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Abstract

Purpose. To evaluate prostate specific antigen density (PSAD) as a predictor of overall (OS) and cancer-
specific survival (CSS) in patients with prostate cancer (PC) who have undergone combined hormonal-radiation
therapy. Material and Methods. In order to assess the prognostic significance of PSAD we retrospectively
analyzed outcomes of 714 PCa patients who received combined hormonal-radiation therapy at the A.M.
Granov Russian Scientific Center of Radiology and Surgical Technologies, Ministry of Healthcare of Russia,
between January 1996 and December 2016. Since the prognosis and management differ according to the
extent of tumor involvement, patients were categorized into localized (n=272), locally advanced (n=231) and
metastatic (n=211) PC groups. We equentially applied ROC-analysis, Kaplan-Meier product limit estimator and
Cox proportional hazards model to assess the prognostic relevance and establish threshold values of PSAD
that had a significant impact on survival rates. Results. In the localized PC group, PSAD threshold values
of 0.34 ng/mL/cc and 0.36 ng/mL/cc were associated with a decrease in OS and CSS, respectively. Patients
with “low” PSAD had significantly better OS and CSS survival rates in both uni- and multivariate analyses. In
locally advanced PC group, PSAD threshold values were 0.28 ng/mL/cc and 0.63 ng/mL/cc for OS and CSS,
respectively. However, exceeding the specified values, in the locally advanced PC group, was not accompanied
by a statistically significant decrease in survival rates. Finally, in the metastatic PC group, established PSAD
threshold values were 2.25 ng/mL/cc and 2.30 ng/mL/ccfor OS and CSS, respectively. According to the results
of univariate analysis, patients with “low” PSA tend to demonstrate statistically significant better OS and CSS
rates. The results of multivariate analysis, however, failed to prove PSAD as an independent prognostic factor
within the metastatic PC cohort. Conclusion. PSA density is a reliable tool for assessing survival rates in
patients with localized PC who have undergone combined hormonal-radiation therapy.

Key words: prostate cancer, prostate-specific antigen density, combined hormonal-radiation therapy,
survival rate, treatment outcomes
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AHHOTauuA

Llenbto nccnepoBaHus sBMnach oLeHKa 3Ha4MMOCTH MOTHOCTY NpocTaT-crneundunyeckoro aHtureHa (NfMCA)
B kayecTBe npeauktopa obuer (OB) n onyxonb-cnevuundudeckon BebknsaemocT (OCB) y 60nbHbIX pakom
npeacratensHon xenesbl (PIMXK), nepeHeclinx koMbMHMPOBaHHOE rOpMOHOyYeBoe rneveHve. MaTtepuan
1 Metogbl. C Lenblo OLeHKN nporHoctudeckon 3Hadmmoctu nfCA npoBedeH peTpoCneKkTUBHbIN aHanms
pe3ynsTaToB fnevenus 714 naumeHtoB ¢ PIMK, nonyyaBlumnx koMGMHMPOBaHHY rOPMOHOSYYEBYHO TEpanmo
B ®I'BY «PHLPXT um. akaa. A.M. NpaHoBa» MuH3gpasa P® B nepuop ¢ siHeapsi 1996 no aekabpb 2016 r.
B 3aBMCMMOCTM OT pacnpoCTpPaHEHHOCTM OMyXOfIEBOro npoLuecca nauneHTbl Obinn pasaeneHsl Ha rpynnebl
niokanu3oBaHHoOro (n=272), mectHopacnpoctpaHeHHoro (n=231) n metactatnyeckoro PIMXK (n=211). Ons
OLIEHKM MPOrHOCTUYECKOW 3HAYUMOCTM U YCTaHOBINEHWUSI MOPOToOBbIX 3HaYeHWI npuaHaka NMCA, focToBepHO
BMUSIBLLUMX Ha NnokasaTenu BeKMBAaeEMOCTH, HamMu Obinv nocregosaTernbHO NnpumeHeHbl Metoasl ROC-aHanmaa,
MHOXMUTenNbHbIX oueHok KannaHa—Meliepa n mogens nponopumoHanbHbix puckoB Kokca. PesynbTarhbl.
3HayeHus npusHaka NMNCA y 6onbHbIX nokanusoBaHHbIM PITK, npeBbileHne KOTOPbLIX COMPOBOXAanoch
CHWKeHnem nokasatenen OB 1 OCB, coctaBunu 0,34 Hr/mn/cm® n 0,36 Hr/mn/cm® cooTBEeTCTBEHHO. Bornb-
Hble ¢ «Hu3kon» NMNCA geMoHCTpupoBanu AOCTOBEpPHO nydwine nokasateny OB n OCB no pesynstatam
Kak ogHOaKTOpPHOro, Tak 1 MHOrocbakTopHoOro aHanmaa. Noporosble 3Ha4eHNs npusHaka NMCA y 60nbHbIX
MecTHopacnpocTpaHeHHbIM PIK coctaBunu 0,28 Hr/mn/cm® n 0,63 Hr/mn/cm® ans OB 1 OCB cooTBeT-
CTBEHHO. [peBblILlLeHME YKasaHHbIX 3Ha4YeHWI B rpynne 60nbHbIX MeCTHOpacnpocTpaHeHHbIM PIXK, ogHako,
He COMpOBOXAAanoch CTaTUCTUYECKM OOCTOBEPHBLIM CHUXKEHUEM MoKa3aTenemn BbKMBAEMOCTU. Y BOMNbHbIX
mMeTacTtaTtudeckum PIMK noporosble 3HadeHus1 npuaHaka nlMCA coctaBunu 2,25 Hr/mn/cm® n 2,30 Hr/mn/cm®
anst OB n OCB cooTtBeTcTBEHHO. N0 pesynsratam ogHOaKkTOpPHOro aHanunsa 6onbHble reHepanv3oBaHHbIM
PIMXK c «Huskom» nlMCA aemoHCTpupoBanu CtaTUCTUYECKM 3Ha4YMmo nydiime pesynstatel OB n OCB. Mo
pesyrnsrataMm MHOrodakTOpHOro aHanmaa, OAHaKo, BbISIBIIEHHbIE TEHAEHUMM He NoaTBeEpAUNMCL. BbiBoAbl.
MnotHocTb MNCA siBNseTcs HaAeXHbIM MHCTPYMEHTOM OLEHKM NoKa3aTenen BbKMBAEMOCTU BOSbHBIX NoKa-
nm3oBaHHbIM PIMX, nepeHecLux KOMOMHMPOBAHHOE TOPMOHOIY4EBOE fNeYEHNe.

KnioueBble cnoBa: pak npep.CTaTeanoﬁ )ene3bl, NIOTHOCTb NpocTaT-cneuncdnyecKoro aHTUreHa,
KOMGMHMPOBaHHaH ropMmoHosny4eBasi Tepanus, uCxoabl riev4eHus.

Introduction

Over the decades urological society has witnessed
prostate cancer (PC) evolution from an uncommon dis-
ease to one of the most prevalent cancers among men;
from a clinically significant tumor at presentation to an
asymptomatic, routinely, often accidentally diagnosed
cancer; from one of the most lethal medical conditions
to an illness than may span an entire life of a patient,
often resulting in death of latter from a completely
different cause [1]. Notwithstanding the remarkable
progress in detection and care, PC remains a relevant
public health issue. Currently, it is the second most
prevalent malignant tumor among male population in
Russia, and most prevalent in men over 60 years old
[2]. Up to 40 % of them, at the moment of presenta-
tion, harbor locally advanced or metastatic forms of
the disease [3].
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PC risk stratification traditionally is being held
on a combination of serum prostate-specific antigen
(PSA) level, findings on digital rectal examination
(DRE) and Gleason score assigned by the results of
initial biopsy [4] —a set of criteria originally proposed
by D’Amico et al. [5]. In some cases, these may also
be supplemented by the imaging (radionuclide bone
scan, computed tomography (CT) of the abdomen
and pelvis, magnetic resonance imaging [MRI]) and
molecular (genomic) studies [6]. Despite the extensive
appreciation of the aforementioned risk group strati-
fication, important shortcomings of utilizing such an
approach exist. One should keep in mind that the initial
evaluation may significantly under or overestimate the
extent and/or aggressiveness of disease. Factors that
need to be considered when relying on clinical stag-
ing include volatility in DRE findings interpretation,
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variability in Gleason score assigning, and sampling
errors in the prostate biopsy that may result in omission
of areas with higher malignant potential. Inaccuracies
in the initial evaluation may lead to the inappropriate
control over biologically aggressive tumors as well as
selection of treatment modalities with inferior thera-
peutic potential, which may ultimately have an adverse
effect upon patient outcome. Thus, the area of scientific
investigation should focus on determining factors that
might facilitate identification of patients potentially
harboring clinically significant disease.

PSA density (PSAD) is a derivate measure of serum
PSA that initially has found application in the field of
determining indications for prostate biopsy. Several
studies have proven high discriminative power of
PSAD for PC detection [7, 8]. A number of scientific
investigation reports have confirmed PSAD as a rel-
evant predictor of radiation therapy (RT) outcomes
[9, 10]. However, other studies have shown somewhat
less PSAD prediction ability [11, 12]. Therefore, it
remains to be understood whether PSAD represents an
important parameter related to overall (OS) & cancer-
specific survival (CSS) among PC patients treated with
external beam radiation therapy (EBRT). In an attempt
to gain insight into current issues we have conducted
our own study, by evaluating the performance of PSAD
to predict EBRT outcomes.

Purpose. To evaluate prostate specific antigen
density (PSAD) as a predictor of overall (OS) and
cancer-specific survival (CSS) in patients with prostate
cancer (PC) who have undergone combined hormonal-
radiation therapy.

Objectives

The primary study objective was to evaluate PSAD
as a predictor of OS and CSS in patients with local-
ized PC who underwent combined hormonal-radiation
therapy. The secondary study objective was to assess
PSAD OS and CSS predicting ability among patients
with locally advanced and metastatic PC who under-
went combined hormonal-radiation therapy.

Material and Methods

After obtaining Institutional Review Board ap-
proval, all patients undergoing combined hormonal-
radiation therapy for PC at A.M. Granov Russian
Scientific Center of Radiology and Surgical Technolo-
gies, Ministry of Healthcare of Russia were identified
and evaluated for study feasibility from prospectively
recorded and maintained PC database [13]. Inclusion
criteria were as follows: histologically verified PC,
proper T staging according to the TNM classification,
5th-7th edition. Further staging was performed with
bone scan and pelvic MRI in all men with serum PSA
concentration >10 ng/ml. Patients who were treated
with therapeutic agents that could interfere with base-
line PSA concentration, or did not receive androgen
deprivation therapy (ADT) were excluded from the
study. All patients with missing data regarding baseline
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serum PSA concentration as well as prostate volume
measurements required for PSAD calculation were
also excluded from the study.

All clinical and pathological data was collected
retrospectively and analyzed prospectively. PSAD was
calculated by dividing baseline serum PSA values by
transrectal ultrasound (TRUS) determined prostate
volumes using the truncated cone formula: 0.52 x (L
x W x H) cm?, where the length (L), width (W) at the
greatest diameter, and the height (H) at greatest height.
Prostate volume estimation on the basis or TRUS data
was associated with the availability of these findings
among all patients included into the study. In addition,
recent investigations have proven that prostate volume
measured by TRUS does perfectly correspond to the
actual weight of a surgical specimen [14]. Ever since
the prognosis and management differ according to the
extent of tumor involvement, patients were categorized
into localized (cT1-2NOMO, n=272), locally advanced
(T3-4NOMO, T1-4N1MO, n=231) and metastatic PC
(T1-4NO-1M1, n=211) groups.

External beam radiation therapy

EBRT was carried out by bremsstrahlung radiation
on linear electron accelerators with a boundary radia-
tion energy from 6 to 18 MeV. Patients with localized
PCreceived the total EBRT dose of minimum 72—-73 Gy
in the standard fractionation mode by delivering 3 Gy
daily to a local field, which included the prostate gland,
periprostatic tissue, and seminal vesicles. Patients
suffering from locally advanced PC received EBRT
in two steps: the first step included irradiation of the
whole pelvis field, which comprised the prostate gland,
periprostatic tissue, seminal vesicles, and locoregional
pelvic lymph nodes, using a four field technique. The
whole pelvis was treated to a dose of 50-52 Gy deliv-
ered in 25-26 fractions. This was followed by a CT-
guided cone down to a local field, as described above.
Total EBRT dose in patients with metastatic skeletal
bone lesions were determined at the discretion of each
physicist. The most frequently used dosage was 20 Gy
by 2 Gy daily to the site of bone lesion. Thereafter
patients received regional and local radiation therapy
according to the regimens mentioned previously.

Androgen deprivation therapy

ADT was performed using gonadotropin releasing
hormone agonists and/or anti-androgen drugs. In order
to achieve castration testosterone level a portion of
patients underwent bilateral orchiectomy.

Statistical analysis

Normally distributed continuous variables are
presented as means with their respective standard
deviation. To compare the means of two normally
distributed continuous variables an independent
samples t-test was applied. Non-normally distributed
continuous variables are given as medians with
associated ranges, and differences between groups
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assessed using the Mann Whitney U-test. Categorical
variables data are given as proportions, and differences
between subsets are examined using Pearson’s chi-
squared or Fisher’s exact test, as applicable. In order
to assess PSAD overall performance in survival
predicting, receiver operating characteristic (ROC)
curves were plotted and the area under the curve
(AUC) calculated. According to threshold values
established by the results of ROC-analysis, patients
were distributed into “low” and “high” PSAD
groups.

The follow-up duration was calculated as the
period between the date of diagnosis and the date of
death or last contact. Patients were censored at the
last information before 5" November 2021. OS was
determined as the length of time from EBRT to death
due to any cause, regardless of recurrence. CSS was
defined as duration from the date of EBRT to the death
due to PC progression other than other cases. OS and
CSS curves were plotted by the Kaplan—Meier product
limit estimator and were compared between subgroups
using the log-rank test.

In univariate analyses, the following prognostic
factors were evaluated for their potential associations
with OS and CSS outcomes: age at the moment of
diagnosis, baseline serum PSA concentration, PSAD,
PSA doubling time (PSADT), Gleason score, total
EBRT dose. Cox proportional hazards model was
applied to evaluate associations between several
potential prognostic factors and time-to-event
outcomes. Multivariate models were created using
variables that showed significant association (p<0.05)
with outcomes of interest on univariate analysis. All
tests were two-tailed, and considered statistically
significant at p<0.05. The statistical software Medcalc
version 19.1.3 (MedCalc Software Ltd, Acacialaan
22, 8400 Ostend, Belgium) was used for all statistical
analyses.

Results

Out of a total 5500 patients who underwent
EBRT at the A.M. Granov Russian Scientific Center
of Radiology and Surgical Technologies, between
January 1996 and December 2016, 714 patients were
eligible for this study. The median follow-up time for
patients with localized PC was 139.0 (range 90.0 to
171.0) months, for patients with locally advanced PC —
114.0 (range 73.0 to 148.0) months and 45 (range
24.2 to 98.7) months for patients with metastatic
PC. Median age at diagnosis for localized PC was
67.4 (range 61.5 to 71.6) years, for locally advanced
PC - 65.3 (range 60.2 to 71.0) years, while mean age
for men with metastatic PC was 63.5 = 7.6 years. A
baseline median PSA (ng/mL) concentration was 16.8
(range 10.2 to 27.0), 18.3 (range 10.0 to 36.9) and
54.4 (range 25.1 to 150.0) for patients with localized,
locally advanced and metastatic PC, respectively. The
median PSADT for patients with localized, locally
advanced and metastatic PC were as follows: 36.6
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(range 11.3t043.8),28.9 (7.4 to 43.3) and 3.16 (range
1.3 t0 9.8) months. Finally, PSAD values, according to
the tumor process extent distributed as follows: 0.45
(range 0.26 to 0.83) for localized PC, 0.53 (range 0.25
to 1.08) for locally advanced disease and 1.52 (range
0.61 to 3.79) ng/mL/cc for metastatic PC. Gleason
score was available among 509 patients. Within the
localized PC group 98 (36.0 %) patients exhibited <7
Gleason score, 67 (24.6 %) patients had a Gleason
score equal to 7, while 31 (11.3 %) men had a Gleason
score >7. Within the locally advanced PC group 49
(21.2 %) patients had Gleason score of <7, 63 (27.2
%) patients had Gleason score 7, and 60 (25.9 %)
patients had low differentiated tumors represented as
Gleason score 8-10. Lastly, among group diagnosed
with metastatic PC — highly differentiated tumors
(Gleason score <7) were identified in 22 (10.4 %)
patients, moderately differentiated (Gleason score 7)
in 43 (20.3 %) patients, whereas 76 (36.0 %) of men
had tumors, corresponding to a Gleason score >7. The
results of univariate analysis of variables in relation
to OS and CSS are summarized in Table 1 and 2,
respectively.

Localized PC

The results of univariate analysis of variables
related to OS (table 1) suggest that investigated groups
were comparable in terms of age and radiation dose
exposure (p>0.05). Alive patients had significantly
lower baseline PSA concentration (p=0.02) and
PSAD (p=0.04). Well-differentiated tumors were more
likely to be observed within a group of alive patients
(p=0.0009). PSADT did not differ statistically between
two groups (p>0.05). Univariate analysis of main
variables affecting CSS (table 2) has revealed that the
group of alive patients had a greater probability of
having lower PSA (p=0.0001) and PSAD (p<0.0001)
values, and a longer PSADT (p=0.002). Patients,
who have died as the result of PC progression had a
better chance of being diagnosed with PC at younger
age (p=0.006) as well as a harboring more aggressive
subtype of the disease (p=0.0056). No difference in
terms of total EBRT dose was observed within CSS
groups.

Locally advanced PC

According to the analysis of variables affecting OS
(table 1), one can notice that groups differ significantly
in terms of age at the moments of diagnosis (p=0.003)
and Gleason score. Well-differentiated tumors were
observed more often within censored patients’ group
(p<0.0001). At the same time, regardless of group
affiliation, differences in baseline PSA, PSAD,
PSADT levels and the amount of total radiation dose
received remained statistically insignificant (p>0.05).
CSS (table 2), on the other hand, has demonstrated
correlation with the baseline serum PSA concentration
and tumor aggressiveness. Alive patients were more
likely to exhibit lower PSA values (p=0.02) as well as
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Table 1/Tabnuua 1

Variables associated with overall survival
O6Lasn BbhKMBAEMOCTb C Y4eTOM OCHOBHbIX XapaKTepPUCTUK

Locally advanced PC/

Localized PC/ e Metastatic PC/

. Jloxanmm3oBarnb PIDK N : Meracrarnueckmii PIDK
Variable/ . He1id PIDK . 0
IIpuzHak

P Comsored gy Comored! ey Comsored gy
YP . Cwmeptp P . CwMmepTh YP . CwMmepTh
POBaHHBIN POBaHHBII POBaHHBIN
Age (years),
Median (IQR)Y/ 66.9 67.5 63.8 67.0 .
Bospacr (ner), (60.9-70.0) (62.1-72.7) ~0.05 (57.2-69.8) (61.8-71.4) 0.003 60.5945.72 64.03+7.83 0.044
Menuana (IQR)*
PSA (ng/mL), 55.0
Median (IQR)/ li‘r.O 155.5 0.02 177.6 2(1.4 ~0.05 477.0 @7.0- 001
TICA (ur/mi), (8.9-25.9)  (11.3-30.0) (9.2-32.6)  (10.5-39.6) (12.0-85.0) 157.5)
Mennana (IQR) ’
PSAD (ng/mL/cc),
Median (IQR)/ 0.39 0.51 0.04 0.56 0.50 ~0.05 1.17 1.64 001
nlICA (ar/mi/em®),  (0.22-0.78)  (0.29-0.86) : (0.29-1.28) (0.22-0.95) ' (0.31-2.0) (0.674.7) ’
Menuana (IQR)
PSADT (months),
Median (IQR)/ 38.2 36.1 29.6 25.4 15.8 2.7
BVYIICA (mec), (11.5-60.8) (11.1-40.0) 0B (10.4-50.1) (5.4-40.0) UL (4.4-28.3) (1.6-6.8) LTS
Menuana (IQR)
Gleason score/ <0.0001 <0.0001 <0.0001
Wnnexc I'mucona

<7 57(46.7%) 41(27.3%) 0.0009 30(312%) 19(14.07%) 0.0017  9(2.0%) 13(72%)  0.0013

7 36(29.5%) 31(20.6%) >0.05  34(354%) 29(21.48%) 00194 10(322%) 33(183%)  >0.05

>7 11 (9.0%) 20(13.3%) >0.05 22 (229 %) 38 (28.14 %) >0.05 8(25.8%) 68 (37.7 %) >0.05
Unknown/ 18 (14.7%) 58(38.6%) <0.0001 10(10.4%) 49 (3629%) <0.0001 4 (12.9%) 66 (36.6%) 0.0012

HewussectHo
Local irradiation
total dose, Gy
Median (IQR) 73.0 72.0 ~0.05* 73.0 73.0 ~0.05 73.0 72.0 ~0.05
JlokambHoe (71.0-75.0)  (72.0-74.0) : (71.0-75.0)  (71.0-73.5) : (72.0-74.0)  (71.0-73.0) :
obmyuenwue, [p
Mennana (IQR)
Regional
irradiation total dose,
Gy
. 50.0 49.7 51.0 53.0
Median (IQR) N/A N/A NA S 495510) 4925200 005 490-530) (515540) 003
Perunonapnoe
obnyuenwue, I'p
Mennana (IQR)

Note: *— Mean & standard deviation for metastatic PC; IQR — interquartile range.

IMpumeuanne: *— Cpennee apudMeTHIECKOE H CTAHAAPTHOE OTKIOHEHHUE s rpymmsl MetacTatndeckoro PIDK; IQR — MexXKBapTHIBHBIHA pa3Max.

tumors with lower Gleason score (p=0.0001). Whilst
age, PSAD and PSADT did not differ significantly
between study groups (p>0.05). In addition, no
difference was noted between two groups in terms of
local and regional total dose irradiation.

Metastatic PC

Variables, statistically significantly associated with
OS (table 1) in a group of metastatic PC included the
following: age at diagnosis onset, baseline PSA and
PSAD level, PSADT and Gleason score. Deceased
patients used to have higher PSA (p=0.01) & PSAD
(p=0.01) values and shorter PSADT (p=0.0005), while
censored patients were more likely to be diagnosed
with PC at younger age (p=0.04) and possess well-
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differentiated tumors (p=0.0013). Similarly, while
reviewing association between main tumor burden
properties and CSS (table 2) outcomes we found that
patients who have died as the result of PC progression
have had statistically significantly higher PSA (p=0.01)
and PSAD (p=0.01) values, lower PSADT (p=0.0005)
and were less likely to have well differentiated tumors
(p=0.006). No difference in EBRT dose was observed
between groups, regardless of outcome.

PSAD prognostic value

We further applied ROC-analysis to determine
the threshold of PSAD, which, if exceeded, would be
accompanied with a decrease in survival probability.
The results are presented in Table 3. Subsequently,
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Table 2/Ta6bnuua 2

Variables associated with cancer-specific survival
Onyxonb-cneymduyeckas BbKUBaEMOCTb C YY4EeTOM OCHOBHbIX XapaKTepucTuk

. Locally advanced PC/ Metastatic PC/
Localized PC/ . .
Tokanmsosanmesi PIIK MecTtHOpacnpoCTpaHEeHHbIH MeTracraruueckuii
Variable/ . PIDK . PIDK 0
IIpuznak
P Comsored ey Comored ey Consored! ey
P . Cwmepth P . CmepTh YP . Cwmepts
POBaHHBIN POBaHHBIN POBaHHBIN
Age (years),
Median (IQR)Y 67.7 64.0 66.7 63.7 .
Bospacr (sier), (62.1-27.0)  (59.1-68.8) 0.006 (60.8-71.3) (59.6-68.8) 2005 637 & 71 634+ 78 005
Menunana (IQR)?
PSA (ng/mL), 53.8
Median (IQR)/ 15.0 22.4 17.6 29.7 41.1 )
TCA (ur/mn), (9.6-26.0)  (16.0-36.7) 0.0001 (9.5-31.8) (11.6—48.9) 0.0261 (18.3-86.1) (30.0- 0.0104
167.6)
Menuana (IQR)
PSAD (ng/mL/cc),
Median (IQR) 0.42 0.66 0.51 0.63 1.06 1.72
nlICA (ar/mn/em?®),  (0.22-0.76)  (0.43-1.27) <0.0001 (0.25-0.93) (0.24-1.2) ~0.05 (0.39-2.15) (0.70-5.79) 0-0062
Memuana (IQR)
PSADT (months),
Median (IQR)/ 36.6 7.5 29.2 28.6 154 2.1
BVIICA (mec), (12.6-47.9)  (1.3-36.6) LR (8.1 -53.3) (7.1 -36.6) AL (3.5-35.6) (1.0-5.2) UL
Menuana (IQR)
Gleason score/ 0.0163 0.0001 <0.0001
Wunexc I'mucona
<7 93 (41.5%) 5(104%) <0.0001 41 (24.5 %) 8(12.5%) 0.0489 13(24.0%) 9 (5.7 %) 0.0004
7 54 (24.1 %) 13 (27.0 %) >0.05 55(32.9 %) 8(12.5%) 0.0016 16(29.6%) 27 (17.1 %)  0.051
>7 20(89%) 11(229%) 0.0056 37 (22.1 %) 23(359%) 0.0329 17 (31.4%) 59(37.5%) >0.05
Unknown/ 57 (254 %) 19(39.5%)  0.0485 34 (20.3 %) 25(39.0%) 0.0036 8 (14.8%) 62(39.4%) 0.0007
HewussectHo
Local irradiation total
dose, Gy
Median (IQR)/ 73.0 72.0 50,05 73.0 72.0 ~0.05 73.0 72.0 ~0.05
JlokansHoe (71.0-75.0)  (72.0-74.0) ’ 73.0-73.0 71.0-73.0 ’ 72.0-74.0  71.0-73.0 ’
obnydenue, ['p
Menuana (IQR)
Regional irradiation
total dose, Gy
Median (IQR)Y/ 50.5 50.5 .
PermonapHoe N/A N/A N/A 49.7-51.0 49.7-51.0 >0.05 523+£22 523+£22  >0.05
obnydenue, I['p
Menuana (IQR)*

Note: *— Mean & standard deviation for metastatic PC; IQR — interquartile range.

Ipumeuanue: *— Cpennee apupMeTHYECKOE M CTAaHIAPTHOE OTKIOHEHHE Ut Tpymnibl MeTacTatndeckoro PIIDK; IQR — MexKkBapTHIBHBIN pa3Max.

according to the established PSAD threshold values,
patients were subdivided into “high” and “low” PSAD
subgroups.

In the localized PC group, univariate analyses
indicated that patients exhibiting “low” PSAD values
have had significantly better OS (p log-rank=0.0003)
and CSS (p log-rank<0.0001) rates (Fig. 1 and 2).
The results of multivariate analysis identified baseline
PSA concentration, high PSAD and Gleason score
8-10 as independent factors associated with poor
OS and CSS outcomes (table 4). Within the locally
advanced PC group, univariate analyses failed to
confirm PSAD prognostic relevance (p log-rank>0.05)
regardless of the outcome (Fig. 3 and 4). Finally in
metastatic PC group, patients with higher PSAD had
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significantly worse OS (p log-rank=0.02) and CSS (p
log-rank=0.0005) rates (Fig. 5 and 6). On the basis of
Cox proportional hazard model, however, PSADT has
proven to be the only independent prognostic factor,
associated with survival outcomes in metastatic PC
group (table 4).

Discussion

Whereas PSA appears to be a central component
of PC risk stratification algorithms — its baseline
concentration is by no means being universally
reflective of true tumor burden, as PSA values are
prone to significant fluctuations [15, 16]. Moreover,
since it is produced by both benign and malignant
prostatic epithelial cells, serum PSA levels may
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Table 3/Tabnuua 3
The ROC-curve characteristics

Xapaktepuctukn ROC-kpuBon

Survival/ Area under the curve (AUC)/ Sée;r;iar;: ]i:;);/ %ﬁiﬁ:&i?ﬁ;f 95 % CI1/
BroxuBaemocTh [Tiomazne mox kpusoit (AUC) nap p . 95 % A
ommuoKa KpHUTEpUi
Localized PC/JlokanuzoBannsrit PITK
Overall survival 0.648 0.033 <0.0001 0.34 0.24-0.53

061113.5[ BBDKMBAaCMOCTb

Cancer-specific survival/
Onyxonb-crienuduueckas 0.703 0.036 <0.0001 0.36 0.23-0.43

BBDKHBAEMOCTh
Locally advanced PC/MecTtrOpacnpocTpanennsiii PTDK

Overall survival/

0.543 0.038 0.266 0.28 0.09-0.62
OO011asi BLKUBACMOCTh
Cancer-specific survival/
Onyxonb-crienuduyeckas 0.549 0.043 0.238 0.63 0.21-1.74

BBEDKMBAEMOCTH
Metastatic PC/Meracrtatuueckuii PITXK

Overall survival/

0.627 0.052 0.017 2.25 0.44-11.23
O0m1ast BEDKHBAaEMOCTb

Cancer-specific survival/ 0.042
OmnyxoJb-crienupuyeckast 0.625 ’ 0.0032 2.30 0.90-11.23

BBDKHMBACMOCTH

Table 4/Tabnuua 4
Cox proportional-hazards regression analysis results

Pe3y]1bTaTbI aHanusa nponopunoHanbHbIX PUCKOB Kokca

Wald Statistics/ Exp (b) 95 % CI/

iable/IT E E
Variable/Tpusnax b S Tect Banpna P xp (b) 95 % U nns Exp (b)

Localized PC, overall survival/Jlokanu3osauusiii PIIDK, 001as BBDKUBAEMOCTh

Baseline PSA concentration/

. 014 112 . 1.051 1.02-1.
HWcxonnas konnentparus [ICA AL o 9 TELU 159 g &
high” PSA density/ 0.724 0219 10.91 00128  2.064 1.43-2.96
«BBICOKas» IUIOTHOCTH [ICA
>
S =t 1.263 0.413 9.32 00023  3.536 1.57-7.95

Wnnexc [nmucona > 8
Localized PC, cancer-specific survival/Jlokainzosaunsrit PITK, omyxonb-criennduieckas BBDKUBaEMOCTh

“high” PSA density/

1.456 0.356 16.67 <0.0001 4.290 2.13-8.63
«BBICOKas» MIOTHOCTH ITICA

Gleason score > 8/

2.035 0.818 6.17 0.013 7.652 1.53-38.09
Wuneke [mucona > 8

Metastatic PC, overall survival/Meractarmaeckuii PITXK o0mias BEDKHBaEMOCTh

PSADT/

BYTICA —-0.053 0.017 9.003 0.0027 0.947 0.91-0.98
Metastatic PC, cancer-specific survival/Meracrarnueckuii PTDK, omyxonb-crienuuaeckast BEDKHBa€MOCTb

PSADT/

BYTICA —-0.093 0.0285 10.62 0.0011 0.911 0.86-0.96
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Fig. 1. Localized prostate cancer overall
survival in relation to PSA density
Puc. 1. ObLas BbPKMBAEMOCTb C Y4ETOM
nokasarens nMNCA, nokannaoBaHHbI PIMK

Fig. 2. Localized prostate cancer cancer-spe-
cific survival in relation to PSA density
Puc. 2. Onyxonb-cneuudunyeckas BbhkvBae-
MOCTb C y4eTom nokasatensi nfCA, nokanu-
30BaHHbIV PIMK

Fig. 3. Locally advanced prostate cancer
overall survival in relation to PSA density
Puc. 3. ObLas BbpkMBAEMOCTb C Y4ETOM No-
kasatens nMCA, MmecTHOpacnpoCTpPaHeHHbIN
PIMX
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Fig. 4. Locally advanced prostate cancer
cancer-specific survival in relation to PSA
density
Puc. 4. Onyxonb-crneunduyeckasi Bbhxuae-
MOCTb C y4yeTom nokasatensi nfMCA, mecTtHopa-
crnpocTpaHeHHbIn PIMK

Fig. 5. Metastatic prostate cancer overall
survival in relation to PSA density
Puc. 5. Obuas BbPKMBAaEMOCTb C Y4ETOM MO-
kasatens nMCA, metactatudeckun PIK

Fig. 6. Metastatic prostate cancer cancer-spe-
cific survival in relation to PSA density
Puc. 6. Onyxonb-cneumnduyeckas Bbixuae-
MOCTb C y4eToMm nokasatenst nlCA,
meTactatndeckun PIHK
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overlap considerably in men with benign prostatic
hyperplasia (BPH) and those with PC. As an example,
one report retrospectively examined preoperative
serum PSA in 187 men with a histologic diagnosis
of BPH on a transurethral resection of the prostate
specimen and 198 men with organ-confined PC as
determined by step-section analysis of a radical
prostatectomy specimen [17]. The median serum
PSA concentrations were 3.9 (range 0.2 to 55) and
5.9 ng/mL (range 0.4 to 58), respectively. Although
this difference was statistically significant, the
distribution of serum PSA values in both groups
overlapped considerably. These findings led scientists
to search for more accurate tools of PC prediction. PSA
density, on this matter, has clearly illustrated its high
predictive ability for PC detection [7]. Furthermore,
it has also been shown that PSAD correlates with
risk of tumor unfavorable pathological features
(upstaging/upgrading, extraprostatic extension and
seminal vesicles invasion) detection and biochemical
recurrence (BR) following prostatectomy [18, 19].
With the above evidence, it would be logical to assume
that PSAD may be a useful predictor of PC survival
outcomes, regardless of treatment modality.

The main objective of this study was to investigate
the potential impact of PSAD on combined hormonal-
radiation therapy outcomes within localized PC
patients. Our results indicate significant difference
in terms of median PSAD values between alive
and deceased patient cohorts in either OS and CSS.
However, to represent a useful clinical tool, there must
be a PSA density threshold, which, if exceeded, would
be associated with an increased probability of an event.
In our study, we have determined a PSAD cutoff at
0.34 ng/mL/cc for OS and 0.36 ng/mL/cc for CSS with
the best balance between sensitivity and specificity
in identifying adverse outcomes that derived from
coordination points of the ROC-curve. Our findings
indicate in favor of the fact that lower PSAD values
were associated with better OS and CSS rates. To our
knowledge, to date there are no documented reports
aimed to address PSAD significance as a predictor of
OS and CSS within PC patients treated with combined
hormonal radiation therapy. Existing studies in lieu
are focused mainly on evaluation of recurrence-
free survival. For instance, Aref et al. demonstrated
that, whereas PSAD values > 0.3 ng/mL/cc were
accompanied by a statistically significant increase in
BR risk in men with PC treated with EBRT, it didn’t
appear as an independent prognostic factor of BR [20].
Study reports by Matzkin et al., evaluating outcomes
of brachytherapy alone or combined with EBRT within
localized PC patients, indicated that men exhibiting
PSAD values >0,15 ng/mL/cc had a statistically
significant higher risk of BR [10]. Although the
suggested PSAD cutoffwas lower as compared to our
findings, it’s worth noting that the majority of the study
cohort (83.6%) belonged to the low-risk progression
group with the total Gleason score of < 6.
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In contrast, Ingenito et al. [11] reported that in
a series of 175 PC patients, only Gleason score
was found to exert an independent influence on the
biochemical failure (BF) risk following EBRT, while
PSAD diagnostic significance has not been confirmed.
An important drawback of this study, however, is
the heterogeneous nature of the study group, which,
aside from localized PC included patients with locally
advanced types of the disease. Furthermore, BF was
defined as PSA rise of >1 above the nadir, which
does not correspond with contemporary guidelines
[21]. D’Amico et al. also reported that PC volume
and the volume fraction of the gland involved by
carcinoma significantly added to the PSA in predicting
postradiation PSA failure, while PSAD failed to add
considerably in postradiation BF risk estimation [12].
At the same time, similarly to the above-mentioned
publication, the main research limitations include
the heterogeneous structure of the studied cohort, as
well as a comparatively short follow-up period, with
a median follow-up of 14 months.

While the results of our study revealed PSAD as
an independent prognostic factor of long-term survival
among patients suffering from localized PC, it failed
to prove sufftient discriminative ability within locally
advanced PC group. Surprisingly though, on the
basis of univariate analysis PSAD has demonstrated
prognostic significance within the metastatic PC group.
Since median PSA level in metastatic PC cohort was
54.4 ng/mL (range 40.9 to 67.8) which was significantly
higher (p<0.001) than the median PSA of localized PC
group 16.8 ng/mL (range 10.2 to 27.0) one possible
explanation to these findings, in our opinion, might be
attributed to the role of PSA as a confounding factor in
the PSAD predicting ability, which, subsequently was
proven by the results of multivariate analysis, where
PSAD failed to confirm as an independent prognostic
factor. These findings again highlight the fact that the
PSAD is, apart from being PC specific, in all essence
strongly related to prostate volume. In case of tumor
spread into surrounding tissues, lymph nodes or distant
locations, the proportion of “malignant” PSA, secreted
by the bulk of tumor begins to surpass the proportion of
PSA secreted by benign prostatic tissue, diminishing,
as the result, PSAD forecasting ability.

Several limitations in the present study are worthy
of mention. Firstly, selection bias and missing variables
are possible due to its retrospective nature. Secondly
the single center nature may be the source of limited
external validity in addition to a limited number of
patients with localized PC. Prospective studies in
other populations and larger cohorts are warranted to
substantiate and validate our results in the future.

In conclusion, few PC prognosis models include
PSAD. According to our analysis there is a substantial
value in PSAD in predicting OS and CSS in patients
with localized PC treated with combined hormonal-
radiation therapy. These findings may have clear
implications in the field of selecting appropriate
patients for combined hormonal-radiation treatment.
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BoromoJioB Ouer AjlekceeBHY, KaHAUIAT MEANIMHCKNAX HAyK, HAyYHBIH COTPYAHHUK OTACICHUS OIEPATUBHOTO JICICHHSI OHKOYPOJIO-
THYECKUX M OHKOTHHEKOJIornueckux 3adoneBanuii, ®I'BY «Poccuiickuii HayqHBIN IEHTP PaIHOIOTHA M XHUPYPTrHUSCKUX TEXHOIOTHI
M. akaa. A.M. ['panoBa» Munsnpasa Poccuu (1. Cankr-IlerepOypr, moc. [lecounsrtii, Poccust). SPIN-kox: 6554-4775. ORCID: 0000-
0002-5860-9076.

Kapunos I'ennaamnii MuxaiijioBu4, TOKTOp MEIUIMHCKUX HayK, mpodeccop, maBHbIA Hay4HbIA coTpyaHuk, PI'BY «Poccuiickuit
HAyYHBIH LEHTP PAJHOIOTHH M XUPYPrHICCKUX TEXHOIOTHI UM. akan. A.M. ['panoBa» Munsapasa Poccun (1. Cankr-IlerepOypr, moc.
[ecounsrit, Poccust). SPIN-kox: 6010-9551. ORCID: 0000-0002-6034-2040.

BKINAl ABTOPOB

Knees Autekceii FOpbeBH4: pa3paboTKa KOHIETIINHA HAYYHOH paOOTHI, HAIMCAHUE TEKCTa CTaThH, 0030 MyOIMKAIMA IO TEME.

M xoabHux Muxania MocudoBuy: pereH3npoBaHue, aHATH3 HAYYHOH pabOThl, KPUTUYECKUN MEPECMOTP C BHECEHHEM IIEHHOTO
MHTEIUIEKTYalbHOTO COJEPKAHUS.

BoromosioB Outer AnekceeBHY: aHATN3 HAYYHOU pabOThI, pElICH3NPOBAHNE, CTaTHCTHUECKast 00paboTKa.

7Kapunos I'ennanuii MuxaiinoBuy: cOop Marepuana ucciaeJOBaHUs, aHATIU3 HaAyYHOU paOoThI, pelleH3UPOBaHUE, KPUTHIECKUH epe-
CMOTp C BHECEHHEM LIEHHOTO HHTEIUIEKTYaIbHOTO COAEPIKAHMS.

QDunancuposanue

Omo uccredosanue ne nompebo8aLo OONOTHUMENLHO2O YUHAHCUPOBAHUSL.
Kongnuxkm unmepecos

Asmopul 3aa61510m 006 OMCYMCMEUU KOHGAUKMA UHMEPECOE.

CUBWPCKUM OHKONMOTUUYECKUM XXYPHAR. 2022; 21(3): 12-23 23



