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of the Alexandrovska University Multiprofile Hospital for
Active Treatment over a period of nine years. All the pa-
tients gave their written informed consent to participate.
The protocols conformed to the guidelines of the 1975
Helsinki Declaration. All the patients had renal transplan-
tation and were at least 18 years of age. Patients with men-
tal disturbances or proven oncological diseases, including
pulmonary neoplasms, were excluded from the study. The
exclusion criteria were chronic pulmonary diseases like
asthma and chronic obstructive pulmonary disease or
dysfunctional graft with developed terminal renal insuf-
ficiency, and chronic hemodialysis treatment. A history of
pulmonary tuberculosis successfully treated in the past did
form part of the eligibility criteria. In cases of a second or
subsequent pulmonary complication, only the first com-
plication, registered for the respective patient, was used for
the needs of the study and the data analysis.

Methods

Detailed medical history was prepared for each patient,
and all the patients underwent complete clinical examina-
tion. When the criteria responsible for the development of
pneumonia were present, the patients were hospitalized for
treatment at the clinic. During the hospitalization period,
the pulmonary and cardiac statuses were followed-up on a
daily basis, along with a control of the vital signs — arterial
pressure, pulse and respiration rate, body temperature, and
24-hour quantity of urine. The following hematological
and biochemical blood tests were performed: complete
blood count with differential leukocyte count, erythro-
cytes sedimentation rate, C-reactive protein (CRP), cre-
atinine, urea, aspartate aminotransferase, alanine amino-
transferase, potassium, sodium, chlorides, blood glucose,
tibrinogen. The tests of all the patients also included elec-
trocardiography and arterial blood gases (ABGs) analysis
(equipment used — RapidLab 248; Siemens Healthineers,
Erlangen, Germany). Spirometry and in some cases dif-
fusion capacity analysis (equipment used - Ganshorn
Medizin Electronic GmbH, Niederlauer, Germany) were
performed in accordance with the requirements of the
American Thoracic Society / European Respiratory Soci-
ety Guidelines (Miller 2005). Microbiological tests of spu-
tum, pleural effusion liquid or broncho-alveolar lavage,
and of blood for aerobic and anaerobic microorganisms,
fungi, and Mycobacterium tuberculosis were done. We
used Realquality RQ-CMYV standard kits by AB Analitica
s.r.L, Padova, Italy, for the identification and quantitative
determination of the Cytomegalovirus deoxyribonucleic
acid. Posteroanterior radiography of all the patients was
performed. In cases of diagnostic difficulties, high resolu-
tion computer tomography of the thorax was performed
(device used - Aquilion 64-multi-slice, Toshiba Medical
Systems Corporation, Otawara, Japan; following Vitrea 2
protocol of Vital Images, Minnetonka, MN, USA). Some
of the patients underwent fiberoptic bronchoscopy with
bronchoalveolar lavage, catheter-biopsy, and - if neces-
sary —fibre-clamp biopsy (BF 1T30, Olympus Corporation,
Tokyo, Japan). Cytological or histological examinations
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of the material from the bronchial mucosa or the lung
parenchyma were all examined.

Statistical analysis

The statistical data processing was carried out using SPSS
for Windows, Version 16.0 (SPSS Inc., Chicago, IL, USA).
The adopted level of significance, eliminating the null hy-
pothesis, was p < 0.05. The statistical analyses included a
variational analysis of the quantitative variables — median,
standard deviation, standard error of the median, and 95%
confidence interval of the median, frequency analysis of
qualitative variables, graphics. The x* test and the Fish-
er’s exact test were used for establishing the dependency
between two qualitative variables, and the Kolmogorov-
Smirnov and the Mann-Whitney methods for testing the
normality of distribution of the quantitative variables.
Quantitative indicators were assessed using a receiver op-
erating characteristic (ROC) analysis. The probability ratio
was calculated using logistic regression analysis, and the
establishment of the effects of various factors and the risk
estimation were carried out based on the Cox regression,
using Kaplan-Meier survival curves.

RESULTS

A total of 124 kidney recipients with pneumonia were
included in the study. The mean age of the patients was
41.23 + 13.46 years. The male-to-female ratio was 78/46
(62.9% men and 37.1% women). According to the outcome
of pneumonia, the patients were divided into two groups.
In the first group, which was pneumonia (+), there were
83 patients recovered from pneumonia. The other 41 re-
cipients in pneumonia (-) group died as a result of the
pneumonia or related complications during their hospi-
talization. There was no significant difference between the
two groups according to main demographic data - age,
sex, smoking status, type and length of dialysis treatment
before transplantation, immunosuppressive agents used in
both patient groups, concomitant diseases (p > 0.05 for all).

In the pneumonia (+) group, three patients became ill
during the first postoperative month, 36 patients between
the first and sixth month after the transplantation, and 44
patients in the late post-transplantation period (more than
six months after surgery). In the pneumonia (-) group,
six patients became ill during the first postoperative pe-
riod, 27 patients became ill between the first and sixth
month after the transplantation, and eight patients in the
late post-transplantation period. There is a statistically sig-
nificant dependence between the period of development
of pneumonia and the outcome of the disease (p < 0.001).

The effect of the period during which pneumonia occurs
on the survival rate of the patients is shown in Figure 1.

The main clinical symptoms are similar in both groups
(p > 0.05). The only statistically significant difference in
clinical features between the two groups is the presence of
dyspnoea at admission (p = 0.033). This symptom occured
more frequently in the pneumonia (-) group.
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The major hematological and biochemical parameters
are shown in Table 1. Statistical differences between their
values in the groups of patients according to the outcome
of pneumonia were observed for CRP and lymphocytes.
The calculated ROC curve for CRP is shown in Figure 2.
The area below the curve is 0.702 (95% CI, 0.584-0.819),

p = 0.003.
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Figure 1. Kaplan-Meier plot - effect of the period after the transplant
on the survival rate in patients with pneumonia

Table 1. Comparison of the hematological and biochemical param-
eters between the two groups

The ABGs analysis shows that at admission 38 patients
(45.78%) of those that subsequently recovered and 35
(85.37%) of the subsequently deceased patients had hy-
poxemia (p = 0.001). Figure 3 shows the ROC curve for
PaO, in the ABGs at admission. The area below the curve
is 0.703 (95% CI, 0.591-0.815), p = 0.003.

The ABGs analysis, performed on the third day of the
treatment, revealed hypoxemia in 23 (27.71%) of the sub-
sequently recovered and in 39 (95.12%) of the subsequent-
ly deceased patients (p < 0.001). Figure 4 shows the ROC
analysis comparing both groups, based on the outcome of
the disease and the PaO, values, obtained from the ABGs
analysis on the third day of the treatment. The area below
the curve is 0.884 (95% CI, 0.814-0.955), p < 0.001.

There was a statistically significant difference in the lo-
calization of the X-ray alterations between the two groups
(p <0.001). The predominant radiological findings in the
pneumonia (-) group were bilateral changes. They in-
creased the risk of fatal outcome (HR = 2.482; 95% CI,
1.439-4.279; p = 0.001).

A failure of the antibiotic treatment administered and
a need to re-evaluate it was determined in 21 (25.3%) re-
cipients in the pneumonia (+) group and in 38 (92.68%)
patients in the pneumonia () group. The two groups dif-
fer statistically (p < 0.001) (Figure 5).

In the pneumonia (-) group, three (7.31%) recipients
were subjected to non-invasive ventilation (NIV) and 31
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Figure 4. ROC curve of PaO, on the third day, as a lethality predictor
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monia patients

Table 2. Indicators for the assessment of the fatal outcome risks

Indicator HR 95% Cl p
1stmonth after renal 2.027 | 1.092-3.761 | 0.025
transplantation

1-6 months after renal 2.303 | 1.104-4.803 | 0.026
transplantation

Dyspnoea 2.184 | 1.239-3.849 | 0.007
Hypoxemia 2.261 | 1.314-3.890 | 0.003
Bilateral radiological changes 2.480 | 1.439-4.279 | 0.001
Failure of initial antibiotic therapy | 3.548 | 2.418-5.205 | <0.001
Intubation and mechanical 4635 | 2276-9.437 | <0001
ventilation

HR - hazard ratio

on the survival rate of pneumonia patients is shown in
Figure 6.

The risk factors for an in-hospital fatal outcome of
pneumonia in patients after renal transplantation are
shown in detail in Table 2.

DISCUSSION
The frequency of pneumonia, reported after RT varies
2.9-30%, as these are the lowest rates, compared to other

organ transplantations [11, 12]. According to our results,
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the mortality rate resulting from pneumonia is 33.06%.
The available literature provides inconsistent data on the
mortality of pulmonary infections. Some authors report
a rate of 15-20% [13]. Other studies show mortality rates
of 21-35%, as there are certain differences between the
mortality from pneumonia, acquired in public (8%), and
Hospital-acquired (nosocomial) cases (58%) [14, 15].There
is a statistically significant dependency between the pe-
riod of the development of the pulmonary infection and
the outcome of the disease (p < 0.001). The pneumonia
outcome depends on the amount of time which passes af-
ter the transplantation before the infection develops [16].
The mortality rate is higher among patients who acquire
pneumonia in the early post-transplantation period, i.e.
between one and six months after surgery. The develop-
ment of pneumonia during the early postoperative period
(during the first month) increases the lethal outcome risk
2.027-fold (HR = 2.027; 95% CI, 1.092-3.761; p = 0.025).
The development of pneumonia one to six months after
surgery increases the risk of an unfavorable outcome 2.303-
fold (HR = 2.303; 95% CI, 1.104-4.803; p = 0.026). At the
same time, most of the successfully treated patients devel-
oped pneumonia in the late post-transplantation period.

Clinical symptoms of pneumonia do not differ from
those in immunocompetent patients. The prevailing com-
plaints of patients with the fatal outcome were dyspnoea. A
statistically significant dependency between the outcome
of pneumonia and the presence of dyspnoea at admission
was determined (p = 0.033).The dyspnoea increases the
risk of the unfavorable outcome 2.184-fold (HR = 2.184;
95% CI, 1.239-3.849; p = 0.007).

The analysis of the laboratory indicators revealed typi-
cal changes in infection markers, also observed in immu-
nocompetent patients with pneumonia - increased CRP,
leukocytosis with neutrophilia, lymphopenia, monocytosis.
Also observed were slight anemic syndrome and increased
levels of creatinine and fibrinogen. Statistically significant
differences between the values of the laboratory results
in the groups of patients, according to the pneumonia
outcome, were observed only for CRP and lymphocytes.
The analysis of the CRP ROC curve showed that CRP at
44mcg/L reveals the highest sensitivity (74.1%) and speci-
ficity (70.4%) as a fatal outcome predictor. In multivariate
analysis, Diadar et al. [17] also found that high CRP is as-
sociated with significant risk for death from pneumonia.

Patients with post-RT pneumonia show increased rates
of hypoxemia. At the same time, low levels of PaO, on
admission or in the course of treatment are a risk factor
for the fatal outcome of pneumonia [18]. Our results show
that the ABGs analysis at admission revealed hypoxemia in
85.37% of the patients who subsequently died (p = 0.001).
The PaO, values below the normal range increase the risk
of the fatal outcome 2.261 times (HR = 2.261; 95% CI,
1.314-3.890; p = 0.003). According to the ROC analysis,
the PaO, level of 64.7 mmHg has both the highest sensi-
tivity and specificity (63%) as a predictor of the fatal out-
come. If PaO, is observed dynamically, hypoxemia was
determined in 95.12% of the deceased patients (p < 0.001)
on the third day of the treatment. The analysis of the ROC
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curve on the third day of the treatment showed the PaO,
value of 60.8 mmHg with very high sensitivity (79.6%)
and specificity (81.5%) as a predictor of the fatal outcome.
These results coincide with the manuals prepared to date,
in which PaO, values below 60 mmHg are considered a
risk factor for the fatal outcome of pneumonia.

Several previous studies showed that multilobar radio-
graphic pulmonary infiltrates were significantly associ-
ated with mortality [19, 20]. In our study, X-ray changes
have diverse localization, as the presence of bilateral in-
filtrates increase the risk of the fatal outcome 2.482 times
(HR = 2.482; 95% CI, 1.439-4.279; p = 0.001).

The early initiation of the treatment with appropri-
ate antibiotics is of great importance for the outcome of
pneumonia after RT. In the case of therapy failure, risk of
mortality increases significantly [21, 22, 23].

According our results, a failure of the originally started
antibiotics treatment and its subsequent re-evaluation in
the course of treatment was observed in 92.68% of the
patients in the pneumonia (-) group (p < 0.001).The need
for adjusting the antibiotics therapy increases the risk of
the fatal outcome 3.548-fold (HR = 3.548; 95% CI, 2.418—
5.205; p < 0.001).

Due to the occurring complications in the course of
pneumonia, some patients had to undergo NIV or invasive
ventilation. Mechanical ventilation increases the risk of
the fatal outcome in patients with pneumonia. This fact
has been confirmed by numerous studies carried out pre-
viously [15, 24, 25]. Prolonged mechanical ventilation is
mentioned in a number of publications as the main risk
factor for the development of nosocomial pneumonias
[14, 15]. At the same time, in recent years, a significant
volume of data has been accumulated on the role of the
NIV in the treatment of acute respiratory insufficiency in
immunosuppressed patients [26]. A randomized study by
Antonelli et al. [27], involving 25 patients post RT, showed
that NIV, due to hypoxemic respiratory failure, significant-
ly reduced mortality rates (p = 0.05). Hilbert et al. [28]
reported a lower rate of use of intubations (46% compared
to 77%) and lower mortality rate (50% compared to 81%)
(p £0.05 for both) among immunocompromised patients
with acute respiratory failure and NIV, compared to those
observed in conventional treatment [28].

The results of our study are similar to the previous
publications. We have established a statistically significant
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Ynana nnyha u 601HMYKA CMPTHOCT NOcAe TpaHCNAaHTauuje bybpera

BeHuwcnaga Menuesa', AujaH leHos?, JaHujena MetpoBa’, OrkbaH feoprujes’
'MennumMHCKN yHUBep3UTET, YHNBEp3UTeTCKa BrwenpoduiHa 601HMLa 3a akTUBHO Neyetbe , AnekcaHapoBcka’, Ofierberbe nponefesTrke

nHTepHNX 6onecT, Coduja, Byrapcka;

2MeanLMHCKN YH1BEP3UTET, YHMBEP3UTETCKa BULENpoduaHa 60nHMLA 3a akTUBHO Neyerbe ,CB. MBaH Puncki’, KnnHnka 3a Hepponorujy,

Coduja, byrapcka

CAXETAK

YBoa/Lum MHeymoHuje cy jepaH of Hajuelwhnx pasnora Mop-
6vanTeTa 1 MopTanuTeTa Kog npumManava bybpera.

Linrs oBor pafa je 6vo fa peduHunwe dakTope noBesaHe ca
Behum pu3nkom of MopTanuTeTa of ynane nnyha y 6onHuum
nocne npecahyBatba 6ybpera.

MeTope AHanu3vpaHa cy 124 6onecHnKa ca MHEYMOHUjOM 1
npecaheHrm 6yb6perom xocnuTann3oBaHa y nepuogy of AeBeT
roguHa. KopuvwheHu cy pas3nmumtii HeHBa3BHU U MHBa3WBHY
[WjarHOCTUYKIN TECTOBMW.

Pesyntati 360r nHeyMOHMje U1 CPOLHUX KOMMNMKaLMja yMpo
je 41 6onecHuk Tokom 6opaska y 6onHMLM. DakTOpK NOBE3aHN
ca noBehaHUM pr3MKOM Of MOpTanuTeTa y 60IHMLM 6unn cy
cnepehu: pa3Boj MHeyMOHWje TOKOM paHOT NOCTOMNepaTUBHOT
nepuopga (o npeor meceua) (HR = 2,027; p = 0,025) nnn og np-
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BOT [0 LWecTor Mecela nocse onepauuje (HR = 2,303; p = 0,026),
aucnHeja (HR = 2,184; p = 0,007) n xunokcemuja (HR = 2,261;
p =0,003). MpucycTBo 6unatepanHux uHpuntpata (HR = 2,482;
p=0,001), Heycrex no4eTHe aHTUOMOTCKe Tepanuje (HR = 3,548;
p < 0,001), TpaxeanHa NHTybaLMja U MeXxaHNYKa BEHTUMALMja
(HR =4,635; p < 0,001) Takohe cy noBehaBanu pr3nK of CMpT-
HOT ncxopa.

3aksbyyak [1o3HaBaHe NPOrHOCTUYKMX haKTopa NOBE3aHNX Ca
noBehaHUM p13KOM Off CMPTHOT UCXOAA Of MHEYMOHUje y 601-
HULM Mocne TpaHCNaHTauuje 6ybpera npy»xa MoryhHocT ogpehu-
Bakba rpyne 60necHrKa BICOKOT p13KKa, KOja 3axTeBa paHy eTu-
OJIOLLKY AMjarHO3y 1 CTPOry KOHTPOJTY CTakba fia b1 ce cMamuna
CMPTHOCT of, NyhHUX nHdeKLUMja Koa NprManaua byopera.
KrbyuHe peuu: nHeyMOHWja; CMPTHOCT; NpUMaraLl; TpaHCnIaH-
Tauwja, conupaHu opraH, bybper
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SUMMARY

Introduction/Objective Radical prostatectomy (RP) is the best form of treatment of patients with lo-
cally confined prostate cancer (PC). Biochemical progression (BP) of the disease occurs in 27-53% of
patients after RP.

The aim of our analysis was to assess the significance of the correlation of preoperative prostate-specific
antigen (PSA) values and the percentage volume of PC in biochemical progression in patients with RP
and the biopsy Gleason score of 6 and 7.

Methods The analysis included the results of treatment of 228 patients with the committed radical ret-
ropubic prostatectomy for localized PC in the 2007-2011 period. According to the Gleason grade system
values, three groups were identified - 6 (3 + 3), 7 (3 + 4) and 7 (4 + 3). According to the preoperative
PSA values the following three groups were determined and monitored: <4 ng/ml, 4.1-10 ng/ml, and
>10.1 ng/ml. Biochemical progression was defined as two consecutive increases of PSA values > 0.2 ng/ml
after RP. The percentage of tumor volume (PTV) is determined by a visual assessment of the percentage of
PCin each microscopic sample. Four PTV groups were determined: 0-5%, 6-25%, 26-50%, and 51-100%.
Results Biochemical progression was registered in 19 patients. Most frequent PTV in the group of patients
with BP and from biopsy and RP was 6-50%, an average of 30%.

Conclusion Our study showed predictive significant connections between preoperative PSA values
and the values of PTV after operational treatment and that these are independent parameters in the
assessment of treatment results.

Keywords: prostate cancer; radical prostatectomy; prostate-specific antigen; tumor volume; biochemi-
cal recurrence

INTRODUCTION the leading standard PC parameters for de-
cades [1-4]. The first results of work based

Prostate cancer (PC) is the most common tu-  on an estimate of the PC volume in diagnostic

mor in older men and one of the leading ma-
lignant tumors in the world. According to the
results of epidemiological studies, diagnostics
of PC in each year ranges from 26% to 28%
of all malignant tumors [1]. Thanks to early
diagnosis and numerous therapeutic modali-
ties, mortality caused by PC declines each year
and currently stands at 9-11%. Radical pros-
tatectomy (RP) is the best form of treatment
of patients with locally confined PC, who are
expected to survive longer than 10 years. Bio-
chemical progression (BP) of the disease occurs
in 27-53% of patients after RP [2]. BP after RP
is defined as the elevation of the value of pros-
tate-specific antigen (PSA) in the absence of
diagnostic metastases [2-5]. Together with the
Gleason grade system (GGS) and the stage of
the disease, serum PSA values have represented

biopsies and material from RP and its ques-
tionable character in assessing the progression
of the malignant disease have emerged in the
1990s. The assessment of PC volume depended
on the implementation of the recommenda-
tions of the macroscopic treatment of pros-
tate tissue, as well as computerized or other
methods of its determination [6-12]. Despite
the large number of positive correlations with
tumor volume with BP, PC volume analyzed
through GGS and the stage of the disease has
not gained the importance of an independent
prognostic parameter [7-11].

The aim of our analysis was to assess the
significance of the correlation of preoperative
PSA values and the PC percentage volume in
biochemical progression in patients with RP
and the biopsy GGS score of 6 and 7.
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METHODS

The analysis included treatment results of 228 patients
who underwent radical retropubic prostatectomy for lo-
calized PC in the 2007-2011 period. The material from
biopsies and RP of 113 patients with GGS values of 6 and
7 was used for the analyses of this group. Status of the
lymph nodes in all the patients was negative. Postopera-
tive follow-up included the period from 29 to 77 months,
the average being 56 months. The patients did not receive
preoperative hormonal or radiation therapy. The diagno-
sis of PC was determined according to standard clinical
parameters, with ultrasound-guided transrectal biopsy
(TRBP), which was followed by noting preoperative and
postoperative PSA values, clinical and pathological stage of
the disease, GGS score from biopsy and operational mate-
rial, as well as the tumor volume percentage. According to
GGS values, the following three groups were identified:
group 1 - GGS 6 (3 + 3) (Figure 1); group 2 - GGS 7 (3
+4) (Figure 2); and group 3 - GGS 7 (4 + 3) (Figure 3).
Macroscopic treatment of the prostate tissue, seminal
vesicles, and groups of lymph nodes, was performed with
the use of protocol-labeled samples according to topogra-
phy changes, including the analysis of the prostate apex and
the status of the entire margin [11]. The volume of histolog-
ically processed tissue ranged 70-100% of the total weight
of the prostate. Prolonged tissue fixation in 10% formalin
was applied, after which parasagittal sections 2-3 mm
wide were made. Histologic type, tumor grade, and stan-
dard WHO grade (1 to 3 degrees) as GGS and pathological
stage of the PC were determined from paraffin embedded
prostate tissue obtained from RP, treated with standard
hematoxylin and eosin staining. The postoperative stage in
all the patients was revised and fully adapted to the seventh
edition of the official AJCC/UICC protocol in 2009 [12].
Serum levels of PSA were determined by Hybritech mono-
clonal immunoassay method (Hybritech, Inc., San Diego,
CA, USA). According to the preoperative PSA values, the
following three groups were determined and monitored:
group 1 — PSA values of < 4 ng/ml; group 2 — PSA values
of 4.1-10 ng/ml; group 3 — PSA values of > 10.1 ng/ml.
The first postoperative result of serum PSA was reached
after three months. Biochemical progression was defined
as two consecutive increases of PSA values greater than
0.2 ng/ml after RP [2, 3]. The percentage of tumor volume
(PTV) is determined by a visual assessment of the percent-
age of PC in each microscopic sample. Data such as the
status of the margin, the minimum and broad infiltration,
and transcapsular expansion were analyzed as individual
data by slides and customized folder. The total field of PC
was estimated visually, according to the map. The PTV
was determined from the weight of the prostate without
seminal vesicles and according to assumed specific gravity
of the prostate for a little more than 1 g/cm?*[13]. Macro-
scopic and microscopic analyses were made by a single
pathologist. The following four groups were determined:
group 1 - PTV of 0-5%; group 2 - PTV of 6-25%; group
3 - PTV of 26-50%; and group 4 - PTV of 51-100%. The
patients were monitored postoperatively 21 to 83 months,
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Figure 1. Prostate cancer GGS 6 3 + 3; H&E, x40
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Figure 2. Prostate cancer GGS 7 3 + 4; H&E, x40

three months during the first year of treatment and then
every six months. Data are presented as number (percent)
or mean * standard deviation, depending on the data type.
Group differences were analyzed using Student’s t-test,
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Mann-Whitney U-test and x* test (Pearson’s and trend
test). Cox regression was used to model the relationship
between independent variables and biochemical progres-
sion of PC. All the data were analyzed using IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp., Armonk,
NY, USA) statistical software. All p-values less than 0.05
were considered statistically significant.

RESULTS

The average age of patients with RP was 64 years (the range
being 50-76 years) and the average value of preoperative
PSA was 9.4 ng/ml (1.4-20 ng/ml). In the analyzed group,
PSA levels were up to 4 ng/ml in four patients, 4.1-10 ng/ml
in 71 (62.8%) patients, and more than 10 ng/ml in 38
(33.6%) patients. Only one patient (5.2%) with interme-
diate PSA values developed BP after RP, and 18 (94.8%)
patients with PSA values above 10 ng/ml BP developed
after RP. Clinical stage T1 was determined in 60 patients
(53.1%), T2 in 47 patients (41.6%), and T3 in six patients
(5.3%). After RP, pathologic stage T2 was diagnosed in
64 patients (56.6%), and T3 in 49 patients (43.4%). GGS
scores in the biopsy material were as follows: GGS 6 (3 + 3)
in 56 patients (49.6%), GGS 7 (3 + 4) in 52 patients (46%),
and GS 7 (4 + 3) in five patients (4.4%). GGS findings from
RP according to the same groups were as follows: group 1
in 12 patients (10.6%), group 2 in 75 patients (66.4%) and
group 3 in 26 patients (23%). Table 1 shows the compara-
tive values for the entire group and the group of patients
with BP after RP.

According to PTV values of the biopsy material, two
patients (1.8%) were distributed into PTV group 1, 87 pa-
tients (77%) into PTV group 2, 19 patients (16.8%) into
PTV group 3, while the highest PTV values (group 4) were
found in five patients (4.4%). After RP, only one patient
(0.9%) remained in PTV group 1, as much as 82 patients
(72.5%) were in PTV group 2, 28 patients (24.8%) were in
PTV group 3, and only two patients (1.8%) were in PTV
group 4, with PTV in the range of 51-100%. With Cox
regression analysis it was found that PSA and PTV with
RP have statistical significance in the univariate analysis.
In the multivariate analysis, PSA is close to the very lim-
its of statistical significance in correlation with the tumor
volume (TV) from RP (model 2) and PSA, TV from RP
(model 4). The patients’ age was analyzed because of as-
sociated comorbidities and subsequent life expectancy.
Models of analysis of the parameters listed in Table 2.

BP was registered in 19 patients (16.8%). It was ex-
hibited over a period of 24 months, with a median of 18
months. In one patient, BP was found 69 months after
RP. The average age of patients in the group with BP was
64 years (54-74 years). In assessing BP, statistical signifi-
cance existed in the clinical (p < 0.001) and in the patho-
logical stage of prostate cancer (p = 0.005). According
to the PSA group, in the majority of patients with BP (a
total of 18 patients, 94.8%), preoperative PSA levels were
higher than 10 ng/ml and the levels were in the gray zone
(4.1-10 ng/ml) in only one patient (5.2%). The average
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Table 1. Comparative values for the entire group and the group of
patients with BP after RP

Parameter Entl:le((%oup nEE‘I’DA) )
Number of patients 113 19(16.8)
Years of age

Average 64 64
From -To 50-76 54-74
Monitoring time (months)

Average 47 56
From -To 21-83 29-77
Preoperative PSA (ng/ml)

Average 9.4 124
<4.0 4 0
4.1-10 71 1(5.2)
>10.1 38 18 (94.8)
Clinical stage

T1 60 (53.1) 5(26.3)
T2 47 (41.6) 11(57.9)
T3 6(5.3) 3(15.8)
GGS of TRBP

6 56 (49.6) 6(31.6)
7 (3+4) 52 (46) 10 (52.6)
7 (4+3) 5(4.4) 3(15.8)
PTV from TRBP (%)

0-5 2(1.8)

6-25 87 (77) 15(79)
26-50 19(16.8) 2(10.5)
51-100 5(4.4) 2(10.5)
Pathological stages

pT2 64 (56.6) 5(26.3)
pT3 49 (43.4) 14 (73.7)
GGS of RP

6 12(10.6) 1(5.2)
7 (3+4) 75 (66.4) 9(47.4)
7 (443) 26 (23) 9(47.4)
PTV from RP (%)

0-5 1(0.9) 0
6-25 82 (72.5) 10 (52.7)
26-50 28 (24.8) 7 (36.8)
51-100 2(1.8) 2(10.5)

BP - biochemical progression; PSA - prostate-specific antigen; TRBP - tran-
srectal biopsy; PTV - percentage of tumor volume; RP - radical prostatectomy;
GGS - Gleason grade system

values of PSA at BP amounted to 12.4 ng/ml (the range
being 5.7-19.9 ng/ml). Clinical stage T1 existed in five
patients (26.3%) with BP, T2 in 11 patients (57.9%), and
T3 in three patients (15.8%). In relation to the biopsy GGS
scores, most of BP was registered in 10 (52.6%) patients
with GGS 7 (3 + 4) score; six patients (31.6%) had GGS 6
(3 + 3) score, and three patients (15.8%) had GGS 7 (4 + 3)
score. Regarding GGS score from RP, BP developed in
only one patient (5.3%) with GGS 6 (3 + 3) score, in nine
patients (47.4%) with GGS 7 (3 + 4) score, and in nine
patients (47.4%) with GGS 7 (4 + 3) score. Postoperative
stage T3 was determined in 14 (73.7%) patients with BP,
and T2 stage was determined in five patients (26.3%).

Most frequent PTV (for 6-50% PTV) in the group of
patients with BP and from TRBP from RP was in groups
1 and 2 (an average of 30%).
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Table 2. Models of parameter analysis

95% Cl

Models p-value HR -

Low High
Model 1. Univariate analysis
PSA 0.001 1.183 1.073 1.304
PTV from RP 0.002 1.051 1.019 1.084
Age 0.694 1.016 0.938 1.100
GGS from RP 0.012 2.814 1.258 6.298
Model 2. PSA and PTV from RP
PSA 0.014 1.145 1.028 1.274
PTV from RP 0.081 1.031 0.996 1.067
Model 3. PSA and GGS from RP
PSA 0.011 1.150 1.032 1.281
GGS from RP 0.182 1.790 0.762 4.207
Model 4. Age, PSA, PTV from RP
PSA 0.006 1.171 1.046 1.310
PTV from RP 0.060 1.034 0.999 1.071
Age 0.176 1.061 0.974 1.155
Model 5. Age, PTV from RP and GGS from RP
Age 0.393 1.037 0.954 1.126
PTV from RP 0.086 1.036 0.995 1.078
GGS from RP 0.171 1.988 0.743 5.315
Model 6. PSA, PTV from RP, GGS from RP
PSA 0.027 1.134 1.015 1.268
PTV from RP 0.244 1.024 0.984 1.066
GGS from RP 0.501 1399 0.526 3.721
Model 7. PSA, PTV from RP, GGS from RP
Age 0.172 1.062 0.974 1.158
PSA 0.013 1.159 1.031 1.303
PTV from RP 0.209 1.027 0.985 1.069
GGS from RP 0.487 1414 0.533 3.752

HR - health risk; PSA - prostate-specific antigen; PTV — percentage of tumor
volume; RP - radical prostatectomy; GGS - Gleason grade system

Table 3. Statistically significant parameters for the development of
biochemical progression (BP) after radical prostatectomy (RP)

Parameters BP p-value
Yes No

Age 64.2+64 63957 0.881
PSA 125+39 88+37 <0.001
PTV from BP 23.4+18.7 19.8+13.6 0.024
PTV from RP 297114 21.7£9.7 0.001
GGS from RP
6 (3+3) 11(91.7%) 1(8.3%)
7 (3+4) 66 (88%) 9 (12%) 0.023
7 (443) 17 (65.4%) 9 (34.6%)
KT
T1 5(8.3%) 55(91.7%)
T2 11 (22.9%) 37 (77.1%) 0.002
T3 3 (60%) 2 (40%)
pT
T2 5 (7.8%) 59 (92.2%)

0.003
T3 14 (28.6%) 35(71.4%)

PSA - prostate-specific antigen; PTV - percentage of tumor volume;
GGS - Gleason grade system

Determined according to TRBP, the most common
PTV existed in 15 patients (79%), and in 10 patients
(52.7%) determined from RP. In the group with BP, high
statistical significance was found for preoperative PSA lev-
els (p < 0.001), for PTV from biopsy material (p = 0.024),
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and for PTV from RP (p = 0.001). Statistical significance
was observed in the group with BP and according to GGS
from biopsy (p = 0.016) and from operating materials
(p = 0.023). Table 3 presents parameters statistically sig-
nificant for the development of BP after RP.

DISCUSSION

The first results of the TV aspect in localized PC in the
1990s pointed to its prognostic significance. However, it
was lacking the monitoring of patients through the post-
operative PSA levels that have not yet been widely applied
in the world [9, 13]. At the same time, there were recom-
mendations that TV should not be a routine part of the
pathologist report, because it has no predictive value, par-
ticularly in relation to the benefits of GGS [8]. One of the
reasons for the prognostic significance of TV in PC is the
absence of a unified position on the right time and man-
ner of further treatment in case of BP manifestation. The
expression of PSA progression represents a heterogeneous
event of PC. The results of some studies show that PSA
progression precedes clinical diagnostic dissemination of
PC over a period of several months to several years. In
some studies, there were no significant differences in the
10-year survival rate of patients either with or without PSA
progression after RP [14].

Maintenance of the differences in the assessment of the
real limitations of PC in the selection of patients for the
treatment of RP, assessed through serum PSA values, is the
lack of studies in the 21st century. Within the intermediate
levels of serum PSA, PC is diagnosed in 33% of patients.
Intermediate PSA values represent important information
about the limitations of the tumor because, after RP, the
diagnosis is reached in 53-81% of patients with localized
PC. After RP, locally advanced PC can be diagnosed in
more than 30% of patients [14, 15]. In our analyzed group
of intermediate PSA values, out of the total number of
patients, only one patient developed BP in the postopera-
tive pT3 stage.

Divided opinions on the importance of PTV are the
result of the application of various methods of its deter-
mination. These methods include the maximum diameter
or multiple fields of tumor growth calculated through a
sophisticated computerized method or method of visu-
alization of certain block sections [16-19]. In our work,
we applied imaging method for the percentage of PC.
The most frequent PTV in patients with BP, determined
in TRBP and RP, was in group 1, with the distribution of
PTV being 6-25%. This result is in line with the threshold
PTV values of prostate cancer > 20%, which is mentioned
in several clinical studies. In a study by Hinkelammert et
al. [19], the predictive value of PTV as an independent
factor for the development of BP after RP, for the value
of PTV > 20%, was demonstrated through a multivariate
analysis. Song et al. [20] pointed out the significance of the
results for a range of TV from 14% to 29%. However, for
the same chosen method of determining TV, predictive
significance in other studies is not determined [4, 7, 9].
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The results of our analysis showed a positive correlation
between preoperative PSA values, postoperative stage, and
PTV. We found BP in 73% of patients with stage pT3 and
PTV of about 30%. Similar results are found in a study
by Blackwell et al. [21], where it is demonstrated that the
preoperative value of PSA is significant in predicting not
only TV, but also pathological stage and the risk of spread
of the disease. During the follow-up of patients after RP,
there was no appearance of BP in 83.2% of patients during
29-77 months. The results of our analysis are similar to the
results of a major study by Ramos et al. [22], derived from
1,850 RPs, which showed that BP does not present in 82%
of patients with PTV >20% during the five-year period of
monitoring [22]. In a paper by Swanson and Basler [23],
PTYV greater than 25% appears as a significant predictor
of BP in 57-88% of patients in the five-year follow-up
period after RP, and in 25% of patients with PTV below
25%. BP is expressed in a lower percentage in 19 (16.8%)
patients from our group, but over a period of two years.
High statistical significance of GGS correlation with BP
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3Hayaj Kopenauuje cepyMCKMX BpeAHOCTU NpocTaTta cneuuUUHOr aHTUreHa U
NpoLeHTa BoNYMeHa KapLMHOMa npocTaTe y NocTonepaTuBHoj buoxemujcKkoj

nporpecuju

Anekcangap Cnacuh', CHexxaHa LiepoBuh?, [lejaH Cumuh', Mupko JoBaHosuh', MBuua Hukonuh', boxupap Koauesuh?,
WBan ConpatoBuh?, Mupocnae CrojaguHoBuh?, Mpeapar Anekcuh'

'BojHOMeMLIMHCKa akafemuja, KnuHuKa 3a yponorujy, beorpag, Cpbuja;

BojHoMeaMLMHCKa akagemuja, VHcTuTyT 3a natonorujy, beorpag, Cpbuja;

3YHuBep3uTeT y Beorpagy, MeanunHckn dakynTet, IHCTUTYT 3a MEAULIMHCKY CTaTUCTIKY U uHdopMaTuky, beorpag, Cpbuja;
*KnuHunukm LenTap Kparyjesay, KnuHuka 3a yponorujy, Hedponorujy u aujanusy, LieHtap 3a yponorujy, Kparyjesau, Cp6uja

CAMETAK

YBog/LUum PagukanHa npoctatektomuja (PI1) npescraBba Haj-
60/bU 06NUK Nleuerba 60NeCHNKA Ca TOKATHO OrPaHNYEHUM
KapuuHomom npoctate (KIM). Kog 27% Ao 53% 6onecHnka HakoH
Pl vnak gonasu go 6rioxemmjcke nporpecuje (bIM) 6onectn.
Linrb aHanm3se 6una je npoleHa 3Hayaja Kopenauuje npeone-
paTVBHMX BPeAHOCTY NpocTaTa cneynduyHor aHTureHa (MCA)
1 npoueHTa BonymeHa KIMy Bl kog 6onecHuKa ca yunteHom
P 1 6roncmjckmum MucoH rpagycom 6 u 7.

MeTtopge Y aHanu3y je 6uno yk/byyeHo 228 6onecHuKa ca
yunrbeHoM peTponybuyHom Pl 36or nokanusosaHor KIy
nepuogy og 2007. go 2011. roguHe. Mpema MC BpegHoCTU-
Ma r3gBojeHe cy Tpu rpyne: 6 (3+3), 7 (3+4) n 7 (4+3). MNpema
npeonepaTtyBHUM BpeaHocTMa MNCA rpyne ycTaHOB/beHE Cy 1
npahexe cnegehe Tpu rpyne: < 4 ng/ml, 4,1-10 ng/ml v 210,1
ng/ml. Brioxemujcka nporpecuja fedrHmncaHa je Kao fBa y3a-
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cTonHa nopacta BpeaHoctu NCA Beha og 0,2 ng/ml HakoH PI1.
MpoueHat Tymop BonymeHa (IMTB) oagpeheH je Kao Bu3yenHa
npoLieHa npoLeHTyanHe 3actynbeHocTy KIy ceakom nojegu-
HaYHOM MUKPOCKOMNCKOM y30pKy. OppefeHe cy uetnpm rpyne
[MTB: 0-5%, 6-25%, 26-50% 1 51-100%.

Pesyntatu brioxemujcka nporpecuja permctpoBaHa je kog 19
6onecHuKa. Hajsactynmbenuju MTB y rpynu 6onecHwrKka ca bl n
13 TPBIM 1 PIM 6uo je 6-50%, npoceyHo 30%.

3akspyuak Halla cTyamja je nokasana NpPeavKT1BHY 3Hauaj Be3e
npeonepatnsHux BpegHocTn MCA n pobunjeHnx BpegHocTty MTB
noc/e onepaTyBHOT Jleuetba Te Aa Cy OBO HE3aBUCHM Napame-
TPU Y NPOLIEHN pe3ynTaTa Jieuesa.

Krby-me peun: KapunHOM npocTaTe; pagukKaiHa NpocTaTek-

TOMMja: NpocTaTa CneLnPuUHN aHTUreH; BOTyMeH Tymopa; 6u-
oxemuijcKka nporpecuja
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