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ABS TRACT Objective: To examine the correlation between free 
prostate-specific antigen (fPSA)/total prostate-specific antigen (tPSA) 
ratios, multiparametric magnetic resonance imaging (Mp-MRI) find-
ings, and pathological results in patients with PSA levels ranging from 
4 to 10 ng/dl, which is considered the grey zone. Material and Meth-
ods: Mp-MRI was performed in 101 patients between 2020 and 2022. 
Transrectal ultrasonography-guided prostate biopsy was performed in 
patients with PSA values between 4-10 ng/dl. Patients were categorized 
into 2 groups based on their pathology results: malignant (group 1) and 
benign (group 2). The fPSA/tPSA ratios, Prostate Imaging Reporting 
and Data System (PI-RADS) scores, and International Society of Uro-
logical Pathology (ISUP) scores of patients in the malignant group were 
recorded. Results: Pathological analysis of 101 patients yielded fol-
lowing results: 31.7% (31 individuals) were diagnosed with cancer, 3% 
(3 cases) presented with atypical small acinar proliferation, and 66.3% 
(67 patients) were determined to have benign conditions. The mean 
fPSA/tPSA ratio of patients was lower in group 1 (group 1: 0.13±0.06, 
group 2: 0.22±0.08, p=0.001). The fPSA/tPSA ratio was significantly 
lower in PI-RADS-4 and 5 compared to PI-RADS-3. A significant cor-
relation was found between PIRADS scores and cancer detection rates 
(p=0.003). Conclusion: It is important to calculate fPSA/PSA ratio and 
decide to perform biopsy in patients with PSA values between 4-10 
ng/dl. As PI-RADS scores increased and free/total PSA ratios de-
creased, the frequency of cancer detection increased. This study demon-
strates the importance of PSA derivatives in diagnostic processes. 
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ÖZET Amaç: Gri son olarak kabul edilen 4-10 ng/dl arasında değişen 
prostat spesifik antijeni (PSA) düzeyleri olan hastalarda serbest [free 
(fPSA)]/total prostat spesifik antijen (tPSA) oranları, multiparametrik 
manyetik rezonans görüntüleme [magnetic resonance imaging (Mp-
MRI)] bulguları ve patolojik sonuçlar arasındaki korelasyonu incele-
mek. Gereç ve Yöntemler: 2020-2022 yılları arasında 101 hastaya 
Mp-MRI uygulandı. PSA değerleri 4-10 ng/dl arasında olan hastalara 
transrektal ultrasonografi eşliğinde prostat biyopsisi yapıldı. Hastalar 
patoloji sonuçlarına göre 2 gruba ayrıldı: malign (grup 1) ve benign 
(grup 2). Malign gruptaki hastaların fPSA/tPSA oranları, Prostat Gö-
rüntüleme Raporlama ve Veri Sistemi [Prostate Imaging Reporting and 
Data System (PI-RADS)] skorları ve Uluslararası Ürolojik Patoloji Der-
neği [International Association of Urological Pathology (ISUP)] skor-
ları kaydedildi. Bulgular: 101 hastanın patolojik analizi aşağıdaki 
sonuçları vermiştir: %31,7’sine (31 kişi) kanser tanısı konuldu, %3’ü (3 
olgu) atipik küçük asiner proliferasyon (atypical small acinar prolife-
ration) ile başvurdu ve %66,3’ünün (67 hasta) benign durumları olduğu 
belirlendi. Hastaların ortalama fPSA/tPSA oranı grup 1’de daha dü-
şüktü (grup 1: 0,13±0,06, grup 2: 0,22±0,08, p=0,001). PI-RADS-4 ve 
5’te fPSA/tPSA oranı PI-RADS-3’e kıyasla anlamlı derecede düşüktü. 
PI-RADS skorları ile kanser tespit oranları arasında anlamlı bir kore-
lasyon bulundu (p=0,003). Sonuç: PSA değerleri 4-10 ng/dl arasında 
olan hastalarda fPSA/PSA oranının hesaplanması ve biyopsi yapılma-
sına karar verilmesi önemlidir. PI-RADS skorları arttıkça ve 
sPSA/tPSA oranları azaldıkça kanser tespit sıklığı artmaktadır. Bu ça-
lışma, PSA türevlerinin tanısal süreçlerdeki önemini göstermektedir. 
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According to the World Health Organization-
Global Cancer Observatory 2024 data, prostate can-
cer is the second most common solid organ cancer 
after lung cancer (15.2%), with a prevalence of 
14.2% and ranks 5th among the causes of death from 
cancer with 7.3%.1 Prostate-specific antigen (PSA) 
elevation is used for prostate cancer screening, diag-
nosis, and follow-up of the treatment given, and can 
be affected by non-cancerous diseases of the prostate 
and prostate-directed interventions. Since PSA is an 
organ-specific molecule, not a cancer-specific 
molecule, its specificity and sensitivity in the diag-
nosis of prostate cancer are low.2 

Multiparametric magnetic resonance imaging 
(MpMRI) has a strong importance in clinical use in 
patients considered to have prostate cancer.3 Over 
time, data for MpMRI have been collected, interpre-
tation and reporting recommendations have been de-
veloped and the most current version, Prostate 
Imaging Reporting and Data System (PI-RADS) 
v2.1, has emerged.4 With the widespread use of 
MpMRI in recent years and the update of guideline 
information, MpMRI has gained popularity in the di-
agnosis of prostate cancer.4 In the diagnosis of 
prostate cancer, MpMRI is used to detect lesions and 
determine their localization.5 

In the present study, MpMRI was performed in 
patients with elevated PSA levels, and the free PSA 
(fPSA)/total PSA (tPSA) ratio was calculated. Sub-
sequently, transrectal ultrasonography (TRUS)-
guided prostate biopsy was performed. This study 
aimed to re-examine the role and importance of sus-
picious lesions on MpMRI and fPSA/tPSA ratios in 
the prediction of prostate cancer. 

 MATERIAL AND METHODS 

PATIENT SELECTION 
In the current study, with the permission of the 
Gaziantep University Faculty of Medicine Clinical 
Research and Ethics Committee (date: November 24, 
2022; no: 2022/248), the data of 101 patients with a 
PSA value of 4-10ng/dl, who underwent MpMRI and 
TRUS-guided prostate biopsy in the Gaziantep Uni-
versity Faculty of Medicine Urology Clinic between 
2020-2022 were retrospectively analyzed and in-

cluded in the study. This study was conducted in ac-
cordance with the principles of the Declaration of 
Helsinki. 

Participants who met any of the following crite-
ria were excluded: PSA readings above 10ng/dl, pre-
vious lower urinary tract operations involving the 
prostate, prior prostate biopsies, history of diagnosed 
malignancies with subsequent medical or surgical in-
terventions, treatment for acute prostatitis in either 
ambulatory or hospital settings, and Atypical small 
acinar proliferation (ASAP) findings in pathology re-
ports. 

TECHNIquE AND MATERIAL 
Before biopsy, MpMRI was performed using a 3T In-
genia (Philips, Netherlands) MRI device for the di-
agnosis and screening of prostate cancer. Lesions 
were evaluated using PI-RADS v2.1.  

TRUS guided 10 quadrant prostate biopsy was 
performed. All patients received an enema (B.T. 
enema, 135 ml, rectal) before biopsy. Rectal cleans-
ing with povidone-iodine was performed before the 
procedure. All patients were locally anesthetized with 
2% lidocaine lubricant gel before rectal probe inser-
tion for prostate biopsy. The procedure was per-
formed in the right-lateral decubitus position. Patients 
were administered prophylactic antibiotics before 
biopsy. HITACHI EUB 405® ultrasound device with 
6.5 MHz biplane transrectal probe and an 18G 25 cm 
needle was used for systematic biopsy. 

Participants were categorized into 2 groups 
based on biopsy outcomes. Group 1 included patients 
with malign results, while Group 2 included patients 
with benign findings. Age, PI-RADSv2.1 scores, 
PSA, fPSA values, and pathological results were 
recorded. The classification of pathological findings 
was conducted in accordance with the guidelines set 
forth by the International Society of Urological 
Pathology (ISUP). The results from both groups of 
patients with malignant and benign pathologies were 
compared.  

The fPSA, PSA, PI-RADS v2.1, and pathologi-
cal results of the patients in the prostate cancer group 
were evaluated as binary groupings. Significant val-
ues specific to cancer diagnosis were determined.  
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STATISTICAL METHOD 
The suitability of the numerical variables for normal 
distribution was tested using the Shapiro-Wilk test. 
Student’s t-test was used to compare normally dis-
tributed variables in the 2 groups, and the Mann-
Whitney U test was used to compare non-normally 
distributed variables between the 2 groups. The rela-
tionships between categorical variables were tested 
using the chi-square test. ROC analysis was used to 
determine the cutoff point for the fPSA/PSA ratio. 
The SPSS 22.0, Windows version package program 
was used in the analyses. p<0.05 was accepted as sig-
nificant. 

 RESuLTS 
The mean age of the patients in group 1 was 
65.94±7.40 years and the mean age of the patients in 
group 2 was 63.52±6.11 years (p=0.084). Pathologi-
cal analysis of 101 patients yielded the following re-
sults: 31.7% (31 individuals) were diagnosed with 
cancer, 3% (3 cases) presented with ASAP, and 
66.3% (67 patients) were determined to have benign 
conditions. The mean fPSA/tPSA ratio of patients 
was lower in group 1 (group 1: 0.13±0.06, group 2: 
0.22±0.08, p=0.001) (Table 1). 

The MpMRI results and ISUP grades of patients 
were summarized in Table 2. Analysis of the 
fPSA/tPSA ratios in relation to PI-RADS scores re-
vealed significant differences. Patients with PI-
RADS-3 on MpMRI had an average fPSA/tPSA ratio 
of 0.24±0.1. For those with PI-RADS-4, the ratio was 
0.17±0.07, while patients scoring PI-RADS-5 
showed a ratio of 0.16±0.08 (p=0.001). The 
fPSA/tPSA ratio was significantly lower in PI-
RADS-4 and 5 compared to PI-RADS-3 (Table 2).  

A significant correlation was found between PI-
RADS scores and cancer detection rates (p=0.003). 
No significant difference was found between PI-
RADS 4 and PI-RADS 5 in terms of cancer detection 
rates, whereas significant differences were found be-
tween PI-RADS 3 and PI-RADS 4 and between PI-
RADS 3 and PI-RADS 5 (PI-RADS 3 and PI-RADS 
4 p=0.016; PI-RADS 4 and PI-RADS 5 p=0.066; PI-
RADS 3 and PI-RADS 5 p=0.004). The reason for 
the significant difference was attributed to the low 
cancer detection rates in patients with PI-RADS 3 le-
sions. A significant difference was detected between 
PI-RADS scores in terms of probability of detection 
of prostate cancer (p=0.004). There was no signifi-
cant difference between PI-RADS 4 and PI-RADS 5 
in binary group comparison (p=0.494). The low rate 
of probability of detection of prostate cancer in PI-
RADS 3 group is responsible for the significant dif-
ference between PI-RADS scores (Table 2).  

In the examination of the predictive threshold for 
the average fPSA/tPSA ratio in individuals diagnosed 
with prostate cancer, the cutoff point for fPSA/tPSA 
was determined to be ≤0.15, with area under the curve 
(AUC) of 0.819 (95% confidence interval: 0.730-0.888, 
p<0.001). Based on this established cut-off value, the 
average fPSA/tPSA measurement demonstrated a sen-
sitivity of 76% and a specificity of 85% (Figure 1). 

 DISCuSSION 
The most frequently utilized PSA threshold for 
prostate cancer screening is ≥3.0 ng/dl, despite the 

Group 1 (n=34) Group 2 (n=67) p value 
Age 65.94±7.40 63.52±6.11 0.084 
tPSA (ng/dl) 8.38±2.20 7.23±2.27 0.017 
fPSA (ng/dl) 1.08±0.71 1.59±0.74 0.001 
fPSA/PSA 0.13±0.06 0.22±0.08 0.001 

TABLE 1:  Mean age, PSA, fPSA of patients with malignant 
and benign pathology

p<0,05; Group 1: Malignant pathology; Group 2: Benign pathology.  
tPSA: Total prostate specific antigen; fPSA: Free prostate specific antigen;  
ng/ml: nanogram per deciliters

PI-RADS 3 PI-RADS 4 PI-RADS 5 
n=33 n= 56 n=12 p value 

ISuP grade 1 (n, %) 3 (9.09) 6 (10.70) 3 (25.00) 0.003 
ISuP grade 2 (n, %) 0 (0 ) 8 (14.28) 0 (0 )  
ISuP grade 3 (n, %) 0 (0 ) 1 (1.78) 2 (16.66)  
ISuP grade 4 (n, %) 0 (0 ) 5 (8.92) 0 (0 )  
ISuP grade 5 (n, %) 0 (0 ) 2 (3.57) 1 (8.33)  
fPSA/tPSA 0.24±0.1 0.17±0.07 0.16±0.08 0.001 
Probability of detection of 3 (9.09) 22 (39.28) 6 (50) 0.004 
prostate cancer n (%) 

TABLE 2:  Comparison of ISuP grade and fPSA/tPSA ratios 
according to PI-RADS scores

p<0.05; PI-RADS: Prostate Imaging Reporting and Data System; n: Number; ISuP: In-
ternational Society of urological Pathology; fPSA: Free prostate specific antigen; 
tPSA: Total prostate specific antigen
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ability to detect the disease at lower PSA values. Em-
ploying this specific cutoff point results in a positive 
screening outcome for 16.5% of men screened.6,7 
However, no threshold value has been found for the 
diagnosis of absolute prostate cancer with PSA 8 

In the Prostate Cancer Prevention Trial study, 
Feigl et al. found prostate cancer even at the lowest 
PSA values when biopsies performed at the end of 
the study in the placebo group were analyzed. In 
biopsies performed on subjects with PSA values 
below 4 ng/dl and normal finger rectal examination, 
the rate of detection of prostate cancer was 6.6% at 
PSA ≤0.5 and 0.8% for clinically significant cancer, 
whereas these rates were 26.9% and 6.7%, respec-
tively, at PSA values between 3-4 ng/dl.9 

Since PSA is not disease specific, various PSA 
derivatives have been used to differentiate prostate 
cancer and benign prostatic hyperplasia. The most 
commonly used parameter is the ratio of fPSA level 
to the tPSA value.10 The fPSA/tPSA ratio has been 
used for many years to decide on biopsy, especially 
in patients with PSA values in the grey zone.11 The 
cutoff value is usually taken between 15-25%.12 In 
previous studies, it was found that the sensitivity was 
95% if the cut-off value of fPSA/tPSA ratio was ac-
cepted as 25% and 90% if it was accepted as 22% in 

cases in the grey zone.13,14 Similarly, Pelzer et al. in 
their study with 1809 patients with prostate cancer, 
explained that when the cut-off value for the fPSA/t 
PSA ratio was accepted as 15%, there were signifi-
cant differences between the groups with fPSA/tPSA 
ratio less than 15% and greater than 15% for the pre-
diction of prostate cancer.15 In the present study, 
fPSA/tPSA ratio ≤15% was found to be significant 
for prostate cancer with a sensitivity of 76% and 
specificity of 85% (p<0.001). 

After the PSA screening programmes used to de-
tect cancer at organ-confined stage and the lowering 
of PSA threshold values, the importance of system-
atic prostate biopsy has increased even more due to 
the fact that the lesions expected to be found are too 
small to be detected by transrectal ultrasound alone 
and approximately 40% of them are isoechoic on 
transrectal ultrasound.16,17 TRUS-guided systematic 
prostate biopsies often yield false-negative outcomes 
due to the small size of lesions and the fact that 40% 
of them appear isoechoic. The rate of prostate cancer 
diagnosis has increased with cognitive and targeted 
biopsies performed by identifying lesions corre-
sponding to significant prostate cancer using 
MpMRI, which has been widely used in recent years. 
While up to 4% of high-grade tumors are missed in 
systematic biopsies, it has been shown that 11-33% 
more cancers are detected with the combined use of 
targeted and systematic biopsy than when used 
alone.18-21 

According to Fütterer et al. MpMRI demon-
strated a range of effectiveness in identifying clini-
cally significant cancer. This study found that the 
sensitivity of MpMRI ranged from 58% to 96%, 
whereas its specificity varied between 23% and 87%. 
Additionally, the positive predictive value ranged be-
tween 34% and 68%, and the negative predictive 
value ranged from 63% to 98%.22 In a meta-analysis 
of 17 studies, Oerther et al. reported the detection 
rates of clinically significant cancers at the lesion 
level as 2% for PI-RADS1 lesions, 4% for PI-RADS 
2, 20% for PI-RADS 3, 52% for PI-RADS 4, and 
89% for PI-RADS 5. In patient-based analyses, clin-
ically significant cancer detection rates were 6% for 
PI-RADS 1, 9% for PI-RADS 2, 16% for PI-RADS 
3, 59% for PI-RADS 4, and 85% for PI-RADS 5.23 

FIGURE 1: Receiver operating characteristics curve of the fPSA/tPSA ratio for the 
detection of prostate cancer  
AuC: Area under curve; fPSA: Free prostate specific antigen; PSA: Prostate spe-
cific antigen 
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In the current study, fPSA/tPSA ratio was calculated 
separately for PI-RADS3, PI-RADS4 and PI-RADS5 
scores. Results demonstrated a significant inverse re-
lationship between the ratio and the score, with the 
ratio decreasing as the score increased (p<0.001). 
When multiple comparisons were made, it was cal-
culated that the fPSA/tPSA ratio was significantly 
lower in PI-RADS-4 and 5 compared to PI-RADS-3. 
According to PI-RADS scores 3, 4 and 5 scores, 10%, 
40% and 50% probability of cancer diagnosis was 
calculated respectively. The increase in PI-RADS 
score showed us an increase in the rate of cancer di-
agnosis (p<0.05). 

In urological practice, patients with PI-RADS-4 
and PI-RADS-5 results are strongly recommended 
for prostate biopsy, prioritising the diagnosis of 
prostate cancer (considered to be a high risk).3 How-
ever, it should not be forgotten that prostate cancer 
can be diagnosed at lower PI-RADS scores and pa-
tients should be evaluated with fPSA/tPSA ratio.23 

The present study had several limitations. De-
spite the availability of MpMRI results, the absence 
of cognitive or targeted biopsy procedures may have 
contributed to the lower biopsy positivity rates. Fur-
thermore, the study’s confinement to a single institu-
tion limits the generalizability of current results. 
Additional limitations included a small sample size, 
the retrospective nature of the investigation, the ab-
sence of long-term outcome data, and the lack of 
comparison with alternative tools such as PSA den-
sity. 

 CONCLuSION 
In the present study, PSA derivatives and MpMRI 
data of patients in the grey zone according to PSA 
values were evaluated with biopsy results. It was con-
cluded that as PI-RADS score increased, fPSA/tPSA 
values decreased significantly and prostate cancer de-
tection rates increased. Our results support the liter-
ature it was re-emphasised that MpMRI and PSA 
derivatives should be used when deciding on prostate 
biopsy in patients in the grey zone.   
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