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ABSTRACT
Background:
Type Il endometrial carcinoma, sarcoma and careiroasna account for 10% of uterine
malignancies but 50% of recurrences. Survival aumence is poor and better
prognostic markers are needed to guide therapy. prbgnostic significance of the
novel markers clusterin and tetraspanin CD151 vexa&uated in a cohort of poor
outcome endometrial malignancies, along with oestno receptor, progesterone
receptor, p53 and human epidermal growth factoeptr 2. Immunohistochemistry
profiles and survival outcome between grade 3 emdianiad cancers and type 2 cancers
were compared.
Material and Methods:
Tissue microarrays constructed from 156 poor outarterine malignancies, tested
with immunohistochemistry and staining were cotezlawith clinicopathological,
mortality and survival data.
Results:
Expression of CD151 was significantly higher inrirte papillary serous and clear cell
carcinoma (USPC+CC) compared to grade 3 endonubtgarcinoma, sarcoma or
carcinosarcoma. All other markers were not progadet survival. Except for CD151,
there was no significant difference in marker pesit, age, stage or survival between
G3 EEC and UPSC+CC.
Conclusion:
CD151 is a novel marker in type 2 cancers that qagte therapeutic decisions. These
data also suggest that grade 3 EEC is better dieaissed as a type Il endometrial cancer

and may benefit from similar treatment.
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CHAPTER

1 INTRODUCTION



1.1  Anatomy and histology of the uterus

The uterus is a pear-shaped organ consisting wh@us, body, isthmus and cervix. The
fallopian tubes enter at each superolateral arajleye which lies the uterine fundus.
The uterine body is flexed on the cervix (anteftatk while the whole uterus is tipped
forward (anteversion). The uterus measures ab&utm. in length, 5 cm in breadth at

its fundal end, and nearly 2.5 cm in thicknessigighs between 30 to 40 g.

Figure 1.1
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Anatomy of the uterus and adnexae.

The uterus is divided into body (upper two-thir@gs)d cervix. The cervical canal

traverses the internal os and emerges as the ektermat the vaginal vault. The walls of



the uterus are composed of a mucosal layer (mucdba) endometrium, and a
fibromuscular layer, the myometrium (muscularid)eTperitoneal surface of the uterus
is covered by serosa. The myometrium is formed dyers of muscle fibres. The
muscular tissue hypertrophies during pregnancy, @#dP-junctions between cells
become more frequent.

The endometrium consists of a simple columnar epitm (ciliated cells and secretory
cells) resting on a layer of connective tissue msao The endometrial mucosa is
invaginated to form many simple tubular uterineng® The glands extend through the
entire thickness of the stroma. (Figure 1.2, segep&) The stromal cells of the
endometrium are embedded in a network of reticlitmes. In women of reproductive
age, two layers of endometrium can be distinguishHte outer functional layer
(functionalis) is the luminal part of the endomatni. This layer is built up following
menstruation in the proliferative, first half ofettmenstrual cycle induced by oestrogen
(follicular phase of menstrual cycle). Later change this layer are induced by luteal
progesterone (luteal phase) providing an optimalirenment for the nidation and
growth of the embryo. This layer is shed during steration.

The basal layer (basalis) is attached to the myoonmetand below the functional layer.
It is not shed during the menstrual cycle and fotinesbasis from which the functional

layer redevelops at the beginning of every menktyde.



Figure 1.2

Normal uterine wall, hematoxylin & eosin staining: A. x200, with myometrium
shown in lower half of the picture; B. x400, with nvaginated gland extending

through the thickness of the endometrial stroma.



1.2 Uterine malignancies — overview

Uterine malignancies arise from the body of theugend can be broadly grouped into:

* Endometrial carcinoma (90-95%)

e Sarcoma of the uterus (3-7%)

» Carcinosarcoma of the uterus (1%)
The term endometrial cancer is often used to add¥esry form of malignancy of the
corpus uteri. However, it is actually a histopatigital term exclusively referring to
malignant tumours arising from the endometrium.c8aras are separately classified
and staged. Carcinosarcoma or Malignant Mixed Mialle Tumour (MMMT) used to
be included in studies of uterine sarcoma andassified as such by the World Health
Organisation (WHO}Y.However, carcinosarcomas are now believed to ratgi from a
monoclonal carcinoma cell, and have recently bekssified as metaplastic or
dedifferentiated form of endometrial carcinoma.sTihas now been recognised by FIGO
(International Federation of Gynecology and Obstsy@nd the current FIGO staging 2009
of endometrial cancer includes carcinosarcdma.
By convention, published literature on the epiddagyg and survival from uterine
cancer pertains to endometrial carcinoma only aodsdnot include sarcoma and
carcinosarcoma. In this study endometrial carcinaaecoma and carcinosarcoma were
included, thus their respective diagnosis, manageéed prognosis will be outlined in

separate sections.



1.3 Endometrial carcinoma

1.3.1 Epidemiology

While the incidence and mortality rates from selether cancers have plateaued or
decreased in the last decade the incidence of estdamcancer has been rising
throughout Europe and it is currently the most camrtype of gynaecological cancér.
Worldwide it is the seventh most common cancer ofmen, with 189,000 new cases
and 45,000 deaths each year and with the highessteimce rates in the Western world
countries?®

In the United Kingdom endometrial cancer is cutsetite fourth most common cancer
in women. A rapid increase by 40% has been obsesive 1993, to an incidence of
7835 in 2009 and 1937 deaths in 2010.

The age standardised incidence rate of endomearater in the UK was 19.4 in 2008
which compares to 16.2 in cancer of the ovary,iB8.€ancer of the cervix and 2.4 in
cancer of the vulva. In the majority (93%) of casegometrial cancer is diagnosed in
women aged over 50 years with only few women diagdounder the age of 35.
Incidence rises rapidly from just under 40 casaslp@,000 at the age of 50 to a peak
of 83 per 100,000 females in their early seventlderine cancer incidence rates
decline after the age of 75.

In the period 2005-2009, 77% of women in England/igad their uterine cancer for
five years or more. However, an increase in maytdlas been observed. In the period
between 1998 and 2010 the mortality rate of utecaecers in the UK has risen by

almost a fifth (17.9%) from 3.1 in 1997-1999 to P&t 100,000 people in 2008-2070.



Furthermore, data from the United Kingdom West Mindls registry confirm more
specifically that mortality in some groups of endurial cancer has worsen&d.
Findings within the United States based Surveikari€pidemiology and End Results
database (SEER) study of more than 45,000 womem evidlometrial cancer, suggest
that the increase in mortality may be related toirameased rate of advanced-stage
cancers and high-risk histologies namely uteringillsay serous carcinoma (UPSC)
and clear cell carcinontaIt is believed that the main causes for the obskiverease

in incidence and mortality in endometrial cancez an increase in life expectancy,

more women being overweight, having fewer or nddcan and tamoxifen usé! *?

1.3.2 Classification

The most common endometrial cancer cell type isosmdrioid adenocarcinoma (75-
80%), which is composed of malignant glandular regial elements. Sometimes an
admixture of squamous metaplasia is also found.nAsiguamous tumours contain
malignant elements of both glandular and squamaithedium. Uterine papillary

serous (UPSC) and clear cell (CC) carcinomas amadtu of mixed epithelial histology

comprise approximately 14% of endometrial canceévikicinous, squamous and
undifferentiated tumours are rarely encountered WO classification and respective
frequency of endometrial carcinoma cell types ardireed on the next page (Table 1.1,

see page 8}3



Table 1.1.

TYPES OF ENDOMETRIAL CARCINOMA

1 Endometrioid (75%—80%)

a. Ciliated adenocarcinoma.

b. Secretory adenocarcinoma.

c. Papillary or villo-glandular.

d. Adenocarcinoma with squamous

differentiation.

2 Uterine papillary serous (<10%).
3 Mucinous (1%).

4 Clear cell (4%).

5 Squamous cell (<1%).

6 Mixed (10%).

7 Undifferentiated.

WHO classification and respective frequency of enduetrial carcinomas.



1.3.3 Endometrial carcinoma and the dualistic model of

endometrial tumourigenesis

Apart from the FIGO classification which dividesdemetrial carcinoma solely into
different histological types as described abovereru concepts of endometrial cancer
integrate traditional histopathology with pathogenenechanisms and the dividing line
is the clinically relevant recognition of clinicalitcome and prognosis.

Endometrial cancer comprises not only the majosittumours that respond well to
treatment and confer a good prognosis but alsamifisiant group of less common
cancers that can be very aggressive, and accouatdoeatly disproportionate amount
of deaths from uterine cancers. In 1983 Bokhmarogeised this dilemma and
postulated a classification of endometrial carciasnmto two typeg¢Table 1.2, see page
10). Although this classification is an oversimpéfion, it is currently a widely
accepted concept’

Type | endometrial carcinoma, is oestrogen dependenlow grade endometrioid
histology, biologically indolent and carries a gquadgnosis.

Type Il endometrial cancers are non-oestrogen depenof high grade, have various
histologies, particularly papillary serous and cleell, and have a much poorer

prognosis.

1.3.3.1 Pre-cancers of the endometrium

Endometrial carcinoma develops out of changes founmdhe endometrial surface
epithelium. Both endometrial cancer types (endoimidtrand serous cancer) have
potentially precancerous precursor lesions pregedunch changes. Their detection

might be useful in diagnosis and treatment decssion



Other uterine malignancies which do not necessdglye or present themselves in the
endometrium, such as the group of sarcomas, caaicomas (MMMT) and those of
mixed epithelial or mesenchymal origin, have no wnoregular precursor lesions
detectable via endometrial tissue sampling.

However, even for the known endometrial cell atierss at risk of adenocarcinoma -
the histologic definition of these precursor lesi@amd the degree of their risk is subject
of ongoing controversy. Currently it is believeattithere are — in concordance with the
dualistic model of endometrial tumourigenesis aiso types of different endometrial

precancers which will be described in the followatgpters®™

Table 1.2

TYPE | TYPE I
Proportion of endometrial | 80-90% 10-20%
carcinomas
Age Pre-/perimenopausal >60yr
Histology Endometrioid Papillary serous, clear cell,

mixed epithelial

Cell differentiation Grade | - 1lI Not applicable
Precursor lesion Hyperplastic EM Atrophic EM
Oestrogen stimulation Dependent Non-dependent
Clinical behaviour Indolent Aggressive

The dualistic model of endometrial carcinomas - dhiical and pathological features.

10



1.4  Type | endometrial carcinoma
SynonymousEndometrioid endometrial carcinoma (EEC).

1.4.1 Precancer of type | endometrial carcinoma

The current classification, adopted by both the W&l@ the International Society of
Gynecologic Pathologists (ISGP) was proposed byniéur in 1985° Endometrial
hyperplasia can be stratified into 4 groups accgrdo the presence or absence of
cytologic atypia and a degree of architectural dempy: 1. simple hyperplasia, 2.
complex hyperplasia, 3. simple atypical hyperplassamd 4. complex atypical
hyperplasia. The rationale of this classificatia based on the assumption that
outcomes are different for the four groups. Accogdio Kurman et al. likelihood of
progression to cancer is 1% in patients with simpyperplasia, 3% of those with
complex hyperplasia, 8% of those with simple atgpltyperplasia, and 29% of those
with complex atypical hyperplasti. However, reproducibility of the diagnosis of
atypical endometrial hyperplasia is known to bes ldgan 40%. Both underestimation

n"° with a prevalence

and overestimation of the severity of the lesionasy commo
of concurrent carcinoma in women with a biopsy dizgs of atypical endometrial
hyperplasia between 17 and 58%? In 2000 the Endometrial Collaborative Group
proposed the term, “endometrial intraepithelial plasia” (EIN) to characterize early
malignant lesion&* However, a recent large comparison study of tié §istem versus
the WHO system showed similar risks of progressocarcinoma for diagnoses of EIN
and atypical hyperplasfa.

Developments in our understanding of the molecgkmetic changes in pre-invasive

endometrial disease call for a more quantitatiess lsubjective analysis of precancerous

11



endometrial lesions. The most commonly altered genghosphatase and tensin
homolog (PTEN) a tumour suppressor gene with arortapt role in cell survival and
possibly in cellular migration and adhesfSnPTEN mutations are considered early
events in type | tumourigenesis as they are foumdup to 20% of endometrial
hyperplasia cases (with and without atygia)’ Large scale studies however, have
failed to show that loss of PTEN expression hassgeificity and reproducibility to be
clinically relevant® 3! Additional significant and common genetic altesas in type |
tumourigenesis include microsatellite instabilitySI) occurring in 20-45% of cases,
K-ras mutation (10—30% of cases), and beta-cat@anitation (up to 20% of cases - with
or without associated e-cadherin mutatiofis}® The presence of mutations of the
tumour suppressor gene p53 is unusual in endorntkteadometrial carcinoma.
However, if present, this may point to high gradsdiogy. It is found in nearly 20% of
FIGO grade 3 endometrioid tumotifs.

None of these markers have so far been able tafisartly improve predictability of
either endometrial precancerous lesions or an egstarcinoma development. In the
future however, more readily available immunohiberoical and genetic testing may

improve the currently used WHO classification atsdoredictability.

1.4.2  Type | endometrial carcinoma

Type | endometrial carcinomas represent the mgjofitsporadic cases of endometrial
carcinoma, accounting for 70-80% of new cases wbatur predominantly in pre- and
perimenopausal womén.*® Such cancers are typically of endometrioid tygmegally

of low-grade, low-stage, and indolent nature (Feglir3 A, see page 13). They have a

good prognosis with a 5-year survival of more tB&fo.

12



Figure 1.3:

Hematoxylin & Eosin staining, x400, of endometriatarcinoma:
A. Endometrioid endometrial carcinoma, grade 1;
B. Uterine papillary serous endometrial carcinoma;

C. Clear cell endometrial carcinoma.

13



Type | endometrial carcinoma commonly express ogstr and progesterone receptors.
363738 Thys, the associated risk factors are generallyopstrogenic, including obesity,
high blood pressure, hyperlipidemia, and hyperogsinetic situations such as
anovulation, nulliparity, infertility, oestrogen eting tumours, late onset of
menopause and endometrial hyperplasia. Long-lastimgpposed oestrogen exposure
leads to endometrial hyperplasia, which increaseslikelihood of development of
atypical hyperplasia and eventually type | endomketarcinoma. Type | endometrial
carcinoma normally resembles proliferative rathkant secretory endometriuth.
latrogenic stimulation of the endometrium via taifex- or prolonged oestrogen
replacement therapy is another risk factor. Tanewxifa selective oestrogen receptor
modulator (SERM), is a well known agent in the timeent of oestrogen receptor (ER)
positive breast cancer with good evidence to imgrbeth disease-free survival and
overall survival.®® The oestrogen receptor antagonist in the breasivstagonistic
effects in the endometrium which is associated witR to 7-fold increased risk of
endometrial cancéf.* It is not clear whether there is an associatiomvéen high or
low grade endometrial cancer and tamoxifen uselathwer the duration of its use has
an influence on endometrial cancer grading. Prgséné recommended duration of
adjuvant treatment with tamoxifen for patients witlkeast cancer is 60 months and there
are some reports relating the length of tamoxifem with an increased risk of high risk
endometrial cancér.*®

The rare mucinous carcinoma is also considere@ealtgndometrial carcinoma because
they also usually express oestrogen and/or pragestereceptors and are of low
histological gradé’ Immunostaining has been recommended as an adjunct i

endometrial carcinoma subtype diagnosis but hasyebfound its way into routine
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practice. Chapter 1.9.3 will outline molecular @weristics that help to distinguish

between type | and Il endometrial carcinoma.

1.5  Type Il endometrial carcinoma

SynonymousNon-endometrioid endometrial carcinoma.

1.5.1 Precancer of type Il endometrial carcinoma

The sequence of benign epithelium to dysplastithepum, to carcinoma in situ, and
then to invasive carcinoma is commonly seen inutleeine cervix, breast, prostate, and
other organs. In these tumours dysplastic epitirelivequently links the changes
between normal epithelium and carcinoma in situ.il$¥hthe current model for
dysplastic, precancerous lesions for type | endoatetcancer appears to be
histologically sound and useful, putative precurssions to type Il cancers are less
well understood.

Endometrial intraepithelial carcinoma (EIC) wasvoesly considered as precancerous
lesion for uterine papillary serous carcinoma (UP3fefined as a non-invasive
endometrial surface lesion with cytologic featurekentical to invasive serous
carcinoma'’ However, many reported cases of EIC demonstrateurcent invasive
endometrial serous carcinoma, some of which arecagsd with intraperitoneal
disease without identifiable invasive disease ad¢brpus. In a recent genome analysis
9 out of 76 uterine serous carcinomas containeccwoent EIC. In all cases a
concordant mutation status PIK3CA, PPP2R1A, and TP53 was found” Thus it
cannot be considered a precursor which, if diagthaseime, could yield a therapeutic

or even preventative benefff** EIC is now considered an early form of UPSC.
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Endometrial glandular dysplasia (EmGD) has beemgyestgd to be a potentially better
candidate as a precancer to UPSC and clear cetinoata (CCY° EmGD is
characterized by replacing endometrial surfacehepitm or its glands with dysplastic
cells. It exhibits serous-like differentiation amés cytologic features that are more
atypical than “resting endometrium” but cannot lmmsidered a serous endometrial
intraepithelial carcinoma (EIC).

EmGD may be found in about 50% of UPSC, but itaiely found in uteri containing
typical endometrioid, i.e. type | endometrial can(leEC). It is also mainly found in
postmenopausal women. This is in contrast to entfaahbyperplasia and endometrial
intraepithelial neoplasia (EIN), which are more ooomly associated with and
preceding the occurrence of type | endometrial inarna lesiond? *° Also, EmGD
specimen show intermediate degrees of p53 expresdiich is believed to be one of
the most characteristic genetic alterations in tygmdometrial carcinoma and UPSC in
particular. The presence or absence of p53 maysbkd to further distinguish EmGD
between serous endometrial carcinoma and benitingesidometriun’

However, so far EmGD has not yet reached internaticecognition as a precancer of
any form of type Il endometrial cancer which leattes clinician with virtually no tool
to prevent the development of this cancer typethnd is a confounding factor for its
poor performance along the diagnosis-treatmenthgiraxis.

It has been proposed that there is more than amdytomourigenic pathway to reach
type Il endometrial carcinoma. McConnechy et atfggened mutation profiles from 9
genes described to be associated with the develdpofetype | or 1l endometrial

cancer. They partly found mixed mutation profiles @iterine papillary serous cancers
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which suggested different origins and pathwaysiteatb clinico-pathologically similar

tumours>?

1.5.2  Type Il endometrial carcinoma

Type Il endometrial carcinomas are far less comnAdthough these tumours only
account for 10-20% of all endometrial malignancie¥, they are responsible for ~50%
of all relapse¥™" and show a low 5-year, all stage, overall survieé of 359638
Histologically they are non-endometrioid, most fregtly serous, less frequently clear
cell and other histology, always high-grade in eténtiation, typically arising in an
atrophic endometrial background, and often have aegometrial penetration. (Figure
1.3 B, see page 13 and Table 1.2, see page 10) dswlly occur at an older age,
approximately 5 — 10 years later than type | turesodrhere is no relationship to
oestrogen stimulation. Clinically, type Il endonmgtrcarcinomas have an aggressive
behaviour, with a high frequency of distant spréadgelvic lymph nodes. They are
histologically partly similar to such tumours iretbvary and the fallopian tube, and the
prognosis is worse compared to ovarian tumourSmall cell, undifferentiated,

squamous cell and carcinomas of mixed histology alsy be encountered among type

Il carcinomas, but little is known about their tumigenesi<®

1.5.2.1  Uterine papillary serous carcinoma (UPSC)

UPSC is a highly malignant tumour representing &d®% of endometrial carcinoma
characterised by a complex papillary serous arctuite with tufted stratification of the
epithelial lining, high nuclear to cytoplasmic mtinotable nuclear pleiomorphism,

macronuclei, and a high rate of mitosis. Morphatadly it appears like an ovarian
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serous papillary carcinoma, with similar intra-abdoal spread and frequently
coincides with raised serum antigen CAf25Figure 1.3 B, see page 13) These
tumours characteristically do not express oestrageprogesterone receptors and are
often described to overexpress p53.

The overall 5-year survival with a reported 18-2i8%ery poor. Survival in stage I-11 is
described to be 35-50%, decreasing to 0-15% inest#i¢rIV.>® There has been much
debate about whether UPSC has a precursor lesiashwihight regularly precede the
carcinoma thus potentially giving the opportunityr fpreventative action. Serous
endometrial intraepithelial carcinoma (EIC) and @meétrial glandular dysplasia
(EmGD) have been identified as potential albeit mwarsial models and are discussed
above in detail in chapter 1.5.1. So far there asascepted precursor lesion which
means there is no option to diagnose and treatrtaicenumber of cases before the
carcinoma has developed/disseminated and the psgispoor. Molecular changes

observed in UPSC will be highlighted in chapter.4..9

1.5.2.2 Clear Cell Carcinoma

About 5% of endometrial carcinoma is of clear defitology. Clinical behavior and
epidemiology is similar to uterine serous cancéeylalso occur in the postmenopausal
woman, are non-oestrogen dependent and not assbevith obesity or diabetes. There
is no precursor lesion clearly identified. Like UPSlear cell tumours are regarded as
aggressive with a propensity for extra-uterine agrer relapse and have been reported
to show extra-uterine deposits in the presencelinically stage | disease occurring

even without deep myometrial invasiSh.
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Microscopically, clear cell carcinoma show tubuistic, papillary or solid patterns,
can have a clear appearance because of their lygbggn content, and may also
include eosinophilic cells and hobnail cells (Figur3 C, see page 135.All cases are
graded as poorly differentiated. However, clinicalurse and survival seem to be
slightly better than with UPSC.

Abeler et al. reviewed patients with clear-cellobaoma and observed a 5-year survival
for all stages as 42%, compared with 27% for UP8CQCarcangiu and Chambers
reviewed 29 cases of pathological FIGO stage | Bnclear-cell carcinoma. They
recorded a 5-year survival for stage | disease386 and 59% for stage Il diseas@If
surgically staged completely with bilateral pellymphadenectomy survival figures are
improving. ®* This obviously is partly due to an upstaging opraportion of cases.
However, Creasman et al. reported a 5-year sureiv@l % for surgically staged stage |
clear-cell carcinoma compared with 72% for utenpapillary serous carcinoma, and
76% for grade 3 endometrioid canc& <53 expression levels are reported to be
intermediate between those in uterine papillaryoger carcinoma and those in

endometrioid cancefs.

1.5.2.3  Tumours of Mixed Histology

Endometrial carcinomas of mixed histology occurhwan incidence of approximately
10%. Given the fact that they are almost as coma®b/PSC or clear cell carcinoma
together they are under-represented in studiepablications for mainly three reasons:
They do not fit into the usual group-distinctiolike “endometrioid” or “UPSC”; hence
are not classified by clear inclusion criteria. Heddgists may choose to classify them
into the histological group dominant in the tumowather than giving the term

“mixed”.®® There is no uniformity in the literature, what tterm “mixed” actually
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constitutes — mixed epithelial, mesenchymal etcxddi epithelial tumours include
various combinations of endometrioid-, clear celwyd uterine papillary serous
carcinoma. Cirisano et al. stated in a study of p&dents that 18% had different post-
operative histological findings compared to preragiee histology with more than 25%
of the tumour volume of ambiguous histolddyThey also reported that tumours with
mixed histology had a clinical behaviour comparabléhat of uterine papillary serous
carcinoma. However, in their report they did nattestcases with mixed histology
separately but grouped them under the three hgitdpendometrioid, UPSC and CC.
No details were given how this differentiation waade.

The proportion of unusual histology needed in aedixarcinoma to confer a poor
prognosis is unclear; some investigators beliewa #ny amount of poor-prognosis
histology (uterine papillary serous carcinoma agacicell carcinoma) is sufficient,
whereas others think that a small focus of pootology has very little decisive
prognostic impact® The 2010 “Dataset for histological reporting ofdemetrial
cancer” of the Royal College of Pathologist recomdseto report any proportion of co-
existing morphological subtype and stating the apipnate percentage even if it
comprises less than 10% of the tumour tissue. Thisnportant since the clinical
relevance according to the proportion of histolagisubtype in view of tumour
behaviour is so far controversfal.

Treatment approaches for tumours of mixed histglogiien a known aggressive
variant is present, are similar to those for utegp@pillary serous carcinoma and clear-
cell carcinoma. Adenosquamous uterine carcinoma amehoacanthoma are also
regarded as being of mixed histology. They areeleli to be of poor prognosis.

However, according to a large study by Pekin etray all have a similar prognosis,
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suggesting that adenocarcinomas with and withouarsgpus differentiation should be
approached in a similar way. The prognosis is dégenon the grade of the glandular

component®®

1.5.3 Summary of Type Il endometrial carcinoma

Although type Il carcinomas only account for 10-20%all endometrial malignancies,
they are responsible for ~50% of all relapses aloidveb-year, all stage, overall survival
rate of 35%° Clinically, type Il endometrial carcinomas haveagyressive behaviour,
with a high frequency of distant spread to pelyimph nodes. In the absence of an
accepted precursor lesion there is no option tgriise and treat a certain number of
cases before the carcinoma has developed.

As it will be outlined below surgical as well asssymic treatment options have so far
demonstrated limited impact on the poor prognodisthtos group of tumours.
Additionally only few markers are available to clgadentify such lesions. A central
aim of this study was to identify prognostic maskehat can help guide treatment

decisions in type 2 tumours.
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1.6 Management of endometrial carcinoma

1.6.1 Presentation and Diagnosis

90% of of the women who develop endometrial capecesent with bleeding and more
than 70% of these are postmenopalisd&%-15% of postmenopausal women with
abnormal bleeding will have endometrial carcinoiftas obvious symptom encourages
many women relatively soon after onset of thesepsyms to seek medical hélpThus
approximately 75% of all patients with endometriaincer present with early stage
disease confined to the body of the uterus. Otyraptoms can include low pelvic pain,
vaginal discharge or, in advanced cases, urinangaal symptoms. Not uncommonly,
diagnosis is made following investigations afted@metrial dysplastic cells were found
in a cervical smear. Distant metastatic diseasanissual at diagnosis although local
metastases to the lower vagina can lead to a pgbiesenting with vulvo-vaginal
soreness or bleeding. In the United Kingdom andtnodser developed countries
patients will be referred to a gynaecological dapant or a gynaecological cancer unit
where they will undergo detailed investigation.

The diagnostic workup usually includes clinical mwaation, ultrasound imaging and
hysteroscopy/endometrial biopsy. Whilst transvagim&rasound has a sensitivity of
>90% to detect endometrial abnormality it is noeesfic.®® ° In the UK, women
presenting with postmenopausal bleeding plus shgpwimendometrial thickness of >5
are recommended to undergo further investigatiach @s hysteroscopy/endometrial
biopsy. However, more recent guidelines such as d¢he from the Scottish

Intercollegiate Guidelines Network (SIGN) recommendut-off threshold of 3mrft.
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The office based Pipelle biopsy to obtain tissuehistology is also a reliable tool with

a reported sensitivity to detect endometrial cantever 95 %> 3

1.6.2 Staging

Endometrial cancer is graded and staged on thedggdomy specimen according to
FIGO (International Federation of Gynaecology anolst®trics) rules. Although the
FIGO staging has been updated in 2009, the oldsgirgy described below will
obviously still be found in the literatufe.

The main difference is that the old FIGO stagingtesm divided stage | into three rather
than two sub-stages: Stage IA, tumour limited tdognetrium; 1B, tumour invades up
to less than half of myometrium; IC, tumour invades more than one half of
myometrium’® In this study patients were staged within the yistem since diagnosis
and treatment predated the introduction of the sgstem. Table 1.3 (see page 24)

outlines the new staging system in defail.
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Table 1.3

FIGO TNM
STAGES CATEGORIES
Primary tumour cannot be assessed X
No evidence of primary tumour TO
0 Carcinoma in situ (pre-invasive carcinoma) Tis
10 Tumour confined to the corpus uteri T1
1AO No or less than half of the endometrium Tla
18] Invasion equal to or more than half of the myometrium Tib
ng Tumour invades cervix but does not extend beyond uterus[T] T2
ma Local and/or regional spread as specified in llIA, B, C T3 and/or N1
mAQd Tumour involves serosa and/or adnexae (direct extension or T3a

metastasis) and/or cancer cells in ascites or peritoneal washings) #

[]]:70] Vaginal involvement (direct extension or metastasis)# T3b
meco Metastasis to pelvic and/or para-aortic lymph nodes# N1
mecig Positive pelvic nodes
nmecz2gd Positive para-aortic lymph nodes with or without positive pelvic lymph

nodes
v Tumour invades bladder and/or bowel mucosa, and/or distant

metastases
IVAO Tumour invades bladder- and/or bowel mucosa T4
IveO Distant metastasis (excluding metastasis to vagina, pelvic serosa, or M1

adnexa, including metastasis to intra-abdominal lymph nodes other

than para-aortic and/or inguinal nodes)

2009 FIGO staging system for endometrial carcinomdl either G1, G2, or G3;1]
endocervical glandular involvement only should be ansidered as stage | and no
longer as stage Il; #, positive cytology has to besported separately without

changing the stage.
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1.6.3 Grading

The histopathological degree of tumour differemiat (grading) has an important
impact on the natural history of this disease amtteatment selection. Before the grade
is determined all tumours are to be microscopicadiyfied and classified as outlined in

Table 1.1 on page 8. Endometrioid carcinomas ane ¢inaded into:

* Gx — Grade cannot be assessed;
* G1 — Well differentiated;
* G2 — Moderately differentiated;

* G3 - Poorly or undifferentiated.

According to the system of the International Fetienaof Gynecology and Obstetrics
(FIGO), an endometrioid carcinoma of grade 1 cass$ well-formed glands, with no
more than 5% solid non-squamous areas. Squamdesedifiation is not regarded as
solid tumour growth. Grade 2 carcinomas consisé-e50% and those of grade 3 of
more than 50% solid non-squamous aré&@onspicuous cytological and nuclear atypia
will upgrade a tumour from grade 1 to 2, or froradg 2 to 3.

It is important to note that according to FIGO, yomndometrioid carcinomas are
grouped with regard to the degree of differentiatiéll other cases of carcinoma of
endometrial cancers such as the typical type lcee UPSC, CC and tumours of
mixed histology, are regarded as grade 3 (G3).dB@cand carcinosarcoma are staged

and graded separately.
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1.6.4 Treatment of endometrial carcinoma (type  an  d type II)

1.6.4.1 Type | endometrial carcinoma

1.6.4.1.1 Surgery

Early stage endometrioid endometrial carcinomgse(ty which reveal localised disease
are usually curable and treated with the removalth&f uterus and ovaries with
peritoneal washings. This achieves excellent lgoalkrol of disease. The International
Federation of Gynecology and Obstetrics (FIGO) natesl a pelvic and para-aortic
lymphadenectomy for endometrial cancer staging, dvew two recently published
large randomized controlled trials found no surlviv@nefit in routine pelvic

lymphadenectomy in endometrioid endometrial caftéf.Internationally and even

within the UK there is considerable variation inetlpractice and extent of

lymphadenectomy in endometrial cancer.

1.6.4.1.2 Adjuvant therapy in type | endometrial carcinoma

Most women with early-stage EEC recur in the vagingelvis. In type | endometrial
cancer, adjuvant therapy is increasingly focusedllp or even deferred depending on
risk factors. The recently published PORTEC llltdaamparing vaginal brachytherapy
(VBT) versus pelvic external beam radiotherapy (BEBRh prevention of vaginal
recurrence in an intermediate risk cohort of 42ffepés did not show any difference in
disease free survival or overall survival but pawbat VBT is equally effective as
EBRT with fewer gastrointestinal toxic effecfs.

In type | endometrial carcinoma cytotoxic chemodéipgr has a limited place in the
management of advanced or recurrent endometriatecartwhilst no one drug or
regimen offers a clear benefit for women with aceahendometrial cancer, platinum

drugs, anthracyclines and paclitaxel seem the prostising agent5’
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1.6.4.1.3 Hormone therapy

In type | endometrial cancers with hormone receptusitivity hormone therapy is an
option although patients are rarely curable andeti®no standard therapy. It has also
been used as an alternative treatment for a smakbes of patients mainly with
simultaneous regional and distant disease partlguitacomorbidity excludes them
from surgical intervention. Progestin therapy isoafjiven when endometrial cancer

recurs, although response rates are low.

1.6.4.2  Type Il endometrial carcinoma

1.6.4.2.1 Surgery
In type Il endometrial cancer (UPSC, CC and tumairmixed histology) the initial

management for the majority of women is surgicgblesation and comprehensive
staging, including total abdominal hysterectomy #ildteral salpingo-oophorectomy,
pelvic washings, lymphadenectomy and omentectonmy.adldition to providing
prognostic information, accurate identification exclusion of metastatic disease is
important for the individual planning of adjuvarietapy and surveillance. In many
studies lymphadenectomy is believed to provideeaajeutic benefit in women with
high-grade endometrioid endometrial cancer, andtiqudar type Il diseas®
Unfortunately, the above mentioned ASTEC-trial adlvas the trial by Panici at al.
were underpowered to be able to make a valid sttenabout the value of
lymphadenectomy in high-risk patients. In abovalsronly 4% and <1% (respectively)
of the study population had UPSC histology andnebividual analysis for this part of

the population was performed.
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1.6.4.2.2 Neoadjuvant chemotherapy

Neoadjuvant chemotherapy has been described ascasstul option in select cases
who might be poor candidates for upfront surgerywirere pre-treatment imaging

might be suggestive of disseminated dis&a&k.

1.6.4.2.3 Risk and pattern of recurrence

Surgical staging studies have defined the spretidrpaof EEC, i.e. type | endometrial
carcinom&? Pathologic findings associated with increased afkodal metastasis, as
well as disease recurrence, include tumour graglghdf myometrial invasion, positive
peritoneal cytology, tumour within the isthmus-dgyvadnexal involvement, and
LVSI.8* Women with type | endometrial carcinoma are comiyetratified based upon
these features into groups at low, intermediatd, lagh-risk for recurrence of disease.
Unfortunately, the typical features of type | enddrial cancer risk prediction such as
myometrial invasion or lymphovascular space invasiare not reliable in type I
cancers to assess the risk of metastatic diseasmefdus investigators utilizing
comprehensive staging have documented that therityamf women with type I
endometrial cancer have a high risk of relapse @edastatic disease even in the
absence of such “high-risk” pathologic featute83® Hui et al. found extrauterine
disease in 38% of comprehensively staged women evhtesine disease was confined
to an endometrial poly{y. Slomovitz et al. needed to upstage 30 in 129 cake¥PSC
from stage | to Il solely due to positive lymphaéetomy finding$?*

The majority of UPSC patients relapse outside ef pelvis, often in multiple sites.
Since type | and type Il endometrial carcinoma shaweh different patterns and

frequency of disease, there is a need for diffemepivant management plans.
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1.6.4.2.4 Adjuvant Therapy in type Il endometrial carcinoma

Type Il endometrial cancer, in particular UPSC &1 have the tendency to recur
within the peritoneal cavity, hence most invesimad into the role of radiotherapy for
early-stage adjuvant treatment for these cancetssfon whole abdominal radiotherapy
with or without a pelvic boost (WAPT:*®* Above mentioned PORTEC Il trial was
underpowered to make any statement about the wdlMBT or EBRT in high risk
cases such as G3 EEC. UPSC/CC were not includedreThave been studies
comparing adjuvant radiotherapy with or without ¢dmation with chemotherapy but
none have produced encouraging findings to suporajor role for radiotherapy in the
treatment of type Il endometrial canc@r.

Optimum treatment for type Il endometrial is uncjeparticularly in early disease.
Unfortunately, there have been no randomized tealsloring the potential utility of
adjuvant chemotherapy for women with stage | UPSCAhile five-year survival in a
single institution series of 27 women with surgistdge | UPSC was reported to be
62.9% overall, the prognosis of women confirmethdawe stage IA disease appeared to
be relatively favourabl& There were even a number of studies advocatingreaison
only in stage IA diseas®.®* ® Other groups, however, reported significant angdra
recurrence even in stage IA UPSC disease whetleenatherapy was given or nt.

The high frequency of distant recurrence in eathgs UPSC, along with treatment
failures within the radiation fields, has led t@r@asing use of adjuvant chemotherapy
and reports of its success. Fader et al. investigagtrospectively 141 patients and
showed that recurrence and survival outcomes wgrefisantly improved in patients
who received platinum/taxane chemotherapy + radiagy compared to women who
received no adjuvant therapy or radiotherapy af8n&Vomen treated with

platinum/taxane-based chemotherapy had a signifjciower recurrence rate (11.2%)
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when compared to patients who did not receive chieenapy (26.9%; p = 0.021). This
effect was most pronounced in women with stagedBUPSC. Also, the use of
intraperitoneal chemotherapy has been reportedR8C. Chambers et al. treated 13
women with UPSC of stage IA-IVB with intraperitoheaisplatin along with
intravenous doxorubicin and cyclophosphamide. Tiyed&@ overall survival of 24.1%
was similar to women treated at the same instiutizvith intravenous
cyclophosphamide, doxorubicin, and cisplafin.

Patients with type Il endometrial cancer frequentyapse. Treatment options at
advanced or recurrent disease are limited and stoakipalliative chemotherapy with
platinum agents or taxanes.

The Gynecologic Oncology Group (GOG) conductedraesef phase Il randomized
prospective trials of chemotherapy for advancedestar recurrent endometrial
carcinoma®*% The current “gold standard” treatment of advansede or recurrent
endometrial carcinoma is based upon the resulthese trials. In the most recently
completed GOG studies, the addition of paclitagetisplatin and doxorubicin (TAP)
following surgery (cytoreduction to less than 2 ecnaximal residual disease) and
radiation (tumour volume directed) was not assediatith significant improvement in
recurrence-free survival but was associated witbatgr toxicity in women with
advanced stage endometrial carf€&The GOG concluded that despite the apparent
biological differences between endometrioid andgerendometrial cancers, the overall
response rates (40-50%) to taxane, doxorubicin pladinum chemotherapy and
survival after such treatment is similarly poor f@omen with advanced or recurrent

UPSC as for those with advanced or recurrent entt@heancer of other histologies.
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1.6.4.2.5 Hormone Therapy

In cases of type Il endometrial carcinoma progestetreatment has no effective role.

1.6.4.2.6 Summary of treatment of type Il endometrial cancer

Although type Il endometrial cancer comprises ofl896 of all endometrial carcinoma
cases, it accounts for a disproportionately higmioer of endometrial cancer related
deaths. Whilst type | endometrial carcinoma is ligudiagnosed at an early stage, is
often curable and long term survival favourablgetyl cancers often present already
with extra-uterine disease which sometimes can balydentified with comprehensive
surgical staging. Despite improvements in surgeuchs as cytoreduction and
lymphadenectomy the incidence of both local anthdisrecurrence is high among
women with stage | UPSC/CC compared to most womenEEC.

In type Il endometrial cancer adjuvant platinuméae-based chemotherapy with or
without radiotherapy appears to improve progres$iea and overall survival outcomes
only in the comparatively rare early-stage patientsaditional therapies are not
associated with long-term survival in women withrenadvanced or recurrent disease.
Whatever the receptor status might be, hormonejplyeseems to have no role in type Il
endometrial carcinoma.

Altogether, treatment options in type Il endométgancers are largely limited to
aggressive surgical- and/or chemotherapy regimdn¢hwhave not altered the poor
prognosis of these tumours. There is an unmetcelinneed for robust prognostic
markers that can help guiding therapeutic decisiortiese endometrial cancer tumour
types, particularly at recurrence and in advandedestumours and to identify new

therapeutic targets.
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1.7 Uterine sarcoma

Uterine sarcomas arise from mesenchymal tissue (@gnective tissue, smooth

muscle) and account for 3 - 7% of uterine maligmacThey are rare, occur at a mean
age of 60, behave generally more aggressively &oavsa poorer prognosis than

endometrioid endometrial cancers with a 5-yearisahvate of ca 40%° Table 1.4

(see below) lists the most common types of histpiagiterine sarcomas.

Table 1.4
CLASSIFICATION OF SARCOMA
1. | Carcinosarcoma or MMMT (40-50%)
2. Leiomyosarcoma (30-40%)
3. Endometrial stromal sarcoma (ESS) (10-15%)
4. | Adenosarcoma (<10%)
5. | Undifferentiated endometrial sarcoma (5%)
6. | Smooth-muscle tumours of uncertain malignant potential rare
(STUMP)

WHO classification of the most common types of utéme sarcoma, (%) =

percentage among sarcoma group.
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“Typical” sarcoma types are the leiomyosarcoma,oemetrial stromal sarcoma (ESS)
and undifferentiated endometrial sarcoma and aseribeed together. There were no
cases of STUMP and adenosarcoma in the cohortisfstiady, thus they are not
described further. For reasons indicated in chaptrcarcinosarcoma is described in

chapter 1.8.

1.7.1 Presentation and diagnosis of sarcomas

Some sarcomas present with vaginal bleeding witlitrout odorous discharge and
may be accompanied with abdominal distension oripgressure symptoms (urinary
frequency, constipation etc.) and pain. Leiomyoma l@iomyosarcoma are difficult to

distinguish but if they are symptomatic in a postomausal state or with

disproportional vaginal bleeding the suspicion stidne raised. Only exceedingly rarely
does a leiomyoma degenerate into a sarcoma. Thaa#iss of uterine sarcoma is based
on histological examination of the believed myomattissue or the uterine specimen.

Uterine curettings alone are not reliable.

1.7.2 Staging of sarcomas

Table 1.5 (see page 34) shows the FIGO stagingrsyfr uterine sarcoma (2009).

33



Table 1.5

STAGE DEFINITION
(1.) Leiomyosarcoma and Endometrial Stromal Sarcoma (ESS)
| Tumour limited to uterus
1A Less than or equal to 5 cm
IB More than 5 cm
1} Tumour extends beyond the uterus, within the pelvis
A Adnexal involvement
11B Involvement of other pelvic tissues
n Tumor invades abdominal tissues (not just protruding into the abdomen)
A One site
1B More than one site
][ Metastasis to pelvic and/or para-aortic lymph nodes
v
IVA Tumour invades bladder and/or rectum
IVB Distant metastases
(2) Adenosarcomas
| Tumour limited to uterus
1A Tumour limited to endometrium/endocervix with no myometrial invasion
IB Less than or equal to half myometrial invasion
IC More than half myometrial invasion
1} Tumour extends beyond the uterus, within the pelvis
A Adnexal involvement
11B Tumour extends to extrauterine pelvic tissue
1 Tumour invades abdominal tissues (not just protruding into the abdomen).
A One site
1B More than one site
e Metastasis to pelvic and/or para-aortic lymph nodes
v
IVA Tumour invades bladder and/or rectum
IVB Distant metastasis

(3) Carcinosarcomas

Carcinosarcomas should be staged as carcinomas of the endometrium.

FIGO staging system for uterine sarcoma (2009)
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1.7.3 Management of sarcomas

Total abdominal or laparoscopic hysterectomy (TAHAJ and bilateral salpingo-
oophorectomy (BSO) is the standard surgical treatraed staging. Radical surgery is
of no benefit. Peritoneal washings and biopsiesfemeas of suspected metastases are
part of the staging. Cytoreduction in case of tumgpread outside the pelvis has not
been proven beneficial. Routine pelvic and or padic lymphadenectomy is not
required in leimoyosarcoma and undifferentiate¢@aa. This has been suggested for
ESS but it is still under investigation. Obvioushkisibly enlarged nodes may be
biopsied. Preservation of the ovaries only in yowamen may be safe in early-stage
leiomyosarcoma whilst it is uncertain in ESS andifierentiated sarcomas.

As to adjuvant therapy, radiotherapy (RT) has destrated a reduction in local
recurrence (LR) and improvement in progression-fia®ival (PFS) in uterine sarcoma
but the overall survival (OS) benefit is uncleadjdvant chemotherapy is commonly
recommended for women with resected stage | todigease, particularly those at high-

risk for recurrence.

1.7.3.1 Endometrial stromal sarcoma (ESS)

Hormonal therapy is the mainstay of adjuvant thegrapd associated with improved
overall survival for oestrogen and progesteroneptr-positive ESS although agents
and regimen vary. Hormone therapy may also be usether ER/PR-positive uterine
sarcomas. Commonly, GnRH-analogues are prescrdyegré-menopausal women and
aromatase inhibitors (exemestane, anastrozole,oztde) or progestins (e.qg.
medroxyprogesterone acetate (MPA) or megestroateelor post-menopausal women.
There is some suspicion that tamoxifen might bea@ated with tumour recurrence.

Aromatase inhibitors may have therapeutic valugjuaht radiotherapy may not be
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indicated for a tumour with such good prognosigamnly disease but may be used in

advanced stage to control local disease.

1.7.3.2 Leiomyosarcoma

Regarding adjuvant chemotherapy, the combinationrd@forubicin or docetaxel /
gemcitabine is currently a recommended regimen lwhliiowed some survival benefit
in a small prospective triaf* The benefit of radiotherapy (RT) has not been bélia
proven, possibly due to its tendency for distantastases. It may be used in situations
of local recurrence or the assumed risk for it. 8gratients may respond to hormonal

therapy.

1.7.3.3 Undifferentiated sarcoma

It is suggested to apply adjuvant RT for patients & high risk of local recurrence.
There is no consensus about adjuvant chemothempynidifferentiated endometrial

sarcoma. A platinum based combination chemothemagit be a reasonable option.

1.7.4 Prognosis of sarcomas

Uterine sarcomas as a whole carry a significarlyrer prognosis as compared to other
gynaecologic malignancies. In stage | uterine saeohave a five-year survival rate of
76 %, falling to 60, 45, and 29 % for stages Il,dhd IV. Tumour stage, degree of
resection, grading, and mitotic count are believed correlate with prognosis.

Postmenopausal women are said to do worse tham@mnepausal women. ESS as an
exception is believed to have a fairly good progmeghilst leiomyosarcomas have a

worse prognosis relative to other uterine sarcomas.
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1.7.5  Summary of uterine sarcoma

Sarcomas are as a group of uterine malignancigls,tihe exception of the STUMP, of
particularly poor prognosis. Their histologic anmdgnostic diversity as well as relative
rarity, render large trials to optimize diagnosmspgnosis or treatment difficult to
conduct. New molecular markers may open new wayisdividualise prognosis and

possibly improve treatment.
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1.8 Carcinosarcoma

Malignant mixed mullerian tumour = MMMT. Uterine rcenosarcoma are a biphasic
neoplasm distinctly and separately composed of lsaticinomatous (epithelial) and
sarcomatous (connective tissue, i.e. stromal) aisndt comprises of only 1% of

uterine neoplasms but accounts for 40% of all saas3®

1.8.1 Presentation and diagnosis of carcinosarcomas

Carcinosarcoma is a rare and aggressive tumour 3G#% of women showing extra-
uterine disease by the time of diagnosis. It igsed at a median age of 65 years. The
serum level of CA125 is usually elevated. It cari@ similar risk profile when
compared to endometrial cancer: obesity, nulligagkposure to oestrogen and history
of tamoxifen usé2®

Patients often present with vaginal bleeding apdlgpoid mass filling the endometrial
cavity. Both histological components may displaffedlent histologies. The epithelial
component may be an endometrioid, serous, cledradehocarcinoma; squamous or
undifferentiated. The stromal component may be tdrine origin (endometrial,
leimyosarcoma or undifferentiated) - these tumoams termed homologous. If the
stromal component is of any other connective tigsi®ndrosarcoma, osteosarcoma,
etc.) it is termed a heterologous tumour. The nooshmon form consists of a high-
grade serous papillary carcinoma and an endometiiamal sarcoma. In metastatic
sites the epithelial component seems to play theimlEnt role, hence metastatic

carcinosarcoma often display a clinical behavioonilar to uterine papillary serous cell

38



carcinoma or epithelial ovarian carcinoMaThe diagnosis is made at histology and
often only after hysterectomy. Approximately 40% efdometrial biopsies will not

reveal the correct diagnosis.

1.8.2 Staging of carcinosarcoma

Carcinosarcoma is staged according to the FIGOingagystem for endometrial

carcinoma. See Table 1.3 on page 24.

1.8.3 Management of carcinosarcoma

TAH and BSO with peritoneal washings is the staddzrcare. Some clinicians will
advocate an omentectomy due to the risk of uppaorainal disease. The incidence of
regional lymph node metastases is approximately .2@%lvic and para-aortic
lymphadenectomy will complete the staging procecureé seems to carry a significant
survival benefit?’

The recurrence rate is approximately 60%. The rofteadjuvant chemo- and
radiotherapy is uncertain. Whilst brachytherapgxternal beam radiotherapy seems to
benefit local control it may not improve diseaseefrsurvival or overall survival.
Adjuvant chemotherapy has yet to prove its effertess. The approach is like that for
high grade endometrial carcinomas. Cisplatin, ostle, doxirubicine and taxanes are
often mentioned choices of agents with various doattons'® **In view of the poor
prognosis even with early stage disease, sequentiaultimodality therapy regimens

have been introduced including chemotherapy andipels well as whole body

39



radiotherapy. Favourable results have been reparteddotally. However, there are no

randomized trials available.

1.8.4 Prognosis and summary of carcinosarcoma

Carcinosarcoma are the smallest group of uterinkgnemcies and like sarcoma of
particularly poor prognosis. The overall 5-year vswal for patients with
carcinosarcoma is reported to be 25 - 35% andhimse with stage | (confined to the
corpus) ca 50%% 1®This is in contrast with that of endometrial camscir which 5-
year survival in stage | disease is approximat®&§p®r bettef°**2Recurrences tend
to occur within the first year following treatmefitheir general rarity as well as their
vast diversity of biphasic histological compositiaiender clinical trials difficult to
conduct but studies which include carcinosarcongargcessary on the quest to find
potential prognostic and/or therapeutic markersntprove outcome. New molecular

markers may open new ways to individualise prognasd possibly improve treatment.
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1.9 Translational research and endometrial
carcinoma

In this chapter translational research will be wedi, molecular markers which are
characteristic of type | and Il endometrial canedf be outlined and novel markers
currently investigated in trials highlighted in gber 1.10. Chapter 1.11 will then

introduce the novel markers that were investigatdtis study.

1.9.1 Definition

The Translational Research Working Group of the Acaa National Cancer Institute
defines: "Translational research transforms sdientdiscoveries arising from
laboratory, clinical, or population studies intanaal applications to reduce cancer
incidence, morbidity, and mortality*® One role of translational medicine is to provide
biomarkers which enhance decision making at cfititiéestones in the development or
treatment process of a disease. A biomarker isamtdiable biological variable that
characterises cellular, organ, physiological, plaitical or clinical condition. For
example a biomarker could be (amongst others) a ganprotein expression or

biochemical profile or a quantifiable measuremeotf an image.

1.9.2 Rationale for molecular medicine and novel th  erapies

in endometrial cancer

Current understanding is that the ‘umbrella-diaggioof endometrial cancer

encompasses a heterogeneous disease with gro$ernti biology and therefore
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oncologic behaviour, which demands more indivicedi treatment. Endometrial
carcinoma develops as the result of an accumulati@iterations in cellular regulatory
pathways, such as oncogene activation and tum@gpressor gene inactivation which
leads to dysfunctional cell growth. Some of thes@eeular alterations appear to be
more specific in type I, some in type Il endometrahcers

Advanced understanding of the molecular mechanismscancer development,
progression and metastasis has unveiled a speadfutargets for a more precise
understanding and definition of the diseases instijme (type | and Il endometrial
cancer), i.e. a “molecular profile” and the subsetuherapeutic interventidh®

Table 1.5 (see page 34) will outline a summary afkars which are currently used to
distinguish between type | and type Il endometaicers. It is recommended to use a
panel of markers for that purpose for none of theaekers are sufficiently sensitive or
specific enough to function alone in a binary w&hapter 1.9.3 will outline these

markers in more detail.
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Table 1.6

MARKER TYPE | TYPE II
ENDOMETRIOID NON-ENDOMETRIOID
CARCINOMA CARCINOMA
ER/PR expression Frequent Less frequent?

(60-95%}16 117-119

(9-54%)%°

PTEN mutation

Frequent

Rare/Less frequent

Inactivation(loss) (-90%)2t 122 (-10%) 38 123
P16 mutation Less frequent Frequent
Inactivation (10%)* (40%) %
P53 mutation Less frequent Frequent

overexpression

(10-20%)3®

(70_90%)38 45123124

K-ras mutation Partially Rare/less frequent
(10_30%)32 35 (0-8%) 35 38 125 126 52
Erb B2 amplification Rare Frequent
(Her2-neu overexpression) (2-5%)® (26%)®
PIK3CA mutation Frequent (Less) frequent?
overexpression (30%)" (5-27%)° %2127
Microsatellite Instability Frequent Rare

(MSI)

(10_40%)38 128

(0_5%) 38 129 130

p-Catenin (CTNNB1)

overexpression

Frequent
(25-40%)°

Rare
(0_5%) 38 53

E-Cadherin Less frequent Frequent
overexpression (10-20%Y° (80-90%°
PPP 2R1Amutation Less frequent Frequent
Inactivation (loss) (7%Y? (ca 40%5°
ARID 1A mutation Frequent Less frequent?

(loss of protein BAF250a)

(20_47%)52 131

(0-1196§2 ¢

Molecular features of

endometrial carcinoma

. ER/PR = oestrogen

receptor/progesterone receptor; pTEN = Phosphatasand tensin homolog; p16 = Cyclin-dependent
kinase inhibitor 2A; P53 = Tumour protein 53; K-ras = GTPase encoded by the KRAS gene; Erb
B2 = HER2 (Human Epidermal Growth Factor Receptor 3; PIK3CA = Phosphatidylinositol 3'-
kinase catalytic subunit; PPP2R1A= subunit of proten phosphatase 2; ARID 1A = AT-rich

interactive domain-containing protein 1A.
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1.9.3 Molecular characteristics of type | endometri al

carcinoma

1.9.3.1 Roles of oestrogen and progestins

Type | endometrial carcinoma are oestrogen recqjdB) and progesterone receptor
(PR) positive in 60-95% of cas&8.* "

Oestrogen and progestins have largely reciprocafiposing roles on hormonally
responsive endometrial tissue. Progestins exdreateffect on co-existing oestrogenic
action by down-regulating the oestrogen recept®)(Eor this reason, the combined
biologic effects of circulating progestins and oegéns are dominated by the
progestational component Large-scale profiling ofl@netrial tissue RNAs have
demonstrated that type 1 endometrioid carcinomaonsithe protein expression profile
seen in oestrogen-driven proliferative endometramd lacks expression of those genes
induced by progestins. A number of genes are namderexpresssed amongst which
are tumour-suppressor genes affected by primaryatioat or deletion. Downstream
target genes are also affected. Another concepbestrogenic promotion of cell
proliferation and inhibition of apoptosis with camitant modulation of tumour
suppressor function. Whilst endometrial cell-pmigtion is promoted so is PTEN
expression to regulate mitosis and apoptosis. Hewewn the absence of PTEN-
opposing progestins not only normal but also mutanms of PTEN are greatly
increased which consecutively stop counterbalangmdferation thus promote tumour
development®? 133

Oestrogen also has a very interesting role in ntiediancreased cancer risk via down-

regulating ‘cables’, a cyclin-dependent kinase lrigdprotein. In normal endometrial
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tissue cables is upregulated and kept in balancprbgesterone, effectively slowing

down cell proliferation. In the majority of endomat cancers however, cables is
absent, possibly downregulated during tumourigendsi unopposed oestrogen. In
support of this theory it has been demonstratet ringgant mice deficient in cables

develop hyperplasia and cancer in early ‘g&Vhilst it is known that progesterone

plays a key role in counter-balancing the prolifiearole of oestrogen and its absence
results in endometrial hyperplasia and endometaicer, its precise actions are
complex and not fully understood. Like oestrogerggpsterone acts on its specific
receptor. Progesteron receptors (PR) with its sofoPR-A and PR-B are present in
both endometrial stroma and epithelium but thepregsion status fluctuates according
to the hormonal status and other factors.

In type | endometrial cancers ER and PR statuslaeacteristically positive which is

indicative of a less aggressive tumour and predictf a favourable response to

progestin therapy.

1.9.3.2  Microsatellite instability

Microsatellites are short segments of repetitive ADNases found throughout the
genome and mostly in non-coding DNA. During redima DNA repair errors take
place leading to small alterations in these shedngents or microsatellites. The
progressive accumulation of these alterations atrasatellite loci is called
microsatellite instability (MSI). If MSI occurs irmportant regulatory genes it may
promote carcinogenesis and is known to play an rmapb role in sporadic colon
cancers and in several non-colonic tumours. Patienth known MSI, also called

Lynch-Syndrome are believed to have in additiondimn-cancer risk a lifetime risk for
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endometrial cancer between 40 and 60% correspordiagelative risk of 13-20%6°
MSI is found in 17-25% of sporadic type | endonatdarcinom&® but is rarely

present in type Il tumourg?® +*°

1.9.3.3 PTEN - tumour suppressor gene

PTEN (phosphatase and tensin homolog deleted mmdsome 10) is a protein which
in humans is encoded by the PTEN g&fie®TEN acts as a tumour suppressor gene
through the action of its phosphatase protein prbduremoves phosphate groups from
key phosphoinositide signalling molecules, thusibiting AKT and its downstream
signalling product mTOR®’ Decreased activity or loss-of-function mutatiofisdEN
lead to the activation of multiple signalling patys, including the PI3K/Akt/mTOR
pathway, which affects cell proliferation, apopsoand migratiort** 1%

Mutations of PTEN have been found in several otherours such as prostate cancer
and glioblastoma. Up to 80% of cases of endometgarcinoma reveal a loss of PTEN
expression, mainly due to mutations, and to a tesstent to a loss of heterozygosity
(LOH).*?! *22Mmutations of PTEN have also been described in eredoal hyperplasia
with and without atypi&’ *° Given the role of endometrial hyperplasia as th&tve

precursor of type | tumours, PTEN mutations aresypmged to play an early role,

although probably not a determining step, in turngaiesis.

1.9.3.4  B-Catenin (CTNNB1)

The CTNNBL1 gene is located on chromosome 3p21 aoddes the 88 kDa protef

catenin. Alphad), beta ), and gammayj catenins belong to a family of structurally
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related cytoplasmatic proteins according to thé@cteophoretic mobility.p-catenin
appears to be important in the functional actisiti¢ both APC (adenomatous polyposis
coli) and E-cadherin. It is a component of the Bheain-catenin unit, essential for cell
differentiation and maintenance of normal tissuehiéecture and also plays an
important role in Wnt signal transduction pathwdjutations of CTNNB1 result in
stabilisation of a protein that resists degradatieading to nuclear accumulation [&f
catenin. This can be demonstrated by immunostai@ing has been described in
endometrioid endometrial carcinoma. A number ofligsl have analysed endometrial
carcinomas showing that nuclear accumulationBafatenin is significantly more
common in endometrioid lesions (31— 47%) comparid mon-endometrioid histology

(0-3%)>3

1.9.35 K-ras

K-ras encodes a small cytoplasmatic, cellular memdrGTPase, which functions as a
molecular switch during cell signalling and whichlargely related to tumour growth
and differentiation. K-ras mutations have been tified in 10-30% of endometrioid
endometrial carcinomas but seem to be almost cdeiplabsent in serous and clear
cell carcinomas of the endometridm® ?° *2° agarda et al. and others described to
have found more K-ras mutations in MSI-positivecaamas than in MSI-negative
tumours. A possible explanation could be a simeltass occurance prior to clonal
expansior’ *® Endometrial hyperplasia cases and endometrioid orerttial
carcinomas were observed to have similar rates-@skmutations. This might indicate

an early occurrence in endometrial carcinoma deve&nt'*® No relationship has been
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found between K-ras mutations and tumour stag&lbgic grade, depth of myometrial

invasion, age or clinical outcome in endometrigid@metrial carcinoma¥.

1.93.6 PIK3CA

PIK3CA (Phosphatidylinositol 3-kinase, catalytidgplaa polypeptide) gene locates on
chromosome 3(26.32. Phosphatidylinositol-3-kinaB¢3K) is heterodimeric lipid
kinase consisting of a catalytic subunit (p110) andegulatory subunit (p85) in the
PISK/AKT signalling pathway. Mutations in PIK3CA, hich codes for the pl1l0a
catalytic subunit of PI3K, have been describedanous tumours and may contribute to
the alteration of the PI3K/AKT signalling pathwaytype | endometrial carcinon&

142 0da et al. described mutations in PIK3CA generidoenetrial carcinomas for the
first time. In their series PIK3CA mutations oc@&drin 36% of the cases, and coexisted
frequently with PTEN (15-27%) '** and K-ras mutatiorf8 suggesting that the
PIK3CA mutations cooperate with these alteratiomsmialignant transformatiotf?
PIK3CA mutations did not correlate with MSI prcatenin/CTNNB1 mutation'
Subsequent studies have shown that PIK3CA mutatoadrequent in endometrioid
endometrial carcinoma, in association with invasiand adverse prognostic factors
such as blood vessel invasitih A number of publications list PIK3CA mutations @s
characteristic feature of type | endometrial cavoia found with a frequency of ca.
30% in contrast to only 5% of type i’ However, Hayes et al. found mutations of
PIK3CA in 15% and Kuhn et al. in 23,7% of papillasgrous carcinom&.**® In fact
Konstantinova et al. demonstrated PIK3CA mutatiomth a high frequency in
metastatic tumours and in 50% of samples displagergus differentiation, serous and

mixed endometrioid/serous tumodf$. Kuhn et al are among the most recent
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publications to regard the genetic aberrations linug the PI3K pathway as a major
mechanisms in the development of uterine serowsntana®

This discrepancy of findings elucidates the eadysdand difficulty of interpretation of
molecular research — in the above case one of ahéownding factor is surely the

unclear pathologic and molecular differentiationeatlometrioid and non-endometrioid

tumours.
194 Molecular characteristics of type Il endometr ial
carcinoma
1.94.1 p53

p53 is a tumour suppressor gene located on theé aimorof chromosome 17. Wild type
p53 protein contributes to tumour suppression tiinolioth arrest of cell proliferation
and induction of cell death through apoptdéfs-*°Inactivation of p53 function through
allelic loss, mutation, or complex formation witther nuclear proteins contributes to
malignant transformation. This process makes maligncells more resistant to
cytotoxic chemotherapeutic drugs and radiation bseaof failure in induction of
apoptosis™® Although p53 is one of the most commonly mutateses in human

tumours™!

the molecular and immunohistochemical investigatd p53 expression in
endometrial cancer is contradictory and its roleaims to be defined.

Mutations in the p53 gene are a frequent and segynamaracteristic finding in type Il
serous tumours with positive immunohistochemisgyorted in 71-90% of tumouts’

12495 They are only present in 10-20% of endometrioidoemetrial carcinoma, which

are mostly high-grad¥® P53 is regarded the most characteristic geneticagion of
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non-endometrioid endometrial carcinorffa¥ and may be useful in their distinction

from endometrioid endometrial carcinontas.

1942 Her-2/neu

Epidermal growth factor receptor Il or Her2/neuas oncogene that codes for a
transmembrane receptor tyrosine kinase involvedeih signalling and located at the
long arm of chromosome 17q12.

Endometrial carcinomas are known to sometimes apeess and/or amplify Her2.
Aggressive tumours of high grade or serous histolagpear more likely to be Her2
positive!>® ** However, the exact frequency of Her2 amplificatiserexpression in
type Il endometrial carcinoma remains controverst@r2 gene amplification has been
reported to occur in 6 out of 28 (21%), 17 out 8f(29%), or 11 out of 26 (42%) of

patients with uterine serous papillary cantér>® >

and Her2 protein overexpression
was seen in 12 out of 68 (18%) of ca&¥sin clear cell endometrial cancer Her2
amplification has been described in two out of 22%) and three out of six (50%) of
the reported casés® *°>Overall Her2/neu overexpression or amplificatippears to be
more frequently found in non-endometrioid endonaétarcinoma (18—-80%)* than in
grade 2 and 3 endometrioid carcinoma (10-3684) and has been associated with
adverse prognostic parameters including advanage shigh histological grade, and
low overall survival** However, the wide range in reported frequency @B
expression in either type of endometrial cancerdmfar rendered its usefulness as a
clinical marker controversial. The anti-Her2 momwal antibody, trastuzumab, has

improved the prognosis of women with Her2-positiveast cancer, both when used as

part of adjuvant therapy and in the setting of mstatic diseas&® In a front-line
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chemotherapy trial (GOG protocol #177) the GynegmldOncology Group (GOG)
analyzed tumours of women with advanced or rectiremlometrial carcinoma, and
found that 12% of tumours demonstrated Her2 geneliication and 20%
demonstrated strong (3+) immunohistochemical (Ida)ning for Her2. 21% of grade
3 non-serous tumours and 21% of serous tumours FSie positive™>

The GOG undertook a phase 1l trial (GOG protoc@*8) of single agent trastuzumab
to evaluate its potency against stage Ill or IVrecurrent Her2-positive (2+ or 3+
immunohistochemical staining) endometrial carcinoi®& 286 tumours screened 33
(11.5%) were Her2-amplified. 3 of 8 clear (38%)| eglrcinomas and 7 of 25 serous
carcinomas (28%) screened exhibited Her2 ampliboatompared with 7% (2/29) of
endometrioid adenocarcinomas. Out of the 33 patiehib enrolled in the study 18 had
tumours with known Her2 amplification. Whilst no jmatumour responses were
observed, 12 women showed stable disease, 18 hezhging disease, and in 3 cases
tumour response was unclear. Neither Her2 oversgmme nor Her2 amplification
appeared to be associated with progression-fregvalior overall survival. The report
concluded that trastuzumab as a single agent diddamonstrate activity against
endometrial carcinomas with Her2 overexpressiorHer2 amplification:>® So far,
whilst Her2 has been reported to be associated tyjith 11 endometrial carcinoma, it
has not been reliably proven to be of prognostieliefor poor prognosis endometrial

cancer.

1.9.4.3 E-Cadherin

Cadherins are a family of adhesion molecules eisdeotr tight connection between
cells. E-cadherin is a transmembrane protein erttdyeCDH1 gene and locates on

chromosome 16q22.1. Its extraellular domain regslatll-cell adhesion via a €a
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dependent mechanism. Its role in inhibiting invasand metastasis is related to its
function in prohibiting the first step in the metetic cascade, namely local invasitn.
37 In vitro analyses have correlated lost or downitatgd expression of E-cadherin in
tumour cells with promoting tumour invasion and asghsis in murine models and
adverse clinicopathological characteristics in nwuse human cancet® !
Underexpression of E-cadherin is frequent in endoate€arcinoma and may be caused
by loss of heterozygosity (LOH) or promoter hypetimyation. LOH at 16922.1 is seen
in almost 60% of non-endometrioid endometrial caymia, but in only 22% of
endometrioid endometrial carcinorffaln endometrial carcinoma, partial or complete
loss of E-cadherin expression correlates with aggive behaviout®

Kim YT et al. and Mell LK et al. investigated E-Guaatin expression in endometrial
cancer in 33 and 102 patients with endometrialicansa of various stages, grades and
histology types®® 1% Both studies showed evidence that decreased mamizaE-
cadherin expression is predictive for endometreadoer mortality, disease progression,
and extrapelvic recurrence, independent of knowsgmostic factors such as stage,
grade, and histological subtype. Both observed ruerse relationship between E-
cadherin expression and adverse outcomes. Howkeeprognostic power for type Il
endometrial cancer has not been reliably shown. Multivariate cox regression
analyses in the study of Mell LK et al., a highecd&lherin expression score was
associated with statistically significant decreaiseendometrial cancer mortality (HR,
0.23; 95% CI, 0.055— 0.94; P - 0.040), diseaserpssipn (HR, 0.28; 95% CI, 0.10-
0.77; P - 0.014), and extrapelvic recurrence (HR4095% CI, 0.062— 0.97; P - 0.045).

However, whilst Kim YT et al. showed a significazdrrelation between aberrant E-
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cadherin and type Il endometrial cancer (n =5),INl&l et al. did not find such an

association.

Whilst the E-cadherin catenin complex is undoulytexfl enormous relevance for the
formation of tight cell-cell adherence, hence cetibility and growth and thus plays a
significant role in tumourigenesis, these are naatdownstream products in the
signalling cascade towards cell mobility and metsist It would be of wider interest to

find and influence higher organised proteins whactually manage the above complex.

1.9.4.4 pl6

P16 plays a known role in cell cycle regulatioraasimour suppressor gene located on
chromosome 9p2%. P16 inactivation can lead to uncontrolled cellvgto This seems
to be more frequent in non-endometrioid endomeiaicinoma (40-92%) than in
endometrioid endometrial carcinoma (7-25%92 **°In a population-based study of
316 patients loss of pl6 protein expression wasifggntly related to a subgroup of
aggressive endometrial carcinomas and poor prognblkus, absent or minimal nuclear
staining was associated with increased age atmiezdt higher FIGO stage, serous
papillary or clear cell histological types, higlstalogical grade, and aneuploid tumours.
Furthermore, there were strong correlations wittraased tumour cell proliferation,
supporting the role of intact p16 protein as a cgtle inhibitor:®*

Loss of p16 expression is also correlated with &aad p53 mutations and is associated
with high stage, high grade, and poor survival.

However, the importance of the cell cycle regulait6 is still controversial, since its
alteration varies dramatically in several studmsssibly due to the applied techniques
and interpretation of staining®> Also the underlying mechanism is yet unclear, beea

neither promoter hypermethylation nor deletion arttation is frequently fountf* 1°°
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1.95 Molecular  differentiation and  overlapping  of
endometrioid (type 1) and non-endometrioid (type Il )

endometrial carcinoma

As much as Bokhman’s system of the dualistic mafeéndometrial cancer helped
clinicians recognise the clinical, therapeutic gmdgnostic gap between type | and Il
endometrial carcinoma, its oversimplification andssification also poses a risk of
misdiagnosing certain types of tumours which eith@not fit into the defining criteria
of type | and type Il endometrial cancer or itsido-pathological behaviour is crossing
the dividing line between the two typ¥s.

On the type | side of the division it is particljethe case for grade 3 endometrioid
carcinomas. They often take a more aggressivecalioburse and have a significantly
worse prognosis than grade 1 and 2 endometriakestié *°8

On the type Il side recent publications suggestedt tthe current pathological
classification and grading system of high-gradeoemetrial carcinomas is problematic
in both reproducibility and prognostic accuraf§/**°

Llobet et al. demonstrated main molecular alterstianvolved in endometrial
carcinoma for endometrioid and non-endometrioidoemetrial cancer. Whilst pTEN,
MSI, PIK3CA and K-ras mutations are understooddabaracteristic features of type |
endometrial cancer such mutations only occur irbQ% of cases. Conversely the same
molecular alterations are observed in type Il enetoia cancers in up to 15%. Also,
whilst p53, E-cadherin and PPP 2R1A mutations eganded as characteristic for type

Il endometrial carcinoma they are also detectegt@wle 3 endometrioid carcinomas and

carcinosarcomas. McConnechny et al. suggest thae sio single gene mutation or
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molecular alteration seems to be sensitive andifspeenough to define the risk
grouping of these cancers it is likely that thelgsia of whole gene panels will be
needed to guide subclassification. New sequen&olgniologies will soon be available
to analyse multiple genes and samples simultangoosiking large mutational studies
achievablg? "

In their analysis of 152 endometrial tumour tissaeples and 260 endometrial tumour
DNA samples McConnechy et al. postulated a ,mutaidlow’ from ‘classic’ type I,
low grade endometrioid tumours via mixed serous emdbmetrioid types with mixed
clinical aggressivenes to the very aggressive satasiterine papillary serous carcinoma
with a predictable mutation profile. In their mudet frequency analysis grade 3
endometrioid cancers were in some cases (p53, FAKEE PPP2R1A) based between
low grade endometrioid carcinoma (grade 1 and @)wdarine serous carcinoma. Other
results within the same study (pTEN, MSI) could sopport the proposed theory of a
mutational flow and concurrant clinical picturesgoddual disease development.
However, they demonstrated that the mutation @obf grade 3 endometrioid
carcinoma was mostly distinctly different from thaft the low grade, endometrioid
endometrial carcinoma. These results also demdadedtthat more molecular markers
are necessary to improve the sub-optimal perforemahconventional histopathological

assessment of endometrial tumotffs.
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1.10 Molecular targeting therapies

There are a number of molecular markers which dyré@ve been investigated for their
potential role in endometrial cancer. In additiorfeav agents have been developed
trying to target these marker. A variety of ageats currently undergoing clinical
development or are already used in trials in endoahecancer. These agents target
tumour cells or the tumour environment includingostal cells, endothelial cells,
endothelial precursor cells, pericytes, and immeaiks.

In 2010/2011 about 250 clinical trials involving demetrial cancer are registered
internationally. 59 of these included some formasfieted therapy. These studies focus
almost exclusively on recurrent or persistent disgaone of them focus on type Il
endometrial cancer. Agents are used as monotherajycombination with chemo- or
radiotherapy and also with other targeting agents.

Most trials cover three groups of agents: Receptosine kinase (RTK) -inhibitors or -
antibodies, mammalian Target of Rapamycin (mTOR)bitors and oestrogen
inhibitors (Selective estrogen receptor modulat(@&RMs), aromatase inhibitors).
Among the RTK'’s, the most widely researched molesudre the epidermal growth
factor receptor (EGFR) family and the vascular ¢neltal growth factor — (VEGF) and

- receptor (VEGFR) family including well known adensuch as Bevacizumab,
Trastuzumab and Cetuximab. None of these agents d@mfar shown any difference in
endometrial cancer survival.

A few others trials include agents such as celllecynhibitors, mitogen activated
protein kinase (MAPK) -inhibition, gonadotropin @aking hormone (GnRH) -agonism,

folic acid analogism, histone deacetylase inhiki{@tDAC) -inhibition, the monoclonal
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antibody RAV12, CALAA-01 (RNA-interference), UCN-OXprotein kinase C
inhibition) and cyclooxigenase (COX ll)-inhibitiogain, as yet, these agents have
failed to show any significant impact on endométancer survival or played any role

as a diagnostic or prognostic tool.
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1.11 Novel markers used Iin this research
project

1.11.1 Tetraspanin CD151

Tetraspanins are small membrane proteins expressadvide range of species from
sponges to mammals, with each organism expressilagga number of tetraspanin
family members. Numerous biological processes nggrhspanin input, such as
fertilization, inflammation and infection, parasiés well as viral infection, synaptic
contacts at neuromuscular junctions, platelet agagien, maintenance of skin integrity,
immune response induction, metastasis suppressiaelas tumour progressioff.1"?

CD151 is one of currently 33 proteins known in theammalian tetraspanin

superfamily.

1.11.1.1 Architectural features of tetraspanins

A defining feature of the protein family of tetraspns is its transmembranous
architectural structure that crosses the cell mamibifour times (Figure 1.4, see page
59). They have short amino- and carboxy-termindt,taa small intracellular loop
between transmembranous region 2 (TM2) and TM3nallsextracellular loop (ECL1)
between TM1 and TM2 and a large extracellular I®@L2) between TM3 and TM4
(Figure 1.5, see page 61). ECL2 can be subdivideda mostly constant region and a
variable region. The constant region may accountimerization, the variable region

for interactions with non-tetraspanin partner moles.
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Figure 1.4
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Transmembranous architectural structure-model of téraspanin.

(kind courtesy of F. Berditchevski, Birmingham, Unted Kingdom)
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1.11.1.2 Locations of tetraspanins

Apart from the general location in the cell memlesatetraspanins are also abundant in
membranes of various types of endocytic organefiedpsomes and exosomes, 30-100
nm vesicles that are released by many cells. Theeiweal from multivesicular bodies,
which either fuse with lysosomes or fuse with tlhesma membrane and release their
intraluminal vesicles as exosomes. The moleculanpasition of exosomes reflects
their origin from intraluminal vesicles and inclwdseveral tetraspanins. Exosomes are
thought to constitute a potent mode of interceflu@mmunication that is also
important in tumour progression. Thus tetraspaanesable to communicate and travel
within the cell with or without endosomes as wedl l@aving the cell in form of
exosomes and multivesicular bodies (MVBs). Tetraspanriched microdomains
(TEMs) may appear similar to lipid rafts and inddexve common features. However,
they are different structures: They are disruptgdTiton X-100 at 4°C and the
signature molecules for classical rafts — glycosghkphatidylinositol-anchored

proteins and caveolin — do not associate with $p@ains.
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Figure 1.5
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1.11.1.3 Tetraspanin primary interactions

Tetraspanins play a key role in the formation ofmptexes called the tetraspanin-
enriched microdomains (TEMs), which contain amormgser tetraspanins a number of
other transmembrane receptors (e.g. integrins,ptece tyrosine kinases) and thus
provide a signalling platform. Laminin-binding igtins particularlya3p1, a681 and
a6p4 are most commonly associated with TEM formatiod & has been shown that
tetraspanins regulate integrin-dependent adhestmngthening. Tetraspanins also
associate with growth factor receptor, G-proteingied receptors and their
intracellular associated heterotrimeric G-proteissyeral peptidases, transmembrane
proteins associated with tumour progression, immglobulin superfamily members
and cytosolic signal transduction molecules. Palyhtion of intracellular,
juxtamembrane cysteines is thought to be requinedhitiating tetraspanin—tetraspanin
web formation. This also seems to shield tetrasarirom lysosomal lysis and
promotes increased cell—cell contact. The formabiotne essential tetraspanin enriched

microdomain is also partly dependent on the palytaten of specific integrins.

1.11.1.4 Core activities of tetraspanins.

Activities of tetraspanins vary considerably depegan the activation state of the cell
as well as the surrounding tissue. Tetraspaninsacareither directly, through their
laterally associated partner molecules or, lesguiatly, through ligand binding. In
addition, as a major component of exosomes, tetragp are likely to be involved in
cross-talk between distant cells. According to Maecet al. in the first review about

tetraspanins: “Tetraspanins function via modulatisgabilizing or preventing the
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activities of their associated molecules, which yvatepending on the TEM
composition™’? Via biosynthesis, compartmentalisation, interrsién and recycling
of integrins, or modulating of integrin signallimgd trafficking tetraspanins play a key

role in cell motility, adhesion, invasion and fusig* *"3 1

1.11.1.5 Tetraspanin CD151 and tumour progression

In vivo tumour cell migration through integrin-dekent pathways is key to the
metastatic behaviour of malignant cells. Due to stong binding properties with
laminin binding integrins CD151 is well positionemimodulate integrin-dependent cell
spreading, migration, signalling, and adhesiomsfiteening'">*""

Integrin-tetraspanin complexes have been describeoe critical for regulating cell
invasiveness and controlling intercellular intel@as, both of which play a critical role
during the metastatic progressibfiTakeda et al. analysed CD151-null cells and tissue
ex-vivo and showed selected alterations in cellgayith, migration, aggregation,
proliferation, morphology and signallif§’ Consistent with the close association with
laminin-binding intergrins they demonstrated thamoval of CD151 by antisense,
siRNA knockdown or knockout showed selective sityngldefects with diminished
phosphatidylinositol 3-kinase (PI3K), Akt, and Rapathways and disruption of
connections between laminin-binding integrins amdeast 5 other proteins which
resulted in impaired pathologic angiogenesis. Thegcluded that CD151 supports
pathologic angiogenesis via the influence of lamvninding integrins on endothelial
cells. Furthermore CD151 depletion has been destiib either increasé® or decrease

173 179

cell motility. CD151 has also been shown to pramiimour cell intravasation

and subsequent colonization of secondary organsckilg CD151 leads to a
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significant increase in cell adhesion and a prowednimmobilization of the tumour
cell, thus inhibiting migration and preventing agisociation and metastasis.

To investigate the role of CD151 in tumour metastdsrther, CD151 cDNA was
transfected into different tumour cell lines andwas found that these CD151
overexpressing cells were more aggressive thanahtol cells with enhanced motility
and invasiort®! ¥ Testa et al. reported that CD151 is involved inearly step in the
formation of metastatic foci, such as arrest, ersation, and/or migration into the
connective tissue stroma of the secondary otan.

However, the role of CD151 in proliferation and astasis of non-hematopoietic cells
remains controversial. There were no obvious priive defects in CD151-deficient
mice and human€? #3Also, deletion of CD151 did not affect proliferai of primary
endothelial cells on Matrigel in vitrd? Yet Geary et al showed that primary
keratinocytes on a laminin substrate were impawdten the cells were CD151
negative'®® It is possible that CD151 may play a greater inl@nmunocompromised
tumour cells rather than in normal céffdIn malignancy CD151 appears to be involved
in both - pro-invasive- (rapid migration) and amasive functions (stable cell
junctions)}’® Overexpression as well as underexpression of ChiEslbeen observed
in different tumour types. Novitskaya et al. suggdshat variations in CD151 effects
might be cell-type specific and/or also dependent the individual host
microenvironment*®® CD151 has been investigated in vivo in a numbecasicer
types.

Prostate canceAng et al. investigated prostate cancer collgctissue specimens from

76 primary prostate cancers and 30 benign prostaperplasia (BPH) controfé’

CD151 expression was found to be significantly bBrgin prostate cancer specimens
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compared with BPH specimens (p < 0.001). The strshgtaining was observed in
poorly differentiated tumour specimen, whereas wédfierentiated cancers expressed
the weakest staining for CD151 (p < 0.001). CD1%pression showed a negative
correlation to overall survival, i.e. higher leveisCD151 were associated with poorer
prognosis. This effect was independent of the pttieage or preoperative prostate-
specific antigen values and superior in the pradicibility of the Gleason score. They
concluded that CD151 had better predicting valuettie clinical outcome of prostate
cancer patients than does the traditional histolggading method (Gleason grading).
Lung cancer Non small cell lung cancer was investigated bykufara et al. using
reverse transcription-PCR and immunohistochemi§tryWhereas 86 out of the 146
collected tumour specimens were positive for thel&Dgene, 59 had tumours that
were negative for the CD151 gene. The overall saiviate of patients with CD151-
positive tumours was lower than that of CD151-neggbatients (51.9% versus 73.1%;
p = 0.013). They concluded that high CD151 geneesgion in lung cancer may be
associated with a poor prognosis.

Breast cancerYang et al. postulated an acceleration of grosdlused by CD151
regulatinga6 integrin activity'®® They observed an increased CD151 expression in a
subset of human breast cancer samples, particulaose of high grade and/or triple
negative tumours — oestrogen receptor (ER) negafpvegesterone receptor (PR)
negative and human epidermal growth factor receftqHer 2) negative — which
appeared to be a significant marker for poor outom this study CD151 ablation
markedly reduced migration, invasion, spreadingl, signalling of basal-like mammary
tumour cells and showed signs of disrupted epidegrawth factor receptor (EGFR)-

a6- integrin collaboration. In a basal-like mammaurgnour cell line, they demonstrated
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that CD151 ablation delayed tumour progression.yTtencluded that CD151 is a
potential therapeutic target with relative selatgicompared with laminin-binding
integrins) for pathologic rather than normal phiciyy.

Colorectal cancefinterestingly Chien et al. demonstrated veryat#ht result$® They

investigated a cohort of 137 paired cases of cotatecarcinoma and normal colon
tissues examined by immunohistochemical stainirdyvaestern blot for the expression
of CD151. They showed that expression of CD151gimotvas reduced in the colon
cancer tissues compared with the surrounding notisgles. One explanation was the
observation that the expression of CD151 was negjgtiregulated by hypoxia
inducible factor-1- dependent hypoxic stress. Seggon of CD151 by hypoxia caused
the detachment of cancer cells from the surroundiagrix and neighbouring cells
whereas restoration of CD151 expression duringxggrenation facilitated the adhesion
capacity.

Urothelial CarcinomaRecently Minner et al. published data from augssiicraoarray

with 664 tumour specimen. Like Chien et al. theyarhed an association between
decreased levels of CD151 and advanced tumour stagehigh grade in urothelial

bladder cancer’?

Given the above findings of CD151's potential cehtrole in cell motility and
metastasis, its’ clinical behaviour in hormonalBpéndent tissues such as breast cancer,
as well as its’ so far controversial effects obsdivCD151 was found to be a highly
interesting and suitable marker for investigatiép@or prognosis endometrial tumours

in which tetraspanin activity has never been ingeastd.
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1.11.2 Clusterin

Clusterin is a glycoprotein that has a nearly uibagus tissue and fluid distribution,
found amongst others in breast, prostate and kitifidywas previously also known as
~apolipoprotein J”, *“testosterone-repressed prestahessage-2”, and “sulfated
glycolprotein-2”. Located on chromosome 8p21-pl2s@rin (CLU) is coded by a
single nine-exon gene spanning 17kb. The gene esc& CLU isoforms, and
differences in subcellular localisation give dirent to the understanding of their
function*®

CLU has been implicated in various cell functionsluding apoptotic cell death, cell
cycle regulation, cell adhesion, tissue remodellingd immune system regulation
involved in physiologic or pathologic processeshsas carcinogenesis and tumour
progressiort?**%® Such an expression pattern is pointing at a piaiekey role in
cellular homeostasis, and the protein is known &vehboth pro-apoptotic and

anti-apoptotic functions.

1.11.2.1 Clusterin isoforms

This functional dichotomy may be related to at tehsee isoforms, two of which are
translated into a secreted, cytoplasmic 80kDa (glylated, proteolytically cleaved)
and 60 kDa (non-glycosylated) clusterin proteinL(8{; and one of which is alternately
spliced and translated into a nuclear clusterirtgano(nCLU, ~ 55 kDa). Reacting to
various types of cell damage, nCLU is released dimy apoptosis®’, whilst sCLU

(75-80 kDa) seems to act as an anti-apoptotic/prairal or a proliferative protein in

certain cancer celf$8 1%°
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1.11.2.2 Clusterin and malignancy

A multitude of data has been generated about tles af clusterin in malignant disease
with seemingly conflicting information indicatingn isome cancers an oncogenic or
cancercell-cytoprotective activiy® and involvement in tumourigenesis while in other
cancers data are suggestive of a tumour suppreskor Furthermore, studies have
observed decreased as well as increased levelspoéssion within the same tumour

entity.197 201 202

1.11.2.3 Clusterin as an oncogene

A number of studies have shown significant overegpion of CLU in disease and
normal tissue, in animal models and cell linesgating an oncogenic role. Furthermore

increased expression correlates with disease $gwera number of cases. In col6%

204 207 208

ovarian 2% 2% preast > endometrial®®® and bladder cance™ clusterin
overexpression was associated with disease progmesecurrence and survival. In
renal cancer multivariate analyses revealed thiahgtexpression of clusterin was an
independent predictor of tumour recurrence and aliveurvival?** In hepatocellular
carcinoma univariate analysis showed recurrence gtgvival was significantly lower
in patients with strong clusterin expressfoh.In cervical cancer Watari et al
demonstrated in his cohort of patients who all uweat systematic lymphadenectomy
and radical surgery that CLU positivity was an ipeledant prognostic marker for

advanced diseas&®

68



1.11.2.4 Clusterin as a tumour suppressor

There is also a variety of publications describimglerexpression or downregulation of
CLU in tumourigenesis indicating a potential rofeaatumour suppressor gene.

In prostate cancer such a possible role has beggested by Caporali et & They
found that in transgenic adenocarcinoma mouse gws{TRAMP) mice which
spontaneously develop prostate cancer, CLU was cigutated during prostate cancer
onset and progression. Such a role is supportedamhala et al. who found clusterin
expression to be significantly reduced in untreaa@d hormone-refractory prostate
carcinomas™*

In colon cancer cell lines Chen et al found thamhsient transfection of clusterin directly
enhanced basal and chemotherapy-induced apoptasithermore clusterin-induced
apoptosis was inhibited by antisense clusteriin fine needle aspirates of pancreatic
adenocarcinoma Jhala et al. found clusterin stgisignificantly less frequently than in
normal reactive ductal epitheliuft’

However, some studies have found that expression moanecessarily be related to

disease progression or tumour size° %8

1.11.2.5 Clusterin isoforms in malignancies

Contradictions and alternative hypotheses stilbteabout the various roles of clusterin,
and researchers are still unsure whether CLU is a@asitive or a negative modulator
of mammalian tumourigenesi¥ The likely answer is that it is able to functionboth

ways.
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This might be possible and explained through théermint isoforms as well as
understanding and discerning the changing biolbg®guirements of a tumour in its
course over time, from its early development thiot@survival under the pressures of
environment, hormones, chemotherapy etc. As an pbeaRucci et al found clusterin in
a nuclear localization in healthy colonic mucosamfpeconsistent with the involvement
of the proapoptotic nuclear clusterin form in tegulation of cell cycle progression and
in cell death inductio”?® Progression towards tumour and particularly towahnijh-
grade and metastatic carcinoma saw clusterin lgigbuted to the cytoplasm. Protein
extracts from such cells documented the complete &b the pro-apoptotic nuclear form
and a cytoplasmic overexpression of the highly @gytated anti-apoptotic form. These
data suggest that the controversial data on ciasi@nction in tumours may be in part

related to the pattern shift of its isoform prodoief>°

1.11.2.6 Clusterin in targeted therapy

Antisense oligonucleotide (ASO) therapy againsstetn is currently used in clinical
trials to evaluate its efficacy in improving andeogdeprivation therapy and/or prevent
chemoresistanc&® #?? Clusterin has also been suggested to be a pdtesttal
biomarker for colon cancer screenfifgIn breast cancer, results from a phase Il trial
where clusterin ASO therapy was added to a taxaamotherapy, showed no increase

in treatment respongé’
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1.11.2.7 Clusterin and endometrial carcinoma

In endometrial carcinoma Ahn H.J. et al. found teatt SCLU was overexpressed in
endometrioid endometrial carcinoma (EEC) but nopapillary serous type cancers
compared to normal endometriuffi’ The biological role of over-expression of sCLU
in the endometrioid carcinoma might be anti-apaptot pro-survival, similar to the

situation in other carcinomas.

In view of the central role of CLU in tumourigengsind the urgent need for molecular
factors to distinguish the two phenotypes of endadalecarcinomas, Clusterin was

chosen as one of the molecular markers to invdstigahe present study.
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1.12 Hypothesis

This study was set out to answer the following higpees:

1.

Based on clinical observations we hypothesiae@38 endometrioid endometrial
carcinoma belongs to a group of poor outcome wermalignancies which
fulfills more criteria of type |l rather that typeendometrial carcinoma.

Based on the findings in breast-, prostate-@idn carcinoma we hypothesise
that CD151 is a useful prognostic marker for pooogposis endometrial
carcinoma.

Based on the findings in breast-, prostateariam- and colon carcinoma we
hypothesise that Clusterin is a useful prognostarker for poor prognosis
endometrial carcinoma.

Investigating the different groups within pgoognosis endometrial cancers we
hypothesise that CD151 and/or Clusterin will previdew information to

characterise these groups.

72



1.13 Aims of the thesis

1. To compare immunohistochemistry profiles andvisal outcome of grade 3

endometrioid cancers with type 2 cancers of th@dahvestigated.

2. To assess the prognostic significance of CD151
3. To assess the prognostic significance of Clunste
4. To compare the expression profiles of CD151 @husterin with the clinical and

pathological features of the cohort investigated.
5. To compare the expression profiles of CD151 @hdsterin with the expression
profiles of oestrogen receptor (ER), progestera@oeptor (PR), p53 and Her-2

of the cohort investigated.
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CHAPTER

2 MATERIAL AND METHODS
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2.1  Setting

Gloucestershire Hospitals NHS Foundation Trust (BI3NT), Gloucestershire, United
Kingdom. All patients in this study were seen anehted in Cheltenham General

Hospital and/or Gloucestershire Royal Hospital, (kster.

2.2 Patients and Specimen characteristics

Upon approval from the Southmead research ethigsrstiee (REC ref.07/H0102/64),
archived formalin-fixed and paraffin-embedded tesshlocks and corresponding
pathology reports were collected from all patiemtko underwent treatment for
International Federation of Gynaecology and ObstetfFIGO) stage IA-IV uterine
cancers at the Gloucestershire NHS Foundation THospitals between 01.01.1997
and 31.12.2002. Histology types grade 3 endomdtresidometrial adenocarcinoma
(G3 EEC), uterine papillary serous carcinoma (URSsIHar cell carcinoma (CC),
carcinosarcoma (MMMT), sarcoma and malignant uéegpithelial tumours of mixed
histology were selected. Architectural grading veased on the degree of glandular
differentiation in accordance with the FIGO guides.

Clinicopathological information and survival dateene abstracted from an ongoing
regional prospectively collected clinical databhaséd at the South West Public Health

Observatory (SWPHO), Bristol, United Kingdom
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Figure 2.1

South West Public Health Observatory (SWPHO) data sheet for endometrial

cancer by the South West Cancer Intelligence Unit.




The information in this database is gathered bgdstedized data forms which have to
be completed at the point a certain diagnose has beade and a treatment regimen
commenced (Figure 2.1, see page 76).

This form is designed for all patients with endoma¢tcancer and routinely completed
by a member of the gynaecology-oncology team ofGINHSFT. The purpose and
benefit of the SWPHO data sheet is to provide btainformation on how each
individual patient has been surgically and systefhidreated. It is divided into three
sections: surgery, histopathology and oncology.

The surgical section comprises details on the dftperation, the fact whether surgery
has been conducted as part of a clinical trial\@hdther it is a case of primary disease
or tumour progress or recurrence. The name ofdhgesn and his/her level of training
is disclosed and details given on the surgical @ggr such as the way of incision or via
laparoscopy, clinical findings regarding the extehtdisease and organs involved as
well as details of tissue and/or organs removeck Mistopathology section renders
information such as the histology reference nundret date of reporting, comprises
histological typing, grading, detailed descriptiohinvolved organs such as depth of
endometrium invaded, parametrial, ovarian, cervazal vaginal involvement, number
and region of lymphnodes sampled and their tumauolvement, metastasation to
distant organs, the cytology of peritoneal washiagd the final TNM and FIGO stage.
The oncology section comprises details on adjuvhetrapy such as radio- or
chemotherapy. The oncology number is disclosed iafmmation given whether
treatment has been subject to a clinical trial. Titention of treatment is stated —
whether radical, curative or palliative. In the &ad radiotherapy treatment the regimes

of external beam and/or brachytherapy are outlinedew of site and size, number of
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fractions, the total amount of radiation used messun gray (Gy) and the overall
treatment time. In the case of chemotherapy itated whether the intention and timing
of treatment was concomitant, adjuvant or pallgtithe number of cycles of the
specific regime used and information is given oa #xtent of the response under
treatment — complete or partial regression (CR/Psgble or progressive disease
(SD/PD).

All patients were kept under regular surveillance 5 years, follow-up details for
longer than five years were abstracted from holsgatards from other attendances.
The survival data used in this study are beliewele very robust due to the centralized
computed documentation system covering a whole tgoxs long as a patient was
resident in the county, all hospital attendancesutphout the entire region would be
documented in the GHNHSFT computer system. Addilign every single blood
sample obtained in one of the NHS facilities oaity GP surgery in the region would
be visible via this system and thus proof at |¢last the patient in question was alive at
the given date and where she was last seen. Addilyp counter-checking all patients
in the in-house database of the GHNHSFT Oncologyi&es provided extra safety
particularly by identifying recurrence/tumour pregsion data. Clinical endpoints were
survival or death of disease or other causes @ dhtecurrence as recorded in the
hospital notes. Data on death and cause of deathcvess referenced against cancer

registry data to ensure accuracy.

78



2.3  The tissue microarray

Tissue microarrays (TMAS) consist of paraffin bleckhere up to several thousand
individual tissue cores have been inserted in eayad fashion. They are produced by a
method of serially re-locating tissue from many\eamtional histology paraffin blocks
into a single new block and then cut into fine &g such that tissue samples from
multiple patients or donor specimen are arrayeda®@ingle microscopic slide to be
assayed and visualised simultaneously.

This is done by using a hollow needle attached mi@oarrayer to biopsy standard
histology sections and placing the core into aipeeposition in an array on a recipient
paraffin block. The microarrayer provides repeétiand precise positioning of the
tissue-cores up to a variance of less than 0.1 fims. technique, originally described
by Wan et al in 1987 in the Journal of Immunologigethods was a modification of
Battifora's "sausage" block technique where tissues were placed in specific pre-
formed slots in a block® ??° The technique gained international attention when
Kononen and colleagues in the laboratory of Ollaligniemi published it in Nature
Medicine in 1998°%

These miniaturized collections of tissue spots Itegu a significant increase in
throughput for in situ examination of gene statugpmtein expression from archival
specimens. The simplification of specimen handéng processing enables researchers
to extend their cohorts exponentially which imprewee quality and significance of the
findings about the biomarker investigated. Procegguality is further improved by the
fact that all specimens are arrayed on a single slihich means staining conditions are

identical and consistent with precisely the samgbady dilution. Additionally, the
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possibility of looking at a series of biomarkersnagltaneously in exactly the same
specimen, time and circumstances again improvegyaad reliability.

All available methods for examination of histolaglic sections, including
immunohistochemistry, in situ hybridization, DNA oply analysis, nuclear
morphometry, and fluorescent in situ hybridizate@an be performed on sections from
TMA blocks. Many clinical specimens contain limitédsue for study. TMAs can
expand the number of studies that can be perforinoed either limited or extremely
valuable specimens. TMAs have been validated afulusmls for the evaluation of

various biomarkers, especially in oncology patients

2.4  Tissue microarray construction

Tissue microarray construction requires detaileanping of successive basic steps
which are outlined in accordance with recommendatioecently summarised by
Professor Manuel Salto-Tellez, Chair of Moleculati®logy at Queens University
Belfast presented at the Biomarkers, Biostatisios Novel Clinical Trial Design
workshop held in September 2012 in Nottingham.
(http://ncrndev.org.uk/downloads/Bl1%20CSG%20WorksidMA/Salto-Tellez.pdf).
Listed below are the 10 recommended basic stefdssiie microarray construction
whilst each step is described in detail if requwneathin the following chapters.

1. Collection of the pathology files of the casesuinigld in the study cohort.

2. Retrieval of the histology slides, review of histgy and marking out

representative areas on a H/E stained slide bylelogist.

3. Retrieval of paraffin blocks.
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4. Marking out areas to be punched on paraffin blagksg H/E slide as guide.
5. Selection of punch size and recipient block.

6. Preparation of tissue microarray map.

7. Punching out tissue cores and transfer to recijoleak.

8. Cut H/E slide from arrayed block

9. Review of histology

10.Repair of array block by replacing non-represewggtissue cores

2.4.1 Selection of tumour blocks

A pathologist with a special interest in gynaecaiogathology reviewed all

hematoxylin- and eosin-stained (H&E) slides of easmour to confirm the original

diagnosis of endometrioid, uterine serous papillaryclear cell endometrial cancer,
sarcoma, carcinosarcoma or mixed histology. Coamding paraffin blocks were then
obtained from the tissue archives. A representgpiaeaffin-embedded tumour block
was selected after review of H&E- sections and separate areas of tumour were
marked on the slide and corresponding tissue blaskthe block might contain more
than one tissue diagnosis of interest for obtairtisgue cores for a TMA, each circled

tissue diagnosis on the slide was also assignednder. (Figure 2.2, see page 82)
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Figure 2.2

Paraffin embedded tumour tissue blocks.

2.4.2 Design and mapping

The design and planning of the tissue microarraysttaction was carefully conducted
to facilitate the following requirements:
1. Logical and successive collection of tissue spessn® avoid missing or
duplication of cases.
2. Design of a basic system which would be repeatiirleeach array-block yet
render every block, and thus slide, individuallgagnisable at a glance.
3. Precise documentation and mapping system of evaglesposition of tissue
specimens to render the localisation of each iddiai case in any given sector
of the block swiftly and failsafe and to

4. Aid visual detection of differing slides and speems in the same assignment.
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The basic metric dimensions required for a tissueraarray paraffin block are such
that its sections fit on a standard microscopesgklgle of 25x75mm. The use of
standard microscope glass slides of 25x75mm aserarof the sectioned tissue
microarray specimen is advisable to ensure roufinecessing, quick and safe
throughput, multiple use by various people andititsbns as well as storage and
postage. To be safely placed on the standard noimpes glass slide the mounting

paraffin block for the tissue microarray is approately 20 x 45 mm in dimension.

The standard size of a single tissue core in adissicroarray core is 0.4 to 1 mm in
diameter. Cores can be placed as close to eachiottie paraffin block as the physical
practicality and precision of an arrayer machirdeved. However, in order to retain the
stability of the paraffin structure surrounding tiiesue cores as well as visibility and
ability to keep them separate during the processihghe blocks and slides, it is
advisable to space the cores 0.5 to 2 mm apatrt.

For this study it was calculated to fit 6 to 8 rowefstissue specimen into one paraffin
block, each row consisting of 10 to 15 tissue coeesh core 0.6mm in diameter and 1
mm apart from any given neighbour. Thus a singlaffia block would contain up to
120 tissue cores. Given 156 tumour cases withast levo samples each plus a certain
number of control samples it was estimated to regspace for 400-500 tissue cores.
Therefore, it was decided to produce 5 tissue raicays in 20 x 45 mm paraffin

blocks.
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2.4.2.1 Tissue microarray block and slide

identification system

Having more than 1 tissue microarray with eachheint containing specimens all of
which should undergo exactly the same number ammk tgf experiments, an
identification system is required with the ability differentiate the microarrays from
each other and recognise them individually and idiately at a glance. In the case of
this study it was necessary to devise a systenddatify and differentiate 5 tissue
microarray blocks and respective slides and alsabbeto retain their order at all times.
Figure 2.3 (see page 85) depiets exemplary microarray constructed for this study

demonstrating the arrangement and pattern of tissres.

1. There are 12 core positions (i.e. positions toivecéssue cores) to each row
with a maximum of 7 rows per slide.

2. The top and bottom row (row 1 and 7) are the “blat=atification-rows” with
at least one core at either end (position 1 and 12)

3. Positions 1 to 5 in the top and bottom row aredillvith placental tissue control
cores according to the number of the tissue micagablock. Thus, “TMA
Block 1” has a tissue core at position 1 and 12JATBlock 2" has tissue cores
at position 1 and 2 and 12, “TMA Block 2” has tiestores at position 1-3 and
12 etc. The number of cores in the top and bottow on the left side is well
visible with the naked eye and renders them inatedusly identifiable within
the 5 blocks of TMAs of this study.

4. In the very bottom left corner, below position 1roW 6, a single tissue core is

placed to avoid any chance of disorientation onfthare TMA slide due to
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handling errors of a slide. This core ensures tireect position/orientation the
glass slide is held once a TMA is sliced up anagdaon a glass mount. If the
slide is inadvertently turned up-side down or sidgsy this single core would be
found (falsely) either above row 1 or below positit? of row 6, thus the slide

be recognised as wrongly orientated or held.

Figure 2.3

TMA block 5 — Exemplary paraffin block with tissue cores embedded.
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2.4.2.2 Tissue core identification and mapping
system

An essential requirement for the TMA is a robusk Ibetween each core to its original
donor tissue and to the patient's anonymized dindataset. A code was developed
indentifying each tissue core in the TMA encodihg tollowing information:

1. The first number refers to the position of the tumio the database

2. The double letters refer to the initials of theiguaifs name.

3. The 6 digit number refers to the year of collectard the histology number of

the tumour.

4. The last letter refers to the duplicate numbehdf tissue specimen, i.e. A or B.
Example: 12-LE-97 3898 AGiven the slide identification system, explaineam\ad
only row 2 to 5 in the TMA blocks contained tumapecimen of the study cohort. All
other positions were filled with control tissuegtiie 2.4 (see page 8dgpicts the
specimen reference spreadsheet identifying evesiipo of each tissue core in the five
TMA blocks. Each Excel spreadsheet maps out theenmaand position of every tissue

core at a glance.
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Figure 2.4

2-HV-97 5659 2-HV-97 5659 3-EV-97 5361 3-EV-97 536[L 5-TJ-97 1079 5-TJ-97 1079 7-HK-97 4329 7-HK-97932| 8-BM-97 8597 8-BM-97 8597 9-RS-97 8239 9-RS-93%82
A B A B A B A B A B A B
10-NM-97 8988 10-NM-97 8988 11-WJ-97 14774  11-WX@774 12-LE-97 3898 12-LE-97 389§ 13-GA-97 4764 -GIB97 4764 14-MD-97 14145  14-MD-97 14145 15-ES18D17 15-ES-97 16017
A B A B A B A B A B A B
16-HG-98 7569/7Q 16-HG-98 7569/7( 17-OK-98 6256/7| 17-OK-98 6256/7| 18-KJ-98 7572 18-KJ-98 7572 19-CM-98 141p 19-CM1882 | 20-PM-h1980984920-PM-h19809849 21-HB-h19808757 21-HB-h19808752
A B A B A B A B A B A B
23-WC-98 7726 23-WC-98 7726  24-JD-h9814398  24-IB1A398 25-ME-h19813062 25-ME-h198130626-PM-h19815277 26-PM-h198152771 27-WB-99 3039 27-WB-99 3039| 28-BJ-h19906145 28-BIAD6145
A B A B A B A B A B A B
29-CM-99 03781| 29-CM-99 03781 30-DD-99 6896 30-DDeB96 31-BB-h19909114 31-BB-h199091114 32-LK-h19904| 32-LK-h19904777  33-BV-99 05434 33-BV-99 05434 4-12-h19979498| 34-LL-h19979498
A B A B A B A B A B A B

0,6 mm CORE, 2mm GAP

BLOCK 1 EmCA 2-34

Tissue core identification and mapping system. ThExcel spreadsheet maps out the view on top of TMAldick 1. Each study tissue

core has an individual code consisting of a numbédollowed by two letters and again followed by a nufoer each separated by a

hyphen. The first number refers to the position othe tumour in the database. The double letters refeo the initials of the patient’s

name. The 6 digit number refers to the year of cadiction and the histology humber of the tumour. Sontames the last number is

headed by the letter h which is identifying the hi®logy number of the tissue instead. A capital ledtr in the box below the code

refers to the duplicate number of this tissue spegien, i.e. A or B.
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2.4.3 Instrumentation and equipment set-up

A simple, manually operated tissue microarrayer Beecher Instruments (Model:
Manual Tissue Microarrayer MTA-1) was used. (Figdr, see below). The central
part is a rotating turret with two punch needlesunted on it:
Needle 1: To punch a regular array of holes iacgient block.
Needle 2: To extract cores from marked regiongowifor tissue blocks and

inject these cores into the holes of the recipntk.
Needle 2 is slightly thinner than needle 1 so thatcontent of needle 2 fits firmly into
the pre-formed hole. X-Y micrometers define the rdomates of the array and its
micrometer adjustment knobs (Figure 2.6, see p&ydeatilitate adjustment of cored

tissues in straight rows, easily visualised inalay setup.

Figure 2.5

Mounted punch needles on tissue microarrayer by Beber Instruments.
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Before the arraying process begins each donoretiskck and corresponding slide pair
are arranged in the order that they will be usdibwiing the map design. Prior to
placement in the arrayer the recipient blocks daeed off” on both front and back
sides using a rotary microtome to ensure that tbhekbface is smooth and all arrays
made will be in the identical plane. This minimizée amount of block realignment
that will be necessary during sectioning and hédpgptimize the number of complete
sections that an array block will yield. The reeipti block is then placed into the base of

the arrayer.

Figure 2.6

Micrometer
adjustment knob,
y-axis

Micrometer
adjustment knob,
X-axis

Manual Tissue Microarrayer MTA-1 by Beecher Instruments with visible

adjustment manuals for precise movement across thgaraffin block.
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To ensure the alignment of the punch needles,gtipient needle (needle 2) is moved
into position and makes a mark in the paraffin.sTisi then repeated for the donor
needle (needle 1) so that both marks are precaddlye same position. The needles are
moved to the position of the first punch with theaxd y-axis micrometer adjustment
knobs. The position of the punches over the blsc&sisessed by gently pushing down
on them until a mark is made in the paraffin, mgkaajustments with the micrometer
knobs until the desired position is attained. Ttirenmicrometer is zeroed for the X and
Y axis. At last the “depth stop” is adjusted, whibétermines how deep the punch will
be forced into the recipient block. Only the depthhe recipient core can be set by the
depth stop. There is no depth stop to determineontrol the depth of the donor core
due to the varying thickness of the donor tissuwelgl which will naturally determine
the limit of the depth or length of the cores tbanh be taken. It is important to choose
tumour tissue blocks of appropriate depth for tleptd of the thinnest block will
determine the maximum thickness of the TMA andalectthe maximum available
sections cut from this TMA block. The arrayer isrhaligned and ready to be used for

one specific block.

2.4.4  Tissue microarray construction

When the donor blocks, recipient block and arregmer set up the actual microarray
construction can begin. Since TMA construction with equipment described above is
a heavily formalized and structured process thefalldwing steps are an amended

version of the to detailed instruction publishecHsten Fedor et al. in 2005
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. Pressure is applied to the top of the turret tmdordlown needle 1 into the

recipient block. A squeezing motion is used to ptish tissue core into the

paraffin.

. The arm of the punch is rotated to the left anchthack to the right to free the

core from the recipient paraffin block.

. The pressure on the turret is released and thegsprings the turret back to its
resting position. Here the stylus is pressed ddwaugh needle 1 to eject the
paraffin core from the punch which is then discdrdehe length of the paraffin

core should correspond with the predetermined detpiin

. The turret is swung to the right to allow the domaredle (needle 2) to be
brought into proper position. Then the bridge &cpd over the recipient block.

. The donor block with the area of interest circledolaced on the bridge under
the needle and a punch is taken from the inscrida@ple area by repeating the
procedure for removing the paraffin core from teeipient block.

. The bridge and donor block are removed.

. The core is inserted into the recipient block bipnding the turret down until the

lower punch surface is directly over the hole thats just created. With

continuous pressure on the turret the stylus wlglpush guiding the tissue core
into the hole while expelling the tissue from thenph needle (needle 2).

. The x-axis micrometer knob is moved precisely 1/ @nd the procedure is
repeated across the row until the last core has pleeed.

. The x-axis micrometer knob is then moved to go lagbosition zero and

the y-axis micrometer knob is moved 1.0 mm down @uedprocedure repeated

until the block is completé®®
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Two tissue cores of 0.6mm diameter and approximdiemm in length were taken
from each donor paraffin block corresponding tortierked area. The cores were set at
1mm intervals, named A and B, to decrease theaiskberrant results due to tumour
heterogeneity. The tissue array was monitored afierpletion by a hematoxylin stain
and in case of lack of visible tumour cells a degtieé biopsy was processed. The quality
of the tissues in the arrays was in general extuellih preserved morphology. (Figure

2.7, see page 93).
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Figure 2.7

The 5 completed TMA blocks of this study.
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2.4.5

Tissue microarray block sectioning

On completion of the array block sectioning wasdrarted according to the following,

protocol:

1.

The blocks were sealed in an oven for 15 min a€3#te down on a clean glass
slide. This facilitated the adherence of the cdcethe walls of the punches in
the recipient block.

Maintaining the slide/block combination the compleas then removed from
the oven and gentle and even pressure appliedeio eut irregularities in the
block surface and possible bulging of the blocktimewhich might occur during
array construction.

The slide/block combination was then placed ontolaek of ice until it was
completely cooled down before disassembly.

With a microtome 4-um sections were cut off the block, picked up wittina
celluloid tape and placed on 30°C warmed slidesiemg that all sections were
placed in the same orientation.

Slides were dried overnight in vertical position.

After drying the slides were placed front to backl gut into a stack, wrapped

with parafilm label, and stored at -20°C.
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2.5 Immunohistochemistry

25.1 Antibodies used

In this study the following antibodies were used ifamunohistochmistry (See Table

2.1 below).

Table 2.1
GENE/ SPECIES SOURCE EPITOPE DILUTION
ANTIBODY
CLU Mouse monoclonal | Vector 7D1 1:200
CD151 Mouse monoclonal | Leica NCL- 1:50

Microsystem CD151

ER Mouse monoclonal | Dako 1D5 clone | 1:35
PR Mouse monoclonal | Dako 636 clone 1:35
P53 Mouse monoclonal | Dako D-07 1:50
Her-2 Mouse monoclonal | DCS-System SP3clone 1:400

Antibodies used in this study. CLU = clusterin, ER= oestrogen receptor, PR =

progesteron receptor.
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2.5.2 Immunohistochemical staining of Clusterin and CD151

with low temperature antigen retrieval

2521 Solutions

Antigen retrieval buffer Tris buffered saline (TBS) pH 7.6
1mMol EDTA 6.059g Tris

0.1% Tween20 8.76g NaCl

Water 1L Water

(pH adjusted to pH 7.6 with 1Mol HCI.)

2522 Procedure

All slides were incubated for 10 minutes in 0.3%dtogen peroxide in methanol to
block endogenous peroxidase activity and then whaheunning tap water. Sections
were incubated in antigen retrieval buffer on aplaie stirrer at 600rpm, 65°C for
16hrs. Immunostaining was carried out in the Shan8equenza Immunostaining
Station (Thermo Electron Corp. US) to ensure coesisstaining. All slides were then
mounted on to standard coverplates (Thermo Electamd washed in TBS (Tris-
buffered saline) for 5 minutes. Next, 100ul of paim antibody was applied at the
appropriate dilution in TBS and incubated at ro@mperature for 1hr. In the absence
of known and tested dilutional antibody levels tardometrial tissue or endometrial
cancer, dilutional levels previously employed foedst cancer were used. The antibody
solution was then removed and the slide washedli¥ 0ween-20 TBS for 5 minutes.

2 drops of Dakochemate Envision Secondary (Dakagween placed on each section
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and again incubated for 30 minutes. The slides wee washed with 0.1% Tween-20
TBS for 5 minutes. The coverplates were removenhfiioe slides and the slides placed
on to a staining rack. The slides were then rirsgain with TBS. The staining was
visualised by incubating with chromagen (DAB, Dakoy 5 minutes or Novared
(Dako) for 30 secondss. Following visualisatiore #lides were placed in coplin jars
and washed in water. The slides were then couaieest in haematoxylin (Sigma-
Aldrich Ltd, Gillingham, Dorset, UK-Aldrich) for 3@econds and rinsed in hot water
for 2 minutes, followed by cold water for 5 minutéée slides were then dehydrated by
sequential incubation for 5 minutes in IMB@qustrial methylated spijitand xylene.
Following dehydration, after the xylene had evapatdrom the slides, coverslips were

applied with DPX mountant (BDH chemicals, Merck,)US

2.5.3 Immunohistochemical staining of ER, PRand p5 3

253.1 Solutions

Antigen retrieval buffer TBS Buffer pH 7.4
2.10g Citric Acid 1Lof TBS concentrate (Dako, M1061D)
1L distilled water 9L distilled water

(Buffered to pH 6 with 10% NaOH)

253.2 Procedure

The formalin fixed, paraffin embedded 4um sectiohdissue were cut serially onto
APES slides with known positive (in house) contifoisvalidation. For the staining of

oestrogen receptors (ER) the 1D5 clone (Dako, @Géd@47) was used at a dilution of
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1:35, for progesterone receptors (PR) the PgR &8&¢Dako; Code M3569) was used
at a dilution of 1:35 and for p53 the D-07 cloneak, Code M7001) was used at a total
protein concentration 11.9g/l, used at dilutiobQ.

Antibodies were titrated and diluted using Dako REMNuent (Dako, S2022). Negative
controls were employed using a 1:200 dilution dftedy diluent in TBS Tween pH7.4
buffer instead of a primary antibody and subsedyeatdined in the following method.
Slides were taken down to water through 2 chandes/lene (2 x 5minutes) and 2
changes of IMS (2 x 5 minutes) then rinsed in ragriap water for 10 minutes.

Heat induced epitope retrieval (HEIR) was carriedl wsing Antigen Access Unit (A.
Menarini Diagnostics, MP-2002-CE) using an in-hoateate buffer pH6 (Department
of Pathology, Cheltenham General Hospital, GHNHSHBIR had been standardised
to 125°C and 15-20bar for 30 seconds with coolingsed down to 90°C for 3 minutes
(complete cycle = 50 minutes), slides were leftoam temperature for 10minutes and
cold distilled water slowly added. Slides were themsferred into TBS tween buffer
pH7.4 (Dako, M1061D, 10x Concentrate) before logdimto the staining platform.
Dako Auto Stainer universal platforms were usedstaming, Dako REAL detection kit
(K5001) was used for staining and visualising: Rmmnantibody (p53, ER or PR)
staining was done for 1 hour, then rinsed with éyffstained again with Chemate
secondary antibody for 20 minutes, then rinsedragabuffer. Then a HRP blocking
solution (DAKO, S2023) was applied for 10 minutes dhen rinsed in buffer again.
This was followed by staining with Chemate B tastidiotinylated reagent for 20
minutes and the rinsed in buffer. Visualisation wasducted with DAB for 10 minutes,
the rinsed with deionised water with 0.1% tweengissive Harris Haematoxylin

(Lecia, 01560BBE) and Saturated Lithium Carbon&@H Chemicals) were used for
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counterstaining and bluing nuclei respectively. 8lides were then dehydrated in 2
changes of 100% IMS and cleared in 2 changes eheylAll slides were cover slipped

using DPX (BDH Chemicals, Merck, US).

2.5.3.3 Immunohistochemical staining of Her-2

HER-2 expression was evaluated in an accreditedraatry. Tissue sections were
deparaffinised followed by endogenous peroxidastvigc blocking by 12 min

incubation in 0.3% hydrogen peroxide. Non-spedfitding sites were blocked by 10%
normal goat serum. Undiluted primary HERZ2-antibo@yone SP3, DCS-System,
Hamburg) was applied on the sections and incubd&ed90 minutes at room
temperature. A streptavidin—biotin—peroxidase ca@xplechnique (Thermo Scientific
Lab Vision, Fremont, USA) was used, and visualsatirendered with 3'3

diaminobenzidine tetrahydrochloride chromogen swotut (Lab Vision, Thermo

scientific, Fremont, USA). Sections were then cetstained with haematoxylin, and
cover slipped. All immunostainings were performednomally and run with HER-2

positive and negative breast cancer cell culturesided as controls.

2.5.3.4 Haematoxylin and Eosin (H&E) staining

H&E staining of sections was carried out by the &épent of Pathology, Queen
Elizabeth Hospital Birmingham. The department'somdted system was used to

ensure consistency of staining.
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254 Evaluation and scoring of immunohistochemistr y

Positive staining for CD 151 was defined by crigpoplasmic and partly membranous
staining. Positive Clusterin staining was defineduaequivocal cytoplasmatic staining
with or without membranous co-staining. ER and RRnunohistochemistry was
deemed positive when there was clear nuclear stairfPositive p53 staining was
characterised by unequivocal strong nuclear stginihositive Her2 staining was
characterised by clear membranous staining.

Immunohistochemical staining intensity of all magkevere evaluated independently,
using light microscopy at x400 magnification blidd® the data and cross verified by 2
pathologists. In the event of intra-observer oelirdbserver variation a consensus score
was decided on after examination by both obseraeesmulti-headed microscope. The
IHC assays for Clusterin, CD151, ER, PR and p53veeored in a semi-quantitative
fashion incorporating both the intensity and thstridbution of specific staining. The
staining intensity (I) was graded as 0 (no staipihgweak), 2 (moderate), or 3 (strong)
after which the proportion of cells (P = 0-100%} &ach observed staining intensity
was recorded. A score (histologic or H-score = éf)dach defined histologic category
was determined as the product of the intensitymogortion using the formula (H = | x
P) as giverf?® %% H-score = (1x % of cells stained at intensity gatg 1) + (2x % of
cells stained at intensity category 2) + (3x % elfscstained at intensity category 3). A
H-score between 0 and 300 was obtained where 38Cgal to 100% of tumour cells
stained strongly (3+). A H-scorel 50 was considered positive for the above markers.
Her-2 scores were evaluated by a pathologist (G%ogrienced at scoring Her2 who
scored for intensity of staining compared to thgatie control. Negative results were

recorded for cases meeting one of the three foligwdriteria: no staining, score O;
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staining but without a membranous pattern, scor G)complete membranous staining
or complete membranous staining in less than 108eoctumour cells, score 1. Positive
results were recorded for cases meeting one otvieefollowing criteria: complete

membranous staining in greater than 10% of the tunecells of moderate intensity,
score 2, or complete membranous staining in grehtar 10% of the tumour cells of

strong intensity, score 3*
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2.6  Statistical Analysis

Fisher's exact test was used for the associatiafys@s of tumour types or stages with
the proportion of positive expression of ER, PRpbB. Survival data were analyzed
with Kaplan—Meier estimator and the Cox proportionazards model. A Z-test was
used to test the statistical significance of eambffecient in the model. Deaths due to
cause other than endometrial cancer were excludead the analyses of DSS or PFS.
All statistical analyses were carried out usingh®p(//www.r-project.org/). The two-

sided p-values of less than 0.05 were consideegitstally significant.
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2.7  Adherence to reporting recommendations
for tumour marker studies

The “"REMARK?” criteria of the National Cancer Instie were used in design, analysis
and interpretation of this research.These criteria are a collection of key reporting
recommendations for tumour marker prognostic stufiiee Table 2.2 on page 104). At
the First International Meeting on Cancer Diagrosstn 2000 of the National Cancer
Institute — European Organisation for Research &mehtment of Cancer (NCI—

EORTC) the development of such guidelines for gporting of tumour marker studies
was a major recommendation as a response to aywidebgnized phenomenon and
problem: When looking at the large number of tummarkers discovered over the
years only very few reached a stage of clinicafulsess. Inconsistency of results and
subsequent conclusions drawn from different studfethe same marker is one of the
key problems. In order to improve understandingmgarability and reproducibility of

such studies it was thought necessary not onlyatadsirdize details and quality of trials
conducted in view of study design, pre-planned bypses, patient and specimen
characteristics, precise assay methods, and statishalysis methods but also to set
standards on the presentation of data and rigoemdrting in published articles. The

REMARK'’s criteria as tabled below have been pulddiby the cited author. The free
full text of the original article can be accessea the British Journal of Cancer. The
criteria are listed in such a way that they funct@s a guide or line along which

research groups may plan, conduct, revise andgbubiieir data in a reproducible and
transparent structure. This study has endeavowredtere to and conform with each

REMARK criterion as a reference point of good gtyali
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Table 2.2

REMARK CRITERIA

Introduction

1. State the marker examined, the study objectamd any prespecified hypotheses.

Materials and Methods

Patients

2. Describe the characteristics (e.g. diseagge stacomorbidities) of the study patients, inchgdtheir source angl
inclusion and exclusion criteria.

3. Describe treatments received and how chosgnrémdomised or rule-based).

Specimen characteristics

4. Describe type of biological material used l(iding control samples), and methods of preseruaditd storage.

Assay methods

5. Specify the assay method used and providesference) a detailed protocol, including speaiiagents or Kits
used, quality control procedures, reproducibiligsessments, quantitation methods, and scoring @polrting
protocols.

Study design

6. State the method of case selection, includihgther prospective or retrospective and whethatifitation or
matching (e.g. by stage of disease or age) wasogeql Specify the time period from which cases waken, the
end of the follow-up period, and the median follap/time.

7. Precisely define all clinical end points exaed.

8. List all candidate variables initially examiher considered for inclusion in models.

9. Give rationale for sample size

Statistical analysis methods

10. Specify all statistical methods, includindails of any variable selection procedures andrati@del-building
issues, how model assumptions were verified, andrhizsing data were handled.

11. Clarify how marker values were handled in &malyses; if relevant, describe methods used fepodaut
determination.

Results

Data

12. Describe the flow of patients through thalgfuncluding the number of patients included icleatage of thgl
analysis (a diagram may be helpful) and reasongdfopout. Specifically, both overall and for eaakbgroup
extensively examined report the numbers of patientsthe number of events.

13. Report distributions of basic demographic ati@ristics (at least age and sex), standard @hisggecific)
prognostic variables, and tumour marker, includinogibers of missing values.

Analysis and presentation

14. Show the relation of the marker to standaogjpostic variables.

15. Present univariate analyses showing theioaldtetween the marker and outcome, with the estidhaffect
(e.g. hazard ratio and survival probability). Prafdy provide similar analyses for all other valéh being
analysed. For the effect of a tumour marker oma-tio-event outcome, a Kaplan—Meier plot is reconuhae.

16. For key multivariable analyses, report estimaeffects (e.g. hazard ratio) with confidencervdls for the
marker and, at least for the final model, all othaiables in the model.

17. Among reported results, provide estimateeotf with confidence intervals from an analysissinich the
marker and standard prognostic variables are iecucegardless of their significance.

18. If done, report results of further investigas, such as checking assumptions, sensitivityyaes, interna
validation.

Discussion

19. Interpret the results in the context of thespecified hypotheses and other relevant studiekide a discussiofp
of limitations of the study.

20. Discuss implications for future research diaal value.

Table of reporting recommendations for tumour marke prognostic studies
(REMARK) by L.M. Mc Shane. ?*
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3 RESULTS
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3.1 Patient characteristics

156 patients fitting into the inclusion criteria ngetreated between 01.01.1997-
31.12.2002. Clinical and pathological features summarised in Table 3.1 (see page
108). A mean patient age of 68.2 years (rangep39}) was noted. Histology showed
76 cases (48.7%) with grade 3 endometrioid carcao®2 (20.5%) with UPSC, 9
(5.8%) with CC, 18 (11.5) with sarcoma, 13 (11.58h MMMT and 4 (2.6%) with
mixed epithelial tumour of the uterus. 87 cases/B%) were diagnosed at FIGO stage
I, 14 (8.97%) at stage Il, 35 (22.4%) at stagefitl 20 (12.8%) at stage IV. According
to FIGO, myometrial invasion less than 50% withaay disease elsewhere is staged
IA. 58 cases (37.2%) showed <50% myometrial invas@ cases (60.3%) showed
>50% (Table 3.1, see page 108).

Over 85.9% (134) of patients underwent total abaanhysterectomy with bilateral
salpingo-oophorectomy and peritoneal washings2loaes (20.51%) a bilateral pelvic
lymphadenectomy was performed taken against 1249%8) in which this was not
done. This was consistent with surgical practicehie United Kingdom, in the study
time period. Patients without gross peritoneal asse and lymphadenectomy were
staged according to the extent of uterine involvetme

Platinum based chemotherapy or pelvic radiation giasn at the discretion of the local
MDT recommendation. No patient received chemotherap radiotherapy before
surgery. Of the patients who did receive follow{ugatment, 41% received external-
beam radiation therapy (EBRT) or brachytherapy eld@l.7% received chemotherapy
alone, 3.2% received EBRT plus chemotherapy, and%5eceived no additional

therapy beyond surgical resection. Seventy-eighiepis died during the observation
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period, 60 related to endometrial cancer and 18tedlto other causes. 64 adverse
events were recorded, which included recurrentadiseas well as deaths related to

endometrial cancer.

3.2 Data complete for analysis

Of the 156 patients included in this study, 13liguas (83.97%) had archived paraffin
embedded tissue and complete follow-up data avaeildy analysis. Of the 25 cases
lost, for 19 patients the archived tissue blocksidmot be retrieved or tumour material
received, in 3 patients TMA cores were lost or wadged insufficient to analyse and 3

patients were lost from the system during the olzgem period.
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Table 3.1

PATIENT CHARACTERISTICS PATIENTS (N = 156)
Age, mean (range) 68.2 (56,8-79,6)
FIGO stage, n (%)

| 87 (55.77)

Il 14 (8.97)

Il 35 (22.4)

[\ 20 (12.8)
Histologic type, n (%)

EEC 78 (50.0)
UPSC 33 (21.15)
Clear Cell 9 (5.8)
MMMT 18 (11.54)
Sarcoma 14 (8.97)
Mixed histology 4 (2.6)
Myometrial invasion, n (%)

<50% 58 (37.2)
>50% 94 (60.3)
Missing 4
Hysterectomy

Yes 134 (85.9)
No 22 (14.1)
Lymphnodes

Taken 32 (20.51)
Not taken 124 (79.49)
Chemotherapy, n (%)

Yes 28 (17.9)
No 128 (82.1)
Radiotherapy, n (%)

Yes 64 (41.0)
No 92 (59.0)
Outcome

Alive without disease 73 (46.8)
Alive with disease 4 (2.6)

Died of disease 61 (39.1)
Death of other causes 18 (11.5)
Observation time 148 months
Complete data for analysis 131 (83.97%)
Lost for follow-up or missing tissue-samples 25 (16.03%)

Clinicopathological data of base cohort.
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3.3  Formation of histology groups I, Il and Il

Partly due to the small numbers found for someheftumours and also to aid analysis

of outcome three histological groups were formed:

Group | = G3 endometriod (G3 EEC);
Group Il = UPSC + CC (UPSC+CCQC);

Group lll = sarcoma + MMMT + mixed histology (Sansca+MMMT+mixed).

Results for a subgroup “triple negative” were ads@lysed which included all cases
where ER, PR and Her-2 expression was rated negdthe purpose of this grouping
was to compare CD151 performance with findingsrieabt cancer tissd&’ Due to the

fact that group Il is histologically and clinicgllan altogether different group in
comparison to the two types of endometrial carciadinwas decided to present the

marker expression and survival data of group Ipiasately from those of group | and IlI.
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3.4  Marker Expression of group | and Il

A detailed analysis of CD151, Clusterin, p53, ER, &hd Her2 expression by stage and

the histology groups | and Il are presented in @& below.

Table 3.2

PATIENTS CD151 CLUSTERIN | ER PR P53 HER2

(TOTAL=131)

N N, % N, % N, % N, % N, % N, %

Stage
[ 71 45 (63.3) 38 (53.52) 12 (16.90) | 6 (8.45) | 15(21.12) | 3 (4.22)
I 14 5(35.7) 5(35.71) 2(14.3) 0 3(21.4) 2(14.3)
i 28 12 (42.8) 14 (50.0) 3(10.7) 2(7.1) 9(32.1) 1(3.6)
v 18 10 (55.5) 9 (50.0) 4(22.2) 2(11.1) | 4(22.2) 2(11.1)
Histology
EEC 68 25(36.76) | 31 (45.59) 15 (22.06) | 3(4.4) 13 (19.1) 3(4.4)
UPSC 31 30 (96.7) 19 (61.29) 6 (19.4) 4(12.9) | 11(35.4) 4(12.9)
cc 7 7 (100) 4 (57.14) 0 1(14.3) | 1(143) 1(14.3)
Sarcoma 13 4(30.8) 7 (53.85) 0 0 5 (38.5) 0
MMMT 9 1(11.1) 5 (55.56) 0 2(222) |0 0
Mixed histology 3 0 0 0 0 1(33.3) 0
UPSC+CC 38 37 (97.4) 23 (60.53) 6 (15.8) 5(13.2) | 12 (31.6) 5(13.2)
Sarcomar+ 25 5 (20) 12 (48.0) 0 2(8) 6 (24) 0
MMMT+mixed
Outcome
Alive without disease 53 32 (60.3) 26 (49.07) 9 (17) 4(75) | 11(20.8) 2(3.8)
Alive with disease 5 3 (60) 3 (60.0) 1 (20) 0 0 0
Died of disease 56 22 (39.3) 27(48.21) 8(14.3) 4(7.1) 15 (26.8) 4(7.1)
Died of other causes 17 10 (58.8) 10 (58.82) 3(17.6) 2(11.8) | 5(29.4) 2 (11.8)

Marker positivity in relation to clinicopathological features. Positive CD151-, Clusterin-,
ER-, PR- and p53-immunhistochemistry mean H-scoresre greater than 150; Her2-
positive IHC means a value of greater than 1. Abbngations: EEC, endometrioid
endometrial Carcinoma, UPSC, uterine papillary seras carcinoma; CC, clear cell

carcinoma; MMMT, malignant mixed muellerian tumour.
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3.4.1 Expression of CD151

Figure 3.2 (next page) shows immunohistochemi@histg with antibody to CD151.
Staining was predominantly cytoplasmic with regiafsmembranous accentuation.
Some tumours showed absent (score 0-50, see Fig 28 page 125) or only modest
CD151 expresssion (score 51-150, see Fig. 3.2, Bpage 125), others showed
moderate to high CD151 (score 151-300, see Fig.B3.@n page 125). CD151 showed
no specific association with tumour stages. CD1%tker positivity within the tumour
stages among the entire cohort ranged between%@53thge 1l) and 63.38% (stage 1),
with stage Il and IV showing 42.86% and 55.56% keapositivity for CD151 (Table

3.2, see page 110).

Figure 3.1

Box plot CD151 score
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histo-group 1 histo-group 2 histo-group 3

Box plot of H-sores expression pattern of CD151 witn the histological groups.
There is a significant difference in CD151 expressn between histo-group 1 and 2
(P-value of Mann-Witney test < 0,00082), between stb-group 2 and 3 (P-value of
Mann-Witney test < 0,00079) and border line betweehisto-group 1 and 3 (P-value
of Mann-Witney test = 0.04106).
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Figure 3.2

Staining intensities of CD151: A, weak staining (Hscore 0-50), endometrioid
endometrial carcinoma; B, moderate staining (H-scag 51-150), uterine sarcoma,

C, strong staining (H-score 151-300), uterine papéry serous carcinoma.
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CD151 scored positive in 98.5% of UPSC+CC (grodgdlses, whilst in G3 EEC cases
(group 1) this was in less than 50%. CD151 expogssvas significantly raised in
UPSC+CC tumour types compared with lower expressmoiis3 EEC (p <0.001).
(Figure 3.1, see page 111 and Table 3.2, see ddjje 1

The highest proportion of CD151 expression was doan‘triple-negative” (oestrogen
receptor-, progesterone receptor-, and HER2-negatiunours. In the triple negative
subgroup CD151 expression was significantly higlmpared to the rest of the cohort
(p <0.001).

In univariate analyses CD151 had a significantuierice in overall- (OS), disease
specific- (DSS) and recurrence free survival (RKS) = 0.04, 0.02 and 0.02
respectively) (Table 3.5, see page 126). In muitta analyses this influence was not
significant (Table 3.6, see page 127). For thddripegative cohort (n=88) however,
CD151 expression showed a significant influenceowerall- (OS), disease specific-
(DSS) and recurrence free survival (RFS) in und arultivariate analysis (Table 3.5.
and 3.6, see pages 126 and 127 respectively).

Interestingly, this study revealed an inverse datien of CD151 expression and
survival. Whether in the UPSC+CC histology groupttue “triple-negative” group, a
higher expression correlated significantly with noyed survival. (Figure 3.3, see page

114)

113



Figure 3.3

Overall survival Disease specific survival

~~~ CD151Hscore greater than median
—— CD151Hscore less than median
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Kaplan-Meier curve of CD151 expression in relationto survival. Left: Overall
Survival. The hazard ratio between the two CD151 gups (67 CD151 H-score
greater than median and 64 CD151 H-score less thamedian) is 1.595 (95%
confidence interval 1.003 to 2.538), p-value = 0.644, indicating that there is
significant difference in survival between the twaroups.

Right: The hazard ratio between the two CD151 group is 1.816 (95% confidence
interval 1.060 to 3.109), p-value = 0.02746, inditag that there is significant
difference in disease specific survival between theo groups.

Overall survival Disease specific survival

==~ CD151Hscore greater than median

==~ CD151Hscore greater than median
—— CD151Hscore less than median

—— CD151Hscore less than median

Proportion Surviving
Proportion Surviving

Kaplan Meier curve of CD151 expression in relationto survival in the triple
negative group (ER, PR and Her2 negative). Left: Osrall Survival. The hazard
ratio between the two CD151 groups (49 CD151 H-sa®mgreater than median and
52 CD151 H-score less than median) is 2.235 (95%néidence interval 1.289 to
3.87), p-value = 0.003289) indicating that there significant difference in survival
between the two groups.

Right: Disease Specific Survival. The hazard ratidbetween the two CD151 groups
Is 2.940 (95% confidence interval 1.505 to 5.741);value = 0.0009411, indicating
that there is significant difference in survival béween the two groups.
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3.4.2 Expression of Clusterin (Clu)

Figure 3.4 (next page) shows immunohistochemistoated staining with antibody to
Clusterin. Clusterin marker positivity within thentour stages among the entire cohort
ranged between 35.71% (stage Il) and 53.52% (dfageith stage Il and IV both
showing 50% marker positivity for Clusterin (Tal3&, see page 110).

Regarding expression levels within the 3 tumourugsy Clusterin expression was
45.59% in G3 EEC against 60.53% in UPSC+CC (p=0.1d2ble 3.3, see page 121).
Clusterin receptor expression had no significaffu@mce on survival in the univariate
analysis (Figure 3.5, see page 1llCQusterin was expression was often detected in

necrotic cells, which may be indicative of its ralehe regulation of apoptosis.
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Staining intensities of Clusterin: A, weak staining(H-score 0-50), MMMT; B,
moderate staining (H-score 51-150), uterine papilty serous carcinoma; C, strong
staining (H-score 151-300), G3 endometrioid endom@l carcinoma.
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Figure 3.5

Overall survival
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Kaplan-Meier curve of Clusterin expression in relaton to survival. Top: Overall
Survival. The hazard ratio between the two CLU grops (66x CLU H-score greater
than median and 65x CLU H-score less than medianki1.030 (95% confidence
interval 0.6507 to 1.630), p-value = 0.9003) inditag that there is no significant
difference in survival between the two groups.

Bottom left: Disease Specific Survival. The hazardatio is 1.096 (95% confidence
interval 0.6488 to 1.852), p-value = 0.7316 indidag that there is no significant
difference in disease specific survival between theo groups.

Bottom right: Progression Free Survival. The hazard ratio is 1.067 (95%
confidence interval 0.646 to 1.764), p-value = 099) indicating that there is no

significant difference in progression free survivabetween the two groups.

117



3.4.3 Expression of Oestrogen Receptor (ER) and

Progesterone Receptor (PR)

Figure 3.6 (see next page) shows immunohistochérsiaming with antibody to ER
and PR.

ER marker positivity within the tumour stages amdimg entire cohort ranged between
10.71% (stage lll) and 22.22% (stage IV) — in stadeR positivity was 16.9%. PR
expression within the tumour stages expressionetrgtween 7.14% (stage Ill) and
11.149% (stage IV) (Table 3.2, see page 110).

Within the tumour groups, 22.06% of G3 EEC exprésEB® compared to 15.79%
expressed by the UPSC+CC group (p=0.612). (Taldeste page 121). ER and PR
receptor expression had no significant influencesorvival in the univariate analysis

(Table 3.5, see page 126).

3.4.4 Expression of p53

Figure 3.6 (see next page) shows immunohistocheatstnical staining with antibody
to p53. P53 marker positivity within the tumourgs#a among the entire cohort ranged
between 21.13% (stage |) and 32.19% (stage IlIblErd.2, see page 110). The highest
expression rate was reached by p53 with 31.6%enUtRSC+CC group compared to
19.1% in the G3 EEC group (p=0.16) (Table 3.3, page 121). P53 receptor
expression had no significant influence on surviaghe univariate analysis (Table 3.5,

see page 126).
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3.4.5 Expression of Her-2

Figure 3.6 (see below) shows immunohistochemistoated staining with antibody to

Her-2. Her-2 positivity (>1) was seen in only 8@®4) of all cases in the tissue
microarray. Her-2 marker positivity within the tuorostages among the entire cohort
ranged between 3.57% (stage Ill) and 14.29% (diag€able 3.2, see page 110). The
highest expression of Her-2 was observed in the QHEX group with 13.16%

compared to 4.41% in the G3 EEC group (p=0.132plE'8.3, see page 121). Her-2
receptor expression had no significant influencesorvival in the univariate analysis

(Table 3.5, see page 126).
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Immunohistochemistry in G3 EEC tumours (1a-d) and WPSC tumours (2a-d)with
antibodies against p53 (a), Her-2 (b), ER (c), PRd] at high power x100

magnification.
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3.5 Comparison of results between G3 EEC
(group 1) and UPSC+CC (group II)

Table 3.3 on page 121 demonstrates tumour stagiagrtosis for group | and Il. More
patients with UPSC+CC were found to have stage dild IV-disease at diagnosis
compared with the G3 EEC group but differences west statistically significant
(44.74% vs. 30.88%, p=0.384).

When looking at myometrial invasion at the timerafial surgery, again there was no
significant difference - whilst 32(47.06%) G3 EE@niours showed >50% myometrial
invasion there were 20(52.63%) cases in the UPSCgi©p (p = 0.707). For ER, PR,
p53 and Her2 expression, there was also no signifidifference in marker positivity
between the two histological groups.

Survival data between group | and Il were very EmiTable 3.4 (see page 124) shows
survival outcome of the 2 histological groups witlthe observation time/follow-up
period of 148 months and a range of 0.1 to 11.7syéaroup | and Il showed an almost
identical disease specific survival (DSS) with 4G8 EEC, range 0.01-11.79) and 4.7
(UPSC+CC, range 0.07-10.33) years (p<0.001) andasimproportions of patients in
each group died of their disease or of other ca(d&s not shown). Figure 3.7 (see
page 122) shows the Kaplan-Meier curves for disegeific and recurrence free

survival of group | and Il in this study group.
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Table 3.3

ALL GROUP | GROUP I P — VALUE
PATIENTS (ECC) (UPSC+CC)
N (%) N (%) N (%)
N 131 68 38
Mean age 67.98 68.01 67.08 0.697
at diagnosis
Stage | 71 (54.20) 42 (61.76) 17 (44.75) 0.384
Stage Il 14 (10.69) 5 (7.35) 4 (10.53)
Stage IlI 28 (21.37) 13 (19.12) 11 (28.95)
Stage IV 18 (13.74) 8 (11.76) 6 (15.79)
Myometrial 62(47.33) 32(47.06) 20(52.63) 0.707
invasion 250%
ER 21 (16.03) 15 (22.06) 6 (15.8) 0.612
positive IHC
(i.e. >150)
PR 10 (7.63) 3(4.4) 5(13.2) 0.132
positive IHC
(i.e. >150)
P53 31 (23.66) 13 (19.1) 12 (31.6) 0.16
positive IHC
(i.e. >150)
Her2 8 (6.11) 3(4.4) 5(13.2) 0.132
positive IHC
(i.e>1)
CD151 109 (83.21) 25 (36.76) 37 (97.4) <0.0001
positive IHC
(i.e.> median)
Clusterin 66 (50.38) 31 (45.59) 23 (60.53) 0.144
positive IHC
(i.e.> median)

Comparison between histological groups | and Il inview of clinicopathological
features and marker expression. EEC, endometrioidrelometrial carcinoma;
UPSC, uterine papillary serous carcinoma; CC, cleacell carcinoma of the uterus;

ER, estrogen receptor; PR, progesterone receptor.
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Figure 3.7

Disease specific survival Progression free survival
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Kaplan-Meier curves of survival patterns of the 3 listological groups. “Endo” =
Group | (G3 EEC); “upsc and clear cell” = Group II; “rest” = Group |llI
(Sarcoma+MMMT+ mixed).

Left graph: Disease specific survival; the hazardatio between the "upsc and clear
cell" and “endo” group is 1.069 (95% confidence ingrval 0.553 to 2.067, p-value =
0.84233). The hazard ratio between the “rest” and €ndo” group is 2.926 (95%
confidence interval 1.583 to 5.406, p-value = 0.080).

Right graph: Progression free survival, The hazardratio between the "upsc and
clear cell"and “endo” group is 1.056 (95% confidene interval 0.5686 to 1.960,

p = 0.86380). The hazard ratio between the “rest’rad “endo” group is 2.577 (95%
confidence interval 1.4164 to 4.690, p = 0.00194).
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3.6  Survival Analysis of G3 EEC (group I) and
UPSC+CC (group 1)

Study enrolment and data collection for this stadynmenced in 1997. Whilst patient
recruitment stopped in 2002 follow-up continuediludiiay 1st, 2010. Thus follow-up
time ranged between 88 months (7 years, 4 monthd) 160 months (13 years, 4
months).

The mean all-stage-, all-histology- overall surVif@S) was 4.01 years (range 0.01-
11.79yrs), disease specific survival (DSS) (114181) was 4.267 years (range 0.01-
11.79) and recurrence free survival (RFS) (114 3if)lwas 4.108 years (range 0.01-
11.79). Patients with low stage (I-1l) had a DSS5a18 years whilst patients with
advanced stage (llI-IV) lived significantly shorteith a DSS of 2.24 years (Hazard
ratio 4.373 (Cl 2.55-7.49) p <0.001) (Table 3.4e page 124). The mean follow-up
time was 4.01 years (range, 0.01 — 11.79 years).

The Kaplan-Meier curves for disease specific aradinience free survival of group |
and Il (Figure 3.7, see page 122) demonstrateithiéas the survival patterns between

these two groups.
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Table 3.4

N MEAN MIN — MAX
All patients
(O] 131(100) 4.01 0.01-11.79
DSS 114(87.02) 4.267 0.01-11.79
RFS 114(87.02) 4.108 0.01-11.79
G3 EEC histology (group 1)
(O] 68(59.65) 4.375 0.01-11.79
DSS 59(45.04) 4.618 0.01-11.79
RFS 59(45.04) 4.409 0.01-11.79
UPSC+CC histology (group II)
oS 38(29.01) 4.26 0.07-10.33
DSS 32(24.43) 4.716 0.07-10.33
RFS 32(24.43) 4.567 0.07-10.33
Sarcoma+MMMT+ mixed
(group 111)
(O] 25(19.08) 2.639 0.05-11.43
DSS 23(17.56) 2.743 0.05-11.43
RFS 23(17.56) 2.698 0.05-11.43
Stage I-1l
oS 85 (64.88) 5.05 0.05-11.79
DSS 75 (57.25) 5.318 0.05-11.79
RFS 75 (57.25) 5.108 0.05-11.79
Stage llI-IV
oS 46 (35.11) 2.09 0.01-11.43
DSS 39 (29.77) 2.247 0.01-11.43
RFS 39 (29.77) 2.185 0.01-11.43

Mean survival within the 3 histology groups and acording to tumour stage. OS,

overall survival; DFS, disease-free survival; RFSecurrence-free survival.
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3.6.1 Univariate Analysis

For the histology groups | and Il in univariate lgsas age, stage, CD 151 were
significant factors impacting on DSS and RFS (Tdébhk see page 126). Low CD151
expression was associated with significantly wdd&S (Hazard ratio (HR) 1.816, p =
0.02) and RFS (HR 1.773, p = 0.02) when comparetirtmg expression. Her2, ER, PR
and p53 expression were not significantly assodiatéth survival. In univariate

analysis CD151 expression in the triple negative,(ER and Her2-negative) subgroup
(n=88) was even stronger associated with reducefl (R 2.94, p <0.001) and RFS

(HR 2.54, p <0.001) compared to the entire cohort.
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Table 3.5.

OVERALL SURVIVAL DISEASE SPECIFIC SURVIVAL PROGRESSION-FREE SURVIVAL
(0S) (DSF) (PFS)
Hazard 95% Cl p Hazard Ratio 95% Cl p Hazard Ratio 95% Cl p
Ratio
Stage
1+11 Ref. Ref. Ref.
H+1V 3.899 2.43-6.24 <0.001 4.373 2.55-7.49 <0.001 3.965 2.37-6.62 <0.001
Histo type
ECC Ref Ref Ref
UPSC+ 1.105 0.63-1.92 0.72 1.069 0.55-2.067 0.84 1.056 0.56 -1.96 0.86
CcC
Sarc+ MMMT 2.518 1.44-4.40 0.001 2.926 1.58-5.40 <0.001 2.577 1.41-4.69 0.001
+ mixed
Markers
Clusterin 1.03 0.65-1.63 0.900 1.096 0.64 —1.85 0.731 1.067 0.64-1.76 0.799
(below/
above median
CD151 1.595 1.00-2.53 0.04 1.816 1.06-3.10 0.02 1.773 1.06 -2.96 0.02
(below/
above median)
Her2 1.500 0.64-3.461 0.338 1.541 0.55-4.26 0.402 1.408 0.51-3.88 0.506
(0-1/2-3)
P53 1.125 0.74-2.09 0.391 1.283 0.71-2.32 0.409 1.112 0.62-1.99 0.72
<150/2150
ER 0.806 0.42-1.53 0.511 0.815 0.38-1.72 0.591 0.851 0.419-1.72 0.655
<150/2150
PR 0.938 0.40-2.165 0.881 0.962 0.34-2.66 0.94 0.864 0.31-2.38 0.77
<150/2150
CD151 (in triple 2.235 1.28-3.87 0.003 2.94 1.50-5.74 <0.001 2.541 1.37-4.71 0.008
negative group)
(below/above
median

Univariate survival analysis. Note: Analysis of agavas performed in a linear fashion; thus, there isio referent variable.
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3.6.2 Multivariate Analysis

In multivariate analyses age, stage and tumour tgpetained significance. CD151
maintained prognostic significance for the triplegative subgroup (DSS, p=0.033,
RFS, p=0.036) but not for the entire cohort (sebld&.6 below). ER, PR, p53 and

Her2 were not significant factors influencing swali

Table 3.6
DSS — SURVIVAL PF-SURVIVAL
Hazard Hazard
) OR — 95%ClI p-value ) OR — 95%ClI p-value
Ratio Ratio
1.0335 - 1.0343 -
Age 1.0600 <0.001 1.0595 <0.001
1.087 1.085
2.8090 - 2.6132 -
Stage Il or IV 5.0119 <0.001 4.5366 <0.001
8.942 7.876
0.4215 - 0.4534 -
UPSC+CC 1.0603 n.s. 1.0757 n.s.
2.667 2.552
1.3878 - 1.2438 -
Sarcoma+MMMT 2.7967 0.004 2.4431 0.0095
5.636 4.799
CD151 0.6424 - 0.7332 -
. 1.4304 n.s. 1.5535 n.s.
(below median) 3.185 3.292
ER 0.9920 - 0.9946 -
) 0.9980 n.s. 0.9997 n.s.
(above median) 1.004 1.005
PR 0.9938 - 0.9923 -
) 1.0006 n.s. 0.9988 n.s.
(above median) 1.008 1.005
P53 0.9949 - 0.9943 -
) 0.9991 n.s. 0.9983 n.s.
(above median) 1.003 1.002
Her2 0.5307 - 05179 -
] 1.5916 n.s. 1.5389 n.s.
(above median) 4.773 4573
CD151
_ _ _ 1.1005 - 1.0682 -
(in triple negative | 3.168 0.033 2.792 0.036
9.123 7.299
pts.)
CD151 1.1005 - 1.0682 -
. 3.168 0.003 2.792 0.003
below median 9.123 7.299

Multivariate survival analysis for disease-free-suvival (DSS) and progression-free-

survival (PFS). N.s., not significant.
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3.7 Marker Expression In group 1l
(Sarcoma+MMMT+mixed histology)

3.7.1 Expression of CD151

Whilst CD151 in UPSC+CC cases scored positive i5h%8it was less than 50% in the
G3 EEC and Sarcoma+MMMT+mixed group. CD 151 expoassvas significantly
raised in UPSC+CC tumour types compared with lowexpression in

Sarcoma+MMMT+mixed histology group (p <0.001) (TeBl2, see page 110).

3.7.2 Expression of Clusterin (Clu)

In group Il positive Clusterin expression was 48#ich was just above that of G3

EEC (45.59%) and below the value for UPSC+CC (8 able 3.2, see page 110).

3.7.3 Expression of Estrogen Receptor (ER) and

Progesterone Receptor (PR)

In group lll there was no positive ER expressioR Expression behaved similar

(p=0.132) (Table 3.2, see page 110).
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3.7.4 Expression of p53

Marker positivity in group lll was 24%. This wassignificantly less than the
expression rate for the UPSC+CC group (31.6%) had33 EEC group (19.1%) (Table

3.2, see page 110).

3.7.5 Expression of Her-2

No marker positivity was found in group IIl for H2rwhilst in group | and Il it was

insignificantly higher with 4.41% and 13.16% redpesty (Table 3.2, see page 110).
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3.8  Survival Analysis for group I
(Sarcoma+MMMT+mixed histology)

3.8.1 Univariate Analysis

In univariate analyses sarcoma/MMMT/mixed group Vil age, stage and CD 151 a

significant factor impacting on DSS and RFS (Tdhke see page 126).

3.8.2 Multivariate Analysis

In multivariate analyses the sarcoma/MMMT/mixed wgranaintained, together with
age and stage, its statistical significance asdigtor for poor survival (Table 3.6, see

page 127).

3.8.3 Comparison of results between the histologica | groups

There was a significant survival difference betwgeoup | and Il versus group IlI.
Table 3.2 (see page 110) shows stage at diagrasigdup |, Il and 1ll. Table 3.4 (see
page 124) shows the survival outcome of the 3 loigical groups within the
observation time/follow-up period of 148 months andnge of 0.1 to 11.7 years.

The Kaplan Meier curves of Figure 3.7 (see page $Baw a significantly shortened
survival for group Ill in comparison with the oth&wo groups. They demonstrate a
disease specific survival of 2.7 years (0.05-11i43gomparison with 4.6 (G3 EEC,

range 0.01-11.79) and 4.7 (UPSC+CC, range 0.07319&ars (p<0.001).
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CHAPTER

4 DISCUSSION
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4.1 Introduction

This chapter discusses the results obtained inthigisis starting with an introduction
into the study plan and the approach to novel brearatesting. It will then summarise
the results in a synopsis followed by a detailestassion.

The chapter will close with an attempt of criticainsideration of methodological errors
and other details which could have been done @iffidy in the conduct of this study

Finally, ideas of further studies will be outlined.

In this study tumour tissue specimen and data @& p@&tients diagnosed with poor
prognosis endometrial cancer were collated. Theudisspecimen obtained from these
patients included grade 3 endometrioid endomet&@kcinoma (G3 EEC), uterine
papillary serous cancer (UPSC), clear cell carcmarh the uterus (CC), malignant
uterine tumours of mixed histology, uterine sarcand carcinosarcoma (MMMT). All
patients were treated surgically and systemati@aitording to International Federation
of Gynaecology and Obstetrics (FIGO) guidelines.tie observation time of 148
months clinicopathological- and survival data imthg tumour recurrence, disease
progression and death were collected. Based oita@liconsiderations, partly due to the
small numbers found for some of the tumours and &lsaid analysis of outcome data
were analysed within three histological groups: @pré = G3 endometrioid (G3 EEC);
group Il = UPSC + CC (UPSC+CC); group Il = sarcom®MMMT + mixed histology
(Sarcoma+MMMT+mixed). From paraffin embedded tumblocks of the collected
tissue specimen 5 tissue microarray blocks werstoacted to provide multiple tumour

specimen ready for immunohistochemical analysis.
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The aim of the study was to assess the prognagtidfisance of the novel marker CD
151 as well as clusterin and compare them withicdjpathological data and other
established markers (ER, PR, p53). A further aim swa& compare
immunohistochemistry profiles and survival outcoaiggrade 3 endometrioid cancers
(G3 EEC) with type 2 cancers (UPSC+CC) of the coimmestigated.

The strengths of this study are the long duratiofoltlow-up and high numbers of poor
prognostic types of tumours together with the thigiopathology review independently
performed by 3 specialist gynaecological patholsgiRG, KM, and LL) and the
robustness of follow-up ascertainment.

The cohort includes G3 endometrioid endometriateas (G3 EEC) which are usually
not included into type Il endometrial cancers. Hogre they fit the criteria in so far as
they demonstrate more aggressive behaviour andfaignificantly poorer prognosis
(58% 5year survival) than low grade endometrioidoeais** As mentioned above tissue
cores were also collected from sarcomas, carcinos@s and uterine tumours of mixed
histology (group Ill = Sarcoma+MMMT+mixed) which veeincluded for the same
reason — they are also of poor prognosis with atlyeno adjuvant treatment that has
shown to clearly improve survival®#*® Although the tissue set contained divergent
histology types clinically these tumours result ppor outcome and justify being

investigated together in the same TMA.
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4.2  Synopsis of Results

One of the main findings in this study was the rcldamonstration that grade 3
endometrioid endometrial carcinoma (G3 EEC, groupnd uterine papillary serous
and clear cell carcinoma (UPSC+CC, group IlI) hadryvesimilar clinical,
immunohistochemistry profiles and survival outcoméss has been published recently
in Gynecologic Oncolog§*® Whilst novel at the time, this concept is becoming
increasingly accepted and validated by internatignaups in this field. Data from The
Cancer Genome Atlas consortium (TCGA) on genomia di@m endometrial cancer
also show that at least a proportion of grade 3emadrioid cancers are ‘serous’ type
and display molecular alterations that are veryilaimto serous cancer. The latest
insights from TCGA data suggests that endometaaicer is a continuum with well
differentiated grade 1 endometrioid cancer on oné ef the spectrum and serous
cancer at the other end of the spectram.

CD151 was identified in this study as an indepenhdearker for disease specific and
recurrence-free survival in poor outcome endomletaacinoma by univariate analysis
and for a triple negative subgroup of patients mtivariate analysis. The data indicate
that CD151 is differentially expressed, with highegpression in the UPSC and CC
histology types. Contrary to expectation based ohligphed literature, high CD151
expression was found to correlate positively witipioved survival. Thus, this is the
first report which suggests that expression of tatsaspanin protein in tumours may
prevent transition to a malignant phenotype orhaps, preclude development of more
malignant tumour types. These findings have beeentéy published in the British

Journal of Cancef?°
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Clusterin expression throughout the cohort wastpesbetween 48% and 60% in the
three histological groups. Clusterin expressiom&tbno significant correlation with
survival. This is also the first study to evalutie staining and prognostic significance

of clusterin as a clinical marker in grade 3 endwioiel endometrial carcinoma.
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4.3 Discussion of the findings between
G3 EEC and UPSC+CC

This is the first study to purposefully comparendal and IHC parameters between G3
EEC and UPSC+CC as well as other poor prognosioreettial tumours and
demonstrate survival outcorfi&.

Investigating the clinicopathological features lire tcohort of this study, there was no
significant difference in the mean age of diagnasistage distribution at the time of
initial treatment. In the stage distribution it & note that 68% of G3 EEC was
diagnosed in stage | and Il. This is a consider&Mer percentage in comparison to the
commonly published figures that 85-90% of all enétninid carcinomas are diagnosed
at such early stages and highlights the need smareh into early diagnosis and patient
educatiorf**

UPSC and CC histologies have been shown to resutiifierent clinical outcomes
compared to all endometrioid histology with exteaute spread of disease more
common, and survival outcomes poorer than in EB@owever, comparing UPSC+CC
cases specifically with G3 EEC cases in this stihplan-Meier curves demonstrate
that the overall - , disease free - and recurréremesurvival is similar. These findings
are consistent with McMeekin and his co-workerailarge GOG-study investigating
1203 patients with advanced/recurrent endometsiater treated with chemotheraf3.
One possible criticism of our study is the inconghess of what would be considered
optimal staging for these cancers today. Currenbhagament for UPSC and CC
carcinoma includes omental biopsy in recognitiog@ater systemic spread with these

cancers. Whilst randomised controlled trials of pyradenectomy in endometrial cancer
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have demonstrated no survival benefit, systematielvip and para-aortic
lymphadenectomy can help accurate staging and gadjievant therapy. However,
clinical management in this study was consisterth \standard practice of its era and
compliant with the protocol for the ASTEC tridl The time period of the study was
selected to enable a long duration of follow-upveaithat this study compares all stage,
disease specific survival and recurrence free gakMetween the two groups, it is

believed that understaging in both groups is uhfike alter the findings of the studs’

ER and PR expression are known to be common in-difédrentiated endometrioid

endometrial carcinomas and their presence may cangarvival benefit in comparison

to ER/PR negative tumouf$ Hormone receptor positivity is used to guide
management in women with endometrial cancers, quéatily at recurrence, with the

use of Tamoxifen or Megestrol Acetate for palliati€Consistent with the findings in

this study, ER and PR expression has been shovioe tess common in high-grade
lesions such as FIGO grade 3 endometrioid aderiocanas’*? clear cell carcinoma¥

244 and carcinosarcomd$ 2*® Uterine papillary serous carcinoma are describged a

largely negative for ER/PE’ 48

This study reveals that ER/PR values for UPSC+QCimama are both low and of no
significant difference in overall rates of expressbetween G3 EEC and UPSC+CC
were found. These results are supported by inagtigs of Reid-Nicholson et al. as
well as Soslow et al. who found no difference in/BERR expression between G3 EEC
and UPSC!? 120 28ynlike findings by Oreskovic et al who proposed &Ra marker

for survival, the data of this study did not shomy &urvival benefit in the presence or
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absence of ER or PR expressfdh.P53 mutation is common in endometrial

carcinoma¥? 124

and is reported to be the most characteristic tgeakteration of non-
endometrioid endometrial carcinonias’ Also it is said that p53 evaluation is a useful
tool to distinguish non-endometrioid carcinoma froemdometrioid endometrial
carcinomas’ **P53 positivity in G3 EEC in published literaturaries between 10 and
69%. Figures for p53 positivity in serous carcinaan@ higher, ranging between 50 and
93020 34 124 152 230 233 hjg study shows p53 positivity in the G3 EEC granf 19.1%
and 31.6% in the UPSC+CC group, which was notssieaily significant. This is in
keeping with observations by Zheng et al. and Ktsree al*****° Whilst some reports
have suggested that p53 overexpression was thegesbprognosticator of survival, as

determined by multivariate analysis, this studyldouot reproduce such findings, in

fact p53 expression had no influence on survi?af>?

Particularly in view of p53 expression in USPC+@lata from this study reveal lower
values than in the wider literature. Two patholtgyisxdependently re-diagnosed all
tumour specimens following retrieval of the blocWée also explored other possibilities
that could explain these results. Technical cafmedifferent expression results could
also be considered. However, in view of the immustolchemical staining procedure
of p53 the widely used clone DO-7 (DAKO, High Wydoe) UK) was chosen to avoid
this potential bias. Furthermore standard operaihegedures for staining were used by
experienced laboratory staff. Another reason fa@omsistencies regarding expression
estimates between reports may be due to diffenatetria for p53 overexpression and

ég 230 254

scoring. Whilst this study used the H-scoring syst thus incorporating both

intensity of staining and the local proportion ofeinsity producing a score from 0 to
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300 (>150 = positive), other groups defined posipb3 expression in tumours when
>10% of counted cells were staindor when >50% of cells were diffuse or strongly
stained. Unfortunately there is a considerable etyarof scoring techniques in use
rendering comparison hazardous. It has been adbdtatuse p53 as a diagnostic tool
to differentiate between UPSC and EEE!? Thus, we believe that the data of this
study are robust. The results of this study demmatestthat a clear differentiation

between UPSC and G3 EEC via p53 cannot be made.

Her-2 expression was not found to be significadifferent between the tumour types.
HER-2/neu overexpression or amplification is founchon-endometrioid endometrial
carcinoma with a variance between 18 and 88%n endometrioid adenocarcinomas
this has been reported in 9-30% and has been atsbdn some studies with an
adverse prognostic outcome and linked to decreasewll survival®® *" However, the

findings of this study are more consistent with,ri&mn et al who found a significant
difference in Her-2 expression amongst non-endomeétrversus endometrioid

endometrial cancers with similar expression ratts/éen UPSC+CC (41.79%) and G3

EEC (29%)->°

In conclusion, the data of this study suggest ¢inatle 3 endometrioid carcinomas (G3
EEC) have a similar immunohistochemistry and swalvprofile to what are considered
more aggressive endometrial cancers and may be sudable for inclusion into the
type 2 group of endometrial carcinomas. If confidniey larger studies, this has
significant implications on the management of gr&leendometrioid endometrial

cancers. UPSC/CC tumours are frequently managed adjuvant chemotherapy in
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recognition of its systemic spread whereas G3 HiE@ours are treated with adjuvant
radiotherapy only. The question arises whether vauatju chemotherapy for G3 EEC
should be considered if outcomes in both groupssangdar. The currently recruiting

PORTEC 3 trial is evaluating pelvic radiotherapy its1own with radiotherapy plus

concurrent and adjuvant chemotherapy in women Wign risk early stage and any
advanced stage endometrial carcinoma. in a poaieapgof grade 3 EEC and UPSC
and CC cancers and will no doubt shed light ondifierences in survival between

these 2 groups in a robust prospective tral.
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4.4 Discussion of results for CD151

This is the first study to evaluate the staining @nognostic significance of tetraspanin
CD151 in endometrial carcinomi® Tetraspanin CD151 was selected as a marker
suitable for investigation based on studies in $remncer. Fedor Berditchevski's
laboratory group at the School of Cancer Scientehea University of Birmingham
found an increased CD151 expression in a subgrdumvasive ductal carcinoma
showing a positive correlation with higher tumouade and node metastasis. Thus they
highlighted the potential prognostic utility of CBIL as a significant marker in a
subgroup of poor outcome carcinoma of the bréasg®

The results of this study show that CD151 is arepahdent marker for DSS and RFS
in poor outcome endometrial carcinoma by univaratalysis and for a triple negative
subgroup of patients by multivariate analysis. CD1$ also differentially expressed,
with highest expression in the UPSC and CC hisiotgges. Contrary to expectations,
it was found that high CD151 expression was paaiivcorrelated with improved
survival. Thus, this is the first report, which gegts that expression of this tetraspanin
protein in tumours may prevent transition to a moedignant phenotyp&?’

In addition to observations made in breast canssué¢ CD151 has also been validated
as a significant prognostic marker of outcome imeottumours. Ang et al. showed that
overall survival was reduced in prostate canceresawhere CD151 was over
expressed®’ This was consistent with findings in lung cancetignts'® In colon
cancer changes in expression of CD151 appear tmdye complex. An early report
described that increased expression levels of sigdrain correlated with a more

advanced stage of the dised¥a&However, a more recent study found that expression
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CD151 protein was reduced in human colon cancergpaced with surrounding normal
tissue, in which it is strongly expressed on theaband lateral surfaces of epithelial
cells!®® The authors hypothesised that intra-tumoural atitm of hypoxia-inducible
factor 1 (HIF-1) led to inhibition of CD151 expréss and this repressed the function of
E-cadherin, thereby dramatically reducing cell-¢d-a@adhesion and thus increasing
invasion and metastasi&° Interestingly, it was also found that expressiewvels of
CD151 in the metastatic lesions were increased wberpared to primary colon cancer
tissues.

Although the exact biochemical function of CD151st8l unknown, evidence shows
that it is involved in signal transductidn® 2/ cell adhesiorf>® and motility*®* In
relation to tumour metastasis, the experimentsguaiti-CD151 mAb have established
that tetraspanin CD151 may contribute to an eddp & the formation of secondary
metastatic lesions by mediating invasiveness ahany tumour cells into surrounding
stromal tissues and vascular intravasatforMore recently, the study group of Fedor
Berditchevski has shown that CD151 can also regukdruitment of breast cancer cells
to the lungs and growth of the metastatic le$fdrlhus, it appears that tetraspanin
CD151 may be involved in various aspects of theastatic cascade.

Although the results of this study strongly suggest CD151 may play an important
role in tumourigenesis in a particular type of emétrial cancer, the mode of its action
remains unknown. Holcomb et al. examined E-cadheriendometrial carcinoma and
found that papillary serous and clear cell carciasmhow significantly reduced E-
cadherin expression in comparison with endometrioidours?® Thus, one possibility
might be that CD151 counteracts the metastaticrpesgpn or development of more

aggressive forms of endometrial cancer by stabdisE-cadherin based cell-cell
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interactions. In this regard, it is noteworthy th@s study found a strong correlation in
the expression levels of E-cadherin and CD151 ilceasamples. Alternatively, CD151
may act through laminin-binding integrins, its mamolecular partners in tetraspanin
microdomains, by strengthening interactions of enelwial cells with laminin
components of the basement membrane. Detailed imstological analyses of
normal endometrial tissue, endometrial hyperplemial all grades and stages of

endometrial cancer tissues will be necessary toeaddhis issue in the future.

So far treatment options in type 2 endometrial eemare largely limited to surgical-
and/or chemotherapy regimen, which have not altéhed poor prognosis of these
tumours.

There is an unmet clinical need for robust progoastarkers that can help in guiding
therapeutic decisions in these endometrial tumpped, particularly at recurrence and
in advanced stage tumours, given poor responsg tatehemotherapy and to identify
new therapeutic targets. Currently advanced stam@, prognostic endometrial cancers
pose a dilemma in management and given poor resp@ies to chemotherapy are
treated with palliative measures.

This study suggests that, in patients with CD15Xkitp@ tumours, survival is
significantly better than those with CD151 negativsours. This may allow for more
rational prescribing of adjuvant chemotherapy inaated stage type 2 cancers. It could
also be clinically relevant as even in a triple atege marker group, CD151 is highly

prognostic of both DSS and RFS.
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An enhanced understanding of the molecular basikesfe tumours will also aid in the
development of novel, targeted therapies and tremitnmodalities against these
aggressive types of endometrial cancer. Identiboabf patients with endometrial
tumours having adverse clinical and molecular posgio characteristics may also

facilitate adjuvant therapies aimed at improvingcome.

The results of this study suggest the possibilitthe usefulness of tetraspanin CD151
as a prognostic marker in some forms of poor outcoendometrial carcinoma.

However, to confirm this it is necessary to ass€43%51 expression patterns in lower
grade endometrial tumours, its precursor lesiorsiamormal endometrial tissue and
compare its findings with the expression patteunshsas were found in this cohort of

high grade poor outcome endometrial cancers.
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4.5 Discussion of results for Clusterin

This is the first study to evaluate the staining @nognostic significance of the so far
poorly understood clusterin (CLU) as a clinical kar in grade 3 endometrial
carcinoma.
CLU has been shown to play a role in a range ofjofygic cell functions such as cell
cycle regulation, cell adhesion, tissue remodellexgd immune system regulation but
also pathologic processes such as carcinogeneasituarour progression where it has
been described to have both pro-apoptotic andaguptotic properties.’ 219 261 262
Leskov et al. proposed that in a response processlt damage CLU is expressed to
induce apoptosis?® Conversely CLU has also been observed as actirty an
195

apoptotic.”™ Also, over- and underexpression has been obsénvadrariety of cancer

tissues suggesting multiple mechanisms of induatiotontrol of clusterin function.

In the three histological groups of this study tdus appeared to be overexpressed
between 48% (G3 EEC) and 60% (UPSC+CC) with noifsigmt difference between
them. The overexpression of clusterin in UPSC+C&ology may be seen in contrast
with the only other study investigating clusterixpeession in endometrial cancer
where CLU showed increased expression in endoncetiype but not in UPSC type
histology. However, Ahn et al. evaluated only 7 twmspecimen with UPSC histology
whilst the remaining 81 specimen were of grade d 2arndometrioid histology, none
of grade 3. They also used a quantitative scorysesn recording only the surface-
percentage of stained tissue with an accordingesgb® to 3. The H-score used in this

study additionally incorporates the intensity oéising. Given that 34 out of 81
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specimen in Ahn’s cohort had a score >1 this isfaobff the findings of this study in
grade 3 endometrial carcinoma. Contrary to Ahmslifigs, particularly in view of the
similarity of Ahn’s findings in grade 1 and 2 hikigy compared to the scoring levels of
this study, the expression results of this studyndb appear to be histological type
specific. Similar to Ahn’s results this study wasable to find a relationship between
clusterin levels and tumour stage.

With these results the biological role of Clustenmover- or under expression in

endometrial cancer, whether anti-or pro-apoptotimains so far unclear.
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4.6 Discussion of the findings in the sarcoma-+
carcinosarcoma+ mixed histology group

(group IlI)

Group Ill showed a significantly shortened surviwalcomparison with the other two
groups with a disease specific survival of 2,7 gg8r05-11.43) in comparison with 4.6
(G3 EEC, range 0.01-11.79) and 4.7 (UPSC+CC, r&n@eé-10.33) years (p<0.001).
Thus, in the multivariate analyses the sarcoma/MMiiXed group maintained
together with age and stage its statistical sigaifce as a predictor for poor survival
(Table 3.6 see page 127). Interestingly all magkgressions assessed including p53,
Her-2, ER and PR expression were very low or negatiGiven the fact that
carcinosarcoma (MMMT) are normally partially compdsof carcinomatous elements
of endometrioid or serous type a certain frequesfaparker expression changes could
have been expected. However none of the nine cd$ddMT of this study expressed
p53, Her2 or ER. While other studies were also lenabidentify any high numbers of
mutations in this subtyg&* McConechy et al. observed mutations in the TP5% gen
high as 64.39%>

CD151 expression results in the sarcoma/MMMT/mixgdup, consistent with the
findings in this study of an inverse correlatiorstovival, were significantly lower than
in the UPSC+CC group. There are no reports initeeature about CD151 expression

and any of the tumour tissue collated under thisigreading.

Clusterin expression in group Il were 48.0% andveid no significant difference to

the other 2 groups. In detail 7 of the 13 sarcassués, 5 of the 9 MMMT tissues and O
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of the 3 tissues with mixed histology showed anrexpression of clusterin. There is no
report in the published literature about clustdsghaviour in one of these tumour
groups. Although there are reports about strongtetin expression in other sarcoma
tissues such as follicular dendritic tumoufs group Il of this study is possibly

biologically too heterogenous and the absolute rarsibf each tumour group too small

to draw any conclusion out the findings.
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4.7 Discussion of Tissue microarray (TMA)

4.7.1 Highlighting the utility and advantages of TM A

The power and utility of TMA technology is manifolll is a rapid, tissue saving and
cost effective high throughput technology. The phigist has only once to collect,
scrutinize and choose the tissue specimen fromhathie tiny tissue cores are extracted
which in turn are then available for a multitudeedts and assays. It not only decreases
the volume per assay exponentially, to the contraiyhout destroying the original
blocks for diagnosis, scarce tissue is amplifiedl amultaneously experimental
uniformity provided due to the fact that a multéudf tissue specimen on a single
block/slide is exposed to identical processing domts. Once constructed, the TMA
block can be sectioned potentially hundreds of simeith each section providing a
fully annotated cohort of tumours that is ready bavmarker analysis. The logistical,
economical and time advantages provide laboratavigs the opportunity to include
several thousand of patient samples into a sindf\ Wwhich impacts positively on

scientific and statistical quality and reliabil S

4.7.2 Discussion of potential risks in TMA technolo gy

There are a few distinct weaknesses in TMA techmoldn view of the small size of
tissue assayed the results are dependent on excellality of tissue sampled when
constructing the TMA, highly standardized laborgtéechniques and appropriately
validated antibodie®’ Frequently in TMAs large numbers of specimen atgiired at

the same time. Thus, there is a greater risk ofgugotentially aged material which has
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sometimes been stored for many years or has beeegsed differently prior to storage.
In this study tissue specimen were used being up2tgears in storage. To which
degree this impacted on antigenicity and validityrarker expression in this study is
unknown.

The impetus of TMA construction and subsequentesficbduction is maximising the
number of cores in a TMA block and slides cut geck. The smaller the tissue cores,
the denser the stacking in the block and the thitime slices cut the greater the risk of
loss of tissue cores and tissue antigenicity.

To avoid such problems TMA construction recommeiodatwere followed in a way as
have been recently summarised and presented byiRe Ksrabsch, senior clinical
lecturer and consultant histopathologist in Gl Bhiyy at the Leeds Institute of
Molecular Medicin€®® Sufficiently deep plastic molds were used forwrax block
casting with wax containing plastic polymers toaat excessive expansion and
shrinkage with temperature changes. Furthermae, density’ TMAs were

constructed with sufficient space around the orgerof cores and 1 mm spacing
between each core. TMA blocks were cut perpendi¢althe short axis of the block at
room temperature to avoid block breakage and distgrfolding or disintegrating of

cut slices. For the placement of each cut slice tme slide, the ‘tape transfer
sectioning’ technique was employed with the advgetaf having virtually no section

or core loss. Only after the completion of TMA ctyastion for this study Catchpoole
et al published observations of nonspecific inmustolchemical staining artifacts due
to tape transfer techniqd® It does pose an additional risk regarding theditgliof our
staining results particularly since Clusterin aridlG1 have not yet been validated in

endometrial cancer tissue.
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4.7.3 Discussion of validity and representativity o f the TMA

technique

Like in this study, TMA research results are bagedindings on tissue cores as small
as 0.004 mm x 0.6 mm or even smaller. When TMA’senfest introduced questions
were raised regarding the validity and representatof this technique generally and in
view of the size and number of tissue cores usedpecimen based on the assumption
that conventional whole sections are/were the gtdddard for molecular tumour tissue
analysis and representativity. There are severhligations advocating between one
and four cores per tumour specimen per TMA. Theeesaanumber of clinically well
established markers such as Her2 in breast cakcé,in breast and urinary bladder
cancer and vimentin expression in kidney canceoeahng the sufficiency for a single
core?’®?® Other studies have concluded that multiple coreshsas 3-4, offer
advantages over a single core also in view of theemgial heterogeneity of tumour
tissue within the same specimen. One practicabmate of demanding more than one
core is that if individual cores are washed outirduthe slide-processing the tumour
specimen is still likely to be represented by thack up core®*?">*However, to avoid

a bias it is important to limit analysis to sampiagh identical numbers of spots used
for interpretation or to one spot per individuaitur specimen only. In this study it
was decided to use two cores per tumour specimen.

There is no consensus as regards the size of th@utucores. Sauter outlined 0,6 mm
cores have been used widely and offer the pradlityabf being small enough to allow
large enough numbers of cores being placed onaitme §MA. Also, 0,6 mm cores are

small enough to detect and count individual tumaells whilst larger cores
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unnecessarily carry a risk of having a higher probpo of non-neoplastic cells thus
increasing the variability of the amount of cantissue analyzed per specimen. Cores
less than 0,6 mm are certainly more economicaleims$ of TMA space needed.
However, they are technically more difficult to kiéay due to sampling-needle size and
specimen-needle friction and cores are also mé&rdylito get lost during the various
steps of the TMA productiofi® Altogether, there seems to be now sufficient avige
of strong correlation between TMA histospots anattissue sections provided there
are at least two adeaquately represented core$mi diametef’’

In view of TMA validity it has been well documentdtht TMAs can reliably reproduce
well-established associations between moleculamgdg®g and clinico-pathological
parameter$’® ?"* 28 Ruiz et al. proved in a TMA study of more thanQD%reast
cancers the reproducibility of the well establishptbgnostic relevance of the
heterogeneous proliferation marker Ki-67 expreséiBdaquemier et al. studied the
expression of 26 proteins by immunohistochemisttyTMASs containing more than
1,600 cancer specimens from S&ftients with breast cancer and controls. Thereavas
high degree of concordance between immunohistodtgnan full sections and on
TMA (p<0.0001).

Furthermore they not only observed clustering giregsion profiles which correlated
correctly with phenotypic tumour classification higveloped a TMA-based protein
expression signature that classified patients twto classes (good prognosis and poor
prognosis) with a highlgignificant difference in 5-year MFS (90% versu$41The
findings were validateih an independent set of >180 patients, provingoitsistness.

In multivariate analysis, the protein expressiamature was the strongestlependent

predictor of clinical outcome. At the 2012 BiomankeBiostatistics and Novel Clinical
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Trial Design workshop in Nottingham Prof I. O. Ellpresented results from a 24
marker expression analysis based on a TMA of tunspacimen of 1024 primary
operable breast cancer cas€sThe subsequent hierarchical clustering of expoessi
profiles not only correlated highly with the knowlinical outcome of the patients but
the findings were broadly comparable to clusterscdeed in previous cDNA based
clustering studies.

The coupling or extension of cDNA arrays with TMAs certainly a luring new
development and has been successfully done fqudssibility of discovering clinically
relevant, potentially new proteins by first obsagria certain gene amplification
measured by fluorescence in situ hybridization teth successfully correlating it with
a certain protein overexpression measured by IHG diMA. However, it has been
previously described that specimen showing IHC alaelde protein expression levels
may be encoded by very low levels of RNA, thatefolv the detection level of cDNA
arrays 2®° Conversely it is possible that a chosen antibody amy detect certain forms
of a protein that do not correspond to the cDNAttgabon the DNA array.

In summary there are important lessons to be drmwrturrent interpretation as for
further studies. First, gene expression analyseg mo& correlate with corresponding
protein expression analyses. Ideally, where possibbth should be performed. If
results do not immediately correspond, the may bwthire for further thinking. TMA
results of novel markers should be taken with causince there are a number of
technical or biological factors that may have caomided the observed results. If for
instance the antibody concentration is low onlyhhig higher expression levels will be
detected which might blur the clinically relevant off level of the expressed protein.

The TMA'’s inherent reproducibility lends itself the opportunity to test a range of
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antibody concentration levels at the same time. &l@r results of which are

particularly difficult to interpret when investigag) a novel marker.
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4.8 Methodological considerations

A controversial issue for this study was the infreacy of pelvic lymph node sampling
during the operation despite their allocation tohigh risk group. However; as
mentioned above this was consistent with surgicattce in the United Kingdom, in
the study time period. Patients without gross peaal disease and lymphadenectomy
were staged according to the extent of uterinelvroent. Indeed, the need for pelvic
and para-aortic lymphadenectomy however remainsogc tof debate among
gynaecologic oncologist8* There is still a lack of consensus if at all orvimich
endometrial cancer type, grade and stage preciagety/to what extent surgical staging
should be performed. There is even more controvetsyut the therapeutic and
prognostic effect of it. If at all, increasingly thobilateral pelvic and para-aortic
lymphadenectomy is advocated because positive lymaoples appear to be common in
all grades® Given the likelihood of partial under staging dte non-assessed
lymphnodes the question remains how many patieate wot accurately stratified into
the respective stages and thus treated. However,sthivival data in this study
demonstrate that ‘stage’ remained an independ@gnpsstic marker for survival even
in the multivariate analysis, which supports thelihood of near accuracy of the

staging procedure applied.

Regarding the construction of the tissuemicroarf@pdAs) the present study would
have been greatly strengthened by including lovdgrmndometrial cancers and normal
endometrial tissue as controls. This would haveidex the opportunity to demonstrate

a potentially progressive effect of some of the kaes investigated across the range

155



from healthy endometrium to aggressive serous manta. In particular, for the G3 vs.
UPSC/CC study, this would have allowed for a mamngrehensive comparison which
was already recognised by Zannoni et al. in a comtimg letter to the editor after the
publication of some of the results of this stdtfyindeed, this would have potentially
strengthened further the findings of the closeti@bahip between G3 and UPSC/CC

histology in this study.

Concurrently, particularly in view of the fact théhis study is among the very first to
describe expression patterns of both CD151 anderslosin endometrial carcinoma, it

would have been of great interest within this stadywell as for the wider research
community to demonstrate expression patterns cfetimnearkers on normal endometrial
tissue and all types and grades of endometrial lasigp Additionally it would have

been interesting to complete the findings in TMAesowith expression patterns in fresh
endometrial and tumour tissue. Additionally, sutddees would enable the production
and use of antibody dilutions optimised for endaraktissue, rather than breast tissue

as used in this study.

At the outset of this study it was intended notyotd read and score the TMA cores
manually but also in an automated fashion, thuspasmexpression results in order to
both estimate the validity of the manual readingval as improve the overall quality
with an additional human observer-independent téstvever, logistical problems, the
novelty of the markers used and the consideralibetefnd costs involved rendered this

plan impossible.
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Currently, a major issue most studies face wheoluad in IHC evaluation of markers
is the significant variability in the scoring pr@se which can also partly explain the
results of this study. Such variability originatesinly from three factors, the staining
process, the individual assessment of the persérgajling” the cores as well as the
scoring algorithm used. Obviously such inevitablg tonfounding factors render the
validity and thus inter-study comparability of afigdings difficult. Thus, it is hugely
vital to achieve standardisation in these procesitirat will produce robust results.

As William Gallagher’s group of the UCD Conway Huge in Dublin have repeatedly
demonstrated described and proven, the option olew$lide scanning and automated
analysis of the digital images produced makes $sjide to recognise and differentiate
normal from tumour tissue. Employing decision treedels using a multi-fold cross-
validation approach, image analysis algorithmsadse able to precisely assess quality
and gquantity of expression of any given markercwate prognostic subgroups and
identify optimum thresholds for survival analy$?s.?®® Such scanners assess all
available cores with precisely the identical accyr&4 hours a day, in a fraction of
time needed for individual scoring obviously entiranter- and intra- observer
independent. In a time where a sheer unfathomabtgar of markers identified await
evaluation and validation to be hopefully implensehtin the future as effective
personalised cancer therapeutic regimes, it idylikeat the manual assessment and

scoring of marker expression will soon be an eseroiff the past.
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4.9  Suggestion of Further Studies

More detailed investigations in a larger cohort ldooe useful to support the proposal
of the close clinical and prognostic relationshiptieen grade 3 endometrioid

endometrial carcinoma and uterine papillary seemgclear cell carcinoma.

In view of validating the findings of CD151 and psognostic significance a larger
prospective study in this group of cancers is n@wnd established. However, at the
same time it is vital to investigate this markemmormal endometrial tissue, precursor
lesions and lower grades of endometrial carcinomastablish its true relevance as a
prognostic or diagnostic marker in poor outcomeoemetrial carcinoma.

Additionally it would be interesting to be able benefit from large collections of
appropriate tumour specimen such as stored tissegsdfrom randomized controlled

trials such as PORTEC 3.
Finally it would be hugely interesting to re-cagtihe TMA slides using a slide scanner

and process an automated image analysis for reri@h of the expression patterns

produced through this study.
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