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Abstract
Objective: To detect a prostate-specific antigen (PSA) cut-off for clinically significant prostate cancer (csPCa) according to age in Turkey.
Materials and Methods: A total of 532 men who had transrectal ultrasound-guided biopsy of the prostate due to elevated PSA and abnormal findings
on digital rectal examination between January 2011 and January 2018 were retrospectively evaluated. Elevated PSA was defined as ≥4 ng/mL. Patients
were divided into groups 1-5 according to age: 40-49, 50-59, 60-69, 70-79, and ≥80 years. A PSA cut-off value was determined for each group.
Results: The mean age was 66.45±8.21 (41-89) years. There were 20, 112, 222, 154, and 24 patients in groups 1-5, respectively. Mean PSA
values were 6.04±3.88 (0.24-16.46) ng/mL, 6.8±4.17 (0.97-35.07) ng/mL, 10.51±8.53 (0.72-128.5) ng/mL, 20.41±36.64 (1.32-250) ng/mL, and
73.28±100.19 (9.33-344.1) ng/mL in groups 1-5, respectively. PSA cut-off values for csPCa were 7.08 ng/mL, 4.71 ng/mL, 7.30 ng/mL, 8.12 ng/mL,
and 14.12 ng/mL in groups 1-5, respectively.
Conclusion: There is a correlation between PSA and age in Turkey. Using the PSA cut-off values determined in our study would decrease the number
of unnecessary biopsy procedures.
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Introduction
Prostate cancer (PCa) has the highest annual incidence rate of all
cancers in men and is the second leading cause of cancer deaths
in men following small cell lung cancer. After prostate-specific
antigen (PSA) was first described by Catalona et al. (1) in 1991,
the rate of PCa detection increased dramatically. The United
States Food and Drug Administration approved the use of PSA
for cancer detection in 1994 (2). For PSA levels of 1-4 ng/mL,
its sensitivity and specificity values in PCa detection have been
reported as 83% and 38% at PSA: 1 ng/mL; 52% and 72% at 3.1
ng/mL PSA, 32% and 86% at 1 ng/mL PSA, and 20% and 94%
at 4.1 ng/mL PSA, respectively (2). According to these values,

using a low threshold value will result in a higher PCa detection
rate. However, the rate of detection of clinically insignificant
cancers will also increase. A low threshold value will also result in
low specificity values, which will not allow PCa exclusion.
Various PSA threshold values are used worldwide. Among
previous studies with large patient numbers, a threshold value of
2.5 or 3.0 ng/mL was used in the European Randomized Study
of Screening for Prostate Cancer (ERSPC) (3) and a threshold
of 4.0 ng/mL was used in the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial (PLCO) conducted in the United
States of America (USA) (4). In the Swedish arm of the ERSPC,
referred to as the Göteborg Trial, 3.4 ng/mL was used between
1993-1998, after which a value of 2.5 ng/mL was used (5). In
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1993, Oesterling et al. (6) investigated PSA threshold values for
PCa based on age in 537 American subjects and reported PSA
threshold values of 2.5 ng/mL, 3.5 ng/mL, 4.5 ng/mL, and 6.5
ng/mL respectively for the 40-49, 50-59, 60-69, and 70-79 age
groups.
It is apparent that each country uses its own threshold values for
the detection of PCa. However, the determined PSA threshold
values are not intended for the detection of clinically significant
PCa (csPCa), but for the general detection of PCa. Our aim in
this study was to determine age-specific PSA threshold values to
be used for the detection of csPCa in Turkey.

Materials and Methods
Following approval (no: 18/44) by the University of Health
Sciences, Gülhane Training and Research Hospital Ethics
Committee, statistical power analysis indicated that 385 patients
were necessary to conduct the study. Consent was obtained
from the patients. Data pertaining to 532 consecutive patients
who had elevated PSA levels or abnormal findings on digital
rectal examination (DRE) and underwent transrectal ultrasoundguided biopsy of the prostate (TRUSbP) between January 2011
and January 2018 were evaluated retrospectively. PSA elevation
was defined as PSA ≥4 ng/mL. Patients with elevated PSA levels
were treated with oral antibiotherapy for two weeks to rule
out the possibility of bacterial prostatitis. Then a second blood
sample was taken to determine whether the PSA elevation
persisted. Free PSA measurement was also done in this session.
Patients with persistent PSA elevation were referred for TRUSbP.
Patients with life expectancy <10 years were not subjected to
TRUSbP.
TRUSbP was performed using a special ultrasound device that
acquires both axial and sagittal images (Logiq 5). At least 12
prostate biopsy cores were obtained using an 18-gauge Tru-Cut
(UK Medical) prostate needle.
Patients with PSA ≤10 ng/mL, Gleason (G) score ≤3+3, and
≤2 tumor-containing cores were considered to have clinically
insignificant PCa (ciPCa). Patients with values higher than these
were diagnosed with csPCa.

PSA threshold values for the detection of PCa and csPCa.
P<0.05 was defined as statistically significant.

Results
Data from a total of 532 patients were analyzed. Mean age
of the patients was 66.45±8.21 (41-89) years. Their mean
and median PSA values were 15.13±5.21 (0.29-344.1) ng/
mL and 7.25 ng/mL. Groups 1, 2, 3, 4, and 5 consisted of 20,
112, 222, 154, and 24 patients, respectively. The mean PSA
values in these age groups were 6.04±3.88 (0.24-16.46) ng/
mL, 6.8±4.17 (0.97-35.07) ng/mL, 10.51±8.53 (0.72-128.5)
ng/mL, 20.41±36.64 (1.32-250) ng/mL, and 73.28±100.19
(9.33-344.1) ng/mL, respectively (Figure 1). PSA level at time
of PSA elevation detection was positively correlated with age
(p=0.001).
In group 1, TRUSbP revealed PCa in 6 patients, ciPCa in 1
patient (17%) and csPCa in 5 patients (83%). A detailed
examination of the pathology results revealed G3+3 PCa in
3 patients (50%) and G3+4 PCa in 3 patients (50%) (Table
1). In ROC curve analyses, areas under the curve for PCa and
csPCa detection were 0.480 (p=0.903) and 0.889 (p=0.043),
respectively, and PSA thresholds were determined as 2.21 ng/
mL for PCa detection and 7.08 ng/mL for csPCa detection
(values providing >80% sensitivity) (Table 2). A free/total PSA
ratio threshold value for detecting csPCa at PSA values between
these thresholds could not be calculated due to the small
number of patients.
In group 2, TRUSbP revealed PCa in 22 patients, ciPCa in 10
patients (45%) and csPCa in 12 patients (55%). Pathology
results indicated histological grade of G3+3 in 12 patients,
G3+4 in 2 patients, G3+5 in 1 patient, G4+3 in 1 patient, G4+4
in 1 patient, G4+5 in 1 patient, G5+3 in 2 patients, G5+4 in 1
patient, and G5+5 in 1 patient (Table 1). In ROC curve analyses,
areas under the curve for PCa and csPCa detection were 0.526
(p=0.068) and 0.621 (p=0.209), respectively, and PSA threshold
values were determined as 4.15 ng/mL for PCa detection

Patients were classified by age as group 1: 40-49 years, group
2: 50-59 years, group 3: 60-69 years, group 4: 70-79 years,
and group 5: ≥80 years. PSA threshold values were determined
for the detection of PCa and csPCa within these age groups.
Following the determination of PSA threshold values for PCa
and csPCa, a free/total PSA ratio threshold was determined for
the PSA range between those two PSA values.
Statistical Analysis
“Statistical Package for Social Sciences 20.0 (SPSS 20.0 for
Mac OS)” software package was used for statistical analyses.
Descriptive statistics were presented using mean (minimummaximum) values, frequencies, and percentages. KolmogorovSmirnov, Shapiro-Wilk, and Skewness and Kurtosis tests were
used to evaluate whether the data conformed to a normal
distribution. The Pearson correlation test was used to evaluate
correlations between continuous variables. Receiver operating
characteristic (ROC) curves were generated for each age group
based on PSA level. These ROC curves were used to determine
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Figure 1. Age-related change in prostate-specific antigen in the
presence of prostate cancer in Turkey
PSA: Prostate-specific antigen
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Table 1. Age-specific prostate cancer rates in Turkey
Age (years)

40-49

50-59

60-69

70-79

≥80

Gleason 3+3 + PSA ≤10 ng/mL
+ ≤2 positive cores

1 (17%)

10 (45%)

12 (21%)

13 (20%)

-

Gleason 3+3 (n, %)

2 (33%)

2 (9%)

10 (17%)

5 (7%)

3 (14%)

Gleason 3+4 (n, %)

3 (50%)

2 (9%)

5 (8%)

10 (15%)

3 (14%)

Gleason 3+5 (n, %)

-

1 (4.5%)

3 (5%)

1 (2%)

-

Gleason 4+3 (n, %)

-

1 (4.5%)

11 (18%)

7 (10%)

1 (5%)

Gleason 4+4 (n, %)

-

1 (4.5%)

3 (5%)

8 (12%)

2 (9%)

Gleason 4+5 (n, %)

-

1 (4.5%)

8 (13%)

7 (10%)

6 (29%)

Gleason 5+3 (n, %)

-

2 (9%)

2 (4%)

2 (3%)

2 (10%)

Gleason 5+4 (n, %)

-

1 (4.5%)

2 (4%)

6 (8%)

4 (19%)

Gleason 5+5 (n, %)

-

1 (4.5%)

2 (4%)

8 (12%)

-

Total (n, %)

6 (100%)

22 (100%)

58 (100%)

67 (100%)

21 (100%)

PSA: Prostate-specific antigen

and 4.71 ng/mL for csPCa detection (values providing >80%
sensitivity) (Table 2). A free/total PSA ratio threshold value for
detecting csPCa at PSA values between these thresholds could
not be calculated due to the small number of patients.
In group 3, TRUSbP revealed PCa in 58 patients, ciPCa in
12 patients (21%) and csPCa in 46 patients (79%). Detailed
evaluation of pathology results revealed histological grade of
G3+3 in 22 patients, G3+4 in 5 patients, G3+5 in 3 patients,
G4+3 in 11 patients, G4+4 in 3 patients, G4+5 in 8 patients,
G5+3 in 2 patients, G5+4 in 2 patients, and G5+5 in 2 patients
(Table 1). In ROC curve analyses, areas under the curve for PCa
and csPCa detection were 0.681 (p=0.01) and 0.782 (p=0.001),
respectively, and PSA threshold values were 6.06 ng/mL for PCa
detection and 7.3 ng/mL for csPCa detection (values providing
>80% sensitivity) (Table 2). The insufficient number of patients
in this group also precluded determination of a free/total PSA
ratio threshold value for detecting csPCa at PSA values between
these thresholds.
In group 4, TRUSbP revealed PCa in 67 patients, ciPCa in 13
patients (20%) and csPCa in 54 patients (80%). Histological
grade according to pathology was G3+3 in 18 patients, G3+4
in 10 patients, G3+5 in 1 patient, G4+3 in 7 patients, G4+4
in 8 patients, G4+5 in 7 patients, G5+3 in 2 patients, G5+4
in 6 patients, and G5+5 in 8 patients (Table 1). In ROC curve
analyses, areas under the curve for PCa and csPCa detection
were 0.678 (p=0.001) and 0.776 (p=0.001), respectively, and
PSA threshold values were determined as 6.12 ng/mL for PCa
detection and 8.12 ng/mL for csPCa detection (values providing
>80% sensitivity) (Table 2). The free/total PSA ratio threshold
value for the detection of csPCa for PSA values between those
thresholds was determined to be 0.18 (value providing >80%
sensitivity).
In group 5, TRUSbP revealed PCa in 21 patients, all of
which were csPCa. Histological grade was G3+3 in 3 patients,
G3+4 in 3 patients, G4+3 in 1 patient, G4+4 in 2 patients,
G4+5 in 6 patients, G5+3 in 2 patients, and G5+4 in 4 patients
(Table 1). ROC curve analysis showed that the area under the

Table 2. Age-specific prostate-specific antigen threshold values for
prostate cancer detection in Turkey
PSA threshold value
Age (years)

Prostate cancer (ng/mL)

Clinically significant
prostate cancer (ng/mL)

40-49

2.21

7.08

50-59

4.15

4.71

60-69

6.06

7.30

70-79

6.12

8.12

≥80*

-

14.12

PSA: Prostate-specific antigen
*All patients had clinically significant prostate cancer

curve was 0.775 (p=0.209) and the PSA threshold value was
14.12 ng/mL for the detection of csPCa (values providing
>80% sensitivity) (Table 2). Free/total PSA ratio threshold value
for csPCa detection could not be determined due to the small
number of patients.

Discussion
The introduction of PSA by Catalona et al. (1) in 1991 resulted
in a rapid increase in rates of PCa detection. Following that
discovery, large studies related to PSA were planned. The
ERSPC commenced in Europe in the same year, and the USA
initiated the PLCO Cancer screening trial in 1994. These are the
studies currently providing the most extensive information on
the utility of PSA monitoring. Another study that also offered
valuable data about PSA reported its results around the same
time. In a study published by Oesterling et al. (6) in 1993,
2119 healthy males were evaluated between 1989 and 1991
and 471 of the men underwent prostate biopsy. Blood PSA
levels were measured and evaluated according to age. They
determined that PSA was correlated with age and identified PSA
threshold values for PCa detection as 2.5 ng/mL, 3.5 ng/mL,
4.5 ng/mL, and 6.5 ng/mL for the age ranges of 40-49, 50-59,
60-60, and 70-79 years, respectively (6). In 1994, Catalona
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et al. (7) accepted >4 ng/mL as the PSA threshold value and
investigated its combined use with DRE for the detection of
PCa in 6630 volunteers over the age of 50 years. PSA elevation
was detected in 15% of the patients, suspicious lesions were
detected on DRE in 15%, and both findings were detected in
26% of the patients. PCa detection rates for PSA, DRE, and PSA
+ DRE were reported to be 4.6%, 3.2%, and 5.8%, respectively
(7). In 1998, Catalona et al. (8) investigated free/total PSA ratio
and reported a threshold value of 25% for the detection of PCa
in patients with PSA levels of 4-10 ng/mL. Trials that began in
Europe and the USA in the 1990s began to publish results at the
end of the 2000s. In the ERSPC, 162,387 European men were
divided into 2 groups, one which underwent PSA screening
yearly for 4 years and another which did not undergo screening.
Using a PSA threshold value of 2.5 or 3.0 ng/mL, the rate of
PCa detection was reported to be 8.2% in the PSA screening
group and 4.8% in the non-screened group after 9 years of
follow-up (3). After 13 years of follow-up, PCa mortality in
the screened group was 21% lower than in the non-screened
controls (5). In the PLCO trial, 76,693 men were divided into
2 groups, one which underwent PSA screening yearly for 6
years and a non-screened control group. A PSA threshold
value of 4.0 ng/mL was used, and after 7 years of follow-up,
the rate of PCa detection was reported to be 116/10,000 in
the PSA screening group and 95/10,000 in the control group.
PCa mortality rate was 3.7/10,000 in the screened group and
3.4/10,000 in the control group. Differences between the
groups were not statistically significant for either evaluation (5).
Considering all of these studies together, it is clear that although
PSA is integral to current PCa screening, there is no definite
PSA threshold value for the detection of PCa. PSA threshold
values seem to be determined regionally for each country or
continent, and studies are designed according to these values.
There are no previous publications that evaluate age-specific
PSA threshold values for the detection of PCa, especially csPCa,
in Turkey. Therefore, we consider our study to make a valuable
contribution to the literature. We also observed a statistically
significant positive correlation between PSA level and age in our
study. This increase is particularly steep in men over the age of
70. In our study, the age-specific PSA threshold values for the
detection of PCa were 2.21 ng/mL, 4.15 ng/mL, 6.06 ng/mL,
6.12 ng/mL, and 14.12 ng/mL for the respective age ranges of
40-49, 50-59, 60-69, 70-79, and ≥80 years.
Research analyzing both PSA and prostatectomy specimens
will obviously yield the best evidence regarding the detection
of csPCa. In one such study conducted in 2006, Loeb et al.
(9) reported that 10% of patients who underwent radical
prostatectomy were actually clinically insignificant cases. Recent
studies have focused on the detection of csPCa in particular, but
analyses of the aforementioned large studies in terms of csPCa
have not yet been published. Instead, multiparametric magnetic
resonance imaging (MRI) has been used in recent years in an
attempt to detect csPCa. Siddiqui et al. (10) reported in a study
of 1003 patients that MRI-guided biopsy increased detection
rates of high-risk PCa and decreased detection rates of low-risk
PCa. However, MRI is an expensive laboratory technique, and

52

determining new PSA threshold values for csPCa should be
considered as a more reasonable and inexpensive alternative
to using MRI. In our study, the 40-49, 50-59, 60-69, 70-79,
and ≥80 year age groups had csPCa ratios of 83%, 55%, 79%,
80%, and 100% and age-specific PSA threshold values for PCa
detection of 7.08 ng/mL, 4.71 ng/mL, 7.30 ng/mL 8.12 ng/
mL, and 14.52 ng/mL, respectively. In short, the probability of
having csPCa increases with age, and PSA threshold values also
follow a rising trend. The use of the age-specific PSA threshold
values determined in this study will prevent unnecessary
biopsies.
For uncertain cases with PSA values between the threshold
values that we determined for PCa and csPCa, we thought of
using free/total PSA ratio as a marker. However, we were unable
to perform calculations for the 40-49, 50-59, 60-69, and ≥80
age groups because the patient numbers were insufficient. We
determined a free/total PSA ratio threshold value of 18% for the
70-79 year age group.
Assessing area under the curve in ROC curve analysis is another
method of showing how useful a test is. Studies involving ROC
curve analysis are generally intended to evaluate the role of PSA
in the detection of PCa. ROC areas under the curve for PSA
have been reported as 0.63 by Wang et al. (11), 0.83 by Ma et
al. (12), and 0.80 by Lee et al. (13). No previous studies have
examined the ROC area under the curve based on age. The
areas under the curve in our ROC curve analyses using PSA for
PCa detection were 0.480, 0.526, 0.681, 0.678, and 0.775 for
the age ranges of 40-49, 50-59, 60-69, 70-79, and ≥80 years,
respectively. This shows that the use of PSA for the detection of
PCa becomes increasingly significant with age, and consistent
with the literature, leads to the conclusion that PSA is important
for PCa detection. Furthermore, there are no studies in the
literature that evaluate the ROC area under the curve with the
aim of detecting csPCa. Our study is a first in the international
literature in this respect. In our study, the areas under the curve
in ROC curves created using PSA for the detection of csPCa
were 0.889, 0.621, 0.782, 0.776, and 0.775 for the age ranges
of 40-49, 50-59, 60-69, 70-79, and ≥80 years, respectively.
Thus, we have shown that the area under the curve is larger
when using PSA for the detection of csPCa rather than PCa, and
that the use of PSA for csPCa is more meaningful.
Study Limitations
The most important limitations of this study are its retrospective
design and the small number of patients, especially in the 40-49
years and ≥80 years age groups. Another limitation is that
although the literature emphasizes the importance of detecting
csPCa, PSA is still used for PCa screening. For this reason, the
use of PSA solely for csPCa is controversial. The fact that our
study was conducted in the province of Ankara and does
not directly represent the whole of Turkey can be considered
another limitation. However, according to population data, the
Ankara province receives the most immigration after Istanbul.
Therefore, we believe the province of Ankara provides a good
reflection of Turkey overall, and the title was written accordingly.
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Conclusion
PSA levels increase with age in Turkey, and using the PSA
threshold values determined in this study for the detection of
csPCa may prevent unnecessary biopsies.
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