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2. INTRODUCTION

2.1 Relevance of the thesis

Prostate cancer (PCa) is the second most common oncological
disease among men all over the world and the first in North America,
Europe and Lithuania. It is a particularly heterogeneous disease
ranging from indolent localised tumour to aggressive and metastatic
cancer causing patients’ lethal outcomes. Thus, accurate assessment
of disease’s aggressiveness at diagnosis is one of the main goals for
optimal disease management. It is significantly relevant now, in the
era of modern medicine, when most newly diagnosed PCa cases are
characterised as low and intermediate-risk, and individualized organ-
sparing therapy is becoming a standard treatment option in everyday
clinical practice.

Clinical ISUP grade group (cISUP) determined during prostate
biopsy (PB), clinical TNM stage (cTNM) and prostate-specific antigen
(PSA) are the main clinico-pathological characteristics determining
the choice of PCa treatment tactics. According to literature, upgrading
or upstaging to advanced disease after pathological examination of
radical prostatectomy (RP) material has emerged as a serious issue and
is reported in 40-60% of PCa patients. Upgrading and upstaging have
been applied to indicate that the method of treatment chosen while
planning the course of treatment was not effective enough, thus could
negatively influence PCa oncological outcomes. Scientific literature
provides evidence of association between upgrading or upstaging and
increased risk of biochemical recurrence (BCR) as well as inferior
cancer-specific survival results. On the other hand, downgrading and
downstaging might be associated with overtreatment, which is related
to higher risks of complications and worse functional outcomes.

Over the last years, rapid development of genomic technologies
and their application for deciphering cancer genome have offered new
diagnostic possibilities for PCa patients. During PCa cancerogenesis,
changes in deoxyribonucleic acid (DNA) chains as well as epigenetic
alterations are detected, during which the sequence of DNA does not



change, while the normal gene expression is affected. Epigenetic
changes occur early in prostate cancerogenesis and are characterised
by a greater stability; therefore, they have become a popular object
of scientific research. Majority of PCa epigenetic alterations are
associated with methylation changes in gene regulatory areas, for
example, promoters’ regions, which conditions the loss of messenger
ribonucleic acids (mRNA) and suppression of protein synthesis. Due
to the fact that PCa-specific methylated DNA is easily detectable in
body fluids (blood, urine, etc.), contains molecular information from
all tumour foci and reflects PCa heterogeneity, analysis of the latter
may provide valuable supplementary data for improved diagnosis and
timely prediction of PCa aggressiveness.

2.2 Aim of the thesis

The dissertation aims atevaluating suitability of clinico-pathological
characteristics presently used in everyday clinical practice for PCa
diagnostics, exploring PCa epigenetic profile and evaluating potential
molecular markers (RARS, RASSF'1 and GSTP1) for timely prediction
of accurate PCa diagnosis.

2.3 Objectives of the thesis

1. Based on histopathological examination of primary PB and RP ma-
terial, to evaluate suitability of clinico-pathological characteristics
(cISUP, cTNM and preoperative PSA) to predict PCa aggressive-
ness, local stage and risk group.

2. Based on results of histopathological examination of RP material,
postoperative PSA, postoperative radiological investigations (bone
scintigraphy, computed tomography, magnetic resonance tomo-
graphy) and data from State Register of Death Cases and Their
Causes by the Institute of Hygiene, to evaluate frequency of PSM
and BCR, MFS, overall (OS) and cancer-specific-survival (CSS),
as well as their relationship with upgrading and upstaging.



3. To set frequencies of promoter methylation of potential PCa
diagnostic biomarkers (RARfS, RASSF1 and GSTPI) in cancerous
and noncancerous prostate tissues.

4. To evaluate promoter methylation of RARS, RASSF1 and GSTP1
genes in two independent cohorts of PCa patients with urine
specimens collected by two different techniques, i.e. voided and
catheterized.

5. To evaluate the potential of urine biomarkers (RARf, RASSF1 and
GSTPI) for characterization of PCa aggressiveness, local stage and
risk group, as well as select an optimal combination of molecular
markers with clinico-pathological characteristics for timely and
precise prediction of PCa aggressiveness, local stage and risk

group.

2.4 Novelty and practical significance of the thesis

A large and well-characterized cohort consisting of more than
1000 subjects with a long postoperative follow-up allowed precise
assessment of PCa diagnostic problems associated with clinico-
pathological characteristics (cISUP, cTNM and preoperative PSA)
presently used in everyday clinical practice and their relationship with
PSM, BCR, MFS as well as with OS and CSS.

In scientific literature there are published more than 100 genetic
alterations associated with PCa, however the majority of them were
investigated in cancerous and noncancerous prostate tissues and
were poorly associated with aggressiveness of the disease, which
particularly restricts their implementation into clinical practice.

In the process of our research, promoter methylation of RARp,
RASSF1 and GSTPI was investigated in urine, an easily accessible
biological material. Collection of urine does not require any
intervention, thus not causing additional risk for the patient and making
it easier to apply the molecular test into clinical practice. During the
research, genetic markers were investigated in two independent cohorts
with voided and catheterized urine, which allowed us to compare
different techniques for substance collection. During the research, the
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combination of the molecular biomarkers with PSA was identified,
which allows a more accurate prediction of PCa aggressiveness, local
stage and risk group.

2.5 Statements to be defended

1. Clinico-pathological characteristics (cISUP, cTNM and preopera-
tive PSA) presently used in everyday clinical practice are not suf-
ficiently reliable diagnostic tools to characterize PCa aggressive-
ness, local stage and risk group.

2. PCa upgrading and upstaging after RP is associated with PSM,
BCR, MFS and inferior CSS.

3. RARP, RASSFI and GSTPI gene promoter methylation frequencies
are significantly different in cancerous and noncancerous prostate
tissues, consequently, they are suitable for PCa diagnostics.

4. RARP, RASSF1 and GSTPI gene promoter methylation in urine
combined with PSA could be used to predict PCa aggressiveness,
local stage and risk group.
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3. MATERIAL AND METHODS

The study was approved by the Lithuanian Bioethics Committee
(2007-11-23 No. 50 and 2011-09-07 No. 6B-11-275). Patients who
were treated at the Centre of Urology of Vilnius University Hospital
Santaros Klinikos, met inclusion criteria and did not have any
exclusion criteria were included into the study. Molecular analysis
was performed at the Institute of Biosciences of Life Sciences Centre.

3.1 Inclusion criteria

» Histologically confirmed PCa by systematic transrectal PB.
» Radical prostatectomy (RP) was performed at Vilnius University
Hospital Santaros Klinikos because of PCa.

3.2 Exclusion criteria

» < 10-core systematic PB was performed.

* Diagnosis of neuroendocrine, small cell, sarcomatoid, squamous
cell or signet ring cell carcinoma.

* Previously diagnosed PCa with any type of active treatment,
including active surveillance and androgen deprivation therapy.

* History of urothelial carcinoma.

3.3 Clinico-pathological characteristics

3.3.1 Data collection

Information about age at diagnosis, preoperative PSA (ng/mL),
date of PB, Gleason score and cTNM was collected from prostate
biopsy reports. Some PBs were performed at outside institutions and
no pathological re-evaluation of these specimens were performed.

Information about date of surgery, Gleason score, pathological
TNM stage, surgical margin status, postoperative PSA (ng/mL) and
metastases was collected from RP pathology reports and postoperative
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follow-up documentation. Gleason score was evaluated according to
the 2005 Guidelines of International Society of Urological Pathology
(ISUP) and ISUP grade groups were assigned according to ISUP 2014
recommendations.

The data regarding survival were obtained from the State Register
of Death Cases and Their Causes, by the Institute of Hygiene under
the Ministry of Health of the Republic of Lithuania (2019-10-21
No. (9.20) 01-517).

3.3.2 Upgrading, upstaging and risk change

Upgrading was defined as any increase of ISUP grade group
between PB (cISUP) and RP pathology (pISUP), i.e. pISUP > cISUP.
Upstaging was confirmed if a patient was pathologically diagnosed
with locally advanced PCa (> pT3) when clinically unsuspected.
Partin nomograms were calculated to evaluate a chance of locally
advanced disease at RP pathology (> pT3).

According to European Association of Urology (EAU) 2019 and
National Comprehensive Cancer Network 2019 risk assessment
models and clinico-pathological characteristics (ISUP grade group
and T stage), all patients were stratified into preoperative and
postoperative PCa risk groups: preoperatively — low (cISUP I and <
cT2a), intermediate (cISUP 2-3 and/or cT2b), high (cISUP 4-5 and/
or > c¢T2c), and postoperatively — low (pathologic ISUP grade group
(pISUP) 1 and < pT2¢), intermediate (pISUP 2-3 and < pT2c¢), high
(pISUP 4-5 and/or > pT3a). Risk increase was confirmed when a
patient postoperatively was diagnosed with higher PCa risk group
then clinically suspected, i.e. postoperative risk group > preoperative
risk group.

3.3.3 Positive surgical margin and biochemical recurrence

Positive surgical margin (PSM) was defined as the presence of
tumour cells at the inked margin of RP material on the inspection
under microscopy.

BCR following RP was defined as a postoperative PSA > 0.2 ng/
mL with a subsequent confirmatory value.
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3.3.4 Metastases-free, overall and cancer-specific survival

Data about metastatic disease were obtained from follow-up
documentation, including bone scintigraphy, computed tomography
and/or magnetic resonance tomography. Metastases-free survival
(MFS) was defined as the time from RP to confirmed evidence of
distant metastases on imaging. Metastatic lymph nodes in the pelvis
were considered as locally advanced disease.

OS was defined as a time from RP to death from any cause. CSS
was defined as a time from RP to death at the time of progressive
metastatic PCa. Patients who had died without BCR or with BCR and
PSA < 1.0 ng/mL with metastatic-free disease were classified as dying
from other causes.

3.4 Biological samples and molecular analysis

3.4.1 Collection and preparation of biological samples

Prostate tissue specimens and urine samples were collected
for molecular analysis. Urine samples (30-50 mL) were collected
preoperatively by two different techniques: voided and catheterized.
Voided urine samples were collected after the prostate massage in the
morning before the surgery, while catheterized urine was obtained
under general anaesthesia immediately before the surgery. All urine
samples were delivered to the laboratory within 30 mins.

Non-fixed prostate gland was delivered to the National Center
of Pathology within 30 mins after radical prostatectomy. 8 mm of
cancerous (> 70% of cancer cells) and noncancerous (0% of cancer
cells) prostate tissue samples were immediately dissected and snap
frozen for molecular analysis.

Tissue samples were mechanically homogenized into powder.
Urine samples were centrifuged for 15 mins at 1000 rpm at 4 °C
temperature and collected sediments were washed twice with 1x PBS
buffer (Thermo Fisher Scientific (TFS), Waltham, Massachusetts,
USA). Prepared samples were stored at -80 °C temperature.
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3.4.2 Molecular analysis

3.4.2.1 DNA extraction and bisulfite conversion

DNA was extracted from 10-30 mg of snap frozen and homogenized
tissue specimens and 1-2 mL of frozen urine sediments by using
standard phenol-chloroform protocol for DNA purification. Tissue
samples and urine sediments were treated with proteinase K (TFS)
and lysis buffer (for tissue samples: 50 mM of Tris-HCI (Carl Roth,
Karlsruhe, Germany), 1 mM of EDTA (Carl Roth), 0.5% Tween-20
(Carl Roth); for urine sediments: 10 mM of Tris-HCI pH 8.0 (Carl
Roth), 1% SDS (Carl Roth), 75 mM of NaCl (Sigma-Aldrich, St. Louis,
USA)) for up to 18 hours at 55 °C temperature on thermoshaker. The
precipitation was performed with > 96% ethanol solution, while
elution was done with 40 uL of nuclease-free water. The extracted
DNA was evaluated by “NanoDrop 2000 spectrophotometer (Fisher
Scientific, FS). Bisulfite modification of 400 ng of DNA was done with
“EZ DNA Methylation™ Kit” (Zymo Research, Irvine, California,
USA) according to manufacturer’s recommendations, except initial
incubation (42 °C temperature, 15 mins). The modified DNA was
immediately used or stored at -80 °C temperature.

3.4.2.2 DNA methylation analysis in tissue

Methylation analysis of RARS, RASSFI and GSTPI in prostate
tissue samples was performed by using methylation-specific
polymerase chain reaction (MSP). Primers were selected from
scientific literature. 25 pL of reaction mixture consisted of: 1x
“Maxima Hot Start Taqg MSP buffer” (TFS), 2.5 mM of MgCl, (TES),
1.6 mM of deoxyribonucleoside triphosphate mix (TFS), 1.25 U of
polymerase “Maxima® Hot Start Taq DNA Polymerase” (TFS), | mM
of each primer (Metabion, Munich, Germany) and 1 pL of bisulfite-
modified DNA. DNA was amplified for 37-39 cycles of MSP, while
the primers were annealed for 45 seconds at 60-62 °C temperature.
At each run three controls were used: positive methylation control (in
vitro methylated DNA of leukocytes), negative methylation control
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(DNA of leukocytes from healthy men) and no-template control
(reaction mixture without DNA).

3.4.2.3 DNA methylation analysis in urine

Methylation analysis of RARS, RASSFI and GSTPI in urine
samples was performed using quantitative methylation-specific
polymerase chain reaction (QMSP). Primers and hydrolysis probes
were selected from scientific literature. 20 pL of final reaction
mixtures consisted of 1x “TagMan® Universal Master IT no UNG” mix
(TFS), 50 nM of hydrolysis probe, 300 nM of each primer (Metabion)
and 1 pL of modified DNA. All assays were carried out under the
following conditions: 10 mins of incubation at 95 °C, followed by
50 amplification cycles for 15 seconds at 95 °C and 1 min at 60 °C.
Positive methylation and no-template controls were included in each
assay run. QMSP was considered as valid if amplification of positive
methylation control was detected and there was no amplification in
no-template control. A sample was classified as valid if amplification
of ACTB gene was < 40 cycles in all 3 replicas. Methylation level of
a particular gene was calculated by using quantification cycle (AACq)
algorithm according to endogenous and positive methylation control
and presented as percentages. For the qualitative analysis, samples
were dichotomized into methylated and unmethylated considering the
0.1% methylation level as the threshold.

3.5 Statistical analysis

All statistical tests were performed using STATISTICA™ 8.0
(StatSoft, Tulsa, USA), SPSS 23.0 (IBM Corp., Armonk, NY, USA)
and MedCalc® 12.7 (MedCalc Software, Ostend, Belgium) software.

Continuous variables are expressed as means with standard error
of mean (SEM). Data for categorical variables are presented as
frequencies and percentages. Continuous variables were checked for
normal distribution by Shapiro—Wilk statistics and compared them
by the 2-sided ¢ test when normally distributed or the Mann—Whitney
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U test for non-normally distributed variables. Pearson s y2 and Fisher
exact tests were used for comparison of categorical variables, as
appropriate.

Kaplan—Meier curves were used and Log Rank (Mantel-Cox) test
was applied for BCR, metastases-free, OS and CSS analyses. To identify
predictors for BCR and metastatic disease, univariate and multivariate
logistic regression analysis was performed, where odds ratios (OR)
and 95% confidence intervals (CI) were calculated. The ability of the
biomarkers to distinguish groups was evaluated by receiver operating
characteristic (ROC) curve analysis and estimating the area under the
curve (AUC) values. The regression analysis was used to calculate
the test’s performance parameters — sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV). P-value
of < 0.050 was considered as statistically significant.

3.6. Author’s contributions

Arnas Bakavicius (doctoral student) enrolled the patients into the
study, collected all the clinical data, collected biological samples and
was responsible for postoperative follow-up. The doctoral student
performed molecular analysis of 30% of biological samples and
analysed the results. Arnas Bakavi¢ius was the main author of the first
publication, prepared the second publication and presented the results
of the study at scientific congresses.

Molecular analysis of other biological samples was performed by
Kristina Danifinait¢ and Kristina Zukauskaité. Kristina Danifinaité
also analysed the results and participated in the preparation of the
first manuscript. Kristina Zukauskaité trained the doctoral student to
perform the molecular analysis and was the main supervisor in the
laboratory.

Prof. Sonata Jarmalaité was the academic consultant who super-
vised the analysis of biological samples as well as revised the manu-
scripts critically for important intellectual content.

Prof. Feliksas Jankevi¢ius was the academic supervisor who
designed the research, supervised clinical part of the study and revised
the manuscripts critically for important intellectual content.
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4. RESULTS

4.1 General characteristics of study participants

Overall, 1056 patients were included into the study. Mean time from
PB to RP was 3.8 months (SEM: £ 0.2). In total, 111 fresh-frozen tissue
samples of prostate tumours, 16 noncancerous prostate tissues from RP
material and 514 urine samples (188 voided and 326 catheterized) were
available for molecular analysis. Clinico-pathological characteristics of
the study cohort are summarized in Table 1.

Table 1. Clinico-pathological characteristics of the study cohort.

All Tumour | Catheterized | Voided
Parameter cases tissues urine urine P-value*
(N =1056) | % v v
(N=111) | (N=326) | (N=188)
Age, years®
Mean (+ SEM) | 62.2(0.2) | 60.6(0.8) | 61.7(04) | 62.2(0.6) | 0.382
PSA, ng/mL®
Mean (+ SEM) | 8.4(0.3) |103(1.0)| 86(0.5 | 84(0.7) | 0613
cISUP, N (%)
1 723 (70.5) | 69 (64.5) | 226(81.0) | 93 (51.4)
2 203 (19.8) | 21(19.6) | 42(15.0) | 55(30.4)
3 58(5.7) | 9(8.4) 7(2.5) 24(13.2) | <0.001
4 34(33) | 6(5.6) 3(1.1) 7(3.9)
5 7(0.7) 2(1.9) 1(0.4) 2(1.1)
pISUP, N (%)*
1 539(51.0) | 38 (34.2) | 207(67.0) | 39(21.4)
2 405 (38.4) | 50 (45.1) | 86(27.8) | 108 (59.3)
3 76(7.2) | 16(144) | 13(42) | 28(154) | <0.001
4 14(13) | 2(L8) 1(0.3) 1(0.6)
5 221) | 5@4.5) 2(0.7) 6(3.3)
cT stage, N (%)*
<cTle 637 (60.3) | 59(53.2) | 189(61.2) | 112(61.5)
cT2a 11(1.1) | 2(1.8) 4(1.3) 3(1.7)
cT2b 128 (12.1) | 17(15.3) | 28(9.0) 30 (16.5)
cT2¢ 188 (17.8) | 20(18.0) | 73(23.6) | 25(13.7) | 0.597
cT3a 78(74) | 13(11.7) | 12(3.9) 10 (5.5)
cT3b 13 (1.2) - 3(1.0) 2(1.1)
T4 1(0.1) - - -
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Tumour | Catheterized | Voided
Parameter (11:11=c1a Os ;) tissues urine urine P-value*
N=111) | (N=326) (N =188)
pT stage, N (%)*
pT2a 80 (7.6) 4(3.6) 36 (11.7) 3(1.7)
pT2b 12 (1.1) - 1(0.3) 3(1.7)
pT2c 698 (66.1) | 63 (56.8) 199 (64.4) | 122 (67.0) 0.006
pT3a 169 (16.0) | 30 (27.0) 48 (15.5) 37 (20.3)
pT3b 95 (9.0) 13 (11.7) 24 (7.8) 17 (9.3)
pT4 2(0.2) 1(0.9) 1(0.3) -
Preoperative PCa risk, N (%)°
Low 501 (48.9) | 44 (41.1) 152 (54.5) 70 (38.7)
Intermediate 243 (23.7) | 29 (27.1) 47 (16.8) 71 (39.2) 0.104
High 281 (27.4) | 34 (31.8) 80 (28.7) 40 (22.1)
Postoperative PCa risk, N (%)*
Low 489 (46.3) | 35(31.5) 183 (59.2) 38 (20.9)
Intermediate 290 (27.5) | 30(27.0) 52 (16.8) 88 (48.3) | <0.001
High 277 (26.2) | 46 (41.5) 74 (24.0) 56 (30.8)

Partin value, %
Mean (SEM) | 27.2(0.4) [29.3(1.3)] 263(0.8) | 29.1(1.0) | 0.024

Abbreviations: cISUP = clinical ISUP grading; c¢T = clinical T-staging; ISUP =
International Society for Urological Pathology; N = number of patients; pISUP =
pathological ISUP grading; PSA = prostate-specific antigen; pT = pathological
T-staging; PCa = prostate cancer; SEM = standard error of mean; T = local tumour
staging according to TNM classification.

2 Age, pISUP, cT-stage, pT-stage, stage change and postoperative PCa risk missing in
17 patients of catheterized urine cohort, and in 6 patients of voided urine cohort.
PSA missing in 10 patients of all cohort, in 25 patients of catheterized urine cohort,
and in 6 patients of voided urine cohort.

cISUP, preoperative PCa risk, grade change and risk change missing in 31 patients
of all cohort, in 4 patients of tumour tissue cohort, in 47 patients of catheterized
urine cohort, and in 7 patients of voided urine cohort.

Partin value missing in 145 patients of all cohort, in 15 patients of tumour tissue
cohort, in 63 patients of catheterized urine cohort, and in 17 patients of voided urine
cohort.

P-values calculated for comparison of catheterized and voided urine cohorts only.
Significant P values are in bold.

To estimate differences between cohorts with voided and cathe-

terized urine, clinico-pathological characteristics of both cohorts were
compared with each other. Mean age and preoperative PSA did not
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differ between both groups, while higher cISUP (p < 0.001), higher
pISUP (p < 0.001), higher pT (p = 0.006) and higher Partin value (p =
0.024) was detected in patients with voided urine samples (Table 1).

4.2 Upgrading, upstaging and risk change

Upgrading was observed in 27.2% (279/1025) of the patients,
while it was not possible to evaluate grade change in 31/1056 patients
because of missing data. 20.3% (214/1056) of the patients upstaged
post-RP. The total misclassification rate, defined as the change of at
least one of the two parameters, i.e. upgrading and/or upstaging, was
39.0% (400/1025).

Among the upgraded cases, 86.4% (241/279) of the patients were
initially diagnosed with cISUP 1 disease, the majority of whom
(86.3%, 208/241) were upgraded to pISUP 2 disease. ISUP grade
change rates are summarized in Figure 1.

pISUP 1 pISUP 2 pISUP 3 pISUP 4 pISUP 5  Total upgrading
% (N) % (N) % (N) % (N) % (N) rate, % (N)
cISUP 1 3.6 (26) 0.5 (4) 0.4 (3) 33.3 (241)
cISUP 2 14.3 (29) 8.4 (17) 1.5(3) 24 (5) 12.3 (25)

cISUP 3 12:1(7) 3.4 (2) 6.9 (4) 10.3 (6)

cSUP4 | 29(1) 206() | 206(7)

cISUP 5

143(1)  143(1)

downgrading upgrading no change

Fig 1. ISUP grade change rates after pathological examination of surgical
material. Rates of ISUP change are accompanied with colours, where more
intense blue depicts higher rate of downgrading, while more intense red
depicts higher rate of upgrading. For visual purposes, the colour scale is
capped at 50%.

Abbreviations: cISUP = clinical ISUP grading; ISUP = International Society for
Urological Pathology; N = number of patients; pISUP = pathological ISUP grading.
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Patients initially diagnosed with the cT1c cancer dominated among
the upstaged cases (49.1%; 105/214; Fig. 2).

pT2a-2b, pT2c, pT3a, pT3b, pT4, Total upstaging

% (N) % (N) % (N) % (N) % (N) rate, % (N)

cT1-2a 12.7(82)  4.0(26) 16.7 (108)

cT2b 3.9 (5) 27.3 (35)

cT2c 16.0 (30) 37.8(71)
cT3a -
cT3b —
cT4 -

downstaging upstaging
0%

no change

Fig 2. Stage (T) change rates after pathological examination of surgical
material. Rates of stage (T) change are accompanied with colours, where
more intense blue depicts higher rate of downstaging, while more intense
red depicts higher rate of upstaging. For visual purposes, the colour scale is
capped at 50%.

Abbreviations: ¢T = clinical T-staging; N = number of patients; pT = pathological
T-staging; T = local tumour staging according to TNM classification.

Histopathological examination of the whole prostate gland after
RP revealed that 23.9% (245/1025) of the patients were assigned to a
higher postoperative PCa risk group than clinically suspected, while it
was not possible to evaluate risk change in 31/1056 patients because
of missing data. 69.8% (N = 171) of patients with risk increase had
been preoperatively diagnosed with low-risk PCa. Upgrading alone
was the major cause of the risk increase (45.3%, N = 111), whereas
both grade and tumour stage increase were identified in 22.5% (N =
55) and only stage increase — in 32.2% (N = 79) of the cases.
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4.3 Positive surgical margin

In the analysis of PSM, BCR, metastases-free survival (MFES), OS
and CSS 676/1056 patients were included with available postoperative
follow-up data.

PSM was detected in 32.1% (217/676) of PCa patients undergoing
RP. According to prostate anatomy, apex was the most common site
for PSM — 56.0% (108/193), followed by postero-lateral position —
48.2% (93/193), base — 15.0% (29/193) and seminal vesicles — 4.7%
(9/193). It was not possible to identify the location of PSM in 24/217
patients because of missing information in histopathological reports.

The patients whose cancer was upgraded post RP more commonly
had PSM (41.6%, 82/197) as compared to patients with no upgrading
(28.2%, 135/479; p = 0.001). Upstaging after RP was also associated
with PSM, where 44.3% (66/149) of PCa patients with upstaging and
28.7% (151/527) with no upstaging had been reported with PSM (p <
0.001).

4.4 Biochemical recurrence

BCR-only was diagnosed to 25.7% (174/676) of PCa patients after
RP. At the time of BCR detection 77.3% (126/163) of the patients
presented with PSA value < 0.5 ng/mL, 12.3% (20/163) — with PSA
0.5-2.0 ng/mL and 10.4% (17/163) — with PSA > 2.0 ng/mL, while
exact PSA value at the time of BCR diagnosis was missing to 11/174
patients. The mean follow-up time of patients without BCR was 46.8
months (SEM: + 1.63).

BCR was diagnosed to 37.6% (74/197) of PCa patients whose
cancer upgraded post RP, while only to 20.9% (100/479) of patients
with no upgrading (p < 0.001). Mean time to BCR after RP was 2.1
years (SEM: + 0,2) in upgraded cases and 2.7 years (SEM: £ 0,3) in
patients with no upgrading (p < 0.001; Figure 3).
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— 1 No upgrading
1 Upgrading
o.0- 1 Mo upgrading-censored
—— Upgrading-censored
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0 2.0 4.0 6.0 8.0 10.0 12.0

Years after radical prostatectomy

Fig 3. Prostate cancer biochemical disease-free survival rates after radical

prostatectomy according to upgrading (all cISUP grade groups).
Abbreviations: cISUP = clinical ISUP grading; ISUP = International Society for
Urological Pathology.

Patients who were upgraded from clinically low-risk (cISUP 1)
disease showed more favourable BCR rates as compared to patients
with clinically diagnosed intermediate or high-risk (cISUP 2-4) PCa
(p <0.001; Figure 4).
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0.677

0.4

Biochemical disease-free survival

0.2 p-value < 0.001

—I1No upgrading
M Upgrading (clSUP 1)
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—— Mo upgrading-censored
0.0 |~ Upgrading (cISUP 1)-censored
Upgrading (cISUP 2 -4)-censored

T T T | T T I
0 2.0 4.0 6.0 8.0 10.0 12.0

Years after radical prostatectomy

Fig. 4. Prostate cancer biochemical disease-free survival rates after radical
prostatectomy according to upgrading, where blue line depicts no upgrading,
green line — upgrading from cISUP grade group 1 and yellow line — upgrading
from cISUP grade group 2-4.

Abbreviations: cISUP = clinical ISUP grading; ISUP = International Society for
Urological Pathology.

Upstaging after RP was also associated with BCR, where 43.6%
(65/149) of PCa patients undergoing upstaging in contrast to 20.7%
(109/527) of patients without upstaging were diagnosed with BCR
(p <0.001). Mean time to BCR after RP was 1.9 years (SEM: + 0,3) in
upstaged and 2.8 years (SEM =+ 0,2) in non-upstaged cases (p <0.001;
Figure 5).

24



1.0

AN

%, i OO

-+

Biochemical disease-free survival
_'__F

0.2-
p-value < 0.001

—I1No upstaging
Upstaging

0.0+ —H No upstaging-censored

—+—Upstaging-censored

:Zl ZI.U 4|.U SI.O Sl.U lOl.D lZI.U
Years after radical prostatectomy

Figure 5. Prostate cancer biochemical disease-free survival rates after radical
prostatectomy according to upstaging.

In logistic regression analysis PSM showed the highest OR for
BCR (2.29 [1.55-3.40], p < 0.001). According to this model, the ORs
for upgrading and upstaging were 1.92 [1.29-2.86] and 2.14 [1.39-
3.27], respectively (all p < 0.001; Table 2).
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Table 2. Univariate and multivariate logistic regression analysis of the
associations between clinico-pathological characteristics and biochemical
recurrence.

Univariate Multivariate

Variable
OR 95 % CI | P-value OR 95 % CI P-value

PSA,ng/mL | 1.10 |[1.07-1.13] | <0.001 | 1.09 | [1.05-1.13] | <0.001
PSM 327 |[2.28-4.69] | <0.001 | 2.29 | [1.55-3.40] | <0.001
[ ] ]
[ ] ]

1.59-3.28] | <0.001 1.92 | [1.29-2.86 0.001
2.02-437] | <0.001 | 2.14 | [1.39-3.27] | <0.001

Upgrading’ 2.28

Upstaging 2.97

* All cISUP grade groups were included. Statistically significant p-values (p < 0.050)
are marked in bold.

Abbreviations: CI = confidence interval; cISUP = clinical ISUP grade group; ISUP =
International Society of Urological Pathology; PSA = prostate-specific antigen;
PSM = positive surgical margin.

4.5 Metastases-free survival

Metastatic disease was diagnosed to 4.0% (27/676) of PCa patients.
According to upgrading and upstaging, metastases were diagnosed
to 6.1% (12/197) of PCa patients whose cancer upgraded post RP,
while to 3.1% (15/479) of patients with no upgrading (p = 0.074).
Mean metastasis-free survival was 11.5 (95% CI: 10.9-12.1) and 11.4
(95% CI: 11.1-11.7) years for patients with and without upgrading,
respectively (p = 0.048; Figure 6).
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Fig 6. Metastases-free survival after radical prostatectomy according to
upgrading.

Upstaging after RP was also associated with metastatic disease,
where 8.7% (13/149) of PCa patients undergoing upstaging and 2.7%
(14/527) of patients without upstaging developed metastases (p =
0.001). Mean metastasis-free survival was 10.3 (95% CI: 9.6-11.1)
years for patients with upstaging, as compared with 12.1 (95% CI:
11.8-12.3) years for patients with no upstaging (p < 0.001; Figure 7).
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Fig. 7. Metastases-free survival after radical prostatectomy according to

upstaging.

In multivariate logistic regression analysis upstaging showed
the highest OR for metastatic disease (3.40 [1.52-7.61], p = 0.003),
followed by PSA (1.05 [1.01-1.08], p = 0.004), while upgrading was
removed from the model.
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4.6 Overall and cancer-specific survival

Mean postoperative follow-up — 53.4 months (SEM: £ 1.5). Mean
OS for patients with and without upgrading was 10.2 (95% CI: 9.3-
11.0) and 9.7 (95% CI: 9.3-10.2) years, while five and ten-year OS
rates were comparable in both groups: 88.6%, 66.7% and 90.1%,
67.7%, respectively (p = 0.746; Figure 8).

1.0

0.8

0.6

Overall survival
-F_+

0.27
p-value = 0.746

—No upgrading

I Upgrading
—— Mo upgrading-censored
—— Upgrading-censored

T T T T T T
.0 25 5.0 7.5 10.0 125

Years after radical prostatectomy

0.0

Fig 8. Prostate cancer overall survival rates according to upgrading.
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Similar OS results were observed in upstaged and non-upstaged
PCa cases, where mean OS was 9.3 (95% CI: 8.5-10.2) and 10.0
(95% CI: 9.5-10.5) years, while five and ten-year OS did not differ
significantly: 91.2%, 56.4% and 89.5%, 69.9%, respectively (p =
0.567; Figure 9).

1.0
0.8
g 0.6
=
v
g 0.47
0.2
p-value = 0.567
M Mo upstaging
MlUpstaging
n.0o —F Mo upstaging-censored
| —+ Upstaging-censored

T T T T T T
0 2.5 5.0 7.5 10.0 125

Years after radical prostatectomy

Fig 9. Prostate cancer overall survival rates according to upstaging.

For patients with and without PCa upgrading mean CSS was 11.9
(95% CI: 11.3-12.5) and 11.9 (95% CI: 11.7-12.0) years. Five-year CSS
did not differ between both cohorts (99.1% vs. 99.1%), while ten-year
CSS rate was significantly lower (88.7% vs. 98.3%) in patients who
underwent pathological upgrading after RP (p = 0.039; Figure 10).
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Fig 10. Prostate cancer-specific survival rates according to upgrading.

Mean CSS for upstaged and non-upstaged PCa was 11.1 (95% CI:
10.5-11.7) and 12.4 (95% CI: 12.3-12.5) years. No differences were
also observed at five-year mark (98.2% vs. 99.3%), while upstaging
was associated with inferior ten-year CSS rates after RP (87.3% vs.
98.3%; p = 0.008; Figure 11).
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Fig 11. Prostate cancer-specific survival rates according to upstaging.

4.7 DNA methylation analysis in tissue

Methylation status of three tumour suppressor genes (RARS,
RASSFI1 and GSTPI) were first validated in prostatic tissues to
evaluate their suitability for PCa diagnostics. Methylation frequencies
of all three genes were significantly higher in PCa as compared to
noncancerous prostate tissues (all p < 0.001; Figure 12), what
encouraged their further analysis in urine.
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Fig. 12. DNA methylation frequencies of genes RARS, RASSF1, and GSTP1
in cancerous and noncancerous prostate tissue. Statistically significant
p-values (p < 0.050) are marked in bold.

Abbreviations: NPT = noncancerous prostate tissue; PCa = prostate cancer.

4.8 DNA methylation analysis in urine

In urine samples, methylation frequencies were similar between
the voided and catheterized urine cohorts, except for GSTPI (p =
0.016; Figure 13).

o 100+ Urine samples
i P = 0.509 B voided
2 80+ :
2 3 catheterized
8]

g 60-

2

= P =0.382

§ 404 — 7

3 P =0.016

£ 20- —

o

: __

RARB RASSF1 GSTP1

Fig. 13. DNA methylation frequencies of genes RARfS, RASSF1, and GSTP1
in urine samples. Statistically significant p-values (p < 0.050) are marked in
bold.
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Methylation of at least one gene was detected in 80.3% (151/188)
of voided and 83.7% (273/326) of catheterized urine. The average
methylation levels ranged from 0.6 to 15.1% and were significantly
different for RASSF1 and GSTP1 between the voided and catheterized
urine samples (both p = 0.001; Figure 14).

20 P =0.001 Urine samples
154 Bl voided
10- 1 catheterized

34 P=0106

L

2‘il P = 0.001
1_
N -

RARB RASSF1 GSTP1

Average methylation level, %
N

Fig. 14. Average methylation levels of genes RARfS, RASSF1, and GSTPI
in urine samples. Statistically significant p-values (p < 0.050) are marked in
bold.

4.9 DNA methylation analysis in urine and upgrading

Single genes, two-gene (RASSFI and GSTPI) and three-gene
(RARP, RASSFI, and GSTPI) panels were further evaluated as
potential noninvasive biomarkers for PCa upgrading, upstaging and
risk increase.

In the catheterized urine cohort, higher average methylation level
of GSTP] was detected in the cases with postoperative upgrading (p =
0.022; Figure 15), while no associations were detected in the voided
samples (Figure 16).
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Fig 15. Average methylation levels of RARS, RASSF1, and GSTP1 according
to ISUP change in catheterized urine samples. Statistically significant
p-values (p < 0.050) are marked in bold.
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Fig. 16. Average methylation levels of RARS, RASSF 1, and GSTPI according
to ISUP change in voided urine samples. Statistically significant p-values
(p <0.050) are marked in bold.
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During ROC curve analysis none of the genes separately (Table 3)
revealed significant results in predicting PCa upgrading. Meanwhile,
three-gene (RARPB, RASSFI and GSTPI) panel in both cohorts
(Figure 17 and 18) and PSA in catheterized urine (Figure 18) as well
as its combinations with single genes (Table 3) or two-gene (RASSF I,
GSTPI) and three-gene (RARS, RASSF1, GSTPI) panels (Figure 17
and 18) were predictive for PCa upgrading (all p < 0.050).

Table 3. ROC curve values of particular gene methylation alone and in
combination with PSA as biomarkers of upstaging, upgrading, and risk
increase.

Voided urine (N = 188) Catheterized urine (N = 326)
Gene Gene Gene Gene
Gene methylation + methylation methylation +

methylation only PSA only PSA

AUC | Pvalue | AUC | Pvalue | AUC | Pvalue | AUC | P value

Upgrading
RARp 0.508 | 0.862 | 0.532 | 0.470 |0.521| 0.600 |0.682 | <0.001
RASSF1 | 0.581 | 0.074 | 0.600 | 0.025 | 0.571| 0.082 |0.692 | <0.001
GSTP! | 0503 | 0919 | 0.517 | 0.704 | 0.550 | 0.065 |0.715| <0.001

Upstaging
RARp 0.551 0.330 | 0.596 | 0.053 | 0.554| 0.154 |0.626| 0.002
RASSFI | 0.586 | 0.106 | 0.608 | 0.029 | 0.540 | 0.313 |0.632| 0.001
GSTPI | 0.575 | 0.062 | 0.608 | 0.033 | 0.533 | 0.174 |0.627 | 0.018
Risk increase
RARp 0.558 | 0.194 | 0.518 | 0.692 | 0.510 | 0.816 |0.589 | 0.045
RASSFI | 0.538 | 0.434 | 0.537 | 0.426 |0.523 | 0.599 |0.597| 0.025
GSTPI | 0.539 | 0.189 | 0.521 | 0.634 | 0.557 | 0.047 |0.623| 0.004

Statistically significant p-values (p < 0.050) are marked in bold.
Abbreviations: N = number of patients; PSA = prostate-specific antigen.
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Fig. 17. ROC curve analysis of two-gene (RASSF1, GSTPI) and three-gene
(RARP, RASSFI and GSTPI) panels as well as their combinations with
PSA for prediction of PCa upgrading in voided urine samples. Statistically
significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic;
PSA = prostate-specific antigen.
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Fig 18. ROC curve analysis of two-gene (RASSFI, GSTPI) and three-gene
(RARP, RASSFI and GSTPI) panels as well as their combinations with PSA
for prediction of PCa upgrading in catheterized urine samples. Statistically
significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic;
PSA = prostate-specific antigen.

NPV of two-gene (RASSFI, GSTPI) and three-gene (RARP,
RASSF1, GSTPI) panels as well as their combinations with PSA was
38-83%, while PPV — 25-51%, sensitivity — 40-85% and specificity —
55-82% (Table 4).

During multivariate logistic regression analysis (Table 5) three-
gene (RARP, RASSF1 and GSTPI) panel in combination with PSA
showed the highest OR for upgrading in voided (OR = 111.5; 95% CI:
3.0-4077.9; p = 0.004) and catheterized (OR = 213.0; 95% CI: 13.6-
3339.4; p <0.001) urine.
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Table 5. Multivariate logistic regression analysis for predicting upgrading,
upstaging and risk increase

Voided urine (N = 188) Catheterized urine (N = 326)
Gene P
OR 95% CI OR 95% CI P value
value
Upgrading
PSA 1.0 [0.9; 1.0] 0.385 1.1 [1.0; 1.1] <0.001
RARp, RASSF 1, ) )
GSTPI 110.6 | [2.8;4422.2] | 0.005 | 199.7 | [1.2;>10000.0] | 0.040
RARp, RASSF 1, ) )
GSTPI + PSA 111.5 | [3.0; 4077.9] | 0.004 | 213.0 | [13.6;3339.4] [<0.001
[0.4; .

RASSF1, GSTPI| 69.9 > 10000,0] 0.092 | 68.7 | [0.1;>10000.0] | 0.192

RASSF1, GSTPI
+ PSA

Upstaging
PSA 1.0 [1.0;1.0] | 0.857 1.1 [1.0; 1.1] <0.001

RARP, RASSFI,
GSTPI

RARB, RASSF1,
GSTPI + PSA
RASSFI, GSTPI | 113.1 | [2.2; 5717.0] | 0.009 | 585.6 |[<0.1;>10000.0]| 0.252

RASSF1, GSTP1
+ PSA

Risk increase
PSA 1.0 [0.9; 1.0] 0.401 1.0 [1.0; 1.1] 0.130

RARP, RASSFI,
GSTPI

RARP, RASSFI,
GSTPI +PSA

RASSF1, GSTPI | 852 | [0.8;9215.9] | 0.045 | 118.5 | [0.1;>10000.0] | 0.171

RASSF1, GSTP1
+PSA

69.7 | [0.6; 8442.0] | 0.075 | 171.0 | [10.4;2801.1] |<0.001

120.1 | [2.2; 6545.0] | 0.009 | 1742.6 | [0.1;>10000.0] | 0.078

122.2 | [2.3;6556.6] | 0.008 | 169.1 | [8.6;3335.0] |<0.001

1152 [2.3;5742.5] | 0.008 | 143.0 [7.4;2773.5] |<0.001

84.5 | [0.8;9115.3] | 0.059 | 416.0 | [1.4;>10000.0] | 0.037

83.5 | [1.0; 7048.2] | 0.046 | 280.4 | [2.7;>10000.0] | 0.018

84.5 | [1.0; 7164.5] | 0.045 | 103.5 | [0.7;>10000.0] | 0.074

Statistically significant p-values (p < 0.050) are marked in bold.
Abbreviations: CI = confidence interval; N = number of patients; OR = odds ratio;
PSA = prostate-specific antigen.
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4.10 DNA methylation analysis in urine and upstaging

In the voided urine cohort, higher average methylation level
of GSTPI was detected in the cases with postoperative upstaging

(p = 0.033; Figure 19), while no associations were detected in the
catheterized samples (Figure 20).
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] P =0.300
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RARB RASSF1 GSTP1

Fig 19. Average methylation levels of RARS, RASSF 1, and GSTPI according

to upstaging in voided urine samples. Statistically significant p-values (p <
0.050) are marked in bold.

Upstaging
15+ 1 no
104 Bl yes

P=0.121
14 —
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Average methylation level, %
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Fig 20. Average methylation levels of RARS, RASSF 1, and GSTP! according
to upstaging in catheterized urine samples.
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During ROC curve analysis none of the genes separately (Table
3) or any of their combinations with each other (Figure 21 and 22)
did not reveal any statistically significant result in predicting PCa
upstaging. Meanwhile, PSA alone in catheterized urine (Figure 22)
and its combinations with single genes (Table 3) as well as with two-
gene (RASSF1, GSTPI) and three-gene (RARS, RASSFI, GSTPI)
panels (Figure 21 and 22) were predictive for PCa upstaging in both
cohorts (all p < 0.050).

Voided

100
80}

60

Sensitivity, %

40}

20}

0 . i | 1 L 1 L 1
0 20 40 60 80 100
100-Specificity, %

AUC  P-value
— PSA 0.545 0.333
—— 2 genes 0.585 0.112
—— 2 genes + PSA 0.607 0.030
—— 3 genes 0.592 0.081

—— 3 genes + PSA 0.607 0.031

Fig 21. ROC curve analysis of two-gene (RASSF1, GSTPI) and three-gene
(RARB, RASSF1 and GSTPI) panels as well as their combinations with
PSA for prediction of PCa upstaging in voided urine samples. Statistically
significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic;
PSA = prostate-specific antigen.
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Catheterized

100

Sensitivity, %

60 80 100
100-Specificity, %

AUC  P-value
—— PSA 0.620 0.006
—— 2 genes 0.558 0.133
—— 2genes + PSA 0.630 0.002
—— 3 genes 0.519 0.626

—— 3 genes + PSA 0.625 0.002

Fig. 22. ROC curve analysis of two-gene (RASSF'1, GSTPI) and three-gene
(RARP, RASSF1 and GSTP1) panels as well as their combinations with PSA
for prediction of PCa upstaging in catheterized urine samples. Statistically
significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic;
PSA = prostate-specific antigen.

The Partin value was a significant predictor for upstaging in
voided (Figure 23) and catheterized (Figure 24) urine. Though, the
combination of the two-gene (RASSFI, GSTPI) and three-gene
(RARpB, RASSF1, GSTPI) set with Partin nomogram only slightly
increased the AUC, with more apparent difference observed in voided
cohort (Figure 23 and 24).
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Voided
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100-Specificity, %

AUC  P-value
— Partin 0.684 <0.001
— 2genes + Partin  0.720 <0.001
— 3 genes + Partin  0.720 <0.001

Fig. 23. ROC curve analysis of Partin value separately and in combination
with two-gene (RASSFI, GSTPI) and three-gene (RARS, RASSFI and
GSTPI) panels for prediction of PCa upstaging in voided urine samples.
Statistically significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic.

NPV of two-gene (RASSFI, GSTPI) and three-gene (RARP,
RASSF 1, GSTPI) panels as well as their combinations with PSA was
85-87%, while PPV — 24-33%, sensitivity — 50-69% and specificity —
44-74% (Table 4).

In both cohorts, the addition of Partin value to two-gene (RASSF 1,
GSTPI) and three-gene (RARfS, RASSF1, GSTPI) panels increased the
test’s specificity and PPV: NPV —82-91%, PPV —33-56%, sensitivity —
43-75% and specificity — 60-91% (Table 6).
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Catheterized
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100-Specificity, %
AUC  P-value
— Partin 0.693 <0.001

—— 2genes + Partin  0.700 <0.001
—— 3 genes + Partin  0.707 <0.001

Fig. 24. ROC curve analysis of Partin value separately and in combination
with two-gene (RASSFI, GSTPI) and three-gene (RARS, RASSFI and
GSTP1I) panels for prediction of PCa upstaging in catheterized urine samples.

Statistically significant p-values (p < 0.050) are marked in bold.
Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic.

During multivariate logistic regression analysis (Table 5) three-
gene (RARpS, RASSFI1 and GSTPI) panel in combination with PSA
showed the highest OR for upstaging in voided (OR = 122.2; 95%
CI: 2.3-6556.6; p = 0.008) and catheterized (OR = 169.1; 95%CI: 8.6-
3335.0; p <0.001) urine.
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Table 6. Sensitivity, specificity, PPV and NPV of Partin value separately
and in combination with two-gene (RASSF'1, GSTPI) and three-gene (RARp,
RASSF1, GSTP1) panels for predicting PCa upstaging.

Parameter Sensi;ivity, Spec:/ﬁ city, PPV, % | NPV, %
(] (]

Voided urine (N = 188)

Partin value 53.3 77.0 37.1 86.6
RASSF1, GSTP1 + Partin value 43.2 91.3 55.7 86.3
\1]{:155, RASSF'1, GSTPI + Partin 75.0 60.3 325 90.5
Catheterized urine (N = 326)

Partin value 56.5 79.8 41.6 82.4
RASSF1, GSTPI + Partin value 59.3 80.8 44.0 88.6
f;lﬁeﬁ, RASSF1, GSTP1 + Partin 61.0 79.8 435 28.9

Abbreviations: N = number of patients; NPV = negative predictive value; PPV =
positive predictive value; PCa = prostate cancer.

4.11 DNA methylation analysis
in urine and risk change

In the catheterized urine, higher average methylation level of
GSTPI was detected in the cases with increased risk after RP (p =
0.012; Figure 25), while no associations were detected in the voided
urine samples (Figure 26).

During ROC curve analysis PSA separately in any cohort (Figure
27 and 28) and none of the genes separately in voided urine (Table 3)
did not reveal any statistically significant result. In catheterized urine
samples GSTPI alone (p = 0.047) and PSA combination with any
single gene (all p < 0.050) significantly predicted PCa risk increase
after RP (Table 3). Two-gene (RASSF1, GSTP1) and three-gene (RARp,
RASSFI, GSTPI) panels in combination with PSA were predictive
for PCa risk increase in the catheterized urine (all p < 0.050; Figure
28), while a weak tendency was observed in the voided urine samples
(Figure 27).
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Fig. 25. Average methylation levels of RARS, RASSF1, and GSTP1 according
to risk change in catheterized urine samples. Statistically significant p-values

(p < 0.050) are marked in bold.
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Fig. 26. Average methylation levels of RARS, RASSF1, and GSTPI according

to risk change in voided urine samples.

NPV of two-gene (RASSFI, GSTPI) and three-gene (RARp,
RASSF1, GSTPI) panels as well as their combinations with PSA was
79-89%, while PPV — 27-35%, sensitivity — 36-90% and specificity —

27-82% (Table 4).
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Voided

100

Sensitivity, %

0 20 40 60 80 100
100-Specificity, %

AUC P-value
— PSA 0.502 0.960
—— 2 genes 0.562 0.186
—— 2genes + PSA 0.579 0.081
—— 3 genes 0.562 0.188

—— 3 genes + PSA 0.577 0.089

Fig. 27. ROC curve analysis of two-gene (RASSF'1, GSTPI) and three-gene
(RARS, RASSF1 and GSTP1) panels as well as their combinations with PSA
for prediction of PCa risk increase in voided urine samples. Statistically
significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic;
PSA = prostate-specific antigen.

During multivariate logistic regression analysis (Table 5) two-gene
(RASSF'I and GSTP1I) panel showed the highest OR for postoperative
risk increase in voided urine (OR = 85.2; 95% CI: 0.8-9215.9; p =
0.045), while three-gene (RARp, RASSF1 and GSTPI1) panel showed
the highest OR for postoperative risk increase in catheterized urine
(OR =416.0; 95% CI: 1.4-10000.0; p = 0.037).
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Catheterized

100
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Sensitivity, %

20}

0 - v 1 1 1 1 1
0 20 40 60 80 100
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AUC  P-value
— PSA 0.580 0.072
—— 2 genes 0.534 0.455
—— 2 genes + PSA 0.594 0.034
—— 3 genes 0.546 0.324

—— 3 genes + PSA 0.599 0.028

Fig. 28. ROC curve analysis of two-gene (RASSF1, GSTPI) and three-gene
(RARB, RASSF1 and GSTPI) panels as well as their combinations with PSA
for prediction of PCa risk increase in catheterized urine samples. Statistically
significant p-values (p < 0.050) are marked in bold.

Abbreviations: AUC = area under the curve; ROC = receiver operating characteristic;
PSA = prostate-specific antigen.
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5. DISCUSSION

PCa with high-levels of molecular and morphological diversity
is a particularly heterogeneous disease ranging from clinically
indolent localised tumour to metastatic and life-threatening disease.
Thus, accurate assessment of disease’s aggressiveness and optimal
disease management are the main goals for clinicians. The modified
D’Amico classification system is the most commonly used criteria
for the definition of PCa risk, however 24-41% of PCa patients are
upgrading and 29-34% — upstaging after RP. According to our study,
upgrading was observed in 27% and upstaging in 20% of PCa patients
after RP. Among the upgraded cases, 86% of the patients were initially
diagnosed with cISUP 1 PCa, while 49 % of upstaged cases were
clinically diagnosed with cTlc disease. According to the D’Amico
criteria, the latter characteristics characterize low-risk PCa and are the
main indications for active surveillance.

The discrepancy between initial PB and RP material are mainly
attributable to sampling and analysis errors:

1. During PB just a limited amount of prostate tissue is collected,
so a sampling error could occur when a higher Gleason grade is
missed on the needle biopsy;

2. 20% of RP specimens have a tertiary Gleason grade which
can be captured in biopsy but missed during histopathological
examination of RP material, especially when partial embedded
technique is considered;

3. Besides, borderline neoplastic changes can be interpreted
differently by different pathologists, especially in nonreferral
centres when high quality samples are unavailable.

The clinical and prognostic significance of PCa upgrading and
upstaging remains controversial. According to our findings, patients
undergoing upgrading or upstaging are 1.5 times more likely to have
a PSM on pathological specimen. It is generally known that PSM
is associated with RP for high-risk disease and surgical experience,
especially in upgrading and upstaging settings when surgeons are
facing the disease clinically suspected to have a low risk of progression.
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According to literature, it has been shown that upgrading is
associated with BCR. Ham W. S. et al. reported that downgrading is
associated with better BCR-free survival, while upgrading increases
the risk for BCR. According to our findings, upgrading increase the risk
for BCR at 1.8 times and upstaging at 2.1 times, while patients with
clinically diagnosed intermediate and high-risk PCa carry the highest
risk. Different risk for BCR could be explained by different upgrading
categories, while the vast majority of low-risk patients (cISUP 1)
postoperatively upgraded to intermediate-risk disease (pISUP 2; in the
present study 86.3% of patients) and intermediate-risk cases (cISUP
2) upgraded to an even higher-risk disease, i.e. pISUP 3 and higher.

The association between BCR and progression to metastatic
disease and death of PCa is well documented in scientific literature.
According to our findings, MFS was significantly shorter in patients
with upgrading and upstaging, while grade and stage increase after RP
did not reveal any impact on OS but was associated with inferior ten-
year CSS: 89% vs. 98% for upgrading, and 87% vs. 98% for upstaging.
Our findings are consistent with other investigators, where inferior
CSS results have been reported for patients undergoing upstaging and
upgrading.

The impact of PCa upgrading and upstaging on surgical and
oncological outcomes are raising the issue about serious diagnostic
problems. Several nomograms have been suggested to predict the
probability of pathologic upgrading, however, most of them are
designed for low-risk PCa and have limited value in counselling
patients with intermediate and high-risk disease. Molecular markers
containing information from all tumour foci and reflecting PCa
genetic and epigenetic changes may provide valuable information for
improved diagnosis and timely prediction of PCa aggressiveness.

In our study, promoter methylation of RARS, RASSFI and GSTP1
was evaluated in voided and catheterized urine for prediction of PCa
aggressiveness, local stage and risk group. Methylation frequency in
cancerous tissue was as follows: RARS — 99%, RASSFI — 97% and
GSTPI — 69% (Figure 12), while in voided and catheterized urine:
RARP—35% and 32%, RASSF1 —76% and 79%, GSTP1 —17% and 9%
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(Figure 13). According to other authors, RARS was hypermethylated
in 40-96% of PCa tissue specimens and in 35-62% of urine samples,
while RASSFI — in 28-99% of PCa tissue specimens and in 38-78%
of urine samples and GSTP! — in 17-95% of PCa tissue specimens
and in 27-83% of urine samples. The differences between methylation
frequencies and levels could be attributed to:

1.

Different cohorts with different sample size, different familial and
epidemiological history as well as different clinico-pathological
characteristics;

Different methods for collecting cancerous tissue: RP, PB, tran-
surethral resection of the prostate (TRUP) and even metastasec-
tomy. Cancerous tissue obtained during PB or TURP may not prop-
erly reflect the aggressiveness and stage of the disease;

Different percentage of cancerous cells in cancerous tissue.
According to our protocol, cancerous tissue contained > 70%
of cancer cells, while in the majority of other studies it was not
reported;

Different methods for collecting urine samples, i.e. with and
without prostate massage, voided or catheterized urine;

. Different methods for detecting PCa (PB or RP), when urine was

used for molecular analysis. PCa characteristics obtained during
PB may not properly reflect the aggressiveness and stage of the
disease;

. Different control cohorts, while differences were observed

not only in clinico-pathological characteristics or familial and
epidemiological history, but also in sample size and noncancerous
tissue. Some studies investigating biomarkers in urine used normal
prostate tissue and benign prostate hyperplasia tissue as a control;

. Different methods for collecting noncancerous prostate tissue:

RP, PB, TURP and adenomectomy. Benign tissue obtained during
PB, TURP or adenomectomy may not exclude the diagnosis of
PCa. During TURP and adenomectomy the tissue for histological
evaluation is obtained from the transition zone, while most of PCa
are located in the peripheral zone. During all these procedures
paraneoplastic tissue could be obtained, where hypermethylation
could be identified, while no morphological changes are detected;

52



8. Other malignancies, which are also associated with hypermethyla-
tion of RARfS, RASSFI and GSTPI;

9. Different processing and storage of prostate tissues specimens.
The quality of DNA extracted from snap frozen tissue specimens
is better as compared to formalin-fixed and paraffin-embedded
samples, which more often are fragmented. Poor quality and
fragmented DNA can distort the methylation analysis because
only shorter amplicons will be amplified,

10. Different processing of urine samples. Different methylation
results could be obtained from different fractions of urine, i.e.
sediments, exosomes or supernatant;

11. Different methods of DNA methylation analysis. Qualitative
methylation analysis, such as MSP provides sensitive detection
of methylated DNA, though low methylation levels could be
undetected or classified as false positive. Quantitative methylation
analysis, such as QMSP or pyrosequencing allows precise
detection of DNA methylation, though control samples and other
technical measures are needed to allow accurate interpretation of
low methylation levels;

12. Different methylation level which is considered as the threshold
for QMSP. According to our protocol, methylation level of 0.1%
was considered as the threshold, while in majority of the studies it
was not shown.

Despite differences in methylations frequencies and levels, all
genes (RARpS, RASSFI and GSTP1) have shown significantly different
methylation frequencies in normal and PCa tissues, when higher
methylation frequencies were detected in cancerous tissue (Figure 12).

According to our findings, the general GSTPI methylation level, as
well as frequency, was relatively low, although significantly different
in cases with postoperative upgrading, upstaging and risk increase.
More intense GSTPI methylation was observed in voided urine of
patients who underwent upstaging, whereas it was associated with
upgrading and risk increase in catheterized urine. All these findings
are in agreement with other studies reporting associations of GSTP1
with aggressiveness and pathological stage of PCa.
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A slightly higher methylation level of RASSFI was detected in
voided urine of the patients with upstaging, while the same tendency
was observed in both cohorts of the patients with upgrading. RARfS
hypermethylation did not show any potential in predicting change of
clinical parameters.

Value of each gene individually to predict postoperative PCa
upstaging and upgrading was limited, while single genes combination
with PSA, as well as two-gene (RASSF1, GSTPI) and three-gene
(RARB, RASSF1, GSTPI) panel combination with PSA revealed
moderate test performance parameters in both voided and catheterized
urine cohorts.

GSTPI separately and PSA combination with all single genes, as
well as two-gene (RASSF1, GSTP1) and three-gene (RARS, RASSF1,
GSTPI) panels was also predictive for PCa risk change, but only in
the catheterized urine. The discrepancies observed between the two
cohorts could be explained by the different methylation levels detected
in voided and catheterized urine, especially those of RASSFI and
GSTPI, when this was most likely related to the different techniques
employed for urine sample collection.

Nevertheless, I would like to mention several limitations of the
present study. Firstly, some differences in clinico-pathological charac-
teristics between the patients with voided and catheterized urine were
identified, which could have influenced the differences observed in the
methylation levels and frequencies. Secondly, although the biological
samples were collected prospectively, some of clinical data were col-
lected and analysed in a retrospective way. Furthermore, no pathologi-
cal re-evaluation of biopsy specimens from outside institutions were
performed so inter-observer variation might affect the results. Finally,
multiparametric magnetic resonance imaging was not included in our
protocol, which is widely used nowadays clinical practice and associ-
ated with less pathological upgrading at RP.
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6. CONCLUSIONS

. Clinico-pathological characteristics presently used in everyday
clinical practice, such as cISUP, cTNM and PSA, are not sufficiently
reliable diagnostic tools to characterize PCa aggressiveness, local
stage and risk group. Postoperative upgrading was detected in
27.2% of PCa patients, while upstaging in 20.3% and risk increase
in 23.9% of the patients, with the total misclassification rate, i.e.
upgrading and/or upstaging, as high as 39.0%.

. PCa upgrading and upstaging after RP is associated with:

a. PSM, when each of them increases the risk 1.5 times;

b. BCR, when upgrading increased the risk 1.8 times and
upstaging — 2.1 times;

c. Metastatic disease, when metastases 2.0 times more often were
diagnosed to the patients undergoing upgrading and 3.2 times
more often to the patients undergoing upstaging;

d. MFS, while mean time to metastases was significantly shorter
for the patients undergoing upstaging: 10.3 vs.12.1 years;

e. 10-year CSS, while it was significantly shorter for the patients
undergoing upgrading (89% vs. 98%) and upstaging (87% vs.
98%).

. RARP, RASSF'I and GSTP1 gene promoter methylation frequencies
are significantly different in cancerous and noncancerous prostate
tissues.

. Higher methylation frequency and level of GSTPI was detected
in voided urine, while higher methylation level of RASSFI was
detected in catheterized urine.

. Two-gene (RASSF1, GSTPI) and three-gene (RARpS, RASSFI,
GSTPI) panels in combination with PSA revealed significant
results predicting postoperative upgrading, upstaging and risk
increase, consequently, they are suitable for PCa diagnostics.
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7. RECOMMENDATIONS

Taking into account that 39% of PCa stage and/or differentiation
grade established during clinical diagnosis do not match RP
histology, clinical evaluation of PCa patients should be improved
by non-invasive molecular markers.

While developing new PCa diagnostic and prognostic tests, we
recommend to use combinations of epigenetic markers with each
other and with PSA, as well as with clinical characteristics.

Having diagnosed low-risk PCa and considering active surveillance,
we recommend to additionally perform the three-gene (RARS,
RASSF1 and GSTPI) urine test, which, in combination with PSA,
could improve characterization of PCa aggressiveness and stage.

During RP for low-risk disease, we recommend to carefully follow
all principles of oncological safety, especially dissecting the apex
of the prostate, where possibility for PSM is the highest.

We recommend strict monitoring of PSA and considering the
usage of adjuvant radiotherapy for low-risk PCa when upgrading
or upstaging is detected after RP.

We recommend adjuvant radiotherapy for intermediate-risk PCa
when upgrading or upstaging is detected after RP.
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4" EAU Baltic Meeting 2017; Vilnius,
Lithuania

Nordic Advanced Prostate Cancer (NAPC)
Camp; Stockholm, Sweden

Advances in the Armamentarium of
CRPC; Growing Radium-223 Dichloride
Understanding and Treatment Expertise;
Guy’s and St Thomas’ Hospital, London,
United Kingdom

3 EAU Baltic Meeting 2016; Tallinn, Estonia
EUREP Advanced HOT Follow-up;
Olympus EndoClub Academy; Hamburg,
Germany
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8 September, 2015

4-9 September, 2015

5-11 May, 2015
1 March - 31 May,

2015
1-6 February, 2015

30-31 October, 2014

10-12 October, 2014
23-25 May, 2014
11-15 April, 2014

15-19 March, 2013

The European Training in Basic
Laparoscopic Urological Skills Exam
(E-BLUS); 13" European Urology Residents
Education Programme (EUREP); Prague,
Czech Republic

13" European Urology Residents Education
Programme (EUREP); Prague, Czech
Republic

ESU-Weill Cornell Masterclass in Urologys;
Salzburg, Austria

Clinical Observership in Uro-oncology;
Fundacié Puigvert, Barcelona, Spain.

ESU Hands-on training course on
Endourology and Laparoscopy; Minimally
Invasive Surgery Centre Jestis Uson,
Caceres, Spain

I** ESU Masterclass on Lasers in urology, in
collaboration with the EAU Section of Uro-
Technology (ESUT); Barcelona, Spain

14" EAU Central European Meeting 2014;
Cracow, Poland

1** EAU Baltic Meeting 2014; Vilnius,
Lithuania

29" Annual EAU Congress; Stockholm,
Sweden

28" Annual EAU Congress; Milan, Italy

Good clinical practice:

1. GCP Basic Course; Approved by State Medicines Control Agency;
18 June, 2017; Certificate No. e-627.

2. ASCLS P.A.C.E.® Certificate for Transporting Dangerous Goods;
Mayo Clinic Laboratories; 22 December, 2019; Program No.
058/024/19, Provider No. 058.
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Research activities:

2016 — 2018 Investigator in biomedical clinical study

investigating diagnostic biomarkers of
metastatic castration-resistant prostate
cancer

2015 -2018 Investigator in biomedical clinical study

investigating diagnostic biomarkers of
prostate cancer

Awards:

L.

Young Urologists Competition Award (BALTIC16). Received
the First Prize in the Young Urologists Competition for the
presentation: Sentinel lymph node mapping as an option in
prostate cancer. 3 EAU Baltic Meeting; 27-28 May 2016,
Tallinn, Estonia.

. Second Berlin Chemie Award for Best Poster Presentation,

entitled: Epigenetic Markers to Overcome Limitations in Prostate
Cancer Diagnostics. 5" EAU Baltic Meeting 2018, 25-26 May
2018, Riga, Latvia.

. First Berlin Chemie Award for Best Poster Presentation, entitled:

Predicting Abiraterone Acetate Treatment Resistance from Blood-
circulating Androgen Receptor Variants in Castration Resistant
Prostate Cancer. 6™ EAU Baltic Meeting 2019, 24-25 May 2019,
Tallinn, Estonia.

Memberships:

2014 — present Member of Lithuanian Urological Society
(LUD)

2012 — present Member of European Association of
Urology (EAU)

Main areas of interest:

Uro-oncology, Robotics & Minimally Invasive Urology, Molecular
Markers of Prostate Cancer.
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