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Abstract:

Background: Carcinoma prostate is one of the most commonly diagnosed malignancies in
men and remains a major cause of cancer-related morbidity and mortality worldwide. Early
detection is essential for improving treatment outcomes and reducing disease progression.
Conventional screening methods such as serum prostate-specific antigen (PSA) testing and
digital rectal examination (DRE) have limited specificity, often leading to unnecessary
biopsies. Multiparametric magnetic resonance imaging (mpMRI) has emerged as a valuable
non-invasive modality for detecting clinically significant prostate cancer, improving lesion
localization, and guiding targeted biopsy through standardized assessment using the Prostate
Imaging Reporting and Data System (PI-RADS).

Objectives: To assess the diagnostic performance of multiparametric MRI in early detection
of carcinoma prostate and evaluate the predictive role of PI-RADS scoring using
histopathology as the reference standard.

Materials and Methods: A prospective observational study was conducted over 12 months
(January 2025-December 2025) at MAX PLUS Medical College and Government
Thoothukudi Medical College, including 192 patients clinically suspected of prostate carci-
noma. All patients underwent mpMRI and lesions were categorized according to PI-RADS
v2.1. Histopathological diagnosis obtained from biopsy was taken as the gold standard. Statis-
tical analysis was performed using the Chi-square test and diagnostic accuracy indices. A p-
value <0.05 was considered statistically significant.

Results: The mean age of patients was 66.4 + 8.2 years. Prostate carcinoma was confirmed in
113 cases (58.9%). Malignancy detection rates increased significantly with higher PI-RADS
scores (p <0.001). Considering PI-RADS >4 as positive, mpMRI demonstrated sensitivity of
81.4%, specificity of 76.8%, positive predictive value of 78.9%, negative predictive value
of 79.6%, and overall diagnostic accuracy of 79.7%.

Conclusion: Multiparametric MRI is an effective non-invasive modality for early diagnosis of
carcinoma prostate. PI-RADS scoring shows strong correlation with histopathological out-
comes and significantly improves diagnostic confidence, supporting its routine use in clinical
practice.
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Introduction

Prostate cancer is the second most
frequently diagnosed malignancy in men
worldwide and remains a leading cause of
cancer-related deaths. Early diagnosis is
crucial for improving survival and reducing
disease burden. [1] Screening methods such
as serum prostate-specific antigen (PSA)
and digital rectal examination (DRE) are
widely used; however, these methods have
limited specificity, resulting in high rates of
unnecessary biopsies and overdiagnosis. [2]

Systematic transrectal ultrasound-guided
(TRUS) biopsy has traditionally been used
as the diagnostic gold standard. However,
systematic biopsy can miss clinically
significant cancers, especially lesions
located in the anterior prostate and
transitional zone. [3] Overdiagnosis of
indolent tumors also contributes to
overtreatment and reduced quality of life.

[4]

Multiparametric MRI (mpMRI) of the
prostate, which includes T2-weighted
imaging  (T2WI), diffusion-weighted
imaging (DWI), apparent diffusion
coefficient (ADC) mapping, and dynamic
contrast-enhanced (DCE) imaging, has
transformed prostate cancer detection.
mpMRI  provides  superior  tissue
characterization and enables accurate lesion
localization, thereby improving targeted
biopsy yield. [5]

To standardize mpMRI reporting, the
Prostate Imaging Reporting and Data
System (PI-RADS) was introduced and
updated as PI-RADS v2.1. This scoring
system categorizes lesions from 1 to 5
based on the likelihood of clinically
significant cancer. [6] Higher PI-RADS
scores correlate strongly with malignancy
risk, enabling clinicians to prioritize biopsy
and treatment strategies. [7]

Large clinical trials have demonstrated that
mpMRI improves detection of clinically

significant prostate cancer while reducing
unnecessary biopsies. [8] Furthermore,
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mpMRI provides valuable information on
local staging, including extracapsular
extension and seminal vesicle invasion,
which assists in therapeutic decision-
making. [9]

However, mpMRI interpretation depends
on imaging quality and radiologist
expertise, leading to wvariability in
diagnostic accuracy. [10] Histopathological
confirmation using the Gleason grading
system remains the gold standard for
diagnosis and provides essential prognostic
stratification in prostate carcinoma. [11]
Therefore, prospective institutional studies
remain important for evaluating mpMRI
effectiveness and PI-RADS performance in
local clinical settings.

The present study was conducted to
evaluate the diagnostic role of mpMRI in
early detection of carcinoma prostate and
assess the effectiveness of PI-RADS
scoring with histopathology correlation.

Materials and Methods

Study Design

Prospective observational study.
Study Setting

Department of Radiodiagnosis, MAX
PLUS Medical College and Government
Thoothukudi Medical College

Study Duration

12 months (January 2025 to December
2025).

Sample Size
192 patients.
Inclusion Criteria

e Male patients aged >40 years

e FElevated PSA and/or abnormal DRE

e C(linical  suspicion of  prostate
carcinoma

e Patients undergoing mpMRI and biopsy
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Exclusion Criteria

e Previously diagnosed prostate cancer
on treatment

e Contraindications to MRI

e Renal impairment contraindicating
contrast use

e Incomplete
reports

MRI Technique

biopsy/histopathology

All patients underwent multiparametric
MRI using standard prostate protocol
including:

e T2-weighted sequences (axial, sagittal,
coronal)

e Diffusion-weighted imaging with ADC
maps

e Dynamic contrast-enhanced imaging

Imaging was performed using 1.5 Tesla

MRI scanners (Siemens and Toshiba) with

a dedicated pelvic coil, following a stand-

ardized prostate mpMRI acquisition proto-

col.

Lesions were categorized as per PI-RADS

v2.1.[6]

Histopathology

TRUS-guided biopsy with targeted biopsy
of suspicious lesions was performed.
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Histopathology and Gleason grading were
considered confirmatory.

Statistical Analysis

Data were analyzed using SPSS software.
Continuous variables were expressed as
mean + SD. Categorical variables were
expressed as frequency and percentages.
Chi-square test was used to assess
association between PI-RADS score and
malignancy. Diagnostic indices were
calculated with 95% confidence intervals.
p-value <0.05 was considered statistically
significant.

Results

A total of 192 patients clinically suspected
of carcinoma prostate were included in the
study. The mean age of the study
population was 66.4 + 8.2 years (range: 44—
85 years). The mean serum prostate-
specific antigen (PSA) level was 23.1 %
17.9 ng/mL.

Age Distribution

The majority of patients belonged to the age
group of 61-70 years (43.2%), followed by
71-80 years (26.0%). The detailed age
distribution of the study population is
shown in Table 1.

Table 1: Age distribution of study population (n = 192)

Age group (years) Number (n) Percentage (%)
40-50 15 7.8

51-60 36 18.8

61-70 83 43.2

71-80 50 26.0

>80 8 4.2

PSA Distribution

Serum PSA levels ranged from 4 ng/mL to
>50 ng/mL. Most patients had PSA values

between 10-20 ng/mL (34.4%), followed
by 20-50 ng/mL (28.1%). PSA
distribution among the study population is
summarized in Table 2.

Table 2: PSA distribution among patients (n = 192)

PSA level (ng/mL) Number (n) Percentage (%)
4-10 43 22.4
10-20 66 34.4
20-50 54 28.1
>50 29 15.1
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PI-RADS Category Distribution

All patients underwent multiparametric
MRI, and lesions were categorized
according to PI-RADS v2.1. PI-RADS 4
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lesions were the most common (32.3%),
followed by PI-RADS 5 lesions (27.6%).
The distribution of PI-RADS categories is
shown in Table 3.

Table 3: PI-RADS distribution (n = 192)

PI-RADS category Number (n) Percentage (%)
PI-RADS 1 11 5.7

PI-RADS 2 26 13.5

PI-RADS 3 40 20.8

PI-RADS 4 62 32.3

PI-RADS 5 53 27.6

Histopathological Diagnosis

Histopathological examination confirmed
malignancy in 113 patients (58.9%),
while 79 patients (41.1%) had benign
pathology, including benign prostatic
hyperplasia and prostatitis.

Correlation Between PI-RADS Category
and Histopathology

A progressive increase in malignancy rate
was observed with higher PI-RADS
categories. No malignancy was detected
in PI-RADS 1 lesions, whereas PI-RADS
S lesions demonstrated malignancy in
88.7% of cases. The correlation between
PI-RADS category and histopathological
diagnosis is detailed in Table 4.

Table 4: Correlation of PI-RADS category with histopathology (n = 192)

PI-RADS category Malignant (n) Benign (n) Malignancy rate (%)
PI-RADS 1 0 11 0
PI-RADS 2 4 22 15.4
PI-RADS 3 18 22 45.0
PI-RADS 4 44 18 71.0
PI-RADS 5 47 6 88.7
A statistically significant association was e True Positive (TP): 91
observed between PI-RADS category and e False Positive (FP): 24
malignancy (Chi-square = 62.1, df =4, p e True Negative (TN): 55
<0.001). e False Negative (FN): 22

Diagnostic Performance of mpMRI

For diagnostic performance analysis, PI-
RADS >4 was considered positive for
malignancy.

The diagnostic performance parameters are
summarized in Table 5.

Table 5: Diagnostic performance of mpMRI (PI-RADS >4 as positive)

Parameter Value (%) 95% Confidence Interval
Sensitivity 81.4 72.9 — 88.0
Specificity 76.8 65.9-85.5
Positive Predictive Value (PPV) 78.9 70.4 —85.9
Negative Predictive Value (NPV) 79.6 68.8 — 88.0
Accuracy 79.7 73.2-85.2
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Gleason Score Distribution

Among the 113 histopathologically
confirmed malignant cases, the mean

0-ISSN: 2589-8698, p-ISSN: 2589-868X

Gleason score was 7.3 £ 1.1. Gleason score
7 was the most common, observed in
48.7% of cases. The Gleason score
distribution is presented in Table 6.

Table 6: Gleason score distribution among malignant cases (n =113)

Gleason score Number (n) Percentage (%)
<6 22 19.5
7 55 48.7
>8 36 31.8

A clear increasing trend in malignancy rates
was observed with increasing PI-RADS
categories. This trend is illustrated in

Figure 1, which depicts malignancy rates
across PI-RADS categories based on
histopathological confirmation.

Malignancy Rate Across PI-RADS Categories

100

80 A

60 -

40 A

Malignancy Rate (%)

20 A

PI-RADS 1 PI-RADS 2

PI-RADS 3 PI-RADS 4 PI-RADS 5

PI-RADS Category

Figure 1: Bar chart showing malignancy rate across PI-RADS categories

Discussion

This prospective observational study
evaluated the diagnostic role of
multiparametric MRI (mpMRI) in the early
detection of carcinoma prostate and
assessed the predictive utility of PI-RADS
scoring with histopathological correlation.
In the present study, carcinoma prostate
was confirmed in 113 out of 192 clinically
suspected cases (58.9%), highlighting the
importance of accurate diagnostic tools for
early identification of clinically significant
malignancies.

Asir et al.

The mean age of patients in the present
study was 66.4 + 8.2 years, which is
consistent with epidemiological data
showing that prostate cancer incidence
increases significantly with advancing age.
[12] Serum PSA levels were elevated in
most malignant cases, supporting PSA as a
useful screening parameter; however, its
limited specificity often leads to

unnecessary biopsies in benign conditions.
[13]

PI-RADS  scoring in our study
demonstrated a strong association with
histopathological outcomes. The
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malignancy detection rate increased
progressively  with  higher PI-RADS
categories, with PI-RADS 5 lesions
showing the highest malignancy
probability (88.7%). These findings are
consistent with studies that validate PI-
RADS as a standardized and reliable
reporting system for stratifying prostate
lesions. [14]

When PI-RADS >4 was considered
positive, mpMRI showed good diagnostic
performance with high sensitivity (81.4%)
and specificity (76.8%), indicating its
effectiveness in identifying clinically
significant  prostate  cancer.  Similar
diagnostic accuracy has been reported in
large clinical trials and institutional studies
demonstrating that mpMRI improves
cancer  detection  while  reducing
unnecessary systematic biopsies. [15]

Targeted biopsy guided by mpMRI has
been shown to improve detection of
clinically significant tumors compared to
conventional systematic biopsy alone. This
approach enhances diagnostic precision and
minimizes overdiagnosis of indolent
lesions, thereby improving risk
stratification and patient management. [16]

PI-RADS 3 lesions remain a diagnostic
gray zone with variable malignancy risk. In
the present study, PI-RADS 3 lesions
demonstrated malignancy in 45.0% of
cases. Previous studies suggest that PSA
density and additional clinical parameters
may help further stratify PI-RADS 3 lesions
and guide Dbiopsy decisions more
effectively. [17]

The present findings also highlight the
importance of diffusion-weighted imaging
(DWI) and apparent diffusion coefficient
(ADC) mapping in lesion characterization.
Restricted diffusion has been strongly
linked with increased tumor cellularity and
higher-grade malignancies, making DWI a
crucial sequence in mpMRI protocols. [18]
Dynamic  contrast-enhanced  imaging
provides  supplementary  information,
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particularly in equivocal lesions, and
improves diagnostic confidence. [19]

In addition to diagnosis, mpMRI plays a
significant role in local staging by detecting
extracapsular extension and seminal vesicle
invasion, which are critical for treatment
planning and prognostic assessment. [20]
Studies have reported that mpMRI
improves staging accuracy and helps reduce
positive surgical margin rates by guiding
surgical decision-making. [21]

Furthermore, mpMRI has  become
increasingly valuable in active surveillance
protocols for low-risk prostate cancer, as it
enables monitoring of tumor progression
and reduces the need for repeated biopsies.
[22] This contributes to better patient
compliance and quality of life.
Interobserver  variability remains a
challenge; however, standardized PI-RADS
training has been shown to improve
reporting consistency. [23]

Recent meta-analyses have confirmed that
mpMRI offers high accuracy in detecting
clinically significant prostate cancer,
supporting its role as a frontline diagnostic
tool. [24] Current international guidelines
also recommend pre-biopsy mpMRI as part
of the standard diagnostic pathway,
emphasizing its importance in modern
prostate cancer evaluation. [25]

Overall, the findings of this study confirm
that mpMRI with PI-RADS scoring is a
reliable and clinically effective modality for
early detection, risk stratification, and
management planning in carcinoma
prostate.

Conclusion

Multiparametric MRI is a valuable non-
invasive diagnostic modality for early
detection of carcinoma prostate. PI-RADS
scoring provides a standardized reporting
system and shows strong correlation with
histopathological diagnosis. Higher PI-
RADS  categories are significantly
associated with malignancy. Incorporation
of mpMRI into routine diagnostic pathways
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can improve detection of clinically
significant prostate cancer and reduce
unnecessary biopsies.

Limitations

This study has certain limitations. It was
conducted as a dual-center prospective ob-
servational study with a relatively moderate
sample size, which may limit the generali-
zability of the findings to a broader popula-
tion. Interobserver variability in mpMRI in-
terpretation was not assessed, although PI-
RADS reporting can differ based on radiol-
ogist experience. Additionally, long-term
follow-up of patients was not included, and
hence prognostic outcomes such as disease
progression, recurrence, or survival could
not be evaluated. Furthermore, PSA density
and other clinical parameters that could en-
hance risk stratification, particularly in PI-
RADS 3 lesions, were not analyzed sepa-
rately.
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