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ABSTRACT

Background

Currently evidence regarding influence of the HEPRbsine kinase family - EGFR,

HER2, HER3 and HER4 - during disease progressigorastate adenocarcinoma is
conflicting — both poor prognosis and no influemceoutcome are reported. A small
cohort pilot study of paired hormone sensitive (I8$Rand refractory (HRPC)

specimens demonstrated HER2/HER4 as positivelynmstgs in HSPC. Heregulin

(HRG), a principle HER family ligand, has previousbeen noted to have a
differential effect on HSPC (decreased proliferatioand HRPC (increased
proliferation) cell lines. This study determinefiluence of HER family and HRG in a
larger HSPC cohort and whether influence mechanismslve proliferation or

apoptosis.

Patients and Methods

Immunohistochemical staining for HRG, KI67 (profdééon), TUNEL (apoptosis)
was performed on pilot study specimens. Further H8C EGFR, HER2, HERS3,
HER4, HRG, KI67 and TUNEL was performed on HSPGsués microarrays.
Correlations between target protein expressiontaasdutcomes time to biochemical

relapse and overall survival were determined.

Result

High expression of HER/HRG was correlated with ioyad prognosis particularly in
androgen deprivation treated subcohort (e.g. hiGiE and longer time to relapse
p=0.02, high HER2 and delayed relapse p=0.002, kit and delayed relapse-

p=0.004). High expression of multiple markers iased association significance



(e.g. high HER1-4 and delayed relapse p=0.001)cdicelations between HER and

proliferation or apoptosis were seen.

Conclusion
The HER family and HRG are positively prognostipnostate adenocarcinoma. This
has implications for the use of HER family as oategpredictors to guide

management.
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CHAPTER 1: BACKGROUND

1.1PROSTATE ADENOCARCINOMA

Prostate Carcinoma (CaP) is a significant and grgwiealth issue in the UK and the
rest of the developed world and the focus of maegsof research. Adenocarcinoma
comprises over 95% of CaP (Tanagho et al. 2004ingriprimarily in the peripheral

zone (85%) or transitional zone (15%) of the presta

In the UK incidence of CaP has risen significantdtybecome the most commonly
diagnosed cancer in males. There were 31 900 Caghabes in the UK in 2003
(Cancer Research UK: UK Prostate Cancer Statig@sesenting 23% of new male
cancers and 12% cancers overall. Incidence vaeédden UK regions with 110/100
000 in England, 140/100 000 in Wales 95/100 00&Gaotland and 86/100 000 in
Northern Ireland (Cancer Research UK: UK Prostasec@r Statistics). There has
been a rise in UK incidence from ~34/100 000 inS.8Y 109/100 000 in 2003. This
increase may be due to a combination of implemiemadf widespread Prostate
Specific Antigen (PSA) testing and the generallingglemographic of the Western
world. Age remains the principle risk factor forvépment of CaP rising from
extremely few cases diagnosed below the age oh&@asing to 120/100 000 at 55-

59, 450/100 000 at 75-79 to just under 900/100t@¥er 85 (Selley et al 1997).

Worldwide the USA has the highest incidence in @ath over 120/100 000 males
compared to 54/100 000 males in the UK in 2002I&yeet al 2002). Post mortem

analysis indicates a 40% lifetime risk of CaP depalent (Tanagho et al. 2004).
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UK CaP mortality has also increased over the p@stears however not to the same
extent as incidence. In 2005 there were 10 000deafhs (34/100 000) again varying
between the regions England 34/100 000, Wales 86000, Scotland 31/100 000,
Northern Ireland 26/100 000 (Cancer Research UK: RiKstate Cancer Statistics)
This represents 13% male cancer deaths, Yheast frequent cause of cancer death
behind lung. As with incidence, mortality rises igia with age from virtually no
patients below the age of 50 to 800/100 000 at 8%eyears old. UK age standardised
mortality was 25/100 000 in 2005 compared to 20/@00 in 1975 however the rise
took place in the 1980s and now appears to have aedight fall since the early
1990s (Majeed et al. 2000). Similar falls have bseen in the USA (Tarone et al.
2000) and Europe (Levi et al. 2000), this has bséibuted to increased screening,
treatment improvement (Hankey et al. 1999) and gbsnn cancer death attribution
or coding (Feuer et al. 1999, Swerdlow et al. 20flit)a definite explanation has yet

to emerge.

1.1.1 HORMONAL TREATMENT OF PROSTATE ADENOCARCINOMA
Treatment options for CaP are determined by stagagefined by the TNM staging
system. For local organ-confined CaP (T1-2) theee several potentially curative
options including radical prostatectomy, radicaliotherapy and brachytherapy. In
general the mainstay of locally advanced (T3-4hadal/distant metastatic disease is
endocrine therapy alone or combined with radiogeréat this time prostatectomy
also an option in low grade T3a disease). Whileicdl trials are ongoing there are
few chemotherapeutic agents e.g. Docetaxel (Tanevcd. 2004), that have been
shown to be effective in prostate cancer, certainolye that are more effective with a

better side effect profile than endocrine therapyewly diagnosed CaP. In patients
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with low grade, low volume disease a strategy oftchal waiting — delaying

treatment until biochemical progression occursr-alao be employed

1.1.1.1 HORMONAL REGULATION

Endocrine treatment is based on the interactiorCaP cells with the androgen
production axis (Fig. 1). Production of Testostexahe principle androgen in men, is
coordinated centrally via the hypothalamic-pitutgonadal axis and feedback loop.
The axis is initiated by release of gonadotropleilleasing hormone (GnRH, also
termed Luteinising Hormone Releasing Hormone) by hlypothalamus. GnRH is
released in pulsatile, circadian and seasonal maasewell as variation at key
developmental times of life such as puberty. GnRts an the anterior pituitary gland
stimulating production and release of luteinisimgrhone (LH) into the circulation. In
a parallel system corticotrophin-releasing hormogleased from the hypothalamus
stimulates adrenocorticotropic hormone (ACTH) sikeneby the pituitary. LH acts
on Leydig cells in the testes stimulating productaf testicular testosterone which
makes up 95% of circulating testosterone. Testoseeis also produced in the adrenal
gland in response to ACTH, in both testis and aaleent is produced via the gamma-5

metabolic pathway of steroid hormone synthesis.

Circulating testosterone is mainly bound to sexatae binding globulin with only a
small fraction free. Testosterone enters prostegits by passive diffusion and is
converted to the more potent dihydrotestosteroneT()Dby 5-u-reductase or to
oestradiol by Sx-aromatase. DHT has multiple cellular functions blso acts as a
negative feedback agent acting on the hypothalalmugeduce GnRH production

completing a negative feedback loop. Oestradi@ &dsms a negative feedback loop
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acting at the pituitary to reduce LH secretion. &rthe therapies for CaP act via

interference with the androgen production axis (sdew)

Negative
Feedback

"""""""""""""" Pituitary

Adrenal

Hypothalamus

______________

Negative
Feedback

Adipose

ABG Bound : Free !
Testosterone !

Testosterone:

Prostate

So-aromatas 5a-Reductas

_______ & ____ \4
""""""" 1 Oestradiol

ANDROGEN
RECEPTOR

Figure 1.1: Regulation of Testosterone Production
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1.1.1.2 THE ANDROGEN RECEPTOR

Prostatic testosterone and DHT both act by bindinghe androgen receptor (AR)

(Fig. 1.2); DHT has a 10 times greater affinityrtltastosterone (Suzuki et al. 2003).

The AR is a steroid hormone receptor encoded bgree @n the long arm of the X

chromosome and comprises 4 main functional don{&oBg et al. 2002);

Amino-terminal regulatory domain — contains theiwetion function region

AF-1 which allows binding of multiple co-factorsdaprotein kinase pathway
members and is important in transactivation/trapson regulation.

(Rochette-Egly 2003)

DNA-binding domain (DBD) — includes 2 zinc fingerotifs that bind to

androgen response elements (ARE) nucleotide segseinc the promoter
regions contained within target androgen regulajedes (Lee and Chang
2003)

Dimerisation/Hinge domain — responsible for dimagisn and translocation to
the nucleus following ligand binding. Contains rasl localisation signal
(NLS) region that facilitates this. Phosphorylatiohthis region may cause
inactivation of the AR. (Rochette-Egly 2003)

Ligand-binding domain — contains the site for DH$fbsterone binding
causing AR activation and the activation functiof-2A region which also

interacts with cofactors influencing transcriptigochette-Egly 2003)
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Figure 1.2: Structure of the Androgen Receptor.d3an the amino
terminal region represent polymorphic trinucleotidpeats e.g.CAG
Pre-activation AR i1s bound to heat shock proteihschv prevent degradation. Ligand

binding induces a conformational change and dissioci from these heat shock
proteins. This is followed by phosphorylation of AfRabilising the ligand-receptor
complex which then dimerises (Lee and Chang 2008)teanslocates to the nucleus
where the DNA-binding region binds to AREs initiggi androgen directed
transcription. After binding transcription is fuethregulated by co-factors which bind
to AR aiding formation of a stable pre-initiatiooroplex facilitating transcription.
Androgen directed transcription results in an iasee in cell proliferation and

decrease in apoptosis stimulating prostatic tiggaeth amongst other effects.

1.1.1.3 METHODS OF HORMONAL TREATMENT OF PROSTATE
ADENOCARCINOMA

Hormonal treatment of CaP also termed Androgen Rafpon Therapy (ADT) is

based on the principle that, in a similar fashionbteast cancer cells expressing

oestrogen/progesterone receptors, CaP cells exgk&ssamaking CaP androgen

dependent. Androgen suppression as a treatmei@aBrhas been noted since 1941

when Huggins et al. demonstrated reduction in GelRted symptoms following

surgical castration or diethylsilboestrol (DES)rdpy after which survival benefits of
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endocrine treatment in metastatic CaP were showskilet al. 1950). The oestrogen
DES acts on the pituitary (Fig 1.3) to reduce péyi LH production in response to
hypothalamic GnRH as oestrogens act naturally gatne feedback agents in the
androgen production axis. With reduced LH productstimulation of testicular
testosterone production falls (Blackard et al. 9% mentioned above endocrine
therapy is utilised where curative radical therapynappropriate either due to the
nature of the cancer — local or distant metastamighe patient — elderly and/or
significant comorbidities. Additionally hormone thpy is used as neoadjuvant
treatment with radiotherapy in T3 disease and asrgkline therapy in patients who
suffer recurrence after prostatectomy/radiotherapy.
Since its inception methods of hormonal therapyehaeveloped with neither
orchidectomy nor DES remaining first line. The sitgf action of ADT agents are
shown in Fig.1.3 Common agents include
* Androgen Antagonists (also known as antiandrogensjnterfere with
activation of AR androgen-androgen receptor comternation directly in
tumour cells by competitive binding to AR or inaetiing androgens before
binding. Target androgens whether the source isictésr or adrenal.
Examples include 2-hydroxyflutamide, the metabatitehe agent flutamide,
bicalutamide and cyproterone acetate. Antiandrogems be used as single
agents (Wellington et al. 2006) but are more comynased in combination
with other medications or orchidectomy. While awtaigtic to CaP in most
cases antiandrogens have stimulated cell prolieran certain CaP cell lines
and conversion from antagonist to agonist activitsty be one mechanism

behind hormone escape (see below).
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Gonadotrophin Releasing Hormone Agonists — tar¢et hypothalamic-
pituitary-gonadal hormone axis to reduce circuaimdrogen concentrations.
These act at the pituitary by first stimulating LHReceptors but ultimately
causing receptor downregulation and thereby blackiypothalamic-pituitary
signaling and gonadotrophin secretion (Schallyletl©92). GnRH agonists
such as Goserelin therefore block the productiotesticular but not adrenal
testosterone. The agonistic nature of theses agetddls a brief flare-up with
increased testosterone risking a transient worgeoirdisease hence a short
course of antiandrogen is often used to coveriteedose of GnRH inhibitor.
Side effect profile includes impotence, loss ofiddy hot flashes,
gynaecomastia and osteoporosis; it does not incthdeincreased risk of
cardiovascular complications of DES and is congidigr better than that of
cytotoxic chemotherapeutic agents.

Maximal Androgen Blockade — Antiandrogen with GnRatalogue or

orchidectomy

Rate of response to hormonal therapy as assess&griptom relief, reduction in

primary tumour size or fall in acid phosphatase/P&#ies 40-80% between

studies (Murphy et al. 1980, Wein 2007). Endoctimatment is not considered

curative although at least one study has claimed(fohansson et al. 1981)). A

complete response with disappearance of all ddtlecthsease is seen in only 5-

10% (Murphy et al 1980). Progression despite hoahtreatment, also known as

hormone escape or progression from hormone semsitaP (HSPC) to hormone

refractory/resistant CaP (HSPC) occurs almost usally (Feldman et al. 2001)

with time to progression
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Figure 1.3: Sites of action for hormonal therapyGaP

18 — 36 months varying between studies (Trachtenle¢ral 2002, Wein 2007).
Hormone escape occurs in 2 stages, a transitige stah tumour cells still requiring
androgen to proliferate but not requiring androtgesurvive then an outgrowth phase
with androgen required neither for survival norwtio (Craft & Chhor). Progression
can be defined as either physically — by increasesize of lesion/s by 25% or

appearance of new lesion (Wein 2007) or biochemyieaby rise in acid phosphatase
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or, much more frequently, PSA from a nadir achiewdttr commencement of

hormone therapy.

Prognosis in CaP is much reduced following hormeseape with mean time to death
from escape 9-12 months (Henry et al. 1999). Mwedearch in prostate cancer has
focussed on factors contributing to hormone escap@é potential treatments for
HRPC. Current available strategies involve furth@rmonal manipulation e.g.
removal of antiandrogen (20-30% demonstrate secgrll8A response)/conversion

to maximal androgen blockade and cytotoxic chemrathee.g. Docetaxel.

1.1.2 MOLECULAR BIOLOGY OF PROSTATE ADENOCARCINOMA; AN
OVERVIEW

Many genes and gene products have been investifatetieir influence on CaP

development, in particular oncogenes, the androgeeptor, growth factors, growth

factor receptors and their transcription pathways.

9% CaP can be linked to one of a number of geneéshwhcrease likelihood of CaP
development inherited in an autosomal dominantideshSuch inheritance is seen
more frequently in tumours presenting at a youraggr (Carter et al. 1992). Deletion
of Tumour Suppressor Genes at several chromosoocal (Isaacs et al. 1995)
including 8p, 10q, 13qg (Retinoblastoma-Booksteiralei990), 16q (Breast Cancer
Antioestrogen Receptor 1 (Fromont et al. 2007), aidd 18q have been linked to
localised CaP. In particular deletion at 8p22 isnid in 70% localized CaP (Macoska
et al. 1994) and E-cadherin at 16qg deleted in 60¥nhetastatic CaP (Umbas et al.

1994). As in other cancers p53 mutation is assediaith 50% high grade metastatic
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CaP (Navone et al. 1993). A Tumour Suppressor Gaped to 10923 which codes
for protein PTEN (Li et al. 1997), a tyrosine phloafase, which appears to be
mutated in a large number of cancer cell lines witjreater proportion CaP cell lines
(100%) versus other cancer types (31% glioblast@¥apreast Ca etc). Mutation of
PTEN results in loss of expression therefore tHBKRAKT pathway is upregulated

(Davies et al. 1999).

Given the importance of androgenic stimulation armal prostatic development as
well as CaP (Feldman et al. 2001) and the pivaid of androgen therapy in CaP
attention relating to hormone escape has focussedysfunction of the androgen
receptor (AR) in development of CaP and subseqdentlopment of hormone
escape. Evidence for AR involvement of AR in HRRCludes high AR expression in
recurrent CaP (Van der Kwast et al. 1991)) andaitibn of proliferation of hormone
refractory cell lines by in vitro inhibition of AR.

Several mutations have been identified affecting ligand binding region of AR
which allow a number of alternative ligands eventiamlrogens such as
hydroxyflutamide (Taplin et al. 1999) to stimulatanscriptional activity and tumour
growth. Such mutations have been shown to developesponse to antiandrogen
therapy itself and form the theoretical basis fog secondary PSA response when
discontinuing antiandrogen therapy following horra@scape. Additional mutations
have been noted in the transactivation amino-texhdomain allowing AR stimulated
transcriptional activity without ligand binding (Wen et al. 1999). These include a
CAG polymorphism site where a shorter CAG repeaigtle is associated with

increased CaP risk (Irvine et al. 1995). More tl&#h AR mutations have been
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described in CaP (Debes et al. 2002) however sudiations are only found in 10-

20% CaP in vivo (Suzuki et al 2003, Taplin 2003).

The rate of AR gene amplification has been shownbéo significantly higher
following development of hormone escape (Brownlef@02, Edwards et al. 2003).
Approximately 20-30% of HRPC samples have AR angalifon compared to 0-5%
in HSPC (Edwards et al. 2003) and this study disoved an association between AR
amplification and reduced survival. While most twreowith AR amplification also
demonstrated increased AR protein expression igete@rotein expression did not
influence survival although this may reflect morecwaate detection of gene
amplification by FISH than corresponding proteirpeession by IHC. A xenograft-
model study demonstrated increased AR mRNA exmessiated to hormone escape
independent of gene amplification (Chen CD et &0@ although this does not
represent the normal mechanism of AR upregulatigorostate cancer. These studies
indicate that AR gene amplification and consequmecrieased AR protein expression
in CAP cells allow a response to the reduced arairdgvels in patients on GnRH

analogues/antiandrogens thereby allowing prograssigpite of hormonal therapy.

Increased phosphorylation of AR via a number of MKiRase/AKT kinases also
increased sensitivity to low androgen levels (RttehEgly 2003) and increased MAP
kinase correlates with CaP grade and stage (Uzefaad. 2003) and is found in
increased levels in HRPC (Bakin et al. 2003). ARg@horylation is one of a number
of mechanisms whereby AKT may influence CaP devakqt, higher AKT activity

is found in CaP than benign prostate disease (ktaal 2003) and it is higher in

HRPC cell lines (Ghosh et al. 2002). Activation Akt has been significantly
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associated with decreased survival in hormone c&frg tumours (Edwards et al.
2006) and strongly correlates with phosphorylatiddrthe AR at serine 210 in the

same patient cohort (McCall et al 2008).

Additionally the roles of several cofactors whichnd to AR and alter its
transcriptional activity have been investigatedalation to CaP and hormone escape.
Examples include CBP (cAMP response element bindprgtein) which is
overexpressed in HRPC and has been shown to aNoloxyflutamide to activate
AR in vitro (Gelfanov et al 2001) and ARA70, alspregulated in HRPC, has been
shown to allow bicalutamide to act as an AR ligdiveéth et al. 1996). C-Jun a
cofactor which binds to the intracellular AR domalfows ligand independent signal
transduction (Rochette-Egly 2003). Other cofacexg STAT3 bind with AR and
effect translocation of AR to the nucleus (Lee S@le2003). The STAT3 pathway
has been shown to be activated by interleukin-®©mpanied by conversion from
HSPC to HRPC (Tam et al 2007), in fact IL-6 hasnbsgggested as being linked to

prostate cancer morbidity for over 10 years (Twi#t al. 1995).

Increased expression of a number of growth facteGF, TGFe, FGF etc.) have
been linked to the earliest stages of CaP includimgnges in stromal-epithelial cell
interactions and angiogenesis necessary for tuntdmwelopment and invasion.
Increased vascular endothelial growth factor stated by other growth factors in
tumour epithelial cells plays in particular has deked to angiogenesis and
subsequent invasion (Foster et al. 2002, Bhowmickl 2004, Chung et al. 2005).
TGF-a has been reported as having a tumour suppresscrdn (Kambhampati et al.

2005).
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Several intracellular signal transduction pathwalyave been implicated in
development of HRPC via bypassing AR. In additioratting on the AR the MAP
kinase pathway members are upregulated in HRPChanuione escape has been
shown occur by transfection with Raf via the MAmdse pathway (Bakin et al.
2003,) independent of AR. C-Jun combines with c-feoming transcription factor
Activated Protein 1 (AP1) which can activate ARgkts without AR involvement
(Edwards, Krishna et al. 2004). Components of tbdgkehog signalling cascade are
upregulated in CaP cell lines compared to normastate tissue and may stimulate
growth in CaP (Karhadkar et al 2004). Several ldgaand members of the W/
catenin signalling pathway are overexpressed inG8Rd HRPC cell lines (Chen G
et al. 2004). Additionally several neuropeptidesingc via G-protein-coupled
receptors influence multiple tumorigenic cascadespregulate CaP proliferation and

metastasis (Mimeault et al. 2003).
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1.2HER FAMILY

1.2.1 HER1-4

The HER (Human Epidermal Growth Factor Receptonilia of transmembrane
glycoprotein receptor molecules consists of 4 mes)bEpidermal Growth Factor
Receptor (EGFR also termed HER1 and ErbB1), HERBRE), HER3 (ErbB3) and
HER4 (ErbB4) and their variants. EGFR was firstedoto be connected with
oncogenesis in the 1980s during study of the aefhroblastosis tumour virus
which encodes an aberrant form of human EGFR (Buedal 1997). HER2 was then
identified due to homology to but distinction frdBGFR (Schechter et al. 1984) and
its amplification in mammary carcinoma (King et 4bB85). The gene loci for the
HER family are EGFR 7p12, HER2 17911, HER3 12q1BRH 2g34. Classically the
EGFR family members are usually considered as nmansbrane receptors and as
such are located in the cell membrane unless ialisad to the cytoplasm as part of
signalling cascade (Carraway et al. 2001). Oneisp@athway involves cleavage of
HER4 by tumor necrosis factar convertingenzyme and presenilin-dependent
secretase allowing the cytoplasmic portion to beeriralised and accumulate in
mitochondria stimulating apoptosis (Vidal et al.08D However, more recent
research has revealed that HER3 may also be indelWt@ signaling pathways within
the cell nucleus (Koumakpayi et al. 2006) assodiatiéh oncogenesis.

HER family members have a common structure (FiyWith 3 domains;-

» Extracellular domain — the ligand binding domai[) containing 2 cysteine
rich regions and is glycosylated. The ligand speatyf of this region varies
between family members

* Transmembrane domain — single helix of 23 hydroghamino acids which

anchors the receptor to the cell membrane
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* Intracellular domain — has tyrosine kinase (TK)hait, responds to ligand

binding with initiation of signal transduction

LBD —| Extracellular Domain

— Transmembrane Domain

—| Cytoplasmic Domain

Figure 1.4: Generic structure of HER family member.

Total molecular weight of the EGFR molecule is 1KD 40 kD of which is
carbohydrate moieties (Ennis et al. 1991). HER2ahagight of 185 kD. While there
is a great deal of homology between family memioaitg EGFR and HER4 have all
domains fully functioning — HER3 has impaired tynas kinase activity largely
relying on heterodimerisation (Guy et al. 1994k(below) to function, HER2 has no
known specific ligand (Klapper et al. 1999).

The mechanisms by which the HER family translateaeellular ligand signalling
into cell activity is complex and has been termedyered signalling network (Fig
1.5) (Yarden et al. 2001). The first or input layewnsists of the HER family
molecules themselves and their ligands. All HERarigs belong to the Epidermal
Growth Factor (EGF) family containing a 60 aminadaEGF-like domain and 3

disulphide-bonded intramolecular loops. Ligandsdiyig to EGFR include EGF,
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Figure 1.5: Layered signalling network of HER faynil
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heparin binding EGF-like growth factor, epiregulifiGFa, amphiregulin and
betacellulin (Warren et al. 2006). HER3 and HERyaiids are termed neuregulins
(NRG) a large family made up of splice variantsAdfIRG genes (Falls et al. 2003).
Heregulins (HRG) are one subtype of NRGs. Somentlgehave narrow specificity
e.g. EGF, NRG4 while others can bind to 2 recefyjoes e.g. epiregulin (Jones et al.

1999).

Ligand binding initially stimulates dimerisation BHER family members, both hetero-
and homodimers are formed with HER2 being the nomshmon co-receptor in
heterodimers (Mass et al. 2004, Graus et al. 199d) HER2-HERS3 the strongest
dimer combination (Slikowski et al. 1994). Sevdeaitors are thought to make HER2
the preferred choice in heterodimers. HER2 increése ligand binding affinity of its
heterodimer partner (Slikowski 1994) and the speafystal structure of HER2 is
dimer favourable (Garret et al. 2003). HER2 hetenets have greater activity than
others due to decreased ligand dissociation radeufkagaran et al. 1996), defective
ubiquitin degradation (Lenferink et al. 1998) (seelow) and multiple pathway
activation by the HER2-HERS3 heterodimer (Ben-Leeegl. 1994).

Specific inter-receptor binding and dimer makeupraediated by ligands but also by
relative availability of HER family molecules fok@mple while HER2 has no direct
ligand, overexpression increases HER?2 participathdreterodimer formation. Indeed
this can change cellular ligand specificity astids better at recruiting HER2 as a co-
receptor will be favoured (Yarden 2001). HER2 doestypically form homodimers
but can do in the case of mutation or overexpresfvennan et al. 2000, Penuel et

al. 2002). The precise mechanism of dimerisatioh i@ been fully defined as each
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of the 3 domains has been shown to be involvednaneé fully responsible for dimer

linkage (Warren et al. 2006).

The signal-processing layer is the next layer mglgnal network and consists of an
array of enzymes, proteins and secondary messengatved in multiple inter-

related transduction cascades. Which messengeisvaniged depends on the initial
ligand, the structure and effector sites of HER ifkandimer and the types and
availability of phosphotyrosine-binding proteinssasiated with the tails of HER

molecules following dimerisation. Signals resultingm different dimers have been
shown to be different (Wilkinson et al. 2002). Timitial phosphorylation is of

tyrosine residues within the intracellular domaintlee HER dimer itself these sites
then allow protein substrate binding and furtheogghorylation. The first substrates
are adaptors such as Src, PI3K, jak, Ras etc. wihieh activate an array of signal
transduction cascades. Different HER moleculevatetidifferent adapters e.g. EGFR
activates c-Cbl, Grb2 amongst others whereas HER3 diot but instead activates

Shc and Grb7 (Yarden 2001).

The Ras activated MAP kinase pathway is a targeflldiER family members and
PISK/AKT pathway components couple directly with RIEHER4 and indirectly
with EGFR/HER2 with consequently differing level$ activation (Soltoff et al.
1996). Other cascades recruited by HER family memibmeluding Protein Kinase C
and stress activated protein kinase translate mtolear transcription pathways
involving fos, jun, myc and zinc finger containiriganscription factors (Yarden

2001).
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The final output layer refers to the cellular outes generate by the signalling
cascade principally cell growth, division, migratjoadhesion, differentiation and
apoptosis. In addition to original ligand and HE&eptor involved cell context
determines outcome (Yarden 2001). Heterodimerscpéatly those including HER2
are known to be more mitogenic (Reese et al 1995).

HER family tyrosine kinase molecule levels are tatpd via 2 main mechanisms,
endocytosis of receptors with subsequent degradatio alteration of receptors with
modulator proteins (Sweeney et al. 2004). The masha by which EGFR is
endocytosed and degraded has been the subject af study. The initial step is
ligand stimulated localisation of membranous EGE&RI&athrin coated pits via EGFR
interacting with clathrin by way of AP2 adaptersdia¢ed by epsin (Warren 2006)
following which the pits are internalised. Recetidées have shown the ubiquitin
ligase cbl to play a vital role in this processt{&man et al. 2003); stimulation by
EGF causes phosphorylation of EGFR’s intracellullmmain tyrosine residues
including a binding site to which cbl is recruiteiibsequently being tyrosine
phosphorylated activating its ubiquitin ligase watyi (Levkowitz et al. 1999). Chl
then stimulates attachment of monoubiquitin mogetihich are thought to induce
internalisation via endocytosis (Mosesson et ab32@&lthough other studies suggest
endocytosis can occur without ubiquitylation. Onoternalised endosomal EGFR
will undergo lysosomal degradation if already ulbigylated otherwise it is returned
to the surface (Duan et al. 2003). Thereby ligahas$ stimulate EGFR activity also
reduce EGFR levels. HER2-4 do not undergo ligandiated endocytosis to the
same extent as cbl does not attach to them aseetfic (Levkowitz et al. 1996).
Degradation related mechanisms of controlling HERR2vels are less well defined

however E3 ubiquitin ligases may be involved (Diamncet al. 2003, Qiu et al.
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2002);- Nrdpl binds to HER3 and HER4 whether ligatichulated or not marking
receptors for endocytosis and degradation. Oveesspyn of both cbl and Nrdpl
downregulate HER expression at the cell membranechsinisms controlling E3
ligase levels are poorly defined. HERA4 is intesedi and functions as a cytoplasmic
protein for longer than EGFR. It is regulated bgédbarate pathways cleaved by a
PKC dependent proteolytic pathway and by the PK@ependent tumour necrosis

alpha converting enzyme (TACE) (Rio et al. 2000)

Negative modulator proteins interact with receptiorslter their response to ligand
binding negatively regulating receptor activity. daxples include splice variants of
HER family extracellular domains herstatin, a HE§fice variant, which binds to
and inhibits EGFR and HER2 (Azios et al. 2001, Dohet al. 1999). A similar

variant exists for HERS3; other negative modulatodude potato carboxypeptidase

inhibitor (Blanco-Aparicio et al. 1998).

The layered signalling network of the HER familytaracts with other signalling
networks. Interaction from a variety of signalslirting hormones and cytokines is
generally mediated by protein kinases which phogpate HER family members
thereby altering activity in response to their udigands (Carpenter et al. 1999). One
example is G-protein coupled receptors some of e/ligands (e.g. lysophosphatidic
acid, carbachol, thrombin) require transactivabbthe HER network. GPCRs act via
matrix metalloproteinases or Pyk2/Src cascade asong tyrosine phosphorylation of
EGFR/HER2 increasing downstream signalling and nfigigg the mitogenic effects
of the original ligand. Another example is the gtiolaormone activation of tyrosine

kinase jak2 which phosphorylates EGFR indirectlyivating the MAP Kinase
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pathway. Other factors that interact with the HE®work include 1I-6 and PKC

(Yarden 2001)

1.2.2 EGFR VARIANT llI

There have been several EGFR variant mutationgi@tfsome of which have been
associated with tumours (Moscatello et al. 1996has been postulated by at least
one author that expression of mutated forms of E@kptains contradictory findings
regarding EGFR levels in benign and malignant jtestissue i.e. while some studies
indicate no significant difference in expressiormalignancy others show decreasing
expression with malignant transformation (Olapadi@ePa et al. 2000). Of all the
mutations of wild type EGFR (EGFR-WT) the most coomis termed EGFR variant
[l (EGFRUVIII). This variant has a mutation in tlexternal domain which involves
loss of the first 2 extracellular subdomains bugsperves the intracellular signalling
segments (Wong et al. 1990). No ligand binds todlered extracellular potion but
the instead the receptor is constitutively actieévating the signal cascade in the

absence of ligand binding.

EGFRvVIIl has been detected in different tumour $ypecluding CaP (Olapade-
Olaopa 2000) but has not been detected to the sateat in benign tissue and has

been postulated as having a role in tumourigenesis.

1.2.3 HEREGULIN
Heregulins (HRG), also termed neu differentiatiaotérs or glial growth factor, are a
family of growth factors encoded on chromosome $08p12 (Holmes et al. 1992)

which contain an EGF-like sequence, an immunoglabbbmology unit and a
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cytoplasmic domain with different family members deaup of alternative splice
variants. Principle HRG variants atg, a2, a3, 1, f2 andp3 (Lyne et al. 1997) with
variation in the % cysteine loop of the EGF-like domain determiningr B isoform

status (Holmes et al. 1992).

HRG family members, botk andp isoforms, principally act as ligands to HER3 and
HER4 acting via the HER family signalling cascadestfect cell processes including
growth, proliferation and differentiation (Leung &t 1997) with different variants
having varying potency and different effects on shene cell line (Sartor et al. 2001).
HRG was initially thought to be a ligand for HERRtkhas transpired to activate
HER?2 via its heterodimerisation with HER3 or HER¥RG activity has been shown
to be concentration dependent; in breast cell liA8$65 and MDA-MB-453 low
HRG levels are mitogenic but at high levels HRGiates differentiation and cell
growth inhibition (Sartor et al 2001). ResponseHRG has also been shown to be

dependent on receptor (e.g. HER2) density andygsdls.

44



1.3 HER FAMILY IN CANCER
Expression of HER family members has been extelysineestigated in a number of
cancer types with the best known being HER2 indir€a as this has given rise to
both a prognostic test (HercepTest™, DAKO) and ramunotherapeutic treatment
trastuzamab (Herceptin, Roche). Cancer pathogerssigd to the HER can be due
to hyperactivity at various levels of the signailimetwork

» Ligand overproduction

* Receptor upregulation

» Constitutive receptor activity
Oncogenic viruses including HBV and avian erythasbbsis virus act by
inappropriate manipulation of the signalling netwwoHER network hyperactivity
effects oncogenesis by mechanisms including enligpiediferation of tumour cells —

clonal expansion, increased cell growth and deerkapoptosis (Yarden 2001).

1.3.1 EGFR

Overexpression and mutations/variants of EGFR heen noted in many tumour
types. EGFR overexpression leading to oncogenssisore often accompanied by
concomitant ligand expression than overexpressioneabeing responsible (Yarden
2001). EGFR overexpression through gene ampliboatias been noted in 40%
gliomas with overexpression associated high gradepoor outcome (Wikstrand et
al. 1998). In breast cancer EGFR, HER2 and HER3esspon is associated with
increased cellular proliferation while HER 4 is nam anti proliferative (Tovet al.
2004). HER 1-3 positive tumours have a significamborer prognosis than HER
negative and HER 4 positive tumours (Witton et aD03). Again EGFR

overexpression is associated with reduced diseasestirvival and overall survival
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(Tsutsui et al. 2002). Other tumours in which EGBRerexpression has been
demonstrated include head and neck squamous cethoma (HNSCC) (Magne et al
2001), non-small cell lung carcinoma (NSCLC), gastrcolorectal, pancreatic
ovarian, oesophageal, renal and bladder canceleni8a et al. 1995, Bellezza et al.
2006) and is considered a negatively prognostitofaa general (Ennis et al. 1991,
Nicholson et al. 2001). Tumours which can secre®d-E&nd other ligands coupled
with EGFR overexpression can set up an autocrioge &lowing tumour proliferation
without extraneous stimulation providing a possilmlechanism for hormone escape
(Normanno et al. 1995, Sato et al. 1999). EGFRh#$ been linked to tumours of

lung, ovary and breast (Moscatello 1995)

1.3.2 HER2

HER?2 is overexpressed in several cancer types noably ductal breast CA where
15-30% show significant gene amplification (Slanetral. 1987). Overexpression is
correlated with several negative tumour factorsierdased size, high grade, greater
proliferation, aneuploidy, lymph node spread anduotion/absence of hormone
receptors (Ross et al. 1998, Paik et al. 2000) kiewexpression is greater in earlier
breast CA than advanced. HER2 amplification is @ssed with malignant
transformation (Hudziak et al 1987. Zhou et al. 20€ignificantly poorer prognosis
(Ross 1998), higher risk of recurrence and diseals¢ed death with node negative
(Press et al. 1997) and node positive (Slamon 1%98rAdon et al. 1989) invasive
disease and has also been associated with incraskex resistance to antioestrogen
therapy (Borg et al. 1994) through cross-talk witle oestrogen receptor complex
(Schiff et al. 2003) if present. HER2 has been shdw modulate response to

chemotherapy with increased resistance to somen(Zlea al. 2003) regimens and
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increased sensitivity to others e.g. anthracydiased agents (Pritchard et al. 2006).

HER2 oncogene is also amplified in ovarian CA (Edisaand Mukherjee 2004).

HER?2 positive tumours can now be identified witle ilmnmunohistochemical (IHC)
Herceptest or fluorescence in-situ hybridisatiol5H) and treated with trastuzamab,
a monoclonal antibody to HER2 which downregulatdsRA expression altering
downstream signalling increasing apoptosis and kiohgc growth stimulation and
VEGF production (Ferretti et al. 2007) with a capsent significantly increased time
to disease progression (Slamon 2001). Trastuzamalisudependent on the result of
testing for HER2 with its use being indicated byosy immunohistochemical
staining, contraindicated in weak or absent stginand intermediately stained

specimens determined by additional Fluorescensgunaybridisation testing.

1.3.3 HER3/HER4

HER3 has been found in several cancer types inaubreast, gastric, colonic and
endometrial adenocarcinomas (Poller et al. 1992) dene amplification and

overexpression are rare (Yarden 2001). Co-expnesditiER2 with HER3 or EGFR

predicts outcome in oral squamous cell carcinoma €xal. 1999).

Conversely to other HER family members HER4 expoeswhich includes nuclear
expression, is lower in breast CA than in benigsue and is associated with lower
grade. As mentioned above HER4 is non- or antifemaiive and positively
prognostic in breast CA particularly when compatedHER1-3 positive tumours
(Tovey 2004). In a study of childhood medulloblastoinvolving IHC and Western

blotting for all 4 main family members HER4 co-eagsed with HER2 in the HER2-
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HER4 heterodimer was shown to prognostic valueeims of 25 year survival. An
association between HER2-4 and transcription fa&i@xl expression was also noted

(Gilbertson et al. 1997).

1.3.4 ANTITUMOUR THERAPY
Given the role of the HER family in several tumdypes many agents that target
HER family members have been investigated as ambitw therapy. The best known
is Herceptin (trastuzamab), licensed in the UKH®&R?2 positive breast tumours to
prevent/postpone recurrence. Several antitumountatypes have been developed
(De Bono et al. 2002) including

* Monoclonal antibodies to HER family members

* Small molecule tyrosine kinase inhibitors

» Conjugates of specific antibodies with cytotoxieaty or radionuclides

* Gene therapy

* Antisense Oligonucleotides

Monoclonal antibodies (mAb) bind with high affinitg a specified target competing
with normal ligands. They prevent ligand bindingdanduce receptor endocytosis
and degradation with consequent reduction in dawast signal transduction
resulting in delayed tumour growth and spread (Rguet al. 1999, Chen X, et al.
2000). An example of anti-EGFR antibody is Cetuxinf&rbitux, Merck) which has

a binding affinity to the extracellular domain o6GER 10 times that of EGF itself.
Cetuximab binding blocks EGFR signalling cascagessing cell growth arrest in G1
and has been shown to inhibit growth, stimulate p&pgis, reduce volume and

enhance the action of cytotoxins and radiotherapyEIGFR positive tumour
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xenografts (Baccus et al. 1993, Daly et al. 19€8tuximab has been used, either
alone or in combination with in trials involving thiple tumour types including non-
small cell lung CA, HNSCC, colorectal and pancre&iA (De Bono et al. 2002).
Trastuzamab is a mAb with high affinity for the extal domain of HER2 used now
in HER2 positive breast CA. Other antibodies to RERclude 2C4 used in trials
against ovarian and lung CA. Antibodies to HER3 BiitR4 have not been explored

to the same extent.

Tyrosine kinase inhibitors (TKI) bind to the intedlelar domain of HER family

members preventing activation of the next leveltlté signalling cascade. These
inhibitors usually target a specific HER family miaen but can block others through
inhibition following heterodimerisation (Peles et 4992). TKIs have a lesser
specificity than mAbs and greater concentratiores raquired however they can be
oral agents (mAbs must be intravenous and are rikety to fail to recognise

receptor mutations and variants (Bellezza 2006hibitors can be reversible or
irreversible. There are several TKIs targeting EGHfese include Iressa (Gefitinib,
AstraZeneca) which competitively binds to ATP bimgliat the tyrosine kinase site of
EGFR decreasing CDK2 kinase activity inducing&s arrest and, at higher doses,
apoptosis (De Bono 2002) and antiangiogenesis €Badl et al. 2006). Gefitinib has
been used in advanced non-small cell lung carcinandhin trials concerning breast,
HNSCC, colorectal, uterine (De Bono 2002) and ghowancers (Mass 2004).
Tarceva (OSI-744, OSI Pharmaceuticals) also targeEGFR has been used in
studies concerning advanced SCCHN, pancreatic eadlam CA. Both Gefitinib and

Tarceva affect HER2 and HERS3 signalling via hetemais with EGFR (De Bono

2002). Tyrosine kinase inhibitors that target HE®4st and include GW572016
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(colorectal and breast CA). CI-1033 (lung and kréa&) targets all HER family
members (Mass 2004). Adenovirus type 5 early redi(iBA1) gene product has been
studied as gene therapy designed to target HERIB. Ads been shown to inhibit
HER?2 transcription acting as a tumour suppressdiliR2 overexpressing ovarian
cancer cells in mice prolonging survival (Hung et &000). Antisense
oligonucleotides directed against EGFR used in €dHines in nude mice have been
shown to inhibit tumour growth and angiogenesis soay tumour necrosis

(Rubenstein et al. 1996).
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1.4HER FAMILY IN PROSTATE ADENOCARCINOMA

HER family members have been found to be expressqutostate tissue benign,
hyperplastic, precancerous (prostatic intraepi#thatieoplasia, PIN) and cancerous
(Nasu et al. 2006, Rana et al. 2006) but the ozlahip between levels of and changes
in expression in relation to malignant transformati severity of disease, hormone
escape and overall prognosis remain controversthal aonflicting evidence produced

by different studies.

1.41 EGFR

EGFR is expressed in prostatic epithelial cellshwat greater levels in basal than
luminal epithelial cells (Maygarden et al. 1994ttwEGF also detectable in high
levels in prostatic tissue and secretions (Elsoal.€t984). EGFR is detectable in up
to 100% benign tissue (Rana 2006), 29-88% benigrefdpyasia (Di Lorenzo et al.
2004) and in 17 - 100% (Mellon et al. 1992, Di Lure et al. 2002) of prostate
adenocarcinomas with this high variability possildye to definitions of high
expression varying between studies, heterogeneiaP particularly metastasis and
HRPC specimens or differences in IHC technique rieleret al. 2004). EGFR has
been shown to essential for androgen induced pratibn. EGFR expression has not
been found to related to Gleason score in mostegud which this has been assessed
(Moul et al. 1996, Hernes 2004) although this hasnbshown in at least one (Di
Lorenzo 2002). Amount/Intensity of staining in bgmitissue and PIN has been
reported as greater than in CaP (Mellon et al. 19%9Xome studies while others
indicates the converse — significantly greater E@&PBression in CaP and high grade
PIN than in benign tissue and low grade PIN. EGF&expression in metastatic CaP

has been seen in several studies (Kumar et al., 10@6 et al 1999, Di Lorenzo
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2002). Kumar et al. showed EGFR messenger RNA egjme as greater in

malignant compared to benign prostatic tissue.

As in other cancer types EGFR acts via an arragigfal transduction pathways in
CaP oncogenesis including P13K/Akt, MAP Kinase &HIC. Inhibition of these
signalling cascades in HSPC and HRPC cell linegbitshgrowth blocking G1 to S
phase transition by upregulating p2¥ protein which in turn inhibits cyclin-
dependent protein kinases (CDKs) controlling thik cgcle (Mimeault 2003). The
EGFR activated PI3k cascade stimulates growth amgiogenic factors while
MAPK/PLC-y cascades increase cell motility (Graff et al. 208R0sh et al. 2002).
Another postulated mechanism behind HER carcinaggeng overexpression of the
EGFR-HER2 heterodimer compared to other HER diméneh has been noted in
several cancer types. EGFR-HER2 has a greateritaffior EGF and lesser
degradation compared EGFR homodimers (Xia 1999)F-EGFR acting via
PI3K/Akt within membrane microdomains known as @dae and rafts also effects
an antiapoptotic signal maintaining CaP cells i@ #ipsence of androgen signalling:
inhibiting PI3K causes apoptosis in these cellsaalgh this effect is lessened by
activating EGFR with EGF suggesting alternativeagaptotic pathways exist (Lin et
al. 1999). In CaP EGFR also acts via reducing zllaeramide levels to effect

antiapoptotis.

In CaP EGFR and its downstream messengers intericother signal transduction
pathway. In AR positive cell lines endocytosis oGER is reduced altering
downstream signalling via adaptor proteins possiblgcounting for reduced

invasiveness of AR positive cell lines (BonaccogsiMarchiani 2004). Several
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neuropeptides interact with EGFR pathways via Geganocoupled receptors (Shah

GV et al. 1994) with the MAP Kinase pathway beihg point of convergence.

Previous studies have shown EGFR influence on hoenescape and CaP prognosis.
Shah RB et al compared EGFR levels in tissue micaga (TMA) of HSPC and
HRPC tumours with HRPC status associated with ased expression although it did
not achieve statistical significance on multivagianalysis. Zellweger et al. (2005)
similarly showed greater expression 16% versus h%harmone refractory and
metastatic CaP compared to localized disease. 8levdrer studies concur with this
(Glynne-Jones et al 1996, Maddy et al. 1989, Mg¢ral. 1997)); Di Lorenzo (2002)
demonstrated increased EGFR expression in HRPC ithareoadjuvant hormone
treated CaP and greater expression in both thaorimone naive tissue. In this study
increased EGFR expression was associated with edgatage, high Gleason score,
decreased time to hormone escape and relapseesiilis more pronounced if EGFR
and HER2 overexpression are combined. Additionatliss further demonstrated
poor prognosis with increased EGFR expression (€owt al. 1998, De Miguel
1999). In Bartlett et al. (2005) a cohort of mathdSPC and HRPC tumour
specimens with EGFR gene copies assessed by FIBHEGRR protein expression
assessed though IHC, no EGFR gene amplification shasvn however increased
EGFR copy number in HRPC was observed and was iassdaevith reduced overall
survival. This increase in copy number was not @ased with gene amplification or
change in protein expression. Increased EGFR praepression was observed in
some patients (~25% showed significant increadeGiFR and/or HER2 expression)
but was not associated with reduced overall sulvi@S) however patients

demonstrating a rise in EGFR expression followiragnitone escape did show a
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significantly reduced time to death following redap(TTDFR) (p=0.0004). This
indicates that while increased EGFR expression bgainvolved in hormone escape
and CaP progression this does not occur via ger@ifaration as is the case with
HER2 association with breast CA. Hernes (2004) sliba similar significant rise in
EGFR expression in the HRPC specimen of paired HSRCHRPC samples. No
association between EGFR expression and progn@ssfound in this study. EGFR
and EGFR ligand expression is greater in AR negativdrogen independent CaP cell
lines than in AR positive again linking EGFR exmies with more aggressive
disease (Vincentini et al. 2003). Alternatively M@1996) agrees with Hernes in that

no correlation between EGFR and outcome is shown.

Several mechanisms have been suggested whereby EGHR effect hormone
escape. There is a high degree of overlap betwedrogen and EGFR activated
changes in gene expression (Oosterhoff et al. 2808)EGFR is one of a number of
factors that have been shown to activate AR inatteence of androgenic stimulation
(Mimeault 2003) indicating the EGFR pathway as pasg allowing cell proliferation
during androgen suppression. Further evidence msodstrated in prostate cancer
xenografts in mice where castration has been showincrease concentrations of
EGF related growth factors (Torring et al. 20053. iA other tumour types EGF and
TGF-u are secreted by some HRPC cell lines forming dacane loop (Fong et al.
1992, De Miguel 1999, Kim 1999) independent of agén influence. Autocrine
growth stimulation may involve upregulation of tsamembrane EGF-like ligand
cleavage and activation by matrix metalloproteisaglMPs) (Marinissen et al
2001). Such loops are not seen in benign prostatdH&SPC cell lines (MacDonald et

al. 1992). The MAP kinase pathway has also beefigatpd in the autocrine loop as
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it is activated by EGFR and stimulates pro-EGFasdeat the cell surface (Lin et al.

1999).

Antitumour agents targeting EGFR have been utiliagdinst CaP in trials. Iressa
(gefitinib) has been used in CaP cell lines witlthbAR positive cell lines and AR

negative sensitive to antiproliferative/apoptonsitive to it (Vincentini 2003). CaP
cell line proliferation and metastasis are inhithite both in vitro assays and in vivo —
nude mice (Angelucci et al. 2006). Gefitinib hagehown to inhibit invasion and
proliferation on HRPC cell lines via suppression thfe PI3K/Akt pathway

(Bonaccorsi & Marchiano 2004). Studies in HRPC deles have demonstrated
gefitinib as having a greater antitumour effecnttéerceptin (Formento et al. 2005).
Additionally when gefitinib is used in conjunctiomith bicalutamide both agents
potentiate each others antiproliferative actiomdi®ak et al. 2002). Unfortunately a
phase Il trial of gefitinib in 40 HRPC patients sieal no improvement in PSA or
objective disease progression and high levels d¢ siffects, principally diarrhoea,
fatigue and rash, were noted (Canil et al. 2003h wimilar lack of effect seen in

another trial (Rosenthal et al. 2003). It shouldhbted that these trials did not involve
populations selected for EGFR expression and st gefitinib in Breast Ca have
demonstrated a much greater response in EGFR e#lpopulations (Polychronis et
al. 2005). Antitumour agents that targeting bothFHRGand HER2 have also been
explored, despite Formento et al (2004) showind@oefit in targeting both (using

combination trastuzamab and gefitinib) comparethtgeting one alone. GW572016
(lapatinib, Tykerb, GlaxoSmithKline) a tyrosine &Be inhibitor that targets both has

been associated with tumour apoptosis and regres$imetastases (Spector 2005)
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1.4.2 HER2

Evidence for HER2 expression in the developmentCaP is contradictory (Yeh
1999). Level of HER2 expression in primary CaP esmvidely between studies with
0 -100% (Zhau 1992, Shi et al. 2001, Savainan.e2@G02) immunohistochemically
positive compared to 0-100% (Lyne 1997, Hernes 20@%benign prostate tissue.
Different studies have shown both greater exprassioHER2 in CaP than benign
prostate tissue (Okegawa et al. 2006, Hernes 280d)no significant difference
(Mellon et al. 1992). In general HER2 expressiorCaP is lower than other tumour
types both in positivity rate and intensity (Edwsard003). HER2 expression is
primarily cytoplasmic or membranous (Ware 1990)hvgteater expression in basal
than luminal cells (Lyne 1997). Lara et al. (200@)nd HER2 overexpression to be
infrequent with IHC, FISH and ELISA. HER2 expressis correlated with Gleason
score and stage in some studies (Ross et al. B2@fsivan et al 1993, Shi 2001) but
not in others (Mellon 1992, Lara 2002, Hernes 20@her evidence for HER2
involvement in CaP includes high HER2 expressioRIN indicating a role in early
tumourigenesis (Kuhn et al. 1993, Ware 1991) ant&@set al. (2000) demonstrating
raised serum HER?2 in patients with metastatic Eaftlence to the contrary includes
the absence of HER2 overexpression/gene ampliicatt several commonly used

CaP cell lines and xenografts (Ullen et al. 2005).

The relationship between HER2 and CaP hormone esmagh prognosis is likewise
unclear with conflicting evidence. HER2 expressionHRPC is extremely varied
from O to 85% (Signoretti et al. 2000, Shi 2001lvaaan 2002). Again high variation
has been put down to varying IHC antibodies antregies, scoring criteria and/or

tissue heterogeneity. Several authors have denadedtgreater HER2 expression in
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HRPC than HSPC in non-paired samples (Shi 2002eKad. 1995, Signoretti 2001,
Di Lorenzo 2002), in Shi et al 9% HER expressiomuimreated CaP compared with
50% in CaP treated with hormonal therapy and 85%stablished HRPC, a similar
progression was shown by Signoretti. Serum levdlsHER2 were higher in
metastatic HRPC than in metastatic HSPC patiengsn@d 2000). Comparing paired
HSPC and HRPC samples, Bartlett et al. (2005) destronly low level (6.5%)
HER2 gene amplification in contrast to the 25-308&rsin breast CA. Previous
studies in CaP have reported an amplification oditep to 41% (Reese et al. 1995,
Ross et al. 1997) however these studies did ndddeca chromosome 17 probe as
used in Bartlett et al. allowing no distinction Wween amplification and increased
copy number. In other studies amplification hasndeged to hormone escape (Craft
& Shostak 1999). Bartlett et al. concluded thategamplification was rare in CaP and
not clinically significant and several other prawostudies concur (Fournier et al.
1995, Mark et al. 1999, Savainan 2002). As with RGiRcreased gene copy number
(again not associated with gene amplification angje in gene expression) following
hormone escape was associated with decreased|®waraval but the significance of
this is unclear. Increased copy number is usually/ td unstable genome and random
duplication and is not thought to represent upratph of gene expression in the
same manner as gene amplification. It was not densd of clinical importance in
Bartlett et al. There was no change in average H&&pression following hormone
escape in the full population however increased BiERpression in the HRPC escape
for individual paired samples was associated wiigniBcantly lower TTDFR
(p=0.0037) indicating a possible role of HER2 oxgression in hormone escape. In
this study if patients with increased EGFR and HERIPwing hormone escape were

combined the significance value for reduced TTDF&® wven lower (p=0.0003).
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Hernes et al. (2004) actually demonstrated a falHER2 expression in paired
samples which did not achieve statistical signifc@arather than a rise however high
HER2 expression in the HRPC specimen was againfisgmtly associated with
decreased TTDFR. Lara et al. (2002) amongst ot{asainan 2002, Calvo et al.
2003) demonstrated no link between HER2 overexjmmesand hormone escape.
Xenograft studies in mice have indicated greatelRBIEexpression in androgen
independent compared to androgen dependent humrcéks (Agus et al. 1999).
Poor prognosis has been linked to tissue HER2 egyme in other studies (Zhau
1992, Sadasivan et al. 1993, Okegawa 2006) — inoBnzo (2004) et al and Morote
et al. (1999) the outcome demonstrated was disspseific death, in Okegawa
(2006). risk of biochemical recurrence Serum HE&2also correlated with increased
risk of disease specific death (Osman 2000). 2ietudave shown HER2 expression
as an independent predictor of worse prognosis oitivariate analysis (Veltri et al.
1994, Morote 1999) Other studies have shown notioekship of HER2 with
prognosis on multivariate or univariate analysisa(@/ 1991, Mellon, 1992, Ross
1997). HER2 expression in these studies was askessearily using either IHC or

FISH.

As noted above androgen signalling pathways and thieraction with/bypass by
other pathways are key to hormone escape therefaRR2-AR pathway interaction
provides a mechanism of HER2 influence over theespmenomenon. Cross talk
between HER2 and AR pathways shown by Mellinght#le(2004) who used a dual
EGFR-HERZ2 inhibitor PKI-166 to demonstrate the Imtory effect of EGFR/HER2

acting via reduced AR transcription. It was furtldrown that the HER2-HER3
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heterodimer rather than EGFR modulated AR fundtiaiime absence of androgens by
stabilising AR levels and optimising binding of AB androgen regulated genes. A
role of the HER2-HER3 heterodimer in hormone eseeg@&therefore suggested.

In Yeh (1999) AR positive cell lines HER2 has besmown to induce AR
transactivation with transfection of HER2 gene @aging PSA secretion and
proliferation rate. This study also indicates HER&nsactivates AR via the MAP
Kinase pathway and this action is not blocked ktyaadrogens indicating a possible
pathway to hormone escape. HER2 and HER3 expresstiarulated by HRG, have
been shown to increase AR transactivation and turpooiiferation in a recurrent
CaP cell line in the absence of androgen (Gregoay. 2005). As well as direct cross-
talk between HER2 and AR interaction via downstreaediators such as IL-6 (Qiu
et al. 1998)

Spontaneous HER2 homodimerisation in the presehextceme overexpression of
HER?2 has also been shown to induce androgen indepeAR transactivation. Wen
et al. (2000) suggested HER2 induced hormone inmdkpee could be mediated via
the PI3K/Akt signalling pathway while Pfeil et g2004) demonstrated androgen
ablation therapy causing overexpression and resistto inhibition of the PI3K/Akt
pathway itself. Craft et al. (1999) induced HER2@expression in a HSPC cell line
demonstrating the consequent development of a hwmmdependent state.
Overexpression of HER2 has been shown to be indumgedlow androgen
environments in vitro and in vivo (Berger et al0OB)

An array of anti HER2 agents have been used in GCaP. The HER2 mAb
trastuzamab when used with HSPC and HRPC cell Imgsnografts models. HRPC
tumours had no response but in HSPC tumours signifigrowth inhibition was

observed (Agus 1999) and androgen dependence wagssmd as required of
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trastuzamab response. Li et al. (2004) correlatagtizamab response only with
HER2 levels. If trastuzamab was combined with thentotherapeutic Paclitaxil
(Taxil, Bristol-Myers Squibb) in animal models grihwinhibition was seen in both
androgen dependent and independent tumours to ategrextent than either
individual agent (Agus 1999). This has not trareglainto a successful clinical trial;
one trial with profiling correlation of HER-2 exmson, androgen dependence and
trastuzamab effect and Paclitaxil used after cihifailure (Morris et al. 2002)
showed trastuzamab as ineffective with all patigmtgyressing and the combination

uncertain.

An alternative HER2 mAb 2C4 (Pertuzumab, Genentéels) been shown to inhibit
growth of HSPC and HRPC cell lines and xenografised on the same cell line
(Menodoza et al. 2002) A phase | trial involving Itiple types of solid metastatic
malignancies at a terminal stage indicated someesstul inhibition of HER2

heterodimerisation and stabilisation of disease TKI Lapatinib with action against
EGFR and HER2 has been shown to significantly ibhhiBlER2/HER3

proproliferative action on recurrent CaP cell lin®hen this cell line was denied
growth factors lapatinib continued to have an inbity effect suggesting the

existence of a HER2 autocrine loop (Gregory 2005).

In summary while reported expression of HER2 iratteh to HSPC, HRPC and
prognosis is conflicted there is still evidencdiiiing HER2-AR interactions, greater
signalling effects of the HER2-HER3 dimer than EGdiRers and response to some
targeted therapies that HER2 has a key and poigntargetable role in CaP

progression.

60



1.4.3 HER3

While studied to a lesser extent than EGFR and HERER3 has been consistently
found to be expressed in both benign and maligpaostatic tissue (Myers et al.
1994, Prigent et al. 1992). Koumakpayi et al. (90fEmonstrated >90% cytoplasmic
HER3 expression in all types prostate cancer wiatlsignificant difference to benign
tissue noted on IHC. However nuclear expression swgsificantly higher in CaP
than benign prostate tissue with HRPC cell lineregpion being significantly higher
than that of HSPC tissue. In this study higher HER8lear expression was correlated
with higher Gleason score. Another study showed BiERpression in CaP but not
benign prostate tissue however there was no raktiip between HER3 expression
and Gleason score (Leung 1997). Western blottirgveld greater nuclear HER3
expression in HSPC cell lines as than HRPC cordtiagi IHC results. Comparing
HER3 in paired HSPC and HRPC samples Hernes (2@@&honstrated a greater
expression in HRPC samples than HSPC 21% vs. 15%hwiid not achieve
significance. One important role of HER3 was sutgpkby Lee H et al (2001) who
showed a naturally secreted form of HER3 (p85-sBjb#s an important negative
regulator of HRG action in stimulation of cell mermbe HER 2-4 acting via
competitive binding to HRG. As noted above in Gmyget al. (2005) HER2 and
HERS3 expression, stimulated by HRG, was shown ¢ceese AR transactivation and
tumour proliferation in a recurrent CaP cell limethe absence of androgen. At least
one study has linked HER3 to poor prognosis, Leah@l (1997) demonstrated
expression of HER3 and its ligand HRGexpression in CaP but not benign tissue
and indicated HER3 expression linked to poor respotm androgen therapy and
decreased survival. Koumakpayi et al (2006) demmatext low nuclear HER3 as a

predictor of biochemical recurrence in CaP.
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1.4.4 HER4

In contrast to the other 3 family members, eanidss indicated that HER4 was not
expressed in CaP at al (Grasso et al 1997) howenxge recently this has been
contradicted (Hernes 2004, Lyne 1997). Lyne et ddmonstrated high HER4
expression 95-100% in benign prostatic basal amdnlal cells, 67% in PIN and 23%
in CaP (prostatectomy). As in HER1-3 Hernes etamhgared HER4 expression in
paired HSPC and HRPC specimens; in this study HER#ession rose slightly
following hormone escape from 24% to 29% positiviyt this did not achieve
significance. In addition expression of HER4 in tHRPC sample was associated
with improved 2 year survival to a degree nearljsi@dng statistical significance
(p=0.054). This is in contrast to prognosis HERif+&is study as expression of these
was associated with worse prognosis (although ekdhstatistical significance
occurred only with HER?2) but in agreement with progtic data for HER family in
breast CA. In vitro, a constitutively active HERA4utant inhibits formation of

colonies in DU-145 and PC-3 CaP cell lines (Willget al. 2003) .

1.4.5 EGFR VARIANT Il

Several studies have linked EGFRUvIIl expression /@ndconstitutive EGFR
expression with development of CaP and androgestaese (Myers 1997, Sherwood
et al.1998, Schwartz et al. 1999 Olapade 2000,dpehzo 2002). EGFRUVIII has been
detected only in tumour cells and not in benigrsfate tissue (Olapade 2000). It has
been speculated that failure to recognise EGFRants; in particular EGFRUVIII, is
one of the reasons behind the disparate resuliinglto EGFR-WT expression in
HSPC and HRPC development. Olapade-Olaopa etadhest benign and malignant

prostate tissue for EGFR-WT and EGFRvIIl. EGFRwiths primarily found in the
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perinuclear cytoplasm rather than the membrane evieGFR-WT was most
commonly located. While there was a progressiveedse in EGFR-WT expression
with increased malignancy (i.e. most in benignugssmedium in PIN/CaP, least in
metastatic CaP), EGFRVvIII showed a counterpointirggressive increase — none in
benign tissue, most in metastatic and poorly dffiéiated disease. There was
significantly greater EGFRUVIII expression in HRPGpared to HSPC samples in
this study although there was no similar or oppgodiifference in EGFR-WT
expression. In terms of prognosis EGFRVIII exp@ssvas found to be significantly
associated with serum PSA and time to disease ¢ssign but not on overall
survival. This article postulated that as CaP pegges it expresses the constitutively
active EGFRvVIII in preference to EGFR-WT and thatistincrease in ligand
independent mitogenesis may occur due to loss wélugyand input e.g. reduced
androgens/androgen receptors with EGFRvVIII overesgion effecting malignant
progression and hormone escape. EGFRVIII has merdfto be associated with anti
Ki67 mAb, a marker of cell proliferation, also iediing an association with

increased CaP activity (Olapade-Olaopa et al 2001).

1.4.6 HEREGULIN

Heregulin expression in benign and malignant ptestissue was assessed by Lyne
(1997). In this study high expression was foundoamign basal cells and stroma
(100%) with intermediate expression in benign lumhircells (58%) and low
expression in PIN (5%) and prostatectomy deriveR (Q#%). In CaP cell lines some
HRG mRNA was detectable on Southern Blotting buHRIS protein expression was
detectable. In vitro HR@- treatment of androgen sensitive LNCaP prostateezan

cells caused inhibition of cell proliferation whaseno such effect was seen in AR
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negative cell lines. In a separate study HRG treatrof androgen resistant CWR-R1
prostate cancer cell lines increased proliferat{@regory 2005). Whether this
differing activity in androgen independent tissue tbe concentration dependent
mitogenesis/ antiproliferation activity of HRG debed above are involved in the
mechanisms by which the HER family affects canceggession has not been clearly
defined. Lyne et al suggested that lack of HRG esqion in CaP, coupled with
previous reports that the chromosomal locus 8p1@243th includes the HRG gene is
often lost in PIN/CaP (Emmett-Buck et al. 1995)icates HRG acts as a tumour
suppressor and its loss is an early stage in pgeostacogenesis. The differential
effects on AR positive and negative tumour linesenalso suggested as a driving

force behind inability to prevent tumour progressat low androgen levels.
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1.5 PILOT STUDY: HER FAMILY IN PROSTATE ADENOCARCINOMA

It was speculated that conflicting published resuélating to the HER family and
prostate cancer may be due to a piecemeal appdeadimg with one or two family
members at a time. Very few published studies emarall 4 members of the family =
ligands — exceptions are (Hernes 2004) and Grak3@/). A pilot study has been
conducted at this centre involving all 4 main mersbef the family and EGFR

variant lll to give a clearer picture of the ovérale of HER proteins

Immunohistochemical analysis was use to investigabéein expression of HER 1-4
and EGFRVIIl in matched hormone sensitive and t&asigprostate tumours samples
from 74 patients. These patients all had had adisisagnosis of locally advanced or
metastatic CaP, underwent chemical or surgicah{dectomy) androgen ablation but
subsequently suffered hormone escape as deterrbydalochemical relapse (see
method section) and had a further pathological iapat taken. Specimens were
prepared as slides, stained with commercial aniisoto EGFR, HER2, HERS3,

HER4 and EGFRVvVIIl and scored by 2 independent ekserutilising a weighted

histoscore technique (see method section). Scamsglts were used to divide
specimens into low score (<%3juartile) and high score (33quartile) and were

analysed to determine effect of histoscore on emdpdime to hormone escape and

mortality.

This pilot study demonstrated that HER3, HER4, E@HRwere expressed at
significantly higher levels than EGFR/ HER2. Unlikgevious studies EGFR
overexpression was not associated with survivabfiohg hormone escape, neither

was high or low EGFR expression associated witfewiifg time to relapse. High

65



HER2 expression in hormone sensitive tumours wsscisted with increased time to
biochemical relapse (p=0.0001). This translatedo idbnger overall survival
(p=0.0021).

As previously noted, high HER2 expression in HRR@gles was associated with
significantly reduced time to death following biechical relapse (p=0.039).
Additionally, a significant rise in HER2 expressionbetween the first and second
matched samples was associated with significaatiyeced survival after biochemical
relapse (p=0.012). Differing HER3 had no significafiect on measured endpoints
HER4 overexpression in hormone sensitive tumours agsociated with longer time
to biochemical relapse (p=0.042). EGFRvIIl was asded with shorter time to
biochemical relapse (p=0.037).

Multivariate analysis involving all 5 family memisgiGleason Score and metastasis at
diagnosis demonstrated HER 2 was an independeitivegsredictive marker of time
to relapse in hormone sensitive tumours (p=0.0Miltivariate analysis did not

demonstrate any of the 5 family members as sigmtfly influencing overall survival.
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1.6 SUMMARY, AIMS AND OBJECTIVES
Published literature concerning the role of the H@Riily is contradictory in many
aspects. While there are several indications thatHER family and HRG provide
opportunities for diagnosis, prognosis and themaplear candidate has yet to emerge.
The pilot study was motivated by the aim to defihe roles of the HER family in
prostate cancer development and progression byiakaall HER family members
and utilising multivariate analysis to clarify thmcture. Several interesting results
have been thrown up by the pilot study most notablyositive prognostic role for
HER2 in contradiction to much existing literatui®everal avenues invite further
exploration.
* Expansion of study numbers
 HER family ligands have not been explored — giviea toncentration and
androgen level differentiation effects noted abBNRG is of greatest interest
* There has been little use of markers of proliferatand apoptosis to define
whether tumourigenesis effects mediated by HERI§@RIRG occur primarily
through one or the other process.
The research questions for this study have beenulated with these in mind with
the overall objective of determining the role of RIEamily in CaP development and

progression.
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1.6.1 RESEARCH QUESTIONS

1. Are expression of HER 1-4 and EGFRVIII correlatethwesponse to therapy/
time to relapse/time to death in prostate cancer?

2. Is Heregulin (HRG) involved in mechanisms by whitBR family proteins affect
cancer progression?

3. Do HER family proteins effect oncogenesis via @etlliferation or reduced cell
death?

4. Are trends seen in the pilot study borne out witarger patient base?

68



CHAPTER 2: PATIENTS AND METHODS

2.1 ETHICAL APPROVAL AND FUNDING

Ethical approval for the pilot study (Edwards et aD06) was obtained from
Multicentre Research Ethics Committee (MREC) for otmd reference

MREC/01/0/36. Ethical approval for this study wasained from the Glasgow Royal
Infirmary Local Research Ethics Committee (LREC}hwapplication title ‘What is

the Role of EGFR, HER 2-4, EGFR variant lll, Heregand Downstream Signalling

in development/progression of Prostate Adenocancat reference 05/S0704/89.

Funding was kindly provided by the Aileen Lynn BequFund committee based at

the Royal College of Physicians and Surgeons of@aia.
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2.2 PATIENT COHORTS
2.2.1 COHORT 1: PILOT STUDY COHORT WITH PAIRED HORDINE

SENSITIVE AND HORMONE RESISTANT SPECIMENS
This is the patient cohort utilised in the piloudy (Edwards 2006) and includes
paired single slides of matched androgen sensiidbandrogen insensitive samples.
This cohort was collected from hospitals within ¥#vest of Scotland Deanery with
specimens originally taken between 1984 and 2004.ikclusion within the study
inclusion and exclusion criteria were;-

1. A pathological diagnosis of prostate adenocarcinomid a pathological
specimen taken at this stage; either a biopsy (lysolstained via trans-rectal
ultrasound (TRUS) sampling or shavings obtainednfra trans-urethral
resection of prostate (TURP) procedure. In all sdhes sample was obtained
before any hormonal therapy was commenced making ihormone
naive/sensitive sample (HSPC).

2. The patient commenced on hormonal therapy eitheargiandrogen such as
bicalutamide (Casodex, AstraZeneca), a gonadotnopbieasing hormone
(GnRH) agonist such as goserelin (Zoladex, Astragahp or maximal
androgen blockade (MAB); a combination of antiaggm and GnRH agonist.
Alternatively the patient could have undergonetbiia orchidectomy.

3. A significant tumour response to the hormonal thgras determined by a
>50% fall in PSA following commencement confirminiipe hormone
sensitivity of the primary tumour.

4. Subsequent tumour hormone escape as determin@eblyonsecutive rises in

PSA of >10% with the initial PSA value above 0.5spiee continued
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hormonal therapy. The tumour is thereafter clasditas hormone resistant/
refractory (HRPC)

5. A further pathological sample of the tumour obtdiseibsequent to hormone
escape. Usually this is a sample obtained by TUBRopned to alleviate
symptoms of bladder outlet obstruction secondarythe tumour and

constitutes the HRPC sample.

In the pilot study 74 sets of paired samples weilesed. Subsequently to the pilot
study 7 patients were added to the cohort however td the gradual nature of
additions to the cohort coupled with depletion lides through use in other studies
staining for each target could not be carried owli slide pairs. In this study a cohort

of 81 paired samples were stained for at leastanget.

Within this cohort of 81 patients mean age was %@&s (SD + 8.0, range 41.1 —
98.0). At diagnosis at least 56 (69.1%) patients lbaally advanced disease (T3-4).
Gleason scores in HSPC specimens were low (1-2)(ih5%) patients, intermediate
(5-7) in 35 (43.2%), high in 8-10 in 43 (53.8%) amut recorded in the remainder. 18
(22.2%) patients had known metastatic disease agndsis, 54 (66.7%) had no
metastases with the metastatic status of the relmatmknown. By definition all of
the patients in this cohort had undergone horm@cape; mean time to relapse was
36.5 £ 31.3 months. At last known follow up 69 @%) patients were deceased, 8
(9.9%) patients were alive with the status of teenainder lost to follow up. Mean

time to death/last follow up was 61.0 months (SEB1).
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Table 2.1: Summary Statistics for All Cohort 1 Pats

N 81
Age 70 + 8 years
Range 41.1 — 98.0 years
Gleason Score

= Low 2

= Medium 35

= High 43
T Stage at Diagnosis

= T1-T2/unknown 25

= T3-T4 56

Metastasis at Diagnosis

* Yes 21

= No 35

= Unknown 25
Biochemical Relapse

= Yes 81

= No 0

= Unknown 0

Time to Relapse

36.5 + 31.3 months

Final Status
= Alive 69
= Deceased 8
=  Unknown 4
Follow up 61.0 £ 43.1 months
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2.2.2 COHORT 2: EXPANDED COHORT WITH HORMONE SEN$VE
SPECIMENS

Due to the fact that in the pilot the majority edrsficant results were found in the

hormone sensitive samples the decision was ma@agand the hormone sensitive

samples cohort. The criterion for this cohort washave had a pathologically

confirmed diagnosis of prostate adenocarcinoma witlspecimen taken before

commencement of any hormonal therapy. This specioaen be obtained from a

biopsy, TURP or radical prostatectomy sample & thas the primary treatment.

Cohort 2 was made up of the HSPC samples from tohosupplemented by
specimens obtained from Newcastle prepared asetisgcroarrays i.e. with multiple
tumour cores per slide. Where possible there ware rtfttan one tumour core per
patient on the TMAs to compensate for possibleuésbeterogeneity. 4 different
TMAs were utilised including CaP specimens fronetaltof 276 patients.
 TMAL consisted of samples from 76 patients all oiad from TRUS biopsy
or TURP. There were 2-3 CaP samples per patientariye of treatment
methods were utilised with only a proportion ofieats receiving hormonal
therapy
» TMAZ2 consisted of samples from patients all obtdifrem TRUS biopsy or
TURP. There were 2-3 CaP samples per patient. gerahtreatment methods
were utilised with only a proportion of patientsee/ing hormonal therapy.
* TMA3 consisted of samples from patients all obtdinBom radical
prostatectomy. There were 4 CaP samples per pafierdur knowledge none

of these patients underwent hormonal therapy.
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* TMA4 consisted of samples obtained from patientsioled from TURP or
TRUS biopsy. There was 1 sample per patient, diepis received hormone

therapy.

Together the patients from cohort 1 and those ftoe@TMAs gave a total of 357
patients. Within this second cohort of 357 the rapdige was 70.7 years (range 39.0
— 103.4 years) mean age was 70.4 years (SD * At2jliagnosis 65 (18.2%) of
tumours were Stage T1, 53 (14.8%) T2, 86 (24.1%) 3B (8.4%) T4 with the
remainder of unknown/unrecorded stage. GleasoreséorHSPC specimens were 1-
4 in 4 (1.1%), 5-7 in 206 (57.7%), 8-10 in 94 (26)3and not recorded in the
remainder. 74 patients (20.7%) had known metasi@disease at diagnosis, 187
(52.4%) had no metastases with the metastaticsstditiine remainder unknown.
Patients within the cohort underwent a var@dtyreatment modalities. 227 patients
(63.3%) including all those from the pilot studyhocot underwent hormone therapy —
antiandrogens, GnRH analogues, maximal androgexkddie or bilateral
orchidectomy. At least 45 (12.6%) underwent radietdopubic prostatectomy. Over
the recorded course of their disease 194 patiént8%) suffered biochemical relapse
as defined above, 64 (17.9%) had no relapse aneldyese status was not recorded
in 99 patients (27.7%). Mean time to relapse was 8tonths (SD £ 32.3). At last
known follow up 213 patients (59.7%) patients waeeeased, 110 patients (31.9%)
were alive with the status of the remainder unclstran time to death/last follow up

was 69.8 months (SD + 54.0).
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Table 2.2: Summary Statistics for All Cohort Patsewith Hormone Treated

Subgroup
HORMONE TREATED ALL PATIENTS
PATIENTS

N 227 357

Age 71.4+8.6 70.4+9.2
(41.1 - 103.4) (39.0 - 103.4)
Gleason Score
= Low 4 4
= Medium 116 206
= High 69 94
T Stage at Diagnosis
= T1 34 65
= T2 26 54
= T3 31 86
= T4 25 30
Metastasis at Diagnosis
= Yes 57 74
= No 110 187
= Unknown 60 96
Biochemical Relapse

= Yes 182 194
= No 36 64
= Unknown 12 99

Time to Relapse

34.1 + 32.1 months

35.1 + 32.3 hmont

Final Status
= Alive 43 110
= Deceased 167 213
= Unknown 17 34
Follow up 73.2 + 58.6 months 69.8 + 54.0 months
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2.3 IMMUNOHISTOCHEMISTRY

The main principle of immunohistochemistry (IHCYle use of specific antibodies to
the antigen to be detected to stain tissues prepaseslides. Once the primary
antibody has bound to the antigen of interest,carsgary antibody is utilised which
binds to the primary and amplifies the stainingisTéecondary antibody is labelled
with an enzyme such as 3,3-diaminobenzidine (DAB) visible marker
(fluorochrome) which gives a measurable visualesentation of the level of binding

of the primary antibody thus allowing the leveltbé target antigen to be assessed.

2.3.1 GENERAL STEPS IN IMMUNOHISTOCHEMISTRY

In this study 6 different specific protein markatigens were targeted

« EGFR

« HER2

« HERS3

« HER4

« EGFRVII
* HRG

Additionally, as mentioned in the aims and objexsivthe patient cohorts were also
stained for markers of cell proliferation and apg to assess their relationship with
the main targets of this study.
» KI67-MIB antibody — a marker of cell proliferation
 ApopTag® TUNEL Assay (Chemicon International)— arkea of cell
apoptosis
The IHC staining process of these markers variesesdat in detail but follows the

same basic steps in each case. The scoring primcesssessing staining levels varies
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somewhat between the main study proteins and tbifguation/apoptosis markers

and will be addressed later in this chapter

Tissue Preparation

Tissue specimens had previously been preparedriaslfo-fixed, wax-embedded 3-
4um thick sections with size dependent on the soafdbe sample for single slides
and multiple 5mm diameter sections on TMAs. Speosneere mounted on 3-
aminopropylethoxysilane coated slides. As the saston TMAs are small and prone
to damage/destruction during the IHC process TMg&shaated at 80°C for 5 minutes
before other tissue preparation as this renders Hdmiples less prone to damage.

This process is not required for larger singleesBdctions

Before IHC staining tissue sections are dewaxe#x®-5 minute xylene baths then
rehydrated in a series of alcohol baths;- 2x5 negui00% alcohol, 1x3 minutes 90%

alcohol then 1x3 minutes 70% alcohol.

Antigen Retrieval

This process serves to counter any loss of immuaactikéty that occurs in tissues due
to formalin-fixation and wax-embedding. During fahm fixation methylene bridges

can form within tissue sections masking the reléwantigenic sites causing reduced
or absent antibody-antigen interaction. Antigemiegtl breaks methylene bridges to
expose antigenic sites (Fig 2.1a) and is achiewednbubating rehydrated tissue
sections in a citrate or TRIS buffer at high tenapare and/or pressure. The principle
method used in this study was 1mM citrate buffet@Q@ dilution Epitope Retrieval

Buffer, DAKO) in a pressure cooker heated in a owave for 5 minutes followed by
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a 20 minute cool down period. Other methods usethis study include heated at
pressure in Tris EDTA Buffer (10mM Trizma Base,®12M EDTA), incubated in

0.1% trypsin in 0.1% calcium chloride at 37#ater bath, HercepTest™ (DAKO)
epitope retrieval solution in water bath at 95-9@t@ incubation with Protein Kinase
K 20ug/ml at 25°C. The precise methods of antigen nedfiased for each marker are

listed in tables 2.3 and 2.4 below.

Blocking of Background Staining

Endogenous peroxidase within prepared tissue sectican react with
diaminobenzidine (see below) causing non-specifickground staining during the
IHC process interfering with assessment of the gres of the target antigen.
Blocking of this process can be achieved by indagawith 0.3% Hydrogen Peroxide
(H20,) for 10-20 mins followed by wash in distilled watéddditionally unintended
hydrophobic bonds can form between immunoglobirts@epared tissue resulting in
non-specific binding of both primary and secondagtibodies and further
background staining. This can be counteracted bybation with 1.5% horse serum
(Vector) in Tris Buffered Saline (TBS) for 10 miestafter which the blocking serum
is poured off but not washed. The relative positibolocking processes and antigen

retrieval varies between different IHC protocols

Incubation with Primary Antibody

At this stage the prepared, blocked tissue sectigre incubated with the primary
antibody which binds to the target antigen (Figo2.I'he specific concentration and
duration and temperature of incubation for eachibady was determined by

optimisation of the antibody i.e. trial runs witliange of concentrations/durations
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Figure 2.1: Schematic Representation of Immunobisgmical Staining using the
example of the streptavidin-biotin method whiche®lon the high affinity of avidin

and biotin to each other.

___’A
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a) antigen retrieval to
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b) Incubation with primary antibody
— binds to target antigen

”
I
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1

¢) Incubated with
biotinylated link antibody
— binds to primary

d) Incubation with strptavidin
labelled with horse radish
peroxidase — binds to biotin

e) Incubation with 3,3’-diamino
benzidine — binds to peroxidase an
produces insoluble brown

temperatures in samples known to stain positivelth vihe aim of finding the

conditions providing the best result — strongest#jt staining with the least possible

background and not overstained so a comparisoneleetlow and high expression is

possible. The antibodies to EGFR, EGFRvIll, HERZER3 and HER4 were

optimised during the pilot study and the regimeetednined in the pilot study were
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used. The antibodies to HRG and KI67 were optimisditiis study (see below). The
TUNEL apoptotic assay is provided with specifictiastion and is pre-optimised.
The specific incubation concentrations and condgiased for each antibody in this

study are listed in tables 2.3 and 2.4.

Quality Control

Each IHC run performed included both a positive aadative control. The positive
control used was a tissue section known to stasitipely with the specific antibody
— in most cases a specific tissue section showetstrongly positive in the pilot
study. The same positive controls were used irewlfit runs of the same antibody
although the section used varied between diffeatibodies. Positive controls go
through every single step of a run with the aincaffirming the success or failure of
staining; specific positive controls used are tsite table 2.5. Negative controls were
all isotype matched prostatic tissue sections whieht through every step of the run
except incubation with the primary antibody witle thim of checking specificity of
staining i.e. demonstration of staining in the negacontrol indicates background
staining rendering a run unreliable.

Incubation with Secondary Antibody

Following incubation with the primary antibody thesue sections were washed with
TBS buffer for 2x5 minutes then incubated with @ogelary antibody (Fig 2.1c,
2.1d). One secondary antibody method utilised irs tetudy is the labelled
streptavadin-biotin (LSAB plus-DAKO) visualisatievhich involves a 2 step process,
first the specimen is incubated for 15 minutesZC2with biotin-attached antibody
directed at the primary antibody washed in TBS tinenbated with avidin affixed to

a peroxidase for 15 minutes at 25°C and washedhagaidin has a high affinity for
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biotin and the result of this dual incubation isg&dase bound via avidin, biotin and
secondary antibody to the primary. Another secondatibody used in this study was
Envision™ (DAKO) which consists of a dextran largelecule backbone with

enzyme molecules including horseradish peroxiddsseled as well as antibodies
which bind to the primary. It is the attached pédase which is vital to the next
stage. Incubation is carried out at room tempeeatura humidified chamber usually
for 30 minutes. The envision system is noted toehaigh sensitivity and low

background staining.

Visualisation

Following a further wash in 2x5 minutes TBS thauis sections were incubated with
3,3’-diaminobenzidine (DAB) in the form of chromag®AB substrate (DAKO) in
specific DAB diluent (DAKO) usually in ratio 1:5@n alternative preparation is 4
drops DAB stock solution, buffer, 2 drops®3, 2 drops buffer in 5mls distilled water
(Vector). When a substrate chromagen binds to paaee (Fig 2.1e) a colour
reaction occurs producing a brown colour produt¢hwhe amount of brown staining
corresponding to the level of peroxidase presemtetbre the level of secondary and
primary antibody hence the level of expressiond target antigen in the tissue
section. Incubation with DAB is carried out at rodgemperature for 5-10 minutes

followed by washing in water for 10 minutes.

Counterstaining
Following chromagen staining tissue sections wereterstained to provide contrast
to the brown colour allowing assessment of thelletgositive staining. Slides are

immersed in haematoxylin for 30-45 seconds, washed submerged in Scots Tap
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Water Substitute for 45 seconds and washed agaiemidtoxylin stains tissue not
already chromagen stained vivid red and the Scafs donverts this red to a blue

colour particularly in contrast to chromagen brown.

Dehydration and Mounting

The final steps in the IHC process prepare theig¢isection for viewing under light
microscope and scoring. The slides are dehydratedseries of alcohol baths;- 1x1
minute 70% alcohol, 1x1 minute 90%, 2x1 minute 10@0%n 2x1 minute xylene.

Dehydrated slides are then mounted onto cover sirsg DPX mountant (Dibutyl

Phtalate and xylene) as an adhesive.

2.3.2 OPTIMISATION OF HEREGULIN
As it had neither been used in the pilot studyaspart of any study at this institution
the antibody for HRG (HRG Clone V10081 (Biomedwgs optimised for use in this
study. Identical slides prepared and incubatedaayig concentrations of primary
antibody/durations.

* 1:100 for 10 mins at 25°C humidified

» 1:100 for 30 mins at 25°C humidified

* 1:200 for 10 mins at 25°C humidified

» 1:200 for 30 mins at 25°C humidified
The other steps used in HRG staining protocol @sedisted in table 3. Incubation
for 30 mins at either concentration rendered slittes heavily stained to allow
differential scoring of expression. Incubation 1@ minutes gave an appropriate level
of staining with 1:100 stronger than 1:200. Incudratvith concentration 1:100 for 10

minutes was chosen as the optimal method and heeebffter for all HRG staining.
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2.3.3 SPECIFIC STEPS IN IMMUNOHISTOCHEMISTRY

Table 2.3: Specific Antigen Staining Protocols

Antigen Tissue Blocking Antigen Primary Secondary | Visualisation| Counterstain  Dehydratio
Preparation Retrieval Antibody Antibody
EGFR xylene 2x4 Pre-retrieval: Incubated in EGFR clone LSAB Plus DAB(Vector) Haematoxylin | 1x1 min 70%
mins, alcohol 0.3% HO, for 0.1% trypsin 31G7 (Zymed) and Scots Tap | alcohol, 1x1
100% 2x4 mins,| 20 mins (Sigma) in 0.1%| slides incubated min 90%
alcohol 90% Post-retrieval: | calcium chloride| 1:50 antibody: alcohol, 2x1
1x2 mins, 1.5% horse at 37°Cwater antibody diluent min 100%
alcohol 70% serum bath for 10 mins| (DAKQO) 25°C alcohol then 2x1]
1x2 mins for 1 hour min xylene.
HER2 xylene 2x4 HercepTest™ HercepTest DAB (Vector) Haematoxylin | 1x1 min 70%
mins, alcohol (DAKO) epitope| 7.5g/ml rabbit and Scots Tap | alcohol, 1x1
100% 2x4 mins, retrieval anti-human min 90%
alcohol 90% solution in water| HER2 alcohol, 2x1
1x2 mins, bath at 95-99°C | polyclonal min 100%
alcohol 70% antibody for 30 alcohol then 2x1|
1x2 mins mins at 25°C min xylene.
humidified
chamber
HER3 xylene 2x4 0.3% HO, for none required HERS3 clone IMMPRESS DAB (Vector) Haematoxylin | 1x1 min 70%
mins, alcohol 20 mins. H3.105.5 (MS- | Anti-mouse Ig and Scots Tap | alcohol, 1x1
100% 2x4 mins,| avidin/biotin 303-PABX, (peroxidase) kit min 90%
alcohol 90% blocking Kit, Neomarkers) (Vector) alcohol, 2x1
1x2 mins, 2.5% horse Slides incubated min 100%
alcohol 70% serum for 20 in 1:20 alcohol then 2x1
1x2 mins mins antibody:antibod min xylene.
y diluent for 2
hours at 25°C
humidified
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HERA4 xylene 2x4 0.3% HO, for none required HERA4 clone LSAB Plus DAB(Vector) Haematoxylin | 1x1 min 70%
mins, alcohol 20 mins HFR1 (ME-637- and Scots Tap | alcohol, 1x1
100% 2x4 mins,| avidin/biotin PO, min 90%
alcohol 90% blocking Kit, Neomarkers) alcohol, 2x1
1x2 mins, serum free Slides incubated min 100%
alcohol 70% blocking in 1:50 alcohol then 2x1]
1x2 mins solution antibody:antibod min xylene.

(DAKO) for 10 y diluent for 2
minutes hours at 25°C
EGFRuvVIII xylene 2x4 Pre-retrieval: Tris EDTA EGFRuVIII clone | LSAB Plus DAB (Vector) Haematoxylin | 1x1 min 70%
mins, alcohol 0.3% HO, for Buffer (10mM ZMD.82 and Scots Tap | alcohol, 1x1
100% 2x4 mins,| 20 mins Trizma Base, (Zymed) Slides min 90%
alcohol 90% Post-retrieval: | 0.25 mMEDTA) | incubated in alcohol, 2x1
1x2 mins, 5% horse serum| heated at 1:50 min 100%
alcohol 70% for 1 hour pressure for antibody:antibod alcohol then 2x1]
1x2 mins 5mins y diluent at min xylene..
25°C humidified

HRG 2x2 mins Post-retrieval: | Citrate Buffer HRG Clone Envision Chromagen Haematoxylin 1x1 min 70%
xylene, 2x2 1% H0O,for 10 | heated at V10081 (DAKO) for 30 | DAB 1:50 and Scots Tap | alcohol, 1x1
100% alcohol, | mins pressure for5 | (Biomedia) mins (DAKO) min 90%
1x2 mins 90% mins, 20 mins | Slides incubated alcohol, 2x1
alcohol, cooling in 1:100 min 100%
1x2mins 70% antibody:antibod alcohol then 2x1|
alcohol y diluent for 10 min xylene.

minutes at 25°C
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2.3.4 KI67 ASSAY
KI67 is a nuclear protein principally associatedthwcellular proliferation. It is
expressed in all active phases of the cell cycle, & G2 and M) but is not expressed
in the resting GO phase. Precise location of Kl&res with cell cycle phase. In G1
the perinucleolar region, in later phases throughive nucleus, being mainly
localized to the nuclear matrix., in mitosis, itpgesent on all chromosomes. KI67 is
thought to be involved in regulating the cell cyated cell division. IHC is carried out
in a similar fashion to other antigens howevemsita is only in the nucleus.
The antibody used for KI67 staining was KI67 MIBo@é M7240 (DAKO). For
optimisation identical slides were prepared andivated with the antibody at varying
concentrations

» 1:50 for 1 hour at 25°C humidified

* 1:100 for 1 hour at 25°C humidified

* 1:150 for 1 hour at 25°C humidified
Steps used in KI67 staining are listed in tale de T:150 concentration was found to

have the optimal staining level

2.3.5 TUNEL ASSAY

As apoptosis occurs many fundamental cellular ceéangccur including nuclear
condensation, segmentation, fragmentation and fowmaf apoptotic bodies. The
TUNEL assay functions by enzymatically labelling three 3’-OH termini that are

produced during apoptotic fragmentation of DNA tgily located in the nucleus and
apoptotic bodies. These 3-OH ends are not seersigmificant numbers in

normal/proliferative nuclei and this type of DNAealvage does not typically occur in

cell necrosis. The TUNEL assay can detect apoptaisasrelatively early stage where
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chromatin condensation has occurred and DNA striarghks are few but still

significantly greater than in normal/proliferatieells. As part of the TUNEL assay
prepared, blocked tissue sections are incubatedterminal deoxynucleotidyl

transferase (TdT) and reaction buffer; nucleotidesthe buffer (which may be
labelled with dioxigenin or unlabelled) are enzyiwedty added by the TdT to the 3’-
OH terminals. Labelled and unlabelled nucleotidesnf an oligomer in a random
sequence but in a ratio promoting binding by ardkidienin antibodies. Secondary
labelling is incubation with an anti-dioxigenin doady conjugated with peroxidase
and further addition of DAB (3,3’diaminobenzidinpjoduces a visible stain as in

other IHC processes.

In lieu of optimisation instructions from the Apopd TUNEL Assay kit were

followed specifically. Specific steps are listedaile 4.
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Table 2.4: Specific Staining Protocols for KI67 aFdNEL Assay

Antigen Tissue Antigen Blocking Primary Secondary | Visualisation| Counterstain  Dehydratio
Preparation Retrieval Antibody Antibody
KI67 2x2 mins Citrate Buffer Post Retrieval: | KI67 MIB Envision Chromagen Haematoxylin 1x1 min 70%
xylene, 2x2 heated at 1% H,0O,for 10 | Clone M7240 (DAKO) for 30 | DAB 1:50 and Scots Tap | alcohol, 1x1
100% alcohol, | pressure for5 | mins (DAKO) Slides | mins (DAKO) min 90%
1x2 mins 90% | mins, 20 mins incubated in alcohol, 2x1
alcohol, cooling 1:150 min 100%
1x2mins 70% antibody:antibod alcohol then 2x1]
alcohol y diluent for 1 min xylene.
hour at 25°C
humidified
TUNEL 3x5mins xylene,| Incubation with | Post-Retrieval | ApopTag TdT | ApopTagAnti- | ApopTag DAB | Methylgreen 2x20 dips dHO,
2x5mins 100% | Protein Kinase | 3% H,O,for 5 enzyme 3:7 Dioxigenin Slides incubated (0.5g 1x30 seconds
Assay alcohol, K 20ug/ml for mins, ApopTag | reaction buffer | Peroxide atin 1:20 DAB | methylgreen in | dH,O, 2x20 dips
1x3mins 90% 10 mins at 25°C| Equilibration Slide incubated | Antibody substrate:diluent sodium acetate | N-Butanol, 1x30
alcohol, 1x70% Buffer for 1 hour at incubated for 30| for 3-6 mins at | (1.36g in 100ml | mins, 3%x2 mins
alcohol 37°C humidified | mins at 25°C 25°humidified dH,O pH xylene
humidified adjusted to 4))

for 10 minutes
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Table 2.5: Antibodies used in IHC

TARGET ANTIBODY SOURCE CONCEN-| POSITIVE
TRATION | CONTROL
EGFR clone 31G7 Zymed 1:50 Specific
CaP tissue
section
from pilot
HER2 Anti-human HER2 DakoCyto- | 7.5g/ml Specific
polyclonal antibody] mation CaP tissue
Rabbit section
HercepTest from pilot
HER3 H3.105.5 Neomarkers| 1:20 Specific
MS-303-PABX CaP tissue
section
from pilot
HER4 clone HFR1 Neomarkers| 1:50 Specific
MS-637-PO CaP tissue
section
from pilot
EGFRVIII clone ZMD.82 Zymed 1:50 Specific
CaP tissue
section
from pilot
HRG Clone V10081 Biomedia 1:100 CaP
(Specific
Sample)
PROLIFERATION | KI67 MIB DakoCyto- | 1:150 Prostate
Clone M7240 mation Tissue
(specific
sample)
APOPTOSIS TDT Enzyme* Chemicon 3:7 in buffer Rodent
Anti-Dioxigenin As in Mammary
(sheep polyclonal) TUNEL kit | Gland
TUNEL Assay
ApopTag

* enzymatic addition of labelled nucleotides tak®s place of the primary antibody
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2.4 IMMUNOHISTOCHEMISTRY SCORING

The principle IHC scoring is assessment of thellefespecific protein expression by
determining the relative levels of the visualisatfactor in different samples. Accuracy
of scoring is ensured by use of 2 independent scavigh agreement in results between
the 2 scorers correlated. Within this study 2 meshof histoscore; weighted histoscore
for target antibodies primarily staining cytoplasamd cell membrane and nuclear

counting for the cell proliferation and apoptotiankers that primarily stain the nucleus.

2.4.1 SCORING — WEIGHTED HISTOSCORE METHOD

For each of the target proteins EGFR, HER2, HERBRH#, EGFRvIIlI and HRG tissue
levels were assessed using the weighted histosaetkod previously demonstrated in
multiple studies including McCarty et al (1986), ttwh et al. (2004) Edwards et al.
(2005) and Kirkegarrd et al (2006). On viewing thk section the prostate tumour cells
are identified and the level of staining of theapfasm, cell membrane and nucleus are
separately assessed with the intensity of stainatggorised as negative (0), weak (1),
moderate (2), and strong (3) and the percentagemdur cells within each intensity
category estimated. The weighted histoscore wasileaéd using the formula

Histoscore = (0 x negative tumour cells) + (1 x % &akly stained tumour cells) + (2

x % moderately stained tumour cells) + (3 x % strogly stained tumour cells)

This formula gives a weighted histoscore value l¢dalthe HSCORE by McCarty)
between minimum 0 and maximum 300. Separate vauesalculated for cytoplasm,

cell membrane and nucleus for each target protein.
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Accuracy of score was determined by use of 2 indeget observers for each target
protein with the results of the 2 observers coteglain single slide tissue sections all
slides are analysed by both observers and thetsefeul each slide compared. Results
were considered discordant if scores differed byentban 50 and these individual cases
re-evaluated by both observers. The inter-claselagion coefficient (ICCC) was used to
assess variation in expression scoring betweer?tlobservers for all markers. This
reliability measure assesses differences betwezplthervers in each case comparing it
to the overall variation between all scorings. IC@E a determinant of validity was
explored in Kirkegaard et al who stated that an@C€0.7 was a minimum requirement
for acceptable variation therefore within this emtr study agreement between 2
observers was considered satisfactory for a spauidirker +if ICCC > 0.7 was achieved.
Final scores used were the mean of the 2 obsetvees TMAs were scored in full by a
single observer with a"® independent observer scoring a minimum of 10% AT
specimens and the results of these double scomdnsgns compared. If ICCC of the
double scored TMA specimens > 0.7 without adjustntieis was taken as confirmation
of accuracy of the®iscorer. If ICCC < 0.7 at least a further 10% wawable scored with
ICCC calculated again with the process repeated eitiher ICCC > 0.7 or all TMA
specimens were double scored. It should be notadrtb further specimens for any
marker required further double scoring after thstficalculation of ICCC. The final
histoscores used were the mean of the 2 scoredofdile scored specimens and that of

the ' scorer in all others. ICCCs for all markers aséelil in the results section below.
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2.4.2 SCORING — NUCLEAR COUNT METHOD

Cell proliferation marker KIi67 and apoptotic markédNEL assay stain only the nuclei
of proliferating/apoptotic cells respectively witbvels of these processes assessed by
calculating the relative numbers of stained andained tumour cell nuclei. In single
slide specimens 15 separate fields at 20xmagnditatvhich included tumour were
assessed using a 10 line grid overlying the figltltumour cell nuclei lying on a grid
line were assessed as either positive or negatidecaunted with the aim of counting
100 nuclei per field therefore 1500 nuclei per spea. Where fewer than 100 tumour
nuclei were present on grid lines all tumour nudteithe field were counted up to a
maximum of 100 — all tumour cell nuclei presenthiére were fewer than 100. Where
there were persistently fewer than 100 tumour nuoér field up to 20 fields were
viewed. Where fewer than 15 separate 20x magniicdields could be found with
tumour within a tissue section the maximum of saf@P20x magnification fields that
could be found with tumour in were used. Therefat800 tumour cell nuclei or all those
present in up to 20 fields of the sample were cedinin TMAs all tumour cell nuclei

within a sample were counted.

Marker expression was calculated as the percentégall cells counted that were
positive. This method has been demonstrated prslyiaou Hilmy et al.

Positive Nuclear Score = 100 x (Number of PositivEumour Nuclei/Total Number
Tumour Nuclei)

All specimens were assessed by a single scorer avi?l independent scorer double

scoring at least 10% of samples including TMAs.ifRasnuclear scores of the 2 scorers
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were compared and the ICCCs calculated for the ld®dored specimens. If ICCC > 0.7
without adjustment for the samples assessed thstakan as a confirmation of accuracy
of the £' scorer. If ICCC < 0.7 at least a further 10% saspVere double scored and the
ICCC calculated until ICCC > 0.7 or until all wetteuble scored. It should be noted that,
due to this method being a count and less subgetiian the weighted histoscore method,
no further double scoring was required after thgainlICCC calculation indeed ICCCs
calculated by this method were all > 0.9. The fipasitive nuclear scores used were the
mean of the 2 scorers for double scored specimemshat of the I scorer in all others.

ICCCs for all markers are listed in the resultsisedbelow
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2.5 WESTERN BLOTTING

Western blotting is a technique which allows detegtidentification and quantification
of specific proteins within a sample using elechraesis to divide denatured proteins
into a spectrum by molecular weights within a g#lofived by transfer of the resulting
proteins to a PVDF membrane. The membrane is tiharbated with a primary antibody
to recognise a specific protein from the spectruch @ secondary antibody to the primary
which allows visualisation of the protein via ch&mminescence/chemifluorescence/x-
ray film. Use of a known primary antibody allowselgion of a specific protein within a
mixed sample (e.g. one derived from lysed tissuetiges) with confirmation of
molecular weight thereby identity via comparison afprotein’s position following
electrophoresis relative to proteins of known molac weight in a protein ladder.
Intensity of signalling following visualisation presses indicates quantity of the target

protein within the original sample.

A further indication for use of Western Blotting ¢®nfirmation of specificity of the

primary antibody. If an antibody is truly specific one protein it will attach only to that
protein within the spectrum produced by gel elqaiaresis with the resultant completion
of the Western Blotting process resulting in a Ergand. Conversely an antibody with
poor specificity will result in multiple bands. Wit this study Western Blotting is only
used for this last indication. At this centre theedficity of EGFR, HER3, HER4 and
EGFRVIIl had been confirmed in previous studiesludimg the pilot and HER2

specificity is assured by use of the commercialcdpiest; however the HRG antibody
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(Clone V10081, Biomedia) had never been used hedeaaWestern Blot utilising this

antibody was performed.

2.5.1 WESTERN BLOTTING OF HEREGULIN ANTIBODY

Western Blotting was carried out using the Bio-Rdthi-Protean 3 Electrophoresis
System. The initial step was preparation of 10%lw@sg gel — polymerisation of the
acrylamide and bis-acrylamide catalysed by TEMEM@ &PS form the gel. Protein

migration during electrophoresis is determined lzg ©f gel pores which are in turn
governed by the amount of acrylamide-bis in the gixture — increased

acrylamide/increased gel percentage decreasessjizer¢hereby making gel suitable for
separating smaller proteins.

Table 2.6: Constituents of 10% Resolving Gel

REAGENTS 10% RESOLVING GEL

40% Acrylamide/Bis-Acrylamide (Sigma) 12.49mi
0.5M EDTA 330ul

2M Tris, pH 8.9 8.35ml
10% SDS 500ul

dH20 28.33ml
10% APS 300ul
TEMED 30u

A mould was assembled from 2 spacer plates fixem ancasting frame and gel poured
into the mould between spacer plates and isoprogemoed on top of the gel which is
allowed to set over 30 mins. The isopropanol seteeeemove air bubbles from and
flatten the top of the setting gel. Once the ged wet the isopropanol was poured off and
blotted and 4.5% stacking gel prepared and pourgd the resolving gel filled to the

level of the top of the spacer plates. A gel combich creates the wells into which the
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denatured protein samples would later be placed, pasitioned in the stacking gel
which is then allowed to set over 30 minutes.

Table 2.7: Constituents of 4.5% Stacking Gel

REAGENTS 4.5% STACKING GEL

40% Acrylamide/Bis-Acrylamide (Sigma) 5.63ml
0.5M EDTA 400ul

2M Tris, pH 8.9 6.35ml
10% SDS 50Qul

dH20 37.22ml
10% APS 30ul
TEMED 10u

After the stacking gel was set the comb was remaretithe gel rinsed in 1x running

buffer

Table 2.8: Buffer Constituents used in Westerntiigt

BUFFERS IN WESTERN REAGENTS
BLOTTING
10x Running Buffer 200mM Tris, 2M Glycine, 1% SDS
(diluted to 1% in dHO)
2x Sample Buffer 1ml 0.5M Tris/HCI pH 6.8, 08ml Gé&yol,

1.6ml 10% SDS, 0.4ml 2-MerCaptoethanc
0.2ml 0.05% Bromophenol Blue, 4ml ¢@&l

10x Transfer Buffer 248mM Tris, 1.3M Glycine, 20%eManol
(diluted to 1x in dHO)
Gel Loading Buffer 5% 2-merCaptoethanol
10x TBS 0.1M Tris/HCI, 1.5M NaCl, pH 7.4
(diluted to 1x in dH20
0.001% TTBS 1ml Tween 20 in 11 1XTBS

Meanwhile protein sample — cell lysate of prostatacer cells of the LNCaP cell line —
was prepared via protein denaturation. 2 volumegepr were added to 2x sample buffer
in an Eppendorf tube which was boiled at 100°C Zominutes then spun down to

separate solid remnants. A molecular weight mafRestinylated Protein Ladder — cell
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signalling Technology) was also boiled for 2 mirsuath gel loading buffer @@ marker

in 9ul buffer) in a separate tube.

The sample buffer, specifically the SDS transfersegative charge to the denatured
proteins. It is this charge that allows the movenrequired for electrophoresis as they
will migrate towards the anode if placed in an #&ledield. Proteins will migrate through
the acrylamide gel at a rate determined by moleaukaght with lower rates travelling

more quickly thus proteins are separated.

The set gel was placed between glass plates ineatragle assembly in a mini buffer
tank surrounded by 1x running buffer. The prepgremtein sample and markers were
loaded into the wells in the stacking gel withraeftip pipette avoiding overspill from the
wells. Once loaded the gel was run with a chargdQwhA for 1 hour. The denatured

proteins migrate from the stacking to the runnieg g

The next step is transfer of separated proteins anpolyvinylidene difluoride (PVDF)
membrane so that it can be labelled. In this stindyMini-Trans Blot Cell (Bio-Rad)
system was used. A PVDF membrane cut to be sligatber than the running gel was
first pre-treated in 100% methanol for 1 minutents®aked in 1x transfer buffer (table
2.8) with fibre pads and 3M Whatman paper cut sogame size as the membrane. The
gel was removed from the electrode assembly, thekistg portion removed and the
running gel placed in transfer buffer for 15 mirsuté ‘transfer sandwich’ was then

created with the running gel lying against the PVBiEmMbrane with both packed
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between Whatman paper (3 sheets either side), pbds and gel cassettes, air bubbles
are carefully removed by rolling with a glass rathe sandwich was placed in an
electrode assembly in a mini tank filled with treamsbuffer itself placed in a Bio-Ice
cooling unit with a magnetic stirrer to maintaineavbuffer temperature. The sandwich
was incubated overnight (~18 hours) with the etetdrassembly set at 10V which causes
the charged proteins to transfer from the gel eorttembrane maintaining the dispersion

pattern established by electrophoresis.

The next stage in the Western Blotting processatiibg of the membrane to prevent the
primary antibody binding non-specifically to it. #sandwich was disassembled and the
membrane incubated in 5% Marvel (non-fat dry mbkjcking solution in TBS-Tween
(TTBS) (table) for 1 hour at 25°C on an orbital lsfrawhich causes continuous stirring.
The impregnated, blocked PVDF membrane was incdbaith the primary antibody
HRG antibody (Biomedia) 1:100 in 5% Marvel/TTBS 4%C overnight on an orbital

shaker.

Following primary antibody incubation the PVDF memante was washed in TTBS for
3x10 mins then incubated with secondary antibod\this study the secondary antibody
used was 1:10 000 anti-mouse IgG (Cell Signallimghhology) linked to horseradish
peroxidase (HRP) which recognises the HRG antibo8igiditionally HRP-linked

antibiotin antibody (Cell Signalling Technology) 1000 was used to detect the
biotinylated marker ladder. The PVDF membrane wesibated with these secondary

antibodies for 1 hour at 25°C on an orbital shaker.
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The final step in Western Blotting is visualisatiom this study the ECL plus
(Amersham) chemiluminescent method was utilisetiprse radish peroxidase oxidises
luminal into an excited state which then emits ftighluring its decay
(chemiluminescence). In ECL plus the chemiluminesegent substrate is Lumigen PS-
3 Acridan oxidised by HRP to form acridinium esitgermediates which react with the
peroxidase to produce light emissions at 430nm hvban be detected by radiographic
film. Following incubation with the secondary amtdy the membrane was again washed
in TTBS for 3x10 mins TTBS. The ECL plus componemsre heated to room
temperature then mixed in amount 3mls solution Bul7solution B (40:1). In semi-
darkness to prevent interference with chemilumieese and premature non-specific
exposure of the radiographic film the membrane plased protein side up on a sheet of
saran wrap, the ECL solution pipetted onto it dmmembrane incubated for 5 minutes
at 25°C. After this incubation the ECL reagentsevpoured off, the membrane blotted
and wrapped in another piece of saran. The membvasglaced in full darkness with 4
autoradiographic films in succession for differehtrations; 30 seconds, 1, 5 and 15

minutes.

The radiographic films were subsequently developed all showed the marker ladder
and a single band at 7000Daltons corresponding wethular Heregulin (Figure 2.2).
This confirms that the HRG antibody used in thigdgthas the appropriate specificity to

be used in this study’s IHC.
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Figure 2.2: Western Blot of HRG antibody (Clone 8@, Biomedia)

Single band across
electrophoresed
LNCaP lysate
columns at ~ 7000
Daltons labelled by
HRG Antibody

Molecular Weight | 10ug Lysate | 20ug Lysate 30ug Lysate | 40ug Lysate
Marker Ladde proteir proteir proteir proteir

Protein samples of LNCaP Prostate Cancer Cell eypadtein mixed with SDS sample buffer (fo
confer a charge to the lysate constituent proteins)oaded onto a resolving gel block with a safgaf
molecular weight marker ladder and electrophorem&wss it to create a dispersion pattern of|its
constituents delineated by decreasing moleculaghteiThe proteins are transferred to a PVDF
membrane while maintaining the dispersion pattéfallowing blotting to prevent non-specifi¢
binding labelled with the PVDF membrane is incubatéth 1:100 HRG antibody at 4°C overnigh
The primary antibody is washed off then the spegfioteins labelled by antibody are discerned|by
incubation with secondary antibody anti-mouse Igicl binds to the primary and is also linked tq a
horseradish peroxidase moiety. The HRP labelled P¥i2mbrane is placed in a chemoluminescent
agent (Lumigen PS-3 Acridan) and heated which preduight emissions which can be captured|on
radiographic film (pictured). Thus only the specifiroteins within the lysate constituent dispersal
pattern labeled by the primary antibody will ultirely produce a light emission and register on film.
The HRG antibody produces a single band on Weg&kncorresponding to Heregulin confirming i
specificity as an antibody.

—

[7])
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2.6 STATISTICS

As in the pilot study the purpose of the statisties to determine whether any significant
association existed between expression of thettargekers and the outcome measures;-
Time to biochemical relapse (TTR) - time elapsetiveen tissue diagnosis of CaP and
the occurrence of biochemical relapse as definedeabnd in the pilot study

Time to death from relapse (TTDFR) - time elapsednfbiochemical relapse as defined
above to patient death from any cause. This outcoeesure was used only for cohort 1

Overall survival (OS) - time elapsed from tissuagtosis of CaP to death from any

cause

Initially Kaplan-Meier regression analysis was peried comparing both above median
(High) and above upper quartile (Very High) marlepression with the outcome
measures. As usual a p-value < 0.05 was takerdasatimg a significant association. For
those markers that demonstrated a significant &ggmt a univariate COX regression
analysis was also performed to confirm significaand give a value for the hazard ratio
(increased risk factor) with confidence interval.ullariate COX regression was
performed for those markers demonstrating sigmfieato determine if this was
independent of Gleason score and metastasis anpres further multivariate analysis
was performed including all markers maintaining nffigance through the first
multivariate COX to compare the significance ofstaenarkers.

In Cohort 1 when comparing HSPC and HRPC mean sgjane Wilcoxen analysis was
used to determine any significant rise or fall maftermone escape as this is linked data

(before and after) with a non-parametric distribati Dividing the cohort into those
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whose individual marker expression had risen defialkKaplan-Meier analysis was again
used to determine if a rise or fall in expressibma onarker had any association with any
of the outcome measures.

Correlation analysis was performed on expressioallaiharkers in the HSPC cohort to
discern any correlations between expression of pdimarkers initially.

All statistics were performed using the SPSS progra
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CHAPTER 3: RESULTS — COHORT 1

This chapter records the results obtained from xdhavhich was used in the pilot study
and consists of paired HSPC and HRPC specimens taken the same patient at
diagnosis (HSPC) then following established hormeseape (HSPC). The manner in
which these patients were identified and sampldaioéd is described in the method
section. Results gathered from the larger cohodo@sisting of HSPC samples are

described in chapter 4.

3.1 PATIENTS

In the pilot study 74 sets of paired samples weillesed. Subsequently 7 patients were
added to the cohort however due to the graduareatuadditions to the cohort coupled
with depletion of slides through use in other stgdstaining for each target could not be
carried out in all slide pairs. In this study a odlof 81 paired samples were stained for

at least one target.
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3.1.1 PATIENT DATA FOR COHORT 1

Table 3.1: Patient Data for Cohort 1

N 81
Age 70 £ 8 years
Range 41.1 — 98.0 years
Gleason Score

* Low (2-4) 2

* Medium (5-7) 35

= High (8-10) 43
T Stage at Diagnosis

= T1-T2/unknown 25

= T3-T4 56

Metastasis at Diagnosis

= Yes 20

= No 35

= Unknown 26
Biochemical Relapse

= Yes 81

= No 0

= Unknown 0

Time to Relapse

36.5 + 31.3 months

Final Status
= Alive 8
» Deceased 69
=  Unknown 4
Follow up 61.0 £ 43.1 months
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Table 3.2: Summary of Patient Tissue Samples Witlohort 1 Stained for each Marker

in this Study and the Pilot Given Sample Attrition

MARKER PATIENTS HSPC HRPC PAIRED
SAMPLES SAMPLES | SAMPLES
EGFR 74 74 74 74
HER2 52 52 52 52
HERS3 53 50 52 49
HERA4 59 53 54 48
EGFRuvIII 69 63 69 63
HRG 69 53 61 45
KI-67 71 61 69 59
TUNEL 62 57 50 45
ASSAY

3.1.2 CORRELATION OF GLEASON SCORE AND METASTASISITH STUDY

OUTCOMES IN COHORT 1

In this cohort High Gleason score (8-10) was asdedi with reduced time to
biochemical relapse (P<0.001) and overall surnal0.002). Metastasis at presentation
was associated with reduced time to relapse (P&D.@dd survival (P=0.0497). These

values are in accordance with known prostate canegural history and thus help

validate the database.
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Figure 3.1: Correlation of Gleason Score and Matastat Diagnosis with Time To
Relapse and Overall Survival in Cohort 1

a) Gleason and Time to Relapse b) Gleason and Overall Survival
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a) Kaplan-Meier plot correlating Gleason Score @&imde To Relapse. b) Kaplan-Meier
plot correlating Gleason Score and Overall SurviedlKaplan-Meier plot correlating
Metastasis at Diagnosis and Time To Relapse. d)ldtajeier plot correlating

Metastasis at Diagnosis and Overall Survival
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3.2 IMMUNOHISTOCHEMICAL EXPRESSION AND INTER-OBSERER
CORRELATION

As detailed in the method section scoring accunaag confirmed by double scoring
conducted by 2 independent observers. For the-geatitative weighted histoscore
method (i.e. HRG in this study) all full tissue 8ews were double scored. For the more
guantitative and objective nuclear staining counteast 10% of samples were double
scored for each marker with the full scoring settfe first observer accepted if the inter
class correlation coefficient (ICCC) was > 0.7.eTigure of ICCC > 0.7 was chosen in
reference to Kirkegaard et al (2006) which statiéer anultipaper review of IHC scoring

that an ICCC > 0.7 was a minimum requirement faeptable variation

3.2.1 HEREGULIN

3.2.1.1 DESCRIPTION OF STAIN PROFILE

Within cohort 1 HRG expression was noted in th@gltsm, cell membrane and nucleus
with cytoplasmic expression being most frequenf%9of tumours had cytoplasmic
staining seen by at least one observer. Nucle&b (84tumours) and membranous (46%
of tumours) expression were seen with lesser frequueHRG expression was observed

in at least one cellular location was seen in 99%imours analysed.
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Figure 3.2: Heregulin Immunohistochemistry
al) HRG Stained Prostate Tumour a2) HRam8t Prostate Tumour

b) Negative Control for HRG Stalnlng
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¢) HSPC Heregulin Cytoplasmic Score d) HRPC Heregulin Cytoplasmic Score
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e) HSPC Heregulin Membranous Score f) HRPC Heregulin Membranous Score
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g) HSPC Heregulin Nuclear Score h) HRPC Heregulin Nuclear Score
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al) Prostate Tumour Stained with HRG antibody destrating cytoplasmic and cell
membrane staining. a2) Prostate Tumour Stained WRG antibody demonstrating
nuclear staining. b) Prostate Tumour Negative fRGHStaining

¢) Histogram showing intensity of HRG cytoplasntigiising in HSPC specimens.

d) Histogram showing intensity of HRG cytoplasntaising in HRPC specimens.

e) Histogram showing intensity of HRG membranoamstg in HSPC specimens.

f) Histogram showing intensity of HRG membranowsrshg in HRPC specimens.

g) Histogram showing intensity of HRG nuclear stagnn HSPC specimens.

h) Histogram showing intensity or HRG nuclear stagrin HRPC specimens

3.2.1.2 INTER-OBSERVER SCORING VARIATION
All tissue section stained for HRG were double edoby 2 independent observers.
Cytoplasmic staining, the most commonly found, tasllowest ICCC of 0.72 (Pearson

Coefficient 0.77) with membranous and nuclear stgirgiving higher ICCC values of
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0.83 (Pearson 0.84) and 0.90 (Pearson 0.90) resggctAs all ICCC values were
greater than 0.70 scoring of HRG in all areas vasssiclered to be valid.

Figure 3.3: Inter-Observer Variation in HeregulitaiSing between double scored tissue
sections in Cohort 1

a) Inter-Observer Variation b) Inter-Observer Difference
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f) Inter-Observer Difference

e) Inter-Obsever Variation Nuclear HRG Nuclear HRG
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a)Scatter Graph Plot demonstrating Inter-Observariadon in Cytoplasmic HRG
Staining. b) Bland-Altman Plot demonstrating In@oserver Variation in Cytoplasmic
HRG Staining. c¢) Scatter Graph Plot demonstratingeriObserver Variation in
Membranous HRG Staining. d) Bland-Altman Plot destmting Inter-Observer
Variation in Membranous HRG Staining. e) Scatteapbr Plot demonstrating Inter-
Observer Variation in Nuclear HRG Staining. f) BlaAltman Plot demonstrating Inter-
Observer Variation in Nuclear HRG Staining.

3.2.2 KI-67

3.2.2.1 DESCRIPTION OF STAIN PROFILE

KI-67 was expressed only in the nucleus with no im@mous or cytoplasmic expression.
Positive and negatively stained nuclei were cledryfinguishable allowing assessment
via nuclear counting method.

The IHC for KI67 in this study is demonstrated ppandix 1

3.2.2.2 INTER-OBSERVER SCORING VARIATION
All tissue sections stained for KI-67 were scored dne single observer with 40
specimens out of the 145 (27.6%) stained for Kld@uble scored by an independent

observer to confirm accuracy of the first obsen€CC score for double scored KI-67
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sections was 0.95 (Pearson 0.96) confirming theuracy of the first observer and
reflecting the less subjective nature of nucleamting compared to weighted histoscore.

Graphs demonstrating this are in appendix 1

3.2.3 TUNEL ASSAY

3.2.3.1 DESCRIPTION OF STAIN PROFILE

As described in the ApopTag® instruction manual §@iton) the TUNEL assay
primarily causes staining only in the nucleus altjfiothere was some minor non-specific
background staining. Positive and negatively stainaclei were clearly distinguishable
allowing assessment via nuclear counting methodNEU IHC is demonstrated in

appendix 1

3.2.3.2 INTER-OBSERVER SCORING VARIATION
All TUNEL Assay stained tissue sections and TMAgaveiewed as a single group and
scored by one observer with 10% double scored bin@ependent observer to ensure

accuracy. Double scoring demonstrated an ICCC3% (Pearson 0.95) (see appendix 1)
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3.2.4 SUMMARY OF COHORT 1 INTER-OBSERVER CORRELATNS OF THIS

STUDY AND THE PILOT

Table 3.3: ICCCs for Dual Scored Markers in thiglgtand the pilot

Marker 2 Standard| Inter Class Pearson
Deviations | Correlation | Coefficient
Coefficient
EGFR 26 0.87 0.89
Cytoplasm*
EGFR 28 0.89 0.89
Membrane*
HER2 26 0.91 0.90
Membrane*
HER3 49 0.93 0.97
Cytoplasm*
HER3 48 0.95 0.96
Membrane*
HER4 47 0.90 0.91
Cytoplasm*
HER4 32 0.91 0.93
Membrane*
EGFRvIII* 69 0.85 0.85
HRG 57.2 0.72 0.77
Cytoplasm
HRG 46.9 0.83 0.84
Membrane
HRG 32.2 0.90 0.90
Nucleus
KI67 10.2 0.95 0.96
TUNEL 13.5 0.95 0.95

* Data from pilot study

112



3.3 MARKER EXPRESSION IN HORMONE SENSITIVE PROSTATEANCER

SPECIMENS

Levels of staining of HRG (cytoplasmic, membranauasl nuclear), KI-67 and TUNEL

assay were assessed separately in HSPC and HRP&esamhe results for HSPC

samples are listed in table 3.4. Expression lefegl@ach marker were then analysed to

determine any association between expression agiul Glieason Score (8-10), metastasis

at presentation and patient outcome measuresime. tb relapse, time to death from

relapse and overall survival.

Table 3.4: Median and lower/upper quartile expassif HRG, KI67 and TUNEL assay

in HSPC samples

Marker

HSPC Expression

HRG Cytoplasm 75
(50-100)

HRG Membrane 10

(0-30)

HRG Nucleus 7.5

(0-25)

KI67 2.9%
(1.2-6.4)
TUNEL Assay 5.13%
(2.0-17.7)

3.3.1 ASSOCIATION OF MARKER EXPRESSION IN HSPC WITELEASON

SCORE AND METASTASIS

Association between expression and high Gleasomes¢®10) or metastasis at

presentation was assessed using Mann-Whitney amalyish p<0.05 representing

significant association. No association was founthis group.
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Table 3.5: Association of Markers in HSPC with hi@leason score and Metastasis

Marker High Gleason Score Metastasis
P-value for Mann Whitney P-Value for Mann-Whitney
HRG Cytoplasm 0.665 0.929
HRG Membrane 0.112 0.732
HRG Nucleus 0.903 0.856
K167 0.921 0.182
TUNEL 0.376 0.421

Figure 3.4: Boxplots of Marker expression in HSRMhparing patients with and without
high Gleason score and Metastasis at presentation
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b) HRG Cyto and Metastasis
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e) HRG Nuc and Gleason f) HRG Nuc and Metastasis

HRG Nuc
hRG Nuc

.
:
50.009 50.007]

T T T T
Not HighGleason High Gleason No METS METS

g) K167 and Gleason h) K167 and Metastasis
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K167
K167

Not Hi'ghGIeason High Gléason No r'\/IETS M'ETS

i) TUNEL Assay and Gleason j) TUNEL Assay and Metastasis

TUNEL
TUNEL
8

25.00 25.00 E

0.00 0.00

T T T T
Not High Gleason  HighGleason No METS METS

a) Cytoplasmic HRG and Gleason Score, b) Cytopla$t®G and Metastasis, c)
Membranous HRG and Gleason Score, d) Membranous &iff@/etastasis, €) Nuclear
HRG and Gleason Score, f) Nuclear HRG and Metastpd167 and Gleason Score, h)
K167 and Metastasis, i) TUNEL Assay and Gleasonr&gd TUNEL Assay and
Metastasis
3.3.2 IMPACT OF MARKER EXPRESSION IN HSPC ON TIMEDTRELAPSE

AND SURVIVAL

Associations between upper quartile (very high)kaaexpression in HSPC samples and

TTR, TTDFR and OS were assessed using Kaplan-Miglysis the p-values of which
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are shown in table 3.6. Significant correlationgevdemonstrated between very high
membranous HRG expression and increased TTR, TT&ROS. Patients with very
high HRG membrane expression demonstrated a médianto relapse of 47.7 (27.4 —
69.1) months compared to 27.8 (16.4 — 48.5) moiththose with low membranous
HRG expression. Therefore very high expresseremdfbiochemical relapse 20 months
after low expressers. For patients with high HRGminenous expression median
TTRFR was 30.7 (21 — 51.3) months compared to 8.8 — 23.2) months in low
expressers — a difference of 17 months. Median @S 85.9 (75.6 — 109.7) months
compared to 48 (29 — 74.1) months, a differencenedirly 46 months. KI67 was
associated with reduced overall survival time bus$ did not quite achieve statistical
significance (p=0.053).

Table 3.6. Association between marker expressidfiSRC specimens and TTR, TTDFR
and OS.

Markers Time To Relapse Time To Death Overall Survival
Kaplan-Meier From Relapse Kaplan-Meier
P- values Kaplan-Meier P- values
P- values

HRG Cytoplasm 0.169 0.233 0.121
HRG Membrane 0.036 0.002 0.001

HRG Nucleus 0.076 0.297 0.115

K167 0.157 0.262 0.053

TUNEL 0.308 0.168 0.295
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Figure 3.5: Kaplan-Meier Analyses of significansasations between HSPC Marker
expression and study outcomes.

a) HSPC Membranous HRG and TTR b) HSPC Membranous HRG and TTDFR
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3.4 MARKER EXPRESSION IN HORMONE RESISTANT PROSTATRANCER
SPECIMENS
All' 5 markers are expressed in HRPC specimens

Table 3.7: Median and lower/upper quartile expassif HRG, KI67 and TUNEL assay
in HSPC samples

Marker HRPC Expression
HRG Cytoplasm 60
(35-100)
HRG Membrane 0
(0 —15)
HRG Nucleus 5
(0-27.5)
KI67 7.7%
(2.5-15.9)
TUNEL Assay 6.6%
(3.4-31.4)

3.4.1 ASSOCIATION OF MARKER EXPRESSION IN HRPC WITGBLEASON

SCORE AND METASTASIS
Association between expression and high Gleasomes¢®10) or metastasis at
presentation was assessed using Mann-Whitney amalyish p<0.05 representing
significant association. One significant result wasnd with high HRG membranous
expression associated with reduced metastasiagasis. This means that patients with
no metastasis had a significantly higher HRG memdra expression than those without

metastasis.
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Table 3.8: Association of Markers in HRPC with hi@keason score and Metastasis

Marker High Gleason Score Metastasis

P-value for Mann Whitney P-Value for Mann-Whitney

HRG Cytoplasm 0.924 0.781
HRG Membrane 0.799 0.043
HRG Nucleus 0.273 0.268
K167 0.241 0.578
TUNEL 0.829 0.363

Figure 3.6: Boxplots of Marker expression in HSR@hparing patients with and without
high Gleason score and Metastasis at presentation
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i) TUNEL Assay and Gleason j) TUNEL Assay and Metastasis
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a) Cytoplasmic HRG and Gleason Score, b) Cytopla$t®G and Metastasis, c)
Membranous HRG and Gleason Score, d) Membranous &tiRi/etastasis, €) Nuclear
HRG and Gleason Score, f) Nuclear HRG and Metastpd167 and Gleason Score, h)
K167 and Metastasis, i) TUNEL Assay and Gleasonr&gd TUNEL Assay and
Metastasis

3.4.2 IMPACT OF MARKER EXPRESSION IN HRPC ON TIMEOTRELAPSE

AND SURVIVAL
Associations between marker expression in HRPC kmmgnd TTR, TTDFR and OS
were assessed using Kaplan-Meier analysis theyesaif which are shown in table 3.9.

No significant associations were demonstrated.

Table 3.9:Association between marker expressidRPC specimens and TTR, TTDFR
and OS.

Markers Time To Relapse Time To Death Overall Survival
Kaplan-Meier From Relapse Kaplan-Meier
P- values Kaplan-Meier P- values
P- values
HRG Cytoplasm 0.529 0.722 0.990
HRG Membrane 0.977 0.834 0.906
HRG Nucleus 0.997 0.802 0.943
KI67 0.665 0.086 0.425
TUNEL 0.417 0.106 0.219
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3.5 COMPARISON OF PRE AND POST HORMONE ESCAPE EXBSEON
Differences in pre and post hormone escape markaession were assessed first by
analysing the cohort as a whole then by determitivegchanges in individual sets of
paired samples.
3.5.1 COMPARISON OF PRE AND POST HORMONE ESCAPE M&R
EXPRESSION IN FULL COHORT
The mean histoscores/nuclear counts for pre andhoosione escape specimens in the 3
markers not in the pilot study HRG, KI-67 and TUNBEsay were analysed to assess
any significant rise or fall in expression in thehort as a whole following hormone
escape. Due to limited slide numbers remaining rafrtke markers were available in all
81 paired sets of pre and post hormone escapeetis®ired stained samples were
available for 45 patients in the case of Heregui for KI67 and 45 for TUNEL. The
Wilcoxen Signed Rank Test was used to determitieeife had been a significant overall
change in expression for each marker. HRG memlstaneing was found to have fallen
significantly (p=0.012) in HRPC tissue samples camepd to HSPC conversely KI67
nuclear staining was significantly raised in pastrhone escape tissue (p<0.001).

Table 3.10: Histoscores in Hormone Sensitive andrtéoe Resistant Tumours for Study
Markers not included in the Pilot Study.

Marker HSPC HRPC Wilcoxen
p-value
HRG Cytoplasm 75 60 0.116
(50-100) (35-100)
HRG Membrane 10 0 0.018
(0-30) (0-15)
HRG Nucleus 7.5 5 0.956
(0-25) (0-27.5)
K167 2.9% 7.7% <0.001
(1.2-6.4) (2.5-15.9)
TUNEL Assay 5.13% 6.6% 0.186
(2.0-17.7) (3.4-31.4)
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Figure 3.7: Variation in Overall Cohort Histosctatlear Count between HSPC and
HRPC Sections
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e) TUNEL Assay in HSPC and
HRPC Specimens
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a) Box plot of HRG Cytoplasmic staining in pre grast hormone escape samples.

b) Box plot of HRG Membranous staining in pre andtghormone escape samples.

c) Box plot of HRG Nuclear staining in pre and plostmone escape samples.d) Box plot
of KI-67 Nuclear Count in pre and post hormone pscsamples) Box plot of TUNEL
Assay Nuclear Count in pre and post hormone essapmles. a-e significance p-value
determined using Wilcoxen Signed Rank Test

3.5.2 CHANGES IN EXPRESSION IN INDIVIDUAL PAIRED SMPLES

The cohort subjects were then subdivided accordongvhether there had been a
significant rise or fall in expression, i.e. a chanof greater than 2 times standard
deviation of the ICCC, between the hormone serestivd resistant samples in individual
patients. Small changes in protein expression wmired ASPC and AIPC tumours
could be due to random errors in the assessmehmistufscores. To identify individual
patients in whom there was strong evidence of aigerrise or fall in protein expression,
it was required that the change in expression ekeethreshold equal to two standard
deviations of the inter-observer difference forttpeotein. This threshold was chosen
because, if there was in reality no difference liatgin expression between ASPC and
AIPC tumours in a given patient, there would beyaml5% probability of an apparent
difference being observed that exceeded the thigkshee to random variation. This
assumes that the random variation between twordiffeobservers assessing the same

tumour is of a similar magnitude to the random atawn that would affect a single
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observer assessing two different tumours with tames level of protein expression.
Changes in protein expression in individual pasiethtat exceeded this threshold were
termed significant.

Table 3.11: Subgroubs of Cohort 1 demonstratingniségnt change in Marker
expression between HSPC and HRPC

Marker 2xSD %Fall %Unchanged %Rise
ICCC

HRG 57.2 15.6% 76.5% 8.9%
Cytoplasm

HRG 46.9 2.2% 97.8% 0%
Membrane

HRG 32.2 11.1% 73.3% 15.6%
Nucleus

K167 3.47 5.1% 47.4% 47.5%
TUNEL 13.5 17.8% 51.1% 31.1%

Assay

Figure 3.8: Histogram Showing Proportions of Coh@émonstrating Significant
Difference in Marker Expression Between HSPC andPBRSamples
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3.5.3 IMPACT OF DIFFERENTIAL EXPRESSION IN PRE ANBOST HORMONE
ESCAPE SAMPLES ON TIME TO RELAPSE AND SURVIVAL
Using Kaplan-Meier analysis the impact of rise all fn staining following hormone
escape in individual paired samples on time topsdatime to death from relapse and
overall survival were investigated. Analyses weaieried out comparing these outcomes
in patients with a significant rise in expressicgtvieen pre and post hormone escape
samples to those with no rise (i.e. no change ¢allain expression) and separately
comparing those with a significant fall in expressibetween pre and post hormone
expression samples to those with no change oreas correlation was seen between
rise or fall in HRG staining after hormone escaptha cytoplasm or membrane and time
to relapse, time to death from relapse and overatival. A significant fall in HRG
nuclear staining between HSPC and HRPC samplesassxiated with a reduced time
to death following relapse (P=0.001) but this dad tnanslate to reduced overall survival.
Neither time to relapse nor overall survival wessariated with changes in nuclear HRG
staining.

A rise in KI67 expression following hormonecape was associated with increased
time to relapse but this did not achieve signife@arfP=0.061). Neither time to death
following relapse nor overall survival were assteiawith KI67 rise or fall. There was

no association between changes in TUNEL Assay apdithe outcome measures.
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Cum Survival

Figure 3.9: Changes in Pre and Post Hormone Esddpeker Expression
demonstrated significant impact on TTR, TTDFR or OS
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a) Kaplan-Meier Graph showing Time To Death FronaRse Comparing Paired

that

Samples with a significant fall in Nuclear HRG Eagsion following Hormone Escape to
those with no change or a rise. b) Kaplan-Meiemp@rshowing Time To Biochemical
Relapse Comparing Paired Samples with a signifiBése in KI67 Expression following

Hormone Escape to those with no change or a fall
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Table 3.12: Impact of changes in HRG, KI67 and TWN&pression between Paired

HSPC and HRPC samples on Time to Hormone RelapEe)(T

Marker Rise/Fall Median TTR (mths), P-value (Kaplan-Meiger)
HRG Cytoplasm Risers 51.3 0.518
(30.3-73.5)
Non-Risers | 30.26
(21.1-55.5)
Fallers 26.9 0.608
(17.1-47.5)
Non-Fallers | 32.7
(27.5-56.9)
HRG Membrane Risers N/A N/A
Non-Risers | 31.5
(21.1-57.4)
Fallers 77.0 0.367
(N/A)
Non-Fallers | 31.2
(21.1-60.0)
HRG Nucleus Risers 28.3 0.822
(20.2-50.7
Non-Risers | 31.5
(19.5-56.4)
Fallers 22.3 0.834
(16.8-47.1)
Non-Fallers | 31.5
(22.8-57,4)
KI67 Risers 47.4 0.061
(26.5-64.1)
Non-Risers | 23.0
(14.0-35.1)
Fallers 22.8 0.414
(18.1-38.4)
Non-Fallers | 28.9
(17.6-55.3)
TUNEL Risers 32.1 0.733
(22.7-60.3)
Non-Risers | 27.4
(16.5-55.3)
Fallers 41.0 0.457
(23.0-49.7)
Non-Fallers | 27.5
(16.8-57.4)

Median and interquartile ranges of changes in praepression comparing risers to non-
risers and fallers to non-fallers. P-values weteutated using Kaplan-Meier analysis.
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Table 3.13: Impact of changes in HRG, KI67 and TWN&pression between Paired

HSPC and HRPC samples on Time To Death From Re(3$2FR)

Marker Rise/Fall Median TTDFR P-value (Kaplan-Meier)
HRG Cytoplasm Risers 11.1 0.266
(8.3-18.9)
Non-Risers 16.4
(11.0-32.1)
Fallers 32.6 0.441
(15.9-39.1)
Non-Fallers 16.0
(10.2-29.6)
HRG Membrane Risers N/A N/A
Non-Risers 16.1
(10.9-32.1)
Fallers 8.9 0.653
(N/A)
Non-Fallers 16.3
(11.0-32.2)
HRG Nucleus Risers 13.0 0.816
(6.0-38.7)
Non-Risers 16.4
(10.9-30.2)
Fallers 6.7 0.001
(5.2-15.2)
Non-Fallers 21.0
(11.9-33.1)
KI67 Risers 16.4 0.118
(8.3-27.2)
Non-Risers 24.3
(15.6-41.5)
Fallers 26.2 0.858
(21.1-43.4)
Non-Fallers 19.2
(10.6-33.1)
TUNEL Risers 16.8 0.308
(9.2-36.3)
Non-Risers 23.4
(15.1-33.3)
Fallers 28.0 0.821
(16.0-31.7)
Non-Fallers 19.8
(12.9-36.4)

Median and interquartile ranges of changes in praepression comparing risers to non-
risers and fallers to non-fallers. P-values weteutated using Kaplan-Meier analysis.
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Table 3.14: Impact of changes in HRG, KI67 and TWN&pression between Paired

HSPC and HRPC samples on Overall Survival (OS)

Marker Rise/Fall Median OS (Mths P-value (Kaplan-Meier)
HRG Cytoplasm Risers 77.4 0.758
(64.3-81.8)
Non-Risers 59.1
(40.4-83.4)
Fallers 75.2 0.761
(40.3-86.0)
Non-Fallers 61.8
(40.6-82.5)
HRG Membrane Risers N/A N/A
Non-Risers 64.5
(40.4-83.4)
Fallers 85.9 0.228
(N/A)
Non-Fallers 61.8
(40.4-82.8)
HRG Nucleus Risers 76.0 0.972
(32.1-88.8)
Non-Risers 59.1
(40.3-82.3)
Fallers 32.0 0.234
(29.0-52.3)
Non-Fallers 65.3
(41.0-83.9)
Kl67 Risers 75.5 0.368
(45.6-86.2)
Non-Risers 49.8
(32.2-80.7)
Fallers 69.9 0.578
(54.8-76.6)
Non-Fallers 57.0
(39.3-85.6)
TUNEL Risers 68.7 0.445
(46.3-81.7)
Non-Risers 54.9
(38.4-85.0)
Fallers 63.7 0.879
(45.5-79.3)
Non-Fallers 64.5
(40.5-86.0)

Median and interquartile ranges of changes in pra@epression comparing risers to non-
risers and fallers to non-fallers. P-values weteutated using Kaplan-Meier analysis.
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CHAPTER 4: RESULTS — COHORT 2

4.1 PATIENTS

This patient cohort includes the HSPC tumours fr8tn patients from cohort 1
supplemented by 276 patients from 4 TMAs totall3sy patients. Median age was 70.7
years (range 39.0 — 103.4 years) mean age wasy&@arg (SD £ 9.2). At diagnosis 65
(18.2%) of tumours were Stage T1, 53 (14.8%) T2(2861%) T3, 30 (8.4%) T4 with the
remainder of unknown/unrecorded stage. GleasoreséorHSPC specimens were 1-4 in
4 (1.1%), 5-7 in 206 (57.7%), 8-10 in 94 (26.3%jyl avot recorded in the remainder. 74
patients (20.7%) had known metastatic disease agndsis, 187 (52.4%) had no
metastases with the metastatic status of the relmaimknown.

Patients within the cohort underwent a varietytreatment modalities. 227 patients
(63.3%) including all those from the pilot studyhoot underwent hormone therapy —
antiandrogens, GnRH analogues, maximal androgeskdudie or bilateral orchidectomy.
At least 45 (12.6%) underwent radical retropubiospatectomy. Over the recorded
course of their disease 194 patients (54.3%) sdfdsiochemical relapse as defined
above, 64 (17.9%) had no relapse and the relapfigsstvas not recorded in 99 patients
(27.7%). Mean time to relapse was 35.1 months (SE2.8). At last known follow up
213 patients (59.7%) patients were deceased, 1tlénfs(31.9%) were alive with the
status of the remainder unclear. Mean time to deathfollow up was 69.8 months (SD

+54.0).
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4.1.1 PATIENT DATA FOR COHORT 2

Table 4.1: Summary Statistics for All Cohort 2 Bats with Hormone Treated Subgroup

HORMONE TREATED ALL PATIENTS
PATIENTS
N 227 357
Age 71.4+£8.6 70.4+£9.2
(41.1-103.4) (39.0-103.4)
Gleason Score
= Low (2-4) 4 4
»  Medium (5-7) 116 206
= High (8-10) 69 94
T Stage at Diagnosis
= T1 34 65
= T2 26 54
= T3 31 86
= T4 25 30
Metastasis at Diagnosis
= Yes 57 74
= No 110 187
= Unknown 60 96
Biochemical Relapse
* Yes 182 194
* No 36 64
= Unknown 12 99
Time to Relapse 34.1+32.1 35.1 months + 32.3
Final Status

= Alive 43 110
= Deceased 167 213
= Unknown 17 34
Follow up 73.2 months + 58.6 69.8 months + 54.0
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4.1.2 CORRELATION OF GLEASON SCORE AND METASTASISIWH STUDY
OUTCOMES IN COHORT 2

In this cohort High Gleason score (8-10) was asdedi with reduced time to

biochemical relapse (P<0.001) and overall surval0.001). Metastasis at presentation

was associated with reduced time to relapse (P4D.806d survival (P<0.001). These

values are in accordance with known prostate canegural history and thus help

validate the database.

Figure 4.1: Correlation of Gleason Score and Matastat Presentation with Time To
Relapse and Overall Survival

a) Gleason Score and TTR

b) Gleason Score and OS
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a) Kaplan Meier Plot of Full Patient Cohort CompgrPatients with High Gleason Score
(8-10) and those with Low-Medium (2-7) for Outcoffiene to Biochemical Relapse. b)
Kaplan Meier Plot of Full Patient Cohort Comparidgtients with High Gleason Score
(8-10) and those with Low-Medium Score (2-7) fort€@ume Overall Survival. c) Kaplan
Meier Plot of Full Patient Cohort Comparing Patiemtith Distant Metastasis and No
Metastasis for Outcome Time to Biochemical RelagheKaplan-Meier Plot of Full
Patient Cohort Comparing Patients with Distant Mttsis and No Metastasis for
Outcome Overall Survival
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4.2 IMMUNOHISTOCHEMICAL EXPRESSION AND INTER-OBSERER
CORRELATIONS IN TISSUE MICROARRAYS

Staining of the TMAs revealed similar patterns he single sample slides of the pilot

group. EGFR staining was visible at the membrand eytoplasm, HER2 at the

membrane only, HER3 and HER4 at cytoplasm and mamebr Manufacture of

EGFRVIII antibody had been discontinued at the tohthis therefore we were unable to

stain the additional samples for this antigen.. edalin staining was found

predominantly in the cytoplasm but both nuclear avenbrane staining were observed.

As before KI67 and the TUNEL Assay are predominanticlear. The IHC and Inter-

observer scoring graphs for EGFR are shown heam axample, the remainder are listed

in appendix 2.

4.2.1 EGFR

As in the pilot specimens, relatively little EGFRaiging was seen in the TMAs

compared to HER3 and HER4. Both cytoplasmic and onanous staining was seen.

Figure 4.2: Immunohistochemistry of EGFR.

/s

a) EGFR in Prostate Cancer b) Negative Control for EGFR
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¢) HSPC EGFR Cytoplasmic Staining d) HSPC EGFR Membranous Score
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Histoscore .
Histocore

a) Specimen of Prostate Adenocarcinoma demongirBFR staining b) Negative
control for EGFR staining c) Histogram showing mgy of EGFR cytoplasmic
expression. d) Histogram showing intensity of EGR&mbranous expression

All TMA specimens were double scored for EGFR. 1G0&ere 0.77 for cytoplasmic
EGFR and 0.99 for membranous EGFR

Figure 4.3: Inter-Observer Variation in HeregulitaiSing between double scored tissue
sections in Tissue Microarrays

a) EGFR Cytoplasmic Staining b) Inter-observer Difference Cytoplasmic EGFR
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c) EGFR Membranous Staining d) Inter-observer Difference Membranous EGFR

1207

R-square=0.99

-50 { 50 100 150 200 250

40

EGFRM Scorer 1

T
0 25 50 75 100

EGFRM Scorer 2

a) Scatter Graph Plot demonstrating Inter-Obselaration in Cytoplasmic EGFR
Staining. b) Bland-Altman Plot demonstrating In@oserver Variation in Cytoplasmic
EGFR Staining. c) Scatter Graph Plot demonstrafinggr-Observer Variation in
Membranous EGFR Staining. d) Bland-Altman Plot destating Inter-Observer
Variation in Membranous EGFR Staining.

4.2.2 HER2

As in the pilot only membranous staining of HER2swdbserved and little of this was

present in comparison to HER3 and HER4. All TMA@peens were double scored for

HER2. ICCCs was 0.99 for membranous HER?2.

4.2.3 HER3
Both membranous and cytoplasmic HERS staining wéserved on TMAs. No nuclear
staining was observed. All TMA specimens were detgadored for HER3. ICCCs were

0.99 for cytoplasmic HER3 and 0.93 for membrano&E&RB
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4.2.4 HER4
Both membranous and cytoplasmic HERS staining wéserved on TMAs. No nuclear
staining was observed. All TMA specimens were delgadored for HER4. ICCCs were

0.90 for cytoplasmic HER3 and 0.96 for membranoE&R#

4.2.5 HEREGULIN

As in the pilot study specimens stained for sectowrytoplasmic, membranous and
nuclear staining were seen in the TMAs with cytspiec most frequent and at greatest
levels. 10% of TMA samples were double scored fBGHwith ICCC >0.7 in each case

taken as confirming the accuracy of the singleest@pecimens.

4.2.6 KI-67

KI-67 was expressed only in the nucleus with no im@mous or cytoplasmic expression.
Positive and negatively stained nuclei were cledrfinguishable allowing assessment
via nuclear counting method. All tissue sectiond &MAs stained for KI67 were scored

as a whole by one single observer with 10% speamstned for KI67 double scored by
an independent observer to confirm accuracy ofiteeobserver. All the double scored

specimens were single tissue sections. ICCC saordduble scored KI67 sections was
0.95 confirming the accuracy of the first obseraed reflecting the less subjective nature

of nuclear counting compared to weighted histoscore

4.2.7 TUNEL ASSAY
As described in the ApopTag® instruction manual €@iton) the TUNEL assay

primarily causes staining only in the nucleus altjfiothere was some minor non-specific
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background staining. Positive and negatively staineclei were clearly distinguishable

allowing assessment via nuclear counting method.

All TUNEL Assay stained tissue sections and TMAseveiewed as a single group and
scored by one observer with 10% double scored bin@ependent observer to ensure
accuracy. All the double scored specimens for TUNISEay were on the TMAs rather
than tissue sections. Double scoring demonstratd@@cC of 0.95

Table 4.2: Summary of Inter-Class Correlation Gogfhts

Marker 2 Standard Inter class Pearson
Deviations Correlation Coefficient
Coefficient

EGFR Cytoplasm 7.7 0.78 0.80
EGFR Membrane 4.9 0.99 0.99
HER2 Membrane 3.0 0.99 0.999
HER3 Cytoplasm 10.5 0.99 0.996
HER3 Membrane 31.9 0.93 0.93
HER4 Cytoplasm 194 0.96 0.96
HER4 Membrane 34.5 0.90 0.90
HRG Cytoplasm 46.4 0.75 0.80
HRG Membrane 46.9 0.83 0.83
HRG Nucleus 12.5 0.72 0.75
K167 10.2 0.95 0.96
TUNEL Assay 13.5 0.95 0.95
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4.3 CORRELATION OF MARKER EXPRESSION WITH GLEASONC®RE AND
METASTASIS

As with cohort 1 Mann-Whitney analyses were usedisgern any association between
expression of markers used in the study and higkaggin score (8-10)/metastasis at
presentation in the full cohort 2. In this cohadhcytoplasmic HER3 and membranous
HRG are associated with lower Gleason score. Asstatlly significant association is
also seen with cytoplasmic EGFR but as there is/ \#tle positive staining of
cytoplasmic EGFR the significance might not be @e tobservation. High KI67 is

associated with high Gleason score.

Membranous HER3, HER4 and HRG are all associated widuced occurrence of

metastasis at presentation. Higher TUNEL assayessassociated with increased rate of

metastasis but this does not quite reach stalistigaificance (p=0.051).
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Table 4.3: Associations between Marker Expressioth @leason Score/Metastasis at
Presentation

Marker/Location High Gleason Score Metastasis
Mann-Whitney P-value| Mann-Whitney P-Value

EGFR - Cytoplasm 0.013 0.829
EGFR — Membrane 0.226 0.494
EGFR variant Il 0.683 0.381
HER2 (Herceptest) 0.431 0.013
HER3 — Cytoplasm 0.007 0.147
HER3 — Membrane 0.381 0.018
HERS3 — Nucleus 0.059 0.218
HER4 — Cytoplasm 0.608 0.926
HER4 — Membrane 0.430 0.017
HER4 — Nucleus 0.147 0.200
HRG - Cytoplasm 0.249 0.095
HRG — Membrane <0.001 0.018
HRG — Nucleus 0.591 0.864
K167 Count 0.002 0.333
TUNEL Assay 0.793 0.051
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Figure 4.4: Boxplots of Associations between Markapression and High Gleason
Score/Metastasis that indicated significance

b) HER2 Memb and Metastasis
a) EGFR Cyto and Gleason
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g) HRG Memb and Metastasis h) K167 and Gleason
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a) Cytoplasmic EGFR and Gleason, b) Membranous HiRRI2Metastasis, c)
Cytoplasmic HER3 and Gleason, d) Membranous HERIMetastasis, €) Membranous
HER4 and Metastasis, f) Membranous HRG and Gleagddembranous HRG and
Metastasis, h) KI67 and Gleason
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4.4 IMPACT OF MARKER EXPRESSION IN PATIENT SUBCOHORTREATED
WITH ANDROGEN DEPRIVATION THERAPY
4.4.1 IMPACT OF SINGLE MARKER VALUES ON TIME TO REAPSE AND
SURVIVAL

Using a sub-cohort of all patients who had beeat&ck with ADT as previously defined,
Kaplan-Meier analyses were conducted to test ifassociated with TTR or OS and
expression of any of the markers studied was obserixpression was divided into
those with high and low expression (divided by thedian) and those with very high
expression (divided by thé®3juartile).

Upper quartile (very high) membrane EGFR exgogscorrelated with increased time
to relapse (P=0.02) as did above the median (hi¢falR2 (P=0.02). Upper quartile
(P=0.002) HERZ2, upper quartile HER4 (P=0.009), alttre median (P=0.033) and upper
guartile membrane (P=0.004) HRG and upper quantidear HRG (P=0.005) were all
associated with increased time to relapse. Uppartitei EGFRvVIII expression was
associated with reduced time to relapse (P=0.027).

Upper quartilie EGFR membrane expression waeelated with increased overall
survival (P=0.012) as were upper quartile HER2 (B2B), membrane HER4 (P=0.009)
and membrane HRG (P=0.044). Above the median EGFBxpression was associated
with reduced overall survival but this did not asre significance (P=0.063) probably
due to the unavailability of the antibody and capsnt inability to expand the stained
cohort.

To determine hazard ratios for all markershwat statistically significant influence

COX regression analysis was performed for all markeith p<0.05 on Kaplan-Meier
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analysis. Additionally a multivariate backwards:nddgional COX analysis utilising

Gleason score and Metastasis at presentation wdermped for each of these to
determine if they were independently significant.

Table 4.4: P-values for Kaplan-Meier Analyses om&iTo Biochemical Relapse and

Overall Survival for all Markers in HSPC samplesnfr patients treated with ADT
comparing those with high and low expression (aidithy median)

Protein/Location Time To Relapse Overall Survival
Kaplan Meier P-Value | Kaplan Meier P-Value
EGFR - Cytoplasm 0.548 0.407
(High)
EGFR — Membrane 0.145 0.064
(High)
EGFR variant 11l 0.998 0.962
(High)
HER2 (Herceptest) 0.02 0.072
(High)
HERS3 — Cytoplasm 0.12 0.106
(High)
HER3 — Membrane 0.282 0.47
(High)
HER3 — Nucleus 0.8 0.783
(High)
HER4 — Cytoplasm 0.986 0.361
(High)
HER4 — Membrane 0.706 0.318
(High)
HER4 — Nucleus 0.497 0.217
(High)
HRG — Cytoplasm 0.519 0.679
(High)
HRG — Membrane 0.033 0.858
(High)
HRG — Nucleus 0.489 0.86
(High)
K167 Count 0.937 0.8334
(High)
TUNEL Assay 0.295 0.227
(High)
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Table 4.5: P-values for Kaplan-Meier Analyses ah&iTo Relapse and Overall Survival
for all Markers in HSPC samples from patients gdawith ADT comparing those with
very high expression and those without (dividedtisd quartile)

Protein/Location Time To Relapse Overall Survival
Kaplan Meier P-Value | Kaplan Meier P-Value
EGFR - Cytoplasm 0.548 0.407
(Very High)
EGFR — Membrane 0.02 0.012
(Very High)
EGFR variant 11l 0.027 0.063
(Very High)
HER2 (Herceptest) 0.002 0.025
(Very High)
HER3 — Cytoplasm 0.843 0.779
(Very High)
HER3 — Membrane 0.797 0.574
(Very High)
HER3 — Nucleus 0.898 0.491
(Very High)
HER4 — Cytoplasm 0.993 0.604
(Very High)
HER4 — Membrane 0.009 0.009
(Very High)
HER4 — Nucleus 0.57 0.916
(Very High)
HRG — Cytoplasm 0.115 0.235
(Very High)
HRG — Membrane 0.004 0.044
(Very High)
HRG — Nucleus 0.005 0.218
(Very High)
K167 Count 0.995 0.728
(Very High)
TUNEL Assay 0.944 0.526
(Very High)

It can be noted at this point that the upper gleadut off gives a greater number of
significant results both for TTR and OS indicatgradation of increase likelihood of

influence with increased expression of a given mark can also be seen that a greater
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number of significant results are seen for the auie TTR with only a portion of these
translating into a significant effect on OS.

Figure 4.5: Correlations of Marker Expression witime To Biochemical Relapse that
show statistical significance in the Patient Suloeblreated with Androgen Deprivation
Therapy

a) Memb EGFR (upper quartile) and TTR b) Memb EGFRVIII (upper quartile) and TTR
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¢) HER2 (Median) and TTR d) HER2 (upper quartile) and TTR
1.2 1.2
1.0 1.0
.8 P=0.02 .8 P=0.002
6 6 HER2
© ©
Above Upper
z 4 HER?2 z 4 ° e
= = Quartile
w2 Above Median a2
IS IS ° Below Upper
8 0.0 . . . - . - °© Below Median 8 0.0 . . . - . . Quartile
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time To Relapse (months) Time To Relapse (months)
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€) Memb HER4 (upper quartile) and TTR f) Memb HRG (median) and TTR
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a) Kaplan-Meier Plot comparing HSPC ADT patientghwiery High Membrane
expression of EGFR and those without (divided bypéiQuartile) for outcome Time To
Biochemical Relapse. b) Kaplan-Meier Plot compai®PC ADT patients with Very
High Membrane expression of EGFRvIII and those aith(divided by median) for
outcome Time To Biochemical Relapse. c) Kaplan-KBiet comparing HSPC ADT
patients with High Membrane expression of HER2 trede without (divided by
Median) for outcome Time To Biochemical RelapseKdplan-Meier Plot comparing
HSPC ADT patients with Very High Membrane expresssd HER?2 and those without
(divided by Upper Quatrtile) for outcome Time To 8emical Relapse e) Kaplan-Meier
Plot comparing HSPC ADT patients with Very High Merane expression of HER4 and
those without (divided by Upper Quartile) for outo® Time To Biochemical Relapse. f)
Kaplan-Meier Plot comparing HSPC ADT patients wiigh Membrane expression of
HRG and those without (divided by Median) for outeTime To Biochemical Relapse.
g) Kaplan-Meier Plot comparing HSPC ADT patienthmery High Membrane
expression of HRG and those without (divided by &lpuartile) for outcome Time To
Biochemical Relapse. h) Kaplan-Meier Plot compait®PC ADT patients with Very
High Nuclear expression of HRG and those withoutided by Upper Quartile) for
outcome Time To Biochemical Relapse

Figure 4.6: Correlations of Marker Expression witterall Survival that show statistical
significance in the Patient Subcohort treated Witldrogen Deprivation Therapy
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a) Memb EGFR (upper quartile) and OS

b) EGFRVIII (upper quartile) and OS

1.2 1.2
1.0 1.0 —v—,t
Memb EGFR TL EGFRvIII
8 P=0.012 .8 P=0.063 e
= Above Upper Bl ° Above Upper
6 1 Quartile 6 Quartile
— + censored - + censored
S 4 !
% Below Upper g b Below Upper
2 2 \ Quartile (g 2 M Quartile
8 0.0 + censored 8 0.0 § § R = = + censored
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Survival (months) Survival (months)
COX Regression Hazard Ratio: 1.99 (1.14-3.46) p=0.015 COX Regression Hazard Ratio: 0.53 (0.28-1.01) p=0.052
Multivariate COX Regression: p=0.006 Multifactorial COX Regression: N/A
¢) HER2 (upper quartile) and OS d) Memb HER4 (upper quartile) and OS
1.2 12
1.0
A HER2 Memb HER4
8 P=0.025 J—
° Above Upper ° Above Upper
6 Quartile Quartile
= + censored = + censored
2z 4 2
2 Below Upper 2 Below U
s pp S elow Upper
2 2 Quartile 2 Quartile
=1 '+ =]
O 0.0 i . i . . + censored O § . i . . + censored
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Survival (months) Survival (months)
COX Regression Hazard Ratio: 1.94 (1.06-3.56) p=0.032 COX Regression Hazard Ratio: 2.01 (1.16-3.47) p=0.012
Multifactorial COX Regression: 0.461 Multifactorial COX Regression: p=0.089
e) Memb HRG (upper quartile) and OS
1.2
1.0
Eﬂtﬁ\ Memb HRG
8 !
©  Above Upper
6 Quartile
- + d
g 4 censore
E Below Upper
02 Quartile
g
O 0.0 + censored

150 200

Survival (months)

COX Regression Hazard Ratio: 1.51 (1.00-2.29) p=0.0499

Multifactorial COX Regression: 0.290

350

a) Kaplan-Meier Plot comparing HSPC ADT patienttwery High Membrane

expression of EGFR and those without (divided bpéfguartile) for outcome Overall
Survival. b) Kaplan-Meier Plot comparing HSPC AD&tipnts with High Membrane
expression of EGFRvIII and those without (dividgdUpper Quartile) for outcome
Overall Survival. c) Kaplan-Meier Plot comparing S ADT patients with Very High
Membrane expression of HER2 and those without deniby Upper Quatrtile) for
outcome Overall Survival. d) Kaplan-Meier Plot caripg HSPC ADT patients with
High Membrane expression of HRG and those withdiided by Upper Quartile) for
outcome Overall Survival. ) Kaplan-Meier Plot canpg HSPC ADT patients with
High Membrane expression of HRG and those withdiided by Upper Quartile) for
outcome Overall Survival
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4.4.2 IMPACT OF MARKER COMBINATIONS ON TIME TO RELRSE AND
SURVIVAL
The impact of high expression (high and low dividgdthe median) of combinations of
markers in the HSPC patient sub cohort subsequeatyed with ADT was assessed first
by grouping markers in pairs then by more genemhlinations —>1 marker,>2
markers,>3 markers and 4 markers. For a given marker, ifresgion had been
demonstrated in more than 1 cell site (EGFR, HERER4) markers were grouped with
like site with like site (e.g. cytoplasmic EGFR andoplasmic HER3, membrane EGFR
with membrane HER3). Where expression had been w&maded in only one site
(HERZ2, EGFRuVIII) the marker was matched with alesi(e.g. HER2 with cytoplasmic
HER3, HER2 with membrane HER3). The general analysere performed on both
HER1-3 only (given HER1-3 having different prognosictions in breast cancer) and
HER1-4. Analysis was repeated with EGFRVIII inclddes. high score in EGFR or
variant Il with others and again with HRG high seaequired in addition to other
markers.

Increased time to relapse correlated with mber of HER family high expression
combinations; memb EGFR/HER2 (P=0.008), memb EGHRMB (0.03), memb
EGFR/HER4 (0.013), HER2/cyto HER3 (0.006), HER2/rhenER3 (0.047),
HER2/cyto HER4 (0.017), HER2/memb HER4, all 3 meanous markers from HER1-3
(0.006), all 4 membranous HER1-4 (0.001). If EGHRwhs included any 1 cytoplasmic
maker from HER1-4 (0.022), all membranous HER1-820), and membranous (0.003)

HER1-4 were correlated with increased time to radf HRG and EGFRVIIl were
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included high expression of a single cytoplasmicrkaa was also correlated with
increased time to relapse.

Increased overall survival was correlated wiigh memb EGFR/HER2 (0.012),
memb EGFR/HER3 (0.015), memb EGFR/HER4 (0.023), HERo HER3 (0.019),
HER2/memb HER3 (0.019), at least 2 cytoplasmic exakrom HER1-3 (0.015), all 3
membranous HER1-3 (0.004), at least 3 cytoplasmienfHER1-4 (0.012), all 4
membranous HER1-4 (0.001). If EGFRVIII was includedgh expression of at least 2
cytoplasmic markers from HER1-3 (0.037), all 3 meamous (0.005) from HER1-3 and
all 4 membranous HER1-4 (0.005) were correlatetl wmitreased overall survival.

To determine hazard ratios for all markershwvat statistically significant influence
COX regression analysis was performed for all markeith p<0.05 on Kaplan-Meier
analysis. Additionally a multivariate backwards:nddgional COX analysis utilising
Gleason score and Metastasis at presentation wismped for each of these.

Table 4.6: P-values for Kaplan-Meier Analyses ahn&iTo Relapse in HSPC samples

from patients treated with ADT comparing those wiiigh expression in 2 different
markers to those without

EGFRC | EGFRM[ EGFR | HER2 [ HER3C [ HER3M| HERAC | HERAM| HRGC | HRGM [ HRGN
EGFRC | ND ND \N/IIDII Ni | Ni | ND 0.078 | ND Ni | ND ND
EGFRM ND ND |[0.008 | ND 0.03 [ ND 0.013 [ ND 0.399 [ ND
EGFR ND |[0.513[0.908 [0.072|0.944[0.879 [0.51 |0.569 |0.385
L:z:alz ND 0.006 | 0.047 [ 0.017 [ 0.046 | 0.601 | 0. 222 | 0. 322
HER3C ND ND 0.228 [ ND 0.104 [ ND ND
HER3M ND ND 0.084 | ND 0.171 [ ND
HER4C ND ND 0.327 [ ND ND
HER4M ND ND 0.958 [ ND

Key

ND — Not Done — Markers not paired with themselhataining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination
* - Statistical significance but too few patientdirelevant combination for real significanc

(1%




Table 4.7: P-values for Kaplan-Meier Analyses om&i To Biochemical Relapse in
HSPC samples from patients treated with ADT conmgathose with high expression in
different combinations of markers to those without

Anyl1C | AnylM | Any2C | Any2M | Any3C | Any3M | 4M

HER1- 3 0.187 | 0.404 | Nl 0.145 | NA 0.006 | NA
HER1- 4 0.330 | 0.951 |0.346 |0.618 | Nil 0.075 | 0.001
EGFR/ vI | | 0.062 |0.092 |0.192 |0.098 | NA 0.021 |NA
+HER2- 3
EGFR/ vI | | 0.022 | 0.326 |0.667 |0.128 |0.112 |0.276 | 0.003
+HER2- 4
HER1- 3 0.123 | 0.445 | N | 0.303 | NA 0.076 | NA
+HRG
HER1- 4 0.537 | 0.971 |0.488 |0.546 | Nl 0.363 | 0.077
+HRG
EGFR/ vI I | 0.018 | 0.477 |0.155 |0.302 |[NA 0.186 | NA
+HER2- 3
+HRG
EGFR/ vl I | 0.098 |0.739 |0.522 |0.592 |0.155 |0.499 |O0.183
+HER2- 4
+HRG

Key

ND — Not Done — Markers not paired with themselhstgining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination

* - Statistical significance but too few patientdhrelevant combination for real significanc

(1%
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Table 4.8: P-values for Kaplan-Meier Analyses ofef¥ Survival in HSPC samples
from patients treated with ADT comparing those wiiigh expression in 2 different
markers to those without

EGFRC | EGFRM| EGFR [ HER2 | HER3C | HERBM [ HER4C | HERAM | HRGC | HRGM [ HRGN
EGFRC | ND ND \N/IIDH Ni | 0.475 | ND 0.803 | ND Ni | ND ND
EGFRM ND ND [0.012 | ND 0.015 | ND 0.01 | ND 0.29 | ND
EGFR ND [0.288|0.437 [0.564 |0.341[0.951|0.276 | 0.183 | 0.272
\Ii|:5::\’|2 ND 0.023{0.019 [ 0.195 [ 0.053 [ 0.972 | 0. 252 | 0. 621
HER3C ND ND 0.682 | ND 0.214 | ND ND
HER3M ND ND 0.219 | ND 0.4 ND
HER4C ND ND 0.383 | ND ND
HER4M ND ND 0.539 | ND
Key

ND — Not Done — Markers not paired with themselgtgining sites (cytoplasm/membrane

paired like with like where possible
N/A — Not possible
Nil — No patients had relevant combination

* - Statistical significance but too few patientdhrelevant combination for real significanc

11%

152




Table 4.9: P-values for Kaplan-Meier Analyses ofef¥ Survival in HSPC samples
from patients treated with ADT comparing those witlgh expression in different
combinations of markers to those without

Anyl1C | AnylM | Any2C | Any2M | Any3C | Any3M | 4M

HER1- 3 0.155 | 0.365 [ 0.472 [0.083 |[NA 0.004 | NA
HER1- 4 0.521 | 0.269 |[0.868 |[0.431 |0.499 |0.07 0.001
EGFR/ vI | | 0.068 | 0.276 |[0.037 |0.063 |NA 0.005 | NVA
+HER2- 3
EGFR/ vI | | 0.140 | 0.247 |0.415 |0.09 0.241 | 0.153 | 0.005
+HER2- 4
HER1- 3 0.303 | 0.671 | Nl 0.298 | NNA 0.03* N A
+HRG
HER1- 4 0.840 | 0.583 |0.922 |0.578 | Nl 0. 32 0. 03*
+HRG
EGFR/ vI | | 0.172 | 0.417 |[0.047 |0.186 | NA 0.107 | NA
+HER2- 3
+HRG
EGFR/ vI | | 0.433 | 0.515 [ 0.544 |(0.219 |0.284 |0.439 |0.109
+HER2- 4
+HRG

Key

ND — Not Done — Markers not paired with themsel®asining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination

* - Statistical significance but too few patientdhrelevant combination for real significanc

11%

Figure 4.7: Correlations of Expression of combimdéi of Markers with Time To
Biochemical Relapse that show statistical signifa= in the Patient Subcohort treated
with Androgen Deprivation Therapy.
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a) Kaplan-Meier Plot comparing HSPC ADT patientdwiligh Membrane expression of
both EGFR and HER2 and those without for outconmeelTo Biochemical Relapse. b)
Kaplan-Meier Plot comparing HSPC ADT patients witigh Membrane expression of
both EGFR and HER3 and those without for outcormeelTo Biochemical Relapse. c)
Kaplan-Meier Plot comparing HSPC ADT patients wiigh Membrane expression of
both EGFR and HER4 those without for outcome TimneBiochemical Relapse. d)
Kaplan-Meier Plot comparing HSPC ADT patients witigh expression of both HER2
and Membrane HER3 and those without for outcomeeTlim Biochemical Relapse. e)
Kaplan-Meier Plot comparing HSPC ADT patients wiigh Membrane expression of
both HER2 and HER3 and those without for outconme€lTo Biochemical Relapse. f)
Kaplan-Meier Plot comparing HSPC ADT patients witigh expression of both HER2
and Membrane HER4 and those without for outcomeeTiim Biochemical Relapse. g)
Kaplan-Meier Plot comparing HSPC patients with Hidémbrane expression of both
HER2 and HER4 and those without for outcome Timdilazhemical Relapse. h)
Kaplan-Meier Plot comparing HSPC ADT patients withh expression of membranous
HER 1-3 proteins and those without for outcome TiroeBiochemical Relapse. i)
Kaplan-Meier Plot comparing HSPC ADT patients witgh expression of all 4
membranous HER 1-4 proteins and those withoutditcame Time To Biochemical
Relapse j) Kaplan-Meier Plot comparing HSPC ADTigrds with high expression of all
membranous HER 1-3 proteins (where EGFR can beal@nvariant Ill) and those
without for outcome Time To Biochemical RelapseKiplan-Meier Plot comparing
HSPC ADT patients with high expression of membrand&R 1-4 proteins (where
EGFR can be normal or variant Ill) and those wittfououtcome Time To Biochemical
Relapse . I) Kaplan-Meier Plot comparing HSPC ALRifignts with high expression of
any 1 cytoplasmic HER 1-4 proteins (where EGFRIm&anormal or variant Ill) and
those without for outcome Time To Biochemical Relad) Kaplan-Meier Plot
comparing HSPC ADT patients with high expressiokRBIG and any 1 cytoplasmic
HER 1-4 proteins (where EGFR can be normal or wati$ and those without for
outcome Time To Biochemical Relapse.
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Figure 4.8: Correlations of Expression of combimagi of Markers with Overall Survival
the Patientb&®hort treated with Androgen

that show statistical significance in
Deprivation Therapy.
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a) Kaplan-Meier Plot comparing HSPC ADT patientsthwihigh expression
membranous EGFR and HER2 and those without foloouecOverall Survival.
b) Kaplan-Meier Plot comparing HSPC ADT patientsthwihigh expression
membranous EGFR and HER3 and those without foloouecOverall Survival.
c) Kaplan-Meier Plot comparing HSPC ADT patientsthwihigh expression
membranous EGFR and HER4 and those without folooutcOverall Survival.
d) Kaplan-Meier Plot comparing HSPC ADT patienttwiigh expression of HER2 and
membranous HER3 and those without for outcome Qh@&uavival. €) Kaplan-Meier
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Plot comparing HSPC ADT patients with high expressaf HER2 and membranous
HER3 and those without for outcome Overall SurvifpKaplan-Meier Plot comparing
HSPC ADT patients with high expression of HER2 ar@mbranous HER4 and those
without for outcome Overall Survival. g) Kaplan-MeiPlot comparing HSPC ADT
patients with high expression of membranous HERAn@®3 proteins and those without
for outcome Overall Survival. h) Kaplan-Meier Pbamparing HSPC ADT patients with
high expression of all membranous HER1-4 protentsthose without for outcome
Overall Survival. i) Kaplan-Meier Plot comparing AS ADT patients with high
expression of at least 2 cytoplasmic HER1-3 pratéivhere EGFR can be normal or
variant 11l) and those without for outcome Ovel@llrvival. j) Kaplan-Meier Plot
comparing HSPC ADT patients with high expressioraifmembranous HER1-3
proteins (where EGFR can be normal or variantatiyl those without for outcome
Overall Survival. k) Kaplan-Meier Plot comparing PIS ADT patients with high
expression of all membranous HER1-4 proteins (WE&E&R can be normal or variant
[lI) and those without for outcome Overall Survival
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4.5 IMPACT OF MARKER EXPRESSION IN FULL PATIENT CABRT

45.1 IMPACT OF SINGLE MARKER VALUES ON TIME TO REAPSE AND
SURVIVAL

Using the full patient cohort of Kaplan-Meier arsdg were conducted correlating

expression of each of the markers used in HSPClsamjith time to relapse and overall

survival comparing those with high and low express(divided by the median) and

those with very high expression and those withdivided by the % quartile).

Upper quartile (Very high) membrane EGFR egpi@n correlated with increased
time to relapse (P=0.049) as were upper quartil&RHED.02), above median (High)
cytoplasmic HER3 (0.006) and upper quartile HER@4.¢g81). Above median membrane
HER4 was also associated with increased time &psel but did not achieve significance
(P=0.051). Upper quartile EGFRVIII expression wasoagiated with reduced time to
relapse (P=0.027).

Above median (0.03) and upper quartile HER®QR) cytoplasm expression were
correlated with increased overall survival as wapper quartile cytoplasmic HER4
(0.022), above median (0.008) and upper quartil®.08d1) membrane HER4 and
membrane HRG (P=0.002). Upper quartile KI67 expoeswas associated with reduced
overall survival (P=0.022).

To determine hazard ratios for all markershwat statistically significant influence
COX regression analysis was performed for all markeith p<0.05 on Kaplan-Meier
analysis. Additionally a multivariate backwards:nddional COX analysis utilising

Gleason score and Metastasis at presentation wisrped for each of these.
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Table 4.10: P-values for Kaplan-Meier Analyses oh& To Biochemical Relapse and
Overall Survival for all Markers in HSPC samplesnfr all patients comparing those with
high and low expression (divided by median)

Protein/Location Time To Relapse Overall Survival
Kaplan Meier P-Value | Kaplan Meier P-Value
EGFR - Cytoplasm 0.211 0.096
(High)
EGFR — Membrane 0.32 0.444
(High)
EGFR variant 11l 0.998 0.962
(High)
HER2 (Herceptest) 0.139 0.067
(High)
HER3 — Cytoplasm 0.006 0.03
(High)
HER3 — Membrane 0.448 0.783
(High)
HER3 — Nucleus 0.8 0.783
(High)
HER4 — Cytoplasm 0.322 0.753
(High)
HER4 — Membrane 0.051 0.008
(High)
HER4 — Nucleus 0.864 0.413
(High)
HRG — Cytoplasm 0.214 0.385
(High)
HRG — Membrane 0.063 0.101
(High)
HRG — Nucleus 0.76 0.2
(High)
K167 Count 0.238 0.022
(High)
TUNEL Assay 0.321 0.436
(High)
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Table 4.11: P-values for Kaplan-Meier Analyses omd& To Relapse and Overall
Survival for all Markers in All HSPC samples compgrthose with very high expression

to those without (divided by the Third Quartile)

Protein/Location

Time To Relapse

Kaplan Meier P-Value

Overall Survival

Kaplan Meier P-Value

EGFR - Cytoplasm 0.211 0.096
(Very High)
EGFR — Membrane 0.049 0.902
(Very High)
EGFR variant 11l 0.027 0.063
(Very High)
HER2 (Herceptest) 0.02 0.347
(Very High)
HER3 — Cytoplasm 0.106 0.002
(Very High)
HER3 — Membrane 0.86 0.321
(Very High)
HER3 — Nucleus 0.898 0.491
(Very High)
HER4 — Cytoplasm 0.093 0.022
(Very High)
HER4 — Membrane <0.001 <0.001
(Very High)
HER4 — Nucleus 0.497 0.217
(Very High)
HRG — Cytoplasm 0.078 0.434
(Very High)
HRG — Membrane 0.094 0.002
(Very High)
HRG — Nucleus 0.228 0.2
(Very High)
K167 Count 0.77 0.159
(Very High)
TUNEL Assay 0.748 0.601
(Very High)
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Figure 4.9: Correlations of Marker Expression witime To Biochemical Relapse that
show statistical significance in the Full PatiewhOrt

a) Memb EGFR (upper quartile) and TTR b) EGFRVIII (upper quartile) and TTR
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a) Kaplan-Meier Plot comparing all HSPC patientthwiery high membrane expression
of EGFR and those without (divided by Upper Quejtibr outcome Time To
Biochemical Relapse b) Kaplan-Meier Plot compaahdiSPC patients with very high
membrane expression of EGFR variant 11l and thasieowt (divided by Upper Quartile)
for outcome Time To Biochemical Relapse. c) KapWeier Plot comparing all HSPC
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patients with very high membrane expression of HER@ those without (divided by
Upper Quartile) for outcome Time To Biochemical &pele

d) Kaplan-Meier Plot comparing all HSPC patientshwhigh cytoplasm expression of
HER3 and those without (divided by median) for omte Time To Biochemical
Relapse. e) Kaplan-Meier Plot comparing all HSPGepés with very high membrane
expression of HER4 and those without (divided byé&lpQuartile) for outcome Time To
Biochemical Relapse

Figure 4.10: Correlations of Marker Expression wiDverall Survival that show
statistical significance in the Full Patient Cohort
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e) Memb HER4 (upper quartile) and OS f) Memb HRG (upper quartile) and OS

1.2 1.2
1.0
Memb HER4 Memb HRG
8 P<0.001 e I
“ Above Upper © Above Upper
6 kS Quartile Quartile
= + censored = * censored
£ 4 g
% Below Upper g Below Upper
02 uartile n Quartile
£ Q £
=1 =1
o 00 + censored o . . : : . + censored
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Survival (months) Survival (months)
COX Regression Hazard Ratio: 2.52 (1.57-4.05) p<0.001 COX Regression Hazard Ratio: 1.77 (1.22-2.58) p=0.003
Multivariate COX Regression: p=0.414 Multivariate COX Regression: p=0.791
g) KI-67 (median) and OS
1.2
KI67

© Above Median

* censored

Below Median

Cum Survival

+ censored

0 50 100 150 200 250 300 350 400

Survival (months)
COX Regression Hazard Ratio: 0.71 (0.53-0.95) p=0.023

Multivariate COX Regression: p=0.411

a) Kaplan-Meier Plot comparing all HSPC patientthviigh cytoplasm expression of
HER3 and those without (divided by median) for oate Overall Survival b)Kaplan-
Meier Plot comparing all HSPC patients with vergthcytoplasm expression of HER3
and those without (divided by upper quartile) fatamme Overall Survival.

c) Kaplan-Meier Plot comparing all HSPC patientthwery high cytoplasm expression
of HER4 and those without (divided by upper quejtiior outcome Overall Survival d)
Kaplan-Meier Plot comparing all HSPC patients witigh membrane expression of
HER4 and those without (divided by median) for oate Overall Survival. e) Kaplan-
Meier Plot comparing all HSPC patients with vergthmembrane expression of HER4
and those without (divided by upper quartile) fatamme Overall Survival. f) Kaplan-
Meier Plot comparing all HSPC patients with vergthimembrane expression of HRG
and those without (divided by upper quartile) fotamme Overall Survival. g) Kaplan-
Meier Plot comparing all HSPC patients with higlpeession of KI67 and those without
(divided by median) for outcome Overall Survival.
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45.2 IMPACT OF MARKER COMBINATIONS ON TIME TO RELRSE AND
SURVIVAL
The impact of high expression (high and low dividgdthe median) of combinations of
markers in the full HSPC patient cohort was asskfisst by grouping markers in pairs
then by more general combinationg*marker>2 markers>3 markers and 4 markers.
For a given marker, if expression had been dematestin more than 1 cell site (EGFR,
HER3, HER4) markers were grouped like site witle Igite (e.g. cytoplasmic EGFR and
cytoplasmic HER3, membrane EGFR with membrane HERB)ere expression had
been demonstrated in only one site (HER2, EGFRthi) marker was matched with all
sites (e.g. HER2 with cytoplasmic HER3, HER2 witlembrane HER3). The general
analyses were performed on both HER1-3 only (giWHBR1-3 having different
prognostic actions in breast cancer) and HER1-4&lysis was repeated with EGFRVIII
included i.e. high score in EGFR or variant Il libthers and again with HRG high
score required in addition to other markers.

Increased time to relapse correlated with higlemb EGFR/HER2 (0.0332,
HER2/cyto HER3 (0.03), all 3 membranous markermftéER1-3 and all 4 membranous
markers HER1-4 (0.001). If EGFRvIIl was includedglni expression of all one
cytoplasmic of HER1-3 (0.013), one of HER1-4 (0004 all 4 membranous (0.015)
HER1-4 were correlated with increased time to redaNo significant correlations were
found if HRG was included.

Increased overall survival was correlated withh cyto HER3/HRG (0.025), high
expression of at least 1 cytoplasmic marker fronREE (0.036), HER1-4 (0.030) and

with high expression of at least 1 memb marker fidER1-4. If EGFRvIII was included
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high expression of at least 2 membranous markerE=ét1-3 (0.026) was correlated with
decreased overall survival. With HRG included agaicreased overall survival was
correlated with at least one highly expressed dgspic marker.

To determine hazard ratios for all markershwat statistically significant influence
COX regression analysis was performed for all markeith p<0.05 on Kaplan-Meier
analysis. Additionally a multivariate backwards:nddional COX analysis utilising
Gleason score and Metastasis at presentation wisrped for each of these.

Table 4.12: P-values for Kaplan-Meier Analyses ahd To Biochemical Relapse in

HSPC samples from all patients comparing those Wwiglh expression in 2 different
markers to those without

EGFRC | EGFRM | EGFR | HER2 | HER3C | HERSM | HERAC | HERAM | HRGC | HRGM | HRGN
EGFRC ND \N/:Dl I Ni | Ni | ND 0. 5* ND Ni | ND ND
EGFRM ND 0.033 | ND 0.069 | ND 0. 053 | ND 0.459 | ND
EGFR 0.513 | 0.907 | 0.972 | 0.944 | 0.879 | 0.51 | 0.569 | 0.385
I::E:?IZ 0.02 |0.142]0.082|0.095|0.927 |0.27 |0.375
HER3C ND 0.005 | ND 0. 027 | ND ND
HER3M ND 0. 074 | ND 0. 408 | ND
HERAC ND 0. 738 | ND ND
HER4AM ND 0.724 | ND

Key

ND — Not Done — Markers not paired with themselgtgining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination

* - Statistical significance but too few patienedhrelevant combination for real significanc

11%
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Table 4.13: P-values for Kaplan-Meier Analyses @hd& To Biochemical Relapse in
HSPC samples from all patients comparing those witih expression in different
combinations of markers to those without

Anyl1C | AnylM | Any2C | Any2M | Any3C | Any3M | 4M

HER1- 3 0.109 |0.791 | Nl 0.337 | NA 0.019 | NA
HER1- 4 0.189 | 0.355 |0.124 |0.814 | Nil 0.113 | 0.007
EGFR/ vI | | 0.035 |0.531 |[0.335 |0.307 | NA 0.062 | NA
+HER2- 3
EGFR/ vI | | 0.004 |0.055 |0.317 |0.596 |0.135 |0.384 |0.015
+HER2- 4
HER1- 3 0.051 |0.77 Ni | 0.343 | NA 0.075 | NA
+HRG
HER1- 4 0.438 | 0.901 |0.468 |0.692 | Nl 0.402 | 0.076
+HRG
EGFR/ vI I | 0.017 |0.891 |0.136 |0.368 | NA 0.214 | NA
+HER2- 3
+HRG
EGFR/ vl I | 0.114 | 0.748 |0.463 | 0.817 |0.210 |0.561 |O0.209
+HER2- 4
+HRG

Key

ND — Not Done — Markers not paired with themselhstgining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination

* - Statistical significance but too few patientdhrelevant combination for real significanc

(1%
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Table 4.14: P-values for Kaplan-Meier Analyses okfll Survival in HSPC samples
from all patients comparing those with high expi@ssn 2 different markers to those
without

EGFRC | EGFRM | EGFR | HER2 HER3C | HER3M | HERAC | HERAM | HRGC | HRGM | HRGN
EGFRC | ND ND \l\/IIIDI I 0.031* | 0.177 | ND 0.619 | ND 0. 196 | ND ND
EG-RM ND ND 0.7135 | ND 0.95 | ND 0.745 | ND 0.251 | ND
EGFR ND 0.288 |0.437|0.564 | 0.341 |0.951|0.276|0.183|0.272
\If|:5::\’|2 ND 0.776 | 0.435|0.21 |0.673|0.164 |0.76 |O0,427
HER3C ND ND 0.511 | ND 0. 025 | ND ND
HER3M ND ND 0.404 | ND 0.662 | ND
HER4AC ND ND 0.74 | ND ND
HERAM ND ND 0.108 | ND

Key

ND — Not Done — Markers not paired with themselhatgining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination

* - Statistical significance but too few patientdhrelevant combination for real significanc

1%
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Table 4.15: P-values for Kaplan-Meier Analyses okfll Survival in HSPC samples
from all patients comparing those with high expi@ssn different combinations of
markers to those without

Anyl1C | AnylM | Any2C | Any2M | Any3C | Any3M | 4M

HER1- 3 0.036 |0.913 |0.177 |0.087 |[NA 0.486 | NA
HER1- 4 0.030 |0.044 |0.677 |0.542 |0.516 |0.462 |O0.322
EGFR/ vI | | 0.215 | 0.206 |0.312 |0.026 | NA 0.819 |[NA
+HER2- 3
EGFR/ vI | | 0.062 |0.233 |0.716 |0.417 |0.581 |0.151 |0.598
+HER2- 4
HER1- 3 0.031 | 0.848 | N | 0.277 | NA 0.113 | NA
+HRG
HER1- 4 0.050 |0.348 |0.945 |0.835 | Nl 0.843 | 0.112
+HRG
EGFR/ vI I | 0.106 |0.448 |0.772 |0.243 |NA 0.536 | NA
+HER2- 3
+HRG
EGFR/ vl I | 0.067 | 0.5 0.753 | 0.63 0.775 | 0.605 |0.518
+HER2- 4
+HRG

Key

ND — Not Done — Markers not paired with themselhstgining sites (cytoplasm/membrane
paired like with like where possible

N/A — Not possible

Nil — No patients had relevant combination

* - Statistical significance but too few patientdhrelevant combination for real significanc

(1%
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Figure 4.11: Correlations of Expression of comborad of Markers with Time To
Biochemical Relapse that show statistical signife=in the Full Patient Cohort.

a) Memb EGFR/HER2 and TTR b) Memb EGFR/HER4 and TTR
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h) 1+ Cyto HER1(vII)-4 and TTR

g) 1+ Cyto from HER1(vIl)-3 and TTR
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a) Kaplan-Meier Plot comparing all HSPC patientdwhigh membrane expression of
EGFR and HER2 and those without for outcome Tim@ibzhemical Relapse.

b) Kaplan-Meier Plot comparing all HSPC patienttwiiigh membrane expression of
EGFR and HER4 and those without for outcome Timé@ibzhemical Relapse

¢) Kaplan-Meier Plot comparing all HSPC patientdhwhigh expression of HER2 and
cytoplasmic HER3 and those without for outcome TifoeBiochemical Relapse.

d) Kaplan-Meier Plot comparing all HSPC patientshvhigh cytoplasmic expression of
HER3 and HRG and those without for outcome TimeéBiozhemical Relapse

e) Kaplan-Meier Plot comparing all HSPC patientgwhigh membrane expression of all
HER1-3 proteins and those without for outcome TifoeBiochemical Relapse. f)
Kaplan-Meier Plot comparing all HSPC patients withh membrane expression of all
HER1-4 proteins and those without for outcome TifoeBiochemical Relapse. g)
Kaplan-Meier Plot comparing all HSPC patients wiihh expression of at least 1
cytoplasmic HER1-3 proteins (where EGFR can be abonvariant Ill) and those
without for outcome Time to Biochemical RelapseKhplan-Meier Plot comparing all
HSPC patients with high expression of at leasttbpgsmic HER1-4 proteins (where
EGFR can be normal or variant Ill) and those withfou outcome Time to Biochemical
Relapse i) Kaplan-Meier Plot comparing all HSPGeguas with high membrane
expression of all HER1-4 proteins (where EGFR candrmal or variant Ill) and those
without for outcome Time To Biochemical Relapse.
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Figure 4.12: Correlations of Expression of combora of Markers with Overall
Survival that show statistical significance in thdl Patient Cohort.
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a) Kaplan-Meier Plot comparing all HSPC patientthwiigh cytoplasmic expression of
HER3 and HRG and those without for outcome Ove3alivival. b) Kaplan-Meier Plot

comparing all HSPC patients with high expressionableast 1 cytoplasmic HER1-3
protein and those without for outcome Overall Sealiic) Kaplan-Meier Plot comparing
all HSPC patients with high expression of at Iehstytoplasmic HER1-4 protein and
those without for outcome Overall Survival. d) KaplMeier Plot comparing all HSPC
patients with high membrane expression of at 1&éadER1-4 protein those without for
outcome Overall Survival. e) Kaplan-Meier Plot caripg all HSPC patients with high
membrane expression of at least 2 HER1-3 protenieere EGFR can be normal or
variant 1ll) and those without for outcome Over&8urvival. f) Kaplan-Meier Plot

comparing all HSPC patients with high expressioH&®&G and at least 1 cytoplasmic
HER1-4 protein and those without for outcome Oveatvival.
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4.6 CORRELATIONS OF DIFFERENT MARKER EXPRESSION RULL COHORT
Correlation analyses were performed comparing esgpsa of each marker with all
others in all HSPC samples. A correlation coeffitief >0.4 and p<0.05 were taken as
indicating a statistically significant correlation.

In this cohort statistically significant col@gons were found between EGFR
membrane and cytoplasmic expression, HRG cytoptasamd HRG membranous
expression, HRG cytoplasmic and HRG nuclear exfmess

Table 4.16: Correlation Coefficients and P-valuew finter-Marker Expression
Correlation Analyses

EGFR | EGFR|HER2 | HER3 | HER3 | HER4 | HER4 | HRGC | HRGM | HRGN | KI 67 | TUNEL

M vl C M C M
EGFR|.533 |NNA | ~.009|.018 |.036 |.156 |.002 ©.193 | ~.073 | ~.042 | .052 |.041
C <. 001 929 .852 | .712 |.117 |.985 |.047 .455 |.666 |.597 |.694
EGFR ~.25|.358 |.079|.116 |.222 |.115 ~. 56 ©.224 | ~.168 | . 115 | .042
M .846 | .000 |.329 |.15 .006 |.154 |.491 |.005 |.038 |.146 |.613
EGFR -.126 | .081 | ~.121 | ~.043 | ~.115|.061 |.016 |.233 |.083 -. 068
vill .401 | .583 |.415 |.764 |.423 |.686 |.914 |.118 |.567 |.652
HER2 .162 | .220 |.225 |.109 |.166 -.137|.024 |.087 ~. 044
.048 | .007 |.006 |.188 |.045 |.099 |.775 |.299 |.612
HERS3 .388 | .179 |.147 |.207 .109 |.083 |.06 . 006
C .000 |.031 |.077 |.015 |.206 |.336 |.483 |.947
HERS3 .238 |.3 . 099 . 114 | -.082 | .08 ~. 026
M .004 |<.001|.249 |.186 |.34 . 35 .77
HER4 . 216 ~.001 |.000 |.049 |.055 ~. 145
C .006 |.992 .997 |.573 |.521 |.099
HER4 .115 | .083 . 025 | . 059 |.008
M .18 .334 |.775 |.485 |.925
HRGC .418 |.601 ~.055| ~.088
<.001 | <. 001 |.355 |.156
HRGM . 329 ©.219 | ~. 048
<.001 | <. 001 |.443
HRGN .015 | .122
. 797 |.05
Kl 67 . 036
. 556
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Figure 4.13: Significant Inter-Marker Expressionréations

a) Cytoplasmic and Membranous EGFR b) Cytoplasmic and Membranous HRG
50 300
250

@ 40 o
8 5
(%] 3 -
u lg 200 CC=0.418, P<0.001
g 30 CC=0.533, p<0.001 g
!_ml %_ 150
] g
g 20 3
4 4
w10 T

0

®
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 160

EGFR Membranous Score HRG Membranous Score

¢) Cytoplasmic and Nuclear HRG Score

HRG Cytoplasmic Score

.
0 50 100 150 200 250 300

HRG Nuclear Score

a) Scatter Graph of EGFR cytoplasmic and EGFR Manmdurs Expression in Full
Patient Cohort. b) Scatter Graph of HRG cytoplassnid HRG Membranous Expression
in Full Patient Cohort c) Scatter Graph of HRG gy@ésmic and HRG Nuclear
Expression in Full Patient Cohort

It should be noted that the EGFR scatter grapbtiss convincing as the other 2 given
the fewer number of stained specimens and the [a@ortion which are 0 value and
the wide spacing of the remainder.

176



4.7 MULTIVARIATE COX REGRESSION ANALYSIS IN MARKERSSHOWING
SIGNIFICANT IMPACT ON TIME TO RELAPSE OR SURVIVAL

4.7.1 PATIENT SUBCOHORT ON ANDROGEN DEPRIVATION THRAPY

Summarising the individual multivariate COX analkysevith outcome time to

biochemical relapse no factor was found to havegaifscant influence independent of

Gleason score and metastasis at presentation.

Several markers/marker combinations had an indegeridfluence on outcome Overall

Survival in multivariate COX analysis with GleasBoore and Metastasis at presentation.

These were very high Membrane expression of EGR§) bBxpression membranous

EGFR and HER2, high expression HER2 and Cytoplast&iR3, high expression HER2

and membranous HER3, high expression HER2 and nzerobs HERA4.
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4.7.2 FULL PATIENT COHORT

Several markers/marker combinations had awmgpendent influence on outcome
Time to Relapse in multivariate COX analysis witle&on Score and Metastasis at
presentation. These were very high membrane express EGFR variant 1ll, high
cytoplasm expression of HER3, high expression HERA cytoplasmic HERS, high
expression HER1, 2 and 3 proteins, high membrameesgion of HER1, 2, 3 and 4
proteins. A multivariate analysis including Gleassnore, metastases, high HER3 and
very high EGFRUVIII indicates EGFRvIII (p=0.038) & greater influence than HER3
(p=0.051)

High membrane expression of HER4 was the datyor significantly influencing
overall survival independently of Gleason score Mwtastasis at presentation in this

cohort.
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4.8 SUMMARY

Univariate analysis of an expanded cohort of HSBtepts with outcomes TTR and OS
has yielded a large number of statistically siguwifit results with a clear trend towards
positive prognosis with increased marker expresss@veral trends within this data are
apparent e.g. greater influence of membranousistgia larger number of significant
results in the ADT subgroup and more significanvapies with multiple markers
expressed concomitantly — these will be reviewethendiscussion. There are markedly
fewer significant results following multivariate agsis with Gleason score and

metastasis at presentation but some independetitime remain.
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5. DISCUSSION

5.1 RATIONALE FOR STUDY

With the rising incidence and high contribution tancer mortality, Prostate
Adenocarcinoma is an important health issue inUKeand elsewhere. It has become a
significant priority to distinguish those patiemtgh disease that is likely to progress and
metastasise from those whose disease will remaiescent throughout their lifetime
allowing radical therapy, with all its associatedeseffects and complications to be

appropriately utilised.

Hormone therapy with antiandrogens and GnRH ana®dave long been a mainstay of
treatment of both locally advanced and metastatstptic adenocarcinoma but while
initial tumour response is good in the majority mdtients eventual development of
hormone resistance is common and heralds furtregression, metastasis and death. It
thus becomes clinically advantageous to discerrchvpatients will have a poor initial
hormonal response and which will undergo hormonapse/clinical progression early.
Such patients could thus be targeted with adjuvendrapies earlier including
radiotherapy, targeted biological therapies and ansurrently evolving

chemotherapeutic agents.

While chemotherapy trials are ongoing agents usdubimone refractory disease are still
in their infancy. The immunotherapeutic agent Hptice(Trastuzamab) targeting HER2
in breast cancer has been used in widespreadatlimactice and multiple similar agents

have been used in clinical trials however no sugénais currently available for CaP
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whether hormone sensitive or refractory. There iglinical need for such agents

particularly in HRPC which has a poor prognosis Eméted clinical options.

As explored in the background a multitude of exaHatar, transmembrane and
intracellular signalling molecules have been ingedgéed for their potential as prognostic
markers and treatment targets in CaP, the HER yamine of many investigated in this

context.
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5.2 COMPARISON OF RESULTS WITH PREVIOUS LITERATURE

5.2.1 EGFR

In this study univariate analysis of expression E&BFR in HSPC specimens was
performed in cohort 2. High membranous EGFR exjoassas correlated with positive
outcomes in both the full cohort and the ADT sulmsthThis contrasts with existing
literature where EGFR expression in CaP has beéedito either negative outcome or
having no effect. The pilot study for this projesthowed no influence of EGFR
expression on TTR/OS but this was limited by atneddy small patient cohort. (2004) et
al. which similarly used IHC demonstrated a sigmifit rise in expression following
hormone escape but no correlation between expressid clinical outcome. Bartlett et
al. utilised IHC and FISH to demonstrate a negaitiweact on prognosis of EGFR gene
copy number an HRPC expression. Again no impactseas with HSPC expression. Di
Lorenzo et al (2002) demonstrated decreased tint@mmone escape and relapse with
high expression of EGFR. Multiple single marker G studies —Maddy (1989),
Glynne-Jones (1996), Myers 1997, Fowler (1998),Miguel (1999), Zellweger (2005)
have demonstrated increased expression post horesmagpe and/or a negative impact
on prognosis of increased EGFR expression

The reason for the difference between this studiyathers may involve subject numbers
— the most closely related studies showing no @rfae had significantly fewer subjects
and, like the pilot, a larger patient cohort may rfequired to demonstrate a trend.
Differences in technique may also have influendexldisparity, this study unlike some
others has clearly divided membranous and cytoptassmpression and increased

cytoplasmic expression has not shown an influeAdeditionally this study has focussed
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on HSPC whereas negative effects have rather beem is HRPC in some previous
studies. Given previously noted significant incesasn EGFR expression following
hormone escape increased expression may haveediffenplications for HSPC and

HRPC tissue.

In CaP and other solid tumours EGFR has been adedcwith negative prognosis and
its activity within the signal transduction netwqurticularly via MAP kinase and PI3K-
Akt pathways to stimulate cell proliferation andctEase apoptosis are in keeping with an
oncogenic role. The results of this study are atsodith this and counter-intuitive. One
possible explanation is suggested by the clear dstration in this study that in CaP
EGFR and HER2 expression is low and infrequent @etpto HER3, HER4 and HRG
and the fact that expression of multiple HER famigmbers is correlated with improved
outcome most particularly in the ADT subcohort vehexpression of all 4 HER family
members improves outcome to a greater degree offisance than EGFR alone. This
importance of co-expression was noted in the pvogre high expression of 3+ markers
gave a significantly longer TTR (p=0.012) than Zewer. It may be that those tumours
in which EGFR is detectable represent a subsethithwHER family expression is
generally higher but the influence of HER4 whichsha previously demonstrated
antiproliferative action (see below) is the mostnittant, noting that in the full cohort
high HER4 expression gives the lowest p-valuegfiact EGFR is acting as a surrogate
for very high HER4 activity. However it should beted that no correlation was found

between HER4 expression and that of other markers.
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5.2.2 HER2

In this study the correlations between high HERZ2resgsion and prognosis were
determined in cohort 2. Univariate analysis indédahigh membranous HER2 expression
had a positive impact on prognosis in both the éahort and ADT subcohort. This
conflicts with previous studies which have showmegative impact or no effect. In
Hernes (2004) high HER2 expression in HRPC samsiigsificantly associated with
outcome — reduced time to death from relapse. &tk al. demonstrated correlations
between increased HER2 gene copy number and reduceival and reduced time to
death from relapse with a rise in HER2 followingrmone escape. In this study an
increased significance was noted in reduced TTOHR®th EGFR and HER2 expression

were increased in the HRPC specimen.

Multiple studies have demonstrated greater HERZeasgon in HRPC than HSPC in
non-paired samples Xie (1995), Signoretti (2000hj &001), Di Lorenzo (2002).

Alternatively Lara et al. (2002) demonstrated mdk Ibetween HER2 overexpression and
hormone escape. Agus et al (1999) demonstratedegried&R?2 expression in androgen
independent compared to androgen dependent humncé€lls. HER2 expression has
been correlated with poor prognosis in multipledsga Zhau (1992), Sadasivan (1993),
Di Lorenzo (2004), Okegawa (2006) and Morote (199@) last demonstrating HER2
expression as an independent predictor of worsgneis on multivariate analysis Other
studies have shown no relationship of HER2 withgpasis — Ware 1991, Mellon 1992,

Ross 1997.
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Possible explanations for this disparity are simidathose for EGFR — limited numbers,

differing techniques, including HRPC specimenstimeo studies.

Like EGFR, where HER2 has been found to influerrogposis in CaP and other tumour
types this influence has been negative the moshipent example being in breast CA.
Like EGFR, HER?2 is involved in signalling pathwayst generally result in increased
proliferation/decreased apoptosis. How then canptistive influence demonstrated in
this study be explained? One possible explanaianvolvement in alternative pathways
having the opposite effect e.g. HER2 activatingpapsis via a caspase independent
mechanism (Tikhomirov ). However, as noted for EGFRhis study HER2 expression
is low and infrequent compared to HER3, HER4 andGH&hd it is also noted that
expression of multiple HER family members is catetl with improved outcome most
particularly in the ADT subcohort where expressiwinall 4 HER family members
improves outcome to a greater degree of signifieathan HER2 alone. In a similar
fashion to EGFR tumours where HER2 is detectaljjeese=nt a subset in which HER
family expression is generally higher but the amgcogenic influence of HER4 is the
most dominant (noting that in the full cohort higlER4 expression gives the lowest p-
values);- HER2 acting as a surrogate for very hiffR4 activity. Again it should be

noted that no correlation was found between HERptession and that of other markers.

5.2.3 HER3

Univariate analysis of HER3 expression in cohortiédnonstrated improved outcome

with high cytoplasmic expression in the full cohonly not the ADT subcohort. There is
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a good deal less previous literature regarding HERGaP compared to EGFR/HER2.
HER3 expression in HRPC cell line has been showetgignificantly higher than that

of HSPC tissue (Koumakpayi 2006). In this studyhBigHER3 nuclear expression was
correlated with higher Gleason score indicatingrpo@rognosis. Leung 1997 showed
HER3 expression in abut not benign prostate tisBuestern blotting showed greater
nuclear HER3 expression in HSPC cell lines as HR#®C contradicting IHC results.

Hernes et al demonstrated no significant influeoicélER3 expression on outcome. In
Gregory et al. (2005) HER2 and HER3 expressiomgtated by HRG, was shown to

increase AR transactivation and tumour proliferatio a recurrent CaP cell line in the
absence of androgen — a possible route of hormsoape. Leung et al demonstrated
HERS3 expression linked to poor response to andragerapy and decreased survival,
however more recently Koumakpayi et al (2006) hdemonstrated low nuclear HER3
as a predictor of biochemical recurrence in Cafer@ls therefore no consistent position
in terms of positive or negative prognosis in hiffER3 expression even within the small
number of existing studies however this is thet fatsidy to cytoplasmic expression so
strongly to positive outcome. This may be due tghhr patient numbers and the few

studies using similar IHC methods targeting HER3.

In explaining this studies positive results it d@nnoted that HER3 along with HER4 and
HRG has been shown to be positively prognosticladdeer Ca and Koumakpayi has
indicated that low nuclear HER3 is negatively progfic in CAP) therefore it is

reasonable to conclude that HER3 is involved inocacbgenic signal transduction.

Koumakpayi suggests HERS3 interaction with Erb3 Mligdprotein 1 (EBP1) which
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suppresses AR mediated gene transcription. Insthidy while it is usually membranous
expression of HER markers that has the greatdsieimie on outcome it is cytoplasmic
rather than membranous HERS3 expression that iedit& improved TTR/OS in the full

cohort. This may reflect that only HER3 in a hetineer with HER4 is anti-oncogenic
although there is no correlation between HER3 areR# expression and it is
membranous HER4 that is efficacious. It may be tha&mbranous HER4 and
cytoplasmic HER3 are both surrogate markers fordapeptotic activity of the HER4

intracellular domain.

5.2.4 HER4

Univariate analysis of HER4 expression and outcameohort 2 demonstrated strong
correlations of high expression of membranous HBRd improved outcome in both the
full cohort and the ADT subcohort. This is in kegpiwith Hernes (2004) which

demonstrated high expression of HER4 in the HRP@p#a was correlated with

improved 2 year survival to a degree nearly achigwtatistical significance (p=0.054).
This was in contrast to prognosis HER1-3 in Hermas expression of these was
associated with worse prognosis (although of ttetstestical significance occurred only

with HER?2). There is little else in the way of Il@udies of HER4 in CaP.

HER4 has previously been shown to be positivelygpeostic in cancers including breast
(Tovey 2004) and bladder (Memon et al. 2004) witarri¢s et al. (2004) noting a
positive effect on survival that nearly reachedchsigance. HER4 transfection results in

reduced proliferation/increased apoptosis in br€astells (Earp et al. 2003, Barnes et al
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2005) and growth arrest in prostate Ca lines (Afils 2003). In fact HER4 involvement
in signal transduction has been defined as antiprative in breast Ca studies with the
HER4 intracellular domain released following HERdgrhdation and accumulating in
mitochondria to induce apoptosis (Vidal 2005). THER4 results in this study are
therefore in keeping with the majority of otheetiture — HER4 expression correlated to

improved outcome due to its involvement in antiffeshtive pathways.

5.2.5 EGFRuvIII

As mentioned above EGFRvVIII commercial antibody waavailable at the time of this
study but data from the pilot study was used inahalysis. Single marker EGFRVIII as
in the pilot data was associated with poor progioki combinations EGFRvIII was
associated with some significant positive outcontes in most cases the same
combination without EGFRvIIl was also significantithv a smaller p-value again
indicating a negative influence on prognosis. Tikign keeping with previous literature
where EGFRUVIII gives a non-conflicted messageak heen detected only in malignant
and not in benign prostate tissue with greatestesgion in metastatic and high grade
disease. EGFRVIII expression is greater in HRP®@ tH8&PC and associated with high

serum PSA and disease progression.

5.2.6 HRG
In this study HRG expression was analysed in cohaoand cohort 2. In both cohorts
increased membranous HRG expression in HSPC iglated with improved outcome

with no effect noted in the HRPC specimens in ctihdivhile there is a paucity of IHC
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based studies of HRG in prostate CA these resudtsirakeeping with the previous
observations that HRG stimulation of HSPC cell i associated with antiproliferation
(Lyne 1997) and that high levels of HRG are assediavith growth inhibition (Sartor
2001). This study would appear to support the Hygsis that high HRG expression is
positively prognostic. The fall in HRG membranousiring has not been noted
specifically in previous literature but may tiewiith previously noted greater expression

in benign than malignant tissue i.e. greater malngy — lesser expression (Lyne 1997).

5.2.7 MULTIPLE MARKERS

In both the ADT subcohort and full cohort 2 highpesssion of multiple marker
combinations showed significant correlation withpnoved outcome as listed in chapter
4. The most notable combination was high expresssd HER 1-4 combined
significantly correlated with both TTR and OS irtADT subcohort and with TTR alone
in the full cohort. The results borne out in uniagg COX analysis. A small number of
combinations with positive correlation involved E®HAIlI however in most such cases
the same combination without EGFRvVIII (involving ERB-WT only) also showed a
similar correlation with a more significant p-valaenfirming the negative influence of
EGFRVIII. There are few studies in the literaturedlving HER marker combinations for
comparison. Hernes (2004) used HER1-4 as markerslidunot explore the effect of
high expression of combinations of theses mark&astlett et al had noted significantly
reduced TTDFR in patients with increased EGFR oRBREollowing hormone escape
but for patients with raised EGFR and HER2 theificance of correlation with reduced

TTDFR was increased indicating an additive effé&it.Lorenzo (2002) demonstrated
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decreased time to hormone escape and relapse igtthekpression of EGFR also with
an additive effect of increased HER2 expression.il&Vihese papers indicate
EGFR/HER2 as having the converse effect to theeptestudy they agree that increased

expression of more than one marker together haslditive effect.
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5.3. MULTIVARIATE ANALYSIS

All markers and marker combinations significant wmvariate COX regression were
analysed with multivariate COX regression includimgnour grade and metastasis at
diagnosis both for the ADT subcohort and full patieohort 2. Only a relatively small
proportion of the single markers and marker contimna found to be significant on
univariate analysis and these are listed in chapter

The most obvious reason for this reduction of $igamnt associations on multivariate
analysis would be that the significant results amvariate analysis were due to
association between marker expression and Gleastagtasis and indeed, within cohort
2 several of these associations are seen mostinbigh HER3, HER4 and HRG are all
associated with either low/medium Gleason scorabsence of metastases. Additionally
there is the effect of attrition of subjects forcleamultivariate analysis making
significance harder to achieve e.g. for a subjecbe included in analysis for a given
marker/TTR and metastasis in the ADT subcohortogesti must have 1) been stained for
the correct marker 2) been treated with ADT, 3) hdaiochemical relapse, 4) have the
information available regarding metastasis at predm®n; even with a starting cohort of
over 350 subjects this number of requirements eduae the pool of subjects to such

low levels that significance is hard to achieve.
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5.4 ANSWERS TO STUDY QUESTIONS

1. Are expression of HER 1-4 and EGFRVIII corredatgth response to therapy/ time to

relapse/time to death in prostate cancer?

Within this study there are multiple instances gpression of HER family members

correlating with outcomes TTR and OS on Kaplan-Waigalysis with most of these also

significant on univariate COX regression and a $smaportion of these on mutivariate

analysis. Not all HER family marker expressionsestigated are significantly associated

with outcomes and some trends are apparent

High/Very High HER1-4 expression are associatedhwgositive outcomes,
EGFRVIII with negative

Very High (Upper Quartile) expression is more likeéb be associated with a
significant outcome than high expression (aboveiamd

The most significant results on univariate analysis seen with HER4 expression
and a combination of all 4 main markers On muliater analysis both HER4 and
HER1-4 gave significant results for OS and TTR eesipely in the full cohort.

The majority of single Markers that give signifitaasults are membranous staining
rather than cytoplasmic or nuclear. As detailethenbackground the membrane is the
primary site where HER family receptors are ac@dabefore dimerisation and
internalisation/signal transduction therefore meanbr Membrane expression could
represent level of the receptor available for digremsduction hence a surrogate for
activity. Alternatively high membrane expressionulcdb represent a lack of
internalisation and therefore pathway activity. Whfew correlations in marker

expression were seen the fact all correlations é&tmmembrane and cytoplasmic
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expression that were demonstrated were positiveerahan negative would suggest
the former explanation rather than the latter. Alear role for HER3 have been
noted earlier in this discussion (Koumakpayi 2006} few correlations between
prognosis and nuclear expression were seen istiny.

Particularly with regard to Marker combinations rtheare a greater number of
significant results within the ADT subcohort thamthe full cohort 2. As detailed in
the background HER family affects cellular activitia both pathways that interact
with AR (Yeh 1999, Rochette-Egly 2003, Mellingh@®04) and those that do not
(Lin 1999). One could hypothesise that given thereased time to biochemical
recurrence and greater action in the ADT subcofartily pathway is acting to
potentiate ADT or that it acts to block mechanidheg effect hormone escape.

With outcomes TTR and OS in the ADT subgroup an® T the full cohort there is
a general trend towards falling p-values with iased numbers of highly expressed
HER family members. Notably the lowest p-values seen where there is high
membranous expression of all 4 HER family membdisis gives a general
indication of increased significance and an additeffect in terms of positive
outcome the more HER family members are highly esged. Additive effects of
multiple HER family members have been noted in IB&r{2005) and Di Lorenzo
(2003). Witton et al. (2003) noted that in breamtaer patients HER1-3 were often
co-expressed but rarely co-expressed with HER4£&Rnpositive patients with high
expression of HER1-3 had a significantly worse pasis than those expressing
HER4 — HER1-3 acting in concert but in oppositiotHER4 differing with this study

which demonstrated all 4 markers correlated withsitp@ outcome
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Heterodimerisation as a precursor to cellular aciioplies different HER family
member expression can be associated with simildowag activation and cellular
effects hence increased expression of any is adedciwith increased pathway
activity.
2. Is Heregulin (HRG) involved in mechanisms by ethHER family proteins affect
cancer progression?
Membranous HRG and in one experiment Nuclear HR@eassion are associated with
some positive outcomes in a similar fashion to HERlowever there is no correlation
between HRG and individual HER family member exgi@s. In cohort 1 high HRG
expression in HSPC but not in HRPC is associated improved outcome in terms of
TTR/TTDFR/OS. In the full cohort 2 a combination oftoplasmic HER3 and HRG
improved outcome in terms of both TTR and OS. HR@ primary ligand of HER3 and
HER4 which are both associated with positive oute@s well. The greater significance
values for HER4 would suggest that this is the nmapbrtant factor and suggests it is via
this that HRG has its positive effect. It could bgpothesised that the HRG-HER4
pathway acts to block mechanisms that bypass ADTobge this itself in bypassed
hormone escape can occur and HRG-HER4 no longea peastective effect.
3. Do HER family proteins effect oncogenesis vikh peliferation or reduced cell death?
In contrast to previous research, aside from EGHRWe HER family members do not
increase oncogenesis however there are signifimamélations with positive outcomes.
In the regression analyses neither KI67 nor TUNEEag correlate with expression of
any of the HER family members, additionally thesenly one instance of expression of

K167 or TUNEL being associated with outcome and tas a negative one (High K167
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expression associated witlecreasedoverall survival). Therefore there is no evidence
within this study indicating that HER family membegxert their influence primarily by
either proliferation or apoptosis. This could be da problems with the staining/scoring
of the proliferation or apoptotic measures; — aljto the Ki67 staining does give some
expected results the TUNEL assay gave no signifiocesults whatsoever indicating no
influence of apoptosis on outcomes or that theyaissalf was inaccurate. Alternatively it
could be that proliferation and apoptosis as entpaare too general to pick up subtle
cellular effects of the HER family or that the HBEBathways act via other cell
mechanisms entirely.

4. Are trends seen in the pilot study borne oub\aitarger patient base?

The general trends of the pilot study within HSP@&tignts — positive outcomes
associated with high HER2 and HER4 expression wéhative outcomes associated
with EGFRVIII are borne out in the larger patiemtse. In fact high expression of other
family members EGFR and HER3 was also correlatéd positive outcomes as well as
some combinations of family members. In terms @cdr conclusions some are carried
over but the most notable HER 2 as an independssitiye predictive marker of time to
relapse in hormone sensitive tumours was not coefir on multivariate analysis
(although significant on Kaplan-Meier, univariateOX and in combination with

cytoplasmic HER3 which was an independent prediattiiis study).
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5.5 IMPLICATIONS OF RESULTS
As was suggested by the pilot study HER family meratare associated with positive
outcomes in hormone sensitive prostate cancer arstich are not suitable for targeting
with immunotherapy in this patient group. This gigsovides an explanation as to why no
antitumour agents targeting HER family members hawverged as clinically viable in
CaP. EGFRuvIII remains the only negatively progrof&mily member but given the lack
of EGFRUVIII staining possible in this study, itdgficult to draw conclusions regarding
EGFRVIII targeting. Where HRG expression is asgediavith significant results high
expression is positively prognostic therefore migkt involved with activation of the
HER family in this scenario.
High expression of HER family members is positivplpgnostic and there is evidence
within this study that there is an additive effegth increased numbers of HER protein
markers positively expressed. This effect is morefqund in patients who have
undergone ADT. Membranous expression of all 4 HERniy members is an
independent predictor of delayed TTR. Individual rkess that have emerged as
independent predictors within this study are
* Very High Membrane expression of EGFR in ADT paen
* Very high membrane expression of EGFRvIII, Highopfasm expression of HER3,
High membrane expression of HER4 in all patients
The possibility is raised for HER family member sxgsion to be used as a prognostic
test to indicate those most likely to respond welADT and therefore not require other

treatments.
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5.6 LIMITATIONS OF STUDY

The principle limitations to this study are incomf@ staining of the full cohort and
incomplete patient information. While the full cahamumber of n=357 is high for a
tissue based study, limitations in availability @f TMAs and commercial antibodies
reduce the patient numbers for each specific madducing the statistical power of the

study below its apparent level.

Despite rigorous data collection it is not possitdeobtain all relevant information for

each patient due to the limitations of availabilitypatient records, the large number of
patients, the extensive duration over which origidata was collected given the

prolonged course of CaP and inconsistent complsseakcomputer records the further
back in history you go. The incompleteness of imfation is apparent in the recorded
demographics of the patient cohorts in this stuthgne a proportion of patients have no
recorded stage, Gleason score, metastasis stabusiome escape stage etc. again
reducing the statistical power of the conclusioasda on this data. The high number of

subjects is, in itself, an attempt to compensatéhfe anticipated gaps in patient data.

The heart of this study is the modified histoscera subjective assessment of staining.

The methods by which this subjective method is esklEd and compensated for are

detailed in this and previous studies (Kirkegaro0@).
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5.7 CONCLUSION

In this study high expression of EGFR, HER2-4 afi3Hn Hormone Sensitive Prostate
Cancer were correlated with improved prognosieims of time to biochemical relapse
and overall survival. EGFRvVIII was correlated wipoor prognosis. Several marker
expression combinations were also correlated withroved prognosis including high
expression of all 4 main family members togethégn@cant results are more common
in a subcohort of patients treated with ADT. Higkpeession of HER4 and high
expression of HER1-4 together give the most sigaift results. While HER4 and HRG
have previously been associated with positive ontdhis study contradicts previous
literature regarding EGFR and HER2 which have mnesly been associated with poor
prognosis. The possibility is raised that HER fammiember expression be used as a

prognostic test to indicate those most likely tspend well to ADT.
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APPENDIX 1: IMMUNOHISTOCHEMISTRY AND INTER-OBSERVERSCORING

FOR CHAPTER 3

AP1.1: KI-67
Figure AP1-1: KI-67 Immunohistochemistry
al) KI67 Stained Prostate Tumour b) Niegatontrol for KI67
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¢) HSPC K167 Nuclear Count d) HRPC KI67 Nuclear Score
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al) Prostate Tumour stained with KI-67. b) Prostatemour Negative for KI-67 Staining
c¢) Histogram showing distribution of KI-67 nucleaunt in HSPC samples. d)
Histogram showing distribution of KI-67 nuclear cvin HRPC samples.
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Figure AP1-2: Inter-Observer Variation in KI-67 fBiag between double scored tissue
sections in Cohort 1

a) Inter-Observer Variation KI-67 b) Inter-Observer Difference KI-67
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a) Scatter Graph Plot demonstrating Inter-Obsevaiation in KI-67 Nuclear Count b)
Bland-Altman Plot demonstrating Inter-Observer ¥aan in KI-67 Nuclear Count

AP1.2: TUNEL ASSAY

Figure AP1-3: TUNEL ASSAY Immunohistochemistry
al) TUNEL Assay Staining in Prostate b) Negatesatrol for TUNEL Assay
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¢) HSPC TUNEL Assay Nuclear Score d) HRPC TUNEL Assay Nuclear Count
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al) Prostate Tumour stained with TUNEL Assay. byskate Tumour Negative for
TUNEL Assay Staining c) Histogram showing distribat of TUNEL Assay nuclear
count in HSPC samples. d) Histogram showing distidm of TUNEL Assay nuclear
count in HRPC samples

Figure AP1-4: Inter-Observer Variation in TUNEL Ags Staining between double
scored tissue sections in Cohort 1

b) Inter-Observer Difference
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a) Scatter Graph Plot demonstrating Inter-Obseviaration in TUNEL Assay Nuclear
count. b) Bland-Altman Plot demonstrating Inter-&ver Variation in TUNEL Assay
Nuclear Count
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APPENDIX 2: IMMUNOHISTOCHEMISTRY AND INTER-OBSERVERSCORING

FOR CHAPTER 4

AP2.1: HER2

Figure AP2-1: Immunohistochemistry of HER2

a) HER2 in Prostate Cancer b) Negative Control for HER2

¢) HSPC HER2 Membrane Score
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a) Specimen of Prostate Adenocarcinoma demongireifitR2 staining b) Negative

control for HER2 staining c¢) Histogram showing imégy of HER2 membranous
expression.
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Figure AP2-2: Inter-Observer Variation in Hereguftaining between double scored
tissue sections in Tissue Microarrays

a) HER2 Membranous Staining b) Inter-observer Difference HER2 Membranous
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a) Scatter Graph Plot demonstrating Inter-ObsekMeamation in Membranous HER2
Staining. b) Bland-Altman Plot demonstrating In@server Variation in Membranous
HER2 Staining.

AP2.2 HER3

b) Negative Control for HER3
Figure AP2-3: Immunohistochemistry of HER3

¢) HSPC HER3 Cytoplasmic Score
d) HSPC HER3 Membranous Score
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a) Specimen of Prostate Adenocarcinoma demongirHiftR3 staining b) Negative
control for HERS3 staining c¢) Histogram showing imégy of HER3 cytoplasmic
expression. d) Histogram showing intensity of HER@mbranous expression.

Figure AP2-4: Inter-Observer Variation in Hereguftaining between double scored
tissue sections in Tissue Microarrays

a) HER3 Cytoplasmic Staining b) Inter-observer Difference EGFR Cytoplasmic
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c) HER3 Membranous Staining  d) Inter-observer Difference HER3 Membranous
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a) Scatter Graph Plot demonstrating Inter-Obselanration in Cytoplasmic HER3
Staining. b) Bland-Altman Plot demonstrating In@oserver Variation in Cytoplasmic
HER3 Staining. c) Scatter Graph Plot demonstratinter-Observer Variation in
Membranous HER3 Staining. d) Bland-Altman Plot dasimting Inter-Observer
Variation in Membranous HER3 Staining.
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AP2.3: HER4

Figure AP2-5: Immunohistochemistry of HER

a) HER4 in Prostate Cancer

c) HSPC HER4 Cytoplasmic Score d) HSPC HER4 Membranous Score
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a) Specimen of Prostate Adenocarcinoma demongjrafiR4 staining b) Negative
control for HER4 staining c) Histogram showing mdgy of HER4 cytoplasmic
expression. d) Histogram showing intensity of HER&mbranous expression.
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Figure AP2-6: Inter-Observer Variation in HER4 8itag between double scored tissue

sections in Tissue Microarrays

a) HER4 Cytoplasmic Staining
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b) Inter-observer Difference HER4 Cytoplasmic
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a) Scatter Graph Plot demonstrating Inter-Obselanation in Cytoplasmic HER4
Staining. b) Bland-Altman Plot demonstrating In@oserver Variation in Cytoplasmic
HER4 Staining. c¢) Scatter Graph Plot demonstratinger-Observer Variation in
Membranous HER4 Staining. d) Bland-Altman Plot destmting Inter-Observer
Variation in Membranous HER4 Staining.
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AP2.4: Heregulin

Figure AP2-7: Immunohistochemistry of HRG

a) HSPC HRG Cytoplasmic Score b) HSPC HRG Membranous Score
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a) Histogram showing intensity of HRG cytoplasmipmession. b) Histogram showing
intensity of HRG membranous expression. ¢) Histagshowing intensity of HRG
Nuclear Expression
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Figure AP2.8: Inter-Observer Variation in Hereguftaining between double scored

tissue sections in Tissue Microarrays

a) HRG Cytoplasmic Staining b) Inter-Observer Difference HRG Cytoplasmic
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e) HRG Nuclear Staining f) Inter-Observer Difference HRG Nuclear
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a) Scatter Graph Plot demonstrating Inter-ObseWarnation in Cytoplasmic HRG
Staining. b) Bland-Altman Plot demonstrating In@bserver Variation in Cytoplasmic
HRG Staining. c¢) Scatter Graph Plot demonstratimgeriObserver Variation in
Membranous HRG Staining. d) Bland-Altman Plot destmting Inter-Observer
Variation in Membranous HRG Staining. e) Scatteapbr Plot demonstrating Inter-
Observer Variation in Nuclear HRG Staining. f) BlaAltman Plot demonstrating Inter-
Observer Variation in Nuclear HRG Staining.

AP2.5: KI67

Figure AP2-9: KI67 Immunohistochemistry

a) HSPC K167 Nuclear Score
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a) Histogram showing distribution of KI67 nucleauat in Full Cohort.
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Figure AP2-10: Inter-Observer Variation in KI67 Btag between double scored tissue
sections in Cohort

a) Inter-Observer Variation KI-67 b) Inter-Observer Difference KI-67
60, 100

80
504
60

40 40

20
30

204 -20

R-square=0.92
-40

Inter-Observer Difference
o
9

.
10
-60

ki-67 Nuclear Count Scorer 2 (% Positive)

-80

0 10 20 30 40 50 60

-100

KI-67 Nuclear Count Scorer 2 (% Positive)

a) Scatter Graph Plot demonstrating Inter-Obseviagration in KI67 Nuclear Count b)
Bland-Altman Plot demonstrating Inter-Observer ¥aan in KI67 Nuclear Count

AP2.6: TUNEL ASSAY

Figure AP2-11: TUNEL ASSAY Immunohistochemistry

a) HSPC TUNEL Assay Nuclear Score
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a) Histogram showing distribution of TUNEL Assayctear count in Full Patient Cohort
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Figure AP2-12: Inter-Observer Variation in TUNEL &y Staining between double
scored tissue sections in Cohort 1

a) Scatter Graph Plot demonstrating Inter-Obseviaiation in TUNEL Assay Nuclear
count. b) Bland-Altman Plot demonstrating Inter-&ver Variation in TUNEL Assay
Nuclear Count
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SUMMARY

Prostate Adenocarcinoma is a significant issuenfpcUK healthcare today with
incidence growing to the level that it is the mostnmonly diagnosed cancer in males.
Research has focussed on signal transduction metethat may underlie progression of
CaP allowing the development of prognostic markerguide therapy and anti-tumour
therapies that may complement or replace currerdtritents - radical and hormonal
therapy.

The HER tyrosine kinase family - EGFR, HER2, HER®I HER4 - has proved fruitful
in breast cancer research but currently evidengardéeng influence of these receptors
during disease progression in prostate adenocaneings conflicting — both poor
prognosis and no influence on outcome are repoRed. studies have considered the
family as a whole. A small cohort pilot study ofineal hormone sensitive (HSPC) and
refractory (HRPC) specimens demonstrated HER2/HER4positively prognostic in
HSPC. While HER4 has been demonstrated as pogitp@gnostic in breast cancer
previously, HER2 has been shown to have a negetilgence in many cancer types and
this apparent positive correlation is a rare figdim accordance with previous studies the
constitutively active variant EGFRvIII was seen the pilot to negatively influence
prognosis

Attention has also focused on Heregulin (a prirciplER family ligand, which has
previously been noted to have a differential eftectHSPC (decreased proliferation) and
HRPC (increased proliferation) cell lines. Thisdstuletermines influence of HER family
and HRG in a larger HSPC cohort and whether dowastr influence mechanisms

involve proliferation or apoptosis.
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Patients and Methods

Immunohistochemical staining for HRG, KI67 (proid¢ion), TUNEL (apoptosis) was
performed on pilot study specimens with Furthe€lfér EGFR, HER2, HER3, HERA4,
HRG, KI67 and TUNEL was performed on HSPC tissueradrrays. Correlations
between target protein expression and the outcdimes to biochemical relapse and

overall survival were determined.

Result

On univariate analysis high expression of all 4nmMdER was correlated with improved

prognosis particularly in androgen deprivation tiedlasubcohort (examples include high
EGFR and longer time to relapse p=0.02, high HER2 delayed relapse p=0.002, high
HRG and delayed relapse p=0.004). Concurrent hixgression of several marker

combinations was also correlated with improved owne and high expression of all 4
main members increased association significance liegh HER1-4 and delayed relapse
p=0.001).

Several trends were seen within the data;- if samplere divide into high and low

expression by the upper quartile rather than thdiamemore significant results were

seen, membranous marker expression gave more isgifcorrelations than other

cellular locations and more significant results eveeen in the subcohort of patients
treated with Androgen Deprivation Therapy. MembrablRG was seen to be positively
prognostic if highly expressed in HSPC but not HRR8ue.

With multivariate analysis a small number of thesarkers remained significant if the

influence of Gleason Score and Metastasis at pras@m were included. Markers
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retaining significance on multivariate analysislinied cytoplasmic HER3 (p=0.035),
membranous HER4 (p=0.014) and membranous HER11@35) combined

No correlations between HER/HRG expression andfpration or apoptosis were seen.

Conclusion

The HER family and HRG are positively prognostic grostate adenocarcinoma. In
keeping with previous literature high HER4 appdarbave the most significant positive
influence but high expression of other markersls® aeen to have a positive influence
counter to previous studies. HRG positive influemsen keeping with its action as a
HERA4 ligand.

These results provide an explanation as to whyaaffi of HER family based anti-tumour
agents have had limited efficacy in CaP. Theseltesiave implications for the use of
HER family as outcome predictors to guide managempessibly in relation to predicting

good response to Androgen Deprivation Therapy.
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