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Abstract

Background: Prostate cancer (PC) is one of the most common cancers worldwide. Recently, multiparametric magnetic resonance
imaging (mpMRI) has been used to diagnose PC in suspected patients. Prostate Imaging Reporting & Data System (PI-RADS) was
developed and applied as a criterion for detecting lesions suspicious of PC. Various studies have been conducted to determine the
negative predictive value of non-suspicious mpMRI (PI-RADS 1 or 2). However, the results of these studies have been limited and
different.
Objectives: This study was conducted to determine the PC rate in patients with PI-RADS 2 lesions in mpMRI and the factors related
to clinically significant prostate cancer (CsPC) diagnosis in these lesions.
Methods: By referring to the archive department of Shahada-e-Tajrish, Rasul-e-Akram, Treata, and Payambaran hospitals, among the
patients suspected of PC who underwent biopsy and had elevated prostate-specific antigen (PSA) serum levels, the prostate biopsy
samples of 330 patients were consecutively included in the study. Frequency of samples diagnosed with PC and its histological
characteristics, including mass location, Gleason score (GS), Gleason group (GG), percentage of G4 and G5 cells, sample size,
percentage of involvement of sample with cancer tissue, and invasion to the surrounding tissues were examined. Adenocarcinoma
samples were divided into low-risk, intermediate-to-high-risk groups based on D’Amico criteria and the relationship between age,
PSA total (PSAt), PSA density (PSAd), prostate volume, and the presence of a PI-RADS 3 or 4 lesion at the same time with the rate of
diagnosed CsPCs were reviewed.
Results: The data from 709 tissue samples were collected, among which 249 were from the right inner part, 249 were from the
left inner part, and 211 biopsy samples were from the peripheral portion of the prostate. Among these, 390 tissue samples in mpMRI
studies were PI-RADS 2, and 319 were PI-RADS 3 or 4. The mean age of the patients was 64.78± 37.55. The mean PSAd, PSAt, and prostate
volume were 0.15 ± 0.11, 8.73 ± 6.43, and 61.18 ± 25.76, respectively. Seventy-five samples were diagnosed with adenocarcinoma, of
which 48% are in PI-RADS group 2, and 52% are in PI-RADS group 3 - 4 (P-value = 0.263). Comparing the histological characteristics of
adenocarcinoma samples between the two groups showed that only the amount of GG was significantly higher in the samples with
PI-RADS 3 and 4 (P-value = 0.035). Adenocarcinomas diagnosed in 72.2% of cases in PI-RADS 2 samples and 84.6% of PI-RADS 3 and 4
samples were clinically significant, and no significant difference was seen between the two groups (P-value = 0.38). The amount of
PSAt in PI-RADS 2 adenocarcinoma samples was significantly higher in clinically significant carcinomas than in low-risk carcinomas
(P-value = 0.045).
Conclusions: The results of the present study showed that PI-RADS 2 lesions should be considered for biopsy when there is clinical
suspicion of PC. PSA levels can effectively determine the need for biopsy in PI-RADS 2 lesions.
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1. Background

Prostate cancer (PC) is one of the most common
cancers among men and is considered one of the leading

causes of cancer-related deaths in men (1). Prostate cancer
has significant geographic variation in incidence and
mortality rates (2). Meanwhile, in Iran, the burden of this
cancer has been accompanied by an upward trend in the
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past decades (3, 4).
Nowadays, the 12-core biopsy guided by transrectal

ultrasound (TRUS) for men with elevated serum
prostate-specific antigen (PSA) levels is the gold standard
test for diagnosing this cancer (5). In recent years,
multiparametric magnetic resonance imaging (mpMRI)
has been used to diagnose PC in suspected patients. In
2012, Prostate Imaging Reporting & Data System (PI-RADS)
was developed and applied as a set of standards to assign
specific suspicion points to PC (6). In 2014, PI-RADS version
2 (PI-RADS v2) was released to overcome the shortcomings
of PI-RADS version 1 (PI-RADS v1) (7, 8). Following the
publication of PI-RADS v2, a meta-analysis conducted by
Wu et al. was published to evaluate and compare the
performance of mpMRI with PI-RADS v1 and v2. They
suggested a PI-RADS score of 4 or more to be considered
as a cut-off to indicate suspicious mpMRI results, while
considering a PI-RADS score of ≥ 3 as a cut-off might be
helpful in patients with previously negative prostate
biopsies (8). Thus, lesions with a PI-RADS score of 1 or
2 were considered non-suspicious and preferred to be
avoided for biopsy (9).

The clinical role and feasibility of a negative mpMRI
strongly depend on its negative predictive value (NPV);
thus, it is crucial for a negative mpMRI to reliably rule
out the presence of a high-grade PC lesion. However,
the findings of the previous studies have reported
significant proportions of patients with Pi-RADS 1 or 2
lesions that underwent a systematic prostate biopsy and
were diagnosed with clinically significant prostate cancer
(CsPC). A meta-analysis that evaluated the NPV of negative
mpMRI in 48 studies (including 9613 patients) found that
CsPC was reported in more than 10% of patients with
an unsuspicious lesion based on mpMRI (10). A study
by the University of California comparing mpMRI of the
prostate with the diagnostic gold standard of complete
radical prostatectomy specimens found that mpMRI
could potentially miss up to 35% of CsPCs and up to 20%
of high-grade cancers. This study showed that 74% of
undiagnosed tumors were clinically significant; So, 23%
had a Gleason score (GS) higher than or equal to 7, and
38.7% were more than 1 cm in diameter (11). As such, these
undiagnosed cancers were not all small, low-grade, and
clinically insignificant. The Prostate MRI Imaging Study
(PROMIS) reported an NPV of a negative mpMRI to be
between 89% to 76% (12). The results of Hansen et al.’s
study also showed that the NPV of a negative mpMRI to
rule out PC with GS 7 - 10, regardless of the results of other
laboratory tests, was 80% (13). Thus, the answer to the
question of whether mpMRI with a PI-RADS score of 1 or
2 is a license to omit prostate biopsy, remains unknown
(14-17).

Despite the development of various tools to stratify
patients referred for biopsy, there are currently no
recommendations on how to classify patients with
non-suspicious mpMRI to determine the need for a biopsy.
This hinders the improvement of diagnostic performance
in mpMRI.

It is essential to investigate the predictive factors for
CsPC diagnosis in patients with negative mpMRI to reduce
the rate of undiagnosed CsPC, as well as futile biopsies.

2. Objectives

The current study was conducted to evaluate the PC
rate in patients with PI-RADS 2 in mpMRI studies, the
clinical significance of the diagnosed lesions, and the risk
factors for the diagnosis of adenocarcinoma in samples
with a mpMRI with a Pi-RADS score of 2.

3. Methods

In the current cross-sectional study, by referring
to the medical archives of Rasul-e-Akram, Treata,
Shohada-e-Tajrish, and Payambaran hospitals in Tehran,
Iran, the patients suspected of PC were evaluated to
be included in the present study. To find the required
sample size using the proper Cochran’s formula, an
estimation of 95% confidence level, a precision of 5%, and
an estimation of 20% of PI-RADS 2 lesion being diagnosed
as PC, a minimum sample size of 245 was calculated. The
patients suspected of PC who underwent biopsy and had
elevated PSA serum levels were included in the current
study. Finally, the prostate biopsy samples of 330 men were
consecutively enrolled. The included patients had signed
an informed consent form at the time of their admission
to the hospitals. The selected participants were split into
two groups according to their PI-RADS score: A group of
samples with a PI-RADS-2 score and a group with a PI-RADS
score of 3 or higher.

The incidence of prostate cancer (PC) and its
characteristics, such as lesion location, GS, Grade group
(GG), percentage of G4 and G5 cells, sample size, sample
involvement percentage, and presence of invasion to
surrounding tissues, were determined and compared
between two groups based on biopsy results. The positive
and negative predictive values for the diagnosis of PC were
then calculated for each group using this comparison.

In addition, age, PSA levels, PSA density (PSAd) levels,
PSA total (PSAt) levels, and prostate volume were recorded
in two groups, and their relationship with cancer
incidence was investigated. Adenocarcinoma samples
were divided into low-risk and intermediate-to-high-risk
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groups based on D’Amico criteria and the relationship
between age, PSAt, PSAd, prostate volume, and the
presence of a PI-RADS 3 or 4 lesion at the same time with
the significance level of the lesion were also examined.

3.1. Statistical Analysis

Quantitative data were described using the mean and
standard deviation, while frequencies and percentages
were used to describe qualitative data. To compare the
data, statistical tests including chi-Square, independent
t-test, and Fisher’s exact test were utilized. All statistical
analyses were performed using SPSS 26.0 software, and a
significance level of 0.05 was used as the cutoff.

4. Results

A total of 721(249 samples taken from the inner right,
249 samples from the inner left, and 211 samples from
the peripheral section of the prostate) pathology samples
from 330 included patients were collected and divided
into two groups according to the mpMRI score of each
sample. The demographic records of the included patients
are reported in Table 1. No significant differences were
found between the groups regarding the demographic
records (P-value > 0.05). The outcomes of the pathological
assessment of biopsy samples are reported in Table 2.
Likewise, no significant differences were found concerning
the diagnosis of adenocarcinoma in the samples taken
from the inner right, inner left, and peripheral sections of
the prostate (inner right P-value = 0.222, inner left P-value
= 0.436, peripheral P-value = 0.696).

In total, 17 patients in the PI-RADS 2 group and 16 in the
PI-RADS 3 - 4 group had Adenocarcinoma (P-value = 0.696).
When the samples were considered, 36 (48%) samples
with the diagnosis of adenocarcinoma had PI-RADS 2
lesions, and 39 (52%) samples with the diagnosis of
adenocarcinoma had PI-RADS 3 or 4 lesions. The difference
between the groups regarding cancer diagnosis frequency
was insignificant (P-value = 0.263).

Table 3 presents the characteristics of diagnosed
adenocarcinoma among the groups. There were no
significant differences observed in terms of GS, G4 cell
percentage, G5 cell percentage, sample involvement, and
perineural involvement between the samples diagnosed
with adenocarcinoma in the groups. However, the GG was
significantly higher in the adenocarcinoma samples with
PI-RADS 3 - 4 compared to those with PI-RADS 2 (P-value =
0.035).

Based on D’Amico criteria, the study samples were
divided into two groups: Low-risk (PSAt less than
or equal to 10 and GS less than or equal to 6) and

Intermediate-to-high-risk (PSAt greater than 10 and GS
equal to or greater than 7). The frequency of each category
is listed in Table 4.

The cancer risk rate differences among the groups
were not statistically significant (P-value = 0.380).
Comparing the demographic variables between the
low-risk and intermediate-to-high-risk adenocarcinoma
samples, no significant difference was found except
for the PSA level, which was significantly higher in the
intermediate-to-high-risk samples (age P-value = 0.057,
PSA level P-value = 0.045, PSA density P-value = 0.074,
Prostate volume P-value = 0.843).

By assessing the presence of PI-RADS 3 or 4 lesions at
the same time as the risk of cancer in PI-RADS 2 lesions, it
was found that 14 adenocarcinoma samples with a PI-RADS
score of 2 did not have another lesion with a higher PI-RADS
score, of which 8 (57.1%) of them were CsPCs. Additionally,
22 adenocarcinoma samples with a PI-RADS score of 2 had
another lesion with a higher PI-RADS score, of which 18
(81.8%) of them were CsPC. The difference among these
samples was not significant (P-value = 0.140).

5. Discussion

This study was performed to determine the rate of
PC diagnosis and its clinical significance in patients with
PI-RADS 2 lesions in mpMRI to see whether PI-RADS 2
lesions should be considered for biopsy. The present
study’s findings showed that 9.3% of PI-RADS 2 samples
and 11.8% of PI-RADS 3 and 4 samples were diagnosed
with adenocarcinoma, which did not have a statistically
significant difference. Moreover, by comparing the
characteristics of the investigated samples, except for
the considerable difference between the two groups in
the field of GG, no significant differences were detected
concerning GS, the amount of G4 and G5 cells, the amount
of the sample involvement with cancerous tissue and
the involvement of peripheral nerves. By examining
the clinical importance of adenocarcinoma samples
in PI-RADS 2 and PI-RADS 3 - 4 lesions, no significant
difference between the two groups was detected, as 72.2%
of PI-RADS 2 adenocarcinoma lesions and 84.6% of PI-RADS
3-4 adenocarcinoma lesions were of moderate to high
importance. The only factor associated with increased
clinical significance of the detected cancer in PI-RADS 2
lesions was having a higher PSAt level. The presence of
PI-RADS 3 - 4 lesions, regardless of their pathology survey
results, did not predict the diagnosis of CsPC in PI-RADS 2
lesions.

As previously mentioned, the clinical role and utility
of a negative mpMRI (lesions with PI-RADS 1 or 2) are
strongly related to its NPV; therefore, the possibility of
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Table 1. The Demographic Variables of the Included Patients

Variables Total Patients (324) PI-RADS 2 (N = 198) PI-RADS 3-4 (N = 126) P-Value

Age 64.78 ± 7.55 62.54 ± 7.22 63.02 ± 7.96 0.100

PSA density 0.15 ± 0.11 0.15 ± 0.10 0.17 ± 0.13 0.064

PSA total 8.73 ± 6.43 8.57 ± 6.96 8.97 ± 5.81 0.110

Prostate volume 61.18 ± 25.76 63.14 ± 27.49 57.97 ± 22.69 0.140

Abbreviations: PSA, prostate-specific antigen.

Table 2. Pathological Evaluation Results of the Taken Samples

Variables
Inner Right Samples Inner Left Samples Peripheral Samples

PI-RADS 2 (N =
146)

PI-RADS 3-4 (N
= 103)

P-Value PI-RADS 2 (N =
126)

PI-RADS 3-4 (N
= 123)

P-Value PI-RADS 2 (N =
118)

PI-RADS 3-4 (N
= 93)

P-Value

Benign 0 3 0.073 2 0 0.498 0 5 0.018

BPH 78 46 0.116 67 52 0.110 79 36 <0.001

CP 53 38 0.941 47 52 0.368 17 32 0.001

NH 37 27 0.981 29 29 0.863 15 23 0.041

HGPIN 10 5 0.480 13 13 0.915 10 18 0.031

AP 3 5 0.287 5 8 0.353 12 2 0.016

AG 9 7 0.888 12 11 0.906 17 7 0.091

ASAP 2 1 1.000 0 1 0.490 4 7 0.232

Adenocarcinoma 9 11 0.222 9 12 0.436 17 16 0.696

Abbreviations: BPH, benign prostate hyperplasia; CP, Chronic Prostatitis; NH, nodular hyperplasia, high-grade prostatic intraepithelial neoplasia; AP, acute prostatitis;
AG, atrophic gland; ASAP, atypical small acinar proliferation.

Table 3. The Characteristics of the Diagnosed Adenocarcinoma Among the Groups a

Variables PI-RADS 2 PI-RADS 3 - 4 P-Value

GS 0.194

4 2 (5.1)

6 14 (38.9) 6 (15.4)

7 18 (50) 26 (66.7)

8 4 (11.1) 5 (12.8)

GG 0.035

1 12 (33.3) 6 (15.4

2 13 (36.1) 11 (28.2)

3 5 (13.9) 13 (33.3)

4 6 (16.7) 9 (23.1)

G4 cells 22.17 ± 15.22 32.66 ± 28.03 0.104

G5 cells 0 2.33 ± 0.051 0.171

Sample involvement 26.35 ± 20.5 19.51 ± 14.79 0.733

Perineural involvement (PNI) 0.520

Yes 29 (80.6) 29 (74.4)

No 7 (19.4) 10 (25.6)

Abbreviation: GS, Gleason Score; GG, Gleason Grade Group.
a Values are presented as No. (%) or mean ± SD.
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Table 4. The Risk Rate of the Adenocarcinoma Samples Among the Groups

Variables No. (%) P-Value

PI-RADS 2

0.38

Low 10 (27.8)

Intermediate-high 26 (72.2)

PI-RADS 3-4

Low 6 (15.4)

Intermediate-high 33 (84.6)

referring to its results to ensure the absence of CsPC is
very important. In the present study, the NPV rate in
PI-RADS 2 lesions was 90.7% for all PC lesions and 93.3%
for CsPC lesions. To the best of our knowledge, this is
the first study aimed to determine the prevalence of PC
and its characteristics in lesions with a PI-RADS score of 2,
specifically; However, several studies have been conducted
to evaluate the NPV of a negative mpMRI (PI-RADS 1 or 2
lesions). However, the results of these studies have been
limited and different. A 2019 study by Vandrink et al. (18)
suggested that a prostate biopsy could be avoided in more
than half of the patients suspicious of PC. Additionally, like
other researchers in this field, including the Profiling Early
Breast Cancer for Radiotherapy Omission (PRECISION) (16)
study, they hypothesized that the risk of CsPC in patients
with PI-RADS 1 - 2 lesions is so low that biopsy does not seem
unavoidable.In the study of Vandrink et al., out of 2281
patients with PI-RADS 1 - 2 lesions only 320 were followed
up with mpMRI, a limited number of patients with PI-RADS
≥ 3 were sampled. Although it can be concluded from
the study of Vandrink et al. that the lesions of 84% of
men did not progress, it is also not possible to determine
that the progression of the disease was undiagnosed
in what proportion of these patients. A meta-analysis
study investigating the NPV of mpMRI for PC diagnosis
evaluated the data of 48 studies (including 9613 patients)
and determined a median NPV of 82.4% for all PCs and 88.1%
for CsPCs (10). In the study by Bogner et al., which was
conducted in 2022 to assess and compare the biopsy results
of PI-RADS 1 - 2 lesions according to the criteria defined in
the first, second, and 2.1 versions of PI-RADS, 188 patients
were biopsied. They reported that the NPV of negative
and suspicious mpMRI was 93.2% and 89.1%, respectively,
according to the old versions of PI-RADS. They concluded
that by relying on mpMRI results without using other
factors such as clinical suspicion and PSAd, some PC cases
might not be diagnosed, so the doctor him/herself should
choose to perform a biopsy according to the patient’s
medical condition (19). In another study published by
Williams et al. in 2022 (20), to investigate the causes

of some PCs being missed in mpMRI and MRI-targeted
lesion biopsies, 2103 patients were subjected to biopsy
using the mentioned method along with a systematic
biopsy. Finally, 41 patients with PC were detected that could
not be recognized using a sole MRI-targeted biopsy. The
most important reasons for missing the proper diagnosis
were failing to accurately locate the exact biopsy point
during the action and refusing to biopsy lesions with low
PI-RADS scores. In addition, the results of Williams et
al. showed that a lower score in the mpMRI examination
was associated with the non-diagnosis of CsPCs. They
concluded that the presence of high PSA levels along with
a low PI-RADS score in mpMRI indicates the existence of a
malignant lesion (20), a statement that is in line with the
findings of the current study.

It could be concluded from the mentioned studies,
consistent with the findings of the current study, that
relying on mpMRI results without considering other
factors may hinder us from making a correct diagnosis
and missing some patients with PC. According to the
outcomes of the current study, the NPV of PI-RADS 2
lesions is not statistically different compared with the
PI-RADS 3 - 4 lesions; thus, PI-RADS 2 lesions should
not be simply neglected. However, for PC diagnosis,
negative mpMRI could be considered more like a clinical
means to help healthcare providers make their decisions.
Prostate mpMRI is regarded as a significant advance
in the diagnosis of PC, and nowadays, it is widely
utilized worldwide; though it has limitations. It is
suggested that a negative mpMRI should be regarded
alongside nomograms that predict the existence of
prostate malignancies and shared with the patient in
decision-making to identify patients who may safely avoid
biopsy (15). The outcomes of the current study showed
that the PSAt serum level could help us and the patients
make the proper decision on whether to consider taking
a biopsy from PI-RADS 2 lesions. This finding is consistent
with the results of previously published studies (21, 22).
Furthermore, according to the literature, patients that
decide not to be sampled with an insignificant mpMRI
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of the prostate must be informed that CsPC may not be
detected in 10% to 20% of cases, and a careful follow-up
must be suggested (23).

To the best of our knowledge, the current study is
the first study that attempted to specifically investigate
the NVP of PI-RADS 2 lesions in prostate mpMRI studies
and address the possible predictors of a CsPC diagnosis
in these lesions. The evaluated data of the current
study was collected from multiple health centers, which
consist of two educational health centers affiliated with
different medical universities and two private hospitals.
This allowed us to gather sufficient samples and provide
more generalizable results; however, the current study is
not without limitations. First, the retrospective design
of this study is considered one of its main limitations.
Next, due to the study’s retrospective design, we could not
obtain sufficient data concerning the signs and symptoms
of the patients. Another limitation of the present study
was the lack of patient follow-up. Moreover, all patients
underwent MR targeted biopsy, which could miss some PC
patients and overestimate the NPV of mpMRIs with PI-RADS
2 lesions. Further prospective studies should address these
issues.

5.1. Conclusions

The current study was conducted to determine the
detection rate of PC and its clinical significance in patients
with PI-RADS 2 lesions in mpMRI and to see whether
PI-RADS 2 lesions should be considered for biopsy. In
the present study, the NPV rate in PI-RADS 2 lesions
was 90.7% for all adenocarcinoma lesions and 93.3%
for clinically significant adenocarcinoma lesions. No
statistically significant difference was seen by comparing
the NPV of PI-RADS 2 and PI-RADS 3 - 4. The present study
showed that PI-RADS 2 lesions ought to be considered
for biopsy when there is clinical suspicion of PC. PSA
levels can effectively determine the need for biopsy in
PI-RADS 2 lesions. Conducting prospective studies with a
larger number of samples and a multicenter design can
determine the minimum PSA level and other risk factors
related to the clinical significance of PCs diagnosed in
PI-RADS 2 lesion samples, increasing the NPV of mpMRI
with PI-RADS 2 lesions, making biopsies more targeted in
non-suspicious mpMRI lesions and reducing the rate of
biopsy.
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