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ABSTRACT
Aims: The aim of this study was to compare PI-RADS (Prostate Imaging-Reporting and Data System) categories, prostate 
volume, and prostate-specific antigen (PSA) parameters among prostate biopsy results.
Methods: A total of 367 patients who underwent multiparametric magnetic resonance imaging (mpMRI) between July 2021 
and February 2023 were retrospectively analyzed. Age, total PSA (tPSA), free PSA (fPSA), tPSA/fPSA ratio, PSA density (PSAD, 
tPSA/prostate volume), and PI-RADS categories were recorded for each patient. 199 patients were excluded from the study due 
to insufficient data, and the study was conducted with the remaining 168 patients. The mpMRI were performed using a 1.5 T 
MRI scanner. PI-RADS categories 1, 2, and 3 obtained from mpMRI were classified as PI-RADS≤3, while PI-RADS categories 
4 and 5 were classified as PI-RADS>3. Prostate biopsy was performed as a 12-core biopsy under transrectal ultrasonography 
(TRUS) guidance. Independent samples T test, Mann-Whitney U test and Chi-square test were used to compare the data of 
histopathologically benign and malignant groups. A p-value <0.05 was considered statistically significant.
Results: Of the 168 patients included in the study, 105 (62.5%) were benign and 63 (37.5%) were malignant based on 
histopathological results. Statistically significant differences were found between malignant/benign groups in mean age 
(69.9/67.0 years, p=0.002), prostate volume (62.5/93.9 ml, p<0.001), fPSA/tPSA ratio (0.13/0.20, p=0.048), and PSAD (0.25/0.14 
ng/ml2, p=0.003); while no significant differences were found in tPSA (13.9/11.5 ng/ml, p=0.419) and fPSA (1.63/1.68 ng/ml, 
p=0.922) values. A statistically significant difference was found between PI-RADS results of malignant/benign cases (p<0.001). 
Of the cases classified as PI-RADS>3 according to PI-RADS, 44 (26.2%) cases were histopathologically benign, while 21 (12.5%) 
cases classified as PI-RADS≤3 according to PI-RADS were histopathologically malignant. In the remaining 103 (61.3%) cases, 
PI-RADS and histopathology results were concordant.
Conclusion: Our study demonstrated that while tPSA and fPSA alone were insufficient for detecting prostate malignancy, fPSA/
tPSA ratio and PSAD showed significant association with histopathologically confirmed malignancy. An inverse relationship 
was observed between prostate volume and malignancy risk. Substantial discordance (38.7%) was detected between PI-RADS 
categories and histopathological results, which may be attributed to the limitations of TRUS-guided 12-core prostate biopsy. 
Evidence suggests that MRI/TRUS fusion biopsy could improve concordance between imaging findings and histopathological 
results. In clinical practice, the combined evaluation of PSA parameters, prostate volume measurements, and mpMRI data offers 
more accurate prediction of prostate cancer compared to individual parameters alone.
Keywords: Multiparametric magnetic resonance imaging, prostate carcinoma, Prostate Imaging Reporting and Data System, 
prostate-specific antigen, prostate volume, transrectal ultrasonography

INTRODUCTION
Prostate carcinoma (PCa) is one of the most prevalent 
malignant neoplasms in the male population, and its global 
incidence is progressively increasing.1 Global epidemiological 
data indicate that PCa is diagnosed in approximately one 
million men annually, resulting in approximately 300,000 
mortality cases; in mortality rankings, PCa is documented as 
the second major etiological factor for cancer-related deaths in 
the male population, following lung carcinoma.2

PCa presents a broad and heterogeneous disease spectrum 
ranging from low-grade and clinically insignificant tumors 
to metastatic diseases carrying high morbidity and mortality 

risks. This diversity and marked differences in prognosis have 
necessitated risk stratification approaches in the management 
of PCa.3 Classification systems based on biochemical, 
clinical, and histopathological data, such as the National 
Comprehensive Cancer Network (NCCN) guidelines and 
D’Amico risk scale, are frequently preferred in urology and 
are effectively used in the management of this patient group.

In the diagnostic approach to PCa, when elevation in 
serum prostate-specific antigen (PSA) levels or pathological 
findings in digital rectal examination (DRE) are detected, a 
standardized systematic 12-core biopsy protocol is performed 
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under transrectal ultrasonography (TRUS) guidance.1 

Although PSA is used as a PCa screening test due to its high 
sensitivity, it has low specificity as it can also increase in 
benign conditions such as prostatitis, prostate biopsy, seminal 
vesicle manipulation, ejaculation, and prostate massage.4,5 
Furthermore, serum PSA levels within the normal reference 
range do not definitively exclude the presence of PCa.5 
Although PSA-based PCa screening has contributed to a 
reduction in disease-specific mortality, it has resulted in an 
approximately 70-80% increase in the frequency of prostate 
biopsies.6 Furthermore, PSA-based screening results in the 
detection of clinically insignificant PCa cases, potentially 
leading to unnecessary therapeutic interventions7,8 PSA-
derived parameters such as free PSA/total PSA (fPSA/tPSA) 
ratio, PSA velocity (change in PSA/time elapsed), and PSA 
density (PSAD, tPSA/prostate volume) have been developed 
to increase the specificity of PSA, aiming to both improve 
PCa detection rates and prevent unnecessary biopsies.9 

Among these additional parameters, PSAD is reported to 
potentially enhance the diagnostic efficiency of serum PSA 
alone by improving specificity while maintaining sensitivity.7 
Although PSAD has been routinely implemented in clinical 
practice, discussions continue on various aspects, such 
as which PSAD threshold value should be preferred.9 The 
limitations of PSA parameters in PCa diagnosis necessitate 
the utilization of imaging modalities.
Magnetic resonance imaging (MRI) is considered the most 
successful imaging modality for detection, localization, and 
evaluation of local invasion of PCa.7 Multiparametric MRI 
(mpMRI), which combines T2-weighted imaging (T2WI), 
diffusion-weighted imaging (DWI), and T1-weighted dynamic 
contrast enhancement (DCE) imaging, has recently become a 
standard imaging modality in PCa diagnosis.10 While mpMRI 
increases the detection of clinically significant cancer, it 
reduces the diagnosis rate of clinically insignificant cancers.11 
The data from the PROMIS study revealed that invasive 
biopsy procedures could be avoided in 27% of men with 
elevated serum PSA levels who had not yet undergone biopsy, 
due to the absence of suspicious lesions on mpMRI.12 In 2012, 
the European Society of Urogenital Radiology established 
the Prostate Imaging-Reporting and Data System (PI-RADS) 
to standardize prostate mpMRI evaluation. This system 
facilitated the implementation of standardized terminology 
between clinicians and radiologists, established structured 
reporting criteria, and enabled systematic risk stratification 
for clinically significant cancer. Based on contemporary 
literature data and clinical experience, the PI-RADS v2.1 
consensus guideline, representing an optimized version of the 
PI-RADS system, was published and implemented in 2019.13 
Although the role of mpMRI in prostate cancer diagnosis 
and treatment is increasingly expanding, the generalizability 
and reliability of results from studies conducted at different 
centers should be meticulously evaluated before widespread 
adoption of this imaging modality in routine clinical practice. 
This study aimed to evaluate the relationship between 
histopathological results of prostate biopsies and various 
parameters including PI-RADS categories, prostate volume, 
and PSA measurements.

METHODS
Ethics
This retrospective study was conducted in accordance with 
ethical guidelines and received approval from the Kastamonu 

University Clinical Researches Ethics Committee (Date: 
08.03.2023, Decision No: 2023-KAEK-28). As the study was 
retrospective, obtaining written informed consent from the 
patients was not required. All procedures were carried out 
in accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

Patient Selection 
Our study was conducted retrospectively on patients who 
underwent prostate mpMRI at our center between July 2021 
and February 2023. The inclusion criteria for patients were 
defined as: having undergone prostate mpMRI prior to 
biopsy, completion of TRUS-guided 12-core prostate biopsy, 
availability of parameters such as tPSA, fPSA, fPSA/tPSA ratio, 
and PSAD in the hospital information management system, 
and MRI images being artifact-free to allow unrestricted 
evaluation. In this context, 367 patients were examined, and 
199 patients were excluded due to reasons such as missing 
histopathology results, incomplete PSA parameters, and 
artifacts in mpMRI images. The study was conducted on the 
remaining 168 patients.

Demographic Data and PSA Parameters
Patients’ age and PSA parameters (tPSA, fPSA, fPSA/tPSA 
ratio, and PSAD) were identified and recorded through the 
hospital information management system. Care was taken to 
ensure that the dates of obtaining PSA parameters preceded 
the biopsy dates. This was to prevent potential PSA elevations 
resulting from biopsy procedures from influencing the results.

Imaging Protocol and PIRADS Assessment
All prostate mpMRI examinations were conducted using a 
1.5 tesla MRI scanner (Signa Explorer-GE Medical Systems, 
Milwaukee, Wisconsin, USA). The mpMRI protocol 
incorporated T2WI, DWI, and T1W DCE sequences. 
Image interpretation was performed independently by two 
radiologists with 8 and 10 years of experience utilizing PI-
RADS v2.1 criteria, with final categories determined by 
consensus.13 For analytical purposes, PI-RADS categories 
were dichotomized, with categories 1, 2, and 3 classified as PI-
RADS≤3 and categories 4 and 5 as PI-RADS>3 (Figure 1, 2). 
Prostate gland dimensions were measured on axial and sagittal 
T2WI sequences, and volumetric calculations were performed 
using the ellipsoid formula (width×height×length×0.523).

Figure 1. Magnetic resonance images of a 62-year-old male patient with 
histopathologically confirmed prostate adenocarcinoma. Axial T2-weighted 
images (A and B) demonstrated an oval-shaped, hypointense lesion 
measuring 14×10 mm in the left peripheral zone (arrow). The lesion exhibited 
hyperintense signal characteristics on diffusion-weighted imaging (C) and 
corresponding hypointensity on apparent diffusion coefficient image (D), 
consistent with restricted diffusion (arrow). Based on these imaging features, 
the lesion was classified as Prostate Imaging-Reporting and Data System 
category 4, indicating a high probability of clinically significant cancer
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Figure 2. Magnetic resonance images of a 69-year-old male patient 
with histopathologically confirmed prostate adenocarcinoma. Axial T2-
weighted image (A) demonstrated an oval-shaped, hypointense lesion in 
the left peripheral zone (arrow). The lesion exhibited hyperintense signal 
characteristics on diffusion-weighted imaging (B) and corresponding 
hypointensity on apparent diffusion coefficient (C), consistent with restricted 
diffusion (arrow). This lesion was categorized as Prostate Imaging-Reporting 
and Data System category 4

Prostate Biopsy Procedure
All patients underwent TRUS-guided systematic 12-core 
prostate biopsy procedure. This is due to the lack of MRI/TRUS 
fusion biopsy equipment in our center and the widespread use 
of TRUS-guided biopsy in routine clinical practice.

Histopathological Evaluation
Histopathological results were classified into two groups 
as benign and malignant. Patients with pathology results 
reported as malignant (such as prostate adenocarcinoma) 
and premalignant (such as prostatic intraepithelial neoplasia, 
atypical small acinar proliferation) were included in the 
malignant group; patients reported as benign (such as 
prostatic hyperplasia, acute/chronic prostatitis) were included 
in the benign group.

Statistical Analysis
Data analyses were performed using IBM SPSS 23 software 
(IBM Corporation, Armonk, NY, USA). The normality of data 
distribution was assessed using the Kolmogorov-Smirnov 
test. For continuous variables with normal distribution, 
parametric tests (independent samples t-test) were used, while 
for variables not normally distributed, non-parametric tests 
(Mann-Whitney U test) were applied. Data were presented 
as mean±standard deviation (SD). Categorical variables were 
expressed as frequencies and percentages. The association 
between PI-RADS and histopathological results was evaluated 
using Chi-square test. Statistical significance was defined as 
p<0.05 for all analyses.

RESULTS
Of the 168 patients included in the study, 105 (62.5%) were 
reported as benign, while 63 (37.5%) were reported as 
malignant. The mean age was 67±5.8 years in the benign group 
and 69.9±5.9 years in the malignant group, with a statistically 
significant difference between them (p=0.002) (Table 1). 
The mean prostate gland volume in the benign group was 
calculated as 93.9±42.8 ml, which was statistically higher 
than the mean volume of the malignant group (62.5±32.4 ml) 
(p<0.001). The fPSA/tPSA ratio was higher in the benign group 

compared to the malignant group, with the difference being 
statistically significant (p=0.048) (Table 1, Figure 3). PSAD 
was found to be higher in the malignant group compared to 
the benign group, with a statistically significant difference 
(p=0.003) (Table 1, Figure 3). No significant difference was 
found between the two groups in terms of tPSA and fPSA 
parameters (p>0.05) (Table 1).

Table 1. Comparison of obtained data between histopathologically benign 
and malignant groups

Benign (n=105) Malign (n=63) p-value

Histopathology, n (%) 105 (62.5) 63 (37.5)

Age, years, mean±SD 67±5.8 69.9±5.9 0.002

Prostate volume, ml, mean±SD 93.9±42.8 62.5±32.4 <0.001

fPSA/tPSA ratio, mean±SD 0.2±0.11 0.13±0.07 0.048

PSAD, ng/ml2, mean±SD 0.14±0.16 0.25±0.44 0.003

tPSA, ng/ml, mean±SD 11.5±9.9 13.9±21.7 0.419

fPSA, ng/ml, mean±SD 1.68±1.35 1.63±1.70 0.922

SD: Standard deviation, fPSA: Free prostate-specific antigen, tPSA: Total prostate-specific antigen, 
PSAD: PSA density

Figure 3. Comparison of fPSA/tPSA ratio and PSAD between 
histopathologically benign and malignant groups. The fPSA/tPSA ratio 
demonstrated higher values in the benign group, whereas PSAD values were 
significantly elevated in the malignant group
fPSA: Free prostate-specific antigen, tPSA: Total prostate-specific antigen, PSAD: PSA density

Statistical analysis revealed a highly significant difference in 
the comparison of PI-RADS categories with histopathological 
results (p<0.001). Of cases classified as PI-RADS>3 by PI-
RADS, 44 (26.2%) were histopathologically benign (18 
prostatitis, 26 benign prostatic tissue), while 21 cases (12.5%) 
classified as PI-RADS≤3 by PI-RADS were histopathologically 
malignant (8 high-grade prostatic intraepithelial neoplasia, 13 
adenocarcinoma) (Table 2). Concordance between PI-RADS 
and histopathological findings was observed in the remaining 
103 cases (61.3%).

Table 2. Comparison of PI-RADS and histopathologically benign and 
malignant groups

PI-RADS≤3
 n (%)

PI-RADS>3 
n (%)

Total 
n (%) p-value

Histopathology-benign 61 (36.3) 44 (26.2) 105 (62.5)
<0.001

Histopathology-malign 21 (12.5) 42 (25) 63 (37.5)

Total 82 (48.8) 86 (51.2) 168 (100)

PI-RADS: Prostate Imaging-Reporting and Data System
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DISCUSSION
According to the 2024 cancer statistics, PCa remains the 
most prevalent malignancy among males.14 The diagnostic 
algorithm for PCa encompasses DRE, PSA parameters, 
advanced imaging modalities such as mpMRI, and 
histopathological evaluation through biopsy. In the present 
study, we evaluated the correlation between prostate biopsy 
results and their relationship with PI-RADS categories, 
prostate volume, and PSA parameters.

In our study, PI-RADS categories and histopathology results 
were concordant in 103 (61.3%) cases. However, of the 86 
cases evaluated as PI-RADS>3 according to PI-RADS, 44 
(26.2%) were histopathologically benign, while of the 82 cases 
evaluated as PI-RADS≤3 according to PI-RADS, 21 (12.5%) 
were reported as histopathologically malignant. Recent 
meta-analysis studies have revealed that the probability 
of detecting prostate cancer in lesions categorized as low-
risk, such as PI-RADS 1 and 2 categories, is approximately 
4%, which demonstrates that mpMRI provides a very high 
negative predictive value in these risk groups.15-17 However, 
even in lesions classified as high-risk in the PI-RADS 5 
category, the positive predictive value of mpMRI varies 
between 69% and 75%.18 Another meta-analysis study 
examining the diagnostic value of prostate mpMRI technique 
revealed that this imaging method has a sensitivity of 77% 
and specificity of 88% in detecting PCa.19 Despite mpMRI’s 
reliability in detecting clinically significant prostate cancer 
(csPCa), research indicates that up to 60% of patients with a 
PI-RADS score ≥3 still yield negative results on subsequent 
biopsies.20 Tonkaz et al.5 reported that mpMRI did not achieve 
a positive predictive value high enough to replace systematic 
biopsy. The discordance between PI-RADS categories and 
histopathological results demonstrates the need to develop 
patient-specific management strategies. Accordingly, in cases 
where lesions with PI-RADS>3 category result in benign 
histopathology, clinicians should evaluate whether sampling 
errors occurred during systematic biopsy Follow-up strategies 
for these patients may include PSA monitoring, repeat mpMRI 
after 6-12 months, or consideration of MRI/TRUS fusion 
biopsy when available.3 In cases categorized as PI-RADS≤3, 
especially PI-RADS 3 “equivocal” cases, clinicians should 
maintain a higher index of suspicion when other risk factors 
are present (elevated PSAD, lower fPSA/tPSA ratio, positive 
DRE, or family history).

Another finding was that histopathologically benign cases 
had larger prostate gland volumes compared to malignant 
cases (93.9 ml/62.5 ml, p<0.001). Some studies in the literature 
have reported that PCa detection rates decrease as prostate 
gland volume increases.21-23 The probable reason for this is 
shown to be the lower probability of sampling malignant foci 
with biopsy in larger prostates. However, there are also studies 
indicating that PCa detection rates increase with increasing 
prostate gland volume.24 These varying results suggest that 
the relationship between prostate volume and PCa is complex, 
and other factors such as PSA levels should be considered 
when evaluating this relationship. The results obtained in 
our study support an inverse relationship between prostate 
volume and PCa.

PSA is a frequently used parameter in PCa screening, with 4.0 
ng/ml used as the cut-off value. In our study, no statistically 
significant difference was found between malignant and 

benign groups in terms of tPSA and fPSA values (tPSA: 
13.9/11.5 ng/ml, p=0.419; fPSA: 1.63/1.68 ng/ml, p=0.922). 
These results demonstrate that, consistent with the literature, 
the PSA test is not specific to prostate cancer and will not 
provide a definitive result in diagnosis.5,25

In our study, the fPSA/tPSA ratio was found to be higher in 
histopathologically benign cases compared to malignant ones 
(0.20/0.13, p=0.048). A low fPSA/tPSA ratio is known to be a 
significant marker for malignancy. This finding is consistent 
with literature data emphasizing the importance of fPSA/
tPSA ratio in PCa diagnosis.26,27

Although there are differences in the literature regarding 
the cut-off value of PSAD in predicting clinically significant 
prostate cancer (csPCa), the value of 0.15 ng/ml2 is widely 
accepted.20,28,29 When this value is used, csPCa can be 
predicted with 74% sensitivity and 61% specificity.28 In our 
study, consistent with literature data, PSAD values were 
higher in malignant cases compared to benign ones (0.25/0.14 
ng/ml2, p=0.003).9,30 Elevated PSAD values indicate increased 
PSA production per unit volume of prostatic tissue, which 
is interpreted as suggestive of malignancy. Although both 
parameters play crucial roles in PCa prediction, PSAD is 
considered a more reliable marker than PSA alone, particularly 
in patients with PSA values ranging from 4-10 ng/ml, owing to 
its incorporation of volumetric parameters.31 The diagnostic 
value of PSAD becomes even more significant when evaluated 
in conjunction with mpMRI findings. Studies conducted by 
Hansen et al.32 and Rico et al.33 examined the diagnostic value 
of mpMRI in PCa detection. These studies utilized different 
threshold values for PSAD-Hansen’s team used below 0.20, 
while Rico’s team based their analysis on 0.15 and below. 
Both studies demonstrated that using these PSAD threshold 
values in patients with negative or indeterminate MRI results 
positively influenced the diagnostic capability of mpMRI. In 
particular, improvements were shown in the test’s sensitivity 
and negative predictive value. However, consensus has not yet 
been reached regarding the optimal PSAD threshold value to 
be used for achieving a higher predictive value in predicting 
malignancy.

Limitations
Our study has several limitations. Primarily, its retrospective 
design and reflection of single-center experience represent 
significant limitations. Additionally, the performance of 
prostate biopsies under TRUS guidance with 12-core systematic 
sampling rather than MRI/TRUS fusion biopsy may have led 
to discrepancies in histopathological verification, particularly 
for lesions detected on mpMRI. The relatively small number 
of patients included in the study (n=168) and the exclusion 
of 199 patients from the initial 367 due to insufficient data 
limit the generalizability of results. Furthermore, potential 
interobserver variations among radiologists in prostate 
mpMRI evaluation and PI-RADS category assignment 
constitute another limitation of our study.

CONCLUSION
As a result, our study findings demonstrated that while 
mpMRI has an important role in PCa diagnosis, it is not 
sufficient alone. An inverse relationship was detected between 
prostate volume and PCa, and fPSA/tPSA ratio and PSAD 
were confirmed to be valuable parameters in PCa diagnosis. 
The 38.7% discordance rate observed in our study between PI-
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RADS categories and histopathological results highlights the 
limitations of traditional biopsy methods. MRI/TRUS fusion 
biopsy technique has the potential to reduce this discordance 
by enabling more accurate sampling of suspicious lesions and 
detecting clinically significant cancers at a higher rate.34 A 
more comprehensive approach integrating PSA parameters, 
prostate volume assessments, and mpMRI findings provides 
superior diagnostic accuracy for prostate cancer detection 
in routine clinical settings than relying on any single metric 
alone.
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