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ABSTRACT Objective: To investigate the adjunctive role of some
peripheral blood parameters to serum prostate specific antigen (PSA) in
predicting the patients with prostate cancer (PCa) prior to prostate
biopsy, and clinically significant PCa among those. Material and
Methods: This prospective study included men aged >45 years, who
were scheduled to undergo a prostate biopsy due to gray-zone PSA lev-
els. The levels of free and total PSA (fPSA and tPSA), total testosterone
(TT), PSA density (PSAD), C-reactive protein (CRP), De Ritis ratio
(aspartate aminotransferase/alanine transaminase) and hemograms were
recorded. Patients were divided into 2 groups as benign prostatic hy-
perplasia (Group 1) and PCa (Group 2) groups. The PCa group was fur-
ther divided into 2 subgroups as clinically significant and clinically
insignificant PCa. The pre-biopsy values of the variables were com-
pared between the groups. Results: A total of 210 patients were in-
cluded in the study (Group 1, n=105; Group 2, n=105). The mean age
was 65.1£7.4 years, the mean tPSA level was 6.14+2.05 ng/mL, and the
mean TT level was 15.46+5.47 nmol/L. Age, prostate volume, the val-
ues of fPSA, PSAD, CRP, and the ratios of fPSA/tPSA, CRP/albumin
and De Ritis were statistically different between the groups. In the PCa
group, only the tPSA level was significantly different between the sub-
groups (p=0.005). The area under curve and the cut-off value for tPSA
to predict clinically significant PCa were 0.669 and 5.8 ng/mL, re-
spectively. Conclusion: CRP, the CRP/albumin ratio and De Ritis ratio
may further help predict a diagnosis of PCa.
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OZET Amag: Biyopsi 6ncesi biyokimyasal ve hematolojik paramet-
relerin, prostat kanseri [prostate cancer (PCa)] hastalarini ve bunlardan
da klinik anlamli PCa hastalarin1 6ngérmede prostat spesifik antijene
(PSA) yardimci etkisinin olup olmadigini arastirmaktir. Gere¢ ve Yon-
temler: Calismamiza, gri zondaki prostat spesifik antijen (PSA) dii-
zeyleri nedeniyle prostat biyopsisi yapilmasi planlanan 45 yas ve tizeri
erkekler dahil edildi. Serbest ve total PSA (sPSA ve tPSA), total tes-
tosteron (TT), PSA dansitesi (PSAD), C-reaktif protein (CRP), De Ritis
orani (aspartat aminotransferaz/alanin transaminaz) ve hemogramlari
kaydedildi. Hastalar benign prostat hiperplazisi (Grup 1) ve PCa (Grup
2) gruplari olarak 2’ye ayrildi. PCa grubu ayrica klinik anlamli ve kli-
nik anlamsiz PCa olarak 2 alt gruba ayrildi. Biyopsi dncesi degisken-
ler gruplar arasinda karsilastirildi. Bulgular: Calismaya toplam 210
hasta dahil edildi (Grup 1, n=105; Grup 2, n=105). Ortalama yas
65,1+7,4 y1l, ortalama tPSA seviyesi 6,14+2,05 ng/mL ve ortalama TT
seviyesi 15,46+5,47 nmol/L idi. Gruplar arasinda yas, prostat hacmi,
sPSA, PSAD, CRP degerleri ve sSPSA/tPSA, CRP/albumin ve De Ritis
oranlari istatistiksel olarak farkli bulundu. PCa grubunda alt gruplar
arasinda sadece tPSA diizeyi anlamli olarak farklt bulundu (p=0,005).
Klinik olarak anlamli Pca’y1 6ngérmek i¢in tPSA’nin egri altinda kalan
alan ve cut-off degeri sirasiyla 0,669 ve 5,8 ng/mL idi. Sonug: CRP,
CRP/albumin orani ve De Ritis orani, PCa tanisin1 dngérmede daha
fazla yardimci olabilir.
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Prostate cancer (PCa) is the 2" most common
cancer in men, with approximately 1.4 million diag-
noses worldwide in 2020.! The incidence of PCa in-
creases with age. Prostate specific antigen (PSA) is a
serum biomarker frequently used for PCa screening
and early diagnosis.” Although PSA is organ-specific,
it is not cancer-specific and may be elevated in non-
malignant conditions such as benign prostatic hyper-
plasia (BPH) and prostatitis. The low specificity of
PSA testing can lead to unnecessary biopsies, over-
diagnosis, and overtreatment, especially at PSA values
of 2.5-10 ng/mL, referred to as the gray zone levels.?
Therefore, several studies have examined the diagnos-
tic value of PSA-based parameters, including the ratio
of free PSA to total PSA levels (fPSA/tPSA), PSA den-
sity (PSAD), PSA velocity and doubling time for the
purpose of improving cancer detection rates and reduc-
ing the rates of unnecessary biopsies. However, the
roles of systemic inflammatory response markers such
as neutrophil, lymphocytes, monocyte, platelet counts
and their ratios, and C-reactive protein (CRP) levels,
and the ratio of serum aspartate aminotransferase
(AST) level to alanine transaminase (ALT) level,
called as De Ritis ratio, have been studied only in a
few studies for predicting the diagnosis of PCa.**
Furthermore, a significant portion of PCa patients
with gray-zone PSA levels are found in the low-risk
and clinically insignificant PCa group. Curative treat-
ment may not be started in this group immediately
and such patients can be monitored through watchful
waiting or active surveillance options as appropriate.

The synthesis and secretion of PSA are under an-
drogenic control. Androgens and androgen receptors
play critical roles in both development and hyperpla-
sia of the prostate gland, and both genesis and treat-
ment of PCa.® Hypogonadism is defined as
testosterone deficiency and its incidence increases
with age in a manner similar to PCa. It is considered
that, even if a hypogonadal patient has prostatic ade-
nocarcinoma, low serum testosterone levels may lead
to low synthesis of serum PSA. Therefore, several
studies with different outcomes investigated the pre-
dictive role of serum testosterone levels and the
serum total testosterone (TT)/total PSA (tPSA) ratio
on PCa through different methodologies in this pop-
ulation.”
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In this study, we have aimed to investigate the
adjunctive role of some hematological and biochem-
ical parameters in patients with gray-zone serum PSA
levels (2.5-10 ng/mL) for making the differential di-
agnosis between benign and malignant diseases of the
prostate gland prior to prostate biopsy. Furthermore,
we have aimed to examine the role of such parame-
ters in predicting the clinically significant PCa
grouped according to Epstein criteria.'”

I MATERIAL AND METHODS

All the study process was carried out in accordance
with the ethical rules and the principles of the
Declaration of Helsinki; and it was approved by the
Ethics Committee of the University of Health
Sciences, Bursa Yiiksek Ihtisas Training and
Research Hospital, Bursa (date: October 6, 2021, no:
2011-KAEK-252021/10-15). We the
patients aged >45 years, who presented to the urology
outpatient clinic of our hospital with the complaints

included

of lower urinary system symptoms in the period
between October 2021-September 2022. Patients
who had PSA levels in the range of 2.5-10 ng/mL and
normal findings in the digital rectal examination, and
who underwent a 12-core prostate biopsy under
transrectal ultrasonography, were included in this
prospective study.

Patients’ age, comorbidities, smoking status,
body mass index values, pre-biopsy serum tPSA and
free PSA (fPSA) levels, prostate volumes as
measured in the ultrasonographic examination,
serum levels of hormones including the levels of
TT and luteinizing hormone, peripheral blood
levels of hematological and biochemical
parameters including the counts of neutrophil,
lymphocytes, and platelet, and the levels of CRP,
albumin, AST, and ALT, De Ritis ratio, and
findings from the histopathological examination of
biopsy specimens were recorded. Serum hormone
levels were measured in blood samples, which
were collected from the patients in the morning (in
the period between 09:00-11:00 a.m.) after a period
of fasting. Control blood samples from patients with
TT levels of <12 nmol/L were collected on a different

day for verification.
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Patients with conditions that could affect serum
TT levels such as patients using anticonvulsants,
thyroid hormones, glucocorticoids, etc., and patients
with hypo/hyperthyroidism or metabolic syndrome, etc.
were excluded. Patients with inflammatory pathologies
(autoimmune diseases, hepatitis, acute or chronic
infections, etc.), which could lead to elevated levels of
serum inflammation markers, patients using 5-alpha
reductase inhibitors, patients with indwelling urethral
catheters, and patients with malignant diseases of the
prostate gland other than adenocarcinoma were not
included in the study. In addition, patients diagnosed
with primary or secondary hypogonadism of a known
cause were excluded. Patients with serum TT levels of
<12 nmol/L were classified as patients with
hypogonadism, and patients with serum TT levels of
<8 nmol/L were classified as patients with severe
hypogonadism.'® Based on the histopathological
examination findings of biopsy specimens, patients
diagnosed with BPH were classified as Group 1 and
patients diagnosed with PCa were classified as Group
2. In the PCa group, patients, who met Epstein
criteria.'” (a Gleason score of <7 on biopsy, <3
cancer-positive biopsy cores, <50% of tumor
involvement in positive cores, clinical Tlc stage,
PSAD of <0.15 ng/mL), were classified as the clinically
insignificant tumor group. Patients, who were
diagnosed with PCa but did not meet those criteria,
were classified as the clinically significant tumor
group. The values of fPSA/tPSA, PSAD, TT/tPSA,
CRP, CRP/albumin, De Ritis the
neutrophil/lymphocyte ratio (NLR), the
platelet/lymphocyte ratio (PLR) were compared
between the groups.

ratio,
and

All participants provided oral consent for
participation.

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM SPSS
version 21 (IBM Corp., Armonk, NY, USA). The
Kolmogorov-Smirnov test was used to examine the
normality of the distribution. Continuous variables
were reported as means+standard deviations (SD),
median (interquartile ranges) and compared with Stu-
dent’s t-test and Mann-Whitney U test. Categorical
variables were reported as number (percentage) and
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compared with Pearson’s chi-square test. Spearman’s
rho correlation analysis was used to examine the re-
lationship of the parameters with PCa. The receiver
operating characteristic (ROC) curve was used to ex-
amine the role of the parameters in predicting PCa
and clinically significant PCa. The sample size of the
study was calculated using the G-Power 3.1.9.4 (Kiel
University, Kiel, Germany) statistical power analy-
sis program. Differences were considered significant
where 2-tailed p-values were <0.05.

I RESULTS

Based on the results of the power analysis [2-way
correlation, Type-1 error rate (a)=0.05, power of the
study (1-B)=0.90, and effect size=0.45], it was found
enough to include 105 patients in each group.
Therefore, when an adequate number of patients was
included, new patient recruitment was stopped. A
total of 210 patients were included in the study. The
mean age was 65.1+7.4 years (minimum-maximum:
46-87), mean tPSA was 6.14+2.05 ng/mL (minimum-
maximum: 2.5-10), mean fPSA was 1.41+0.85
ng/mL (minimum-maximum: 0.22-5.26), and mean
TT was 15.46+£5.47 nmol/L (minimum-maximum:
4.84-34.89). The patients were divided into 2 groups
as the BPH (Group 1, n=105) and PCa (Group 2,
n=105). Age, prostate volume, fPSA, fPSA/tPSA,
PSAD, CRP, the CRP/albumin ratio, and De Ritis
ratio were found statistically different between the 2
groups (Table 1).

As per the results of Spearman’s correlation
analysis; age, PSAD, CRP, the CRP/albumin ratio,
De Ritis ratio were weakly, positively, and signifi-
cantly correlated (correlation coefficient and p-val-
ues=+0.198, 0.004; +0.275, 0.002; +0.248, 0.004;
+0.182, 0.038; +0.219, and 0.029, respectively), and
fPSA, the fPSA/tPSA ratio were weakly, negatively,
and significantly correlated (correlation coefficient
and p-values=-0.248, 0.003; -0.310, 0.001, respec-
tively) with PCa (Table 2).

Based on Epstein criteria, the patients with PCa
were divided into clinically insignificant (n=43) and
clinically significant (n=62) PCa groups. Only tPSA
values were statistically significantly different
between the 2 groups (p=0.005) (Table 3).
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TABLE 1: Comparison of data between BPH and PCa groups (n=210).

Data Group 1-BPH (n=105) Group 2-PCa (n=105) p value
Age (year), (mean+SD) 63.746.4 66.5+8.1 0.006
BMI (kg/m?), median (IQR) 29 (27-32) 30 (27-32) 0.459
Cigarette consuption, n (%)

Yes 54 (51.4%) 61 (58.1%) 0.167

No 51 (48.6%) 44 (41.9%)
Prostate volume (cc), median (IQR) 68 (53-93) 62 (36-77) 0.028
Total PSA (ng/mL), (meanSD) 6.2+1.8 6.1£2.2 0.387
Free PSA (ng/mL), median (IQR) 1.2 (0.9-1.8) 0.9 (0.6-1.3) 0.004
flt PSA ratio, median (IQR) 0.22 (0.17-0.28) 0.16 (0.09-0.23) <0.001
PSA density, median (IQR) 0.08 (0.06-0.11) 0.11(0.08-0.18) 0.002
TT (nmol/L), (mean+SD) 15.645.8 15.345.1 0.682
TTHPSA ratio, (mean+SD) 2.8+15 2.9+1.6 0.435
LH (mlU/mL), median (IQR) 3.7 (2.6-5.1) 3.6(2.8-5.2) 0.947
CRP (mg/L), median (IQR) 3.3(3.3-3.3) 3.3(3.3-8.3) 0.005
Albumin (g/L), (mean+SD) 46.9+2.7 46.7+2.3 0.680
CRP/albumin ratio, median (IQR) 0.07 (0.06-0.08) 0.07 (0.06-0.16) 0.038
Neutrophil (10¥/mL), median (IQR) 4.4 (3.5-5.6) 5.1(3.4-5.6) 0.320
Lymphocyte (10%mL), median (IQR) 2.1(1.7-2.6) 2(1.7-2.6) 0.809
Thrombocyte (10%/mL) median (IQR) 234 (201-270) 229 (205-278) 0.953
NLR, median (IQR) 2.1(1.5-27) 22(1.6-2.8) 0.584
PLR, median (IQR) 111 (86-143) 117 (91-156) 0.380
AST (U/L), median (IQR) 21 (17-25) 17 (14-23) 0.070
ALT (U/L), (mean+SD) 23.1%11.1 17.8£12.9 0.066
De Ritis ratio, median (IQR) 1(0.7-1.2) 1.2(0.9-1.9) 0.030

BPH: Benign prostate hyperplasia; PCa: Prostate cancer; Mean+SD: Meanzstandart deviation; BMI: Body mass index; IQR: Interquartile range; TT: Total testosterone; tPSA: Total prostate
specific antigen; LH: Luteinizing hormone; CRP: C-reactive protein; NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; AST: Aspartate aminotransferase; ALT: Alanine

aminotransferase.

Of biochemical variables, only tPSA was
weakly, positively, and significantly correlated with
clinically significant PCa (the correlation coefficient
and the p-value were +0.288 and 0.003, respectively)
(Table 4).

All patients were divided into hypogonadism
(<12 nmol/L) or normal (>12 nmol/L) according to
TT levels. TT levels were not different between the
BPH and PCa groups or the clinically insignificant
PCa and clinically significant PCa groups (p-val-
ues=0.763 and 0.903, respectively). Furthermore, all
patients were divided into severe hypogonadism (<8
nmol/L), mild hypogonadism (8-12 nmol/L), and nor-
mal (>12 nmol/L) according to TT levels. The compar-
ison of these 3 groups did not reveal any differences
between the BPH and PCa groups or the clinically in-
significant PCa and clinically significant PCa groups
(p-values=0.471 and 0.760, respectively) (Table 5).
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In the ROC analysis, the area under the curve
(AUC) values for age, prostate volume, fPSA,
fPSA/tPSA, PSAD, CRP, the CRP/albumin ratio, and
De Ritis ratio in predicting PCa were 0.614, 0.632,
0.666, 0.707, 0.684, 0.650, 0.626, and 0.642, respec-
tively (Table 6). The cut-off value for tPSA as a pre-
dictor of clinically significant PCa risk was 5.8
ng/mL, with sensitivity and specificity values of 68%
and 65%, respectively, and with an AUC value of
0.669 (95% confidence interval=0.564-0.773, p=
0.003) (Table 6).

I DISCUSSION

The rate of clinically significant PCa in patients with
gray-zone PSA values is substantially low. In order to
avoid unnecessary biopsies, combinations of several
biochemical parameters are studied to improve the
odds of predicting PCa before a biopsy. Because PCa
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TABLE 2: Correlation analysis of the parameters in
terms of predicting prostate cancer in our entire cohort.
Parameters ~ Spearman’s rho correlation coefficient  p value
Age +0.198 0.004
BMI +0.051 0.460
Cigarette consuption +0.095 0.168
Prostate volume -0.197 0.027
Total PSA 0.058 0.401
Free PSA -0.248 0.003
flt PSA ratio -0.310 0.001
PSA density +0.275 0.002
T -0.004 0.955
TTHPSA ratio +0.040 0.566
LH +0.006 0.947
CRP +0.248 0.004
Albumin -0.025 0.777
CRP/albumin ratio +0.182 0.038
Neutrophil +0.085 0.322
Lymphocyte -0.021 0.810
Thrombocyte +0.005 0.953
NLR +0.047 0.586
PLR +0.075 0.382
AST -0.182 0.070
ALT -0.100 0.320
De Ritis ratio +0.219 0.029

BMI: Body mass index; PSA: Prostate specific antigen; f/t PSA: Free and total Prostate
specific antigen; TT: Total testosterone; LH: Luteinizing hormone; CRP: C-reactive pro-
tein; NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase.

is known to be associated with systemic inflamma-
tion markers, the relationship of PCa with several in-
flammation markers such as CRP, the counts of
neutrophil, lymphocytes, monocyte, platelet, NLR,
and PLR, and several biochemical markers including
De Ritis ratio have been investigated in some stud-
ies.!”2® However, data are currently inadequate to in-
clude the tests of such parameters in routine screening
programs. Therefore, we investigated whether some
biochemical parameters could help to serum PSA in
predicting PCa and clinically significant PCa before
biopsy in our study. Our results have shown that the
only variable correlated to predict clinically signifi-
cant PCa was tPSA. However, fPSA, fPSA/tPSA,
PSAD, CRP, the CRP/albumin ratio, and De Ritis
ratio were found to be correlated in predicting PCa.

Several studies have investigated the relation-
ship of PCa with inflammation markers such as CRP.
In a meta-analysis of data from 9 studies investigat-
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ing the relationship between CRP levels and survival,
CRP was reported to be a prognostic marker for over-
all survival, cancer-specific survival, and progres-
sion-free survival in PCa.?® In another study, which
included 140 patients with BPH and 63 patients with
PCa based on biopsy results, Kim et al. reported a sta-
tistically significant difference in CRP levels between
the 2 groups.?! Toriola et al. followed up on 2,571 pa-
tients over a mean period of 24 months and investi-
gated the association of PCa with CRP, fibrinogen,
and leukocyte counts. They reported an association
only between elevated prediagnostic leukocyte
counts and cancer but they did not find any associa-
tions of PCa with CRP or fibrinogen.?? Uchimoto et
al. investigated the effect of the CRP/albumin ratio
on mortality and survival in 221 patients with castra-
tion-resistant metastatic PCa. They reported that pa-
tients with a CRP/albumin ratio of higher than 0.5
had shorter overall survival and cancer-specific sur-
vival times compared to patients with a CRP/albumin
ratio of lower than 0.5.% Similarly, in our study, CRP
and the CRP/albumin ratio were significantly higher
in the PCa group compared to the BPH group. We
found a cut-off value of 0.7 for the CRP/albumin ratio
in our study.

We have not found a relationship between the
TT/tPSA ratio and PCa in our study. Different from
our results, Xu et al. compared 92 patients with BPH
and 164 patients with PCa from the Chinese popula-
tion in their study and reported lower TT/tPSA ratios
in the PCa group compared to the BPH group.'* How-
ever, they reported that serum TT levels were similar
in those 2 groups. Rhoden et al. reported a 3-fold in-
creased risk of PCa in patients with a TT/tPSA ratio
of less than 1.8.'> Gurbuz et al. reported a higher like-
lihood of detecting PCa in patients with low serum
testosterone levels (<3 ng/mL) compared to patients
with normal levels.’

Another result of our study is the relationship be-
tween De Ritis ratio and PCa. The value of De Ritis
ratio has been investigated for predicting risk strati-
fication in localized PCa. The mentioned study re-
ported the association of an increased De Ritis ratio
with advanced clinical and pathological stages, in-
creased Gleason scores, increased seminal vesicle in-
vasion, positive surgical margins, and the likelihood
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TABLE 3: Comparison of data between groups in patients with prostate cancer (n=105).

Data Insignificant PCa (n=43) Significant PCa (n=62) p value
Age (year), (mean+SD) 65.8+7.1 67.148.7 0.452
BMI (kg/m?), (mean+SD) 29.5+3.3 29.9+3,1 0.531
Cigarette consuption, n (%)

Yes 20 (46.5%) 24 (38.7%) 0.547

No 23 (53.5%) 38 (61.3%)
Prostate volume (cc), (mean+SD) 68.2+39.4 57.8+23.1 0.358
Total PSA (ng/mL), (meanSD) 5.3+2.1 6.5+2.2 0.005
Free PSA (ng/mL), median (IQR) 1.1(0.8-1.4) 0.8(0.6-1.2) 0.257
flit PSA ratio, (mean+SD) 0.2+0.07 0.15+0.009 0.195
PSA density, (mean+SD) 0.11£0.06 0.14+0.06 0.270
TT (nmol/L), (mean+SD) 14.9+4.8 15.545.2 0.579
TTHPSA ratio, median (IQR) 3.1(1.94.3) 24(1.7-34) 0.055
LH (mlU/mL), median (IQR) 3.7 (2.9-5.6) 3.3(2.7-5.1) 0.347
CRP (mg/L), median (IQR) 3.3(3.3-8.7) 4.9(3.3-8.9) 0.771
Albumin (g/L), (mean+SD) 46.9+2.5 46.5+2.1 0.669
CRP/albumin ratio, median (IQR) 0.07 (0.06-0.15) 0.11 (0.06-0.19) 0.425
Neutrophil (10%/mL), (mean+SD) 54+1.4 46+1.3 0.141
Lymphocyte (10%mL), median (IQR) 2.1(1.6-2.7) 2.1(1.7-2.5) 0.920
Thrombocyte (10%/mL), (mean+SD) 250.4+76.1 242.5+47.7 0.709
NLR, (mean+SD) 2.6+1.2 22418 0.243
PLR, (mean+SD) 143.768.1 118.4+38.6 0.171
AST (U/L), median (IQR) 16 (12.5-21.5) 18 (14-30) 0.520
ALT (U/L), median (IQR) 16 (9-18.5) 14 (11-20) 0.737
De Ritis ratio, (mean+SD) 13104 1.3£0.5 0.912

PCa: Prostate cancer; BMI: Body mass index; Mean+SD: Meanzstandart deviation; PSA: Prostate specific antigen; IQR: Interquartile range; f/t PSA: Free and total prostate specific
antigen; TT: Total testosterone; LH: Luteinizing hormone; CRP: C-reactive protein; NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; ALT: Alanine aminotransferase;

AST: Aspartate aminotransferase.

of lymph node involvement.** Also, it reported a cut-
off value of 1.325 for De Ritis ratio in predicting the
occurrence of biochemical recurrence based on the
ROC analysis. In our study, we found a cut-off value
of 1.12 for De Ritis ratio in predicting PCa. A sys-
tematic review and meta-analysis investigating the
relationship between survival and De Ritis ratio in
urological cancers reported that De Ritis ratio was not
associated with overall survival but was associated
with biochemical recurrence-free survival in PCa.”
Karamik et al. investigated the relationship between
preoperative De Ritis ratios and biochemical recur-
rence in 302 radical prostatectomy patients and con-
cluded that De Ritis ratio was an independent
predictive factor for biochemical recurrence.?® In that
study, Karamik et al. found a cut-off value of 1.1 for
De Ritis in predicting biochemical recurrence. This
result is similar to the value in our present study.

125

The relationship between testosterone levels and
PCa is unclear. However, some studies report that
low testosterone levels are associated with more ag-
gressive cancers than others. It is considered that this
results from the inhibition of testosterone secretion
by hormones such as inhibin in patients with PCa.?’
In their study, which included 568 patients, Shin et
al. found that low serum testosterone levels were sta-
tistically significant predictors of the risk of devel-
oping PCa. They found that only tPSA was
significantly associated with a high-grade Gleason
score.” Similarly, tPSA was the only variable asso-
ciated with clinically significant PCa in our study.
Kwon et al. reported that a low serum testosterone
level was highly associated with a Gleason score of
>8 in patients, who underwent radical prostatec-
tomy.? Conversely, a meta-analysis reported a 23%
lower risk of PCa in patients with low serum free
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TABLE 4: Correlation analysis of the parameters in
terms of predicting clinically significant prostate cancer.
Parameters  Spearman’s rho correlation coefficient  p value
Age +0.067 0.496
BMI +0.088 0.370
Cigarette consuption +0.078 0.430
Prostate volume -0.079 0.672
Total PSA +0.288 0.003
Free PSA -0.198 0.263
flt PSA ratio -0.299 0.086
PSA density +0.226 0.221
T +0.067 0.496
TT/tPSAratio -0.188 0.055
LH -0.181 0.356
CRP +0.054 0.777
Albumin -0.159 0.410
CRP/albumin ratio +0.151 0.435
Neutrophil -0.208 0.231
Lymphocyte -0.017 0.921
Thrombocyte +0.009 0.961
NLR -0.139 0.427
PLR -0.150 0.389
AST +0.132 0.513
ALT +0.066 0.744
De Ritis ratio -0.071 0.726

BMI: Body mass index; PSA: Prostate specific antigen; TT: Total testosterone; f/t PSA:
Free and total prostate specific antigen; LH: Luteinizing hormone; CRP: C-reactive pro-
tein; NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase.

testosterone levels than in patients with high concen-
trations.'” Other authors suggest that the development
of PCa is independent of endogenous sex hormone
levels. In their study comparing pre-biopsy testos-

terone levels in 85 patients, who underwent a prostate
biopsy, Temel et al. concluded that neither TT nor
free testosterone was an effective predictor of the
Gleason score.'* In our study, the TT level was not
associated with PCa or clinically significant PCa.

There is no consensus about the cut-off values
of suggested parameters such as the fPSA/tPSA ratio
and PSAD to improve the specificity of PSA in pre-
dicting PCa. In our study, the cut-off value for the
fPSA/tPSA ratio was found to be 20%. Erol et al. an-
alyzed the fPSA/tPSA ratio by age groups in their co-
hort study of 4,955 patients. The fPSA/tPSA cut-off
values were reported as 10%, 15%, and 15% for the
50-59, 60-69, and >70 year-old age groups, respec-
tively. That study reported an overall fPSA/tPSA cut-
off value of 10% for all age groups.’® Another
parameter is PSAD, for which cut-off values were
studied. Heidenreich, A. et al. reported a cut-off value
of 0.1-0.15 ng/mL/cc for that parameter in their
study." In our study, the PSAD cut-off value for the
PCarisk has been found to be 0.1 ng/mL/cc, which is
in line with the literature.

Our study shows the relationship of some bio-
chemical parameters (De Ritis ratio, CRP, the
CRP/albumin ratio) with PCa in patients with gray-
zone PSA levels; however, it is not free of limitations.
Firstly, our study appears to have included a small
number of patients. Secondly, we could not examine
any radiological findings because most patients did
not undergo multi-parametric magnetic resonance
imaging. Finally, the outcomes of our study were in-

TABLE 5: Relationship between hypogonadism and PCa.

Serum testosterone level BPH (n=105)
<12 nmol/L 30 (28.5%)
212 nmol/L 75 (71.5%)
<8 nmol/L 7 (6.6%)
8-12 nmol/L 23(21.9%)
212 nmol/L 75 (71.5%)
Serum testosterone level BPH (n=105)
<12 nmol/L 30 (28.5%)
212 nmol/L 75 (71.5%)
<8 nmol/L 7 (6.6%)
8-12 nmol/L 23(21.9%)
212 nmol/L 75 (71.5%)

PCa (n=105) p value
33 (31.4%) 0.763
72 (68.6%)

4 (3.8%) 0.471
29 (27.6%)
72 (68.6%)

Insignificant PCa (n=43) Significant PCa (n=62) p value
14 (32.5%) 19 (30.6%) 0.903
29 (67.5%) 43 (69.4%)

1(2.3%) 3 (4.8%) 0.760
13 (30.2%) 16 (25.8%)
29 (67.5%) 43 (69.4%)

PCa: Prostate cancer; BPH: Benign prostate hyperplasia.
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TABLE 6: Data of the ROC curves in terms of differentiating PCa patients from BPH patients and clinically significant
prostate cancer from clinically insignificant prostate cancer.

Variables AUC %95 Cl

Age* 0.614 0.537-0.691
PV* 0.632 0.517-0.747
fPSA* 0.666 0.560-0.771
flt PSA* 0.707 0.605-0.810
PSAD* 0.684 0.573-0.795
CRP* 0.650 0.536-0.764
CRP/albumin ratio* 0.626 0.512-0.740
De ritis ratio* 0.642 0.517-0.767
tPSA™ 0.669 0.564-0.773

Cut-off value Sensitivity (%) Specificity (%) p value
65.5 60 58 0.004
65.5 59 61 0.028
1.07 67 59 0.004
0.20 62 68 <0.001
0.1 61 69 0.002
49 46 84 0.013
0.7 66 54 0.038
1.12 60 65 0.030
58 68 65 0.003

*Predictors of PCa; **Predictor of clinically significant; ROC: Receiver operating characteristic; PCa: Prostate cancer; BPH: Benign prostatic hyperplasia; AUC: Area under curve;
Cl: Confidence interval; PV: Prostate volume; fit PSA: Free and total prostate specific antigen; PSA: Prostate specific antigen; PSAD: PSA density; CRP: C-reactive protein.

terpreted according to the results of univariate anal-
ysis.

I CONCLUSION

In order to avoid unnecessary biopsies, some bio-
chemical parameters such as CRP, the CRP/albumin
ratio, and De Ritis ratio may provide benefits in ad-
dition to known indicators such as PSA, PSAD, and
the fPSA/tPSA ratio in men with gray-zone PSA lev-
els. Our results have not revealed a marker other than
tPSA to predict clinically significant PCa. Future
studies, which will provide supporting results and
overcome our study’s limitations may help develop
combined prediction models using the abovemen-
tioned markers to be used before a prostate biopsy.
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