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Abstract

Background

African Heritage (AH) men have a higher overall incidence, earlier age of
onset, more clinically advanced and aggressive disease, higher incidence of
metastases and mortality from prostate cancer (CaP) compared to
Caucasian men. Biological and genetic factors relating to tumour biological
pathways are thought to account for this disparity. Pathways associated
with apoptosis and proliferation, cell adhesion and epithelial-
mesenchymal-transition (EMT), inflammation and host immune response

have all been implicated.

Aims and Objectives

We aimed to develop a panel of biomarkers related to these pathways
likely to account for the disparity of aggressive disease between AH and
Caucasian men with CaP. Specifically we aimed to identify potential
candidate biomarkers that could potentially be used to predict clinical
outcomes in these ethnic groups, review if they displayed differential
expression and to confirm or negate relevant important biological

pathways for possible therapeutic targeting.

Methods
A panel of candidate biomarkers was selected from an extensive literature
review of biological tumour pathways in AH men with prostate cancer and

a bioinformatic approach using an artificial neural network (ANN) analysis
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to identify biomarkers conferring increased risk of metastasis in AH men.
Immunohistochemical analysis was performed on a Caucasian
predominant historical tissue microarray (TMA) constructed from
transurethral resection of prostate (TURP) and transrectal ultrasound-
guided (TRUS) prostate biopsy CaP samples. A new AH TMA was produced
from radical prostatectomy and TURP samples. Univariate and multivariate
analysis was performed to establish the association of protein biomarker
expression with various clinical prognostic endpoints, specifically time to

disease specific death and metastasis development.

Results

We demonstrated the utility of several biomarkers, Lambda FLC, TGF-3
EPB41L4A and PD-L1, in predicting disease specific survival, time to
metastasis development and castrate resistance. In particular increased
protein expression of Immunoglobulin Free light chain (FLC) lambda FLC,
which is a completely novel biomarker in CaP, was statistically significant
in predicting disease specific death and time to metastases. Greater

expression was seen in AH men.

Conclusions

We have identified a completely novel biomarker, Lambda FLC, in CaP with
the prognostic ability to predict disease specific death and development of
metastases with increased protein expression seen in AH men. Our study
supports the hypothesis and findings from previous studies that suggest

the regulation of inflammation and modulation of the immune system and



resultant change in extracellular matrix (ECM), of the tumour
microenvironment, appears to be an important biological process and

might account for the aggressive nature of CaP in AH men.
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1.0 Introduction

1.1 Prostate cancer

Prostate cancer (CaP) is the commonest cancer amongst men in the United
Kingdom (UK) accounting for 13% of all new cases and the second most
common cancer in men worldwide (1,2). Incidence rates for CaP in the UK
have risen by 44% since the early 1990s and are projected to continue to
rise by 12% between 2014 and 2035, to 233 cases per 100,000 males by
2035. Currently 1 in 8 Caucasian men will be diagnosed with CaP during

their lifetime (3).

Although CaP remains the second most common cause of cancer death in UK
males, mortality rates have decreased by more than a tenth (13%) over the
last decade (3). CaP survivorship has tripled in the last 40 years in the UK;
currently more than 8 in 10 (84%) men diagnosed with CaP in the UK
survive their disease for 10 years or more. Widespread prostate specific
antigen (PSA) testing is largely responsible for rising incidence and rising
survivorship with detection of latent, earlier, slow growing CaP which may

not require treatment (4).

The rising disparity between incidence and mortality with rising
survivorship has led to an increasing need for risk stratifying techniques to
determine risk of CaP progression and CaP related death. Risk stratification

would identify men that would benefit from radical treatment and those that



could be safely monitored with a surveillance protocol, avoiding the

morbidity and side effects from potentially unnecessary intervention.

1.2 Aetiology

1.2.1 Age

Prostate cancer is strongly linked with age. Age-specific incidence rates rise

sharply from around age 50-54, peak in 75-79 group, drop in 80-84 group
before increasing again to the 90+ age group. This age distribution of CaP
detection is reflected largely by the time periods PSA testing and

transurethral resection of the Prostate is carried out.(5-7)(Figure 1.)
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Figure 1: UK CaP incidence by age (reused with permission from Cancer,

Research UK) (7)

1.2.2 Ethnicity

In the UK African heritage (AH) men are twice as likely to be diagnosed with

CaP and twice as likely to die from the disease compared to their
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counterparts of Caucasian heritage (CH) (8). Similar findings have been
shown in North American populations, with the incidence of CaP 60%
greater and the mortality rate 2-3 times higher in AH men compared with
Caucasian men (9). The PROCESS study in the UK (10) demonstrated that
AH men in UK have substantially greater risk of developing CaP being 3
times more likely to be diagnosed with CaP compared with Caucasian men,
although this risk is lower than that of black men in the United States. It also
showed that on average AH men are diagnosed 5 years earlier than
Caucasian men and present with a higher PSA (11,12). Large scale genome-
wide sequencing studies (GWAS) have led to the discovery of 170 single
nucleotide polymorphisms (SNPs) associated with increased CaP risk (13-
18). SNPs of chromosome 8q24 and 1721 have been shown to confer
increased risk of CaP and found more commonly in AH men (13,19,20).
Currently the PROFILE study (NCT02543905) is recruiting patients
investigating the role of targeted screening in men with a genetic
susceptibility to CaP. The study aims to use SNP profiling in men with a
family history of CaP or AH to determine the association of genetic profiling

with MRI/prostate biopsy result in men with a genetic susceptibility to CaP.

1.2.3 Geographical distribution

CaP is more common in western nations particularly western and Northern
Europe, North America, Australia and New Zealand. The disease is rare in
Asia and Far East countries (21). Interestingly it appears that incidence of
CaP in black African men is lower than among their African American

counterparts (22). (Figure 2.)
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Figure 2: Geographical Distribution of Prostate Cancer worldwide (reused

with permission from Cancer, Research UK)(21)

1.2.4 Genetic and familial factors

It is estimated that inherited factors account for 5-9% of prostate cancers
(23). Studies in Caucasian men have shown a familial clustering within
families; with evidence suggesting that men with two and three first-degree
relatives have a 5 and 11-fold increased risk of developing prostate cancer
respectively (24). Prostate cancer is 2.1-2.4 times higher in men whose

father has had the disease, 2.9-3.3 times higher in men whose brother has

12



had the disease and 1.9 times higher in men with a second-degree relative

affected (25).

Hereditary prostate cancer refers to specific subtype of familial prostate
cancer marked by a specific passage of a susceptibility gene through
successive generations. The criteria for hereditary prostate cancer is a
family with three generations affected, three first-degree relatives affected,
or two relatives affected before the age of 55. Approximately 43% of men
with a diagnosis of prostate cancer before the age of 55 have hereditary

prostate cancer (26).

Excluding age and AH ancestry, the strongest risk factor for CaP is family
history (27) as mentioned previously several germline SNPs have been
associated with CaP risk and together explain about 30% of the genetic
variance of CaP (27). Men identified with the top 1% risk profile of SNPs
have a 4.7 fold increase in risk of developing CaP (18). The identification of
prostate cancer SNPs led to the development of the Barcode 1 trial in 2017
predicting CaP risk from a saliva test. The Barcode 1 study (NCT03158922)
is a screening study, which is still recruiting; designed to investigate the role
of genetic profiling for targeting population based CaP screening. Men
identified with a genetic risk equivalent to the top 10% of the population
distribution will be invited for an MRI and transrectal ultrasound (TRUS)
prostate biopsy with results correlated to a genetic score. The PROFILE
feasibility study examined the role of upfront prostate biopsy in men with a

genetic risk of CaP, reporting a cancer detection rate of 25% with 48% of

13



these being clinically significant (28). These preliminary results from this

feasibility study lead to the current PROFILE study, which is still recruiting.

Several genes have been identified which confer a high risk of developing
CaP. Carriers of a rare missense mutation (G84E) of HOXB13 gene have been
shown to have a 33% risk of developing CaP compared to 12% risk of non
carriers (29). This mutation appears to be more common in men with

disease at a younger age and positive family history (30)

Germline mutations of BRCA 1/2 increase the risk of developing CaP. The
relative risk of CaP by <65 yrs is estimated at 1.8 - 4.5 times greater for
BRCAL1 carriers (31) and 2.5 to 8.6 time greater for BRCAZ2 carriers (32).
Several retrospective analyses have shown an association between BRCA
status and higher risk of CaP recurrence, CaP specific-mortality and high
risk disease with worse cancer specific survival (33-35). Targeted screening
of BRCA1/2 carriers for earlier detection may therefore be beneficial. The
IMPACT study (Identification of men with genetic predisposition to prostate
cancer: targeted screening in BRCA1/2 mutation carriers and controls) is an
international, multicentre study evaluating the role of PSA screening in men
with these gene mutations. The interim results from the IMPACT study have
shown that cancer incidence rates were higher in BRCAZ2 carriers as well as
being diagnosed at a younger age (61 vs. 64 yrs) and more likely to have

clinically significant disease than BRCA2 noncarriers (77% vs. 40%) (36).
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Mutations of other DNA repair genes such as ATM, CHEK2, MSH1, MLH1,
MSH2 and MSH6 have also been associated with a significantly increased
risk of developing CaP (37). Lynch syndrome, formerly known as hereditary
nonpolyposis colorectal cancer (HNPCC) is a disorder characterised by a
familial predisposition to cancer development. The pattern of inheritance is
autosomal dominant often due to a germline mutation in one of the DNA
mismatch repair genes MLH1, MSH2, MSH6, PMS2 or deletion of EPCAM
(38). The frequency of mutations of these genes in the general population is
approximately 1:3100 to 1:370 (39). Patients with Lynch Syndrome have a
2.1-4.9 times higher risk of prostate cancer (38). The estimated cumulative
risk of developing CaP by 70 in patients with these gene mutations is 30%
compared with 9% in the general population (40). It also appears that the
risk of development of less common cancer in patients with lynch syndrome
is dependent on the sex of the patient and specific mutated gene the patient
carries. Mutations in MSH2 appear to be more significantly associated with
risk of developing CaP with a reported 10 fold risk of CaP by the age of 60
(41). Within the IMPACT study there is a lynch syndrome arm with men
recruited with MSH2, MSH6 or MLH1 gene mutations, interim results for

this arm are still awaited.

The BARCODE 2 study (NCT02955082) specifically aims to look at DNA

repair gene mutations and how they can affect response to treatment in men

with metastatic castrate resistant CaP.
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1.2.5 Hormonal factors
Prostate cancer risk has been shown to be 38-83% in men with elevated

levels of insulin-like growth factor-1 (IGF-1) (42).

1.2.6 Dietary factors

Several studies have looked at the associated risk of developing CaP relating
to several dietary factors however the evidence is largely inconclusive.
Epidemiologic studies conducted to date suggest that high intakes of
saturated fats, meats cooked at high temperatures and calcium are

associated with an increased risk of advanced CaP (43).

Lycopene, present in cooked tomatoes and tomato-based products are
thought to reduce the risk of CaP progression and development of advanced

CaP. However results from epidemiological studies are inconsistent (44).

1.3 Pathology
Adenocarcinoma of the acinar or ductal epithelium is the most common

prostatic malignancy accounting for >95% of all prostate malignancies.

1.3.1 Anatomy of the prostate

McNeal first described the zonal anatomy of the prostate (45). Four
anatomic structures were described which bare significant relevance to the
development of adenocarcinomas in the prostate; the peripheral zone which

constitutes over 70% of the prostate, the central zone constituting 25%, the
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preprostatic region or transition zone and the anterior fibromuscular

stroma. (Figure 3.)

Figure 3: Zonal anatomy of the prostate (reused with permission from John

Wiley and Sons, licence number 4531521330165) (45)

The majority of prostate tumours arise from the peripheral zone with 70%
of tumours found here and a further 20% are found in the transitional zone

(46).

1.3.2 Precursors of prostate cancer and molecular basis of prostate
cancer

1.3.2.1 High-grade prostatic intraepithelial neoplasia (HGPIN) and
epithelial cell lineage

Prostatic intraepithelial neoplasia (PIN) represents the pre-invasive end of
cellular proliferation, consisting of typical benign prostatic acini and ducts
lined by cytologically atypical cells with nuclear and nucleolar enlargement

(47). Previously PIN was categorised into low-grade and high-grade

17



depending on the presence of prominent nucleoli but now only high-grade is

reported since low-grade has no prognostic value.

The total incidence of isolated PIN averages 9% (range, 4%-16%) of
prostate biopsies (48). The incidence and extent of PIN appears to increase
with age and race with also geographical location appearing to influence
incidence. African-American men aged between 50-60 years appear to have

a greater prevalence of PIN than Caucasians (49,50).

The mean volume of PIN found in prostates with cancer increases with
increasing pathological stage, Gleason grade, positive surgical margins and
perineural invasion (51). These findings combined with the facts that both
PIN and CaP are usually multicentric in nature, with both commonly found
in the peripheral zone, have similar proliferative and apoptotic indices and
similar genetic alterations, underscore the close biological relationship of
PIN and cancer. This highlights the role of the former as a precursor lesion.
PIN is defined by a series of well defined architectural and cytological
changes which results in the progressive loss of the epithelial two-cell
arrangement with disappearance of basal cells (52). The overall
proliferative role of the affected epithelium throughout these changes may
remain the same or be increased as the balance between cell proliferation
and apoptosis changes. As apoptosis regulatory mechanisms falter there is a

tendency for the number of malignant cells to increase.
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The significance of HGPIN when detected on a prostate biopsy without
associated prostate cancer is dependent on the number of biopsy cores with
HGPIN present. If less than four cores are involved, the risk of malignancy
being found on second prostate biopsy is approximately 26% however if
more than four cores have HGPIN then the chance of finding cancer on a

second biopsy rises to over 40% (53).

1.3.2.2 Atypical small acinar proliferation (ASAP)

Atypical small acinar proliferation (ASAP) is a histological finding of atypical
glands which are suspicious for prostate cancer but do not show enough
cytological changes to amount to cancer. Studies have shown that in
patients with ASAP present in initial prostate biopsies, the subsequent risk

of cancer being detected at second biopsy is approximately 40% (54).

Previous clinical practice had been to consider immediate re-biopsy in
patients with four or more cores of HGPIN and ASAP however in the era of
active surveillance with the adjunct of multiparametric MRI the incidence of
clinically significant CaP at re-biopsy is of similar incidence to those patients
with benign tissue and generally these patients are enrolled in a PSA

surveillance programme (55,56).

1.3.2.3 Basal and luminal-like stem cells in prostate cancer
The prostate consists of two distinctive epithelial layers: a basal epithelium
located on the basement membrane and a luminal epithelium, which is

separated from the basal membrane by the basal layer (see figure 4.). The
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exact nature and origin of prostate cancer remains controversial. The
simplest explanation would be a direct transformation of normal luminal
cells into malignant cells with loss of growth control (see figure 4). There is
growing evidence however that there is a hierarchy of cells within a given
cancer (57). In prostate cancer this hierarchy is likely to be dominated by an
aberrant luminal cell. There is evidence however that tumour development
is driven or possibly initiated from a stem like cell with different properties

to the tumour mass (58).

Stochastic Mechanism

Loss of growth control/rate

) cell: cell interactions
Luminal Accumulation of mutations
Cells
-—en e e = = =
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No(maloij'fe,entjation T Mutations accumulate
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Basal Cells

08
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. — O
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Activated / _
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Cancer Stem Cell Mechanism
Figure 4: Normal prostate cell architecture and the origins of prostate
cancer (reused with permission from Springer Nature, licence number

4531530049774) (59)

The predominant subtype of CaP is adenocarcinoma with features of luminal

secretory cells and an absence of basal cells. A small number of less common
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histological subtypes include small cell carcinoma and squamous cell
carcinoma. Both of these subtypes are associated with poorer prognosis,
aggressive disease and treatment resistance (60). Squamous cell carcinomas
have features of basal cells and can occur synchronously with
adenocarcinoma or alone. It is therefore plausible that based on their
different phenotypes that different histological variants of prostate cancer

arise from different cells of origin.

In vivo studies have shown stem like basal cells can generate luminal cells
(61). Furthermore treatment naive prostate basal cells have been shown to
initiate acinar type prostate adenocarcinoma (62). Similarly basal cells from
a BPH-1 human prostate cell line have been shown to initiate prostate
cancer in response to combined oestrogen and testosterone treatment (63).
Human prostate cancer cells with a basal phenotype have also been shown
to produce luminal cancer cells in vitro (64). This suggest that prostate
cancers may have basal stem like cells which they use to ensure continuous
production of luminal-like tumour propagating cells CaP to aid continued

development and growth.

1.3.2.4 Cell proliferation and regulation

1.3.2.4.1 Proliferation

Assessment of the number of cells proliferating within a tumour may
indicate the course of tumour progression. Several studies that have
assessed the mitotic index and Ki67 immunohistochemistry have suggested

some prognostic significance of tumour cell proliferative indices in CaP. The
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mitotic index and a range of clinical and histological features of 303
prostatic adenocarcinomas were assessed and found that the Gleason score,
tumour invasiveness and metastasis at diagnosis as well as progression and
progression free survival, were all related to the mitotic index (65). This
suggests that there may be some prognostic value in using proliferation

indices in the management of CaP.

Expression of Ki67 is required throughout the cell cycle and the expression
of which is strictly associated with cell proliferation, leading to its use in
routine pathology as a “proliferation marker” to assess the growth indices of
tumour cells (66). Ki67 expression and correlation has been widely reported
in all malignancies (67). The significance of Ki67 in prostate cancer has been
reported in several studies. Ki67 expression has been shown to provide
additional prognostic information in addition to a given Gleason score and
prostate-specific antigen (PSA) in localised CaP, suggesting that it could be
used as a novel biomarker to predict the need for treatment (68). Increased
Ki67 expression levels were seen in patients with recurrence of their CaP
following treatment with radiotherapy and hormone therapy and were
significantly associated with biochemical failure, metastasis and disease
specific mortality (69,70). Similarly Ki67 expression was associated with a
shorter length of progression free survival in a cohort of patients with high-
risk, localised prostate cancer (71). These suggest an important role of
proliferation in CaP development and in treatment stratification strategies

in treatment of CaP.
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1.3.2.4.2 Regulation of apoptosis

The balance between proliferation and apoptosis regulates tumour growth
and progression. We know that the rates of apoptosis are altered during CaP
initiation, progression and process of metastasis (72). Androgens are the
main regulator of the balance between proliferation and apoptosis in CaP.
Development of CaP depends on androgenic stimulation for growth and
continued survival whilst androgen deprivation causes cancer regression
due to lowering of cell proliferation and increased apoptosis. Studies have
shown that withdrawal of androgens from normal prostate cells results in
epithelial cell death, caused by an increase in intracellular transcription of
multiple genes normally suppressed by testosterone including, C-fos, c-
myc4 and TGF-f3 resulting in cellular apoptosis (73,74). As prostate cancers
comprise heterogeneous cells, although many will undergo apoptosis in
response to anti-androgen therapy, some androgen independent cells will
continue to proliferate leading to development of a subtype that is no longer
androgen sensitive. Androgen-independent cells have intact cell death
programmes but they fail to initiate these resulting in unregulated cell
proliferation (75). Overexpression of anti-apoptotic proteins BCL-2 and
BCL-XL, activation of pro-survival proteins such as AKT and NF-KB and loss
of tumour suppressor genes such as p53 and PTEN and BIN1 all lead to an

inhibition of apoptosis (76).

The BCL-2 family is a group of proteins that function as either pro or anti-
apoptotic molecules. Several members of this family have been shown to be

associated with CaP. Both BCL-2 and BCL-XL are both anti-apoptotic
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proteins that block the release of cytochrome C and apoptosis inhibitory
factor into the cytoplasm (77,78). Both BCL-2 and BCL-XL have been found

to be over expressed in CaP (79).

1.3.2.5 Epithelial to mesenchymal transition (EMT)
Epithelial-to-mesenchymal transition (EMT) is a normal physiological
process by which cells of epithelial origin convert to cells bearing
mesenchymal characteristics. It is proposed that cancer cells use this
process during their process of metastasis as supposed ‘circulating tumour
cells’. There is growing evidence that EMT states occur in CaP and may
contribute to progression and development of metastasis. Adhesion
molecules allow structural and functional interface between epithelial cells
and the extracellular environment, promoting and maintaining cellular
attachment. Studies have shown a loss of adhesion molecule E-cadherin
during progression from normal prostatic epithelium to invasive prostate

cancer (80).

TGF-f signalling is the most extensively studied pathway in regards to its
role in EMT and cancer progression. TGF-f regulates cell growth,
differentiation and matrix production through auto-regulatory functions
related to other peptide growth factors. In prostate cancer various isoforms
of TGF-3 are down or up-regulated resulting in diminished sensitivity to the
inhibitory or anti-proliferative effects of TGF-f resulting in pro-oncogenic

activity. TGF-f has been shown to induce EMT states in various prostate
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cancer cell lines and shown to predict disease recurrence in prostate cancer

patient following radical prostatectomy (81,82).

1.3.2.6 Tumour suppressor genes

Several tumour suppressor genes have been identified as being responsible
for suppressing neoplastic or metastatic phenotypes within prostatic
epithelium. The specific functions for the majority of these genes is not well
defined or understood but is thought to largely related to promoting cellular
differentiation and arrest of cell proliferation by growth-inhibitory

cytokines (83).

1.3.3 Prostate cancer and Gleason score

CaP is graded by the Gleason grading system (Figure 5.). The Gleason
classification system was developed by Dr Donald Gleason in 1966 and
remains the most widely reported classification system. The grading system
involves grading the cancer glandular architecture using low power
microscopy from grade 1 to 5 according to its gland-forming differentiation
(Figure 5.). From well differentiated glands with a score of 1 to poorly
differentiated anaplastic glands with a score of 5. Reporting of the specific
score varies according to whether the tissue specimen is a prostate biopsy
or radical prostatectomy specimen. The International Society of Urological
Pathology (ISUP) Consensus group stipulated in 2005 that for TURP
specimens and needle biopsies the most prevalent grade of cancer is
combined with the most aggressive grade present to give an overall score. If

the most prevalent grade is the same as the most aggressive grade then it is
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reported twice. In the case of radical prostatectomy specimens, the most
prevalent and second most prevalent grade is added together. If there is a
smaller amount of a higher grade present then this is reported as a tertiary

grade.

The 2014 ISUP Gleason grading conference stipulated that the various
Gleason scores were classified into 5 overall grade groups according to their

overall Gleason score (see Table 1.) (84).

The importance of Gleason score is that it correlates well with prognosis and
remains the most important prognostic indicator after radical curative

treatment (85,86).
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Figure 5: Gleason Grading system of Prostate Cancer. (Reused with
permission from BMC publishers) (87) 1 - small, uniform glands 2 - More
stroma between glands 3 - Distinctly infiltrative margins 4 - Irregular
masses of neoplastic glands 5 - Only occasional gland formation.

Gleason Score ISUP
Grade

2-6 1

7 (3+4) 2

7 (4+3) 3

8 (4+4 or 3+5 or 5+3) 4

9-10 5

Table 1: International Society of Urological Pathology 2014 Grade Groups

(88)

1.4 Diagnosis and classification

CaP presents in a variety of ways. It can be diagnosed amongst a plethora of
lower urinary tracts symptoms, during an episode of acute or chronic
urinary retention, visible or non-visible haematuria or asymptomatically as
an elevated PSA test. Advanced prostate cancer can present with signs of
malignancy with bone pain, spinal cord compression, obstructive uropathy,

significantly elevated PSA or typical red flags of disseminated malignancy.

Diagnosis of CaP is largely made via clinical examination of the prostate by
digital rectal examination (DRE) and measurement of the serum PSA level

which leads to resultant histological assessment via a biopsy if appropriate.

Currently there is no recommendation for UK CaP screening due to the

potential for over diagnosis and resultant overtreatment of patients.
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Asymptomatic men can request a DRE and PSA testing after being
counselled about the risks and benefits of PSA testing with their general

practitioner (GP).

1.4.1 PSA

PSA testing is integral to the current diagnosis, staging and management of
CaP patients and monitoring post treatment. PSA is a kallikrein serine
protease encoded by the KLK3 gene and is almost exclusively secreted by
the epithelial cells of the prostate. Its principal biological function is the
liquefaction of semen. PSA is not cancer-specific with elevated levels can be
due to benign prostatic hyperplasia (BPH), prostatitis, urinary tract
infections, urinary retention and instrumentation of the urinary tract.
Despite its low specificity for the diagnosis of CaP on prostate biopsies, PSA
in combination with DRE and transrectal ultrasound (TRUS) is the most
commonly used method for CaP detection and the most commonly used
serum biomarker. A major limitation of PSA is the fact that although
increasing levels of PSA are associated with a higher risk of CaP there is no
optimal threshold value. Indeed studies have shown that even when

patients have an extremely low PSA (PSA £ 1.0 ng/ml) they still have a 9%

risk of CaP (89). Additionally, PSA value does not correlate with CaP
aggressiveness (90). Currently although there is no ‘normal’ value for PSA,
age-specific thresholds are used to identify PSA abnormalities. These
thresholds specify expected PSA levels for specific age ranges. This aims to
compensate for the fact that PSA levels rise with age, irrespective of the

presence of CaP, and to increase the sensitivity in younger men and

28



specificity in older men. Previously the UK prostate Cancer Risk
Management Programme had recommended age-related referral values
(91), see table 2. Age-specific PSA cut-offs for detecting CaP are highly
variable and may just reflect the various demographics and clinical
characteristics of a particular population (92) and it was felt that there
would be a considerable risk of missing a high proportion of clinically
significant cancers in older men and potentially increase the rate of invasive
investigations in younger men. Two large PSA-based screening trials have
evaluated PSA testing in men aged 55-69 years with biopsy recommended in
those with PSA 23.0 ng/ml (93,94). This has led to a new recommended

referral value for men aged 50-69 of 3ng/ml in UK from NICE (95).

Age Related PSA Thresholds and associated risk of CaP

Age (years) PSA (ng/ml) Risk of CaP (%)

50 -59 3 6.6% to 23.9%
60-69 4 26.9%

270 5 41% (PSA 4-10)

Table 2: Age related PSA thresholds and associated risk of CaP (89)

The widespread use of PSA has resulted in the increased diagnosis of men
with localised, early stage CaP (4,96). These tumours may not become
clinically significant during their lifetime. Patients with these tumours are

typically over diagnosed, resulting in unnecessary treatment and potential
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significant treatment related side effects. This is one of the main reasons
why CaP screening methods based on PSA measurement remains
controversial. There is a great clinical need for accurate screening for CaP to

decrease unnecessary prostate biopsies.

Several adjuncts to PSA have been used to improve diagnostic accuracy for
early CaP detection and use as a prognostic tool in the follow-up of CaP
patients. These include PSA density, PSA velocity, PSA doubling time,
free:total PSA ratio and PSA isoforms (97,98). There is limited evidence
regarding the feasibility of these various PSA adjuncts. They are largely
confined to managing patients during periods or programmes of

surveillance rather than during the initial diagnosis process.

1.4.2 Emerging biomarkers

As a result of the limitations of the PSA test along with technological
advancements in the fields of molecular profiling and detection techniques,
several new novel potential biomarkers have been discovered that have
higher CaP specificity than PSA. Biomarkers are molecules whose detection
or evaluation provides diagnostic as well as prognostic information about a
disease process beyond the standard patient clinical factors available to the
clinician. Biomarkers can be proteins, metabolites, RNA transcripts, DNA or
epigenetic modifications of DNA. They can be detected through patient
samples (bodily fluids such as urine/blood) or tissue samples (biopsy or
surgical resection). The ideal biomarker should be safe and easy to measure

preferably non-invasive, highly sensitive and specific and the ability to

30



improve clinical decision-making in conjunction with patient clinical
characteristics on an individualised patient basis. Although it would be ideal
for a single biomarker to have all these characteristics the reality is that

panels of biomarkers are likely required to yield greater results (99).

1.4.2.1 Prostate cancer antigen 3 (PCA3)

Prostate cancer antigen 3 (PCA3) is a urinary biomarker that is a non-coding
prostate -specific mRNA. It is overexpressed in prostate cancer tissue
compared to benign tissue. The polymerase chain reaction (PCR) nucleic
acid amplification test measures the ratio of the concentration of PCA3 to
PSA mRNA in a post-DRE first catch urine sample. Currently the
recommended cut-off value for biopsy is a score of = 25 which is associated
with a >25% chance of a positive biopsy result. PCA3 has been shown to be
highly variable with a variable sensitivity, specificity, positive predictive
value and negative predictive values ranging on the cut-off score chosen
(ranging cut-offs 25-35) (100,101). These studies however essentially show
that detection of CaP rises with rising PCA3 levels. The use of PCA3 in
conjunction with PSA testing was shown to lower the number of
unnecessary prostate biopsies in patients considered for initial or repeat
biopsy (102). PCA3 has shown some potential as a prognostic marker,
correlating with tumour aggressiveness (103). However the role of PCA3
remains controversial and limited with several studies assessing the role of
PCA3 as a marker of CaP aggressiveness in relation to clinical /pathological

stage, Gleason score, tumour volume and extra prostatic extension at
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prostate biopsy showing no significant correlation (100,104,105). As a

result PCA3 is not currently routinely used in clinical practice.

1.4.2.2 Transmembrane protease, serine 2-ETS fusion (TMPRSS2-ERG)
Transmembrane serine protease (TMPRSS2) is secreted by prostate
epithelial cells in response to ligand exposure and this gene then becomes
fused with sequences of the ETS family of transcriptional activators namely
ERG. The resultant abnormal chromosomal rearrangement TMPRSS2-ERG
results in overexpression of ERG and inhibits normal prostate
differentiation (106). TMPRSS2-ERG is a urine biomarker that is highly CaP
specific and has been found in approximately 50% of CaP cases (107,108).
Expression of TMPRSS2-ERG was associated with a higher tumour stage but
no association was seen with Gleason score, metastases, CaP specific death,
biochemical recurrence or all cause mortality (108). The presence of urinary
TMPRSS2-ERG in combination with serum PSA >10 ng/ml and detectable
urinary PCA3 improved CaP detection rates (109). These suggest that
TMPRSS2-ERG may be suitable as part of a biomarker panel used in
combination with others to improve diagnosis. Indeed given that CaP is
such a heterogeneous disease with each individual tumour displaying its
own characteristics, a panel of biomarkers would be ideal to improve
diagnosis of significant disease. A major challenge remains the ability to
accurately predict the risk of harbouring particularly aggressive disease

instead of insignificant cancer.
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1.4.2.3 Oncotype DX® test

More recently genomic tools have been developed with the purpose of risk
stratifying patients affected by disease to help clinicians decide on the most
appropriate form of management or follow-up schedule for a particular
disease profile. Oncotype DX® Prostate Cancer Assay is a multi gene RT-PCR
expression array that was developed for use with fixed paraffin-embedded
prostate needle biopsies. The assay measures 12 cancer related genes that
represent four biological pathways; the androgen pathway the androgen
pathway (AZGP1, KLK2, SRD5A2, and FAM13(), cellular organization (FLNC,
GSN, TPM2, and GSTM?2), proliferation (TPX2), and stromal response (BGN,
COL1A1, and SFRP4 and 5 reference genes which algorithmically calculates a
Genomic Prostate Score (GPS) (110). A higher score correlates with a higher
probability of adverse pathology at radical prostatectomy with men
diagnosed with low or low-intermediate risk CaP on prostate biopsy. This
assay has been validated clinically as a predictor of aggressive disease in
this subgroup (111,112) and allows clinicians to discriminate patients with
indolent prostate cancer from aggressive prostate cancer to help make the
most appropriate treatment decisions, in this context for suitability of

enrolment in active surveillance.

1.4.2.4 Decipher™ test

Decipher™ is another genomic test used to assess the probability of
developing metastases and biochemical recurrence after radical
prostatectomy. It is based on 22 expressed RNA biomarkers involved in

multiple biological pathways (cell differentiation, proliferation, structure,
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adhesion and motility, immune modulation, cell-cycle progression, androgen
signalling) (113). Decipher™ has undergone multiple validation studies
(114-117) demonstrating its ability to predict risk of metastasis at and
biochemical recurrence 10 years and 3 years post radical prostatectomy
respectively. Currently it has been approved in the United States for CaP
patients treated with radical prostatectomy and adverse disease (pT3
and/or positive margins or PSA rise following surgery) to evaluate risk of

clinical progression (development of metastases).

1.4.2.5 Prolaris

The Prolaris (Myriad Genetics, Salt Lake City, UT) score is a quantitative
measure of the average expression of 31 cell cycle progression (CCP) genes
and 15 reference genes in either a prostate biopsy or radical prostatectomy
specimen. [t is recommended for patients with low risk disease on a biopsy
and a life expectancy of 10 years or more and is aimed at helping patients
make the decision between active surveillance and active treatment
although it may have some use in high-risk patients with adverse
pathological features after surgery too (118). Studies have shown that the
Polaris CCP score is able to predict the risk of biochemical recurrence after
radical prostatectomy and 10-year survival in patients managed
conservatively and the role of the CCP as an independent predictor of CaP
death, biochemical recurrence and development of metastasis after radical

prostatectomy (119,120,120).
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1.4.2.6 ConfirmMDx

ConfirmMDx (MDxHealth) is a tissue based assay that assesses the genetic
alterations surround the tumour lesions (“halo” effect) in the hope of
reducing the need for repeat prostate biopsies (121). The test identifies the
hypermethylation pattern of CpG island promoter regions of three genes
(GSTP1, APC and RASSF) in men after a negative biopsy. ConfirmMDx has
achieved a negative predictive value of 88-96% for high-grade cancer (122-

124)
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Genomic Test

Tissue type

Main Findings/Results

PCA3

Post-DRE urine

PCA3 score predicts biopsy outcome
in combination with PSA, DRE and
other clinical parameters
(AUC=0.71-0.75)

TMPRSS2-ERG

Post-DRE urine

Sensitivity 24.3% - 37% Specificity
93%. PPV 949%. When combined
with PCA3 and PSA (AUC = 0.88)

Oncotype DX

Prostate biopsy

Genomic prostate score combined
with clinical parameters (age, PSA,
clinical stage and biopsy Gleason
score is a predictor of high-grade or
high stage disease and biochemical
recurrence. Each 20-point increase
in genomic prostate score was
associated with a 2.3-fold increased
risk of high-grade disease and a 1.9-
fold increased risk of non-organ-
confined disease.

(AUC 0.63-67)

Decipher

Radical
prostatectomy

Decipher score in addition to clinical
variables predict 10-year distant
metastasis after surgery (AUC =
0.81). Ability to predict occurrence
of metastases (AUC 0.83-85)

Prolaris

Prostate biopsy

Cell cycle progression score is an
independent predictor of CaP death,
biochemical recurrence and
metastasis after radical
prostatectomy and radiation
therapy.

Confirm MDX

Prostate biopsy

Methylation status of three genes
(GSTP1, APC and RASSF) is able to
identify men at higher need of
repeat biopsy (sensitivity 68%,
specificity 64 % and NPV of 88-96%,
AUC =0.742)

Table 3: Summary of genomic tests and summary of main findings/results

(112,125-128)
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1.4.3 Prostate biopsy techniques

Transrectal ultrasound (TRUS) guided prostate biopsies are the current
main standard of care for diagnosis of CaP based on PSA level and/or
suspicious DRE. The standard technique employed is the “double sextant”
extended biopsy pattern described by Naughton et al (129), which involves
taking 6 cores from the lateral peripheral zone of each prostatic lobe. These
are taken via the rectum with the aid of a rectal ultrasound probe to

visualise the prostate.

Newer techniques such as transperineal template saturation biopsies or
targeted biopsies with the adjunct of multiparametric magnetic resonance
imaging (MRI) is becoming more commonplace, with recent evidence from
the PROMIS and PREDICT studies (130,131) highlighting the superiority of

these techniques over standard TRUS sampling techniques.

Recent trends has been away from local anaesthetic TRUS guided prostate
biopsies towards local anaesthetic transperineal targeted multiparamteric
targeted prostate biopsy which has been shown to be safe, feasible and
tolerable to be performed in the ambulatory setting (132). Freehand local
anaesthetic transperineal template biopsies techniques have been
associated with minimal complications and achieve higher cancer detection

rates, as well as improving CaP diagnostic pathway waiting times (133,134).
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1.4.3 Staging and risk stratification

1.4.3.1 TNM classification of prostate cancer

Once CaP has been diagnosed on a biopsy it is staged according to a
combination of clinical and imaging findings. Staging is to assess the local
extent of the disease in the prostate as well as to look for evidence of
metastatic disease. The staging system used is The Tumour, Node,
Metastasis (TNM) classification of the American Joint Committee on Cancer

(AJCC) (See Table 2.).
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2010 TNM Staging System of prostate cancer

Localised disease

Tx Primary tumour cannot be assessed

TO No evidence of primary tumour

T1 Clinically unapparent tumour neither palpable nor visible by
imaging

T1la Tumour incidental histological finding in < 5% of resected tissue

T1b Tumour incidental histological finding in > 5% of resected tissue

T1c Tumour identified by needle biopsy (e.g. due to elevated PSA level)

T2 Tumour confined within prostate

T2a Tumour involves one-half of one lobe or less

T2b Tumour involves more than one-half of one lobe but not both lobes

T2c Tumour involves both lobes

Local Extension

T3a Extracapsular extension (unilateral or bilateral)
T3b Tumour invades seminal vesicle(s)
T4 Bladder invasion, fixed to pelvic side wall, or invasion of adjacent

structures

Metastatic disease

N1

Positive regional lymph nodes

M1

Distant Metastasis

Table 4: 2010 TNM Staging System of Prostate Cancer (135)
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1.4.3.2 D’Amico risk stratification
The D’Amico risk stratification system (136) is used to categorise localised
CaP. Patients are divided into three risk groups (low, intermediate or high)

based on PSA, Gleason score and clinical stage (See Table 3). This allows a

framework to guide appropriate treatment options.

Definition
Low-risk Intermediate- High-risk
risk
PSA <10 ng/ml | PSA10-20 ng/ml | PSA>20ng/ml | any PSA

and GS <7 (ISUP

or GS 7 (ISUP

or GS > 7 (ISUP

any GS cT3-4 or

grade 1) and grade 2/3) or grade 4/5) or cN+

cT1-2a cT2b cT2c any ISUP grade

Localised Locally
Advanced

Table 5: Modified D’Amico Risk Stratification from EAU guidelines (88)

1.4.3.3 Nomograms

A variety of staging nomograms (137-140) exist which integrate various

specific clinical data to calculate the probability of various clinical outcomes

including risk of extraprostatic extension, seminal vesicle invasion, lymph

node metastasis and post treatment recurrence depending on which

particular nomogram is used. The PREDICT prostate nomogram has been

endorsed for use in CaP by NICE within the UK (92). The nomogram
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provides individualised patient long-term prostate cancer-specific and
overall survival estimates, estimating the potential treatment benefit on
overall survival. This nomogram has been validated in a large external
cohort and shown to be a robust and generalised model, which aids clinical
decision-making reducing potential over-treatment of patients with CaP

(141,141,142)

Despite the usage of these various staging tools it is still unclear what the
optimal management for each individual patient diagnosed with CaP is. As
the natural history of the disease is extremely heterogeneous, ranging from
an incidental tumour, extremely unlikely to lead to a cancer specific
mortality to extremely aggressive disease resulting in early metastasis and
premature death. For patients diagnosed with high-risk disease the benefits
of treatment are clear. However for patients diagnosed with low or
intermediate risk disease (which accounts for the majority of patients
diagnosed with CaP) (90), it is difficult to know whether radical treatment is
necessary or not. Many of these low and intermediate risk tumours may
remain indolent and unlikely to impact on patient life expectancy. In turn,
undergoing unnecessary radical treatment may lead to significant life-

altering side effects.

1.4.3.4 Multiparametric MRI
There have been significant advances made in the use of MRI imaging in
prostate cancer diagnosis and staging. Multiparametric MRI is now routinely

used for local staging in prostate cancer. The recent PROMIS study (130)
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also highlighted the accuracy of multiparametric MRI in predicting the
presence of high risk and intermediate risk (Gleason primary pattern 4) CaP.
This has led to increasing use of MRI to direct the need for performing
prostate biopsies in patients, and in some cases allows biopsies to be
targeted to suspicious MRI lesions. Although this highlights the emerging
validity of using MRI as a significant adjunct in CaP detection and allows
avoidance of unnecessary biopsies, it has not yet replaced the need for

biopsies to be performed for definitive diagnosis where necessary.

1.5 Treatment of localised prostate cancer

Localised CaP can be treated in a variety of ways. In many cases there is no
single treatment option that can be recommended as being better than
another. Often the decision to undergo a particular treatment is made after a

careful counselling process, with all suitable options being considered.

1.5.1 Active surveillance

Active surveillance is often advocated for patients found to have low risk
CaP in whom there is a low risk of progression and metastasis Active
surveillance involves deferring radical treatment and adopting a close
follow-up schedule with PSA monitoring and prostatic imaging with

multiparametric MRI.

Whilst undergoing active surveillance, if there any concerns about disease
progression patients will then be offered radical treatment. Although there

is widespread acknowledgement that active surveillance is the best way of
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managing patients with low risk CaP there is much controversy about the
actual regime of monitoring for patients enrolled with widespread variation
between centres. NICE has issued a recommended protocol for active
surveillance with patients recommended to undergo a multiparametric MRI
where they haven’t already and PSA monitored every 3-4 months for the
first year. At 12 months a DRE is recommended with a repeat
multiparametric MR, from year 2 and thereafter a PSA is recommended
every 6 months with a DRE every 12 months. If there is concern about
clinical or PSA changes at any time during active surveillance then re-
assessment is recommended with either multiparametric MRI or re-biopsy
(92). Patients often have a multiparametric MRI and transperineal template
mapping biopsies of the prostate prior to enrolment in an active
surveillance programme to ensure no under-staging of CaP grade and

volume.

1.5.2 Radical prostatectomy

Radical prostatectomy involves surgical excision of the prostate gland.
Historically this was performed via an open incision in the lower midline of
the abdomen. More recently minimally invasive laparoscopic and robotic
assisted surgical approaches have superseded this. Although minimally
invasive robotic approaches have significantly reduced post-operative
hospital stays, there are still significant risks associated with surgery
including erectile dysfunction (50%), urinary incontinence (5-10%) and

rectal injury (0.5%) amongst others.
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Although radical prostatectomy is the only modality of treatment for
localised CaP that has evidence to support its ability to reduce cancer-
specific mortality (143), this data was obtained in the “pre PSA era”. Recent
studies have failed to show significant difference between patients
undergoing radical prostatectomy versus watchful waiting (no active
treatment) with regard to disease specific mortality (144). The PROTECT
study compared treatments for localised prostate cancer which showed that
at 10 years, prostate cancer specific mortality was low irrespective of
treatment assigned (surgery, radiotherapy and active surveillance) with no
significant difference among treatments. Surgery and radiotherapy were
associated with reduction in disease progression and development of
metastases than active monitoring. The results of PROTECT suggests that
treatment particularly of low-risk prostate cancer has minimal effects on
survival within the first 10 years after diagnosis irrespective of treatment
(145,146). Nevertheless there is widespread acceptance that radical
prostatectomy does prevent progression of localised CaP in younger men

with intermediate or high-risk disease.

1.5.3 Radical radiotherapy

Radical radiotherapy can be delivered either by external beam therapy or
seed brachytherapy. External beam radiotherapy is given in combination
with androgen deprivation hormonal therapy (ADT), as evidence has shown
significantly improved outcomes over radiotherapy alone(147). Despite
advances in radiotherapy technology, there remain significant side effects

largely related to unintended dose delivery to structures adjacent to the

44



prostate. These consist of bladder and bowel toxicity symptoms of cystitis,
haematuria, incontinence, proctitis, diarrhoea, and erectile dysfunction as

well as the risk of radiation-induced secondary malignancies.

Although patients with localised disease can be seen as ‘suitable for all
options’ radiotherapy is often the treatment of choice in more elderly and
less medically fit patients. Another important aspect when counselling
patients particularly with regards to high-risk disease is the potential need
for multi-modal therapy with adjuvant treatment. It is important to
recognise, that if a patient underwent surgery initially and then developed a
recurrence, it is easier to deliver salvage radiotherapy than perform salvage

surgery.

1.6 Treatment of locally advanced prostate cancer and biochemical
recurrence

Around 17-31% of men present with high-risk localised or locally advanced
disease (148). Often these patients require treatment as if left untreated the
associated 10- and 15-year CaP specific mortality rates are 28.8% and
35.5% respectively (149). Although treatment is associated with survival
benefit there is no consensus on the optimal treatment for these patients.
Treatment strategies often comprise of combination therapy with local and

systemic therapies in a ‘multimodal’ approach.

Currently the European Association of Urology (EAU) CaP guidelines

recommend radical prostatectomy with extended pelvic lymph node
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dissection in a multimodal combination with possible post-operative
radiotherapy and ADT, or external beam radiotherapy at a dose of 76-78 Gy
or external beam radiotherapy with brachytherapy boost with long term
androgen deprivation in men with a life expectancy greater than 10 years
(150). There is no consensus on which treatment strategy is best with
patients often managed according to surgeon experience and patient factors
after careful counselling. There is reasonable evidence that both surgery and
radiation treatment are good options provided they are delivered in

combination with other treatments (151).

The definition of biochemical recurrence (BCR) differs according to the
modality of the primary treatment. Post radical prostatectomy BCR is
defined as PSA >0.2ng/ml, and post -RT >2ng/ml above nadir (152). Once a
PSA relapse has been diagnosed it is important to differentiate whether it is
likely to be a local or distant metastatic recurrence. This can often be
deduced from initial clinical and pathological factors (T stage, Gleason score,
PSA) and PSA kinetics post treatment (PSA doubling time and interval to
BCR). Options for BCR after radical prostatectomy consist of salvage
radiotherapy or ADT with delayed radiotherapy. For BCR after radiotherapy,
options include ADT or local treatments such as salvage radical
prostatectomy, cryotherapy, brachytherapy and HIFU however weak
evidence means these are often only recommended within a trial setting.
There are multiple phase 3 trials ongoing reviewing the management of BCR
which will hopefully help guide future practice in BCR (RADICALS -

NCT00541047 and RAVES - NCT00860652) (150).
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1.7 Treatment of metastatic prostate cancer

The mainstay and first-line treatment for patients presenting with
metastatic disease is ADT (153). EAU guidelines strongly recommend
treating both asymptomatic and symptomatic patients with metastatic
disease or discussing deferred ADT in well-informed patients (150) . The
median overall survival for patients who present with metastatic disease is
42 months (153). In patients who are deemed fit with good performance
status combined treatments (docetaxel, abiraterone, apalutamide) with ADT
are recommended. The treatment options available for patients with
metastatic disease are now numerous (154). The four-year follow-up of
STAMPEDE , showed that ADT plus upfront docetaxel or abiraterone
produced no significant differences between the two regimens in median OS,
metastasis-free survival or CaP specific survival (155) . There is a continual
debate with regards to which treatment to initially add to ADT and then how
best to sequence further treatment thereafter. There are multiple on-going

trials that will hopefully help determine the best treatment sequencing.

1.8 Racial differences in prostate cancer

1.8.1 Introduction

Men from western cultures, and especially black men, are known to have
significantly higher CaP incidence and death rates. As previously mentioned,
the incidence of CaP is 60% greater and the mortality rate 2-3 times higher
in AH men compared with Caucasian men (9,156). Asian populations have

the lowest CaP incidence and mortality but attain similar cancer rates of
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those in western countries after migration to western countries (157).
Autopsy studies from several countries have shown similar rates of
clinically insignificant or low risk CaP despite significantly different CaP
specific death rates amongst these racial populations (158). This suggests
that although rates of clinically insignificant CaP is common to all racial
groups, other unknown factors are promoting progression of the clinically
insignificant low risk tumours into clinically significant tumours, resulting in

more advanced and aggressive disease.

1.8.2 Identifiable risk factors for disparity

CaP in AH men presents at a younger age, with higher grade disease and
more advanced stage, at time of diagnosis (159-161). This accounts for the
disparity in increased CaP specific mortality rates seen in AH men. Several
explanations have been proposed to account for this disparity. For example
modifiable risk factors such as, demographic characteristics, socioeconomic
status, associated co-morbidities and access to healthcare may limit cancer
screening in AH populations, resulting in delayed presentation. Another
explanation is accounted for by differences in tumour biology, related to

dietary, hormonal or molecular factors, resulting in more aggressive disease.

1.8.3 Modifiable risk factors

In the United States (US) racial and ethnic minorities have a significantly
higher rate of poverty, lower educational status and less access to health
care or source of primary care. Further more, statistics from the National

Centre for Health Statistics in the US, 49.5% of AH men were found to have a
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poverty rate of over 20% compared to 7% of Caucasian population (162).
It's plausible therefore that this bears some significance in disparity of
disease presentation between these racial groups. However even when
these factors are controlled for, it is apparent that tumour biological and

genetic factors remain significant (163).

1.8.4 Molecular, Genetic and Biological Risk Factors

1.8.4.1 Introduction

Racial disparity can be potentially explained by inherent differences in
genetic and tumour biology in AH men, attributable to hormonal, dietary or

molecular factors.

Several studies have highlighted significant discrepancies in tumour-specific
gene expression between AH and Caucasian populations (164). These genes
could be influenced by environmental factors such as diet, obesity,
hypertension and inflammation resulting in changes to tumour biological
pathways. Several biological mechanisms and molecular pathways have
been shown to be differentially expressed in CaP tumours from AH and
Caucasian men, including those regulating apoptosis and proliferation, cell
adhesion and EMT, inflammation and immune response pathways (165-

167).

1.8.4.2 Diet and Obesity
AH men are reported to have a higher fat content in their diet and are more

obese with higher rates of hypertension (168-170). Dietary fat intake has
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been consistently associated with CaP risk and some studies have shown
that it may even promote more aggressive disease (171,172). The fact that
body mass influences serum androgen levels, which could affect CaP growth
mechanisms suggests that a relationship between obesity and CaP could
exist. Evidence however, trying to establish this link, has been largely
inconsistent with no clear association demonstrated despite several studies
(173,174). However a study reviewing recurrence rates of CaP, in AH and
Caucasian men, undergoing radical prostatectomy showed that obesity was
associated with higher grade cancer and higher rates of recurrence after
surgery (169). Interestingly the biological mechanisms associated with
obesity and hypertension result in an inflammatory response with release of
tumour necrosis factor - a (TNF- «), resultant release of inflammatory
cytokines, release of reactive oxides and activation of nuclear transcription
factor - kB (NF- kB). NF-kB is a transcription factor involved in the
regulation of a wide variety of biological responses including up regulation
of androgen signalling pathways and is reported to increase CaP
proliferation (175). Androgen receptor (AR) protein expression has been
shown to be 22% higher in AH men than Caucasian men (176), suggesting
CaP may occur at a younger age and more rapidly in AH due to differences in

androgenic stimulation.

1.8.4.3 Molecular Pathways
1.8.4.3.1 Apoptosis and Proliferation
An epidemiology study in Detroit examining radical prostatectomy

specimens showed increased CaP volume and greater Gleason grade in AH
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men compared to Caucasian men. Furthermore metastatic disease occurred
at 4 times more commonly in AH men (177). The author proposed that these
findings supported the hypothesis that CaP grows more rapidly in AH men
with an earlier transformation to aggressive CaP. As previously discussed,
normal prostate growth is regulated by a careful balance between
proliferation and apoptosis. The possibility that aberrant signalling
pathways controlling this fine balance could lead to CaP is well documented
(178,179). Androgen expression stimulates cell proliferation as well as
inhibiting the rate of glandular epithelial cell death. It is therefore plausible
that in AH men, increased androgen receptor expression could result in
altered gene expression, resulting in a state of down regulation of apoptotic
pathways and concomitant increases in proliferation of malignant glandular

epithelial cells, resulting in more aggressive disease.

The bcl-2 family of apoptosis regulatory products has previously been
discussed and can either be pro-apoptotic (bax, bak, bad) or anti-apoptotic
(bcl-2, bel-Xi, Mcl-1) (180,181). Anti-apoptotic activity of bcl-2 would lead
to cell proliferation and accumulation of genetic abnormalities resulting in
progression of cancer. Overexpression of bcl-2 has been shown to correlate
with tumour progression to androgen independent disease states (182-
184). Apoptosis and cell proliferation has been compared previously in age
matched AH and Caucasian patients who had undergone a radical
prostatectomy for localised disease. Prostate tumour cells were analysed for
expression of bcl-2, bax and ki67. Interestingly bcl-2 was detected at

significantly higher levels in tumours from Caucasian men than AH men, and
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the rate of cell proliferation was similar (166). The author suggested that
down regulation of bcl-2 expression may be potentially responsible for loss
of apoptotic control and suggests that the difference in expression may be
related to raised testosterone levels seen in AH men. Despite showing a
down regulation of bcl-2, it is clear that there is a difference in kinetics of
tumour growth between the two racial groups. This may explain the

differences seen in clinical behaviour of CaP between the two ethnic groups.

1.8.4.3.2 Cell Adhesion, Migration and changes to EMT

EMT is increasingly thought to be involved in cancer progression and
development through the process of enabling epithelial-derived cancer cells
to migrate to distant sites during metastasis. It is this process that could
account for earlier metastatic development and more aggressive disease

seen in AH men.

As previously discussed EMT is a normal physiological process that involves
reversible transdifferentiation of epithelial cells in response to local stimuli.
Prostate cancers exhibit EMT-like states with changes in various genes
associated with invasive or aggressive behaviour. The problem with CaP is
that many of these processes are seen in benign tissue and are often difficult
to differentiate from the changes seen in malignant cells. One potential
explanation for EMT processes is that local tumour microenvironments that
resemble EMT states, might promote high-grade patterns. Findings from

several human prostate cancer cell lines studies have shown that cells with
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more mesenchymal features exhibit a more aggressive and invasive

phenotype (185).

The mechanisms involved in EMT-like states is extremely diverse and
complex but essentially involves inducers (cell extrinsic inductive stimuli),
controllers (cell-intrinsic means of interpreting stimuli) and effectors
(proteins that mediate EMT) (186). A potential hypothesis is that local
microtumour environments send signals or stimuli to induce EMT-like
states such as growth factors TGF-f3, fibroblast growth factor (FGF), insulin-
like growth factor (HGF), platelet-derived growth factor (PDGF) as well as
hypoxic states (inducers). These trigger downstream signalling of
transcription factors via MAPK, SMAD, GSK3f and NFkB pathways which
results in activity of transcription repressors in the ZEB, Twist and Snail
pathways (controllers). The overall results of this process is decreased
epithelial cell adhesion molecules such as E-cadherin and induction of other

mesenchymal proteins (effectors) (186) (see Figure. 6).
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Figure 6: Mechanism of EMT-like states (reused with permission from

Springer Nature, licence number 4531560043149) (186)

Several studies have shown that known gene EMT pathways and processes
are differentially expressed in AH CaP specimens compared to Caucasian
CaP tumours (164,165,167). This suggests that EMT processes in tumour-
adjacent stroma may be responsible for the differences observed in tumour
behaviour, particularly the aggressive and invasive characteristics seen in
CaP tumours in AH men. Kinseth et al (167) showed that extracellular
matrix (ECM), integrin family and signalling mediators of EMT pathways
were all down regulated in the stroma of AH men. Many genes involved
with cell adhesion and stress fibre formation via integrin signalling were

down regulated in AH tumours. Decreased cell adhesion and disruption of
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the normal ECM are classical features of EMT (187). Down-regulation of

these signalling pathways suggests increased levels of EMT in AH tumours.

1.8.4.3.3 Inflammation

It is thought that about 20% of all human cancers are caused by chronic
infection or chronic inflammatory states (188). Chronic inflammation is
thought to be a possible mechanism in CaP development (189,190). The
causes of prostatic inflammation are unclear but several mechanisms have
been proposed including dietary factors, hormonal factors, urine reflux,

trauma and direct infection.

The molecular mechanisms that are thought to underlie the pathogenesis of
inflammation-associated carcinogenesis are complex and are heavily
interlinked with host immune response mechanisms. Initially highly
reactive compounds including hydrogen peroxide and nitric oxide are
released from phagocytic inflammatory cells which then leads to oxidative
damage to the DNA in the epithelial cells. These epithelial cells must then be
replaced and cells that undergo DNA synthesis in the presence of these DNA
altering states give rise to mutated epithelial cells. An inflammatory state
also gives rise to increased cytokine release, which promotes epithelial cell
proliferation. Inflammatory cells also migrate readily through the ECM
resulting in increased EMT states facilitating epithelial cell invasion and

possible metastasis.
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Histologically, prostate biopsy lesions that contain either acute or chronic
inflammatory infiltrates are associated with atrophic epithelium or focal
epithelial atrophy (191). Compared to normal epithelium these areas of
focal epithelial atrophy display increased epithelial proliferation rates
described as proliferative inflammatory atrophy (PIA) (191). Transition has

been seen from these areas of PIA to high grade PIN (192).

Interestingly studies have shown that inflammation is more prevalent in
non-tumour prostate biopsy specimens from AH men than Caucasian men
(193). Powell et al (165) showed that inflammatory cytokines IL6, IL8 and
IL1B were significantly more expressed in CaP from AH men than CaP in
Caucasian men. These inflammatory cytokines have been linked to CaP
development (194,195). Increased levels of IL6 has been associated with
higher Gleason scores and aggressive CaP (195). IL1B has been shown to
increase production of IL8, which promotes prostate cell proliferation and
migration (194). Kinseth et al (167) also demonstrated differential
expression, of several cytokine signalling pathways including IL6, between

AH and Caucasian tumour tissue samples.

1.8.4.3.4 Immune Response

The interaction of inflammation and immunoregulation is complex. Both the
innate and humoral immune system are capable of providing antitumour
activity. Tumours however are able to develop mechanisms to suppress and
evade the immune system. In some cases the immune system itself has been

shown to facilitate tumour progression and development (196).
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Prostate cancer like many human cancers develops in an immunologically
intact host, progressing from localized low-grade disease to eventual
metastatic disease. This progression involves an extensive interaction with
the host immune system. Although the mechanisms of evasion and
modulation of the immune system in CaP are not fully understood, it is
thought that immune effector cells which recognize tumour antigens
become desensitised and incapable of recognising and killing tumour cells
(197-200). This process is thought to occur through induction of regulatory
or suppressor T cells. Regulatory T cells are a subset of CD4* T cells that act
to suppress autoreactive T cells and the process of autoimmunity. High
levels of T regulatory cells have been shown to confer a poorer prognosis in
several solid tumours (201). CaP patients have been shown to have higher
levels of regulatory T cells in their peripheral blood compared to normal
donors (202). The presence of regulatory T cells has also been
demonstrated using immunohistochemistry (IHC) surrounding CaP lesions
(203). Interestingly one of the many roles of IL-6 is B cell activation,
highlighting the close association between inflammation and immune

response.

Due to the powerful capabilities of the anti-tumour immune system,
researchers have looked at immunotherapeutic treatment options for CaP
treatment. These efforts have focussed on vaccination and immune
checkpoint blockade. The goal of immunotherapy treatments has been to

activate a population of effector T cells able to mediate specific lysis of
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tumour cells. Several antigen-specific approaches have been developed over
the past several years (204). In these approaches a tumour-associated
antigen is directly targeted either by loading the antigen into vaccine vector.
Several vaccines have shown promise through clinical trials, the most
notable including Sipuleucel-T (Provenge, Dedreon Corp.) and PROSTVAC-
VF (Bavarian Nordic), however these have not shown any significant overall

survival advantages (205,206).

Recent studies have focused on the concept of immune checkpoints. These
are a collection of molecules expressed by previously activated immune cells
that limit the on-going immune response. The aim is by blocking these
checkpoint molecules; the immune system response against tumour cells
can be sustained. The most substantially studied checkpoint molecule is
cytotoxic T lymphocyte antigen-4 (CTLA-4), which is expressed by activated
T cells. Of the antibodies specific for CTLA-4, Ipilimumab (MDX-010; Bristol-
Myers Squibb/Medarex) and Tremelimumab (CP-675206; Pfizer) are the
currently most well developed agents. Ipilimumab has been evaluated in
patients in prostate cancer in phase II trials and has shown a reduction in

PSA levels (207).

Another checkpoint molecule gathering interest in immunotherapy
treatment is programmed cell death 1 (PD-1). PD-1 is expressed by
activated T cells and when engaged by its ligand PDL-1 results in T cell
inhibition and apoptosis. PD-1 blockade results in an antitumour response

(208,209). There have been very promising results from clinical trials using
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monoclonal antibodies for PD-1 blockade in several advanced malignancies
(210,211). Although PD-1 has been less well studied in CaP, prostate
infiltrating lymphocytes have been found to express PD-1 (212). This
suggests that PD-1 blockade may be a promising strategy in prostate cancer

immunotherapy.

The Checkmate 650 trail - NCT02985957 evaluated the combination
treatment of Nivolumab and ipilimumab in patients with metastatic castrate
resistant prostate cancer. This study was designed on findings that
ipilimumab can increase tumour-infiltrating T-cells in the prostate with
upregulation of the PD-1/PD-L1 inhibitory pathway. The overall response
rate was 25% and 10%, median overall survival was 19 and 15.2 months in
the chemotherapy-naive and chemotherapy treated men respectively (213).
This is better than historical survival data for treatment with immune-
checkpoint monotherapies (9.6-11.2 months) (214-216). There were
however considerable grade 3/4 adverse events (42-53%) and treatment
related deaths (4.4%) associated with treatment, with approximately 38%
of patients in each cohort discontinuing treatment due to side effects also

(213).

Kinseth et al (167) found that 20% of the differentially expressed genes
found between AH and Caucasian CaP samples in stroma tissue were related
to immune processes. Furthermore significant numbers of differentially
expressed tumour associated pathway genes were related to immune

responses. Wallace et al (164) showed significant differences in tumour
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immunobiology between AH and Caucasian men with the majority of
differentially expressed genes relating to immune response and cytokine
signalling pathways. This heavily suggests that immune processes may be

linked to racial disparities in CaP.

1.9 Aims and objectives
The aim of this research project was to:

1. Identify a panel of prostate cancer associated protein biomarkers
that could potentially be used to predict clinical outcomes - these
being development of metastatic disease and prostate cancer specific
death.

2. Toreview if these biomarkers displayed differential protein
expression in AH and Caucasian men, to try to explain the disparity in
aggressive disease between these two populations and to potentially

review the molecular causes or pathways for these differences.

By being able to identify patients potentially at risk of developing more

aggressive disease means treatment could be targeted more appropriately.
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2.0 Materials and methods

2.1 Study design overview

This study involved the comparison of a panel of candidate biomarkers,
selected according to techniques described below, against two different
tissue microarrays - one Caucasian-predominant historic TMA and a newly

constructed AH TMA.

A historical TMA was previously constructed, from predominantly
Caucasian men of patients diagnosed with CaP between 1999 and 2001, by
Dr Des Powe, Histopathology Department, Nottingham University Hospitals.
A new TMA was constructed by, Mr Philip Goodall and Dr Des Powe, with
tissue from AH patients diagnosed with CaP obtained from University of
Birmingham human tissue biorepository. Both TMAs were then
immunostained for protein expression of a selection of candidate
biomarkers, selected from bioinformatics techniques and a thorough
literature review described below. Staining was reviewed and scored

independently by Philip Goodall and Des Powe.

The North West 7 Research Ethics Committee approved the use of the tissue
samples from the historic predominantly Caucasian TMA - Greater
Manchester Central REC number 10/H1008/72 previously. The East
Midlands - Nottingham 1 Research Ethics Committee approved the
construction of the new AH TMA and further use thereafter - East Midlands

Nottingham 1 REC number 15/EM/0499.
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Patient outcome data for the patients incorporated into the historic
predominant Caucasian TMA was previously collated into a Microsoft excel
spreadsheet by Mr Will Green as part of a previous thesis project. Multiple
clinical outcome data parameters were recorded, as discussed below.
Relevant clinical outcome data and protein biomarker expression was
statistically analysed using SPSS to determine the ability of biomarker
protein expression to predict prostate specific survival, tumour recurrence,

metastasis development and treatment failure.

2.2 Patient cohort and data collection

The historic TMA was populated with archived wax embedded CaP tissue
from 365 patients diagnosed with CaP between 1999 to 2001. These were
consecutive non-selected patients that underwent ‘best-practice’ treatment
at Nottingham City Hospital, Nottingham, UK. Initial CaP diagnosis was made
from either prostate needle core biopsy, TURP specimens or radical
prostatectomy specimens. Patients were asked if they would allow their
tissue to be used for research purposes, with those in agreement
incorporated into the TMA. Previously Green et al had used this TMA and
clinical cohort to demonstrate that Ki67 was predictive of CaP specific
survival and development of future metastases and DLX-2 - a novel

biomarker, was predictive of development of metastases (217)

The majority of the patients incorporated into the TMA were diagnosed with
CaP incidentally from tissue taken during a TURP and therefore treatment

naive. This was largely in the context of treatment for urinary retention or
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lower urinary tract symptoms and not diagnosis of CaP, as this procedure is
not intended to detect or diagnose CaP. This means the majority of patients
were diagnosed with coincidental CaP at TURP (T1a/b disease). This doesn’t
reflect current practice in the modern ‘PSA screening’ era which has led to a
dramatic increase in the number of men

investigated for CaP with the use of standard TRUS biopsy and more
recently transperineal template biopsy with the use of multiparametric MRIL
This has led to the majority of patients being diagnosed with organ confined

CaP.

The change in practice in diagnosis of CaP in the PSA screening era has led
to many criticisms of studies carried out prior to this on the basis they are
not relevant to current clinical practice. Despite this, although the number
of patients diagnosed with CaP via TURP is smaller, it is still a relevant
population. The management of these patients is often very similar to biopsy
detected CaP, including the use of active surveillance if asymptomatic with a
low PSA and Gleason grade. As well as this, the collected clinicopathological
data has over 13 years of extended follow-up data, providing a powerful
data tool in relevant analysis. The patient cohort characteristics

incorporated into the TMA are shown in Table 4 below.
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Clinical Variable

Number of Patients

Method of CaP Detection TURP 279 (76%)
Radical 26 (7%)
Prostatectomy
TRUS Biopsy 54 (15%)
Not recorded 6 (2%)
PSA (ng/ml) at diagnosis <4 34 (9%)
>4 237 (65%)
Not recorded 94 (26%)

Gleason Score <7 141 (39%)
>8 156 (43%)
Not recorded 68 (19%)
D’Amico Risk group Low 54 (15%)
Intermediate 33 (9%)
High 202 (55%)
Unclear 76 (21%)
Androgen Deprivation Therapy Yes 197 (54%)
No 87 (24%)
Unclear 81 (22%)
Castrate Resistance Yes 127 (65% of those
patients castrate)
No 70 (35% of those
castrate)
Metastatic Disease at diagnosis Yes 44 (12%)
No 257 (70%)
Not recorded 64 (18%)
Development of subsequent Yes 85 (23%)
metastatic disease (in those No 167 (46%)
without metastases at Not recorded 69 (19%)
diagnosis)
Death due to prostate cancer Yes 134 (37%)
No 92 (25%)
Unknown 87 (24%)
Still Alive 52 (14%)

Table 6: Clinical Characteristics of prostate cancer patients incorporated

into historic TMA comprising Nottingham derived patients
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A prepopulated Microsoft Excel spreadsheet database was previously
created and populated by Mr Will Green and included clinical factors for the
patients incorporated in to the TMA. The following factors were recorded
and incorporated into the database from reviewing patient medical notes
and hospital IT results system software (‘NOTIS’); racial origin, date of
diagnosis, initial PSA, initial DRE, mode of tissue diagnosis, Gleason 1 score,
Gleason 2 score, Overall Gleason score, Initial D’Amico Risk, bone mets at
diagnosis, radical prostatectomy histology, active surveillance, radiotherapy,
Date of radiotherapy, subsequent development of mets, date of mets,
location of mets, months to mets from diagnosis, chemotherapy, androgen
deprivation therapy, death, date of death, prostate cancer related death,
other cause of death, months to all cause death, months to prostate cancer
specific death, months to castrate resistance. Patient identifiable
information was removed other than a derived ‘patient analysis number’.
Gleason scoring was modified in 2005 by the International Society of
Urological Pathology (ISUP) consensus (218) therefore all cases were
histologically reviewed and Gleason scored according to contemporary ISUP

guidelines.

Given the lack of AH patients within the Nottingham patient cohort
incorporated into the previous TMA, AH CaP specimens were sourced from
University of Birmingham human tissue biorepository. 35 AH patients’ CaP
specimens were received and incorporated into a newly created TMA. The
CaP tissue specimens obtained were a mixture of post radical prostatectomy

and TURP specimens, the majority being post radical prostatectomy
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specimens. The tissue was obtained from patients diagnosed and treated for
CaP from 2001 to 2015. The patient characteristics of the AH CaP tissue

incorporated into the TMA is shown below in Table 5.
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Clinical Variable

Number of Patients

(%)
Method of CaP Detection TURP 3 (9%)
Radical 32 (91%)
Prostatectomy
PSA (ng/ml) at diagnosis <4 1 (3%)
>4 34 (97%)
Gleason Score <7 31 (89%)
>8 4 (11%)
D’Amico Risk group Low 5 (14%)
Intermediate 20 (57%)
High 9 (26%)
Unclear 1 (3%)
Antigen Deprivation Yes 1 (3%)
Therapy
No 34 (97%)
Castrate Resistance Yes 1 (100% of those
patients castrate)
No 34
Metastatic Disease at Yes 0 (0%)
diagnosis
No 35 (100%)
Development of subsequent Yes 1 (3%)
m_etastatic disease (in those No 34 (97%)
without metastases at
diagnosis)
Death due to prostate Yes 0 (0%)
cancer No 35100%)

Table 7: Patient characteristics of AH patients incorporated into new AH

TMA.

AH patient factors were requested from Birmingham Biobank including;

current age, date of specimen, Gleason score 1, Gleason score 2, overall
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Gleason score, T stage at diagnosis, PSA at diagnosis, PSA at surgery,
diagnosis method, Prostate cancer specimen type, biochemical recurrence,
commencement of androgen therapy, development of castrate resistance,
months to development of castrate resistance, treatment with radiotherapy,
treatment with chemotherapy, death, mets at diagnosis, subsequent
development of mets, date of mets, location of mets, months to mets from
diagnosis. AH patients identifiable information was removed and given a
unique ‘generated patient analysis number’ and incorporated into the
previously created Microsoft excel spreadsheet relating to the historic TMA

to allow combined analysis.

2.3 Tissue microarray construction
Mr Will Green and Dr Des Powe constructed the previous TMA, using
archival wax-embedded TURP and radical prostatectomy samples sourced

by the Nottingham Health Science BioBank.

A new TMA was constructed by Mr Philip Goodall and Dr Des Powe using
archived AH wax embedded TURP and radical prostatectomy samples,
sourced from University of Birmingham BioBank. Histology sections were
reviewed by a Consultant Uropathologist (Dr Geoffrey Hulman - University
Hospital Nottingham), Mr Philip Goodall and Dr Des Powe for evidence of
CaP. At least two 0.6mm diameter donor cores were taken from the
identified tumour sites per patient using an automated TMA Grand Master
instrument (3DHistech LTD, Hungary) and placed in paraffin blocks. Each

block is able to accommodate up to 100 cores. All patients were
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represented with at least two cores with some patients represented by four
cores. Cores were aligned in 2 blocks in a specific grid pattern from A1 to
H10 for the first block and A1 and 14 for the second block, with each core
serially numbered. Each core was given a unique ‘NPN’ number, starting
from 4000 for core A1l in the first block continuing in sequence to 4115 for
core 14 in block two. This was incorporated in to the previous Excel
spreadsheet created by Mr Will Green that included the NPN number
relating to the cores in each of the historic TMA’s previously created,
starting from 2000 to 2968. A significant numbering gap was left to allow
for future incorporation of new specimens and for appropriate segregation
between data sets to exist. Generation of the NPN allowed for subsequent
analysis of biomarker scores and clinicopathological data relating to specific
tissues samples from specific patients without compromising confidential

personal data.

TMA sections from both TMA'’s were cut at a thickness of 4um on a

microtome for [HC.

2.4 Selection of candidate biomarkers

2.4.1 Artificial neural network analysis

The panel of candidate biomarkers were selected via two methods. The first
was using a bioinformatic ANN approach to analyse a commercially
available AH CaP gene expression array to identify genes that were
associated with metastasis development. An ANN approach was utilised

because of the ability of these techniques to assess and assimilate vast gene
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data arrays with regards to a specific outcome or question (in this case gene
association with metastasis development) and are able to predict futures
outcomes based on previously learnt behaviour. The second was based on a
thorough and comprehensive literature review of the molecular pathways

thought to be responsible for the more aggressive disease seen in AH men.

Artificial neural analysis of a publically available prostate cancer DASL RNA
gene expression profiling microarray (data source - series GSE41969)
(165), consisting of both Caucasian and AH samples, was performed by
Professor Graham Ball (Nottingham Trent University) identifying genes and
therefore potential candidate biomarkers associated with increased risk of
development of metastases. The gene microarray consisted of 517 genes in
639 tumour samples (270 African Heritage, 369 European American men)
and 163 matched normal (control) samples (80 African Heritage, 83
European American Men). Categorised Gleason’s grade between the 2
groups was significantly different, with African Heritage group having a
higher prevalence of high Gleason’s grade (categorised as Gleason’s grade 7
(4+3), 8,9 and 10) . The ANN modelling used a supervised learning, multi-
layered approach with five hidden outputs and randomised initial weights.
The learning rate and momentum were set to 0.1 and 0.5 respectively. The
outputs were coded as 0 if the patient showed no evidence of metastasis
within 5 years and 1 if metastasis was present. Prior to training each model
the data was randomly divided into three subsets; 60% for training, 20%
testing (to assess model performance during the training process) and 20%

for independent validation (to independently validate the model on
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previously unseen data) (219). Learning occurs after input of the training
data and stops when the error of the generated outputs fails to increase for a
specified number of training cycles. When this process is complete the ANN
model is validated on the remaining 20% set aside for independent
validation. This process of random sample cross- validation was reiterated
50 times for each input generating robust generalised models. The models
are then trained over 50 randomly selected subsets with ANN predictions
generated from average mean square error values calculated for each input
generated. The highest-ranking values and those shown to be most capable
of class prediction (development of metastasis) were then selected for
further inclusion in subsequent models with each of the remaining inputs
then sequentially added to the previous best input, generatingann - 1
model with two inputs. Training was then repeated with the process
repeated and generation of an n - 2 model with three inputs and continued
until no significant improvement was gained by addition of further inputs.
This process was repeated generating a final model of gene expression most
associated with prediction of metastasis development in both AH and

Caucasian sub groups.

The ANN model was visualised with the use of cytoscape (220), allowing
visualisation of the ANN model generated. Genes were identified from the
cytoscape interaction network maps according to their level of influence,
with identification of potential ‘hub’ genes. ‘Gene interaction maps’ were
generated for genes associated with metastasis development in both the AH

and Caucasian groups. The AH gene map generated from the African
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Heritage gene microarray was used to identify potential ‘hub’ genes. The AH
interaction map is shown below in Figure 8. Two AH specific genes were
identified from this interaction map for their novelty and significant level of
interaction - CYB561 (Cytochrome B561 - Gene accession number
NM_001017916) and EPB41L4A (Erythrocyte Membrane Protein Band 4.1

Like 4A - Gene accession number NM_022140).
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Figure 7: African Heritage Cytoscape Artificial Neural Network Gene
Interaction map. The colour indicates whether a particular gene positively
(green) or negatively influences (red) with the arrow showing the path of

influence. The thickness of the line represents the degree of influence.
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2.4.2 Validation of previous studies
DLX2 (Distal-less homeo box 2 - Gene accession number NM_004405.2) and
proliferation marker Ki67 were included to validate results from Mr Will

Green’s previous work (217).

Immunoglobulin free light chains (FLCs) lambda and Kappa were included
for their increased association in tumour associated inflammation pathways

(Dr Des Powe) in poor prognosis basal type breast cancer (221).

2.4.3 Literature review
The remaining candidate biomarkers were selected from a curated
extensive literature search using Ovid Medline search engine to identify
biomarkers associated with different prostate cancer molecular pathways
thought to potentially be able to predict disease specific survival as well as
differential expression in Caucasian and AH populations. TGF-f3
(Transforming Growth Factor § 1 - Gene accession number NM_000660)
was included given its multifunctional involvement in cell proliferation,
differentiation and survival/apoptosis of cells. PD-L1 (Programmed death
ligand 1 - gene accession number NM_014143) was included because of its
relation to the immune system pathway. PTEN (Phosphatase and tensin
homolog - gene accession number NM_00314) was selected for its role as a
tumour suppressor gene. The following searches were performed using
Ovid Medline:

1. ‘prostate cancer’, ‘race’ - this search returned 10 results, of which 7

papers were suitable for review.
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2. ‘prostate cancer’, ‘African’ - this search returned 16 results of which

16 papers were suitable for review.

3. ‘prostate cancer’, ‘epithelial-mesenchymal transition’ - this search

returned 5 papers of which 5 were suitable for review

4. ‘prostate cancer’, ‘genomics’ - this search returned 49 papers of

which 24 were suitable for review.

5. ‘prostate cancer’, ‘inflammation’ - this search returned 5 papers of

which 3 were suitable for review.

The selected candidate biomarkers are shown below in table 6.

Gene Name Gene accession Number Gene Protein
CYB561 NM_001017916 Cytochrome B561
EPB41L4A NM_022140 Erythrocyte Membrane
Protein Band 4.1 Like
4A

DLX2 NM_004405.2 Distal-less homeo box 2

Ki67 NM_002417 Proliferation marker

Kappa FLC NC_000002.12 Immunoglobulin kappa
constant

Lambda FLC NC_000022.11 Immunoglobulin
lambda constant 1

TGF-B NM_000660 Transforming Growth
Factor 1

PD-L1 NM 014143 Programmed death
ligand 1

PTEN NM_00314 Phosphatase and tensin

homolog - gene
accession number

Table 8: Selected candidate biomarkers

2.5 Immunohistochemistry

Selected biomarker antibodies and dilutions used for IHC staining of both

TMAs are shown in table 7.
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tensin homolog -
gene accession
number

Gene Name | Gene Protein Antibody Clone Positive Dilution
Manufacturer Control
CYB561 Cytochrome B561 | Abcam Rabbit Human 1:200
Ab185304 Polyclonal | stomach
EPB41L4A | Erythrocyte SIGMA Rabbit Human 1:300
Membrane HPA036580 Polyclonal | tissue -
Protein Band 4.1 optimised
Like 4A on TMA
DLX2 Distal-less homeo | Abcam Polyclonal | Mouse 1:1500
box 2 Ab18188 Brain
Ki67 Proliferation Leica Clone Colorectal | 1:25
marker NCL-L-MM1 MM1 Tissue
Kappa FLC | Immunoglobulin Unknown Mouse Optimised | 1:100
kappa constant Monoclon | on TMA
al
Lambda Immunoglobulin Unknown Mouse Optimised | 1:100
FLC lambda constant 1 Monoclon | on TMA
al
TGF- Transforming Abcam Rabbit Mouse 1:100
Growth Factor 1 | Ab92486 polyclonal | muscle
lysate
PD-L1 Programmed Merk/Millipore | Rabbit Human 1:400
death ligand 1 Abc324 polyclonal | Tonsil
PTEN Phosphatase and | Unknown Unknown | Unknown | Unknown

Table 9: Antibodies used for immunohistochemical staining of TMAs.

Optimisation of antibody dilutions were initially performed using

recommendation positive and negative control tissues at dilutions where

suggested by the antibody suppliers. The kappa and lambda FLC antibody

was resourced from Dr Des Powe and optimised on the historic TMA. Dr

Wakkas Fadhil, Nottingham University QMC Hospital IHC department,

stained the TMAs for PTEN independently with a previously optimised

antibody. Positive and negative control samples were analysed and

75




reviewed by Mr Philip Goodall and Dr Des Powe for staining verification. In
samples where it was not possible to differentiate between the controls,
dilutions were titrated as appropriate to establish optimal antibody
dilutions. The optimal Ventana auto-stainer protocol was established for
each antibody by comparing ultraview and optiview procedures with or

without additional amplification steps (see Appendices A-C).

After optimising each biomarker antibody, 4um sections from each
individual TMA block were mounted on Dako REALTM capillary cap
microscope slides, 75um (grey), S2024 (Dako UK Ltd). TMA sections
representing the entire Caucasian and AH cohorts underwent IHC using The
Benchmark Ultra Ventana™ multi-system auto staining system according to
the optimal protocol established from optimisation for each biomarker
antibody. The Ventana staining protocol used for each biomarker antibody
is listed in table 8 below with detailed steps of each protocol described in
Appendices A-C. Once slides had been stained they were mounted using a

Leica Biosystem automated slide mounting system.
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Gene Gene Protein  Ventana Protocol/ Ventana
Name Protocol Number Procedure
CYB561 [ytochrome B561 UV SCC1 + 32 U ultraView DAB
4000
EPB41L4A Erythrocyte DV SCC1 + 32 U OptiView DAB
Membrane Protein #991 [HC v5
Band 4.1 Like 4A
DLX2 Distal-less homeo [V SCC1 + 32 U ultraView DAB
box 2 4000
Ki67 Proliferation Ki67 Roche RTU U ultraView DAB
marker 1954
Kappa [mmunoglobulin UV SCC1 + 32 U ultraView DAB
FLC kappa constant 4000
Lambda [mmunoglobulin UV SCC1 + 32 U ultraView DAB
FLC ambda constant1 #4000
TGF- Fransforming UV SCC1 + 32 U ultraView DAB
Growth Factor §1 4000
PD-L1 Programmed death PV SCC1 + 32 U OptiView DAB
igand 1 4991 [HC v5

Table 10: Ventana staining protocol for each biomarker antibody

Immunostained TMA sections were assessed to determine the most

appropriate IHC scoring technique for quantifying protein expression

dependent on what type of cell staining was present. Some antibody’s

generated different types of staining (cytoplasmic and nuclear). Where this
was evident both types of cell staining was scored. This wasn’t seen for
every antibody though. Mr Philip Goodall and Dr Des Powe independently
assessed slides for protein expression without knowledge of patient
clincopathological data for each tissue core. H-Scoring was used for CYB561
membranous (>30 positive - AH TMA), EPB41L4A cytoplasmic (>12
positive Caucasian TMA, >175 AH TMA), Ki67 nuclear (>110 positive, AH
TMA), DLX2 (>10 positive, AH TMA) and TGF-f cytoplasmic (>10 positive
Caucasian TMA, >90 positive AH TMA). The H-score was achieved by

summing the product of percentage cells showing each level of staining
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intensity where O=absence of staining, 1=weak staining, 2=moderate
staining and 3=strong staining intensity (222). Percentage nuclear scoring
was used for PD-L1 (>60% positive Caucasian, >90% positive AH) and TGF-
B (>60% positive Caucasian, >90% positive AH). Presence absence scoring
was used for Kappa and Lambda FLC (staining of mast cells) (AH and
Caucasian TMA), PD-L1 (cytoplasmic staining) and PTEN (cytoplasmic
staining). PD-L1 staining was particularly difficult to optimise.
Unfortunately we were limited with the specific PD-L1 antibody available to
us due to availability and cost restrictions. We were unable to identify any
cell surface staining with the antibody used hence the use of
presence/absence cytoplasmic staining and percentage nuclear staining was
used. PD-L1 staining thresholds are very specific in order to be validated
and we knew that our results with regards to PD-L1 would be limited and
potentially affect our confidence in any significant results generated.
Staining thresholds used for dichotomous categorisation were chosen using
the software program X-tile or by those documented in previous studies
(217,223).IHC was only performed in the AH TMA for biomarkers DLX2 and
Ki67 as this has previously been performed on the Caucasian TMA
previously with results previously published and were included for further
biomarker validation. The number of patients that could be scored for each
individual marker for each cohort is shown below in table 9 and 10 for each
TMA respectively. No biomarker had a score reflecting the whole cohort as
tissue core samples were lost in the processing of the cutting the microtome

sections from the particular TMA.

78



We used REMARK (Reporting recommendations for tumour MARKer

prognostic studies) guidelines for reporting on prognostic biomarkers in the

whole patient series. REMARK guidelines are an internationally recognised

set of parameters developed to ensure a robust standard of study design,

pre-planned hypotheses, patient and specimens, assay methods and

statistical analysis (224).

Biomarker Number of Number of Percentage
cancer patients patients Positive
scored positive

CYB561A 147 1 0.7%
EPB41L4A 144 41 28.5%
Kappa FLC 139 1 0.7%
Lambda FLC 139 48 34.5%
PD-L1 Nuclear 131 69 52.7%
PD-L1 131 97 74%
Cytoplasmic

TGF- Nuclear 144 78 18.3%
TGF- 144 124 86.1%
Cytoplasmic

PTEN 121 91 75.2%

Table 11: The number of patients within Caucasian Cohort dichotomously

categorised for each biomarker

79



Biomarker Number of Number of Percentage
cancer patients patients Positive
scored positive

CYB561A 33 20 60.6%
EPB41L4A 33 15 45.5%
DLX2 36 36 100%
Ki67 36 0 0%
Kappa FLC 33 2 6.1%
Lambda FLC 33 29 87.9%
PD-L1 Nuclear 33 12 36.4%
PD-L1 33 33 100%
Cytoplasmic

TGF-8 Nuclear 33 8 24.2%
TGF- 33 31 93.9%
Cytoplasmic

PTEN 32 32 100%

Table 12: The number of patients within the AH cohort dichotomously

categorised for each biomarker.

2.6 Statistical Analysis

Statistical analysis was performed using SPSS (Version 24; IBM, US).
Kaplan-Meier plots with log-rank tests were used to analyse biomarker
protein expression association with disease specific survival (DSS), time to
metastasis development and time to development of castrate resistant
disease. Pearson chi-square tests were performed to assess individual
biomarker protein expression association with specific clinicopathological
data variables including PSA, Gleason score, Gleason groups, D’Amico risk
group, development of castrate resistance, requirement for further
treatment with androgen deprivation treatment (ADT), race and association
with proliferation marker Ki67 and biomarker DLX-2 and for further
analysis and consolidation of findings shown in previous studies. African

heritage samples included in the predominantly Caucasian TMA were
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included in the AH cohort for statistical analysis. Variable expression of
biomarker protein expression and association with race was demonstrated
with combined analysis of both samples from the Caucasian and AH TMAs
using the AH specific scoring thresholds. The significance level used for

analysis was P<0.05.
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3.0 Results of biomarkers from bioinformatic selection

3.1 The role of bioinformatics in prostate cancer

Recent advances in scientific research particularly in the field of gene
expression profiling and development of genetic biomarkers have resulted
in vast amounts of data to process and analyse. This has given rise to the
field of bioinformatics, combining biological and technological science. To
enable evaluation of large data sets machine learning and predictive
approaches such as artificial neural network (ANN) algorithms have been
utilised, particularly in the field of gene biomarker research. ANNs are a
form of artificial intelligence based on human neural networks. The basic
concept of neural networks is a connection of artificial neurons. Connection
weights modulate the effects of input signals with nonlinear characteristics
exhibited by neurons represented by a transfer function. The impulses from
neurons is the weighted sum of the input signals, transformed by the
transfer function. The learning ability of artificial neurons is achieved by

adjusting the weights according to chosen learning algorithms (225).

A key advantage of ANNs compared with conventional methods like logistic
regression is their ability to resolve complex non-linear relations among
variables, without the need for any prior assumptions about these relations.
ANNSs are able to address a particular question by analysing data pattern
recognition, which may correspond to a specific clinical outcome or disease

process.
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The most common form of ANNs are multilayer networks. These consist of
three types of artificial neurons: input, hidden and output. In feed-forward

networks, the signal flows from input to output neurons (See Figure. 7).

Hidden layer

Input layer
Output layer

Figure 8: Multi-layered Artificial Neural Network (Reused with permission

from John Wiley and Sons, licence number 4531561145751) (225)

Links or artificial synapses connect the layers carrying a value or weight,
which transmits data between the neurons. The signals from the input layer
of neurons will be processed by the hidden layer of neurons according to a
defined set of parameters, with an activation function applied to the sum
resulting in an output result generated by the output neurons. A neural
network has to be configured so that the set of inputs produces the desired
set of outputs. One method to configure this is to set the weights according
to previous knowledge. Another method is to train the ANN with teaching
patterns or learning algorithms and letting it learn and adjust the weights

according to a specified learning rate, resulting in the desired outcome.
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ANNSs can be used to review large scale gene subsets to assess the
prognostic potential of each gene individually according to a specific
prognostic indicator and then adding in further genes sequentially to review
the connections between them (226). This allows potential targeted novel

gene biomarkers to be generated from large gene data pools.

Association between candidate biomarkers protein expression and
clinicopathological variables are shown below. Significant Kaplan-Meier
modelling results for prostate cancer specific survival, time to metastasis and
time to development of castrate resistance are shown below for respective
biomarkers. Unfortunately, Kaplan-Meier modelling was unable to be
performed in the AH cohort due to a lack of data. No data was obtained for
the AH Cohort for association with DLX2 as all samples were positive for
expression for the specified staining threshold. Examples of biomarker
staining patterns are shown in each individual biomarker section

respectively.

3.2 CYB561A

Associations between biomarker CYB561A protein expression and
clinicopathological variables are shown below in table 11. Association of
CYB561A protein expression with race is shown in table 12. No data was
obtained from the Caucasian cohort as only one patient sample was positive

for expression.
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There was no association seen with CYB561A protein expression in the AH
patient cohort and serum PSA, Gleason groups, D’Amico risk groups,
requirement for ADT and Ki67. Decreased membranous expression of
CYB561A was shown to be associated with development of castrate
resistance (x?=5.077, p=0.024). Increased membranous expression of

CYB561A was seen in AH patients (x2=91.823, p=<0.001).
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CYB561A

Caucasian Cohort AH Cohort
CYB561A CYB561A CYB561A CYB561A
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill:re Number Number Sq(ill:re
0, 0, 0, 0,
(%) (%) (p-Value) (%) (%) (p-Value)
<4 - 0 1
PSA (ng/ml) (0%) (100%) 0.706
at diagnosis o4 ) 13 18 (p=0.401)
(41.9%) (58.1%)
Gleason
Groups 1 ) 3 7
(Gleason (<6) (30%) (70%)
Score)
2 ) 7 10
(3+4=7) (41.2%) (58.8%) 2.071
3 ) 1 1 (p=0.723)
(4+3=7) (50%) (50%)
4 ) 0 1
(8) (0%) (100%)
5 ) 2 1
(9-10) (66.7%) (33.3%)
D’Amico Risk Low ) 1 3
Groups (25%) (75%)
Intermedia- ) 8 11 0.505
te (42.1%) (57.9%) (p=0.777)
. 3 6
High - (333%) | (66.7%)
PetCamrate | No : 10 20
. (33.3%) (66.7%) 5.077
Resistance
3 0 (p=0.024)
Yes - (100%) (0%)
Androgen
Deprivation No ) 12 20
Therapy (37.5%) (62.5%) 1.587
(ADT) (p=0.208)
Yes - 1 0
(100%) (0%)
Association Ki67 ) 12 20
with Ki67 Negative (37.5%) (62.5%) 1.587
Ki67 ) 1 0 (p=0.208)
Positive (100%) (0%)
Association DLX2 ) )
with DLX2 Negative
DLX2 ) )
Positive

Table 13: Association of CYB561A protein expression with

clinicopathological variables. Significant p-values highlighted in bold.
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Combined Caucasian and AH Cohort Analysis

CYB561A
CYB561A Negative CYB561A Positive
Number (%) Number (%) C(hpl -\S/:ll:l a::ie
White 29 1
British (96.7%) (3.3%)
Afro- 13 20
Caribbean (39.4%) (60.6%)
Association Black - 91.823
with Race Other ) (p=<0.001)
. 2 0
Indian (100%) (0%)
Not 111 0
Specified (100%) (0%)

Table 14: Association of CYB561A protein expression with race. Significant

p-values highlighted in bold.

r T T T
0 50 100 150

Figure 9a.

T 1
200 250 pm

87




0 10 20 30 40 50 pm

Figure 9b.

Figure 9: Example of [HC staining of CYB561A in Caucasian tissue at x10 (a)

and x40 (b) magnification (Patient characteristics: Gleason 5+5=10, PSA

100, TURP specimen)
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Figure 10: Example of IHC staining of CYB561A in AH tissue at x10 (a) and
x40 (b) magnification (Patient characteristics: Gleason 5+4=10, PSA 100,

TURP specimen)

3.3 EPB41L4A

Associations between biomarker EPB41L4A protein expression and
clinicopathological variables are shown below in table 13. Association of
EPB41L4A protein expression with race is shown in table 14. Kaplan-Meier
modelling for biomarker protein expression and prostate cancer specific
survival, time to metastasis and castrate resistance are shown in table 15 and

figure 11.

Increased EPB41L4A protein expression was positively associated with time
to development of castrate resistance (x?=7.320, p=<0.007) in the Caucasian
cohort. There was no association between EPB41L4A expression within the
Caucasian cohort and prostate cancer specific survival or time to metastasis
development. No association was seen with EPB41L4A expression in the
Caucasian or AH patient cohort with regards to serum PSA, Gleason groups,
D’Amico risk groups, development of castrate resistance, requirement for
ADT and Ki67. Decreased cytoplasmic expression of EPB41L4A in the
Caucasian population was shown to be associated with increased expression
of DLX2 expression (x?=4.351, p=0.037). Increased cytoplasmic expression of

EPB41L4A was seen in AH patients (x?=48.255, p=<0.001).
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EPB41L4A
Caucasian Cohort AH Cohort
EPB41L4A EPB41L4A EPB41L4A EPB41L4A
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill:re Number Number Sq(ill:re
(%) (%) (p-Value) al al (p-Value)
3 1 0 1
PSA (ng/ml) <4 (75%) (25%) ?é’é;‘ . (0%) (100%) 1.170
at diagnosis >4 90 36 (p=0.876) 17 14 (p=0.279)
(71.4%) (28.6%) (54.8%) (45.2%)
Gleason
Groups 1 1 0 6 4
(Gleason (<6) (100%) (0%) (60%) (40%)
Score)
2 10 2 10 7
(3+4=7) (83.3%) (16.7%) 3.249 (58.8%) (41.2%) 2.071
3 6 5 (p=0.517) 1 1 (p=0.723)
(4+3=7) (54.5%) (45.5%) (50%) (50%)
4 21 7 0 1
(8) (75%) (25%) (0%) (100%)
5 41 20 1 2
(9-10) (67.2%) (32.8%) (33.3%) (66.7%)
D’Amico Risk Low 5 3 2 2
Groups (62.5%) (37.5%) (50%) (50%)
Intermedi 6 3 0.311 12 7 2.199
-ate (66.7%) (33.3%) (p=0.856) (63.2%) (36.8%) (p=0.333)
High 83 34 3 6
(70.9%) (29.1%) (33.3%) (66.7%)
ol y 1 i
. (69.6%) (30.4%) 0.033 (56.7%) (43.3%) 0.599
Resistance (p=0.856) (p=0.439)
Yes 59 24 1 2
(71.1%) (28.9%) (33.3%) (66.7%)
Androgen
Deprivation No 14 8 18 14
Therapy (63.6%) (36.4% 1.047 (56.3%) (43.8%) 1.237
(ADT) (p=0.306) (p=0.266)
Yes 70 24 0 1
(74.5%) (25.5%) (0%) (100%)
Association Ki67 57 25 18 14
with Ki67 Negative (69.5%) (30.5%) 0.021 (56.3%) (43.8%) 1.237
Ki67 4 2 (p=0.884) 0 1 (p=0.266)
Positive (66.7%) (33.3%) (100%) (100%)
Association DLX2 13 9
with DLX2 Negative (59.1%) (40.9%) 4.351
DLX2 59 14 (p=0.037)
Positive (80.8%) (19.2%)

Table 15: Association of EPB41L4A protein expression with

clinicopathological variables. Significant p-values highlighted in bold.
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Combined Caucasian and AH Cohort Analysis

EPB41L4A
EPB41L4A Negative EPB41L4A Positive
Number (%) Number (%) C(hpl _-‘S,:ll:l z::ie
White 28 0
British (100%) (0%)
Afro- 18 15
Caribbean (54.4%) (45.5%)
Association Black - 48.255
with Race Other (p=<0.001)
. 1 1
Indian (50%) (50%)
Not 109 5
Specified (95.6%) (4.4%)

Table 16: Association of EPB41L4A protein expression with race.

Significant p-values highlighted in bold.

EPB41L4A - Caucasian cohort

Prostate cancer
specific survival

Time to metastasis
development

Time to development
of Castrate resistance

x2

p-value

x2

p-value

x2

p-value

0.045

0.831

2.428

0.119

7.320

0.007

Table 17: Kaplan-Meier modelling results demonstrating the association

between EPB41L4A protein expression and prostate cancer specific death,

time to metastasis (months) and time to development of castrate resistance

(months). Significant associations are shown in bold.
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(months from diagnosis)

Figure 11: Kaplan Meier Chart demonstrating the association between

EPB41L4A protein expression and Time to Development of Castrate

Resistance
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Figure 12a.

Figure 12b.

94



Figure 12: Example of IHC staining of EPB41L4A in Caucasian tissue at x10
(a) and x40 (b) magnification (Patient characteristics: Gleason 4+3=10, PSA

152, TURP specimen)

Figure 13a.
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Fugure 13b.

Figure 13: Example of IHC staining of EPB41L4A in AH tissue at x10 (a) and
x40 (b) magnification (Patient characteristics: Gleason 5+4 =9, PSA 100,

TURP specimen)
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4.0 Results of biomarkers from previous studies and

literature review

Association between candidate biomarkers protein expression and
clinicopathological variables are shown below. Significant Kaplan-Meier
modelling results for prostate cancer specific survival, time to metastasis and
time to development of castrate resistance are shown below for respective
biomarkers. Unfortunately, Kaplan-Meier modelling was unable to be
performed in the AH cohort due to a lack of data. No data was obtained for
the AH Cohort for association with DLX2 as all samples were positive for
expression for the specified staining threshold. Examples of biomarker
staining patterns are shown in each individual biomarker section

respectively.

4.1 DLX2

No data was obtained for the AH Cohort for association with DLX2 as all
samples were positive for expression for the specified staining threshold.
Association of DLX2 with race is shown in table 16. Increased cytoplasmic

protein expression of DLX2 was seen in AH patients (x?=12.605, p=0.006).
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Combined Caucasian and AH Cohort Analysis

DLX2
DLX2 Negative DLX2 Positive
Chi-Square
0, 0,
Number (%) Number (%) (p-value)
White 13 31
British (29.5%) (70.5%)
Afro- 0 35
Caribbean (0%) (100%)
. . Black - 12.605
Association with Race Other - (p=0.006)
. 0 3
Indian (0%) (100%)
Not 23 79
Specified (19.6%) (77.5%)

Table 18: Association of DLX2 protein expression with race. Significant p-

values highlighted in bold.
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Figure 14b.

Figure 14: Example of IHC staining of DLX2 in AH tissue at x10 (a) and x40
(b) magnification (Patient characteristics: Gleason 5+4 =9, PSA 100, TURP

specimen)

4.2 Ki67

No data was obtained for the AH Cohort for association with Ki67 as only
one sample was positive for expression for the specified staining threshold.
There was no association between Ki67 protein expression and race, results

are shown in table 17.
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Combined Caucasian and AH Cohort Analysis
Ki67
Ki67 Negative Ki67 Positive
Chi-Square
0, 0,
Number (%) Number (%) (p-value)
= ey 39 3
White British (92.9%) (7.1%)
. 34 1
Afro-Caribbean (97.1%) (2.9%)
N . 1 0 6.823
Association with Race Black - Other (100%) (0%) (p=<0.146)
Indian ! )
(50%) (50%)
. 88 7
Not Specified (92.6%) (7.4%)

Table 19: Association of Ki67 protein expression with race.
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Figure 15b.

Figure 15: Example of I[HC staining of Ki67 in AH tissue at x10 (a) and x40
(b) magnification (Patient characteristics: Gleason 5+4 =9, PSA 100, TURP

specimen)

4.3 Immunoglobulin Free Lights Chains - Lambda and Kappa

4.3.1 Lambda FLC

Associations between biomarker Lambda FLC protein expression and
clinicopathological variables are shown below in table 18. Association of
Lambda FLC with race is shown in table 19. Kaplan-Meier modelling for
biomarker protein expression and prostate cancer specific survival, time to
metastasis and castrate resistance are shown in table 20 and figures 16 and

17.
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There was no association seen with Lambda FLC protein expression in the
Caucasian or AH patient cohort with regards to serum PSA, Gleason groups,
D’Amico risk groups and development of castrate resistance. There was no
association in the Caucasian cohort with need for ADT, or expression of Ki67
or DLX2. Presence of lambda FLC expression was shown to be negativity
associated with the need for ADT (x?=7.477, p=0.006) and Ki67 expression
(x2=7.477,p=0.006) in the AH cohort. Increased expression of Lambda FLC
was seen in AH patients (x2=48.255, p=<0.001) and showed a positive
association with development of castrate resistance (x?=7.320, p=<0.007).
Within the Caucasian cohort presence of lambda FLC expression showed a
negative association with prostate cancer specific survival (x2=10.496,
p=0.001) and a positive association with development of metastatic disease

(x2=5.223, p=0.022).
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Lambda FLC

Caucasian Cohort AH Cohort
Lambda FLC | Lambda FLC Lambda FLC | Lambda FLC
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill:re Number Number Sq(ill:re
(%) (%) (p-Value) al al (p-Value)
5 0 0 1
PSA (ng/ml) <4 (100%) (0%) }05’;‘(1’5 (0%) (100%) 0.147
at diagnosis >4 93 36 (p=0.215) 4 27 (p=0.701)
(76.2%) (23.8%) (12.9) (87.5%)
Gleason
Groups 1 1 0 1 9
(Gleason (<6) (100%) (0%) (10%) (90%)
Score)
2 11 2 1 16
(3+4=7) (84.6%) (15.4%) 3.249 (5.9%) (94.1%) 9.457
3 6 3 (p=0.517) 0 2 (p=0.051)
(4+3=7) (66.7%) (33.3%) (0%) (100%)
4 21 6 0 1
(8) (77.8%) (22.2%) (0%) (100%)
5 45 14 2 1
(9-10) (76.3%) (23.7%) (66.7.3%) (33.3%)
D’Amico Risk Low 7 1 1 3
Groups (87.5%) (12.5%) (25%) (75%)
Intermedi 7 1 0.940 1 18 2.259
-ate (87.5%) (12.5%) (p=0.625) (5.3%) (94.7%) (p=0.323)
High 86 26 2 7
(76.8%) (23.2%) (22.2%) (77.8%)
PefCamrate | No 39 5 3 27
. (88.6%) (11.4%) 2.33 (10%) (90%) 1.394
Resistance (p=0.127) (p=0.238)
Yes 62 18 1 2
(77.5%) (22.5%) (33.3%) (66.7%)
Androgen
Deprivation No 18 2 3 29
Therapy (90%) (10%) 1.224 (9.4%) (90.6%) 7.477
(ADT) (p=0.269) (p=0..006)
Yes 73 19 1 0
(79.3%) (20.7%) (100%) (100%)
Association Ki67 63 15 3 29
with Ki67 Negative (80.8%) (19.2%) 0.103 (9.4%) (90.6%) 7.477
Ki67 6 1 (p=0.748) 1 0 (p=0.006)
Positive (85.7%) (14.3%) (100%) (100%)
Association DLX2 17 5
with DLX2 Negative (77.3%) (22.7%) 0.009
DLX2 54 15 (p=0.922)
Positive (78.3%) (21.7%)

Table 20: Association of lambda FLC protein expression with

clinicopathological variables. Significant p-values highlighted in bold.
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Combined Caucasian and AH Cohort Analysis

Lambda FLC
Lambda FLC Lambda FLC
Negative Positive
Chi-Square
0, 0,
Number (%) Number (%) (p-value)
White 17 10
British (63%) (37%)
Afro- 4 29
Caribbean (12.1%) (87.9%)
. . Black -
Association with Race Other (p=<0.001)
. 1 1
Indian (50%) (50%)
Not 73 37
Specified (66.4%) (33.6%)

Table 21: Association of Lambda FLC protein expression with race.

Significant p-values highlighted in bold.

Lambda FLC - Caucasian cohort

Prostate cancer
specific mortality

Time to metastasis
development

Time to development
of Castrate resistance

x2

p-value

x2

p-value

x2

p-value

10.496

0.001

5.223

0.022

0.106

0.744

Table 22: Kaplan-Meier modelling results demonstrating the association

between Lambda FLC protein expression and prostate cancer specific death,

time to metastasis (months) and time to development of castrate resistance

(months). Significant associations are shown in bold.
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Figure 16: Kaplan-Meier chart demonstrating the association between

Lambda FLC protein expression and prostate cancer specific death
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Figure 17: Kaplan Meier Chart demonstrating the association between
Lambda FLC protein expression and Time to development of metastases

(months from diagnosis)
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Figure 18a.

Figure 18b.
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Figure 18: Example of [HC staining of Lambda FLC in Caucasian tissue at

x10 (a) and x40 (b) magnification (Patient characteristics: Gleason 4+5 =9,

PSA 1, TURP specimen)
i ni
o 4 & ;

i : .= *, %

£ g b

7 [ ® =
K. g . *
¢ ~

L

l.

\'Z“\ 9
’ Niee

’4' ~

x i S -

H_‘ N A

S
. RS e

r T T T
0 50 100 150 200 250 pm

Figure 19a.

108



O -
[y
o
N
(=}
w
o
£
g

Figure 19b.

Figure 19: Example of IHC staining of Lambda FLC in AH tissue at x10 (a)
and x40 (b) magnification (Patient characteristics: Gleason 4+5 =9, PSA 11,

radical prostatectomy specimen)

4.3.2 Kappa FLC

Associations between biomarker Kappa FLC protein expression and
clinicopathological variables are shown below in table 21. Association of
Kappa FLC with race is shown in table 22. Kaplan-Meier modelling for
biomarker protein expression and prostate cancer specific survival, time to
metastasis and castrate resistance couldn’t be performed, as there wasn'’t

enough patients samples positive for Kappa FLC protein expression.
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Within the Caucasian or cohort there was no association seen with regards
to Kappa FLC protein expression and serum PSA, Gleason groups, need for
ADT, Ki67 expression and DLX2 expression. There was no data for
development of castrate resistance as all the patient samples were negative.
Decreased expression of Kappa FLC was associated with a higher D’Amico
risk group (x2=14.993, p=0.001). Within the AH cohort there was no
association seen with any clinicopathological variables. No association was

seen between Kappa FLC protein expression and race.
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Kappa FLC
Caucasian Cohort AH Cohort
Kappa FLC Kappa FLC Kappa FLC Kappa
Clinical Variable Negative Positive Negative FLC Positive
Number Number Sq(ill:re Number Number Sq(ill:re
(%) (%) (p-Value) (%) (%) (p-Value)
5 0 1 0
PSA (ng/ml) <4 (100%) (0%) ?'é)gé . (100%) (100%) 0.069
at diagnosis >4 121 1 (p=0.839) 29 2 (p=0.793)
(99.2%) (0.8%) (93.5%) (6.5%)
Gleason
Groups 1 1 0 9 1
(Gleason (<6) (100%) (0%) (90%) (10%)
Score)
2 12 1 17 0
(3+4=7) (92.3%) (7.7%) 7.376 (100%) (0%) 8.410
3 10 0 (p=0.117) 1 1 (p=0.078)
(4+3=7) (100%) (0%) (50%) (50%)
4 25 0 1 0
(8) (100%) (0%) (100%) (0%)
5 59 0 3 0
(9-10) (100%) (0%) (100%) (0%)
D’Amico Risk Low 7 1 4 0
Groups (87.5%) (12.5%) (100%) (0%)
Intermedi 9 0 14.993 17 2 1.460
-ate (100%) (0%) (p=0.001) (89.5%) (10.5%) (p=0.482)
High 110 0 9 0
(0%) (0%) (100%) (0%)
PetCasate | No 28 2
. (93.3%) (6.7%) 0.213
Resistance
3 0 (p=0.645)
Yes (100%) (0%)
Androgen
Deprivation No 20 0 30 2
Therapy (100%) (0%) 0.224 (93.8%) (6.3%) 0.067
(ADT) (p=0.636) (p=0.796)
Yes 89 1 1 0
(98.9%) (1.1%) (100%) (100%)
Association Ki67 78 1 30 2
with Ki67 Negative (98.7%) (1.3%) 0.090 (93.8%) (6.3%) 0.067
Ki67 7 0 (p=0.765) 1 0 (p=0.796)
Positive (100%) (0%) (100%) (0%)
Association DLX2 21 0
with DLX2 Negative (100%) (22.7%) 0.303
DLX2 69 1 (p=0.582)
Positive (98.6%) (1.4%)

Table 23: Association of Kappa FLC protein expression with

clinicopathological variables. Significant p-values highlighted in bold.
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Combined Caucasian and AH Cohort Analysis

Kappa FLC
Kappa FLC Kappa FLC
Negative Positive
Chi-Square
0, 0,
Number (%) Number (%) (p-value)
White 26 0
British (100%) (0%)
Afro- 31 2
Caribbean (93.9%) (6.1%)
. . Black - 4.506
Association with Race Other - (p=0.212)
. 2 0
Indian (100%) (0%)
Not 109 1
Specified (99.1%) (0.9%)

Table 24: Association of Kappa FLC protein expression with race.

; 5'0 l!')O 1;0 2;0
Figure 20a.

1
250 pm

112



\/r *TUSH

i’

Figure 20Db.
Figure 20: Example of IHC staining of Kappa FLC in Caucasian tissue at x10
(a) and x40 (b) magnification (Patient characteristics: Gleason 4+5 =9, PSA

8, TURP specimen)
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Figure 21b.
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Figure 21: Example of IHC staining of Kappa FLC in AH tissue at x10 (a) and
x40 (b) magnification (Patient characteristics: Gleason 5+4 =9, PSA 100,

TURP specimen)

4.4 PD-L1 nuclear and cytoplasmic protein expression

Associations between biomarker PD-L1 nuclear and cytoplasmic and
clinicopathological variables and Kaplan-Meier modelling for prostate cancer
specific survival, time to metastasis and castrate resistance are shown below
in tables 23-28 and figure 22. No data was obtained for the AH Cohort for
association with PD-L1 cytoplasmic as all samples were positive for

expression for the specified staining threshold.

No association seen with PD-L1 nuclear or PD-L1 cytoplasmic protein
expression in both the Caucasian and African cohorts and serum PSA, Gleason
groups, D’Amico risk group, development of castrate resistance, need for
ADT, Ki67 expression and DLX2 expression (Caucasian cohort). No
association was seen with regards to prostate cancer specific survival or time
to development of metastases (Caucasian cohort). Increased PD-L1 nuclear
and cytoplasmic protein expression was seen in AH patients (x?=16.343,
p=<0.001 and x?=11.639, p=0.009). Nuclear expression of PD-L1 showed a
positive association with development of castrate resistance (x?=4.062,

p=<0.044) (Caucasian cohort).
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PD-L1 Nuclear

Caucasian Cohort AH Cohort
PD-L1 PD-L1 PD-L1 PD-L1
P . Nuclear Nuclear Nuclear Nuclear
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill;liire Number Number Sq(ill:re
0, 0, 0, 0,
(%) (%) (p-Value) (%) (%) (p-Value)
2 1 1 0
PSA (ng/ml) <4 (66.7%) (33.3%) ( 9'01‘;82) (100%) (100%) 0.541
at diagnosis -4 65 52 p=0- 20 11 (p=0.462)
(55.6%) (44.4%) (64.5%) (35.5%)
Gleason
Groups 1 1 0 6 4
(Gleason (<6) (100%) (0%) (60%) (40%)
Score)
2 6 7 11 6
(3+4=7) (46.2%) (53.8%) 4.290 (64.7%) (35.3%) 0.810
3 4 5 (p=0.368) 1 1 (p=0.937)
(4+3=7) (44.4%) (55.6%) (50%) (50%)
4 18 7 1 0
(8) (72%) (28%) (100%) (0%)
5 30 24 2 1
(9-10) (55.6%) (44.4%) (66.7%) (33.3%)
D’Amico Risk Low 4 3 2 2
Groups (57.1%) (42.9%) (50%) (50%)
Intermedi 6 2 1.567 12 7 0.337
-ate (75%) (25%) (p=0.457) (63.2%) (36.8%) (p=0.845)
High 56 51 6 3
g (52.3%) (47.7%) (66.7%) (33.3%)
Development
27 16 20 1
of Castrate No (62.8%) (37.2%) 1624 (66.7%) (33.3%) 1310
Resistance (p=0.203) (p=0.252)
Ves 38 37 1 2 p=
(50.7%) (49.3%) (33.3%) (66.7%)
Androgen
Deprivation No 11 8 21 11
Therapy (57.9%) (42.1%) 0.066 (65.6%) (34.4%) 1.805
(ADT) (p=0.797) (p=0.179)
Yes 47 39 0 1
(54.7%) (45.3%) (0%) (100%)
Association Ki67 44 31 20 10
with Ki67 Negative (58.7%) (41.3%) 0.006 (66.7%) (33.3%) 1.879
Ki67 4 3 (p=0.938) 0 1 (p=0.170)
Positive (57.1%) (42.9%) (100%) (100%)
Association DLX2 14 7
with DLX2 Negative (66.7%) (33.3%) 1.115
DLX2 37 32 (p=0.291)
Positive (53.6%) (46.4%)

Table 25: Association of PD-L1 nuclear protein expression with

clinicopathological variables.
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Combined Caucasian and AH Cohort Analysis

PD-L1 Nuclear

PD-L1 Nuclear

PD-L1 Nuclear

Negative Positive
Number (%) Number (%) C(hpl -‘S,gll:l a::ie
White 23 3
British (88.5%) (11.5%)
Afro- 21 12
Caribbean (63.6%) (36.4%)
Association with Race Ez)l:lf:r. - - (p1=6(f04031]
Indian 0 1
(0%) (100%)
Not 92 12
Specified (88.5%) (11.5%)

Table 26: Association of PD-L1 nuclear protein expression with race.

Significant associations are shown in bold.

PD-L1 Nuclear - Caucasian cohort

Prostate cancer
specific mortality

Time to metastasis
development

Time to development
of Castrate resistance

x2

p-value

x2

p-value

x2

p-value

0.024

0.877

0.7

0.791

4.062

0.044

Table 27: Kaplan-Meier modelling results demonstrating the association

between PD-L1 nuclear protein expression and prostate cancer specific

death, time to metastasis (months) and time to development of castrate

resistance (months). Significant associations are shown in bold.
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Figure 22: Kaplan Meier Chart demonstrating the association between PD-

L1 nuclear protein expression and time to development of castrate

resistance
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Figure 23a.

Figure 23b.
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Figure 23: Example of IHC staining of PD-L1 in Caucasian tissue at x10 (a)
and x40 (b) magnification (Patient characteristics: Gleason 4+3 =7, PSA 1,

TURP specimen)
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Figure 24a.

120



TR

0 10 20 30 40 S0 pm

Figure 24b.

Figure 24: Example of IHC staining of PD-L1 in AH tissue at x10 (a) and x40

(b) magnification (Patient characteristics: Gleason 4+3 =7, PSA 8, radical

prostatectomy specimen)
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PD-L1 Cytoplasmic

Caucasian Cohort AH Cohort
PD-L1 PD-L1 PD-L1 PD-L1
P . Cytoplasmic | Cytoplasmic Cytoplasmic | Cytoplasmic
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill;liire Number Number Sq(ill:re
0, 0, 0, 0,
(%) (%) (p-Value) (%) (%) (p-Value)
1 2
PSA (ng/ml) <4 (33.3%) (66.7%) ( 9'01;;} 6
at diagnosis o 29 88 p=0-
(24.8%) (75.2%)
Gleason
Groups 1 0 1
(Gleason (<6) (0%) (100%)
Score)
2 3 10
(3+4=7) (23.1%) (76.9%) 4.688
3 3 6 (p=0.321)
(4+3=7) (33.3%) (66.7%)
4 11 14
(8) (44%) (56%)
5 12 42
(9-10) (22.2%) (77.8%)
D’Amico Risk Low 2 5
Groups (28.6%) (71.4%)
Intermedi 4 4 3.115
-ate (50%) (50%) (p=0.211)
. 24 83
D (22.4%) (77.6%)
PotCarate | No 12 3 0653
0, 0, 3
Resistance (27.9%) (72.1%) (p=0.419)
Yes 16 59
(21.3%) (78.7%)
Androgen
Deprivation No 6 13
Therapy (31.6%) (68.4%) 0.286
(ADT) (p=0.593)
Yes 22 64
(25.6%) (74.4%)
Association Ki67 21 54
with Ki67 Negative (28%) (72%) 0.001
Ki67 2 5 (p=0.974)
Positive (28.6%) (71.4%)
Association DLX2 7 14
with DLX2 Negative (33.3%) (66.7%) 0.871
DLX2 16 53 (p=0.351)
Positive (23.2%) (76.8%)

Table 28: Association of PD-L1 cytoplasmic protein expression with

clinicopathological variables.
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Combined Caucasian and AH Cohort Analysis
PD-L1 Cytoplasmic
PD-L1 PD-L1
Cytoplasmic Cytoplasmic
Negative Positive
Number (%) Number (%) C(hpl -‘S,gll:l a::ie
White 8 18
British (30.8%) (69.2%)
Afro- 0 33
Caribbean (0%) (100%)
Association with Race Ez)l:lf:r. (p1=1(;_603099)
. 0 1
Indian (0%) (100%)
Not 26 78
Specified (25%) (75%)

Table 29: Association of PD-L1 cytoplasmic protein expression with race.

Significant associations are shown in bold.

PD-L1 Cytoplasmic - Caucasian cohort

Prostate cancer Time to metastasis | Time to development
specific mortality development of Castrate resistance

x?2 p-value x? p-value x? p-value

0.196 0.658 0.039 0.844 0.058 0.809

Table 30: Kaplan-Meier modelling results demonstrating the association
between PD-L1 cytoplasmic protein expression and prostate cancer specific
death, time to metastasis (months) and time to development of castrate

resistance (months).

4.5 TGF-f nuclear and cytoplasmic

Associations between biomarker TGF-f8 nuclear and cytoplasmic protein
expression and clinicopathological variables and Kaplan-Meier modelling for
prostate cancer specific survival, time to metastasis and castrate resistance
are shown below in tables 29-34 and figure 25. No data was obtained from

the AH cohort as all patients were positive for expression for the specified
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staining threshold. No association was seen with nuclear expression of TGF-f3
and prostate cancer specific death, time to metastasis, time to development of
castrate resistance, serum PSA, Gleason groups, D’Amico risk groups,
development of castrate resistance, requirement for ADT, Ki67 or DLX2
expression in either Caucasian or AH cohort respectively. Increased nuclear

expression of TGF-f3 was seen in AH patients (x?=27.295, p=<0.001).

No association was seen with cytoplasmic expression of TGF-3 and time to
metastasis, time to development of castrate resistance, serum PSA, Gleason
groups (AH cohort only), D’Amico risk groups, development of castrate
resistance, requirement for ADT, Ki67 or DLX2 expression (Caucasian
cohort only) in either Caucasian or AH cohort respectively. Within the
Caucasian cohort, increased cytoplasmic expression of TGF-f3 showed
positive association with Gleason score groups (x4=11.969, p=0.018).
Decreased expression showed a negative association with prostate cancer
specific survival (x?=8.846, p=0.003). Increased cytoplasmic expression of

TGF- was seen in AH patients (x?=33.896, p=<0.001).
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TGF-f Nuclear

Caucasian Cohort AH Cohort
TGF-B TGF-B TGF-B TGF-B
P . Nuclear Nuclear Nuclear Nuclear
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill;liire Number Number Sq(ill:re
0, 0, 0, 0,
(%) (%) (p-Value) (%) (%) (p-Value)
4 1 1 0
PSA (ng/ml) <4 (80%) (20%) ( 30332 6 (100%) (0%) ( ?'02&5321)
at diagnosis 4 57 69 p=0- 24 7 p=0-
(45.2%) (54.8%) (77.4%) (22.6%)
Gleason
Groups 1 1 0 9 1
(Gleason (<6) (100%) (0%) (90%) (10%)
Score)
2 8 5 14 3
(3+4=7) (61.5%) (38.5%) 3.727 (82.4%) (17.6%) 8.295
3 6 7 (p=0.444) 1 1 (p=0.081)
(4+3=7) (46.2%) (53.8%) (50%) (50%)
4 16 12 0 1
(8) (57.1%) (42.9%) (0%) (100%)
5 24 33 1 2
(9-10) (42.1%) (57.9%) (33.3%) (66.7%)
D’Amico Risk Low 5 3 3 1
Groups (62.5%) (37.5%) (75%%) (25%)
Intermedi 2 7 2.881 16 3 1.126
-ate (22.2%) (77.8%) (p=0.237) (84.2%) (15.8%) (p=0.569)
High 53 64 3 3
g (45.3%) (54.7%) (66.7%) (33.3%)
Development
23 24 23 7
of Castrate No o o 0.305 o 0 0.149
Resistance (48.9%) (51.1%) (p=0.581) (76.7%) (23.3%) (p=0.700)
Yes 36 46 2 1
(43.9%) (56.1%) (66.7%) (33.3%)
Androgen
Deprivation No 13 9 24 8
Therapy (59.1%) (40.9%) 0.286 (75%) (25%) 0.330
(ADT) (p=0.593) (p=0.566)
Yes 46 48 1 0
(48.9%) (51.1%) (100%) (0%)
Association Ki67 38 43 22 8
with Ki67 Negative (46.9%) (53.1%) 0.736 (73.3%) (26.7%) 0.359
Ki67 4 3 (p=0.391) 1 0 (p=0.549)
Positive (57.1%) (42.9%) (100%) (0%)
Association DLX2 10 10
with DLX2 Negative (50%) (50%) 0.074
DLX2 34 39 (p=0.786)
Positive (46.6%) (53.4%)

Table 31: Association of TGF-f nuclear protein expression with

clinicopathological variables.
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Combined Caucasian and AH Cohort Analysis

TGF-f Nuclear

TGF-B Nuclear

TGF-f Nuclear

Negative Positive
Chi-Square
0, 0,
Number (%) Number (%) (p-value)
White 0 14
British (51.7%) (48.3%)
Afro- 0 33
Caribbean (0%) (100%)
. . Black - 27.295
Association with Race Other - - (p=<0.001)
. 2 0
Indian (100%) (0%)
Not 48 63
Specified (43.2%) (56.8%)

Table 32: Association of TGF-f nuclear protein expression with race.

Significant associations are shown in bold.

TGF-

Nuclear - Caucasian cohort

Prostate cancer

Time to metastasis

specific mortality

development

Time to development

of Castrate resistance

x2

p-value

x2

p-value

x2

p-value

0.28

0.597

0.009

0.924

0.003

0.959

Table 33: Kaplan-Meier modelling results demonstrating the association

between TGF-f nuclear protein expression and prostate cancer specific

death, time to metastasis (months) and time to development of castrate

resistance (months).
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TGF-f§ Cytoplasmic

Caucasian Cohort AH Cohort
TGF-B TGF-B TGF-B TGF-B
P . Cytoplasmic | Cytoplasmic Cytoplasmic | Cytoplasmic
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill;liire Number Number Sq(ill:re
0, 0, 0, 0,
(%) (%) (p-Value) al al (p-Value)
1 4 0 1
PSA (ng/ml) <4 (20%) (80%) ( 2—06167728) (0%) (100%) ( ?3)323)
at diagnosis 4 17 109 p=0- 2 29 p=0-
(13.5%) (86.5%) (6.5%) (93.5%)
Gleason
Groups 1 0 1 1 9
(Gleason (<6) (0%) (100%) (10%) (90%)
Score)
2 4 9 0 17
(3+4=7) (30.8%) (69.2%) 11.969 (0%) (100%) 5.482
3 1 12 (p=0.018) 0 2 (p=0.241)
(4+3=7) (7.7%) (92.3%) (0%) (100%)
4 8 20 0 1
(8) (28.6%) (71.4%) (0%) (100%)
5 3 54 1 2
(9-10) (5.3%) (94.7%) (33.3%) (66.7%)
D’Amico Risk Low 3 5 0 4
Groups (37.5%) (62.5%) (0%) (100%)
Intermedi 0 9 5.419 1 18 0.706
-ate (0%) (100%) (p=0.067) (5.3%) (94.7%) (p=0.702)
High 15 102 0 9
g (12.8%) (87.2%) (0%) (100%)
Development
9 38 2 28
of Castrate No o o 1.150 o 0 0.213
Resistance (19.1%) (80.9%) (p=0.283) (6.7%) (93.3%) (p=0.645)
Yes 10 72 0 3
(12.2%) (87.8%) (0%) (100%)
Androgen
Deprivation N 4 18 2 30
Therapy ° (18.2%) (81.8%) 0.064 (6.3%) (93.8%) 0.067
(ADT) (p=0.800) (p=0.796)
Yes 15 79 0 1
(16%) (84%) (0%) (100%)
Association Ki67 11 70 2 28
with Ki67 Negative (13.6%) (86.4%) 0.003 (6.7%) (93.3%) 0.071
Ki67 1 6 (p=0.958) 0 1 (p=0.790)
Positive (14.3%) (85.7%) (0%) (100%)
Association DLX2 3 17
with DLX2 Negative (15%) (85%) 0.183
DLX2 14 59 (p=0.668)
Positive (19.2%) (80.8%)

Table 34: Association of TGF-f cytoplasmic protein expression with

clinicopathological variables. Significant associations are shown in bold.
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Combined Caucasian and AH Cohort Analysis
TGF-f Cytoplasmic
TGF-B TGF-B
Cytoplasmic Cytoplasmic
Negative Positive
Number (%) Number (%) C(hpl -‘S,gll:l a::ie
White 19 10
British (65.5%) (34.5%)
Afro- 2 31
Caribbean (6.1%) (93.9%)
b . Black - 33.896
Association with Race Other (p=<0.001)
. 2 0
Indian (100%) (0%)
65 45
Specified (59.1%) (40.9%)

Table 35: Association of TGF-f cytoplasmic protein expression with race.

Significant associations are shown in bold.

TGF- Cytoplasmic - Caucasian cohort

Prostate cancer
specific mortality

Time to metastasis
development

Time to development
of Castrate resistance

x2

p-value

x2

p-value

x2

p-value

8.846

0.003

3.365

0.067

0.196

0.658

Table 36: Kaplan-Meier modelling results demonstrating the association

between TGF-f3 cytoplasmic protein expression and prostate cancer specific

death, time to metastasis (months) and time to development of castrate

resistance (months).
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Figure 25: Kaplan-Meier chart demonstrating the association between TGF-

B cytoplasmic protein expression and prostate cancer specific death
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Figure 26b.
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Figure 26: Example of IHC staining of TGF-f3 in Caucasian tissue at x10 (a)
and x40 (b) magnification (Patient characteristics: Gleason 4+5 =9, PSA 39,

TURP specimen

Figure 27a.
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Figure 27b.

Figure 27: Example of IHC staining of TGF-3 in AH tissue at x10 (a) and x40
(b) magnification (Patient characteristics: Gleason 4+5 =9, PSA 11, radical

prostatectomy specimen)

4.6 PTEN

Associations between biomarker PTEN protein expression and
clinicopathological variables and Kaplan-Meier modelling for prostate cancer
specific survival, time to metastasis and castrate resistance are shown below
in tables 35-37. No data was obtained from the AH cohort as all patients were

positive for expression for the specified staining threshold.
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There was no association with presence of PTEN and prostate cancer
specific death, time to metastasis, time to development of castrate
resistance, serum PSA, Gleason groups, D’Amico risk groups, development of
castrate resistance, requirement for ADT, Ki67 or DLX2 expression.
Increased expression of PTEN was seen in AH patients (x?=13.751,

p=<0.003).
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PTEN

Caucasian Cohort AH Cohort
PTEN PTEN PTEN PTEN
Clinical Variable Negative Positive Negative Positive
Number Number Sq(ill:re Number Number Sq(ill:re
0, 0, 0, 0,
(%) (%) (p-Value) (%) (%) (p-Value)
2 2
PSA (ng/ml) <4 (50%) (50%) ( }07 220)
at diagnosis 4 23 84 p=0-
(21.5%) (78.5%)
Gleason
Groups 1 0 1
(Gleason (<6) (0%) (100%)
Score)
2 3 8
(3+4=7) (27.3%) (72.7%) 2.849
3 2 4 (p=0.583)
(4+3=7) (33.3%) (66.7%)
4 8 15
(8) (34.8%) (65.2%)
5 10 43
(9-10) (18.9%) (81.1%)
D’Amico Risk Low 1 5
Groups (16.7%) (83.3%)
Intermedi 2 4 0.444
-ate (33.3%) (66.7%) (p=0.801)
. 25 75
N (25%) (75%)
Development
10 29
of Castrate No 0.000
0, 0,
Resistance (25.6%) (74.4%) (p=0.993)
Yes 18 52
(25.7%) (74-3%)
Androgen
Deprivation No 5 13
Therapy (27.8%) (72.2%) 0.177
(ADT) (p=0.674)
Yes 18 60
(23.1%) (76.9%)
Association Ki67 18 53
with Ki67 Negative (25.4%) (74.6%) 0.225
Ki67 1 5 (p=0.636)
Positive (16.7%) (83.3%)
Association DLX2 7 13
with DLX2 Negative (35%) (65%) 0.976
DLX2 15 48 (p=0.323)
Positive (23.8%) (76.2%)

Table 37: Association of PTEN protein expression with clinicopathological

variables.
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Combined Caucasian and AH Cohort Analysis

PTEN
PTEN Negative PTEN Positive
Chi-Square
0, 0,
Number (%) Number (%) (p-value)
White 4 16
British (20%) (80%)
Afro- 0 32
Caribbean (0%) (100%)
b . Black - 13.838
Association with Race Other (p=0.003)
. 1 0
Indian (100%) (0%)
Not 25 74
Specified (25.3%) (74.7%)

Table 38: Association of PTEN protein expression with race. Significant

associations are shown in bold.

PTEN - Caucasian cohort

Prostate cancer
specific mortality

Time to metastasis
development

Time to development
of Castrate resistance

x2

p-value

x2

p-value x?

p-value

2.729

0.099

0.204

0.652

0.01

0.922

Table 39: Kaplan-Meier modelling results demonstrating the association

between PTEN protein expression and prostate cancer specific death, time

to metastasis (months) and time to development of castrate resistance

(months).
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Figure 28a.

Figure 28b.
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Figure 28: Example of IHC staining of PTEN in Caucasian tissue at x10 (a)
and x40 (b) magnification (Patient characteristics: Gleason 4+5 =9, PSA 61,

TURP specimen)

Figure 29a.
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Figure 29b.

Figure 29: Example of IHC staining of PTEN in AH tissue at x10 (a) and x40
(b) magnification (Patient characteristics: Gleason 5+4 =9, PSA 100, TURP

specimen)

4.7 Biomarker combination analysis

In combination, presence of Lambda FLC expression and decreased TGF-[3
cytoplasmic protein expression were highly predictive of prostate cancer
specific survival (x2=12.537, p=<0.001) and development of metastatic

disease (x2=6.864, p=0.009). See table 38 and figures 30-31.

Combined TGF-f and Lambda FLC- Caucasian cohort

Prostate cancer \ Time to metastasis \ Time to development
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specific mortality

development

of Castrate resistance

x2

p-value

x2

p-value

x2

p-value

12.537

<0.001

6.864

0.009

0.739

0.39

Table 40: Kaplan-Meier modelling results demonstrating the association

between combined Lambda FLC and TGF-f3 cytoplasmic protein expression

and prostate cancer specific death, time to metastasis (months) and time to

development of castrate resistance (months).
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Figure 30: Kaplan Meier Chart demonstrating the association between

Lambda FLC and TGF-f3 cytoplasmic protein expression and prostate cancer

specific death (months from diagnosis).
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Figure 31: Kaplan Meier Chart demonstrating the association between

Lambda FLC and TGF-f3 cytoplasmic protein expression and Time to

development of metastases (months from diagnosis).
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5.0 Discussion

5.1 Overview

This study identifies potential future biomarkers of CaP that could be used
to add prognostic benefit to current CaP staging methods. In particular, we
sought to identify a prostate cancer biomarker that would indicate AH

patients at significant risk of developing aggressive or advanced disease.

We employed artificial neural network analysis and thorough research of
biological pathways to identify genes associated with increased risk of
metastasis development in AH patients to identify a panel of new CaP

biomarkers that could identify patients at risk in this specific population.

We created a new TMA of CaP from AH patients to allow analysis of relevant
protein expression against multiple recorded clinical outcomes and to

compare this to a historic predominant Caucasian TMA.

We have demonstrated several biomarkers with the potential to predict
disease progression and clinical outcome in an unselected group of prostate
cancer patients. We have shown biomarkers Lambda FLC, TGF-§3, EPB1LA4A
ad PDL-1 have a statistically significant relationship with key prognostic
outcomes; prostate cancer mortality (lambda FLC, TGF-f3), development of
prostate cancer metastasis (lambda FLC) and time to development of
castrate resistance (EPB1LA4A, PDL-1). We have previously summarised
the potential biological pathways these biomarkers may be involved with in

the development of CaP. The markers lambda FLC and EPB1LA4A are
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entirely novel in CaP and this work is the first study to identify them as
potential prognostic markers in CaP. Unfortunately we have been unable to
demonstrate these results in our AH sample population due to limitations
with the size of the AH cohort, the limited maturity of the clinicopathological
follow-up data and the disparity in the numbers of high risk CaP patients

between the two cohorts.

Although we did demonstrate differential expression in the majority of our
biomarkers, with increased protein expression of Kappa FLC, Lambda FLC,
EPB1LA4A, CYB561A, DLX-2, PTEN, PD-L1 and TGF-$3 in AH CaP samples
compared to Caucasian samples, these results need to be carefully
considered in view of the limited AH data set and disparity of high risk
disease between the two cohorts. Our recommendation would be to review
and validate these identified biomarkers in a wider AH population with
more mature (longer post-diagnosis follow-up) clinicopathological data with

CaP risk matched controls.

5.2 AH background and wider context

AH men have an approximately 3-fold greater risk of developing prostate
cancer and are more likely to present with CaP at a younger age (10,227),
with a 30% higher death rate compared to Caucasian men (228). There are

multiple potential reasons for this disparity as discussed earlier.

However there are other non-biological factors that may be associated with

this increased risk. In the UK it was recognised that there was a health
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inequality in prostate cancer in AH men. In the UK there is limited high-
quality data on CaP and AH men, which may be contributing to this
inequality. In addition to this lack of national and local ethnic data there has
been little research on CaP in different ethnic groups within the UK. Without
data derived from high quality research into CaP in ethnically diverse
communities, local commissioning services lack the evidence needed to fund
new services. In particular this may result in a failure to meet local black and
minority ethnic communities (BME) need for increased access to prostate

cancer diagnosis and treatment.

Despite the increased risk of CaP, awareness of this risk is lowest amongst
AH men. In a UK study, 64% of Caucasian men had heard of CaP compared to
only 37% of AH men (229). In a study performed by The Prostate Cancer
Charity, 58% of AH men correctly identified CaP as the most common form
of cancer in men compared with 69% of the general population of the UK
and only 15% of AH men knew they were at an increased risk of developing

CaP (230).

There is a lack of awareness of racial disparities in CaP amongst primary
care providers as well, with some general practitioners (GPs) being unaware
of the increased risk of CaP in younger AH men. There have been anecdotal
reports of AH men being denied a PSA test on the basis they were too young
to develop CaP (231). The combination of decreased awareness of CaP
amongst AH men and lack of perceived risk in this population by health care

professionals is almost certainly a contributing factor to the ongoing racial
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disparity in outcomes. BME communities have often cited poorer
experiences of healthcare interactions compared to Caucasian people. First
generation AH immigrants are much less likely to engage with healthcare
professionals largely due to feelings of the healthcare system being
unresponsive to their particular needs combined with a perceived lack of

cultural sensitivity (232).

Studies have highlighted the most common barriers to prostate cancer
detection in AH men being poor knowledge, lack of financial /insurance
cover (American men), mistrust of healthcare professionals and poor
relationships with healthcare systems, fear of cancer diagnosis, fear of death
and fear of testing procedures. Other barriers and fears identified were,
“threat to manhood”, reluctance to talk about sex-related health issues,
complacency, a belief that a DRE threatens male sexuality and a belief that

CaP is related to sexual behaviour (230).

Disadvantaged groups (including BME groups) have higher incidence and
mortality rates and poorer outcomes from cancer. Several studies have
shown that the incidence of cancer and treatment success is associated with
socioeconomic status (233). In response to the unmet cancer need of BME
communities in the UK Rose Thompson founded “BME Cancer Communities“
providing cancer information to and supporting BME and low-income
communities. A study conducted by BME Cancer Communities in
Nottingham (where it is based) in 2009 showed that 36% of BME people in

Nottingham didn’t know what the signs or symptoms of cancer were and
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47% did not know how to reduce their own cancer risk. Whilst at the same
time 55% of people had a family member directly affected by cancer (234).
In addition to increased incidences of some cancer in BME groups inequality
in cancer outcomes can also be accounted for by numerous other factors;
lifestyle choices such as smoking, lack of awareness, language barriers, lack
of engagement and uptake in cancer screening, poor previous experiences,

unemployment and poverty (231).

In 2010, the coalition government made a commitment to saving 5,000 lives
from cancer every year by 2015 in the cancer strategy “Improving
Outcomes: A Strategy for Cancer” (221). The strategy also made health
inequality a priority for NHS cancer services, realising that addressing these
inequality gaps would improve overall survival rates. This led to the report
by Rose Thompson “Hear Me Now” (231) in 2013 setting out clear
recommendations on improving outcomes of CaP in AH men. These included
a need for high quality ethnicity equality data collection at a national level to
measure prostate cancer inequalities, and increased local level support of
BME populations to promote awareness of CaP in black men in an engaging
and culturally sensitive approach. Although hoped this report would lead to
wide scale national changes the most notable impact was seen at a local
level. Within Nottinghamshire particularly there was a notable increased
engagement in local BME groups such as The Friends and Bredrins (FAB)
charity and the BME community. There was specific investment in urology
BME outreach clinics for outreach urology nurses to see BME men and

counsel them with regards to assessment and screening for CaP.
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Mortality rates from CaP vary across the various regions of England.
Mortality rates in the East Midlands are higher than the England Average
with Nottingham having the second highest death rate from CaP as well as
the highest black population in the East Midlands (231). Nottingham was
identified as a “lead city” in tackling health inequality in BME groups. The
FAB charity has been set up in Nottingham: it is a volunteer run charity
aimed at raising awareness about CaP and to provide support to AH men
affected by CaP with educational talks, group peer-to-peer support and

advice.

[t was this recognition of this health inequality amongst BME groups
particularly observed in Nottingham that acted as a significant impetus for

this research and thesis project.

Several recent high profile clinical research studies have sought to look at
whether understanding specific genetic features can improve prostate
cancer diagnosis in men with high risk of the disease including high risk
groups such as AH men specifically. The PROFILE study (28,235) is
currently recruiting men with a family history of prostate cancer and
healthy African/Caribbean men aged 40-69. Men recruited will have blood
and tissue samples to collect genetic information and then they will be
monitored for development of CaP over 5 years using PSA testing with men
choosing whether to undergo an MRI scan or prostate biopsy as well. It is

anticipated the study will assess whether men with specific genetic features
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are more likely to develop cancer and may benefit from targeted CaP
screening. The largest known multiancestry meta-analysis of prostate
cancer genome-wide association studies has recently shown that men of
African ancestry have a mean genetic risk score that was 2.18 times higher
than men of European ancestry (236). The genetic risk score identified
could be used in future to identify men at risk and need targeted screening
particularly in AH men given their higher incidence rates. It is hoped this
research and future studies can play an important role in reducing health
inequalities among AH men with prostate cancer by allowing them and

others at high genetic risk to be identified and treated earlier.

5.3 Biological background
There is a considerable need to develop alternative prostate cancer
biomarkers with better diagnostic and prognostic capabilities able to

distinguish patients more likely to develop higher risk aggressive disease.

We know AH patients with CaP have a higher risk profile compared to their
Caucasian counterparts. This study has identified potential biological
pathways associated with CaP progression and development of metastasis
within AH populations, which we discussed earlier. We have identified
several tumour biomarkers associated with these biological prostate
tumour pathways. Although our results relating to CaP progression, survival
and development of metastases were in an unselected cohort of patients and

not specific to the AH cohort, the results still have some clinical relevance to
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this cohort. We discuss their relevant biological pathways and our findings

below.

5.3.1 Inflammation, cell adhesion, migration and alteration to EMT
TGF-f is a multifunctional cytokine, comprising three isoforms that has been
linked to the regulation of tumour initiation, progression and metastasis. It
is able to exert this influence through its ability to regulate both tumour and
host cell populations. It is involved in mediation of cell cycle regulation via
epithelial cell proliferation and apoptosis, as well as regulation of
inflammatory and immune pathways. Ultimately this allows TGF-f to
control tumour progression through modification of tumour cell behaviour
and interactions with adjacent cell populations in the tumour

microenvironment.

TGF-f signalling is mediated through SMAD and non-SMAD pathways
regulating transcription, translation, protein synthesis, microRNA synthesis

and post-translational modifications (237-240).

TGF-f has been studied in multiple epithelial cancers. It appears that it can
function as both a tumour suppressor and a tumour promoter (241). In
benign epithelia and early tumour growth stages it acts as an inducer of
growth arrest and is generally considered anti-proliferative and pro-
apoptotic. However in advanced tumour stages where TGF-f3 pathways are
altered it promotes tumour growth and progression with pro-survival and

anti-apoptotic effects (242). This is known as the TGF-f3 paradox (243).
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In contrast with its role in regulating epithelial cell proliferation TGF-f3 is
seen as a pro-growth signaller in the mesenchyme. In response to injury, the
influx of inflammatory cells leads to an increase in TGF-f3 at the site of injury.
TGF-f then results in fibroblast proliferation and resultant remodelling of
the extracellular matrix (244). TGF-8 induces EMT in cancer cells (245).
EMT is characterised by loss of E-cadherin and expression of proteins such
as vimentin, fibronectin and N-cadherin leading to progression and

metastasis of cancer cells which is driven by TGF-3 (246).

Another key step in cancer progression and invasiveness is evasion of the
host immune system. It is well known that cytotoxic lymphocytes, such as
natural killer and T-cells can effectively destroy cancer cells. TGF-f3 plays a
key role in repression of the host immune system within the microtumour
environment, suppressing the anti-tumour activity of natural killer cells, T-
cells, neutrophils, dendritic cells monocytes and macrophages whilst
stimulating their recruitment (247,248). As a result TGF-f3 associated
inflammation can promote tumourigenesis due to secretion of growth
factors, cytokines, chemokines, proteases modifying the extra-cellular

matrix stimulating cancer cell growth, motility and invasion.

We have previously discussed the study by Kinseth et al (167) which
demonstrated the majority of differentially expressed genes in matched
prostate cancer specimens in AH and Caucasian men related to genes

associated with tumour adjacent stroma rather than tumour tissue. This
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suggested that altered immune, inflammatory and EMT processes
particularly in the tumour adjacent stroma may be responsible for the
aggressive nature of CaP in AH men. Interestingly they found that SMAD-3,
TGF-B 2 and TGF-f3 receptor 3 was down regulated in AH men samples
compared to Caucasian samples. Powell et al (165) demonstrated that TGF-
B 1 as well as multiple related TGF- SMAD-independent pathway mediators
were up regulated in AH prostate cancer specimens compared to Caucasian
specimens. We demonstrated that loss of TGF-[3 cytoplasmic protein
expression was associated with worse prostate cancer specific survival
(x2=8.846, p=0.003). Mean survival was 21 months vs. 53.5 months for
patients positive and negative for TGF-3 cytoplasmic protein expression
respectively. This was demonstrated in the Caucasian population only. We
also demonstrated variable expression between populations with increased
cytoplasmic expression of TGF-3 in AH samples (x?=33.896, p=<0.001),

validating previous findings by Powell et al (165) .

There are multiple reasons for our variable expression of TGF-f3 within CaP
tissue samples. One is the fact the biomarker we used for IHC was related to
one TGF-f3 isoform only, TGF-3 1, however all three isoforms of TGF-[3 have
been shown to be virtually identical and exhibit indistinguishable actions in
vitro (249). TGF-3 expression is also highly variable due to heterogeneous
role with both suppressive and promoting effects. TGF-f3 has been shown to
have a key role in androgen control of prostatic growth regulating stromal
proliferation and differentiation in BPH. Descazeaud et al (250)

demonstrated Increased TGF-[3 2 receptors in relation to prostatic volume.
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Zeng et al (251) demonstrated that TGF-f3 receptor 2 expression was down
regulated in HGPIN and prostate cancer compared with BPH. This relates to
the complexities of TGF-f signalling and likely paradox in tumour biology as
previously discussed, where in benign cells or very early tumour cells, TGF-
B expression might be increased. Whereas in advanced tumours, TGF-f3
expression may be lost. Interestingly gain or loss of TGF-f3 signalling can
promote increased aggressive and invasive behaviour. Gene expression
profiles representing gain or loss of TGF-f3 signalling in mammary
carcinoma cells have been shown to correlate with poor prognosis in human
breast cancer (252-254). Increased TGF-[3 1 expression by tumour cells has
been shown to correlate with tumour progression in non-small cell lung
carcinoma, colorectal cancer and gastric cancer (255-257). This highlights
the extremely diverse and complex nature of TGF- mediated signalling
within the tumour microenvironment, with down- or up-regulation leading
to aberrant expression and increasingly aggressive and invasive disease, and

dual tumour suppressive and promoting effects.

Due to these complexities, utilising therapies that target TGF-f3 pathways is
potentially challenging and may even lead to poorer outcomes. Despite this
monoclonal neutralizing antibodies targeting TGF-[3 receptors have been
evaluated in the treatment of metastatic breast cancer and malignant
pleural mesothelioma (258). Another therapy involving inhibition of the
kinase activity of the TGF-f3 receptor has been developed (259). Although
these clinical trials have shown promise, they have been aimed at treating

late-stage metastatic disease and the challenge remains in targeting only the
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tumour promoting aspects of TGF-[3, along with identifying the patients that

will respond well.

EPB41L4A is a member of the band 4.1 protein superfamily. The 4.1
proteins, encoded by the EPB41 (erythrocyte protein band 4.1) genes are
components of the cortical cytoskeleton underlying the cell membrane
(260). They contribute to the organisation of cell polarity, adhesion and
motility affecting transport through the cell membrane and response to
cellular growth factors. The 4.1 proteins are part of a larger family of
proteins that activate the reorganisation of the cytoskeleton, its attachment
to the cell membrane and changes to the ECM during cancer progression
leading to cell migration and invasion. EPB41L4B expression has been
shown to be increased in high grade melanoma cells (261). Furthermore
expression of EPB41L4B was shown to be up regulated in CaP cell lines,
with increased expression also leading to decreased adhesion of cancer cells
to collagen, suggesting a role in metastasis development (262). The work
presented in this thesis is the first to report on the prognostic potential of
EPB41L4A as a novel biomarker demonstrating increased expression of this
protein is associated with earlier development of castrate resistant disease
(x2=7.320, p=<0.007). Mean time to development of metastatic disease for
patients positive for EPB41L4A protein expression was 16.5 months
compared to 28.1 months in negative patients. An increased proportion of
AH patients were positive for EPB41L4A protein expression (x2=48.255,

p=<0.001).
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DLX-2 was included in our analysis to validate previous findings
demonstrated by Green et al (217), who identified DLX-2 as a novel marker
of increased risk of metastasis development in prostate cancer. DLX gene
family is involved in embryonic development, tissue homeostasis, cell cycle
and apoptosis (263). DLX2 has been shown to be involved with shifting TGF-
B function from tumour suppression to tumour promoting by repressing
TGF-f receptor 2 and cell cycle inhibitor p21CIp1 and increasing mitogenic
transcription factors c-myc and epidermal growth factor (264), leading to
increased EMT. We demonstrated increased expression of DLX-2 in AH

patients (x2=0.237, p=0.001).

5.3.2 Immune response

As a result of inflammation, the tumour microenvironment is flooded with
innate immune cells such as macrophages, neutrophils, mast cells, dendritic
cells, natural killer cells and myeloid-derived suppressor cells as well as
adaptive immune cells T and B lymphocytes (196). The development of
cancer cells in response to chronic inflammation is outlined in figure 32.
Antigens presented by early tumour cells are carried to lymphoid organs by
dendritic cells (DCs) activating T and B cells, resulting in both tumour
promoting and anti-tumour effects. Activation of B cells results in chronic
activation of innate immune cells in the tumours. This promotes tumour
development through the release of pro-survival molecules that modulate
gene expression and alter the ECM and adjacent tumour stroma resulting in
altered cell progression, cell survival and altered angiogenic vasculature.

Activated T cells elicit an anti-tumour effect through T cell mediated tumour
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cell lysis. In established tumours the balance between tumour promotion
and anti-tumour immunity is tilted towards pro-tumour promotion due to
environmental and microenvironmental changes. T cells are classified
according to their effector functions CD8* cytotoxic cells and CD4+* helper T
Cells. T cells can similarly act as both tumour suppressors or promoters
determined by their effector function (265). The tumour promoting effects
of T cells and tumour associated immune cells are mediated by cytokines.
Through the activation of downstream effectors such as NF-KB, AP-1, STAT
and SMAD transcription factors, cytokines promote anti-tumour activity (IL-
12, TRAIL, I[FNy) or enhance tumour progression (IL-6, IL-17, IL-23) and
affect cancer cell regulation and survival (TRAIL, FasL, TNF- a, EGFR ligands,
TGF-B, IL-6) (266). Powell et al (165) demonstrated that several of these
cytokines are overexpressed in CaP found AH men compared to Caucasian
men. Similarly Kinseth et al (167) demonstrated that these cytokine
pathways were significantly altered when comparing gene expression

arrays between ethnic groups.
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Figure 32: The role of the innate and adaptive immune-cell function during
inflammation-associated cancer development (reused with permission from

Nature Publishing Group, Licence number 4514801238451) (196)

Co-stimulatory and co-inhibitory molecules control antigen specific T Cell
responses respectively. Co-inhibitory molecules prevent inappropriate
immunity responses and limit the scale and duration of any given immune
response. The main co-inhibitory molecules, termed ‘checkpoint molecules’
are CDLA-4 and PD-1 (267). PD-1 is expressed on activated CD8* cytotoxic
cells and CD4+* helper T Cells as well as natural killer cells, B cells and
dendritic cells. The counter receptor of PD-1 is PD-L1 (also called B7-H1),
expression of which has been seen on cancer cells (268-270). Normal PD-1
signalling in T cells serves to minimise damage to tissues from excessive
inflammation and development of autoimmunity. Ligation of PD-L1 results

in the formation of PD-L1/T-cell receptor (TCR) that effectively turns off T
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cell activation. This in turn leads to down-regulation of the RAS and
P13k/AKT pathways with suppression of cell cycle progression and T cell
activation. PD-1 ligation by PD-L1 on other antigen-presenting cells (APC)
such as macrophages or tumour cells inhibits the production of several

cytokines and survival factors such as BCL-XL (271) see figure 33.

Activation
Cytokine production
Cell-cycle progression

Figure 33: PD-L1 signalling (reused with permission from American

Association for Cancer Research, license number 4515300836034) (272)

In the tumour microenvironment PD-L1 expression is induced in tumour
cells and within the tumour microenvironment in response to inflammatory

cytokines produced by T cells infiltrating into tumour tissue. It has been
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reported that expression levels of PD-L1 correlate with advanced stage of
cancer and poor prognosis (273). PD-L1 expression has been shown to be
increased within an aggressive subset of breast cancer, basal type (274). In
urothelial cancer tumour associated expression of PD-L1 was significantly
associated with high rates of postoperative recurrence and poor survival
rates (275). PD-L1 expression is also greatly increased in treatment
resistant castrate resistant metastatic prostate cancer (276) and increased
expression of PD-L1 in prostate cancer tissue has been associated with
shorter biochemical-recurrence free survival (277). We demonstrated
similarly that increased nuclear expression of PD-L1 was associated with
development of castrate resistance (x?=4.062, p=<0.044) and both nuclear
and cytoplasmic protein expression of PD-L1 was increased in AH prostate
cancer tissue. Mean time to development of castrate resistant disease was
19.9 months vs. 29.4 months for patients positive and negative for PD-L1
nuclear protein expression. We have to be cautious with interpreting these
results however as we did not use an approved pharma (Roche/Dako) IHC
kit. Utilising these kits for IHC requires meeting exacting and stringent
parameters with regards to IHC thresholds; we therefore cannot guarantee

the accuracy of these results.

Several clinical trials are underway evaluating treatment with monoclonal
antibodies designed to disrupt PD-1/PD-L1 interaction in patients with
advanced melanoma, non-small cell lung cancer, renal cell carcinoma and
colorectal cancer with promising results with up to 36% of patient having an

objective response to treatment (216,278).
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Mast cells are key regulators of inflammation and modulate the immune
response through angiogenesis, tissue degradation and regulation of T cell
tolerance (279,280). Multiple tumours show evidence of mast cells within
the ECM and tumour adjacent stroma. Mast cells appear to have a vital role
with maintaining tumour growth through tumour related angiogenesis
(281,282). Angiogenesis is vital for the expansion of tumours and
development of metastasis. Mast cells produce a variety of potent cytokine
mediators of angiogenesis such as VEGF, FGF-2, TGF-f3, TNF-q, IL-8, NGF,
tryptase, chymase, heparin and histamine (283). The alterations of these
mediators within the ECM leads to remodeling and subsequent release of
angiogenic factors leading to tumour associated angiogenesis and at
advanced stages, invasion. Furthermore mast cells are able to promote cell
proliferation and inhibition and modulation of the immune system. It
appears that during tumour growth, tumour cells release various
chemotactic factors recruiting mast cells to the tumour microenvironment.
Within the tumour microenvironment mast cells become activated releasing
multiple mediators resulting in a ECM remodeling with resultant
angiogenesis, tumour cell proliferation, recruitment and activation of other
tumour activated macrophages and subsequent

immunosuppression/modulation.

FLCs can activate mast cells in a antigen specific fashion making up an
integral part of the immune system response to antigen exposure

(284).Within a large breast carcinoma population with long term clinical
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follow-up, patients with triple negative basal type aggressive cancer
phenotype showed increased expression of lambda FLC. This showed
significant association with decreased survival, decreased disease free

survival and increased time to metastasis formation (221).

We found that increased lambda FLC expression was associated with a
decreased prostate cancer specific survival (x?=10.496, p=0.001) and an
increased time to development of metastatic disease (x?=5.223, p=0.022).
Mean survival time was 20.4 months vs. 48 months and mean time to
development of metastatic disease was 7.8 months vs. 30 months for
patients positive and negative for lambda FLC protein expression
respectively. Increased expression of lambda FLC was also seen in AH
patients (x?=48.255, p=<0.001) where expression also showed a positive
association with development of castrate resistance (x?=7.320, p=<0.007).
These findings validate those by Kormelink et al (221) and are completely

novel with regards to prostate cancer.

Although we opted to assess FLCs because of their association with tumour
related inflammation pathways, FLCs are involved with recruitment of
tumour infiltrating leukocytes in particular macrophages. Another possible
option for assessing the role of inflammatory pathways may have to assess
for tumour infiltrating macrophages the role of which has previously been
noted in advanced aggressive CaP, castrate resistant states and associated

with a worse prognosis (285-288).
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5.4 Limitations
In order to assess the validity of this work, it is important to examine the

limitations of the project.

Firstly the majority of tissue incorporated into the historical predominant
Caucasian TMA was taken from patients undergoing a TURP procedure
rather than a diagnostic biopsy. Patients who are likely to be undergoing a
TURP procedure are generally older than those patients who would be
undergoing an elevated PSA related prostate biopsy. Therefore these
patients are by the fact they are older, more likely to have higher volume
and higher risk prostate cancer. This does not reflect the typical trend of
patients that are currently undergoing PSA testing and subsequent prostatic
biopsy, who are considerably younger. The studied cohort is still relevant as
a group of patients with higher risk disease in the context of our study. It
would be necessary to review our candidate biomarkers in a sample of

patient more representative of current CaP diagnosis and management.

Although our newly constructed AH TMA predominantly comprises radical
prostatectomy specimens, there were a significantly smaller proportion of
higher risk disease patients and a smaller cohort in comparison to the
predominant Caucasian-predominant TMA. The patients incorporated into
the two TMA'’s had significantly different presentations at diagnosis and
largely treated differently from radical prostatectomy in AH TMA and
watchful wait in the Caucasian TMA. Therefore the difference in results and

staining expression seen could be related to clinical or disease
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characteristics alone. A more appropriate design method would have been
to match Caucasian and AH patients on these clinical or disease

characteristics.

A major limitation with the newer AH cohort was the limitation of long-term
clinicopathological data with only approximately 2 years of clinical follow-
up data. This limited relevant statistical analysis with regards of survival

and metastasis development.

We used 2 TMA's for assessment of our biomarkers. Although the use of
TMAs is a universally accepted method for assessment of large numbers of
tissue samples with multiple biomarkers it does have some limitations.
Staining of tissue samples can be variable with biomarker protein
expression subjective and variable depending on the way the tissue samples

are fixed.

When selecting the potential biomarkers from the bioinformatics analysis,
the genes identified were largely selected for their potential novelty and
significant level of interaction. However, there were genes that had
significant interactions that were overlooked because of not seemingly
being novel. An example of this is alpha-smooth muscle actin (ACTAZ2).
Although this gene is not ‘novel ‘it could be potentially novel in its use and
possible relation to CaP aggressiveness. Stromal phenotypes of CaP with an
increased number of fibroblasts has been associated with aggressive disease

and castrate resistance (289).
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5.5 Conclusions

There is a clear disparity of incidence, mortality and aggressiveness of CaP
between AH and Caucasian men respectively. As such there is a need to
understand the mechanisms and possible reasons for this in order to be able
to objectively identify patients that are at increased risk of developing high

risk, aggressive disease at an earlier stage.

We have identified several biomarkers relating to the inflammatory and
immune pathways associated with CaP, with the potential to predict disease
progression and clinical outcome. Furthermore we have shown that these
are differentially expressed in AH men. This suggests that inflammation and
immune pathways as well as those regulating EMT within the tumour
microenvironment and stroma could influence the development and

progression of more aggressive CaP in AH men.

We have identified Lambda FLC as a novel biomarker in CaP and this is the
first to report its potential prognostic utility in CaP. We have shown that this
biomarker is able to predict disease specific survival and metastatic disease
in CaP, showing great promise as a prognostic biomarker in a retrospective

cohort.

We have also shown that expression of lambda FLC is also significantly
increased in CaP from AH men suggesting a role in development and

progression of aggressive forms of CaP. This marker is relatively cheap and
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easy to assay with minimal tissue required, making it an ideal potential
biomarker. The techniques used to quantify its expression are routinely
used in most hospitals meaning that its use and analysis are technically and

logistically possible.

It is important that these findings are now applied to a wider AH cohort
particularly with an extended period of clinical follow-up data to assess the

prognostic implications of lambda FLC expression in AH men.

Interestingly despite the advances in CaP diagnosis and treatment in recent
years, AH men remain poorly represented in CaP clinical trials (290). This is
largely due to underreporting of race and studies failing to account for it in
subsequent analysis. The implications of this are significant, as CaP clinic
trials and studies not proportionally representing the population being
studied leads to selection bias and as a result conclusions and findings may
not necessarily be applicable to AH men. There are however multiple CaP
clinical trials on going actively involving AH patients with one currently
reviewing metastatic CaP treatment in Caucasian and AH men with
Abiraterone and the PROFILE study currently actively recruiting (235,291).
This study highlights the continued need to encourage better participation
and enrolment of AH in high quality CaP clinical trials and ensure that racial

data is collected and reviewed in subsequent analysis.

Inflammation is a very complex process with the interplay of several

hundreds of different genes and pathways. Therefore there are many genes
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that contribute to the process of development of CaP. Several studies
including ours have shown how certain genes within a pathway contribute
to an increased risk of CaP and development of aggressive disease. Larger
studies within different ethnic populations are required to thoroughly
characterise the associations of these genes and pathways. Traditional
methods looking at single genes are valuable. However these approaches are
fast being surpassed by methods that allow analysis of the genes within a
complete pathway using a chip-based or bead-based array. These
approaches provide a comprehensive analysis of the genes involved with the
process of inflammation. Analysis using genome wide sequencing methods
of immune and inflammatory pathways within a large cohort of Caucasian
and AH men would allow a greater understanding of these pathways and

genes with the development of aggressive disease.

The role of immunotherapy and anti-inflammatory strategies in treatment of
several other cancers has shown significant survival benefits and has
produced significant results with regards to tumour control in several
malignancies. Inhibition of CTLA-4 by ipilimumab represented the first drug
used in immune checkpoint inhibition being licensed for use in advanced
metastatic melanoma (292). More recently anti PD-1 or anti PD-L1 antibody
immune checkpoint inhibition in treatment of tumours expressing PD-L1

has led to significant advances in the treatment of metastatic malignancy
melanoma, non-small cell lung cancer, renal cell cancer, head and neck
cancer, urothelial cancer and Hodgkin’s lymphoma with trials shown

significant improvement of survival rates in many advanced metastatic
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cancers (293-299). Several other malignancies (ovarian cancer,
hepatocellular carcinoma, mesothelioma, gastric cancer and B-cell non-
Hodgkin lymphoma) are currently under clinical investigation to determine

the benefits of checkpoint inhibition (300-302).

Mutations in DNA repair genes have been identified as significant cause of
genomic instability and hallmark of carcinogenesis. Identification of
mismatch repair genes (MMR) and potential therapeutic targeting has been
a significant area of development over recent years. We know that
hereditary germline mutations in DNA repair genes are associated with a
higher risk of CaP, with mutations in BRCA2 increasing the risk of
developing CaP and their role in development and progression of breast,
ovarian and pancreatic cancers also well documented (31,32). Inherited
mutations in several other DNA repair genes appears to associated with
increased CaP risk also (27). Over recent years exploiting the vulnerabilities
of tumour cells with DNA repair genes defects has been reviewed in
different tumour types with most success seen in ovarian and breast
cancers. Poly (ADP-ribose) polmerases (PARPs) are a family of enzymes
involved in transcriptional regulation and in detecting and localising DNA
repair proteins to DNA strand breaks triggering a damage response and
repair process. PARP inhibitor olaparib has shown efficacy in the treatment
of ovarian cancer (303-306). Phase 2 trials in patients with metastatic
castration resistant CaP and identified defects in DNA-repair genes treated

with olaparib have shown encouraging response rates (307).
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The role of immunotherapy treatment in prostate cancer in early trials has
shown some promise. This work has been confined to patients with late
stage disease with a significant tumour burden. The challenge remains in
assessing the benefit to patients with early stage disease. This would
probably require careful integration of multi-modal therapy with
immunotherapy and anti inflammatory treatments added to existing

treatment.

Inflammation and the modulation of the immune system and inflammatory
response is key in tumour development and progression. Greater levels of
inflammation are seen within CaP from AH men suggesting an important
role of inflammation in development and progression of CaP and a possible
explanation for the increased high risk CaP seen in this population. We have
identified Lambda FLC, a marker of the inflammatory response, as a
potential novel biomarker in CaP. We have demonstrated its ability to
predict disease specific survival and metastatic disease in patients with CaP.
Anti-inflammatory and immunotherapy approaches targeting the tumour
microenvironment in CaP, may prevent tumour promoting inflammatory
cell recruitment or migration of tumour cells inhibiting progression and

resultant metastatic spread.
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7.0 Appendix

APPENDIX A

THE VENTANA™ MULTI-SYSTEM AUTO-STAINER PROTOCOL

All slides placed on a heat plate at 60°C for 20 minutes to melt the paraffin
embedded wax.
Slides then placed in Ventana™ system to undergo the following:

PROTOCOL: SCC1 32
PROTOCOL NO.: 4000
PROCEDURE: U ultraView DAB

1. Deparaffinisation
Slide warmed to 72°C from medium temperatures.

2. Cell conditioning
ULTRA Conditioner #1 [EDTA Buffer].

3. Warm slide to 95°C on a hot plate
4. Incubate for 64 minutes in EDTA buffer

5. Primary antibody titration
Hand apply primary antibody.

6. Incubate for 32 minutes
7. Counterstain
Apply one drop of Haematoxylin II counterstain.

Apply coverslip.

8. Incubate for 12 minutes
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APPENDIX B

THE VENTANA™ MULTI-SYSTEM AUTO-STAINER PROTOCOL

All slides placed on a heat plate at 60°C for 20 minutes to melt the paraffin
embedded wax.
Slides then placed in Ventana™ system to undergo the following:

PROTOCOL: OV STCC1 32 PXb

PROTOCOL NO.: 4991

PROCEDURE: U OptiView DAB IHC v5
1. Deparaffinisation

Warm up slide to 72°C from medium temperatures.

. Cell conditioning

ULTRA Conditioner #2 [Citrate Buffer].

. Warm slide to 95°C on a hot plate

Incubate for 64 minutes in citrate buffer

. Pre-primary peroxidase inhibition

Primary antibody titration
Hand apply primary antibody.

Incubate for 32 minutes
Counterstain
Apply one drop of Haematoxylin II counterstain.

Apply coverslip.

Incubate for 12 minutes
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APPENDIX C

THE VENTANA™ MULTI-SYSTEM AUTO-STAINER PROTOCOL

All slides placed on a heat plate at 60°C for 20 minutes to melt the paraffin
embedded wax.
Slides then placed in Ventana™ system to undergo the following:

PROTOCOL: Ki67 Roche RTU
PROTOCOL NO.: 4954
PROCEDURE: U ultraView DAB

1. Deparaffinisation
Slide warmed to 72°C from medium temperatures.

2. Cell conditioning
ULTRA Conditioner #1 [EDTA Buffer].

3. Warm slide to 95°C on a hot plate

4. Incubate for 36 minutes in citrate buffer

5. Ki67 antibody added
One drop of Ki67 antibody
Apply Coverslip

6. Incubate for 24 minutes

7. ultraWash
Apply one drop of UV HRP UNIV MULT. Apply coverslip, and incubate
for 8 minutes
Apply one drop of UV DAB and one drop of UV DAB H202. Apply
coverslip, incubate for 8 minutes
Apply one drop of UV COPPER, apply coverslip, and incubate for 4
minutes

8. Counterstain
Apply one drop of Haematoxylin II counterstain.

Apply coverslip.

9. Incubate for 12 minutes
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APPENDIX D

SPSS data output for EPB41L4A and Kaplan-Meier Modelling for association
between biomarker expression and Time to development of castrate

resistance.
Case Processing Summary
EPB41L4A Total N N of Censored
Events N Percent
.00 59 59 0 0.0%
1.00 24 24 0 0.0%
Overall 83 83 0 0.0%
Survival Table
Cumulative Proportion
Surviving at the Time ?u(irflulative 1;e(;rflaining
EPB41L4A [Time Status Estimate Std. Error |Events Cases
.00 1 .000 [ yes 1 58
2 .000 [ yes 966 .024 2 57
3 4.000 | yes .949 .029 3 56
4 6.000 | yes 4 55
5 6.000 | yes 5 54
6 6.000 | yes .898 .039 6 53
7 8.000 | yes .881 .042 7 52
8 9.000 | yes 8 51
9 9.000 | yes .847 .047 9 50
10 10.000 | yes .831 .049 10 49
11 11.000 | yes 11 48
12 11.000 | yes 12 47
13 11.000 | yes .780 .054 13 46
14 12.000 | yes 14 45
15 12.000 | yes 15 44
16 12.000 | yes 16 43
17 12.000 | yes 712 .059 17 42
18 13.000 | yes 18 41
19 13.000 | yes .678 .061 19 40
20 15.000 | yes 20 39
21 15.000 | yes .644 .062 21 38
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22 17.000 | yes 22 37
23 17.000 | yes 23 36
24 17.000 | yes .593 .064 24 35
25 18.000 | yes .576 .064 25 34
26 19.000 | yes 26 33
27 19.000 | yes 27 32
28 19.000 | yes .525 .065 28 31
29 20.000 | yes 29 30
30 20.000 | yes 492 .065 30 29
31 21.000 | yes 475 .065 31 28
32 24.000 | yes 458 .065 32 27
33 25.000 | yes 33 26
34 25.000 | yes 424 .064 34 25
35 27.000 | yes 35 24
36 27.000 | yes .390 .063 36 23
37 30.000 | yes 37 22
38 30.000 | yes .356 .062 38 21
39 31.000 | yes .339 .062 39 20
40 32.000 | yes 40 19
41 32.000 | yes .305 .060 41 18
42 33.000 | yes .288 .059 42 17
43 34.000 | yes 43 16
44 34.000 | yes 44 15
45 34.000 | yes 237 .055 45 14
46 36.000 | yes 220 .054 46 13
47 37.000 | yes 47 12
48 37.000 | yes 48 11
49 37.000 | yes .169 .049 49 10
50 41.000 | yes .153 .047 50 9
51 44.000 | yes 136 .045 51 8
52 49.000 | yes 119 .042 52 7
53 50.000 | yes .102 .039 53 6
54 60.000 | yes .085 .036 54 5
55 74.000 | yes .068 .033 55 4
56 76.000 | yes .051 .029 56 3
57 84.000 | yes .034 .024 57 2
58 115.000 [ yes .017 .017 58 1
59 120.000 | yes .000 .000 59 0
1.00 (1 3.000 | yes .958 .041 1 23
2 8.000 | yes 917 .056 2 22
3 9.000 | yes 3 21
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4 9.000 | yes 4 20
5 9.000 | yes .792 .083 5 19
6 10.000 | yes .750 .088 6 18
7 11.000 | yes 7 17
8 11.000 | yes 8 16
9 11.000 | yes 9 15
10 11.000 | yes 10 14
11 11.000 | yes .542 102 11 13
12 12.000 | yes .500 102 12 12
13 13.000 | yes 13 11
14 13.000 | yes 417 101 14 10
15 14.000 | yes .375 .099 15 9
16 16.000 | yes .333 .096 16 8
17 17.000 | yes 17 7
18 17.000 | yes 250 .088 18 6
19 18.000 | yes .208 .083 19 5
20 21.000 | yes 167 .076 20 4
21 27.000 | yes 125 .068 21 3
22 34.000 | yes .083 .056 22 2
23 44.000 | yes .042 .041 23 1
24 47.000 | yes .000 .000 24 0
Means and Medians for Survival Time
Mean? Median
95% Confidence 95% Confidence
Interval Interval
Std. Lower Upper Std. Lower Upper
EPB41L4A | Estimate [ Error | Bound Bound | Estimate| Error | Bound Bound
.00 28.136| 3.202| 21.859( 34.412| 20.000{ 2.987( 14.146| 25.854
1.00 16.500( 2.250] 12.090( 20.910] 12.000 919] 10.200f 13.800
Overall 24.771] 2.430| 20.008| 29.534| 17.000| 1.366| 14.322| 19.678

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons

Chi-Square

df

Sig.

Log Rank (Mantel-Cox)

7.320

1

.007

Test of equality of survival distributions for the different levels of

EPB41L4A.
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APPENDIX E

SPSS output data for Lambda FLC and Kaplan-Meier Modelling, for
association between biomarker expression and prostate cancer specific
survival and time to development of metastases.

Lambda FLC and Prostate Cancer Specific Survival

Case Processing Summary
LAMBDA FLC | Total N N of Censored
Events N Percent

negative 11 11 0 0.0%

positive 7 7 0 0.0%

Overall 18 18 0 0.0%

Survival Table
Cumulative
Proportion
Surviving at the N of N of
Time CumulativelRemaining
LAMBDA FLC Time |Status| Estimate |Std. Error| Events Cases

negative | 1 19.000 | yes 909 .087 1 10
2 29.000 | yes .818 116 2 9
3 33.000 | yes 727 134 3 8
4 34.000 | yes .636 .145 4 7
5 49.000 | yes .545 150 5 6
6 56.000 | yes 455 150 6 5
7 57.000 | yes 364 .145 7 4
8 58.000 | yes 273 134 8 3
9 60.000 | yes .182 116 9 2
10 | 66.000 | yes .091 .087 10 1
11 | 67.000 | yes .000 .000 11 0
positive | 1 5.000 | yes .857 132 1 6
2 6.000 | yes 714 171 2 5
3 15.000 | yes 571 187 3 4
4 19.000 | yes 429 187 4 3
5 31.000 | yes 286 171 5 2
6 32.000 | yes 143 132 6 1
7 35.000 | yes .000 .000 7 0
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Means and Medians for Survival Time

Mean Median
95%

95% Confidence Confidence

Interval Interval
LAMBDA Std. | Lower | Upper Std. | Lower| Upper
FLC Estimate| Error| Bound | Bound |[Estimate| Error | Bound| Bound
negative | 48.000 |4.953|38.293|57.707 | 56.000 |12.661/31.184| 80.816
positive | 20.429 (4.720|11.177| 29.680 | 19.000 [ 5.237| 8.735 | 29.265
Overall | 37.278 (4.744)|27.980| 46.575 | 33.000 | 2.121 (28.842| 37.158

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons

Chi-Square

df

Sig.

Log Rank (Mantel-

Cox)

10.496

1

.001

Test of equality of survival distributions for the
different levels of LAMBDAlowPerPat.

Lambda FLC and Time to Development of Metastases

Case Processing Summary
Censored
LAMBDA FLC | Total N |N of Events N Percent
negative 13 13 0 0.0%
positive 10 10 0 0.0%
Overall 23 23 0 0.0%
Survival Table
Cumulative
Proportion Surviving N of N of
at the Time Cumulative|Remaining]
LAMBDA FLC | Time [Status| Estimate |Std. Error| Events Cases
negativel 1 .000 yes 1 12
2 .000 yes 2 11
3 .000 yes : . 3 10
4 .000 yes .692 128 4 9
5 |14.000]| yes 615 135 5 8
6 |18.000| yes .538 138 6 7
7 123.000| yes 462 138 7 6
8 |31.000]| yes .385 135 8 5
9 |35.000| yes 308 128 9 4
10 [47.000| yes 231 117 10 3
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11 |50.000( yes 154 .100 11 2

12 |64.000( yes 077 074 12 1

13 [108.000[ yes .000 .000 13 0

positive| 1 .000 yes 1 9

2 .000 yes 2 8

3 .000 yes 3 7

4 .000 yes . . 4 6

5 .000 yes .500 .158 5 5

6 1.000 | yes 400 .155 6 4

7 3.000 | yes .300 .145 7 3

8 [14.000| yes 200 126 8 2

9 [26.000| yes .100 .095 9 1

10 |34.000( yes .000 .000 10 0

Means and Medians for Survival Time
Mean Median

95% Confidence 95% Confidence

Interval Interval
LAMBDA Std. | Lower | Upper Std. | Lower | Upper
FLC |[Estimate|Error| Bound | Bound |Estimate| Error | Bound | Bound
negative | 30.000 |8.772] 12.807 | 47.193 [ 23.000 {10.185| 3.036 | 42.964

positive | 7.800 [3.986| .000 |15.612( .000 . . .
Overall | 20.348 |5.662| 9.251 |31.445| 14.000 |10.302| .000 |34.192

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons

Chi-Square

df

Sig.

Log Rank (Mantel- 5.223

Cox)

1

022

Test of equality of survival distributions for the
different levels of LAMBDA FLC.
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APPENDIX F

SPSS output data for PD-L1 nuclear and Kaplan-Meier modelling, for
association between biomarker expression and time to development of
castrate resistance.

Case Processing Summary
N of Censored
PDL1nuc Total N Events N Percent
.00 38 38 0 0.0%
1.00 37 37 0 0.0%
Overall 75 75 0 0.0%

Survival Table

Cumulative
Proportion
Surviving at the
Time N of N of
Std. |Cumulative [ Remaining
PDL1nuc Time |Status|Estimate| Error Events Cases

.00 1 .000 | yes 974 .026 1 37
2 4.000 [ yes 947 .036 2 36
3 6.000 | yes 921 .044 3 35
4 8.000 | yes . . 4 34
5 8.000 | yes .868 .055 5 33
6 9.000 | yes .842 .059 6 32
7 10.000 | yes . . 7 31
8 10.000 | yes .789 .066 8 30
9 11.000 ]| yes . . 9 29
10 11.000 ]| yes 737 071 10 28
11 12.000 ]| yes 11 27
12 12.000 ]| yes . . 12 26
13 12.000 ]| yes .658 .077 13 25
14 17.000 | yes . . 14 24
15 17.000 | yes .605 .079 15 23
16 18.000 | yes . . 16 22
17 18.000 | yes .553 .081 17 21
18 20.000 [ yes .526 .081 18 20
19 21.000 [ yes .500 .081 19 19
20 25.000 [ yes 474 .081 20 18
21 27.000 [ yes . . 21 17
22 27.000 [ yes 421 .080 22 16
23 30.000 | yes .395 .079 23 15
24 31.000 ]| yes .368 .078 24 14
25 32.000 ]| yes 342 .077 25 13
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26 33.000] yes 316] .075 26 12
27 34.000| yes . . 27 11
28 34.000 | yes 263]  .071 28 10
29 37.000 | yes 237  .069 29 9
30 41.000 | yes 211  .066 30 8
31 44.000 | yes . . 31 7
32 44.000 | yes 158] .059 32 6
33 49.000 | yes 132] 055 33 5
34 50.000 | yes 105] .050 34 4
35 74.000 | yes 079] 044 35 3
36 76.000 | yes 053]  .036 36 2
37 84.000 | yes 026] .026 37 1
38 [120.000]yes .000] .000 38 0
1.00 |1 000 yes 973  .027 1 36
2 3.000 | yes 946| .037 2 35
3 6.000 | yes 919] .045 3 34
4 9.000 | yes 4 33
5 9.000 | yes . . 5 32
6 9.000 | yes 838  .061 6 31
7 11.000 | yes 7 30
8 11.000 | yes 8 29
9 11.000 | yes . . 9 28
10 11.000 | yes 730 .073 10 27
11 12.000 | yes 703]  .075 11 26
12 13.000 | yes 12 25
13 13.000 | yes 13 24
14 13.000 | yes . . 14 23
15 13.000 | yes 595 .081 15 22
16 14.000 | yes 568 .081 16 21
17 15.000 | yes 541 .082 17 20
18 16.000 | yes 514 .082 18 19
19 17.000 | yes 19 18
20 17.000 | yes . . 20 17
21 17.000 | yes 432] 081 21 16
22 18.000 | yes 405 .081 22 15
23 19.000 | yes . . 23 14
24 19.000 | yes 351 .078 24 13
25 20.000 | yes 324  .077 25 12
26 21.000 | yes 297  .075 26 11
27 25.000 | yes 270  .073 27 10
28 27.000 | yes 243] 071 28 9
29 29.000 | yes 216] .068 29 8
30 32.000] yes 189]  .064 30 7
31 34.000| yes . . 31 6
32 34.000] yes 135] .056 32 5
33 36.000] yes 108]  .051 33 4
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34 37.000 [ yes . . 34 3
35 37.000 [ yes .054 .037 35 2
36 47.000 | yes 027 027 36 1
37 60.000 | yes .000 .000 37 0
Means and Medians for Survival Time
Mean? Median
95% 95%
Confidence Confidence
Interval Interval
PDL1nu | Estimat | Std. | Lower | Upper | Estimat | Std. | Lower | Upper
C e Error [ Bound | Bound e Error | Bound | Bound
.00 29.368| 4.07| 21.38| 37.35| 21.000| 5.54| 10.12| 31.87
3 5 2 8 6 4
1.00 19.865( 2.08| 15.77| 23.95| 17.000| 1.80( 13.45| 20.54
6 6 4 8 6 4
Overall 24.680( 2.35| 20.06| 29.29| 18.000| 1.44| 15.17| 20.82
6 2 8 2 3 7
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 4.062 1 .044

Test of equality of survival distributions for the different levels of
PDL1nucLowPatCutoff60.
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APPENDIX G

SPSS output data for TGF-Beta cytoplasmic and Kaplan-Meier modelling, for
association between biomarker expression and time to prostate cancer
specific death.

Case Processing Summary

Censored
TGFbetaCyto Total N | N of Events N Percent
.00 5 5 0 0.0%
1.00 15 15 0 0.0%
Overall 20 20 0 0.0%
Survival Table
Cumulative
Proportion
Surviving at the
Time N of N of
Std. [Cumulative | Remaining
TGFbetaCyto Time |Status|Estimate| Error Events Cases
.00 1 6.000 | yes .800| .179 1 4
2 15.000 |yes .600| .219 2 3
3 19.000 |yes 400] .219 3 2
4 31.000|yes 200] .179 4 1
5 34.000|yes .000] .000 5 0
1.00 |1 5.000 |yes 933] .064 1 14
2 19.000 |yes .867| .088 2 13
3 29.000 | yes .800| .103 3 12
4 32.000|yes 733 .114 4 11
5 33.000|yes 667 .122 5 10
6 35.000|yes .600] .126 6 9
7 49.000 | yes .533] .129 7 8
8 56.000 |yes 467 .129 8 7
9 57.000|yes 400] .126 9 6
10 58.000 |yes 333] .122 10 5
11 60.000 | yes 267 114 11 4
12 66.000 | yes 200] .103 12 3
13 67.000 | yes .133] .088 13 2
14 115.000 |yes .067] .064 14 1
15 121.000 |yes .000] .000 15 0
Means and Medians for Survival Time
TGFbetaCyt | Mean? | Median
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0 95% 95%
Confidence Confidence
Interval Interval
Lowe Lowe
Std. r |[Upper r |Upper
Estimat | Erro | Boun | Boun | Estimat| Std. | Boun | Boun
e r d d e Error d d
.00 21.000| 5.16( 10.87| 31.12| 19.000( 4.382| 10.41| 27.58
7 2 8 2 8
1.00 53.467| 8.20| 37.38| 69.55| 56.000| 14.16| 28.22| 83.77
7 0 3 9 8 2
Overall 45.350| 7.00| 31.62| 59.07| 34.000( 2.236]| 29.61| 38.38
2 5 5 7 3

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 8.846 1 .003

Test of equality of survival distributions for the different levels of
TGFbetaCyto
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APPENDIX H

SPSS output data for Lambda FLC and TGF-Beta cytoplasmic expression and
Kaplan-Meier modelling, for association between combined biomarker
expression and time to prostate cancer specific death and time to
development of metastases

Lambda FLC and Prostate Cancer Specific Survival

Case Processing Summary

N of Censored
LambdaNegTGFbetapos Total N | Events N Percent
.00 9 9 0 0.0%
1.00 9 9 0 0.0%
Overall 18 18 0 0.0%
Survival Table
Cumulative
Proportion
Surviving at
the Time
Std. N of N of
LambdaNegTGFbetap Statu | Estimat | Erro | Cumulativ | Remainin
0S Time S e r e Events | g Cases
.00 1 5.000 |yes .889] .105 1 8
2 6.000 | yes .778] .139 2 7
3 15.00 |yes .667| .157 3 6
0
4 19.00 | yes 4 5
0
5 19.00 |yes 444 .166 5 4
0
6 31.00|yes 333 .157 6 3
0
7 32.00|yes 2221 .139 7 2
0
8 34.00 |yes 1111 .105 8 1
0
9 35.00|yes .000] .000 9 0
0
1.00 1 29.00 | yes .889] .105 1 8
0
2 33.00|yes 7781 .139 2 7
0
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3 49.00 | yes .667| .157 3 6
0
4 56.00 |yes .556| .166 4 5
0
5 57.00 |yes 444 166 5 4
0
6 58.00 |yes .333| .157 6 3
0
7 60.00 [yes 2221 .139 7 2
0
8 66.00 [yes 1117 .105 8 1
0
9 67.00 |yes .000] .000 9 0
0
Means and Medians for Survival Time
Mean? Median
95% 95%
Confidence Confidence
Interval Interval
Low | Upp Low | Upp
Std.| er er Std.| er er
LambdaNegTGFbetacut | Estim | Err | Bou | Bou | Estim | Err | Bou | Bou
off10pos ate [ or | nd | nd ate [ or | nd | nd
.00 21.77| 39| 14.0| 29.4| 19.00( 29| 13.1| 24.8
8 19 97 58 0 81 56| 44
1.00 52.77| 4.4 439| 61.5| 57.00( 1.4| 54.0( 59.9
8| 96 65 90 0o 91 78 22
Overall 37.27| 4.7| 279| 46.5| 33.00( 2.1| 28.8| 37.1
8| 44| 80 75 0o 21 42 58

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons

Chi-Square df Sig.
Log Rank (Mantel-Cox) 12.537 1 .000
Test of equality of survival distributions for the different levels of
LambdaNegTGFbetacutoff10pos.
Lambda FLC and Time to Development of Metastases
Case Processing Summary
LambdaNegTGFbetapos | Total N | N of Events | Censored
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N Percent
.00 11 11 0 0.0%
1.00 11 11 0 0.0%
Overall 22 22 0 0.0%
Survival Table
Cumulative
Proportion
Surviving at
the Time
Std. N of N of
LambdaNegTGFbeta Statu | Estimat [ Erro | Cumulati | Remainin
pos Time S e r |veEvents| gCases
.00 1 .000 ]| yes 1 10
2 .000 ]| yes 2 9
3 .000 ]| yes 3 8
4 .000 | yes . . 4 7
5 .000 ]| yes .545] .150 5 6
6 1.000 | yes 455] .150 6 5
7 3.000] yes 364 .145 7 4
8 14.000 | yes . . 8 3
9 14.000 | yes 182] .116 9 2
10 26.000 | yes .091] .087 10 1
11 34.000 | yes .000] .000 11 0
1.00 1 .000 ]| yes 1 10
2 .000 ]| yes . . 2 9
3 .000 ]| yes 727|134 3 8
4 18.000 | yes .636] .145 4 7
5 23.000] yes .545] .150 5 6
6 31.000 | yes 455] .150 6 5
7 35.000 | yes 364 .145 7 4
8 47.000 ] yes 273] .134 8 3
9 50.000 | yes 182 .116 9 2
10 64.000 | yes .091] .087 10 1
11 108.00 |yes .000] .000 11 0
0
Means and Medians for Survival Time
Mean? Median
Std. 95% Std. 95%
LambdaNegTGFbet | Estima | Err | Confidence | Estima| Err | Confidence
apos te or Interval te or Interval
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Lowe | Uppe Lowe | Uppe
r r r r
Boun | Boun Boun | Boun
d d d d
.00 8.364(3.64| 1.21| 15.5| 1.000
9 2 15
1.00 34.182(9.84| 14.8| 53.4|31.000|9.35( 12.6| 49.3
2 91 73 8 58 42
Overall 21.273(5.84| 9.81| 32.7|14.000|9.92| .000| 33.4
5 6 30 6 55

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons

Chi-Square

df

Sig.

Log Rank (Mantel-Cox)

6.864

1

.009

Test of equality of survival distributions for the different levels of
LambdaNegTGFbetapos.
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