiffany G. Harris, Thomas E. Rohan, XiaoNan
Xue, Gloria Y.F. Ho, Mark H. Einstein, Robert C. Kaplan, Robert D. Burk,
Judith Wylie-Rosett, Michael N. Pollak, Garnet Anderson, Barbara V.
Howard, Howard D. Strickler, 2008. A Prospective Evaluation of Insulin
and Insulin-like Growth Factor-1 as Risk Factors for Endometrial Cancer.
Cancer Epidemiology Biomarkers & Prevention. 17, 921-929.

K. Polymeros Page 213 of 233



Martini, M., De Santis, M.C., Braccini, L., Gulluni, F., Hirsch, E., 2014.
PI3K/AKT signaling pathway and cancer: an updated review. Annals of
Medicine. 46, 372-383.

Massey, A.J., Williamson, D.S., Browne, H., Murray, J.B., Dokurno, P.,
2010. A novel, small molecule inhibitor of Hsc70/Hsp70 potentiates

Hsp90 inhibitor induced apoptosis in HCT116 colon carcinoma

cells. Cancer Chemotherapy and Pharmacology. 66, 535-545.

Matthieu Le Gallo, Andrea J O'Hara, Meghan L Rudd, Mary Ellen Urick,
Nancy F Hansen, Nigel J O'Neil, Jessica C Price, Suiyuan Zhang, Bryant M
England, Andrew K Godwin, Dennis C Sgroi, Philip Hieter, James C
Mullikin, Maria J Merino, Daphne W Bell, 2012. Exome sequencing of
serous endometrial tumors identifies recurrent somatic mutations in
chromatin-remodeling and ubiquitin ligase complex genes. Nature Genetics.
44, 1310-1315.

Matulonis et al, 2014. Phase 11 study of the PI3K inhibitor pilaralisib
(SAR245408; XL147) in patients with advanced or recurrent endometrial
carcinoma. Gynecologic Oncology. 136, 246-253.

Maxwell, G.L., Risinger, J.1., Hayes, K.A., Alvarez, A.A., Dodge, R.K,,
Barrett, J.C., Berchuck, A., 2000. - Racial disparity in the frequency of
PTEN mutations, but not microsatellite instability, in advanced endometrial
cancers. Clin Cancer Res. 6, 2999-3005.

Maxwell, G.L., Tian, C., Risinger, J., Brown, C.L., Rose, G.S., Thigpen,
J.T., Fleming, G.F., Gallion, H.H., Brewster, W.R., 2006. Racial disparity in
survival among patients with advanced/recurrent endometrial
adenocarcinoma: a Gynecologic Oncology Group study. Cancer. 107, 2197-
2205.

McConechy MK et al, 2011. Subtypespecific

mutation of PPP2R1A in endometrial and ovarian carcinomas. Journal of
Pathology. 223, 567-573.

McCubrey, J.A., Steelman, L.S., Chappell, W.H., Abrams, S.L., Wong,
E.W.T., Chang, F., Lehmann, B., Terrian, D.M., Milella, M., Tafuri, A.,
Stivala, F., Libra, M., Basecke, J., Evangelisti, C., Martelli, A.M., Franklin,
R.A., 2007. Roles of the RaffMEK/ERK pathway in cell growth, malignant
transformation and drug resistance. BBA - Molecular Cell Research. 1773,
1263-1284.

Mclintyre, John B. et al, 2013. PIK3CA missense mutation is associated with
unfavorable outcome in grade 3 endometrioid carcinoma but not in serous
endometrial carcinoma. Gynecologic Oncology. 132, 188-193.

McMeekin, D.S., Tritchler, D.L., Cohn, D.E., Mutch, D.G., Lankes, H.A.,
Geller, M.A., Powell, M.A., Backes, F.J., Landrum, L.M., Zaino, R.,
Broaddus, R.D., Ramirez, N., Gao, F., Ali, S., Darcy, K.M., Pearl, M.L.,
DiSilvestro, P.A., Lele, S.B., Goodfellow, P.J., 2016a. Clinicopathologic
Significance of Mismatch Repair Defects in Endometrial Cancer: An NRG

K. Polymeros Page 214 of 233



Oncology/Gynecologic Oncology Group Study. Journal of Clinical
Oncology : Official Journal of the American Society of Clinical Oncology.
34, 3062-3068.

McMeekin, D.S., Tritchler, D.L., Cohn, D.E., Mutch, D.G., Lankes, H.A.,
Geller, M.A., Powell, M.A., Backes, F.J., Landrum, L.M., Zaino, R.,
Broaddus, R.D., Ramirez, N., Gao, F., Ali, S., Darcy, K.M., Pearl, M.L.,
DiSilvestro, P.A., Lele, S.B., Goodfellow, P.J., 2016b. Clinicopathologic
Significance of Mismatch Repair Defects in Endometrial Cancer: An NRG
Oncology/Gynecologic Oncology Group Study. Journal of Clinical
Oncology : Official Journal of the American Society of Clinical Oncology.
34, 3062-3068.

Merino, D., et al, 2017. Synergistic action of the MCL-1 inhibitor S63845
with current therapies in preclinical models of triple-negative and HER2-
amplified breast cancer. United States: .

Messersmith, W.A., Shapiro, G.I., Cleary, J.M., Jimeno, A., Dasari, A.,
Huang, B., Shaik, M.N., Cesari, R., Zheng, X., Reynolds, J.M., English,
P.A., McLachlan, K.R., Kern, K.A., LoRusso, P.M., 2015. A Phase I, dose-
finding study in patients with advanced solid malignancies of the oral y-
secretase inhibitor PF-03084014. Clinical Cancer Research : An Official
Journal of the American Association for Cancer Research. 21, 60-67.
Michael S Lawrence, Petar Stojanov, Craig H Mermel, James T Robinson,
Levi A Garraway, Todd R Golub, Matthew Meyerson, Stacey B Gabriel,
Eric S Lander, Gad Getz, 2014. Discovery and saturation analysis of cancer
genes across 21 tumour types. Nature. 505, 495-501.

Milella, M., Falcone, I., Conciatori, F., Cesta, I.,Ursula, Del, C.,Anais,
Inzerilli, N., Nuzzo, M.A., Vaccaro, V., Vari, S., Cognetti, F., Ciuffreda, L.,
2015. - PTEN: Multiple Functions in Human Malignant Tumors. Frontiers
in Oncology. 5, 24.

Millis, S.Z., Ikeda, S., Reddy, S., Gatalica, Z., Kurzrock, R., 2016.
Landscape of Phosphatidylinositol-3-Kinase Pathway Alterations Across
19 784 Diverse Solid Tumors. JAMA Oncology. 2, 1565-1573.
Mirabelli-Primdahl, L., Gryfe, R., Kim, H., Millar, A., Luceri, C., Dale, D.,
Holowaty, E., Bapat, B., Gallinger, S., Redston, M., 1999. beta -Catenin
Mutations Are Specific for Colorectal Carcinomas with Microsatellite
Instability but Occur in Endometrial Carcinomas Irrespective of Mutator
Pathway. Cancer Research. 59, 3346-3351.

Mirantes, C., Dosil, M.A., Eritja, N., Felip, I., Gatius, S., Santacana, M.,
Matias-Guiu, X., Dolcet, X., 2016. Effects of the multikinase inhibitors
Sorafenib and Regorafenib in PTEN deficient neoplasias. European Journal
of Cancer. 63, 74-87.

Misra, A. & Khurana, L., 2009. The Metabolic Syndrome in South Asians:
Epidemiology, Determinants, and Prevention. Metabolic Syndrome and
Related Disorders. 7, 497-514.

K. Polymeros Page 215 of 233



Misra, A. and Vikram, N.K., 2004. Insulin resistance syndrome (metabolic
syndrome) and obesity in Asian Indians: evidence and implications. United
States: Elsevier Inc.

Mistry, M., Parkin, D.M., Ahmad, A.S., Sasieni, P., 2011. - Cancer
incidence in the United Kingdom: projections to the year 2030. British
Journal of Cancer. 105, 1795-1803.

Mita, M.M., Joy, A.A., Mita, A., Sankhala, K., Jou, Y., Zhang, D.,
Statkevich, P., Zhu, Y., Yao, S., Small, K., Bannerji, R., Shapiro, C.L.,
2014. Randomized phase |1 trial of the cyclin-dependent kinase inhibitor
dinaciclib (MK-7965) versus capecitabine in patients with advanced breast
cancer. Clinical Breast Cancer. 14, 169-176.

Mita, M.M., Mita, A.C., Moseley, J.L., Poon, J., Small, K.A., Jou, Y.,
Kirschmeier, P., Zhang, D., Zhu, Y., Statkevich, P., Sankhala, K.K.,
Sarantopoulos, J., Cleary, J.M., Chirieac, L.R., Rodig, S.J., Bannerji, R.,
Shapiro, G.1., 2017. Phase 1 safety, pharmacokinetic and pharmacodynamic
study of the cyclin-dependent kinase inhibitor dinaciclib administered every
three weeks in patients with advanced malignancies. British Journal of
Cancer. 117, 1258-1268.

Mitri, Z., Karakas, C., Wei, C., Briones, B., Simmons, H.e.a., 2015. A phase
1 study with dose expansion of the CDK inhibitor dinaciclib (SCH 727965)
in combination with epirubicin in patients with metastatic triple negative
breast cancer. Investigational New Drugs. 33, 890-894.

Mjos, S., Werner, H.M.J., Birkeland, E., Holst, F., Berg, A., Halle, M.K.,
Tangen, I.L., Kusonmano, K., Mauland, K.K., Oyan, A.M., Kalland, K.,
Lewis, A.E., Mills, G.B., Krakstad, C., Trovik, J., Salvesen, H.B., Hoivik,
E.A., 2017. PIK3CA exon9 mutations associate with reduced survival, and
are highly concordant between matching primary tumors and metastases in
endometrial cancer. Scientific Reports. 7, 10240-12.

Moharram, S.A., Shah, K., Khanum, F., Marhall, A., Gazi, M., Kazi, J.U.,
2017. Efficacy of the CDK inhibitor dinaciclib in vitro and in vivo in T-cell
acute lymphoblastic leukemia. Cancer Letters. 405, 73-78.

Moll, U.M., Chalas, E., Auguste, M., Meaney, D., Chumas, J., 1996. -
Uterine papillary serous carcinoma evolves via a p53-driven pathway.
Human Pathol. 27, 1295-1300.

Monica Prasad Hayes, Hong Wang, Rosanny Espinal-Witter, Wayne
Douglas, Garron J. Solomon, Suzanne J. Baker, Lora Hedrick Ellenson,
2006. PIK3CA and PTEN Mutations in Uterine Endometrioid Carcinoma
and Complex Atypical Hyperplasia. Clinical Cancer Research. 12, 5932-
5935.

Morris et al, 2014, Racial differences in population and tumour
characteristics in endometrial cancer, IGCS, 2014 2014, .

Morrison, D.K., 2012. MAP kinase pathways. Cold Spring Harbor
Perspectives in Biology. 4, a011254.

K. Polymeros Page 216 of 233



Moschetta, M., Mak, G., Hauser, J., Davies, C., Uccello, M., 2017.
Dabrafenib and trametinib activity in a patient with BRAF V600E mutated
and microsatellite instability high (MSI-H) metastatic endometrial cancer.
Experimental Hematology & Oncology. 6, 1.

Mukhopadhaya, N. and Manyonda, I.T., 2013. The hysterectomy story in
the United Kingdom. India: Medknow Publications and Media Pvt. Ltd.
Murali et al, 2014a. Classifi cation of endometrial carcinoma: more than two
types. Lancet Oncology. 15, 268.

Murali et al, 2014b. Classification of endometrial carcinoma: more than two
types. Lancet Oncology, The. 15, e268-e278.

Mutter, G.L., Lin, M.C., Fitzgerald, J.T., Kum, J.B., Baak, J.P., Lees, J.A.,
Weng, L.P., Eng, C., 2000. - Altered PTEN expression as a diagnostic
marker for the earliest endometrial precancers. Journal of the National
Cancer Institute. 92, 924-930.

Myers, Andrea P. et al, 2016. Tumor mutational analysis of GOG248, a
phase Il study of temsirolimus or temsirolimus and alternating megestrol
acetate and tamoxifen for advanced endometrial cancer (EC): An NRG
Oncology/Gynecologic Oncology Group study. Gynecologic Oncology. 141,
43-48.

Naboush, A., Roman, C.A.J., Shapira, 1., 2017. Immune checkpoint
inhibitors in malignancies with mismatch repair deficiency: a review of the
state of the current knowledge. Journal of Investigative Medicine. 65, 754-
758.

Nelson, Gregg S. et al, 2013. MMR deficiency is common in high-grade
endometrioid carcinomas and is associated with an unfavorable outcome.
Gynecologic Oncology. 131, 309-314.

Ng, P.C., Kumar, P., Henikoff, S., 2009. Predicting the effects of coding
non-synonymous variants on protein function using the SIFT algorithm.
Nature Protocols. 4, 1073-1081.

Nimeiri et al, 2010. A phase |1 study of sorafenib in advanced uterine
carcinoma/carcinosarcoma: A trial

of the Chicago, PMH, and California Phase Il Consortia. Gynecologic
Oncology. 117, 37-40.

Nishikawa, S., Tanaka, A., Matsuda, A., Oida, K., Jang, H., Jung, K.,
Amagai, Y., Ahn, G., Okamoto, N., Ishizaka, S., Matsuda, H., 2014. A
molecular targeting against nuclear factor-xB, as a chemotherapeutic
approach for human malignant mesothelioma.

. Cancer Medicine. 3, 416-425.

Ochiai, T., Saito, Y., Saitoh, T., Dewan, M.Z., Shioya, A., Kobayashi, M.,
Kawachi, H., Muto, S., Itai, A., Uota, S., Eishi, Y., Yamamoto, N., Tanaka,
S., Arii, S., Yamaoka, S., 2008. Inhibition of IkappaB kinase beta restrains
oncogenic proliferation of pancreatic cancer cells. Journal of Medical and
Dental Sciences. 55, 49-59.

K. Polymeros Page 217 of 233



Oda, K., Okada, J., Timmerman, L., Rodriguez-Viciana, P., Stokoe, D.,
Shoji, K., Taketani, Y., Kuramoto, H., Knight, Z.A., Shokat, K.M.,
McCormick, F., 2008. PIK3CA Cooperates with Other Phosphatidylinositol
3'-Kinase Pathway Mutations to Effect Oncogenic Transformation. Cancer
Research. 68, 8127-8136.

Oda, K., Stokoe, D., Taketani, Y., McCormick, F., 2005. High Frequency of
Coexistent Mutations of PIK3CA and PTEN Genes in Endometrial
Carcinoma. Cancer Research. 65, 10669-10673.

Office for National Statistics, 2018. National life tables: United Kingdom.
Office for National Statistics, 2016. Cancer Registration Statistics, England:
First release, 2014.

Office for National Statistics., 2013. 2011 Census: Ethnic group, local
authorities in the United Kingdom".

Ogiwara, H., Takahashi, K., Sasaki, M., Sasaki, H., Kuroda, T., Yoshida,
H., Watanabe, R., Maruyama, A., Makinoshima, H., Chiwaki, F., Kato, T.,
Okamoto, A., Kohno, T., 2019. Targeting the Vulnerability of Glutathione
Metabolism in ARID1A-Deficient Cancers. Cancer Cell. 35, 177-190.e8.
Ogura, T., Yamao, K., Hara, K., Mizuno, N., Hijioka, S., Imaoka, H.,
Sawaki, A., Niwa, Y., Tajika, M., Kondo, S., Tanaka, T., Shimizu, Y.,
Bhatia, V., Higuchi, K., Hosoda, W., Yatabe, Y., 2013. Prognostic value of
K-ras mutation status and subtypes in endoscopic ultrasound-guided fine-
needle aspiration specimens from patients with unresectable pancreatic
cancer. Journal of Gastroenterology. 48, 640-646.

Oki, Y., etal, 2017. CUDC-907 in relapsed/refractory diffuse large B-cell
lymphoma, including patients with MY C-alterations: results from an
expanded phase I trial. Italy: .

Olawaiye et al, 2017. Endometrial cancer. [online].2019].

Olivier, M., Hollstein, M. and Hainaut, P., 2010. TP53 Mutations in Human
Cancers: Origins, Consequences, and Clinical Use. Cold Spring Harbor
Perspectives in Biology Collection. United States: Cold Spring Harbor
Laboratory Press. 123-139.

Ollikainen, M., Gylling, A., Puputti, M., Nupponen, N.N., Abdel-Rahman,
W.M., Butzow, R., Peltomaki, P., 2007. Patterns of PIK3CA alterations in
familial colorectal and endometrial carcinoma. International Journal of
Cancer. 121, 915-920.

Ozdemir, B.C. & Dotto, G., 2017. Racial Differences in Cancer
Susceptibility and Survival: More Than the Color of the Skin? Trends in
Cancer. 3, 181-197.

Pakish Janelle, B., Zhang Qian, Chen Zhongyuan, Liang Han, Chisholm
Gary, B., Yuan Ying, Mok Samuel, C., Broaddus Russell, R., Lu Karen, H.,
Yates Melinda, S., 2017. Immune Microenvironment in Microsatellite-
Instable Endometrial Cancers: Hereditary or Sporadic Origin Matters.

K. Polymeros Page 218 of 233



Clinical Cancer Research : An Official Journal of the American Association
for Cancer Research. 23, 4473-4481.

Pan, E., Supko, J.G., Kaley, T.J., Butowski, N.A., Cloughesy, T., Jung, J.,
Desideri, S., Grossman, S., Ye, X., Park, D.M., 2016. Phase | study of
RO4929097 with bevacizumab in patients with recurrent malignant glioma.
Journal of Neuro-Oncology. 130, 571-579.

Papa, A., Wan, L., Bonora, M., Salmena, L., Song, M., Hobbs, R., Lunardi,
A., Webster, K., Ng, C., Newton, R., Knoblauch, N., Guarnerio, J., Ito, K.,
Turka, L., Beck, A., Pinton, P., Bronson, R., Wei, W., Pandolfi, P., 2014.
Cancer-Associated PTEN Mutants Act in a Dominant-Negative Manner to
Suppress PTEN Protein Function. Cell. 157, 595-610.

Papayannidis, C., DeAngelo, D.J., Stock, W., Huang, B., Shaik, M.N.,
Cesari, R., Zheng, X., Reynolds, J.M., English, P.A., Ozeck, M., Aster, J.C.,
Kuo, F., Huang, D., Lira, P.D., McLachlan, K.R., Kern, K.A., Garcia-
Manero, G., Martinelli, G., 2015. A Phase 1 study of the novel gamma-
secretase inhibitor PF-03084014 in patients with T-cell acute lymphoblastic
leukemia and T-cell lymphoblastic lymphoma. 5, e350.

P-E Heudel, M Fabbro, C Roemer-Becuwe, M C Kaminsky, A Arnaud, F
Joly, S Roche-Forestier, J Meunier, C Foa, B You, F Priou, Y Tazi, A
Floquet, F Selle, D Berton-Rigaud, A Lesoin, E Kalbacher, A Lortholary, L
Favier, | Treilleux, | Ray-Coquard, 2017. Phase Il study of the PI3K
inhibitor BKM120 in patients with advanced or recurrent endometrial
carcinoma: a stratified type I-type Il study from the GINECO group. British
Journal of Cancer. 116, 303-309.

Pecorelli, S., 2009. Revised FIGO staging for carcinoma of the vulva,
cervix, and endometrium. International Journal of Gynecology and
Obstetrics. 105, 103-104.

Pek, M., Yatim, S M J M, Chen, Y., Li, J., Gong, M., Jiang, X., Zhang, F.,
Zheng, J., Wu, X,, Yu, Q., 2017. Oncogenic KRAS-associated gene
signature defines co-targeting of CDK4/6 and MEK as a viable therapeutic
strategy in colorectal cancer. Oncogene. 36, 4975-4986.

Peshkin, L., Bork, P., Sunyaev, S.R., Adzhubeli, I.A., Gerasimova, A.,
Kondrashov, A.S., Schmidt, S., Ramensky, V.E., 2010. A method and
server for predicting damaging missense mutations. Nature Methods. 7,
248-249.

Pitroda Sean, P., Stack Melinda, E., Liu Gene-Fu, Song Sui-Sui, Chen Lucy,
Liang Hua, Parekh Akash, D., Huang Xiaona, Roach Paul, Posner Mitchell,
C., Weichselbaum Ralph, R., Khodarev Nikolai, N., 2018. JAK2 Inhibitor
SAR302503 Abrogates PD-L1 Expression and Targets Therapy-Resistant
Non-small Cell Lung Cancers. Molecular Cancer Therapeutics. 17, 732-
739.

Piulats et al, 2016. Molecular approaches for classifying endometrial
carcinoma. Gynecologic Oncology. 145, 200-207.

K. Polymeros Page 219 of 233



Prince, T., Ackerman, A., Cavanaugh, A., Schreiter, B., Juengst, B.,
Andolino, C., Danella, J., Chernin, M., Williams, H., 2018. Dual targeting
of HSP70 does not induce the heat shock response and synergistically
reduces cell viability in muscle invasive bladder cancer. Oncotarget. 9,
32702-32717.

Putten, L. J. M. van der, Hoof, R.v., Tops, B.B.J., Snijders, M., Berg-van
Erp, S. H. van den, Wurff, A. A. van der, Bulten, J., Pijnenborg, J.M.A.,
Massuger, L. F. A. G, 2017. Molecular profiles of benign and
(pre)malignant endometrial lesions. Carcinogenesis. 38, 329-335.

Qi, M. & Elion, E.A., 2005. MAP kinase pathways. Journal of Cell Science.
118, 3569-3572.

Qian, C., Lai, C., Bao, R., Wang, D., Wang, J., Xu, G., Atoyan, R., Qu, H.,
Yin, L., Samson, M., Zifcak, B., Ma, A.W.S., DellaRocca, S., Borek, M.,
Zhai, H., Cai, X., Voi, M., 2012. Cancer Network Disruption by a Single
Molecule Inhibitor Targeting Both Histone Deacetylase Activity and
Phosphatidylinositol 3-Kinase Signaling. Clinical Cancer Research : An
Official Journal of the American Association for Cancer Research. 18,
4104-4113.

Quaresma et al, 2015. 40-year trends in an index of survival for all cancers
combined and survival adjusted for age and sex for each cancer in England
and Wales, 1971-2011: a population-based study. Lancet, The. 385, 1206-
1218.

Raglan, O., Kalliala, I., Markozannes, G., Cividini, S., Gunter, M.J.,
Nautiyal, J., Gabra, H., Paraskevaidis, E., Martin-Hirsch, P., Tsilidis, K.K.,
Kyrgiou, M., 2018. Risk Factors for Endometrial Cancer: An umbrella
review of the literature. International Journal of Cancer.

Rahman, M.e.a., 2013. Clinicopathologic analysis of loss of AT-rich
interactive domain 1A expression in endometrial cancer. Human Pathology.
44, 103-109.

Rajput, S., Khera, N., Guo, Z., Hoog, J., Li, S., Ma, C.X., 2016. Inhibition
of cyclin dependent kinase 9 by dinaciclib suppresses cyclin B1 expression
and tumor growth in triple negative breast cancer. Oncotarget. 7, 56864-
56875.

Ramirez, P.T., Frumovitz, M., Pareja, R., Lopez, A., Vieira, M., Ribeiro, R.,
Buda, A., Yan, X., Shuzhong, Y., Chetty, N., Isla, D., Tamura, M., Zhu, T.,
Robledo, K.P., Gebski, V., Asher, R., Behan, V., Nicklin, J.L., Coleman,
R.L., Obermair, A., 2018. Minimally Invasive versus Abdominal Radical
Hysterectomy for Cervical Cancer. The New England Journal of Medicine.
379, 1895-1904.

Reid, P.C. & Mukri, F., 2005. Trends in number of hysterectomies
performed in England for menorrhagia: examination of health episode
statistics, 1989 to 2002-3. Bmj. 330, 938-939.

K. Polymeros Page 220 of 233



Reisman, D., Glaros, S., Thompson, E.A., 2009. The SWI SNF complex and
cancer. Oncogene. 28, 1653-1668.

Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., Grody,
W.W., Hegde, M., Lyon, E., Spector, E., Voelkerding, K., Rehm, H.L.,
2015. Standards and guidelines for the interpretation of sequence variants: a
joint consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology.
Genetics in Medicine : Official Journal of the American College of Medical
Genetics. 17, 405-423.

Richter, S., Bedard, P.L., Chen, E.X., Clarke, B.A., Tran, B., Hotte, S.J.,
Stathis, A., Hirte, H.W., Razak, A.R.A., Reedijk, M., Chen, Z., Cohen, B.,
Zhang, W., Wang, L., lvy, S.P., Moore, M.J., Oza, A.M., Siu, L.L.,
McWhirter, E., 2014. A phase | study of the oral gamma secretase inhibitor
R04929097 in combination with gemcitabine in patients with advanced
solid tumors (PHL-078/CTEP 8575). Investigational New Drugs. 32, 243-
249.

Riggs, A.D., 1975. X inactivation, differentiation, and DNA methylation.
Cytogenetics and Cell Genetics. 14, 9-25.

Ring, K.L., Bruegl, A.S., Allen, B.A., Elkin, E.P., Singh, N., Hartman, A.,
Daniels, M.S., Broaddus, R.R., 2016. Germline multi-gene hereditary cancer
panel testing in an unselected endometrial cancer cohort. Modern Pathology
: An Official Journal of the United States and Canadian Academy of
Pathology, Inc. 29, 1381-1389.

Risinger, J.1., Hayes, K., Maxwell, G.L., Carney, M.E., Dodge, R.K.,
Barrett, J.C., Berchuck, A., 1998. - PTEN mutation in endometrial cancers
Is associated with favorable clinical and pathologic characteristics. Clin.
Cancer Res. 4, 3005-3010.

Rohde, S., Lindner, T., Polei, S., Stenzel, J., Borufka, L., Achilles, S.,
Hartmann, E., Lange, F., Maletzki, C., Linnebacher, M., Glass, A,
Schwarzenbdck, S.M., Kurth, J., Hohn, A., Vollmar, B., Krause, B.J., Jaster,
R., 2017. Application of in vivo imaging techniques to monitor therapeutic
efficiency of PLX4720 in an experimental model of microsatellite instable
colorectal cancer. Oncotarget. 8, 69756-69767.

Roque D et al, 2016. Association between differential gene expression and
body mass index among endometrial cancers from The Cancer Genome
Atlas Project. Gynecologic Oncology. 142, 317-322.

Rosenberg, N.A., Pritchard, J.K., Weber, J.L., Cann, H.M., Kidd, K.K.,
Zhivotovsky, L.A., Feldman, M.W., 2002. Genetic Structure of Human
Populations. Science. 298, 2381-2385.

Saegusa, M., Hashimura, M., Yoshida, T., Okayasu, ., 2001. - beta- Catenin
mutations and aberrant nuclear expression during endometrial
tumorigenesis. Br J Cancer. 84, 209-217.

K. Polymeros Page 221 of 233



Sahebjam, S., Bedard, P.L., Castonguay, V., Chen, Z., Reedijk, M., Liu, G.,
Cohen, B., Zhang, W., Clarke, B., Zhang, T., Kamel-Reid, S., Chen, H., lvy,
S.P., Razak, A.R.A., Oza, A.M., Chen, E.X., Hirte, HW., McGarrity, A.,
Wang, L., Siu, L.L., Hotte, S.J., 2013. A phase | study of the combination of
ro4929097 and cediranib in patients with advanced solid tumours (PJC-
004/NCI 8503). British Journal of Cancer. 109, 943-949.

Sak, K., 2014. Site-specific anticancer effects of dietary flavonoid quercetin.
United States: Taylor & Francis Ltd.

Samartzis, E.P., Gutsche, K., Dedes, K.J., Fink, D., Stucki, M., Imesch, P.,
2014. Loss of ARID1A expression sensitizes cancer cells to PI3K- and
AKT-inhibition. Oncotarget. 5, 5295-5303.

Samuels, Y., Diaz, L.A., Schmidt-Kittler, O., Cummins, J.M., DeLong, L.,
Cheong, 1., Rago, C., Huso, D.L., Lengauer, C., Kinzler, K.W., Vogelstein,
B., Velculescu, V.E., 2005. Mutant PIK3CA promotes cell growth and
invasion of human cancer cells. Cancer Cell. 7, 561-573.

Santin, D., Bellone, S., Siegel, R., Palmieri, M., Thomas, M., Cannon, J.,
Kay, H., Roman, J., Burnett, A., Pecorelli, S., 2005. - Racial differences in
the overexpression of epidermal growth factor type Il receptor (HER2/neu):
a major prognostic indicator in uterine serous papillary cancer. Am J Obstet
Gynecol. 192, 813-8.

Sara A Byron, et al, 2012a. FGFR2 Point Mutations in 466 Endometrioid
Endometrial Tumors: Relationship with MSI, KRAS, PIK3CA, CTNNB1
Mutations and Clinicopathological Features. San Francisco: Public Library
of Science.

Sara A Byron, Michael Gartside, Matthew A Powell, Candice L Wellens,
Feng Gao, David G Mutch, Paul J Goodfellow, Pamela M Pollock, 2012b.
FGFR2 Point Mutations in 466 Endometrioid Endometrial Tumors:
Relationship with MSI, KRAS, PIK3CA, CTNNB1 Mutations and
Clinicopathological Features. PLoS One. 7, e30801.

Sasaki, H., Nishii, H., Takahashi, H., Tada, A., Furusato, M., Terashima, Y.,
Siegal, G.P., Parker, S.L., Kohler, M.F., Berchuck, A., 1993. - Mutation of
the Ki-ras protooncogene in human endometrial hyperplasia and carcinoma.
Cancer Res. 53, 1906-1910.

Schrauwen et al, 2015. Dual blockade of PIBK/AKT/mTOR (NVP-BEZ235)
and Ras/Raf/MEK (AZD6244) pathways synergistically inhibit growth of
primary endometrioid endometrial carcinoma cultures, whereas NVP-
BEZ235 reduces tumor growth in the corresponding xenograft models.
Gynecologic Oncology. 138, 165-173.

Setiawan, V., Wendy, Pike, C., Kolonel, N., Nomura, M., Goodman, T.,
Henderson, E., 2007. - Racial/ethnic differences in endometrial cancer risk:
the multiethnic cohort study. Am J Epidemiol. 165, 262-70.

K. Polymeros Page 222 of 233



Shai, 1., Jiang, R., Manson, J.E., Stampfer, M.J., Willett, W.C., Colditz,
G.A., Hu, F.B., 2006. Ethnicity, Obesity, and Risk of Type 2 Diabetes in
Women: A 20-year follow-up study. Diabetes Care. 29, 1585-1590.

Shaul, Y.D. & Seger, R., 2007. The MEK/ERK cascade: From signaling
specificity to diverse functions. BBA - Molecular Cell Research. 1773,
1213-1226.

Sherman, M.-. & Devesa, S.-., 2003. Analysis of Racial Differences in
Incidence, Survival, and Mortality for Malignant Tumors of the Uterine
Corpus. Cancer. 98, 176.

Shih, l.e.a., 2011. Somatic Mutations of PPP2R1A in Ovarian and Uterine
Carcinomas. American Journal of Pathology, The. 178, 1442-1447.

Shirley, M.-., Barnes, 1.-., Sayeed, S.-., Finlayson, A.-., Ali, R.-., 2014.
Incidence of breast and gynaecological cancers by ethnic group in England ,
2001-2007: a descriptive study. BMC Cancer. 14, .

Sian Jones, Tian-Li Wang, le-Ming Shih, Tsui-Lien Mao, Kentaro
Nakayama, Richard Roden, Ruth Glas, Dennis Slamon, Luis A. Diaz, J.,
Bert Vogelstein, Kenneth W. Kinzler, Victor E. Velculescu, Nickolas
Papadopoulos, 2010. Frequent Mutations of Chromatin Remodeling Gene
ARID1A in Ovarian Clear Cell Carcinoma. Science. 330, 228-231.
Sinicrope, F.A., Shi, Q., Allegra, C.J., Smyrk, T.C., Thibodeau, S.N.,
Goldberg, R.M., Meyers, J.P., Pogue-Geile, K.L., Yothers, G., Sargent, D.J.,
Alberts, S.R., 2017. Association of DNA Mismatch Repair and Mutations in
BRAF and KRAS With Survival After Recurrence in Stage I11 Colon
Cancers : A Secondary Analysis of 2 Randomized Clinical Trials. JAMA
Oncology. 3, 472-480.

Slattery, M.L., Potter, J.D., Curtin, K., Edwards, S., Ma, K., Anderson, K.,
Schaffer, D., Samowitz, W.S., 2001. Estrogens Reduce and Withdrawal of
Estrogens Increase Risk of Microsatellite Instability-positive Colon Cancer.
Cancer Research. 61, 126-130.

Sogabe, S., Togashi, Y., Kato, H., Kogita, A., Mizukami, T., Sakamoto, Y.,
Banno, E., Terashima, M., Hayashi, H., de Velasco, M.A., Sakali, K., Fujita,
Y., Tomida, S., Yasuda, T., Takeyama, Y., Okuno, K., Nishio, K., 2014.
MEK inhibitor for gastric cancer with MEK1 gene mutations. Molecular
Cancer Therapeutics. 13, 3098-3106.

Song, M.,Sup, Salmena, L., Pandolfi, P.,Paolo, 2012. - The functions and
regulation of the PTEN tumour suppressor. Nature Reviews/ Molecular Cell
Biology. 13, .

Steinke, V., Engel, C., Bittner, R., Schackert, H.K., Schmiegel, W.H.,
Propping, P., 2013. Hereditary nonpolyposis colorectal cancer
(HNPCC)/Lynch syndrome. Deutsches Arzteblatt International. 110, 32.
Stelloo, E., Jansen, A.M.L., Osse, E.M., Nout, R.A., Creutzberg, C.L.,
Ruano, D., Church, D.N., Morreau, H., Smit, V T H B M, van Wezel, T.,
Bosse, T., 2017. Practical guidance for mismatch repair-deficiency testing in

K. Polymeros Page 223 of 233



endometrial cancer. Annals of Oncology : Official Journal of the European
Society for Medical Oncology. 28, 96.

Stelloo, E., Bosse, T., Nout, R.A., MacKay, H.J., Church, D.N., Nijman,
H.W., Leary, A., Edmondson, R.J., Powell, M.E., Crosbie, E.J., Kitchener,
H.C., Mileshkin, L., Pollock, P.M., Smit, V.T., Creutzberg, C.L., 2015.
Refining prognosis and identifying targetable pathways for high-risk
endometrial cancer; a TransPORTEC initiative. Modern Pathology. 28, 836-
844.

Streiner, D.L. & Norman, G.R., 2011. Correction for multiple testing: is
there a resolution? Chest. 140, 16-18.

Strosberg, J.R., Yeatman, T., Weber, J., Coppola, D., Schell, M.J., Han, G.,
Almhanna, K., Kim, R., Valone, T., Jump, H., Sullivan, D., 2012. A phase 1l
study of RO4929097 in metastatic colorectal cancer. European Journal of
Cancer. 48, 997-1003.

Suga et al, 2006. An inhibitory effect on cell proliferation by blockage of
the MAPK/estrogen receptor/MDM2 signal pathway in gynecologic cancer.
Gynecologic Oncology. 105, 341-350.

Sun, F., et al, 2018. Proteasome Inhibitor MG132 Enhances Cisplatin-
Induced Apoptosis in Osteosarcoma Cells and Inhibits Tumor Growth.
United States: .

Sun, N., Huang, S., Chang, T., Chao, C.C.-, 2013. Sorafenib induces
endometrial carcinoma apoptosis by inhibiting Elk-1-dependent Mcl-1
transcription and inducing Akt/GSK3B-dependent protein degradation.
Journal of Cellular Biochemistry. 114, 1819-1831.

Tada, H., Melander, O., Louie, J.Z., Catanese, J.J., Rowland, C.M., Devlin,
J.J., Kathiresan, S., Shiffman, D., 2016. Risk prediction by genetic risk
scores for coronary heart disease is independent of self-reported family
history. European Heart Journal. 37, 561-567.

Tanaka, H., Yoshida, M., Tanimura, H., Fujii, T., Sakata, K., Tachibana, Y.,
Ohwada, J., Ebiike, H., Kuramoto, S., Morita, K., Yoshimura, Y.,
Yamazaki, T., Ishii, N., Kondoh, O., Aoki, Y., 2011. The Selective Class |
PI3K Inhibitor CH5132799 Targets Human Cancers Harboring Oncogenic
PIK3CA Mutations. Clinical Cancer Research. 17, 3272-3281.

Tanaka, T., Terali, Y., Ashihara, K., Fujiwara, S., Tanaka, Y., Sasaki, H.,
Tsunetoh, S., Ohmichi, M., 2017. The efficacy of the cyclin-dependent
kinase 4/6 inhibitor in endometrial cancer. PloS One. 12, e01770109.
Tangjitgamol, S., Kittisiam, T., Tanvanich, S., 2017. Prevalence and
prognostic role of mismatch repair gene defect in endometrial cancer
patients. Tumor Biology. 39, 101042831772583.

Tashiro, H., Isacson, C., Levine, R., Kurman, R.J., Cho, K.R., Hedrick, L.,
1997. - p53 gene mutations are common in uterine serous carcinoma and
occur early in their pathogenesis. Am J Pathol. 150, 177-185.

K. Polymeros Page 224 of 233



TCGA, R.N., 2013. Integrated genomic characterization of endometrial
carcinoma. Nature. 497, 67-73.

Temko, D., Van Gool, I.C., Rayner, E., Glaire, M., Makino, S., Brown, M.,
Chegwidden, L., Palles, C., Depreeuw, J., Beggs, A., Stathopoulou, C.,
Mason, J., Baker, A., Williams, M., Cerundolo, V., Rei, M., Taylor, J.C.,
Schuh, A., Ahmed, A., Amant, F., Lambrechts, D., Smit, V.T., Bosse, T.,
Graham, T.A., Church, D.N., Tomlinson, I., 2018. Somatic POLE
exonuclease domain mutations are early events in sporadic endometrial and
colorectal carcinogenesis, determining driver mutational landscape, clonal
neoantigen burden and immune response. The Journal of Pathology. 245,
283-296.

Terakawa, N., Kanamori, Y., Yoshida, S., 2003. - Loss of PTEN expression
followed by Akt phosphorylation is a poor prognostic factor for patients
with endometrial cancer. Endocrine-Related Cancer. 10, 203-208.

Thiery, J.P., 2002. Epithelial-mesenchymal transitions in tumour
progression. Nature Reviews Cancer. 2, 442-454,

Thorvaldsdottir, H., Lander, E.S., Guttman, M., Winckler, W., Mesirov,
J.P., Robinson, J.T., Getz, G., 2011. Integrative genomics viewer. Nature
Biotechnology. 29, 24-26.

Thorvaldsdéttir, H., Robinson, J.T., Mesirov, J.P., 2013. Integrative
Genomics Viewer (IGV): high-performance genomics data visualization and
exploration. Briefings in Bioinformatics. 14, 178-192.

Tjalling Bosse, Natalja T ter Haar, Laura M Seeber, Paul J v Diest, Frederik
J Hes, Hans F A Vasen, Remi A Nout, Carien L Creutzberg, Hans Morreau,
Vincent T H B M Smit, 2013. Loss of ARID1A expression and its
relationship with PI3K-Akt pathway alterations, TP53 and microsatellite
instability in endometrial cancer. Modern Pathology : An Official Journal of
the United States and Canadian Academy of Pathology, Inc. 26, 1525-1535.
Tone Bjorge, Tanja Stocks, Annekatrin Lukanova, Steinar Tretli, Randi
Selmer, Jonas Manjer, Kilian Rapp, Hanno Ulmer, Martin Almquist, Hans
Concin, Goran Hallmans, Hakan Jonsson, Par Stattin, Anders Engeland,
2010. Metabolic Syndrome and Endometrial Carcinoma. American Journal
of Epidemiology. 171, 892-902.

Trabert, B., Wentzensen, N., Felix, A.S., Yang, H.P., Sherman, M.E.,
Brinton, L.A., 2015. Metabolic Syndrome and Risk of Endometrial Cancer
in the United States: A Study in the SEER-Medicare Linked Database.
Cancer Epidemiology, Biomarkers & Prevention : A Publication of the
American Association for Cancer Research, Cosponsored by the American
Society of Preventive Oncology. 24, 261-267.

U.S. National Library of Medicine, 2019. Clinical Trials. [online].2019].
United Nations, 2014. World Urbanization Prospects: The 2014 Revision.
Uota, S., Zahidunnabi Dewan, M., Saitoh, Y., Muto, S., Itai, A.,
Utsunomiya, A., Watanabe, T., Yamamoto, N., Yamaoka, S., 2012. An IxB

K. Polymeros Page 225 of 233



kinase 2 inhibitor IMD-0354 suppresses the survival of adult T-cell
leukemia cells. Cancer Science. 103, 100-106.

Urick, M.E. & Bell, D.W., 2018a. In vitro effects of FBXW7 mutation in
serous endometrial cancer: Increased levels of potentially druggable
proteins and sensitivity to SI-2 and dinaciclib. Molecular Carcinogenesis.
57, 1445-1457.

Urick, M.E. & Bell, D.W., 2018b. In vitro effects of FBXW?7 mutation in
serous endometrial cancer: Increased levels of potentially druggable
proteins and sensitivity to SI-2 and dinaciclib. Molecular Carcinogenesis.
57, 1445-1457.

US National Library of Medicine, 2020. Alpha-1 antitrypsin deficiency

. [online]. [accessed 06/02/ 2020].

Vaillant, F., Merino, D., Lee, L., Breslin, K., Pal, B., Ritchie, M., Smyth,
G., Christie, M., Phillipson, L., Burns, C., Mann, G. ., Visvader, J.,
Lindeman, G., 2013. Targeting BCL-2 with the BH3 Mimetic ABT-199 in
Estrogen Receptor-Positive Breast Cancer. Cancer Cell. 24, 120-129.
Valenta, T., Hausmann, G., Basler, K., 2012. The many faces and functions
of B-catenin. The EMBO Journal. 31, 2714-2736.

Valerie Beral, Diana Bull, Gillian Reeves, 2005a. Endometrial cancer and
hormone-replacement therapy in the Million Women Study. The Lancet.
365, 1543-1551.

Valerie Beral, Diana Bull, Gillian Reeves, 2005b. Endometrial cancer and
hormone-replacement therapy in the Million Women Study. The Lancet.
365, 1543-1551.

Van Goethem, A., et al, 2017. Dual targeting of MDM2 and BCL2 as a
therapeutic strategy in neuroblastoma. United States: Impact Journals LLC.
Van Gool Inge, C., Rayner Emily, Osse Elisabeth, M., Nout Remi, A.,
Creutzberg Carien, L., Tomlinson lan, P.M., Church David, N., Smit
Vincent, T., de Wind Niels, Bosse Tjalling, Drost Mark, 2018. Adjuvant
Treatment for POLE Proofreading Domain—Mutant Cancers: Sensitivity to
Radiotherapy, Chemotherapy, and Nucleoside Analogues. Clinical Cancer
Research : An Official Journal of the American Association for Cancer
Research. 24, 3197-3203.

Van Nyen, T., Moiola, C.P., Colas, E., Annibali, D., Amant, F., 2018.
Modeling Endometrial Cancer: Past, Present, and Future. International
Journal of Molecular Sciences. 19, 2348.

Vanhaesebroeck, B. & Alessi, D.R., 2000. The PI3K-PDK1 connection:
more than just a road to PKB. The Biochemical Journal. 346 Pt 3, 561-576.
Vasen, H.F.A., Blanco, 1., Aktan-Collan, K., Gopie, J.P., Alonso, A., Aretz,
S., Bernstein, 1., Bertario, L., Burn, J., Capella, G., Colas, C., Engel, C.,
Frayling, .M., Genuardi, M., Heinimann, K., Hes, F.J., Hodgson, S.V.,
Karagiannis, J.A., Lalloo, F., Lindblom, A., Mecklin, J., Mgller, P., Myrhoj,

K. Polymeros Page 226 of 233



T., Nagengast, F.M., Parc, Y., Ponz de Leon, M., Renkonen-Sinisalo, L.,
Sampson, J.R., Stormorken, A., Sijmons, R.H., Tejpar, S., Thomas, H.J.W.,
Rahner, N., Wijnen, J.T., Jarvinen, H.J., Méslein, G., 2013. Revised
guidelines for the clinical management of Lynch syndrome (HNPCC):
recommendations by a group of European experts. Gut. 62, 812-823.
Vaughn, C.P., ZoBell, S.D., Furtado, L.V., Baker, C.L., Samowitz, W.S.,
2011. Frequency of KRAS, BRAF, and NRAS mutations in colorectal
cancer. Genes, Chromosomes and Cancer. 50, 307-312.

Velasco, A., Bussaglia, E., Pallares, J., Dolcet, X., Llobet, D., Encinas, M.,
Llecha, N., Palacios, J., Prat, J., Matias-Guiu, X., 2006. PIK3CA gene
mutations in endometrial carcinoma. Correlation with PTEN and K-RAS
alterations. Human Pathology. 37, 1465-1472.

Volinia, S., Patracchini, P., Otsu, M., Hiles, 1., Gout, |., Calzolari, E.,
Bernardi, F., Rooke, L., Waterfield, M.D., 1992. Chromosomal localization
of human p85 alpha , a subunit of phosphatidylinositol 3-kinase, and its
homologue p85 beta. Oncogene. 7, 789-793.

Wainberg, Z., Alsina, M., Soares, H., Brafia, 1., Britten, C., Del Conte, G.,
Ezeh, P., Houk, B., Kern, K., Leong, S., Pathan, N., Pierce, K., Siu, L.,
Vermette, J., Tabernero, J., 2017. A Multi-Arm Phase | Study of the
PI3K/mTOR Inhibitors PF-04691502 and Gedatolisib (PF-05212384) plus
Irinotecan or the MEK Inhibitor PD-0325901 in Advanced Cancer.
Targeted Oncology. 12, 775-785.

Wang, K., Li, M., Hakonarson, H., 2010. ANNOVAR: functional
annotation of genetic variants from high-throughput sequencing data.
Nucleic Acids Research. 38, e164.

Wang, L., Dai, G., Yang, J., Wu, W., Zhang, W., 2018. Cervical Cancer
Cell Growth, Drug Resistance, and Epithelial-Mesenchymal Transition Are
Suppressed by y-Secretase Inhibitor RO4929097. Medical Science Monitor
. International Medical Journal of Experimental and Clinical Research. 24,
4046-4053.

Wang, Y., Wang, Y., Fan, X., Song, J., Wu, H., Han, J., Lu, L., Weng, X.,
Nie, G., 2018. ABT-199-mediated inhibition of Bcl-2 as a potential
therapeutic strategy for nasopharyngeal carcinoma. Biochemical and
Biophysical Research Communications. 503, 1214-1220.

Weigelt, B., Warne, P.H., Lambros, M.B., Reis-Filho, J.S., Downward, J.,
2013. PI3K pathway dependencies in endometrioid endometrial cancer cell
lines. Clinical Cancer Research : An Official Journal of the American
Association for Cancer Research. 19, 3533-3544.

Weinstein, J.N., 2012. Drug discovery: Cell lines battle cancer. Nature. 483,
544,

Wen, W., Liu, W., Shao, Y., Chen, L., 2014. VER-155008, a small
molecule inhibitor of HSP70 with potent anti-cancer activity on lung cancer

K. Polymeros Page 227 of 233



cell lines. Experimental Biology and Medicine (Maywood, N.J.). 239, 638-
645.

Westin, Shannon N et al, 2015. PTEN loss is a context-dependent outcome
determinant in obese and non-obese endometrioid endometrial cancer
patients. Molecular Oncology. 9, 1694-1703.

Westin, S.N., Ju, Z., Broaddus, R.R., Krakstad, C., Li, J., Pal, N., Lu, K.H.,
Coleman, R.L., Hennessy, B.T., Klempner, S.J., Werner, H.M.J., Salvesen,
H.B., Cantley, L.C., Mills, G.B., Myers, A.P., 2015. PTEN loss is a context-
dependent outcome determinant in obese and non-obese endometrioid
endometrial cancer patients. Molecular Oncology. 9, 1694-1703.
Wetterstrand, K.A., . DNA Sequencing Costs: Data from the NHGRI
Genome Sequencing Program (GSP). [online]. [accessed April 2019].
Wickerham, D.,Lawrence, Fisher, B., Wolmark, N., Bryant, J., Costantino,
J., Bernstein, L., Runowicz, D., 2002. - Association of tamoxifen and
uterine sarcoma. J Clin Oncol. 20, 2758-60.

Wiegand, K.C., Lee, A.F., Al-Agha, O.M., Chow, C., Kalloger, S.E., Scott,
D.W., Steidl, C., Wiseman, S.M., Gascoyne, R.D., Gilks, B., Huntsman,
D.G., 2011. Loss of BAF250a (ARID1A) is frequent in high-grade
endometrial carcinomas. The Journal of Pathology. 224, 328-333.

William J Gibson, Erling A Hoivik, Mari K Halle, Amaro Taylor-Weiner,
Andrew D Cherniack, Anna Berg, Frederik Holst, Travis | Zack, Henrica M
J Werner, Kjersti M Staby, Mara Rosenberg, Ingunn M Stefansson,
Kanthida Kusonmano, Aaron Chevalier, Karen K Mauland, Jone Trovik,
Camilla Krakstad, Marios Giannakis, Eran Hodis, Kathrine Woie, Line
Bjorge, Olav K Vintermyr, Jeremiah A Wala, Michael S Lawrence, Gad
Getz, Scott L Carter, Rameen Beroukhim, Helga B Salvesen, 2016. The
genomic landscape and evolution of endometrial carcinoma progression and
abdominopelvic metastasis. Nature Genetics. 48, 848-855.

Williams, H.C., 2002. Have You Ever Seen an Asian/Pacific Islander?
Archives of Dermatology. 138, 673-674.

Wright, D., Fiorelli, J., Schiff, B., Burke, M., Kansler, L., Cohen, J.,
Herzog, J., 2009. - Racial disparities for uterine corpus tumors: changes in
clinical characteristics and treatment over time. Cancer. 115, 1276-85.
Wu, C.X., Xu, A., Zhang, C.C., Olson, P., Chen, L., Lee, T.K., Cheung,
T.T., Lo, C.M., Wang, X.Q., 2017. Notch Inhibitor PF-03084014 Inhibits
Hepatocellular Carcinoma Growth and Metastasis via Suppression of
Cancer Stemness due to Reduced Activation of Notch1-Stat3. Molecular
Cancer Therapeutics. 16, 1531-1543.

Wu, Q., Li, Y., Tu, C., Zhu, J., Qian, K., Feng, T., Li, C., Wu, L., Ma, X,
2015. Parity and endometrial cancer risk: a meta-analysis of
epidemiological studies. Scientific Reports. 5, 14243.

Xiong, J., He, M., Jackson, C., Ou, J., Sung, C., Breese, V., Steinhoff, M.,
Quddus, M., Tejada-Berges, T., Lawrence, W., 2013. Endometrial

K. Polymeros Page 228 of 233



Carcinomas With Significant Mucinous Differentiation Associated With
Higher Frequency of K-ras Mutations: A Morphologic and Molecular
Correlation Study. International Journal of Gynecological Cancer. 23,
1231-1236.

Yang, H.P., Cook, L.S., Weiderpass, E., Adami, H.O., Anderson, K.E., Cali,
H., Cerhan, J.R., Clendenen, T.V., Felix, A.S., Friedenreich, C.M., Garcia-
Closas, M., Goodman, M.T., Liang, X., Lissowska, J., Lu, L., Magliocco,
A.M., McCann, S.E., Moysich, K.B., Olson, S.H., Petruzella, S., Pike, M.C.,
Polidoro, S., Ricceri, F., Risch, H.A., Sacerdote, C., Setiawan, V.W., Shu,
X.0., Spurdle, A.B., Trabert, B., Webb, P.M., Wentzensen, N., Xiang, Y.B.,
Xu, Y., Yu, H., Zeleniuch-Jacquotte, A., Brinton, L.A., 2015. - Infertility
and incident endometrial cancer risk: a pooled analysis from the
epidemiology of endometrial cancer consortium (E2C2). British Journal of
Cancer. 112, 925-933.

Yang, X., Xia, W., Chen, L., Wu, C.X., Zhang, C.C., Olson, P., Wang,
X.Q., 2018. Synergistic antitumor effect of a y-secretase inhibitor PF-
03084014 and sorafenib in hepatocellular carcinoma. Oncotarget. 9, 34996-
35007.

Yongfeng Shang & Myles Brown, 2002. Molecular Determinants for the
Tissue Specificity of SERMs. Science. 295, 2465-2468.

Younes et al, 2016. Safety, tolerability, and preliminary activity of CUDC-
907, a first-in-class, oral, dual inhibitor of HDAC and PI3K, in patients with
relapsed or refractory lymphoma or multiple myeloma: an open-label, dose-
escalation, phase 1 trial. Lancet Oncology, The. 17, 622-631.

Yuan, J., Mehta, P.P., Yin, M., Sun, S., Zou, A., Chen, J., Rafidi, K., Feng,
Z., Nickel, J., Engebretsen, J., Hallin, J., Blasina, A., Zhang, E., Nguyen, L.,
Sun, M., Vogt, P.K., McHarg, A., Cheng, H., Christensen, J.G., Kan, J.L.C.,
Bagrodia, S., 2011. PF-04691502, a potent and selective oral inhibitor of
PI3K and mTOR kinases with antitumor activity. Molecular Cancer
Therapeutics. 10, 2189-2199.

Yuan, T.L. & Cantley, L.C., 2008. PI3K pathway alterations in cancer:
variations on a theme. Oncogene. 27, 5497-5510.

Yudell, M., Roberts, D., DeSalle, R., Tishkoff, S., 2016. SCIENCE AND
SOCIETY. Taking race out of human genetics. Science (New York, N.Y.).
351, 564-565.

Yuexin Liu, Lalit Patel, Gordon B Mills, Karen H Lu, Anil K Sood, Li
Ding, Raju Kucherlapati, Elaine R Mardis, Douglas A Levine, llya
Shmulevich, Russell R Broaddus, Wei Zhang, 2014a. Clinical Significance
of CTNNB1 Mutation and Wnt Pathway Activation in Endometrioid
Endometrial Carcinoma. Journal of the National Cancer Institute. 106, 1.
Yuexin Liu, Lalit Patel, Gordon B Mills, Karen H Lu, Anil K Sood, Li
Ding, Raju Kucherlapati, Elaine R Mardis, Douglas A Levine, llya
Shmulevich, Russell R Broaddus, Wei Zhang, 2014b. Clinical Significance

K. Polymeros Page 229 of 233



of CTNNB1 Mutation and Wnt Pathway Activation in Endometrioid
Endometrial Carcinoma. Journal of the National Cancer Institute. 106, 1.
Zaman Guido, J.R., de Roos Jeroen, A., Libouban Marion, A.A., Prinsen
Martine, B.W., de Man Jos, Buijsman Rogier, C., Uitdehaag Joost, C.M.,
2017. TTK Inhibitors as a Targeted Therapy for CTNNBI ( j -catenin)
Mutant Cancers. Molecular Cancer Therapeutics. 16, 2609-2617.

Zauber, P., Denehy, T.R., Taylor, R.R., Ongcapin, E.H., Marotta, S.,
SabbathSolitare, M., 2015. Strong Correlation Between Molecular Changes
in Endometrial Carcinomas and Concomitant Hyperplasia. International
Journal of Gynecological Cancer. 25, 863-868.

Zhang, J., Yang, C., Zhou, F., Chen, X., 2018. PDK1 inhibitor
GSK2334470 synergizes with proteasome inhibitor MG-132 in multiple
myeloma cells by inhibiting full AKT activity and increasing nuclear
accumulation of the PTEN protein. Oncology Reports. 39, 2951-2959.
Zhang, M., Cheung, M., Osann, K., Lee, M., Lin Gomez, S., Whittemore,
A., Husain, A, Teng, N., Chan, J., 2006. Improved Survival of Asians With
Corpus Cancer Compared With Whites: An Analysis of Underlying Factors.
Obstetrics & Gynecology. 107, 329-335.

Zhang, Y., Yang, B., Zhao, J., Li, X., Zhang, L., Zhai, Z., 2018. Proteasome
Inhibitor Carbobenzoxy-L-Leucyl-L-Leucyl-L-Leucinal (MG132) Enhances
Therapeutic Effect of Paclitaxel on Breast Cancer by Inhibiting Nuclear
Factor (NF)-xB Signaling. Medical Science Monitor : International Medical
Journal of Experimental and Clinical Research. 24, 294-304.

Zhaodong Li, Shuning He, A Thomas Look, 2019. The MCL1-specific
inhibitor S63845 acts synergistically with venetoclax/ABT-199 to induce
apoptosis in T-cell acute lymphoblastic leukemia cells. Leukemia. 33, 262-
266.

Zheng, Y., Wang, Z., Ding, X., Dong, Y., Zhang, W., Zhong, Y., Gu, W.,
Wu, Y., Song, X., 2018. Combined Erlotinib and PF-03084014 treatment
contributes to synthetic lethality in head and neck squamous cell carcinoma.
Cell Proliferation. 51, e12424.

Zhou, Y., Liu, H., Xue, R., Tang, W., Zhang, S., 2018. BH3 Mimetic ABT-
199 Enhances the Sensitivity of Gemcitabine in Pancreatic Cancer in vitro
and in vivo. Digestive Diseases and Sciences. 63, 3367-3375.

K. Polymeros Page 230 of 233



K. Polymeros Page 231 of 233



K. Polymeros Page 232 of 233



