NOILVIIFISSVTD MSId YIIDNVO ILVISOYd
SISTHL 431SVIN NI X3ANI ONIT38V1 £9-1) 40 LNIINSSISSV 1dV4VI-HI431V

[440]4

NEAR EAST UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF MEDICAL GENETICS
M.Sc. PROGRAM IN MEDICAL BIOLOGY AND GENETICS

ASSESSMENT OF KI-67 LABELING INDEX IN
PROSTATE CANCER RISK CLASSIFICATION

M.Sc. THESIS

Atefeh JAFARI

Nicosia

November, 2022



NEAR EAST UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF MEDICAL GENETICS
M.Sc. PROGRAM IN MEDICAL BIOLOGY AND GENETICS

ASSESSMENT OF KI-67 LABELING INDEX IN
PROSTATE CANCER RISK CLASSIFICATION

M.Sc. THESIS

Atefeh JAFARI

Supervisor

Asst. Prof. Dr. Fikret DIRILENOGLU

Nicosia

November, 2022



Approval

We certify that we have read the thesis submitted by Atefeh Jafari entitled
“Assessment of Ki-67 Labeling Index in Prostate Cancer Risk Classification”
and that in our combined opinion it is fully adequate, in scope and in quality, as a

thesis for the degree of Master of Educational Sciences.
Examining Committee Name-Surname Signature
Head of the Committee:  Prof. Dr. Gamze Mocan
Committee Member*: Prof. Dr. Pinar Tiilay
Assoc. Prof. Dr. Cetin Volkan Ozteki
Dr. Ozen Ozden Yiikselen

Supervisor: Asst. Prof. Dr. Fikret Dirilenoglu

Approved by the Head of the Department

Head of Department

Approved by the Institute of Graduate Studies '




Declaration

I hereby declare that all information, documents, analysis, and results in this
thesis have been collected and presented according to the academic rules and
ethical guidelines of the Faculty of Medicine, Near East University. I also
declare that as required by these rules and conduct, I have fully cited and

referenced information and data that are not original to this study.

Atefeh Jafari
14/11/2022



Acknowledgements

First, I would like to express my sincere gratitude to my esteemed supervisor
Asst. Prof. Dr. Fikret Dirilenoglu for his unconditional academic and professional
support in every step of this thesis. I would like to thank the experienced and skilled
technicians of the Department of Pathology, Near East University, Faculty of Medicine
including Busra Ozciger, Hanife Eriman for their technical assistance during slide
preparation and immunohistochemical staining procedures. In addition, I would like
to thank Dr. Zeliha Kocaismail for her help in finding clinical information of our study
cases. Moreover, | sincerely appreciate my beloved family and well-experienced

teachers to support and guide me to broaden the horizons of my knowledge.

Atefeh Jafari



Abstract
Assessment of Ki-67 Labeling Index in Prostate Cancer Risk Classification

Atefeh Jafari
Department Of Medical Genetics
MSc Program in Medical Biology and Genetics
November 2022, 60 pages

Introduction: Prostate cancer (PCA) is the most common malignancy and the second
leading cause of cancer fatalities in Europe and the United States. Although more than
95% of PCA cases are histologically acinar adenocarcinomas, they are biologically
and clinically heterogeneous. Hence, novel biomarkers have been investigated for
better prognostic stratification. Ki-67 is a powerful marker of cell proliferation which
is assessed by pathologists in various indications using an immunohistochemical
MIBI stain. Ki-67 labeling index (LI), meaning the fraction of Ki-67-positive cells,
has shown promising results in PCA prognostication. Our aim is to assess the
relationship between Ki-67 LI and the risk classification systems for PCA patients,
including D’Amico and CAPRA, using an objective and reproducible Ki-67 LI
counting method.

Methodology: We retrospectively searched and included the cases with a pathological
diagnosis of acinar adenocarcinoma of the prostate from core biopsy samples. We
recorded the clinical and pathological information including age, preoperative
prostate-specific antigen (PSA) level, percentage of positive biopsy cores, Gleason
grade, ISUP grade group, and clinical T stage. Then, we stratified the cases into low-,
intermediate-, and high-risk groups according to the D’Amico and CAPRA risk
classifications. Ki-67 immunostaining was performed on a representative block from
each case. We calculated the Ki-67 LI by applying three counting methods. The
method of choice in our clinicopathological analyses was manual counting. We
utilized free mobile software (CFU.Ai) to ease the counting of cells. We performed
the statistical analyses using SPSS Statistics 22.0 package program. A value of p <
0.05 was considered significant.

Results: We included 92 cases with sufficient clinical information and pathological

material in our study. The median age of the patients was 70. The median PSA level



was 9,8 ng/ml. Most cases (70.6%) were in lower ISUP grade groups (less than 4).
Most cases (84.8%) were in the stages T1 and T2. There was a strong positive
correlation among all counting methods (p < 0.001). We found a strong positive
correlation between Ki-67 LI and Gleason score, ISUP grade group, clinical stage, and
both risk classifications (p < 0.001). The cut-off value for Ki-67 LI (manual counting)
was significant at 12%. We found that high Ki-67 LI was significantly associated with
high Gleason score, ISUP grade group, clinical stage, and clinical risk (p < 0.001).
There was no statistically significant association between the homogeneity of Ki-67
staining and clinicopathologic factors.

Discussion: Previous studies have shown the prognostic importance of Ki-67 LI in
PCA, although there was limited information about the relationship between Ki-67 LI
and PCA risk classifications. We used the manual Ki-67 counting method, which is a
highly objective, accurate, and reproducible technique. We showed that there is a
strong positive correlation between Ki-67 LI and both risk classifications (p < 0.001).
In addition, our cut-off value (12%) was able to divide most of the cases into high-risk
and low-risk. Using two other Ki-67 counting methods did not affect this powerful
association. Our results support that Ki-67 can be used as a supportive or surrogate
tool to determine the risk status of PCA cases and in choosing a more personalized

treatment approach.

Keywords: Ki-67 labeling index, prostate cancer, risk classification, acinar
adenocarcinoma
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CHAPTER 1

Introduction

Prostate cancer (PCA) is the most common cancer and the second
leading cause of cancer fatalities in Europe and the United States (Rawla,
2019). A total of 1,414,000 new PCA cases and 375,304 deaths were
anticipated in 2020 (L. Wang et al., 2022). Although more than 95% of
PCA cases are histologically acinar adenocarcinomas (AA), they are
biologically and clinically heterogenous (Humphrey, 2017). Accordingly,
the established prognostic factors alone could not provide a sufficient risk
assessment of PCA patients. Using a combination of several powerful
prognostic factors, a few risk classification systems have been established,
including the D’Amico and University of California, San Francisco —
Cancer of the Prostate Risk Assessment (CAPRA) score (M. R.
Cooperberg, Pasta, et al., 2005; G. D’ Amico & Luca, 1997). These systems
have been helpful to estimate clinical outcomes by stratifying cases into
low-, intermediate-, and high-risk categories. Nevertheless, novel
biomarker investigations are ongoing to better stratify PCAs which would
be incorporated into these risk classification systems and provide improved

personalized management of patients.

Scholzen and Gerdes discovered Ki-67 in the early 1980s (Scholzen
& Gerdes, 2000). MKI-67 gene encodes Ki-67 which is expressed during
cell cycle’s active phases (G1, S, G2, M), while, not in resting (GO). The
levels of Ki-67 drastically decrease at the end of mitosis. Hence, Ki-67 is
known as a powerful marker of cell proliferation. MIB1, a monoclonal
antibody, was developed to detect the Ki-67 labeling index (LI) meaning
the fraction of Ki-67-positive cells (L. T. Li et al., 2015). Since then, Ki-
67 LI has been one the most widely adopted immunohistochemical (IHC)
markers in pathology practice in distinguishing neoplastic lesions from
nonneoplastic lesions, e.g., atrophy vs dysplasia of the uterine cervix,

grading of tumors, e.g. the lung and gastrointestinal neuroendocrine

10



tumors, and in prognostication, e.g., breast carcinomas (Hirabayashi et al.,
2013; Kamal, 2022; Nielsen et al., 2021a; Pelosi et al., 2014).

There has been accumulating evidence on the prognostic
significance of Ki-67 in PCA. Ki-67 LI was found to be significantly
associated with clinical outcomes, including biochemical failure-free
survival, disease-free survival, disease-specific survival, rate of distant
metastasis, and overall survival shown in a meta-analysis of 21 studies
comprising 5419 patients (Berlin et al., 2017). Its association with
histopathologic prognostic factors, i.e., Gleason score (GS), ISUP grade
group (GG), extracapsular extension, and seminal vesicle invasion was also
found to be significant in several studies (Fantony et al., 2018b; Richardsen
et al., 2017b; Ronaldo Maial; GabRiel aRantes dos santos2, 2022;
Tretiakova et al., 2016b) . Therefore, Ki-67 is one of the most promising
markers to be adopted in PCA.

The significance of Ki-67 LI in risk classification systems for PCA
has not been well-studied. Furthermore, the adoption of Ki-67 LI in PCA
has been hampered by different cut-off value selections due to using
subjective counting methods (Richardsen et al., 2017b). Our main goal is
to evaluate the significance of the Ki-67 LI, determined by an objective
counting technique, in clinical risk classification systems, including
D’ Amico and CAPRA. In addition, we aimed to correlate the Ki-67 LI with

clinical and pathological factors that are associated with PCA prognosis.

11
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CHAPTER 11

Literature Review

1. Epidemiology and Aetiology of Prostate Cancer:

Prostate cancer (PCA) is the most common malignancy and the
second leading cause of cancer fatalities in Europe and the United
States (Dyba et al., 2021; Siegel et al., 2022). A total of 1,414,000 new
PCA cases and 375,304 deaths were anticipated in 2020 (L. Wang et
al., 2022). The risk of PCA increases with age, > 85% of newly
diagnosed individuals are over 60 years old. The variation in PCA
prevalence among geographic regions has raised the possibility of a
genetic basis. Certain ethnic groups are associated with higher PCA
rates. For instance, compared to white populations, those of African
or Caribbean heritage have a threefold higher relative risk of PCA.
(Rebello et al., 2021). The occurrence of PCA is more common in
high-income countries. Although people of Asian heritage who live in
Asia have a lower risk of PCA than white men who live in the USA,
when they come to the USA, their risk rises. These findings suggest
that a western lifestyle and dietary factors seem to underlie the
increased PCA risk (Rebello et al., 2021; Zavala et al., 2021). Other
environmental factors suggested in the aetiology include
inflammation, infections, and environmental exposure to some

chemicals or ionizing radiation (Rawla, 2019).

2. Clinical Features of Prostate Cancer Patients

Most PCA cases are not symptomatic in countries where
prostate-specific antigen (PSA) screening is available (Rawla, 2019;
Wollersheim et al., 2021). A patient is symptomatic usually after a
locally-advanced disease. The symptoms in locally-advanced stage

include urinary frequency, difficulty urinating, acute urinary retention,
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haematuria, haematospermia, and impotence. In highly-advanced
local diseases, rectal invasion, priapism, and uraemia may occur. In
the late stage, metastatic disease may result in bone pain, pathological
fractures, oedema of the lower extremities, and neurological

complaints (Holger Moch, 2016).

3. Diagnostic Evaluation of Prostate Cancer Patients:

The suspicion of prostatic carcinoma relies on elevated PSA
level and/or digital rectal exam (DRE) (Descotes, 2019; Grubb et al.,
2008; Szymanska & Hainaut, 2018). PCAs are often missed on DRE
or detected in later stages, therefore, PSA screening is used as a more
sensitive test (Grubb et al., 2008; Holger Moch, 2016). PSA levels are
often above 2 ng/ml in PCA patients (Holger Moch, 2016; Mistry &
Cable, 2003). However, an increase in PSA levels is not specific since
it may be found high in benign prostatic diseases or due to mechanical
manipulations (Bratt & Lilja, 2015; Holger Moch, 2016; Stephan et
al., 2014). Nevertheless, PCA is very uncommon to occur in those

with PSA levels under 1 ng/ml. (Aus et al., 2005; Holger Moch, 2016).

Other markers have been studied to improve deficiencies of
PSA. PSA derivatives, such as PSA density, PSA doubling time, PSA
velocity, and age- and race-specific PSA reference ranges have shown
some improvements in the specificity (Holger Moch, 2016; Loeb &
Catalona, 2007; Lopez-Beltran et al., 2012; Vickers et al., 2009). PSA
is in a complex form with free-PSA and a few proteins (Holger Moch,
2016; Stephan et al., 2014). Low values (< 20%) of free-PSA have
been found to be more sensitive in detecting PCA (Catalona et al.,
1998; Holger Moch, 2016). TMPRSS2-ERG gene fusion is present in
about 50% of PCA cases and can be identified in urine samples
(Esgueva et al., 2010; Holger Moch, 2016; Perner et al., 2006). A non-
coding mRNA called PCA3 is overexpressed in PCAs, however,
issues in cut-off value determination have limited its use over PSA test

(Hessels et al., 2003; Holger Moch, 2016; Roobol, 2011; Truong et
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al.,2013). Combining serum and urine biomarkers in diagnosis (serum
PSA + urinary PCA3 + urinary TMPRSS2-ERG gene fusion) appears
to be more sensitive and specific (Holger Moch, 2016; McGrath et al.,
2016; Salami et al., 2013; Stephan et al., 2013).

There are various imaging techniques aiding in PCA diagnosis.
Transrectal prostate ultrasound is the first technique recommended in
diagnostic settings when PCA is suspected based on a high PSA level
or an abnormal DRE. The magnetic resonance imaging technique is
used to locate PCA and determine their size and extent of invasion.
Histopathologic confirmation of PCA is made either by a core biopsy
or transurethral resection of the prostate or prostatectomy (Descotes,

2019; Holger Moch, 2016; Szymanska & Hainaut, 2018).

4. Histopathology of Prostate Cancer:

According to 2016 World Health Organization (WHO)
classification, there are a variety of PCA including epithelial,
neuroendocrine, mesenchymal, haematolymphoid, miscellaneous and
metastatic tumors (Humphrey et al., 2016). The most common
histological type of PCA is AA, which represents over 95% of PCAs.
It is made up of neoplastic prostatic epithelial cells showing secretory
differentiation arranged in various patterns, including glands, cords,
single cells, and sheets. Lack of basal cells is a typical finding (Han et
al., 2021; Holger Moch, 2016; Magi-Galluzzi, 2018; Swerdlow et al.,
2016; Szymanska & Hainaut, 2018).

A constellation of several findings is required for the
histopathological diagnosis of PCA, including architectural, nuclear,
cytoplasmic features, intraluminal contents, stromal response, and
lack of basal cells (Baig et al., 2015; Beheshti et al., 2018; Magi-
Galluzzi, 2018). None of these findings should be used alone and the
mimickers of cancer must be ruled out to reach the diagnosis. On the
other hand, there are three histological features that are specific to

PCA including glomerulations, perineural invasion, and mucinous
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fibroplasia (also known as collagenous micronodules)(Humphrey,

2017; Magi-Galluzzi, 2018).

Immunohistochemical (IHC) examination may be needed in
certain indications, such as diagnosing limited (minimal)
adenocarcinoma on core needle biopsy, discrimination of poorly
differentiated prostatic carcinoma from carcinomas or mimicker
lesions of adjacent organs, and diagnosis of metastatic tumors (Holger
Moch, 2016). Basal cells are highlighted by high-molecular-weight
cytokeratin and p63/p40. (Holger Moch, 2016; Sailer et al., 2013).
Lack of staining strongly suggests a malignant infiltration. AMACR
is a sensitive stain for neoplastic prostatic glands in 80-100% of the
cases (Holger Moch, 2016). It should be combined with basal cell
markers to exclude non-invasive prostatic intraepithelial neoplasia.
ERG is a specific marker for neoplastic prostatic glands, however, has
a sensitivity of about 50% (Andrews & Humphrey, 2014; Holger
Moch, 2016). In poorly differentiated PCAs, highly sensitive IHC
markers including PSA, prostatic acid phosphatase, prostein, and
NKX3.1 can be used (Epstein et al., 2014; Holger Moch, 2016; Huang
etal., 2018). Other organ-specific markers, such as GATA3 and CDX-
2, can be utilized in the differential diagnosis of metastatic tumors

(Epstein et al., 2014; Holger Moch, 2016).

4a. Grading in Prostate Cancer:

The Gleason grading has long been used as the gold standard
grading system to determine the differentiation and aggressiveness of
PCA (Epstein et al., 2017). It relies solely on the architectural patterns
of PCA. The grade patterns range from 1 (the most differentiated) to
5 (the least differentiated). A GS is assigned for each case based on
the combination of the two most frequent grade patterns. (for example
3 +4=Score 7). GS 2 to 5 are not reported due to poor reproducibility,
poor concordance with the patterns in radical specimens, and clinical

misjudgement. Gleason scoring provided powerful prognostic
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stratification of patients with a few deficiencies. GS 7 includes both 3
+ 4 and 4 + 3, however, clinical management and prognosis were
different in these groups (Barakzai, 2019). The scoring scale seems to
range from 2 to 10, however, the lowest score begins from 6 which
distress patients as the score places in the middle of the scale. To
overcome these issues, a modified version of the Gleason system was
developed by the International Society of Urological Pathologists
(ISUP) in 2014 (Table 1). This new system has provided more
accurate, simplified (1 to 5), and rational stratification of PCAs

(Epstein et al. 2016).

Table 1. Comparison of the Gleason Score and ISUP Grade Group systems.

Gleason Patterns Gleason Score Grade Group
3+3 6 1
3+4 7 2
4+3 7 3
4+4o0r3+50r5+3 8 4
4+50r5+4 9 5
5+5 10 5

4a. Risk Classifications in Prostate Cancer:

For prognosis and treatment, localized PCAs should be
classified as low-, intermediate-, or high-risk (Parker et al. 2020). A
few classification systems have been used to assess PCA risk,

including the D’ Amico and CAPRA.

D'Amico Risk Classification System

This system was developed by D’Amico et al. in 1988 to
estimate the risk of biochemical failure in PCA patients who
underwent radical prostatectomy and external-beam radiotherapy (G.
D’Amico & Luca, 1997). The calculation of risk score is made using
PSA level, GS, and clinical stage (cT; according to DRE findings).
Patients with cTlc-cT2a and PSA levels of 10 ng/mL or less, along
with biopsy GS of 6 or less, are considered low risk; those with ¢T2b



17

or PSA levels of 10.1 to 20 ng/mL, or biopsy GSs of 7, are considered
intermediate risk; and those with cT2c or PSA levels greater than 20
ng/mL, or biopsy GSs 8 to 10, are considered high (Boorjian et al.,
2008; Hernandez et al., 2007b).

In 2018, a modified version of D’ Amico system was suggested
by the American Urology Association/American Society for Radiation
Oncology/ Society of Urologic Oncology (AUA/ASTRO/SUO)
guideline. The parameters used in this system include PSA level, PSA
density, GG, cT, biopsy core positivity, and percentage of positive

biopsy core (Sanda et al. 2018).

CAPRA Risk Classification System

It determines a patient’s risk of metastasis, cancer-specific
fatality, and overall mortality across numerous treatment modalities.
The system is based on the following factors: age at diagnosis, PSA at
diagnosis, biopsy GS, cT, and the percentage of biopsy cores positive
for cancer (Cooperberg, Hilton, and Carroll 2011; May et al. 2007).
After entering variables in the CAPRA scoring tool, a total score is
assigned and categories are determined as follows: low-risk (between
0-2 scores), intermediate-risk (3-5 scores), and high-risk (6-10 scores)

(Table 2).

Table 2. CAPRA risk classification system

Parameters Stage Points
Age at diagnosis <50 0
>50 1
PSA level at diagnosis, ng/mL 0-6 0
6.1-10 1
10.1-20 2
20.1-30 3
Above 30 4
Clinical stage T1 or T2 0
T3a 1
Gleason score No pattern 0
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4 or 5 Secondary 1
pattern

4 or 5 Primary pattern 3
4or5

Percentage of biopsy cores positive for cancer _less than 34%
34% and above 1
1. Ki-67
Sa. MKI-67 Gene

The city of Kiel (Ki), where Gerdes and his team worked in the
pathology and biochemistry departments of the university, is where
the term "Ki-67" originates, and "67" refers to the 96-well plate's
original clone. (Kloppel and la Rosa 2018). On chromosome 10q25-
ter, it is a continuous sequence of 29,965 bp made up of 15 exons with
sizes ranging from 67 to 6845 bp and 14 introns with sizes ranging
from 87 to 3569 bp. The core of the gene contains 16 similar 366-bp
regions in exon 13. A 264-bp 3’ region and a 74-bp 5’ region make up
the entire gene (L. T. Li et al., 2015). In humans, the MKI-67 gene
encodes the Ki-67 protein (Sun and Kaufman 2018).

5b. Ki-67 Protein:

Scholzen and Gerdes discovered the Ki-67 antigen for the first
time in the early 1980s. It is expressed in two protein isoforms with
molecular weights of 345 and 395 kDa (Scholzen & Gerdes,
2000). The Ki-67 protein has a half-life of only ~1—-1.5 h. Ki-67 has a
strong positive net charge. It allows the peri-chromosomal layer to
prevent mitotic chromosomes from binding together. Like surfactants
that scatter particles or phase-separated liquid droplets in solvents, Ki-
67 creates a steric and electrical barrier. (Cuylen et al., 2016). New
research also indicates that the Ki-67 and cohesion complexes serve
distinct roles in the structural integrity of mitotic chromosomes, with
the co-depletion of Ki-67 leading to condensing, which results in the
formation of an amorphous slime ball from the chromosomes (Takagi

etal., 2018).
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Ki-67 is expressed during all active phases of the cell cycle (G1,
S, G2, M), while, not in resting cells (GO). At the end of mitosis
(between anaphase and telophase), Ki-67 levels drastically decrease
(Lietal. 2015). Ki-67-depleted cells fail to assemble metaphase plates
and almost never proceeds to anaphase (Cuylen et al., 2016). Ki-67
depletion inhibits S phase entrance in some cell culture systems (Uxa
et al. 2021). The quantity of Ki-67 is precisely controlled by the
balance between synthesis and degradation during any stage of the cell
cycle. Its structure suggests that proteolytic pathways are able to
recognize its expression, including cyclin B/cyclin-dependent kinase
2. Ki-67 appears to be involved in multiple stages of carcinogenesis
(Uxa et al. 2021). In malignant tumours, Ki-67 expression is linked to
intrinsic cell proliferation, enabling it to be used as a marker of tumour

aggressiveness (Li et al. 2015).

5c. Ki-67 Test (Labelling Index (LI) Measured by Immunohistochemical

Staining:

The standard antibody used in detecting the Ki-67 antigen is
called MIB1. The Ki-67 LI can be measured by counting how many
tumor cells are stained by the antibody, with nuclear staining
determining cell positivity (Greenberg et al. 2001). Ki-67 LI has been
a test in different tumour types including breast -cancer,
neuroendocrine tumor, lymphoma, sarcoma, multiple myeloma, soft
tissue sarcoma, and oral squamous cell carcinoma (Broyde et al.,
2009; Gadbalil et al., 2021; Kim et al., 2007; Remnant et al., 2021;
Zaiem et al.,, 2020). In numerous tumor types, the prognostic
importance of Ki-67 LI has been demonstrated. (Nielsen et al., 2021b;
Tong et al., 2020; D. Wei et al., 2018).

Detection of Ki-67 may potentially be utilized in targeted
cancer therapies such as Ki-67-antisense nucleotide, Anti-Ki-67
peptide nucleic acid, RNA interference targeting Ki-67, oncolytic

adenoviral-mediated Ki-67-siRNA, oncolytic adenovirus targeting
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both Ki-67 and telomerase, Ki-67 promoter-controlled cancer gene
therapy. Additionally, the Ki-67 promoter has proven to be a desirable
target for siRNA or therapeutic gene expression in cancer cells (Yang
et al. 2018).
5. Other Promising Biomarkers in Prostate Cancer:
In PCA, novel promising molecular biomarkers are emerging

that are associated with aggressiveness and therapy prediction.

Hypoxic mediators have significant functions in aggressive
tumors and metastasis. Hypoxia-inducible factor 1 (HIF-la) is an
essential regulator of the tumor hypoxia response. In PCa, elevated
HIF-1a has been related to the phenotype of aggressive tumors and
poor prognosis. Inhibitors of HIF-1 have been shown to have anti-
cancer effects on PCA. (Deep et al., 2017; Fraga et al., 2015; Lee et
al.,2016; Maetal., 2018; Mitani et al., 2012; Ranasinghe et al., 2014).
There was a notable association between GS and HIF-1 expression
(Ma et al., 2018). In the hypoxic conditions, HIF-1a operates the
expression of downstream genes, including vascular endothelial
growth factor (VEGF). VEGF is a substantial angiogenic factor (Al-
Ubaidi et al., 2012; Ma et al., 2018). Angiogenic factors play a critical
role in the growth and invasion of PCA (Ma et al., 2018). High
expression of VEGF in PCa was found to be associated with poor
overall survival (Ma et al., 2018; Tomi¢ et al., 2012; K. Wang et al.,
2012)

PTEN is a protein and lipid phosphatase which acts against the
oncogenic PI3K/AKT signalling pathway. In early PCA, loss of PTEN
usually occurs due to genomic deletion, although genomic
rearrangements and rare truncation mutations resulting in PTEN
inactivation have been defined (Jamaspishvili et al., 2018; Lotan et al.,
2020). It was shown that PTEN loss is notably associated with the risk
of fatality in PCA (Lotan et al., 2020).

Androgen receptor splice variant 7 (AR-V7) is a significant

oncogenic driver and active AR isoform without needing ligand
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binding. Many patients attain an AR-V7, fundamentally activated and
lack the ligand-binding region. This alternation allows it to remain in
the nucleus as a transcription factor suppressing vital tumor suppressor
genes even in the lack of the ligand (Sobhani et al., 2021). Both
healthy and cancerous prostatic tissues have been examined for AR-
V7 expression. It was seldom detected in early PCA (1%) but found
to be expressed more than 75% of metastatic cases following
androgen-deprivation therapy. This marker may be targeted by
niclosamide and TAS3681 (novel medications) (Sharp et al., 2018;
Sobhani et al., 2021).

A recent study screened 48 protein biomarkers using a
combination of the ELISA and Mass Spectrometry-Guided
Immunoassay Development methods. Machine learning-based
analysis showed that testing two extracellular matrix proteins,
fibronectin and vitronectin, together with PSA provided a better
prediction of biochemical recurrence-free survival compared to other
gold standard prediction methods, such as PSA alone or combined

PSA and GS (Goetze et al. 2022).

Several biomarkers investigated in PCA have been found to be
at higher levels including interleukin-10, monocyte chemoattractant
protein-1, soluble tumor necrosis factor receptor-1, endothelial growth
factor, VEGF, C-reactive protein, and D-dimer. In comparison to
tPSA alone, the combination of EGF, logl10 IL-8, logl0 MCP-1, and
log10 tPSA greatly enhanced PCA prediction (McNally et al., 2022).



22

CHAPTER III

Methodology

Case Selection:

The patients who underwent systematic prostate core needle
biopsies were retrospectively identified using the Near East hospital
information system at the Department of Pathology from 2015 to
2022. All the cases diagnosed as AA have been selected. Clinical
information of the selected cases was recorded from the databases of
the Departments of Pathology and Urology. The cases with sufficient
pathology material and clinical information including age,
preoperative PSA level, percentage of positive biopsy cores, GS, ISUP
GG, and cT were included. The cases in GGs 1, 2, and 3 are regarded
as low grade; and GGs 4 and 5 as high grade. The cases without
adequate tumor area after immunostaining or with incomplete clinical

information were excluded.

All the slides belonging to the selected cases were retrieved
from the pathology archive. From each selected case, one biopsy
sample with the highest tissue quality and sufficient tumor area was

chosen with microscopic examination.

Risk Classifications:
The selected cases were stratified into low, intermediate, and
high risk according to the D’ Amico risk classification and the CAPRA

systems.

Immunohistochemical Staining for Ki-67:
A 4-micrometer section from each formalin-fixed, paraffin-
embedded tissue block was obtained. Tonsil was used as a positive
tissue control. Immunohistochemical staining for Ki-67 was applied

using Ventana CONFIRM™ anti-Ki-67 (30-9) Rabbit Monoclonal
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Primary Antibody on a Ventana automated slide stainer according to
the streptavidin-biotin immunoperoxidase technique. Positive staining

was defined as brown nuclear immunoreactivity.

Evaluation of Ki-67 Labeling Index (LI):

To determine Ki-67 LI, three counting methods were used,
including Ki-67 LI in the entire biopsy via eyeballing (overall e-Ki-67
LI), in hot spot area via eyeballing on 400X magnification (hot spot e-
Ki-67 LI), and manual counting from a screenshot of the hot spot area
on 400X magnification (manual Ki-67 LI). In manually counting Ki-
67 positive cells and all tumor cells, we utilized free mobile software
called “CFU.Ai”. Once an image is uploaded, Ki-67-positive tumor
cells are automatically marked. Unidentified positive cells can be
marked or misidentified cells can be easily deselected by tapping on
the screen. Any cell with brown nuclear staining was considered
positive (Kinra & Malik, 2020b). After identifying the Ki-67 positive
cells, all tumor cells are selected. Then, the ratio of Ki-67-positive
cells to all tumor cells are calculated. The software automatically

counts the number of selected cells in the image.

The manual Ki-67 LI method was determined as the standard
due to its high objectivity, accuracy, and reproducibility. Using
receiver operating characteristics (ROC) curve analyses, cut-off value
was determined as 12% based on PCA risk classification systems.
According to the cut-off value, the cases were divided into “Ki-67-

low” and “Ki-67-high” groups.

In addition, we assessed and recorded the homogeneity of Ki-

67 staining in the entire biopsy via eyeballing.

Statistical Analysis
All statistical analyses were performed using SPSS Statistics
22.0 package program (IBM Corp., Armonk, New York, USA). The

frequencies of clinical and histological variables were presented using
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cross-tabulations. A two-sided Fisher’s Chi-Square exact test for Rx
tables was applied to compare the differences between the groups for
categorical variables. The normal distribution of variables was
examined visually (histogram and probability plots) and with
analytical methods (Shapiro-Wilk tests). If at least one of the variables
was not normally distributed or ordinal, the correlation coefficients
and statistical significance were calculated by the Spearman test for
inter-variable relationships. A value of p < 0.05 was considered

significant.
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CHAPTER 1V

Results

This study was approved by the Noninterventional Ethics
Board of the Near East University with decision number 1539 on 31

March 2022.

Patients and Clinicopathological Characteristics

Using the hospital information system, we identified 116 cases who
underwent prostate biopsy and were histopathologically diagnosed
as AA. Twenty-four cases were excluded for the following reasons:
a- nine cases lacking tissue blocks b- seven cases with no remaining
tumor cells after sectioning c- five cases with abundant inflammation
and only a few tumour cells d- three cases without sufficient clinical
information. Ninety-two cases with sufficient clinical information
and pathological material were included in our study.

The median age of the patients was 70 (ranging from 44 to 87). The
median PSA level was 9,8 ng/ml (ranging from 0.87 to 3625) (Table
3). Forty-three (46.7%) patients were in ¢T1, 35 (38%) patients were
in cT2, and 14 (15.2%) patients were in ¢T3. The number of cases in
each GS group and the ISUP GG was shown in Table 4.1 and Table
4.2.

Table 3. Descriptive statistics of the patients.

Descriptive Statistics (n = 92)

Range  Minimum Maximum  Median  Std. Deviation
Age 43 44 87 70 8,520
Preoperative PSA Level 3624,13 ,87 3625,00 9,8 420,61401
Percentage of Positive Cores 93,71 ,04 93,75 0,5 9,72651

PSA: Prostate-specific antigen

Table 4.1. The number of cases in Gleason score groups.

n

%

Total Gleason Score 6 29

31,5
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7 36 39,1
8 12 13
9 14 15,2
10 1 1,1
Total 92 100

Table 4.2. The number of cases in each ISUP grade group.

n %
Igrgcli)e Group I 29 315
2 24 26,1
3 12 13
4 12 13
5 15 16,3
Total 92 100

The number of cases in each of CAPRA and D’Amico risk gruops

were given in Table 5. We found a significant positive correlation

between the CAPRA and D'Amico risk classification systems (r =

82%, p <0.001).

Table 5. The number of cases in each of CAPRA and D’Amico risk groups.

Risk Groups CAPRA (n, %) D’Amico (n, %)
Low risk 21 (22.82) 20 (21.73)
Intermediate Risk 36 (39.13) 31(33.69)

High Risk 35 (38.04) 41 (44.56)

Total 92 9

Determination of the Ki-67 Cut-off Value for Prostate Cancer

Risk Classification

We used the ROC curve analysis to find the most significant Ki-

67 LI cut-off values in determining the risk category of PCA

cases with optimum sensitivity and specificity. We applied and

assessed the ROC curve analysis for each of the Ki-67 counting

methods. The graph (Figure 1) and tables (Table 6.1, 6.2)

demonstrate the area under the curve, sensitivity, specificity, p

values, and cut-off values for each of the Ki-67 counting
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methods. We selected 12% cut-off value determined by manual

Ki-67 LI counting method in our clinicopathological analyses (p

<0.001).
ROC Curve
1.0
:’_/ Source of the
e Curve
s —— Manual Ki-67 LI
—— Hot-spot e-Ki-67 LI
0,34 Overall e-Ki-67 LI
——Reference Line
0,6+
E "
>
=
[
c
@
“ 0,4
0,2
0,0 T T T T
00 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 1 - The graph demonstrates that x-axis equals to 1 — specificity [= false positive
fraction = FP (false positive) / (FP+TN (true negative)]. The y-axis equals to sensitivity
(= true positive fraction = TP (true positive)/ (TP+FN (false negative)). To determine
the most significant cut-off value, the ROC curve point closest to the left-upper corner
of the unit square is selected as the best cut-off point (Habibzadeh, Habibzadeh, and
Yadollahie 2016).

Table 6.1, 6.2 The results of the ROC curve analyses show the optimum Ki-67 cut-off

value according to CAPRA and D’Amico risk classifications.

CAPRA
Ki-67 counting method AUC (95%CI) Cut-off p-value Sensitivity (%) Specificity (%)
Manual Ki-67 LI 0.8 (0.704-0.895) 12.85 <0.001 74.3 73.7
Hot-spot e-Ki-67 LI 0.8 (0.705-0.898) 17.5 <0.001 77.1 73.7
Overall e-Ki-67 LI 0.79 (0.695-0.892) 13.5 <0.001 74.2 77.1

D'Amico
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Ki-67 counting method AUC (95%CI) Cut-off p-value Sensitivity (%) Specificity (%)
Manual Ki-67 LI 0.75 (0.647-0.851) 11.81 <0.001 70.7 71
Hot-spot e-Ki-67 LI 0.76 (0.655-0.859) 16 <0.001 73.2 73
Overall e-Ki-67 LI 0.74 (0.634-0.842) 11 <0.001 73.2 67

LI: labelling index, CAPRA: Cancer of the Prostate Risk Assessment, CI: confidence interval, AUC: Area under

the curve

Correlation of Different Ki-67 Counting Methods
We correlated three different Ki-67 counting methods including manual Ki-67
LI, overall e-Ki-67 LI, and hot-spot e-Ki-67 LI. There was a strong positive

correlation among all counting methods (Table 6.3).

Table 6.3 Correlation of Ki-67 LI counting methods.

r p value
Overall e-Ki-67 LI x Hot-spot Ki-67 LI 0.945 <0.001
Manual Ki-67 LI x Overall e-Ki-67 LI 0.831 <0.001
Manual Ki-67 LI x Hot-spot e-Ki-67 L1 0.882 <0.001

LI: labeling index, r: rank

Correlation of the Ki-67 LI with Clinical, Pathological, and Laboratory
Findings
Ki-67 LI calculated by three different counting methods were found to have a
significant positive correlation with prognostic factors (GS, GG, c¢T) and both

risk classification systems (p < 0.001) (Table 7.1, 7.2, 7.3).

Table 7.1. Correlation of manual Ki-67 LI with prognostic factors and risk
classifications.

Total D'Amico CAPRA
Manual Gleason ISUP  Clinical Risk Risk
Spearman's rho Ki-67 L1 Score Grade Stage Group Group
Total Gleason  Correlation 56"
Score Coefficient ’
ISUP Grade ,59" ,98"
Clinical Stage 42" ,54" ,55"
D'Amico Risk 48" 78" ,78" ,60"
Group
CAPRA Risk ,55" 7" ,78" ,62" 82"
Group

*p <.001



Table 7.2. Correlation of overall e-Ki-67 LI with prognostic factors and risk
classification systems.

Spearman's rho Overall Total ISUP CAPRA D'Amico
e-Ki-67 Gleason Grade Risk Risk
LI Score Group Group Group

Total Gleason Correlation ,60"

Score Coefficient

ISUP Grade Group ,62" ,98"

Clinical Stage 45" ,54" ,55" ,62" ,60"

D'Amico Risk 46" ,78" ,78" 82"

Group

CAPRA Risk ,55° 7 ,78"

Group

*p <.001

Table 7.3 Correlation of hot-spot e-Ki-67 LI with prognostic factors and risk
classification systems.

Ki-67 LI in Total D'Amico
Hot Spot  Gleason ISUP  Clinical Risk

Spearman's rho Area Score Grade Stage Group

Total Gleason Score Correlation 59°

Coefficient ’

ISUP Grade 61" ,98"

Clinical Stage AT ,54" ,55"

D'Amico Risk Group 48" ,78" ,78" ,60"

CAPRA Risk Group 55" T 78" 62" 82"

*p <.001
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Relationship of Ki-67-low and Ki-67-high Groups with Clinical,

Pathological, and Laboratory Findings

We found that “Ki-67-low” and “Ki-67-high” groups were significantly

associated with prognostic factors (GS, GG, cT) and both risk classification

systems (p < 0.001) (Tables 8.1, 8.2, 8.3, 8.4)
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Table 8.1 Relationship of Ki-67 LI with clinical stages (cT).

Manual Ki-67 - 12% cut off p value
Ki-67-low  Ki-67-high Total <0.001
Clinical stages cT1* 31(721%)  12(27.9%) 43
cT2 15 (42.9%) 20 (57.1%) 35
cT3* 2(143%)  12(85.7%) 14
Total 48 44 92

* Statistically significant associations.

Table 8.2 Relationship of Ki-67-low and Ki-67-high groups with ISUP grade

groups.
Manual Ki-67 — 12% cut-off p value
Ki-67-low n (%) Ki-67-high n (%) Total

Iggcli)e Group 1* 24 (82.75) 5(17.24) 29 <0.001

2 15 (62.5) 9 (37.5) 24

3* 3(25) 9 (75) 12

4 4(33.33) 8 (66.66) 12

5* 2 (13.33) 13 (86.66) 15

Total 48 44 92

* Statistically significant associations.

Table 8.3 Relationship of Ki-67-low and Ki-67-high groups with CAPRA risk
groups.

Manual Ki-67 - 12% cut-off p value
Ki-67-low, n (%) Ki-67-high, n (%) Total
CAPRA Risk Group Low Risk 18 (85.71) 3 (14.28) 21 <0.001
Intermediate Risk 23 (63.88) 13 (36.11) 36
High Risk 7 (20) 28 (80) 35
Total 48 44 92

Table 8.4. Relationship of Ki-67-low and Ki-67-high groups with D’Amico risk
groups.

Manual Ki-67 - 12% cut-off p value
Ki-67-low, n (%) Ki-67-high,n (%)  Total
D'Amico Risk Group Low Risk 17 (85) 3 (15) 20 <0.001
Intermediate Risk 19 (61.29) 12 (38.7) 31
High Risk 12 (29.26) 29 (70.73) 41

Total 48 44 92
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We did not find a difference in terms of homogeneity in staining between low-

and high-grade PCA cases (p = 0,108) (Table 9.1).

Table 9.1. Relationship of homogeneity in staining with low-grade and high-grade prostate

cancers.
Prostate Cancer Grade

Low grade High grade Total

Homogeneity Homogenous n 33 19 52
% 50,8% 70,4% 56,5%

Heterogenous n 32 8 40
% 49,2% 29,6% 43,5%

Total n 65 27 92
% 100% 100% 100%

There was no difference in terms of homogeneity in staining between Ki-67-

low and -high groups (p = 0.714) (Table 9.2).

Table 9.2. Relationship of homogeneity in staining with Ki-67-low and Ki-67-high

groups.
Manual Ki-67 — 12% cut-off p value
Low Ki-67 High Ki-67 Total
Homogeneity Homogenous 28 (53.85%) 24 (46.15%) 52 0.714
Heterogenous 20 (50%) 20 (50%) 40
Total 48 44 92

There was no statistically significant association between homogeneity in

staining of Ki-67 and CAPRA and D’Amico risk classifications (p = 0.065, p =

0.081, respectively) (Tables 9.3, 9.4).

Table 9.3. Relationship of homogeneity of Ki-67 staining with CAPRA risk groups.

CAPRA Risk Group p value
Low Risk  Intermediate Risk  High Risk Total
Homogeneity Homogenous 11 (21.15%) 16 (30.76%) 25 (48.07%) 52 0.065
Heterogenous 10 (25%) 20 (50%) 10 (25%) 40
Total 21 36 35 92

Table 9.4. Relationship of homogeneity of Ki-67 staining with D’Amico risk groups.

D’ Amico Risk Group p value
Low Risk  Intermediate Risk  High Risk Total
Homogeneity Homogenous 11 (21.15%) 13 (25%) 28 (53.85%) 52 0.081
Heterogenous 9 (22.5%) 18 (45%) 13 (32.5%) 40
Total 20 31 41 92
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The low and intermediate PCA risk groups were combined as a low-risk group
and binary risk groups (low/high) were created. Ki-67 LI was also found to be
significantly associated with binary CAPRA and D’ Amico risk classifications (p
<0.001) (Tables 10.1, 10.2).

Table 10.1. Relationship of manual Ki-67 LI with binary CAPRA risk groups.

Manual Ki-67 - 12% cut-off p value
Low Ki-67 High Ki-67 Total
CAPRARisk Group 1 ' Risk 41(71.92%) 16 (28.07%) 57 <0.001
High Risk 7 (20%) 28 (80%) 35
Total 43 4 92

Table 10.2. Relationship of manual Ki-67 LI with binary D’Amico risk groups.

Manual Ki-67 - 12% cut off p value
Low Ki-67 High Ki-67 Total
D'Amico Risk Group Low Risk 36 (70.59%) 15 (29.41%) 51 <0.001
High Risk 12 (29.26%) 29 (70.73%) 41
Total 48 44 92

Supplementary Figures:

Figure S1. ISUP grade groups (GQ) in acinar adenocarcinoma of the prostate. a. ISUP
GG 1 (3+3), b. ISUP GG 2 (3+4), c. ISUP GG 3 (4+3), d. ISUP GG 4 (4+4), e. ISUP
GG 5 (5+5) (H&E stain, x100 magnification)
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Figure S2. Example of an adenocarcinoma of the prostate with low Ki-67 labeling
index (LI). a. This image shows a part of an H&E-stained slide, b. Ki-67 LI is 6.38%,
cl. Counting Ki-67 positive cells (blue dots) with the help of Ai-assisted mobile
software, ¢2. Counting all tumor cells (black dots). (x400 magnification)

Figure S3. Example of an adenocarcinoma of the prostate with high Ki-67 labeling
index (LI). a. This image shows a part of an H&E-stained slide, b. Ki-67 L1 is 81.07%,

cl. Counting Ki-67 positive cells (blue dots) with the help of Ai-assisted mobile
software, ¢2. Counting all tumor cells (black dots). (x400 magnification)
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CHAPTER V

Discussion

Ki-67 LI has long been used in pathology practice in distinguishing neoplastic lesions
from nonneoplastic lesions, e.g., atrophy vs dysplasia of the uterine cervix, grading of
tumors, e.g. the lung and gastrointestinal neuroendocrine tumors, and in
prognostication, e.g., breast carcinomas. In this study, we aimed to understand the
clinicopathological importance of Ki-67 LI in PCA, particularly in robust
clinicopathological risk classification systems including D’ Amico and CAPRA. Using
three different Ki-67 LI counting techniques, we showed a strong positive correlation
between Ki-67 LI and both risk classifiers. The cut-off value determined as 12% was
also able to stratify PCA cases into low- and high-risk groups, efficiently. Our results
support that Ki-67 can be used as a supportive or surrogate tool to determine the risk

status of PCA cases and in choosing a more personalized treatment approach.

Prostate cancer is a disease of men mostly over 65 years of age, and the risk of
developing PCA increases in direct proportion to increasing age (Rawla 2019). In our
series, the age of the patients ranged from 44 to 87 (mean 69.82 years). One of the
screening tools for PCA is PSA levels in the blood. It was shown that the PSA levels
are often more than 2.5 ng/mL in PCA patients, however, lower levels do not guarantee
excluding the presence of cancer (Thompson et al., 2004). In addition, diagnosis of
PCA is over 50% in patients with PSA levels of more than 10. In our cohort, PSA
levels ranged from 0.87 to 3625 (median 9,7950). Among 92 cases, 86 (93.5%) had
PSA levels higher than 4 ng/mL, and 43 (46.7%) had higher than 10.

When a patient is suspected of PCA, a core needle biopsy procedure is indicated. The
biopsy samples are examined histopathologically in diagnosis, grading, and staging. If
a diagnosis of PCA is made, a GG (1 to 5) is assigned based on ISUP 2014 system
(Epstein, Egevad, et al., 2016). GGs correlate with the biological behaviour of cancer.
The higher the GG, the more aggressive cancer. Most cases are detected in lower-GGs
as in our series (Epstein, Egevad, et al., 2016). From biopsy samples, the calculation
of the percentage of positive biopsy cores provides outcome prediction as is used in
clinical risk classification systems, such as in CAPRA (M. Cooperberg et al., 2005).
For staging, the extent of the tumor (T) is determined clinically (cT) if biopsy samples
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are received or pathologically (pT) if radical resection is done. We assigned a cT in
our cases based on the results of DRE, MRI, and prostate biopsy (Hoedemaeker et al.,
2000). Most PCA patients were detected at an early stage at the time of diagnosis in
our series compatible with the previous studies (Brawley, 2012; M. R. Cooperberg,

Moul, et al., 2005).

There has been accumulated evidence on the prognostic significance of Ki-67 LI in
PCA. A meta-analysis of 21 selected studies between 1996 and 2014 comprising 5419
patients showed that Ki-67 LI is significantly associated with biochemical failure-free
survival, disease-free survival, disease-specific survival, distant metastasis rate, and
overall survival (Berlin et al., 2017a). Following this, in a multi-institutional study on
1004 radical prostatectomy, Ki-67 LI was found to be associated with stage (p <
0.001), seminal vesicle invasion (SVI, p = 0.02), extracapsular extension (p < 0.001),
and GS (p <0.001) (Tretiakova et al., 2016a). A 12% higher risk of dying from cancer
was linked to every 1% rise in Ki-67 expression after adjusting for perineural invasion
and GS (p <0.001). Along with GS and the presence of perineural invasion, using Ki-
67 was suggested in predicting long-term outcomes of PCA patients (Tollefson et al.,
2014). High Ki-67 LI was also found to be associated with positive margins (p =
0.001), extra-capsular extension (p < 0.001), and greater tumor size (> 20 mm, p =
0.03) in two studies (Fantony et al., 2018a; Richardsen et al., 2017a). In a recent study,
Ki-67 mRNA levels were assessed in 492 PCA cases compared to 52 normal samples
using RNA-seq data from The Cancer Genome Atlas PC datasets. Ki-67 upregulation
was found to be associated with cancer tissue (p < 0.001) and worst disease-free
survival (p = 0.035). Immunohistochemical studies on 94 biopsies showed that Ki-67
was associated with the increase in the ISUP score (p < 0.001), cancer stage (p = 0.05),
biochemical recurrence (p = 0.0006), and metastasis (p <0.001). A positive correlation
was reported between Ki-67 expression and ISUP score (r = 0.5112, p < 0.001) and
disease risk stratification (r = 0.3388, p = 0.0009) (Maia, Dos Santos, et al., 2022).
Three studies on low, intermediate, and high-risk PCA patients treated with radiation
with or without androgen deprivation conducted by the Radiation Therapy Oncology
Group showed an independent prognostic value of Ki-67 LI. The authors suggested
using Ki-67 LI as a stratification factor in future trials (R. Li et al., 2004; Pollack et
al., 2004; Verhoven et al., 2013).
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A few classification systems have been used to assess PCA risk, including the
D’Amico, CAPRA, and AUA/ASTRO/SUO. The D’ Amico risk classification system
is based on the c¢T, PSA level, and GS (A. V. D’Amico et al., 1998; Hernandez et al.,
2007a). In 2005, CAPRA risk assessment was developed by the UCSF to enhance the
precision of the D’ Amico classification. It is determined by pathological factors from
biopsy samples and several clinical factors including the age, PSA level, GS, cT, and
percentage of positive biopsy cores (M. Cooperberg et al., 2005; Lughezzani et al.,
2010). Two studies have evaluated the relationship of Ki-67 to risk classifications. In
one of these studies, high Ki-67 was associated with disease recurrence (HR = 9.20,
95% CI: 1.27-66.44) and progression (HR =2.97, 95% CI: 1.05-8.43) in patients with
low/intermediate risk CAPRA score (Lobo et al., 2018). The other study used a
modified version of D’Amico (according to AUA/ASTRO/SUO guideline) with
parameters including PSA level, PSA density, GG, cT, biopsy core positivity, and
percentage of positive core (Maia, Dos Santos, et al., 2022; Sanda et al., 2018a). They
found a positive correlation between Ki-67 expression and disease risk stratification (»
=0.3388, p =0.0009). In our study, we assessed the relationship of Ki-67 LI with each
of D’Amico and CAPRA risk classifications. We found a significant positive
correlation between Ki-67 LI and both classifications (p < 0.001). In addition, the cut-
off value, determined as 12% based on ROC curve analyses, was able to divide most
of the cases into high risk and low risk (p < 0.001). Our results supported the use of
Ki-67 LI in determining the clinical risk of PCA patients.

Prostate cancer is a complex and biologically heterogeneous disease. Therefore, novel
predicting markers have been researched to distinguish low-risk individuals with
indolent tumors to prevent overtreatment (Richardsen et al., 2017a). A few studies
found Ki-67 LI prognostic in low-risk PCA patients. Ki-67 as a continuous variable
was shown to be a significant predictor of time to death from PCA in GGs 1 and 2
(Kammerer-Jacquet et al., 2019a). In addition, Ki-67 LI was found to be an
independent prognostic factor in case of a low total percentage of biopsy tissue with
tumor (< 7%) or low GS (< 7) (the hazard ratio being 6.76 and 6.44, respectively)
(Zellweger et al., 2009). Another study showed that high Ki-67 LI was associated with
a worse prognosis in patients with low/intermediate risk CAPRA score, as previously
mentioned (Lobo et al., 2018). These results suggest that high Ki-67 may assist in

revealing more aggressive cases among low-risk PCA patients. One recent study
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investigated Ki-67 LI in 112 PCA cases with high GSs (>8) (Vlajnic et al., 2022).
Fifteen cases showed low (<10% staining) Ki-67 LI. The clinical significance of this

finding is yet to be elucidated.

There is a limited number of studies on the predictive value of Ki-67 LI. In phase 3,
multicentre, randomized controlled trial called “Conventional or hypo fractionated
High Dose Intensity Modulated Radiotherapy for Prostate Cancer (CHHIP)”, it was
studied how different radiation therapy fractionation schedules affected Ki-67 LI in
localized PCA. It is hypothesized that the cancers with high proliferative rates would
be insensitive to fraction size and be prone to recur after the reduced total dose in hypo
fractionated (>2 Gy) schedules. In contrast, it was anticipated that tumors with modest
rates of proliferative growth would be sensitive to fraction size and so more prone to
relapse following traditional fractionation (2 Gy) schedules. They did not find any
significant relationship between Ki-67 and the fractionation schedule (Wilkins et al.,
2018). In a trial conducted by the Radiation Therapy Oncology Group, several
biomarkers including Ki-67 were analysed to find out who benefitted from short-
versus long-term hormone therapy. They found no evidence of statistically significant
interactions between biomarkers and treatment (short-term androgen deprivation
therapy vs. long-term androgen deprivation therapy). However, when they checked the
markers individually, they found the effects of Ki-67 were larger in patients receiving
long-term androgen deprivation therapy (Pollack et al., 2014). The predictive value of
Ki-67 LI in PCA should be further studied in different patient cohorts and treatment

modalities.

Different cut-off values have been selected, ranging from 5% to 10% in most of the
studies summarized in (Kammerer-Jacquet et al., 2019b). The variability in the cut-off
values can be affected by the characteristics of the cohort and clinical endpoints.
Various studies have been conducted on either radical prostatectomy, core biopsy, or
transurethral resection specimens. The prognostic value has been evaluated by the
clinical endpoints including cancer-specific survival and/or metastasis-free survival,
or other powerful prognostic factors including the stage, GG, PSA level, and total
percentage of biopsy tissue with tumor. For more personalized patient management,
risk classification systems were developed including several of these most important

prognostic factors. In our study, the cut-off value was determined in core biopsy
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samples based on robust clinical risk classification systems including D’ Amico and

CAPRA.

Methodology (i.e. counting method) is another significant factor affecting the cut-off
value. Overall, four different Ki-67 counting and scoring methods have been
suggested: eye-balling estimation, visual counting using a microscope or viewer
software, manual counting of camera-captured or digital images, and using an
automated counting system (Dzulkifli et al., 2018). These methods have certain
advantages and disadvantages over each other. The first two methods do not require
an additional cost, however, there is poor reproducibility. Automatic counting provides
saving time and reproducibility; however, it is costly and has moderate accuracy due
to overcounting unwanted cells and objects and is affected by staining quality. Manual
counting is a reliable technique with high accuracy. This method can be time-
consuming and necessitates a camera capable of capturing images. However, the
cameras are relatively inexpensive and widely used in pathology laboratories. We have
used and compared three practical methods: overall e-Ki-67 LI (eye-balling in the
entire tumor area in a biopsy), hot-spot e-Ki-67 LI (eye-balling in the hot-spot area),
and manual Ki-67 LI (manual counting in the hot-spot area). We found strong
correlation among these methods (p < 0,001). All methods were found to be
significantly correlated with PCA risk classifications (p < 0,001). In addition, the
defined cut-off values according to each of the D’Amico and CAPRA risk
classification systems were found to be very close (Tables 6.1 and 6.2). These results
showed that any of these methods may provide powerful information about the clinical
risk of PCA patients. Nevertheless, our method of choice in our clinicopathological
analyses was manual counting (manual Ki-67 LI) for two reasons: i) in terms of high
accuracy and reproducibility in assessment ii) hot-spot tumor areas may better
represent the tumor biology (Dzulkifli et al., 2018). Instead of counting cells on printed
images, we used free mobile software (CFU.Ai v1.4) allowing to click on and select
or deselect the cells one by one. In addition, the software provides Ai assistance
indicating Ki-67 positive cells which may be manually deselected when needed. Once
you finish counting, it automatically gives the total number of selected cells and the
images can be saved and stored with the results easily. Using this method, we found

12% as the optimal cut-off value for Ki-67 to determine the PCA risk group.
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Next-generation sequencing revealed considerable variability in genomic alterations
in localized PCAs (Wei et al., 2017). Tumor heterogeneity may result in variability in
staining which has been reported as a possible confounding factor in Ki-67
interpretation. In one study on high-grade PCA cases (GG 4 and 5), 41% with high Ki-
67 LI (>10%) had areas of low and high Ki-67 LI reflecting intratumoral heterogeneity.
The morphologic homogeneity observed in a group of these tumors suggested the
presence of molecular heterogeneity (Vlajnic et al., 2022). Aiming to highlight a part
of the molecular basis of this intratumoral variability of Ki-67, the authors tested two
commonly altered markers in PCA including Bcl-2 and PTEN. Although they could
not find any association, the molecular complexity of cancer was emphasized for

further marker analysis.

There have been some drawbacks in our study including a relatively low number of
cases and lack of follow-up information. However, our data was sufficient to perform
PCA risk classifications which were proven to be powerful in prognostic assessment.
Manual counting of Ki-67 staining is relatively more time-consuming. On the other
hand, Ai-assisted mobile software has made it much simpler, more accurate, and more
accessible. Intratumoral heterogeneity should be addressed among the factors which
may confound the results of Ki-67 LI in certain cases. This issue might be tested and
overcome in future studies by performing the stain on multiple core needle biopsies.
Nevertheless, to date, there is no data regarding the negative effects of heterogeneity

on the prognostic value of Ki-67 in PCA.
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CHAPTER VI

Conclusion

Previous studies have shown the prognostic importance of Ki-67 LI in PCA,
although there was limited information about the relationship between Ki-67 LI and
PCA risk classifications. In this study, our primary aim was to assess whether there
was a relationship between Ki-67 LI and robust PCA risk classification systems
including D’ Amico and CAPRA. For this purpose, we used the manual Ki-67 counting
method, which is a highly objective, accurate, and reproducible technique. We showed
that there is a strong positive correlation between Ki-67 LI and both risk classifications
(» <0.001). In addition, our cut-off value (12%) was able to divide most of the cases
into high-risk and low-risk (p <0.001). Using two other Ki-67 counting methods, hot-
spot e-Ki-67 LI and overall e-Ki-67 LI, did not affect this powerful association (p <
0.001). We also showed that Ki-67 LI has a significant association with important
prognostic factors in PCA such as stage, GS, and GG. Our results support that Ki-67
can be used as a supportive or surrogate tool to determine the risk status of PCA cases

and in choosing a more personalized treatment approach.
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Recommendations

Ki-67 can be used as a powerful tool in determining the risk of PCA patients.
Ki-67 can be used as a strong prognostic biomarker in PCA patients.

We suggest using the manual Ki-67 counting method for objective, accurate, and
reproducible results.

Further studies are needed to determine the value of high Ki-67 LI in low-risk
patients and low Ki-67 LI in high-risk patients.

Ki-67 LI may be used to determine which patients in the low-risk group should
undergo active surveillance or which patients in the high-risk group with localized
disease should receive adjuvant therapy. Large prospective studies are suggested
to highlight these points.

In cases when clinical management is indeterminate, the urologists may request a
Ki-67 test to support their decision on whether to follow up or treat the patient

according to the result.
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