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Abstract

Introduction and Objectives. Prostate carcinoma (PCa) can be an evasive diagnosis, with unpredictable outcomes, 
when refering to prognosis. Histopathological diagnosis of PCa can be established  by transrectal ultrasound-guided 
(TRUS) biopsy after an abnormal finding in digital rectal examination (DRE) or finding an increased value of total pros-
tate specific antigen (PSAt) in the blood. The purpose of this study is to evaluate the correlation between standard 
complementary parameters like: age, PSAt, Gleason score, histological degree of chronic prostate inflamation, pros-
tate volume and clinical tumoral stage – DRE, in order to predict cancer agressivnes at time of diagnosis.

Materials and Methods. The study included 60 patients, who attended a urological consult (anamnestics, total PSA eval-
uation, DRE - digital rectal examination, abdominal ultrasound). After the examination, the patients with abnormal DRE 
and PSA level (> 4 ng/dl) underwent TRUS prostate biopsy. After histopatological diganosis of PCa, the patients were divid-
ed into  groups according to age, PSAt, cancer agressivness, histological degree of chronic prostate inflamation, prostate 
volume, clinical (DRE) tumoral stage and furthermore, the groups were  compared to each other for statistical analysis.

Results. A positive biopsy result was found in all patients. The PSA level corresponded well with the diagnosis of 
prostate cancer. All prostate cancer patients enrolled in the study had serum PSA above 4 ng / mL, while the dominant 
number of patients had serum PSA> 10 ng / mL. The mean age of the patients was 68 years, the majority of them had 
an average prostate volume (40-70 cm3). Most of the patients had prostate cancer at the T3 clinical tumoral stage. 
Also, the majority of  cases had a Gleason score  7. The highest percentage of patients had first degree of inflamma-
tion associated with the presence PCa. Nonparametric analysis using the Spearman ρ (rho) correlation coefficient, 
revealed weak but statistically significant associations between PSA and prostate volume, respectively between PSA 
and the degree of chronic inflammation. The clinical tumoral stage – DRE, showed a significant mean association with 
prostatic volume. Overall, a trend of increasing absolute value of PSAt with Gleason score, was observed (median 
test, p = 0.006). A significant increase in serum PSAt with histological degree of chronic  inflammation (Median test, 
p ≤ 0.001). Furthermore, a general trend of prostate cancer severity was estimated, based on the total Gleason score, 
associated with the degree of chronic inflammation.

Conclusions. The correlation between standard parameters: Age, PSAt, Gleason score, degree of chronic inflamma-
tion, ultrasound-determined prostate volume, and clinical tumor stage - DRE, improves PCa diagnosis and  are valu-
able parameters for obtaining a prognostic factor at time of diagnosis.
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Prostate carcinoma (PCa) is the second most com-
mon  type of cancer,  as well as the second most com-
mon cause of cancer-related death among men from 
Europe. This disease is a serious health concern, espe-
cially in developed countries where the elderly popu-
lation is growing [1]. Histopathological diagnosis of PCa 
can be established  by transrectal ultrasound (TRUS) 
prostate biopsy, after an abnormal finding in digital 
rectal examination (DRE) or finding an increased value 
of prostate specific antigen (PSA) in the blood [2]. An 
elevated PSA level is not specific only for PCa,  but  it 
can also be associated with other prostate pathologies 
such as benign prostate hyperplasia (BPH) or prostati-
tis.[3] Scientific literature, atests that PSA levels are influ-
enced by age, prostate volume, degree of chronic infla-
mation, Gleason score and clinical tumoral stage – DRE.
[4]  The purpose of this study is to evaluate the correla-
tion between these standard parameters (age, PSAt, 
Gleason score, degree of chronic prostate inflamation, 
prostate volume and DRE tumoral stage) in order to im-
prove PCa diagnosis and predict cancer agressivnes at 
time of diagnosis.

Materials and Methods
This was a prospective study who took place be-

tween October 2015 and September 2017. The study 
included 60 patients who signed the ethics consent 
and attended a urological consult (anamnestics, total 
PSA evaluation, DRE - digital rectal examination, TRUS – 
transrectal ultrasound). After the examination, the pa-
tients with abnormal DRE and PSA level (> 4 ng/dl) un-
derwent TRUS prostate biopsy. After histopatological 
diganosis of PCa, the patients were divided into  groups 
according to age, PSA lelvel, cancer agressivness, histo-
logical degree of chronic prostate inflamation localised 
near the tumor site, prostate volume, clinical (DRE) tu-
moral stage and furthermore, the groups were  com-
pared to each other for statistical analysis.

Statistical analysis
All statistical analyses were conducted using Statis-

tica version 7 (StatSoft Inc., Tulsa, USA). In all cases, a p 
value < 0.05 was considered significant. Based on the 
Gleason score, the men were stratified as having low-
risk PCa (total Gleason score less than 7), moderate-risk 
PCa (total Gleason score less than 7), and high-risk PCa 
(total Gleason score above 7), respectively. Patients 
were classified by histological degree of chronic  pros-
tate inflammation into: degre 1 of  chronic inflamma-
tion, degree 2 of chronic inflamation, and degree 3 
of chronic inflammation; and by prostate volume into 
small prostate volume ( < 40 cm3),  medium prostate 
volume (40 – 70 cm3), and large prostate volume ( >70 

cm3)  respectively. The inter-group homogeneity of 
age among different groups was checked with a Me-
dian test. The blood PSA levels across different class-
es of PCa were compared using a Median test, with 
Mann-Whitney tests against the low-risk PCa group 
being conducted in the case of significant differenc-
es. Chi2 tests were next applied on the distributions of 
prostate inflammation categories and prostate volume 
categories, respectively, across different classes of PCa 
aggressiviness. Finally, we investigated the relationship 
between age, PSA, degree o chronic prostate inflam-
mation, prostate volume, and PCa aggressiveness us-
ing Spearman’s rank correlations.

Results
In this current study, the mean age of the patients 

was 68 years, the dominant number of patients, aged 
65 to 75 years, followed by <65 years and <75 years 
years (Figure 1).

Table 1. Distribution of prostate cancer patients after clinical tumor 
stage – DRE

Tumor stage Nr. patients %

T3 50 83

T4 10 17

The majority of prostate cancer patients enrolled in 
the study (50 cases, representing 83% of the total num-
ber of patients) had prostate cancer at the T3 tumor site 
determined by rectal evidence (Table 1). The rest of the 
subjects (10 cases, representing 17% of the total num-
ber of patients) had prostate cancer at the T4 tumor site 
determined by rectal evidence.

Figure 1. Distribution of prostate cancer patients by age group
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Table 5. The nonparametric correlational analysis of the association between the Gleason score,  
serum PSA value, prostate volume, rectal touch, and patient age

Table 2. The distribution of prostate cancer patients according to the 
prostate volume

Prostate volume Nr. patients % 

<40 cm3 18 31

40-70 cm3 35 59

The largest proportion of prostate cancer patients en-
rolled in the study (35 patients, representing 59% of the 
total subjects) had an average prostate volume (40-70 
cm3, Table 9). Also, a small number of patients (6 patients, 
representing 10% of the total subjects) who had a prostate 
with a volume of > 70 cm3 (Table 2) were identified.

Table 3. Distribution of prostate cancer patients according to  
histological degree of chronic prostate inflammation

Degree of chronic 
inflammation

Nr. patients %

Degree  1 26 44

Degree  2 17 29

Degree 3 17 27

The highest percentage of prostate cancer patients 
enrolled in the study had the first degree of inflamma-
tion associated with the presence of PC (44%). The rest 
of the patients had lower percentages but similar in 
value, respectively 29% of cases had grade 2 inflamma-
tion and 27% grade 3 inflammation (Table 3).

Table 4. Measured values   of serum PSA, according to the Gleason score

Gleason Score Nr. patients PSA level (ng/ml) 

 4 (2+2) 2 34,36 (8,72; 60)

 5 (2+3) 6 18,95 (16; 30,20)

 6 (3+3) 2 44 (28; 60)

 7 (3+4) 23 34 (11,21; 224)

 7 (4+3) 18 31,70 (18; 169)

 8 (3+5) 2 521,5 (43; 1000)

 8 (4+4) 3 93,70 (39; 110)

 9 (4+5) 3 109 (99,17; 300)

Legend. Values   are presented as lower quartile and upper quar-
tile median (brackets)

All patients enrolled in the study had serum PSA 
above 4 ng / mL, while the dominant number of pa-
tients had serum PSA > 10 ng / mL (88%) (Table 4). Also, 
patients had a variable Gleason score ranging from 4 
to 9, most cases of PC had a Gleason score of 7, more 
precisely 69% of the subjects under study. Of the total 
number of patients with Gleason 7 score, 56% of pa-
tients investigated had Gleason (3 + 4), while the re-
maining 44% had Gleason (4 + 3). The lowest frequency 
was recorded in patients with low-risk PCs (Table 4).

Nonparametric analysis using Spearman’s correla-
tion coefficient ρ (rho), revealed the lack of a statisti-
cally significant association between the Gleason score 
and the rest of the variables analyzed (see Table 5). 
However, there were identified weak but statistical-
ly significant associations between PSA and prostate 
volume, respectively between PSA and the degree of 
inflammation. The clinical tumor stage – DRE, showed 
a significant mean association with prostatic volume.

Overall, a trend of increasing the absolute value of 
blood PSA with the aggression of prostate cancer was 
observed. Nonparametric analysis of stratified patients 
according to prostate cancer aggression indicated 
significant differences between the groups examined 
(median test, p = 0.006). y comparing prostate cancer 
patients with a Gleason score of less than 7, non-para-
metric statistical analysis revealed significantly higher 
serum PSA values   in prostate cancer subjects with a 
Gleason score greater than 7 (Mann-Whitney test), but 
not in the case of subjects with a Gleason score total 
equal to 7 (Mann-Whitney test, p = 0.418,).

In this prospective investigation, a significant in-
crease in serum PSA was found with an increase in in-
flammation (Median test, p ≤ 0.001). Most subjects had 
a PSA of less than 60 ng / mL. The values   measured in 
patients with grade 2 prostatic inflammation were sig-
nificantly higher than those determined for patients 
with grade 1 prostatic inflammation (Mann-Whit-
ney test, p = 0.006). This difference was even greater 
when prostate inflammation grade 3 men were com-
pared with those with grade 1 prostatic inflammation 
(Mann-Whitney test, p <0.001).

 Gleason score PSA level Prostate volume Degree of Clinical tumoral Age 
    chronic inflamation stage -DRE

Gleason score      
PSA level 0,070     
Prostate volume -0,024 0,258    
Degree of chronic inflamtion  0,188 0,310 0,163   
Clinical tumoral stage - DRE 0,152 0,202 0,418 0,148  
Age -0,053 -0,050 0,006 0,218 -0,027

Legend. Bold values   indicate significant associations for p <0.05.
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Furthermore, a general trend of prostatic cancer se-
verity was estimated, based on the total Gleason score, 
with the degree of inflammation. This trend was signif-
icant in the comparison between subjects with grade 
2 prostatic inflammation and subjects with grade 1 of 
prostatic inflammation (Fisher LSD test, p = 0.027), but 
not for the comparison of subjects with grade 3 pros-
tatic inflammation and subjects with grade 1 prostatic 
inflammation (Fisher LSD test, p = 0.208).

In the present study, a clear relationship was not 
observed regarding the severity of prostate cancer 
and the age of the patients, but rather a homogeneity 
within the age groups considered in the analysis. Thus, 
no significant differences were observed between the 
mean value of the Gleason score between the different 
age categories examined (ANOVA test, p = 0.578) At 
DRE, most patients (50, 83%) were found at clicical tu-
moral stage T3, the vast majority (33, 66%) presenting a 
Gleason score of 7. In the present study, Gleason score 
was higher in patients with T4 stage cancer comparing 
to those with T3 stage cancer, but these differences 
were not statistically significant (test t, p = 0.605). Most 
patients included in this study had grade 1  degree of 
inflammation, regardless of prostate volume, with the 
highest degree of  inflammation values   occurring in 
patients with medium prostate volume (40-70 cm3). 
Moreover, although no significant differences were ob-
served between the groups analyzed (ANOVA test, p = 
0.311), there was an evident trend of increase in pros-
tatic volume with increasing inflammation. 

Discussions
Patients were stratified by reference to the baseline 

serum PSA of 4.0 ng / mL. All patients included in this 
study had a PSA level higher than 4.0 ng / mL. Although 
some investigations have documented the existence of 
prostate cancer for a PSA level below 4.0 ng / mL, this 
value is currently used as standard in screening pro-
grams in the male population over 50 years, as studies 
who used lower PSA values   for screening, led to overdi-
agnosis and an increased number of unnecessary pros-
tate biopsies. Currently, serum PSA dosing is used as an 
orientation test in prostate cancer diagnosis (PCa) as 
there are several conditions that may increase the PSA 
value, such as benign prostatic hyperplasia (BPH) and 
inflammatory prostate diseases. [5]

In a study by Partin et al., was established that be-
tween PSA and pathological stage there are the follow-
ing general correlations: 80% of the subjects with PSA 
values   lower than 4 ng / mL have localized cancer; over 
50% of subjects with PSA greater than 10 ng / mL, al-
ready have a perforated prostatic capsule; and 75% of 
subjects with PSA higher than 50 ng / mL have posi-
tive pelvic limph nodes [6]. As a result of the worldwide 

screening programs, it was observed that most increas-
es in serum PSA values   are in the range of 4 and 9.99 ng 
/ mL. In this “gray zone”, a distinction is made between 
BPH and prostate cancer to avoid unnecessary biopsy. [7]

In our study, it was observed that most prostate 
cancer patients had serum PSA greater than 10 ng / mL, 
while the rest of the patients had serum PSA levels of 
between 4 and 10 ng / mL. Although there have been 
cases with the PSA value in the ‘gray zone’, histopatho-
logical results in all cases confirmed the diagnosis of 
positive prostatic carcinoma.

The patients in this study were over 50 years old, 
most of them in the age range of 65 and 75 years. To 
improve rates of prostate cancer detection, Oesterling 
et al. has proposed the use of age-related reference 
ranges, with a general 95% specificity for the following 
reference intervals:
aAge: 40-49 years-0-2,5 ng / ml; 
aAge:  50-59 years -0-3,5 ng / ml;
aAge: 60-69 years -0-4,5 ng / ml;
aAge: 70-79 years -0-6,5 ng / ml.   
From the age group distribution of patients accord-

ing to PSA, it was found that in all age groups most 
patients had PSA greater than 10 ng / mL. Also, in the 
present study, 44% of the subjects belonged to the 
age group of 60-69 years. Using age-related reference 
ranges, it was noted that all prostate cancer patients 
included in this study had values   higher than those in 
their age-specific reference ranges. In contrast, older 
patients had lower serum PSA values   than the young-
est, which coincides with the data from the medical 
literature [8].

Not just prostate cancer but also non-cancerous 
prostatic diseases and urological manipulation can 
affect serum PSA levels. Increases in PSA levels were 
observed in acute prostatitis, chronic prostatitis and 
urinary retention. Nadler et al. reported 148 cases of 
chronic prostatitis with PSA serum levels> 4.0 ng / 
mL, where repeated biopsies generated negative out-
comes in PCa. The authors considered that this could, 
at least in part, be attributed to the presence of chronic 
prostatitis [9].

Inflammation of prostate tissue may affect both  
total PSA, and the free PSA. This causes difficulties in 
the correct diagnosis of patients, especially those in 
the “gray zone” - PSA ranging from 4 to 10 ng / mL. In 
this study, the histological degree of chronic prostate 
inflammation and its correlation PSAt was studied. In-
flammation was graded using a 4 point scale as follows:
a0, without inflammatory cells;
a1,  mononuclear cell infiltration (chronic inflam-

mation); 
a2,  mononuclear and polymorphonuclear cell in-

filtrates (chronic active inflammation);
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 a 3,  infiltrated polymorphonuclear cells (acute in-
flammation).

In the present prospective investigation, a trend of 
increasing number of patients with high serum PSA 
values   was identified, with increased degree of chronic 
inflammation, so that all patients with grade 3 inflam-
mation had PSA values > 10ng / mL. Our data reveal 
the presence of a significant and positive association 
between serum PSA and degree of chronic prostate 
inflammation; this is consistent with literature data [10].

The level of serum PSA is also influenced by pros-
tate volume, most of the PSA being synthesized in 
the prostate transition area. In men without BPH, the 
PSA change rate is 0.04 ng / ml per year (Carter et al, 
1992b; Oesterling, 1993), compared with 0.07 to 0.27 
ng / ml per year in men with BPH that is between the 
ages of 60 and 85 (Carter et al, 1992b). Data suggest 
that PSA increases by 4% per milliliter of prostate vol-
ume and 30% of PSA levels may be due to prostate vol-
ume and age (Oesterling et al., 1993a), and it is known 
that serum PSA increases by 3,5 ng / mL for each gram 
of malignant tissue [11]. From the results of this  study, 
a general trend was observed for increasing PSA val-
ues with the prostatic volume, which is in line with the 
information in the literature. This trend was more ev-
ident when comparators were subjects with medium 
prostate volume, those with low prostate volume. This 
is due to the much higher heterogeneity of PSA in men 
with average prostate volume compared to the other 
two categories analyzed as well as the low number of 
cases with high prostate volume. Likewise, it should be 
noted that prostate size adjustment of PSA or volume 
of the transition zone may improve the differential di-
agnosis of adenoma cancer in patients with high pros-
tate volume. [12]

Although the independent prognostic value of PC 
volume in radical prostatectomy specimens has not 
been established [13], the 0.5 mL threshold (ie 50 cm3) 
is commonly used to distinguish insignificant disease 
from clinically relevant cancer [14]. Improvement of pros-
tatic imaging allows for a more precise pre-operative 
measurement of cancer volume, context in which it is 
recommended to evaluate at least the diameter / vol-
ume of the dominant tumor nodule or the approxi-
mate estimate of the percentage of cancerous tissue [15] 
prior to radical prostatectomy surgery.

In the present study, prostate volume tended to 
increase as inflammation increased. Also, a significant 
mean association was identified between the clinical 
tumor stage identified in rectal and prostatic volume. 
Two studies confirm our results with regard to the rela-
tionship between inflammation and prostatic volume. 
Porcaro et al. (2015) evaluated the association between 
the prostate volume index (PVI) - calculated as the ratio 

between the volume of the transition area and the vol-
ume of the peripheral area - and infiltrates of chronic 
type IV (IIA) inflammation in 251 consecutive patients 
subjected to prostatic biopsy during January 2007 and 
December 2008, and retrospectives were monitored. 
The results revealed a direct association between PVI 
and PC risk, but an indirect association between the 
presence of ICU and PC risk. In a study of individuals 
aged 50-65 years of Chopra et al (2012), chronic inflam-
mation was also associated with a higher prostate vol-
ume. [16]

The Gleason classification system is used to deter-
mine the aggressiveness of prostate cancer. Stamey 
et al. have demonstrated that tumors with the sum 
of Gleason 7 may be stratified according to Pattern 4. 
Patients who have a 4% <50% pattern have prognosis 
more favorably similar to the Gleason 6 score, while 
those with a paternal 4-50% tumor develop as and can-
cers with Gleason score 8 (unfavorable), ie much faster 

[17]. In a study by Pietro Pepe and Michele Pennisi, the 
Gleason score progressively increased with patient age 
at diagnosis and a positive correlation between Glea-
son score ≥ 8 and men over 80 years of age was demon-
strated. [18]

In the present study, a clear relationship was not 
observed regarding the severity of prostate cancer and 
the age of the patients, but rather a homogeneity of the 
age groups in the analysis, because for all age groups 
included in this study, the greater number of patients 
were those with the mean Gleason score (7). It should 
be noted that most patients with a Gleason score high-
er than 7 were in the age group below 65 years of age, 
contrary to the literature data mentioned above.

Some studies suggest that a highly aggressive pros-
tate cancer cell tends to lose its ability to produce PSA 
(Meng et al, 2002). A prostate cancer of Gleason score 
5 produces less PSA than Gleason score 3. Moreover, 
some patients with advanced prostate cancer may 
have low or undetectable levels of PSA [19].

The study revealed that patients with Gleason score 
> 7 had higher serum PSA values   than those with a 
Gleason score < 7. Furthermore, the mean PSAt value 
increased proportionally with Gleason score. These ob-
servations are inconsistent with literature data, wich 
argue that PSA levels increase due to cancer progres-
sion and destabilization of the prostate histological ar-
chitecture, prostate cancer cell do not produces more 
PSA, but less than the prostatic normal cell (Stamey et 
al. al., 1987). [20]

Conclusions
The PSAt value decreases, as the age of patients in-

creases. Histological degree of chronic prostate inflam-
mation, correlated positively with serum PSA levels. 



Romanian Journal of Urology nr. 1 / 2018 • vol 1728

Cl
in

ic
al

 s
tu

di
es

Serum PSAt levels correlate positively with prostatic 
volume. Patients diagnosed with aggressive prostate 
cancer have developed disease at a younger age, than 
the rest of the risk groups. The aggressiveness of pros-
tate cancer correlated positively, with the clinical tumor 
stage identified by DRE. The Gleason score correlates 
positively with histological degree of chronic prostate 
inflammation. The Gleason score correlates positively 
with serum PSAt levels.
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