MEDICAL UNIVERSITY - PLOVDIV
FACULTY OF MEDICINE
DEPARTMENT OF UROLOGY AND GENERAL MEDICINE

Dimitar Todorov Delkov

Oncometabolites in urine - a new opportunity for early
detection and prognosis of the clinical course of verified
prostate cancer

AUTHOR’S SUMMARY

IJIOBJIUB

2022 r.






Dedicated to himanity

MMOCIErTEHY WG XYMENNOCTTIM
MEAMIMNHCKN YHUBEPCHTET - NNAOBANEBE MEDICAL UNIVERSITY - PLOVIMV

l..
L
'
3 1| N
2 (lrerehe
= | )
g | bad P
T o

MEDICAL UNIVERSITY - PLOVDIV
FACULTY OF MEDICINE
DEPARTMENT OF UROLOGY AND GENERAL MEDICINE

Dimitar Todorov Delkov

Oncometabolites in urine - a new opportunity for early
detection and prognosis of the clinical course of verified
prostate cancer

Author’s summary of a doctoral thesis for acquisition of educational and
scientific degree ""Doctor of Philosophy"*

Doctoral program: Urology, Professional field: 7.1. Medicine, Field of
higher education: 7. Healthcare and Sport

Supervisors:
Prof. Ivan Dechev, M.D., PhD

Assoc. Prof. Yordanka Uzunova, PhD

Plovdiv
2022



The doctoral student works in the Department of General Medicine and Urology at the Faculty
of Medicine at the Medical University - Plovdiv.

The doctoral thesis is presented on 107 pages. It is illustrated with 17 tables and 29 figures. The
numbering of the tables in the abstract does not correspond to those in the doctoral thesis.

The doctoral thesis was discussed at an extended department council in the Department of
General Medicine and Urology at the Medical University - Plovdiv on 22.12.2021 (protocol Ne
17/22.12.2021) and scheduled for defense before the Scientific Jury consisting of:

* Prof. Dr. Boris Sakakushev, Doctor of Medicine - Medical University - Plovdiv

* Prof. Mariana Argirova, Doctor of Chemical Sciences - Medical University - Plovdiv

* Prof. Dr. Dimitar Mladenov, Doctor of Medical Sciences - Medical University - Sofia

* Prof. Dr. Svetoslav Nikolov, Doctor of Medicine - Military Medical Academy - Sofia

* Prof. Dr. Krasimir Neykov, Doctor of Medicine - Specialized hospital for active treatment in
oncology — Sofia

Alternate members:

* Prof. Petya Tsvetkova, Doctor of Medical Sciences - University "Prof. Dr. Asen Zlatarov "-
Burgas

* Prof. Dr. Penka Stefanova-Peeva, Doctor of Medicine - Medical University - Plovdiv

The public defense of the doctoral thesis will take place on ..................cocoieienn...

The materials on the defense are available in the Scientific Department of the Medical
University -Plovdiv, 15A Vasil Aprilov Blvd. and are published on the website of the Medical
University - Plovdiv — www.mu-plovdiv.bo.



http://www.mu-plovdiv.bg/

Content
Abbreviations used

. Introduction

. Purpose and tasks

. Materials and methods
. Results and discussion
. Conclusions

. Contributions

. Publications related to the doctoral thesis

Lo N o o B~ W N

. Participation in scientific forums and projects

oo o o1 b~

43
44
45
45



Abbreviations

WHO - World Health Organization

Pca — Prostate cancer

DRE - Digital rectal exam

GABA - gamma-Aminobutyric acid

NRTK - non-receptor tyrosine kinase

GAD - Glutamic acid decarboxylase

PSA - Prostate-specific antigen

tPSA - Total prostate-specific antigen

ISUP - International Society for Urological Pathology
EAU - European Association of Urology

PCA 3 - Prostate carcinoma antigen

HPLC-MS/MS — High performance liquid chromatography with mass detection
GNMT - Glycine N-methyltransferase

AUC- area under the curve

PPP - Positive predictive power

NPP - Negative predictive power



1. Introduction

Prostate cancer (Pca) is in the top 10 malignancies worldwide. According to the latest published
data of the International Agency for Research on Cancer (IARC) at the WHO, it is the second
most common malignant neoplasm after lung cancer, with about 270,000 deaths each year from
the disease. Defining Pca as a socially significant disease is based on its epidemiological
characteristics, which place it second in frequency in Bulgaria after lung cancer and in the same
place in terms of cancer mortality. It is extremely important and necessary to develop effective
and specific methods for screening and early detection of CP. To date, prostate-specific antigen
(PSA) has been identified as the main marker imposed in practice. Its research as a tumor
marker for Pca significantly increased the detection and reduced mortality due to this disease.
Serum reference values of 0 to 4 ng/mL are considered normal. This biomarker is organ-specific
but not tumor-specific. Elevated serum levels are not always due to cancer, but may be caused
by benign prostatic hyperplasia or prostatitis.

Current clinical practice still relies on histopathological evaluation of biopsy materials using
Gleason-score scale based on glandular architecture. Biopsies, although the most reliable,
remain a difficult method for assessing tumor spread and biology. This is due to the fact that
the performed biopsies can reach 20, which leads to a heavy tension and significant probable
side effects and complications.

Doctors, as well as patients, very often choose intensive treatment regimens, in the absence of
any decisive indication of the presence of an aggressive disease.

When deciding on an intense form of therapy, patients initially undergo surgery or various types
of radiation or hormone therapy, associated with serious side effects that impair quality of life.
About 50% of treated men, regardless of the method, experience a relapse evidenced by
detectable or rising PSA levels.

These facts show that there is a great need for new biomarkers to improve the clinical approach
and management of Pca. The rapid development of molecular biotechnologies such as gene
sequencing, construction of proteomic and metabolic profiles allows the discovery of various
potential biomarkers for Pca. Tumor cells have been found to show marked metabolic signs.
Their relationship with the environment is described as a tumor microenvironment, which opens
up new possibilities for various studies. Over the last decade, many attempts have been made
to identify metabolic biomarkers, including for Pca, and amino acids are among them.



2. Purpose and tasks
2.1. Purpose

The purpose of the present study was to evaluate the diagnostic and predictive value of a cluster
of urinary oncometabolites in patients with verified prostate cancer.

2.2. Tasks

1. To select appropriate oncometabolites excreted in the urine of patients with verified prostate
cancer.

2. To measure the concentration of the oncometabolites sarcosine, kynurenine, -alanine, o-
alanine, isoleucine, leucine, ethanolamine and GABA in the urine of patients with verified
prostate cancer and in the control group.

3. To study the correlation dependences of oncometabolites both between them and with
established indicators for Pca (PSA, Gleason score).

4. To make a comparative analysis and assessment of their diagnostic reliability and predictive
value in patients with verified prostate cancer.

3. Materials and methods

3.1. Objects of the research

153 men hospitalized in the Clinic of Urology at the St. George University Hospital, Plovdiv,
Bulgaria, for the period January 2019 — June 2020 were included to participate in the research
(analytical, prospective epidemiological). They were divided into two groups: patients with
verified prostate cancer (n = 101) and men without concomitant chronic diseases and pathology
of the prostate gland (n = 52) marked as Pca group and control group respectively.

3.2. Inclusion criteria

* Patients diagnosed with prostate cancer based on DRE, ultrasound and prostate biopsy,
without surgical or any other treatment.

* Signed informed consent.

» Diagnostic criteria - prostate cancer is diagnosed by DRE, ultrasound and prostate biopsy with
elevated levels of total PSA.

3.3. Exclusion criteria

The research participants did not have any other oncological disease, chronic renal failure,
diabetes mellitus, or other concomitant acute or chronic disease of infectious or inflammatory
origin.



3.4. Research protocol

The information about the features of the research was collected and filled in on a list for
processing statistical information:

o Age

e Sampling location

e Date of sampling

e Type of metabolites studied

e Levels of metabolites studied

e Serum tPSA levels

e Finding from DRE and ultrasound of the prostate gland

e Histological finding from prostate biopsy

e Determination of Gleason score and risk of progression

3.5. Sources of information

The own database of patients has been prepared by the author by preparing a list for collecting
statistical information in accordance with the specific tasks of the doctoral thesis. All patients
were hospitalized in the Clinic of Urology at the St. George University Hospital, Plovdiv, and
their first morning urine was collected, which was analyzed for the content of the specified
metabolites.

3.6. Research methods
3.6.1. Clinical methods

 Medical history - information is collected about the subjective complaints of patients
related to the symptoms of the lower urinary tract, the accompanying diseases and
previous operations related to problems from other organs and systems.

* Clinical examination - performed mainly by DRE, which determines the size,
consistency, surface of the prostate, as well as the presence of adhesions with
surrounding tissues, as signs of locally advanced process.

3.6.2. Ultrasound methods

For the purposes of the study, an ultrasound model "SonoScape A8" was used, which is
equipped with transrectal and conventional transducers. All patients underwent conventional
abdominal ultrasound, and some had transrectal ultrasound, determining prostate volume, the
presence of hetero or isoechoic areas, calcifications.

3.6.3. Laboratory methods

The implementation of the procedure was approved by a decision of the Commission on
Scientific Ethics of the Medical University-Plovdiv, Protocol Ne 6 /23.11.2017.



After receiving the urine, it was centrifuged and frozen until the time of analysis. High
performance liquid chromatography with mass detection was used to analyze the urine samples.
The applied method is validated according to the EMA criteria for validation of a bioanalytical
method.

3.6.3.1. Reagents

Aqueous solutions of sarcosine, leucine, isoleucine, y-aminobutyric acid (GABA),
ethanolamine, kynurenine (B-Anthraniloyl-L-Alanine), o-alanine, B-alanine and norvaline
(internal standard) with concentrations listed in Table 1 were used to construct the calibration
curve. A solution of dansyl chloride in acetone (1 g/L) was used to derivatize the studied
metabolites. The derivatization was performed in an alkaline medium maintained by a buffer
with a sodium hydrogen carbonate concentration of 0.5 mol /L and a pH of 9.5. Acetonitrile
and methanoic acid were used to prepare the eluent for chromatographic analysis. The reagents
were supplied by Sigma-Aldrich, Germany and were of the purity required for analysis.

3.6.3.2. Preparation of calibration solutions

Calibration solutions were prepared using a pool of urine that was diluted 100-fold. To 45 pL
of it are added 45 pL of the mixed standard for each calibration level and 10 pL of the internal
standard (Table 1). The calibration solutions thus prepared are derivatized and analyzed
according to the described scheme.

Table 1. Concentration of calibration solutions

Concentration of calibration solutions, mg/L
Calibration levels
1 2 3 4 5 6 7 8
a-L-Alanine  0.781 1.563 3.125 6.25 12.5 25 50 100
p-Alanine 0.078 0.156 0.312 0.625 1.25 2.5 5 10
Sarcosine 0.0039 0.0078 0.0156 0.0312 0.0625 0.125 0.25 0.5

GABA 0.078 0.156 0.312 0.625 1.25 2.5 5 10
Kynurenine 0.781 1.563 3.125 6.25 12 25 50 100
Leucine 0.156 0.312 0.625 1.25 2.5 5 10 20

Isoleucine 0.078 0.156 0.312 0.625 1.25 25 5 10
Ethanolamine  0.781 1.563 3.125 6.25 125 25 50 100
Norvaline 10 10 10 10 10 10 10 10

3.6.3.3. Derivatization procedure

To 50 uL of buffer was added 10 uL of mixed amino acid solution containing internal standard
and 50 uL of acetone solution of dansyl chloride (1g/L) freshly prepared. The reaction mixture
was stirred and allowed to react at 25 degrees for 15 minutes. At the end of the time, 15 pL of



10% HCOOH solution was added, 2 minutes awaiting and the solution was diluted 100 times
before injection for chromatographic analysis.

3.6.3.4. Urine derivatization

After thawing, the urine was centrifuged for 10 minutes at 15,000 rpm and the supernatant was
diluted twice. To 90 uL of it is added 10 uL internal standard. Take 10 pL of this solution and
add to 50 pL buffer. Add 50 pL of dansyl chloride and derivatize according to the described
scheme. After derivatization, the reaction mixture was diluted 100-fold and analyzed.

3.6.3.5. Chromatographic conditions

A UHPLC Thermo Dionex Ultimate 3000 chromatographic system (Thermo Fisher, USA) and
an Accucore RP-MS column (100mmx2.1 mm, 2.6 um) were used to separate the danzylated
metabolites in a urine matrix.

Elution was performed in gradient mode with phase A-0.1% HCHOH in water and phase B-
0.1% HCHOH in 60% CH3CN (Table 2), flow rate 0.1 mL / min, volume of injected sample 10
pL, autoinjector temperature 4 ° C.

Table 2. Program for gradient elution of selected metabolites, Accucore RP-MS column.

Time (min) Flow rgte Phase A, % Phase B, %
0,1% HCOOH) (60% ACN 0,1% HCOOH)
1 0.00 0.100 50.0 50.0
2 0.00 0.100 50.0 50.0
3 8.00 0.100 25.0 75.0
4 10.00 0.100 50.0 50.0
5 12.00 0.100 35.0 65.0
6 18.00 0.100 35.0 65.0
7 18.00 0.100 50.0 50.0
8 27.00 0.100 50.0 50.0

Triple quadrupole tandem mass spectrometer Thermo TSQ Quantum Access Max was used for
detection of metabolites. The operating conditions were as follows-positive electrospray
ionization, voltage 3500V, evaporation temperature 300 ° C, transfer capillary temperature 200
° C, pressure of carrier gas nitrogen 45U, collision gas (Ar) 1.5 mTorr.

The metabolites were detected by the m/z transition of the molecular ion to the m/z transition
of the dominant product ion at the corresponding elution time (Table 3).



Table 3. Mass transitions for selected amino acids and amines.

m/z molecular m/z product

Metabolite . . Collision energy, eV
ion ion

a-Alanine 323.1 170 20
B-Alanine 323.1 170 20
Sarcosine 323.1 170 20
GABA 337.1 170 23
Kynurenine 442 170 33
Leucine 365 170 33
Isoleucine 365 170 33
Ethanolamine 295 170 24
L-Norvaline 351 170 25

The results were recorded and processed with specialized Xcalibur software (Thermo Fischer
Scientific, USA) in Selected Reaction Monitoring (SRM) mode.

3.6.3.6. Determination of creatinine

The results of the chromatographic analysis were normalized to the creatinine concentration
determined in the same portion of urine used for the chromatographic analysis. The creatinine
concentration was determined spectrophotometrically, using the Jaffe method with a kit for the
determination of creatinine in urine of BioSystems (Spain).

3.6.4. Statistical methods

GraphPadPrism 9.0.0 version software (GraphPad Software, 2365 Northside Dr. Suite 560, San
Diego, CA 92108) was used for data processing. Data were analyzed with descriptive statistics,
Kolmogorov-Smirnov test for normal distribution and nonparametric test-Mann-Whitney U,
Kruskal-Wallis test and Dunn's post hoc test, multivariable ROC analysis and logistic
regression analysis (Hosmer-Lemeshow test). Correlations were estimated by the Spearman
coefficient. A level of 5% (P <0.05) was used to assess statistical significance.
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4. Results and discussion

4.1. Selection of metabolites

Metabolic analyzes performed are classified as non-target, semi-target analyzes and target
analyzes. Non-target metabolic analyzes screen hundreds of metabolites and determine their
relative differences under two different conditions or populations. Such experiments are useful
for identifying new metabolites that result from genetic changes or emerging metabolic
pathways. Semi-target metabolic analyzes accumulate quantitative data for predetermined
metabolites. They enrich the available information on metabolic pathways. Although
metabolites have been identified, the hypothesis is not always clear. Targeted experiments
provide more detailed information by testing specific hypotheses because the absolute
concentration of metabolites or the rates and flows of conversion of one molecule into another
are measured. Characterization of metabolites formed by specific processes in cancer cells or
as a result of metabolic disorders is a strategy for discovering new methods for early detection
of pathological changes in prostate tissue and studying the progression of Pca. Many studies
have sought to demonstrate the role of amino acids as potential biomarkers for Pca, with some
focusing on specific metabolites (Jiang et al., 2010; Gkotsos et al., 2017). In the present work,
a targeted analysis of eight compounds was performed, selected after a thorough analysis of the
results reported in studies by other authors. These compounds are: sarcosine, alanine, 3-alanine,
GABA, kynurenine, isoleucine and leucine. Of these, only sarcosine is currently being further
studied with its role as a potential biomarker in Pca progression.

Sarcosine is an amino acid associated with the development and progression of prostate cancer
and has been the subject of numerous studies (Sreekumar et al., 2009; Jiang et al., 2010; Struys
et al., 2010). Alanine and B-alanine were included in the study as isomers of sarcosine. The
other metabolites showed significant differences in studies by other authors (Jentzmik et al.,
2010; Gkotsos et al., 2017, Derezinski et al., 2017).

4.2. Determination of concentrations of oncometabolites in urine

Urine was selected as a matrix due to the easy and non-invasive way of collection. The most
commonly used analytical methods in metabolic analysis are chromatographic-gas and liquid
chromatography with different ways of detecting metabolites. For the analysis of non-volatile
compounds, the use of liquid chromatography with mass detection is preferred. This approach
allows the determination of metabolites with concentrations of the order of ng/L or nmol/L, and
modern mass detectors have even higher sensitivity - pg/L or pmol/L.

For the study, the metabolite panel was analyzed by high performance liquid chromatography
with mass detection. Dansyl chloride derivatization was performed to improve the sensitivity
of the analytical method and to separate sarcosine from its isomers. This resulted in derivatives
with different polarities and allowed them to be separated and detected successfully under the
selected chromatographic conditions (Table 2, 3). Each metabolite is characterized by a specific
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retention time in the chromatographic column. It was determined after analysis of calibration
solutions (Table 4).

Table 4. Retention times of metabolites

Retention time Transition

. Retention time Transition
Metabolite .
min m/z min m/z

Ethanolamin 5.56+ 0.03 295/170  Kynurenine  17.45+0.02 442/170
B-Alanine 7.39 £0.02 323/170 Norvaline 17.56+0.02
GABA 8.44+0.02 337/170 Isoleucine 22.39+0.05 365/170
a-L-Alanine 8.12+0.03 323/170 Leucine 24.1840.04 365/170
Sarcosine 12.62+0.02 323/170

Metabolite

It can be seen that they elute with sufficient differences in retention time, which allows no
overlap of the chromatographic peaks-a requirement for the application of the method of
quantification. The latter is very important in the presence of metabolites with the same
molecular weights that have the same molecular and product ions. Accordingly, the isomeric
compounds alanine, -alanine and sarcosine were also successfully separated (Figure 1), which
gives us reason to believe that their concentrations were reliably determined by the analytical
technique used.
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Figure 1. Chromatograms of B-alanine, alanine and sarcosine derivatives (from left to right)
in urine a) and of calibration solution level 3 b).

After elution from the column, the metabolite is transferred to a mass detector, where it is
analyzed. Mass detection is based on the registration of ions with a certain mass/charge ratio
(m/z) and intensity. This requires the selection of appropriate conditions for the ionization of
the molecules and their movement in the electric field where they are analyzed (Table 3). A
triple-quadrupole mass detector in SRM mode was used. The molecules are ionized, in the first
quadrupole they are filtered by mass, passed through the second and fragmented, and in the
third quadrupole the specific fragments are selected and recorded as a mass spectrum. Figure 2
shows the mass spectrum of GABA.
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Figure 2. Mass spectrum of product ions derived from the GABA molecular ion with
mass/charge ratio m/z = 323.

Chromatograms in urine samples from the control group and the Pca group were also registered
for the analyzed metabolites, from which their concentrations were determined (Figure 3).
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Figure 3. Chromatogram of urine a) and of calibration solution third

level b).
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In quantitative analyzes of metabolites, a calibration curve is most often constructed in the
coordinates of the area of the chromatographic peak/concentration of the metabolite. Eight
point calibration curves were constructed for each of the metabolites and used to determine
their urinary concentrations. These concentrations were normalized to the creatinine
concentration determined in the same sample to compensate for variations in the
concentrations of the metabolites tested due to the daily cycle. Experimental data are
presented as the mg metabolite/g creatinine ratio. From the presented results it can be seen
that the highest normalized values of the concentrations show alanine, followed by
ethanolamine and leucine (Figure 4a). These values are significantly lower for GABA,
sarcosine, kynurenine, isoleucine and f-alanine (Figure 4b).
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Figure 4 a. Mean values + SD (standard deviation) for normalized concentrations (mg
metabolite/g creatinine) of the metabolites alanine, ethanolamine and leucine.
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Figure 4 b. Mean values + SD (standard devistion) for normalized concentrations (mg
metabolite/g creatinine) of the metabolites GABA, sarcosine, kynurenine, isoleucine and j3-
alanine.
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4.3. Comparative analysis of individual oncometabolites in the
urine of patients with Pca and control group

Urine was chosen from the biological matrix options due to its non-invasive nature and the
ease of collection and processing and the large volume that allows re-analysis, as well as the
lower complexity of performance compared to other body fluids (e.g. plasma, serum). Urine
samples from 52 controls and 101 patients with Pca were analyzed by HPLC-MS/MS
method. The results of the analysis were evaluated with a non-parametric Mann-Utney test,
using statistical software GraphPadPrism version 9.0. This test was chosen because the
values obtained do not show a Gaussian or logarithmic-normal distribution established after
the Kolmogorov-Smirnov test. The comparison between the normalized concentrations of
the metabolites in the control group and in the Pca group showed a statistically significant
difference in the values ethanolamine, 3-alanine, sarcosine, kynurenine and isoleucine. Such
a difference was not observed with alanine, GABA and leucine (Figure 5).
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Figure 5. Medians (mg metabolite/g creatinine) and 95% confidence interval for alanine,
GABA and leucine.

Elevated values were observed for ethanolamine, sarcosine and kynurenine in the Pca group
compared to controls (Figures 6, 7, 9), while B-alanine and isoleucine showed lower
concentrations compared to controls (Figures 8, 10).

Sarcosine

Sarcosine, also known as N-methylglycine, is an intermediate in the metabolism of the
amino acid glycine synthesized by methyl nitrogen-methyltransferase. The predictive role
of sarcosine was first discussed in a study by Sreekumar et al., 2009. The authors focus on
the potential of a molecular panel within the sarcosine metabolic pathway to provide
biomarkers for greater clarity in Pca biology. The study included independent metabolic
profiling, which identified six metabolites whose levels were elevated in prostate tissue with
tumor progression compared to benign prostate tissue adjacent to the tumor, and also when
compared to localized metastatic Pca. These metabolites are sarcosine, uracil, kynurenine,
leucine, proline and glycerol-3-phosphate. Sarcosine shows the most significant differences
between them. The same authors identify it as a potential mediator of Pca progression and
suggest that urinary sarcosine has a higher discriminant value between Pca and non-
cancerous patients than PSA in the gray area of 4-10 ng/mL. Unlike other Pca-specific
markers such as PCA 3, sarcosine is a naturally occurring metabolite and is not specific to
prostate tissue. The metabolic profile of progressive Pca determines the gradually increasing
level of sarcosine in metastatic Pca as moderate, as well as significantly increased levels of
the metabolite in the urine in verified Pca.

Other authors report different data on sarcosine concentration in urine and do not confirm
its role in early detection and clinical progression of Pca (Jentzmik et al., 2010).

Our results confirm a significant difference in the concentration of sarcosine in urine taken
from the two groups (Figure 6). It was increased 2.4-fold in the CP group (mean 0.307 +
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0.521 mg/g creatinine n = 101) compared to the control group (mean 0.127 + 0.092 mg/g
creatinine, n =52, p = 0.003).
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Figure 6. Median value (mg sarcosine/g creatinine) and 95% confidence interval for
sarcosine in the control and Pca groups; ** - statistically significant difference p = 0.003.

Ethanolamine

Ethanolamine is a degraded product of phospholipid membranes and is part of serine
metabolism. It is not a real amino acid, but a primary amine and a primary alcohol. Data
published on its role in the development of the Pca are scarce. Various non-target metabolic
studies monitor the change in its concentration, but do not monitor in detail the metabolic
process that leads to this change. Its presence in the urine can be a sign of such processes in
the human body as cell proliferation, apoptosis and high enzyme activity. The ethanolamine
concentration was significantly elevated in the urine of patients with Pca (6.77 mg/g
creatinine n = 101) compared to 4.88 mg/ g creatinine in the control group n=52 (p = 0.044)
(Figure 7), while Swanson et al., 2008, as well as Derezinski et al., 2017, reported decreased
levels of its concentration in these patients. Elevated ethanolamine concentrations may be
associated with extreme cell proliferation of tumor cells and tumor aggressiveness.
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Figure 7. Median value (mg ethanolamine/g creatinine) and 95% confidence interval for
ethanolamine in the control group and the Pca group; * -statistically significant difference p
=0.044

Alanine and p-alanine

a-Alanine and B-alanine are isomers of sarcosine. They have the same molecular weight as
sarcosine and similar physicochemical characteristics. Their behavior in chromatographic
analysis is also similar and in many cases they elute simultaneously with sarcosine, which
creates difficulties in their separation. In order to accurately determine the concentration of
sarcosine, alanine and -alanine in the biological matrix, they need to be precisely separated
and reliably detected. In many studies, this has been identified as a disadvantage, and
elevated sarcosine concentrations may be associated with its spontaneous elution from the
chromatographic column together with its isomers. We were able to separate the three
isomers (Figure 1) and found decreased f-alanine concentrations in patients with Pca (0.294
mg/g creatinine, n = 101, 0.486 n = 52, p <0.05) (Figure 8). In a study by Derezinski et al.,
2017, no changes were found in the urine and serum concentrations of B-alanine in patients
with Pca compared to those in the control group of healthy individuals. In the scientific
literature, information on the role of B-alanine in the development of cancer is scarce. There
is evidence of a significant negative correlation between B-alanine and 4-aminobutyrate
aminotransferase in breast cancer (Spearman R = —0.62). Further studies are needed to
elucidate the role of this non-proteinogenic amino acid in the pathology of Pca (Budczies et
al., 2013).
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Figure 8. Median value and 95% confidence interval for B-alanine in the control group and
the Pca group; * -statistically significant difference p <0.05

Kynurenine

Kynurenine metabolites have been reported with increased concentrations in the
development of Pca (Jiang et al., 2010; Gkotsos et al., 2017). The data presented are
consistent with a previous study by Sreekumar et al., 2009; who found elevated
concentrations of kynurenine in the urine of patients with Pca. Kynurenic acid was detected
in elevated concentrations in both urine samples of 32 patients with Pca before radical
prostatectomy and in samples of 101 patients with elevated PSA values before prostate
biopsy under ultrasound control (Gkotsos et al., 2017). However, these authors believe that
the predictive role of kynurenic acid has not been reliably confirmed and cannot be used in
clinical practice. Changes in kynurenine metabolism in Pca have also been reported by
Rodriguez-Blanco et al., 2014 and Pichler et al., 2017, who concluded that kynurenine is not
an appropriate biomarker.

In contrast, Khan et al., 2019, prove their hypothesis that kynurenine may be a diagnostic
marker in Pca. Our results show a significant increase in kynurenine values in the Pca group
compared to the control group (p <0.001) (Figure 9).
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Figure 9. Median value (mg kynurenine/g creatinine) and 95% confidence interval for
kynurenine in the control and Pca groups, *** - p <0.001

Isoleucine

Isoleucine is part of the group of branched-chain amino acids along with leucine and valine.
Our results show reduced concentrations of isoleucine and are consistent with those of
Miyagi et al., 2011, and Derezinski et al., 2017, who found decreased concentrations of this
metabolite in the urine and serum of patients with Pca and who hope that the metabolic
pathways of branched-chain amino acids may find a place in the diagnosis and prognosis of
the clinical course of Pca (Figure 10).
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Figure 10. Median value (mg isoleucine/g creatinine) and 95% confidence interval for
isoleucine in the control group and the Pca group; * -statistically significant difference p
<0.05

22



4.4. Comparative analysis of metabolite concentrations in
patients with Pca

A comparative intragroup analysis of metabolite concentrations was performed in patients
with Gleason score <6 (n = 47) and patients with Gleason score> 6 (n = 54), which showed
no statistically significant differences (ethanolamine p = 0.627, B-alanine p = 0.278, alanine
p=0.241, GABA p =0.288, sarcosine p = 0.260, kynurenine p = 0.623, isoleucine p = 0.367
and leucine p = 0.353). Another intragroup analysis also showed no statistically significant
differences in the > 10 ng concentrations of the studied metabolites in patients with PSA <
10 ng/mL (n = 42) and/mL (n = 59) (p> 0.05). This gave us reason to divide patients from
the Pca group into three subgroups - low PSA <10 ng/ mL, GS <7 (n=38), intermediate PSA
10-20 ng / mL, GS =7 (n = 36) and high risk of PSA> 20 ng/mL, GS> 7 (n = 27) of Pca
recurrence. Metabolic concentrations were analyzed and a statistically significant difference
was found for GABA alone (Figure 11).
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Figure 11. Median value (mg GABA/g creatinine) and 95% confidence interval for GABA
in patients with low, intermediate and high risk of relapse in the Pca group; * -statistically
significant difference p = 0.025

Gamma-aminobutyric acid (GABA) is an amino acid that is synthesized from glutamate by
Glutamic acid decarboxylase (GAD). GABA is better known for its function in the central
nervous system as a neurotransmitter that regulates the excitability of neurons. It performs
its function through two groups of receptors: GABA a-receptors or also known as ionotropic
receptors and GABA b-receptors.

It is little known that GABA is also a molecule that controls the growth of tumor cells and
has a positive correlation between the GABA-ergic system and oncogenesis (Hirano et al.,
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2004; Watanabe et al., 2006). For example, elevated levels of GABA, GAD, and GABA a-
receptor expression have been found in various cancers such as colorectal, pancreatic, and
breast cancer (Kleinrok et al., 1998; Zafrakas et al., 2006). The involvement of the GABA-
ergic system in the progression and metastasis of Pca is discussed, and the above-mentioned
changes in Pca with metastasis compared with those without metastasis are again identified
(Azuma et al., 2003).

The epidermal growth factor receptor is associated with the progression of Pca to castration
-resistant, with non-receptor tyrosine kinase (NRTK) being one of many molecules that
carry signals from this receptor (Kraus et al., 2003). In patients with Pca, the activity of
NRTK is increased in about 30% of patients with castration resistant Pca and correlates with
the presence of metastases and poorer survival in them. The activity of this enzyme increases
under the influence of GABA signals (Tatarov et al., 2009 ). It is also known that NRTK
inhibitors such as dasatinib have been developed as therapeutic agents that control metastatic
castration resistant Pca (Yu et al., 2011).

In our results, GABA was established as one of the metabolites in which a significant
difference in urine concentrations was found in patients with Pca (Figure 11).

The preoperative classification adopted by the EAU (European Association of Urology)
including preoperative PSA, T-stage and Gleason score divides patients with verified
localised Pca and locally advanced Pca into three groups according to the risk of biochemical
recurrence after definitive treatment. Patients are divided into those with low, intermediate
and high risk. It is in them that our research finds differences in the concentration of GABA.
It is highest in patients at high risk of biochemical recurrence, which may be associated with
advancing the malignant process, poorer prognosis and correspondingly lower survival.
These results are consistent with Figure 11 and reported by Tatarov et al., 2009.

The higher concentration of GABA in patients at high risk of recurrence may serve as an
indicator for initiating more aggressive therapy from the very beginning of the diagnosis of
the disease.

4.5. Diagnostic potential of ethanolamine, B-alanine, sarcosine,
kynurenine and isoleucine

The established statistically significant differences in the urinary concentrations of
ethanolamine, sarcosine, kynurenine, B-alanine and isoleucine between patients with Pca
(n= 101) and controls (n = 52) give us reason to assume that the determination of
ethanolamine, sarcosine, kynurenine, B-Alanine and isoleucine may help identify patients
with Pca. An ROC analysis was performed to test this hypothesis. ROC curves were
constructed to assess the diagnostic potential of ethanolamine, B-alanine, sarcosine,
kynurenine, and isoleucine (Figures 12-16).
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Figure 13. ROC curve for B-alanine
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Figure 14. ROC curve for sarcosine
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Figure 15. ROC curve of kynurenine
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Figure 16. ROC curve of isoleucine

The characteristics of the ROC curves (AUC with 95% CI, cut-off values, diagnostic
sensitivity and specificity) are presented in Table 5.

Table 5. Diagnostic potential of ethanolamine, sarcosine, kynurenine, [-alanine and
isoleucine.

Metabolite 95% ClI Cut-off Sensitivity  Specifi-
VEUIES ) city,%
Ethanolamine  0.599 0.507- 5.55 58 56 0.044
0.690
Sasrcosine 0.645 0.552- 0.13 57 60 0.003
0.737
Kynurenine 0.719 0.638- 0.65 70 65 <0.001
0.800
p-Alanine 0.597 0.497- 0.46 74 54 0.049
0.696
Isoleucine 0.600 0.503- 0.91 66 56 0.042
0.697

The sensitivity and specificity data presented in Table 5 show that kynurenine has the highest
reliable diagnostic potential (AUC: 0.719, P <0.0001), followed by sarcosine (AUC: 0.645,
P =0.003). However, the AUC of none of them is high enough to enter clinical practice.

4.6. Regression analysis and multivariable ROC curves

To assess the diagnostic potential of the metabolite panel, regression analysis was performed
and multivariable ROC curves were obtained on models that include different numbers of
metabolites. The results are presented in Figures 17-21.
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Figure 17. Multivariable ROC curve of model 1, including kynurenine and isoleucine.

Model 2
1.0

o
oo
]

o
o
]

©
~
1

Sensitivity

o
(¥
]

0.0+~ T T T T 1
00 02 04 06 08 10

1 - Specificity

Figure 18. Multivariable ROC curve of model 2, including ethanolamine, kynurenine and
isoleucine.
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Figure 19. Multivariable ROC curve of model 3, including kynurenine, B-alanine and
isoleucine.
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Figure 20. Multivariable ROC curve including sarcosine, kynurenine, p-alanine and
isoleucine.
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Figure 21. Multivariable ROC curve of model 5, including ethanolamine, sarcosine,
kynurenine, -alanine and isoleucine.

Table 6. Characteristics of multivariable ROC curves (AUC, 95% confidence interval (Cl)),
P values

Model AUC 95% ClI P
M1 0.802 0.730-0.873 <0.001
(Kynurenine/lsoleucine)
M2 0.813 0.744-0.883 <0.001
(Ethanolamine/Kynurenine/lsoleucine)

M3 0.832 0.767-0.898 <0.001
(Kynurenine/ g-Alanine/ Isoleucine)

M4 0.848 0.785-0.912 <0.001
(Sarcosine/ Kynurenine/ g-Alanine/

Isoleucine)
M5 0.860 0.799-0.921 <0.001

(Ethanolamine/ Sarcosine/ Kynurenine/
B-Alanine/ Isoleucine)

The utility of a model involving several metabolites to distinguish high-precision samples
was reported by Derezinski et al., 2017. They showed that a panel of 5 metabolites analyzed
in urine had 78% predictive accuracy. As their number increases to 20, predictive accuracy
increases to 88%. With the inclusion of all metabolites studied by them, 39, this accuracy
increases to 91%. These data suggest that it is more appropriate to study a combination of
metabolites rather than just one.

Of all the models analyzed, those presented in Figures 17-21 and Table 8 show the highest
value for AUC. With the inclusion of more metabolites AUC increases. The positive
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predictive power (PPP) and the negative predictive power (NPP) of the models are as
follows: M1-PPP 78.4% and NPP 68.3%; M2-PPP 80% and NPP 71.4%; M3-PPP 80% and
NPP 72.7%; M4-PPP 81.5% and NPP 73.7%; M5-PPP 81.8% and NPP 76.2%. Kynurenine
and isoleucine are present in all models, while sarcosine is present in only two of them.
These data suggest that kynurenine and isoleucine are metabolites that could be used as
markers for the diagnosis of prostate cancer. More in-depth research is needed to confirm or
refute this assumption.

The presence of statistically significant differences in the concentrations of ethanolamine,
[-alanine and sarcosine is an indication of the possibility of non-proteinogenic amino acids
and other metabolites to contribute to the elucidation of the pathogenesis of prostate cancer
and its detection.

Metabolic analyzes also outline other amino acids whose concentrations are statistically
significantly altered in individuals with Pca compared to healthy ones, which allows other
panels of metabolites to be analyzed to find the optimal model for detecting, diagnosing and
predicting this disease.

4.7. Comparative analysis of individual oncometabolites in the
urine of patients with Pca in different age groups

The average age of patients diagnosed with CP was 71 years (56-87 years). They are divided
into several age groups with an interval of 5 years (Figure 22). The largest number of patients
was aged 71-75 years, followed by the group 66-70 years and 61-65 years, respectively. The
average age of the control group of patients was 40 years (28-57 years).
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Figure 22. Distribution of patients with prostate cancer by age groups.

The study of the concentration of oncometabolites in urine defined by us in different age
groups is the same as in the whole group of patients with Pca. In each of these age groups
(56-60 years, 61-65 years, 66-70 years, 71-75 years, 76-80 years and 81-87 years) the
tendency for changed concentrations compared to the control group is preserved. Here,
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however, there is a statistically significant difference between more metabolites. Probably
these changes are connected to age-related metabolic disorders.

In the age group from 56 to 60 years, a statistically significant difference was found with
ethanolamine with 4 oncometabolites - f-Alanine, GABA, sarcosine and isoleucine, with
alanine with GABA, kynurenine, sarcosine and isoleucine; in -alanine with one
oncometabolite-alanine and in sarcosine with leucine (Table 7).

Table 7. Statistically significant differences in concentrations between individual
oncometabolites in 56-60 age group.

Onco- B- Alanine GABA Sarco- Kynure- Isoleucine Leucine
metabolites  Alanine sine nien

Ethanol- p<0.001 p<0.001 p<0.001 p<0.05

amine

B-Alanine p<0.001

Alanine p<0.001 p<0.001 p<0.001 p<0.001

GABA

Sarcosine p<0.002

In the age group from 61 to 65 years, a statistically significant difference was found for
ethanolamine with 5 oncometabolites - B-Alanine, GABA, sarcosine, kynurenine and
isoleucine; for alanine with 4 - GABA, kynurenine, sarcosine and isoleucine; for f-alanine
with 2 oncometabolites alanine and leucine, and for sarcosine with 3 oncometabolites -
kynurenine, isoleucine and leucine (Table 8).

Table 8. Statistically significant differences in the concentrations of individual
oncometabolites in 61-65 age group.

Onco- B- Alanine  GABA Sarco- Kynure- Isoleucine Leucine
metabolites  Alanine sine nien
Ethanol- p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
amine
B-Alanine p<0.001 p<0.001
Alanine p<0.001 p<0.001 p<0.001 p<0.001
GABA p<0.006 p<0.001
Sarcosine p<0.003 p<0.009 p<0.001

In the 66-70 age group, a statistically significant difference was found in the ratio of
ethanolamine to all metabolites studied except alanine; in alanine with 4 - GABA,
kynurenine, sarcosine and isoleucine; B-Alanine with 2 oncometabolites alanine and leucine;
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in sarcosine with 3 oncometabolites - kynurenine, isoleucine and leucine and kynurenine
with leucine (Table 9).

Table 9. Statistically significant differences in the concentrations of individual
oncometabolites in 66-70 age group.

Onco- B- Alanine Kynure- Isoleu- Leucine
metabolites  Alanine nien cine
Ethanol- p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.05
amine
p-Alanine p<0.001 p<0.001
Alanine p<0.001 p<0.001 p<0.001 p<0.001
GABA p<0.01 = p<0.001 p<0.001
Sarcosine p<0.003  p<0.009 p<0.001
Kynurenine p<0.04

In the age group from 71 to 75 years, a statistically significant difference was found in the
ratio between alanine and 5 - GABA, kynurenine, sarcosine, isoleucine and leucine; -
Alanine with 2 oncometabolites alanine and leucine; in sarcosine with 3 oncometabolites -
kynurenine, isoleucine and leucine and kynurenine with leucine (Table 10).

Table 10. Statistically significant differences in the concentrations of individual
oncometabolites in 71-75 age group.

Onco- B- Alanine GABA Sarco- Kynure- Isoleucine Leucine
metabolites  Alanine sine nien
B-Alanine p<0.001 p<0.003
Alanine p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
GABA p<0.004 p<0.001
Sarcosine p<0.001  p<0.001 p<0.001

In the age group 76 to 80 years, a statistically significant difference was found in the ratio
of ethanolamine to all metabolites without alanine and leucine; for alanine with 5 - GABA,
kynurenine, sarcosine, isoleucine and leucine; 3-Alanine with 2 oncometabolites alanine and
leucine; in sarcosine with 3 oncometabolites - kynurenine, isoleucine and leucine (Table 11).
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Table 11. Statistically significant differences in the concentrations of individual
oncometabolites in 76-80 age group.

Onco- B- Alanine  GABA Sarco- Kynure- Isoleucine Leucine
metabolites  Alanine sine nien
Ethanol-  p<0.001 p<0.001 p<0.001 p<0.001  p<0.001
amine
B-Alanine p<0.001 p<0.001
Alanine p<0.001 p<0.001 p<0.001 p<0.001  p<0.001
GABA p<0.001
Sarcosine p<0.001 p<0.001

In the 81-87 age group, a statistically significant difference was found in the ratio of
ethanolamine to -alanine, GABA, sarcosine, and isoleucine; for alanine with 5 - GABA,
kynurenine, sarcosine, isoleucine and leucine; B-Alanine with 2 oncometabolites alanine and
leucine; in sarcosine with 2 oncometabolites - kynurenine and leucine; GABA with leucine
(Table 12).

Table 12. Statistically significant differences in the concentrations of individual
oncometabolites in 81-87 age group.

Onco- B- Alanine GABA Sarco- Kynure- Isoleucine Leucine
metabolites  Alanine sine nien
Ethanol-  p<0.001 p<0.001 p<0.001 p<0.001
amine
p-Alanine p<0.001 p<0.002
Alanine p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
GABA p<0.001
Sarcosine p<0.001 p<0.003

In all age groups studied by us in patients with Pca there was a statistically significant
difference in the ratio of the concentration of alanine with 4 metabolites - GABA, sarcosine,
kynurenine and isoleucine, with increasing age in the groups 71-75 years, 76-80 and 81-86
there is a statistically significant difference in the ratio of leucine. In four of the age groups,
there was a statistically significant difference in the ratio of sarcosine to kynurenine,
isoleucine and leucine.
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4.8. Comparative analysis of individual oncometabolites in the
urine of patients with Pca divided into groups of ISUP

The patients with Pca we studied were divided into 5 groups of ISUP grade, including
Gleason score. First group - Gleason score 2-6; second group - Gleason score 3 + 4 = 7; third
group - Gleason score 4 + 3 = 7; fourth group - Gleason score 4 + 4 = 8; fifth group - Gleason
score 9-10. The distribution of patients according to histological score and ISUP grading by
groups is shown in Figure 23.
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Figure 23. Distribution of patients from the Pca group according to ISUP grade
Table 13 presents the median values in the five ISUP groups.

Table 13. Medians (mg metabolite/g creatinine) of metabolites in ISUP groups.

Metabolites ISUP group
1 2 3 4 5

Ethanolamine 8.87 8.94 6.77 2.73 4.75
p-Alanine 0.285 0.315 0.274 0.342 0.315
Alanine 8.40 10.3 10.3 15.3 147
GABA 0.201 0.195 0.217 0.225 0.367
Sarcosine 0.138 0.130 0.169 0.165 0.123
Kynurenine 0.946 1.14 0.897 0.962 1.42
Isoleucine 0.691 0.950 0.766 0.727 1.07
Leucine 1.98 2.58 2.14 2.16 2.85

The median values of B-alanine are close, but are highest in patients in the second, fourth
and fifth groups. Significantly higher values are present for GABA in the fifth group, while
for sarcosine in the third and fourth. The highest values of kynurenine, isoleucine and leucine
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were found in the fifth group of patients with Pca. No statistically significant differences
were found in these oncometabolites between the different groups of patients with Pca (p>
0.05). The median values of ethanolamine were highest in the first group of patients - 8.87
and in the second group - 8.94 and lowest in the fourth group 2.73 (Table 15). A statistically
significant difference was found between the medians of this oncometabolite in the urine of
patients in the first and fourth groups (p = 0.028) and patients in the second and fourth groups
(p =0.041) (Figure 24).
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Figure 24. Medians and 95% confidence interval for ethanolamine in the ISUP groups;
*
-p <0.05

The first groups include patients with more differentiated tumors than the following groups,
where the tumors have a lower degree of differentiation, with a more aggressive course and
a worse prognosis. The high levels of ethanolamine in patients in the first two groups
compared to those in the fourth group and the statistically significant difference between
them may be an additional biomarker in the diagnosis, treatment and prognosis of Pca.

A comparison was made between metabolite concentrations in patients with localised Pca
(n =55) and locally advanced Pca (n = 46) (Tables 14, 15). There is a tendency to increase
ethanolamine in patients with locally limited Pca, although not statistically significant.
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Table 14. Medians (mg metabolite/g creatinine) and 95% confidence interval of oncometabolites in patients with localised and locally advanced
Pca.

Medians, 95% confidence interval

. 95% B- 0 . 95% 0
Tumor spread Ethanolamine cl p alanine 95% ClI p Alanine Cl p GABA 95% CI p
. 5.630- 0.247- 6.030- 0.173-
Localised Pca 8.80 11501 0.294 0.379 8.830 14.200 0.203 0.271
0.057 0.627 0.343 0.368
Locally advanced 2.851- 0.252- 8.240- 0.178-
Pca 445 9.301 0-304 0.405 11.300 15.400 0.226 0.326

Cl — confidence interval
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Table 15. Medians (mg metabolite/g creatinine) and 95% confidence interval of oncometabolites in patients with localised and locally advanced

Pca.

Medians, 95% confidence interval

. 95% . 95% . 95% . 95%
Tumor spread Sarcosine p Kynurenine p Isoleucine p Leucine p
Cl Cl Cl Cl
) 0.100- 0.663- 0.575- 1.720-
Localised Pca 0.141 0.182 0.908 118 0.734 0.889 2.070 2 490
0.269 0.719 0.938 0.863
Locally advanced 0.117- 0.752- 0.588- 1.580-
Pca e 0.236 Rt 1.240 BIES 0.908 AlEY 2.590

Cl — confidence interval
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Concentration values were also compared in patients with Gleason score <7 (n = 47) and
Gleason score >7 (n = 54) (Figures 25, 26).
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Figure 25. Medians (mg metabolite/g creatinine) of the oncometabolites ethanolamine,
alanine and leucine in patients with Pca stratified by Gleason score.
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Figure 26. Medians (mg metabolite/g creatinine) of the oncometabolites B-alanine, GABA,
sarcosine, kynurenine and isoleucine in patients with Pca stratified by Gleason score.

Ethanolamine levels are higher in patients with Gleason score <7 than in patients with
Gleason score >7. There was an increase in alanine, isoleucine and leucine in the Gleason
score >7. The differences found were not statistically significant for any of the metabolites.

No statistically significant difference was found between the medians of the studied
metabolites in the urine of patients from all stages of Pca - neither in T2 (localised Pca) nor
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in T3 and T4 (locally advanced Pca). Our results coincide with those of other authors (Struys
etal., 2010; Jentzmik et al., 2011; Bohm et al., 2012), who also found no differences, despite
the fact that other biological matrices were used in their research such as serum and prostate
tissue.

4.9. Correlation between metabolites and PSA

A correlation analysis was performed to assess the relationship between PSA and the
metabolites studied. The results are presented in Figure 27.
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Figure 27. Correlation between metabolites and between metabolites and PSA in patients
with Pca.

Prostate-specific antigen, PSA, is a kallikrein-serine protease that is secreted by both normal
and cancer cells in prostate cancer. PSA secretion is known to be increased in Pca and is
used to diagnose the disease. A level of 4 ng/mL was accepted as a limit value, with levels
lower than indicated being considered normal. However, in many cases, in patients with
prostate cancer, the PSA level is below or equal to 4 ng/mL. In other cases, patients with
PSA> 4 ng/mL were not diagnosed with Pca (Khan et al., 2019). The instability in PSA
levels in patients with Pca may be due to prostate pathology in cancer. This pathology can
cause the inclusion and exclusion of inflammatory symptoms in patients and increased PSA
secretion. The exact mechanism to explain these PSA instabilities is not yet known. Our
results do not show a correlation between PSA levels and the metabolites studied, which
means that elevated PSA values do not affect metabolic processes.

PSA values between 4 and 10 ng/mL are considered the so-called "gray zone", so some
authors suggest that the limit value should be 10 ng/mL (Rudoni et al., 1995, Ishizuka et al.,
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2005, Kamaleshwaran et al., 2012). Patients with prostate cancer were divided into two
groups: PSA <10 ng/ mL (n = 42) and PSA> 10 ng / mL (n = 59). In the group with PSA
<10 ng / mL, a weak negative correlation was found between PSA and ethanolamine,
kynurenine and GABA (Figure 28).
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Figure 28. Correlation between metabolites and PSA in the Pca group with PSA <10 ng/mL.

In the second group in which PSA > 10 ng/mL the correlation is very weak positive. It can
be assumed that in patients with higher PSA there are changes in GABA metabolism.
Elevated GABA levels in the PSA group > 10 ng/mL were consistent with the results
obtained for elevated levels in patients at high risk of relapse (Figure 29).

41



Ethanolamine
p-Alanine
Alanine
GABA
Sarcosine
Kynurenine
Isoleucine

Leucine

PSA

[«B]
E @
—_— [«B]

s & = c
=) — (<)) — <5} o — [¢B)

[ c < n o o [
C < = o = > —
g I §2FT £ E 2 5 ¢«
£ < 8 < 5 > 9 3 @
U a < O n X 2 1
iMool 0.34 |-0.21| 0.20 | 0.29 | 0.26 | 0.27 | 0.19
0.34 Kol -0.35 0.09
0.20 -0.05 [l 0.10
0.29 0.08
0.26 0.01
0.27 0.03
0.19 0.09

0.09 | 0.08 | 0.10 | 0.08 | 0.01 | 0.03 | 0.09 [EH]

1.0

0.5

-0.5

-1.0

Figure 29. Correlation between metabolites and PSA in the Pca group with PSA > 10

ng/mL.
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5. Conclusions

1. Suitable oncometabolites have been selected for the study based on literature data. A
chromatographic separation method with mass detection was used, which allows reliable
quantification of the selected compounds. A non-invasive sampling method was used, which
is gentle and patient-friendly.

2. The study of the 8 metabolites analyzed revealed significant differences in the urinary
concentrations of 5 of them - ethanolamine, sarcosine, kynurenine, $-alanine and isoleucine
in patients with verified prostate cancer compared to the control group.

3. Comparison of concentrations of individual metabolites in subgroups with low,
intermediate and high risk of recurrence of prostate cancer, stratified on the basis of PSA
values and Gleason score, statistically significant higher levels were found only in y-
aminobutyric acid in the subgroup with high risk. This can serve as an additional indicator
for starting more aggressive therapy when diagnosing the disease.

4. The applied analysis of the diagnostic potential by examining the receiver operating
characteristic curve (ROC curves) of metabolites that showed significantly increased
concentrations in prostate cancer, found the highest diagnostic reliability and predictive
accuracy of a panel of 5 metabolites - ethanolamine, sarcosine, kynurenine, f3-alanine and
isoleucine.

5. The comparison of the concentrations of 5 oncometabolites in the group with prostate
cancer in the age groups 71-75, 76-80 and 81-86, showed a statistically significant difference
in the ratio of individual metabolites, which is probably due to drastic changes in the basic
metabolism with advancing age in men.

6. The stratification of prostate cancer patients on the ISUP scale from 1 to 5 did not establish
a statistically significant difference in the studied metabolites in urine between locally
limited and locally advanced prostate cancer, which requires the use of other biological
matrices (serum, prostate tissue). Significant reductions in ethanolamine in group IV (high
risk, Gleason score = 8) may be an additional biomarker in the diagnosis, treatment and
prognosis of prostate cancer.

7. The studied oncometabolites have a weak correlation with PSA values above 10 ng / mL.
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6. Contributions

* Contributions of original character

1. For the first time in our country an analytical prospective study of a panel of
oncometabolites in verified prostate cancer was conducted and their diagnostic
reliability was assessed.

2. The study is focused on a wide range of factorial and performance indicators with
special emphasis on poorly or unexplored facts related to the early diagnosis of
prostate cancer.

3. For the first time in our country, data on the diagnostic reliability of eight
oncometabolites in urine in patients with verified prostate cancer have been tested.
4. The diagnostic and predictive value of eight oncometabolites in urine in patients
with verified prostate cancer and the possibility of their use in clinical practice in
connection with the diagnosis, clinical course and outcome of the disease have been
defined and verified.

5. Our study is pilot and one of the first in the country for a new additional and
reliable opportunity for early detection and prognosis of prostate cancer through the
study of oncometabolites.

* Contributions of a confirmatory nature

1. There is an indisputably strong correlation between the selected oncometabolites
in the urine of patients with verified prostate cancer according to the group
distribution of the studied cohort of patients according to ISUP grade and tPSA.

2. The difference in the concentrations of the studied oncometabolites in the urine of
the controls and the group with prostate cancer was statistically confirmed-a
scientific fact of great practical value
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