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Abstract

Purpose: To assess the diagnostic accuracy of PI-RADS
v2 categories > 3 to detect clinically significant prostate
cancer (csPCa) against histopathology of Transperineal
Mapping Biopsy (TPMB).

Materials and methods: 1RB-approved retrospective
cohort study included 47 men who had 3.0 T multi-
parametric MRI (mpMRI) and TPMB of prostate. Two
radiologists independently evaluated T2, DWI, ADC
map, and DCE images using PI-RADS v2 categories. A
third radiologist served as tie-breaker. PI-RADS v2 score
(PS) > 3 lesions were correlated with 3D model of TPMB
(3DTPMB) results based on prostate sectors. Two
groups of csPCa status were separately analyzed for
accuracy measures at lesion and person levels: Group 1
with GS (Gleason Score) = 7 and group 2 with tumor
volume 2> 0.5 cc. Inter-rater reliability for PS and MR
lexicon was calculated.

Results: Forty-seven patients with 3DTPMB had at least
one lesion with PS > 3 on mpMRI. PS of 5 had high PPV
and high specificity of 100% at the lesion and person
levels. Sensitivity of a PS > 3 was 68.27% for group 1 and
was 48.39% for group 2. Specificity was 93.56% for
group 1 and was 95.53% for group 2. At the person level,
sensitivity of PS > 3 was 81.25% for group 1 and was
82.35% for group 2. Specificity was 32.26% for group 1
and was 53.85% for group 2.

Correspondence to: Nayana U. Patel; email: Nayana.patel@ucdenver.edu

Conclusion: PI-RADS v2 category of 5 had high PPV
and specificity; however, combined PS > 3 had mixed
performance in detection of csPCa.
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Prostate cancer (PCa) is the most common non-skin
cancer and the third most common cause of cancer-re-
lated deaths in American men [1, 2].

Over the past several years, magnetic resonance
imaging (MRI) technology has advanced, allowing high
spatial resolution imaging of the prostate gland with
multi-parametric MRI (mpMRI). More recently, due to
variability in imaging, interpretation, and reporting of
prostate MRI, attempts have been made to standardize
prostate MRI scans and reports. One attempt at stan-
dardization was the Prostate Imaging Reporting and
Data System (PI-RADS vl) in 2012 followed by the
second version (PI-RADS v2) in 2015 to assess the risk of
prostate cancer in lesions detected by mpMRI. PI-RADS
v2 simplified rules for reporting, modified imaging se-
quences, and defined clinically significant cancer [3, 4].
Per PI-RADS v2, clinically significant cancer is defined
as Gleason score =7 on pathology/histology, and/or
volume > 0.5 cc, and/or extra prostatic extension (EPE).
A recent AUA (American Urological Association) policy
statement strongly encourages radiologists to use the PI-
RADS v2 to report prostate mpMRI findings [5]. The
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results from a survey of specialty societies found strong
preference for PI-RADS v2 for prostate MRI reporting
by radiologists and urologists [6]. The ultimate success of
the PI-RADS v2 system rests heavily on its ability to
accurately detect csPCa and show reproducibility in PI-
RADS suspicion scores among different readers.

Several studies have been performed to validate PI-
RADS v2 since 2015. These studies have used mpMRI
technique as a part of the standard MRI work-up, but no
standard mode of biopsy for pathology correlation has been
employed. Many of the studies used targeted biopsies
including MRI guidance, MRI-US fusion [7-10], or random
transrectal ultrasound guidance [11] or combination of tar-
geted and random biopsy [12, 13] as the reference standard.

This study was designed to assess the diagnostic
accuracy of PI-RADS v2 categories > 3 to detect clini-
cally significant cancer using 3DTPMB as the reference
standard. TPMB technique has been validated and has
shown excellent correlation with whole-mount prostate-
ctomy specimens [14-16], and hence is a reasonable
alternative to whole-mount prostatectomy as a reference
standard. Unlike targeted and non-targeted random
TRUS biopsy methods, TPMB technique is a less biased
reference standard as it samples the entire prostate gland
at 5-mm interval. Besides providing Gleason grade and
Gleason score information from histopathology, TPMB
also allowed tumor volume calculation to better estimate
clinically significant PCa as defined by PI-RADS v2.
Prostate cancer-positive biopsy locations from TPMB
were compiled onto 3D model of each patient’s prostate
gland (3DTPMB), providing better mapping of PCa tu-
mor within the gland to minimize location error during
MRI correlation.

Materials and methods
Study design

A HIPAA-compliant, IRB-approved retrospective co-
hort study was conducted at an academic hospital. In-
formed consent was waived by the institutional review
board.

Eligibility criteria

Patients who underwent prostate MRI and subsequently
had 3DTPMB of the prostate between September 2010
and June 2013 were included in the study sample. None
of these patients had prior intervention for prostate
cancer. TPMB was performed after the mpMRI (multi-
parametric MRI) examination to avoid misinterpretation
caused by hemorrhage. Histopathology from TPMB was
used as a reference standard.

Imaging protocol and interpretation

The mpMRI study was performed on a 3 Tesla scanner
(GE Signa HDxt—Fairfield, CT, USA) utilizing an
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endorectal coil (Medrad Prostate eCoil—Warrendale,
PA, USA) and 8§ channel pelvis phased array surface coil.
MRI protocol included large field-of-view images of the
pelvis and the following high-resolution images of the
prostate: small field-of-view (FOV) tri-planar high reso-
lution T2-weighted, diffusion weighted with ADC maps
(b value of 0, 600 and 1000), and dynamic post-contrast.
mpMRIs were reviewed independently by two sub-spe-
cialty trained radiologists (reader 1 with 3 years and
reader 2 with 10 years of experience), blinded to MRI
reports and clinical-pathologic outcomes. Both radiolo-
gists reviewed each participant’s mpMRI independently
for specific MRI features and for overall score for each
lesion in PZ (peripheral zone) and TZ (Transitional zone)
using PI-RADS v2 lexicon. Each MRI lesion was eval-
uated on small FOV T2, diffusion-weighted images
(ADC map and DWI), and dynamic contrast-enhanced
(DCE) images. Homogenous low signal intensity on T2,
circumscribed margins, invasive behavior, restricted dif-
fusion on ADC/DWI (low signal intensity on ADC and
corresponding high signal intensity on DWI with b value
of 1000), and positive enhancement on DCE were re-
corded for PZ lesions. Lenticular shape, non-circum-
scribed margins, heterogeneous T2 low signal intensity,
T2 low signal rim/encapsulation, invasive behavior, re-
stricted diffusion on ADC/DWI (low signal intensity on
ADC and corresponding high signal intensity on DWI
with b value of 1000), and positive enhancement on DCE
were recorded for TZ lesions. In any instances of dis-
cordance between the two radiologists, a third radiolo-
gist (15 years of experience) served as the tie-breaker.
MRI lesions with overall PI-RADS v2 suspicion score
of > 3 were recorded in the secured database.

Histopathology

All of these patients had systematic transperineal map-
ping biopsy (TPMB) of prostate following mpMRI.
TPMB is routinely offered to the patients at our insti-
tution who wish to proceed with prostate biopsy proce-
dures. TPMB consisted of systematic transperineal
template-guided prostate biopsy using real-time tran-
srectal ultrasound guidance to sample the entire prostate
gland from apex to base at 5-mm increment with between
55 and 108 cores per patient depending on the size of the
prostate gland. TPMB was performed by urologist using
a Civco-type brachytherapy stepping unit to collect
transverse ultrasound images of the prostate in 5-mm
interval from apex to base for 3D reconstruction. Pros-
tate biopsy was originally reviewed and reported by the
uropathologist. Prostate cancer-positive biopsy foci were
then compiled onto 3D models of each patient’s prostate
gland utilizing proprietary software ProView (Applied
Coherent Technology, Herndon, Virginia) yielding a 3D
model of prostate gland with PCa tumor foci 3DTPMB)
which were detected by the TPMB (Fig. 2).
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MRI-pathology co-relation

mpMRI lesions were correlated to the 3DTPMB PCa
tumor foci (Figs. 1, 2) based on location by dividing the
prostate gland into 12 sectors (apex, mid, base; anterior,
posterior; left, right). Biopsy data including location,
Gleason score (GS), and a binary indicator for csPCa
were entered into the secure database independently and
blindly of mpMRI data. Clinically significant prostate
cancer was defined as GS of 27 and/or tumor vol-
ume > 0.5 cc [4, 17]. Approximate tumor volume was
determined using the cross-sectional area and length of

Fig. 1. A 78-year-old man with prostate adenocarcinoma.
Axial MRI images demonstrates 2.1-cm lesion (arrow) in the
left posterolateral peripheral zone in mid-gland, which is
markedly hypointense on ADC map (A), markedly
hyperintense on DWI with b value of 1000 (B). The lesion
was moderately hypointense on T2-weighted image, and
showed early enhancement on dynamic contrast-enhanced
sequences. This was a PI-RADSv2 category 5 lesion that
corresponded to multiple adjacent 3D transperineal mapping
biopsy cores that were positive for adenocarcinoma (Fig. 2).

Fig. 2. 3D model results from

of the cancer-positive
transperineal mapping biopsy of prostate gland (3DTPMB)
in this patient demonstrates the colored diamonds correspond
to biopsy cores that were positive for cancer on pathology.

Green diamonds represent Gleason 4 + 3 =7, orange
diamond was Gleason 3 + 4 =7, and blue diamond was
Gleason 6. The location of the tumor foci in the left posterior-
lateral mid-gland corresponds to the lesion seen on mpMRI in
Fig. 1.

the lesion. Cross-sectional area can be calculated using
5-mm transperineal grid points used for mapping biopsy
and length of the core sample was given in the pathology
report. In any instances of more than one lesion in a
specific region, the lesions were matched using the
additional criteria of maximum Gleason score and
maximum PI-RADS score (i.e., we assumed that the
highest Gleason score would be the highest PI-RADS
score).

Statistical methods

Descriptive statistics were calculated for all patient
characteristics of interest including mean, median, stan-
dard deviation (SD), and interquartile range (IQR) for
continuous variables, and frequencies and percents for
categorical variables. Prostate volume was calculated
from the three dimension prostate size in cm using
ellipsoid formula [length x width x height x (pi/6)].
To evaluate inter-rater reliability for lesion charac-
teristics assessed by the two radiologists, we calculated
intra-class correlation for variables that were either
continuous or ordinal, and Kappa for binary variables.
To assess the diagnostic accuracy of the PI-RADS v2
scoring system, we compared positive MRI with lesion’s
overall PS > 3 to pathology results from 3DTPMB using
generalized estimating equations (GEE) regression for
lesion-level data. This regression approach accounts for
correlation between lesions occurring in the same patient,
generating corrected standard errors and confidence
intervals. We evaluated two sets of results for csPCa:



708 N. U. Patel et al

groupl for PCa with GS (Gleason Score) > 7 and group
2 for PCa with tumor volume > 0.5 cc. We estimated
sensitivity and positive predictive value (PPV). We esti-
mated the binary proportion and corresponding 95%
confidence intervals for each accuracy measure.

Any sector in prostate that was not observed on MRI
and did not have a positive biopsy result on 3DTPMB
was recorded as negative MRI and having a cancer
negative result. This sector-level dataset was then used to
calculate specificity and negative predictive value (NPV).
Since there were multiple records per person in this da-
taset, we once again used GEE regression to calculate the
proportion and corresponding 95% ClIs as we did with
the lesion-level data.

Finally, we generated a person-level dataset with
indicators for group 1, group 2, and any lesion scored as
PI-RADS 3, 4, or 5. Accuracy measures were calculated
as simple proportions, and we calculated exact binomial
confidence intervals for each proportion.

We used a type I error rate of 0.05 for all statistical
tests. All analyses and data processing were completed
using SAS 9.4 (SAS Institute, Cary, NC).

Results

A total of 47 patients with 3DTPMB and mpMRI were
included in the final sample. The mean patient age was
63.2 years (Table 1). These 47 patients had 50 lesions
with PS > 3 observed on mpMRI (after lesion presence
was tie-broken by the third radiologist); 23 lesions were
rated as PI-RADS 3, 21 lesions were rated as PI-RADS
4, and 6 lesions were rated as PI-RADS 5 (Table 2). 56
clinically significant cancer lesions were found by biopsy:
25 were GS =27 and 31 were GS 6 with tumor vol-
ume > 0.5 cc. 29 out of 56 clinically significant lesions
were missed on MRI: 10 lesions had GS > 7 cancer and
19 lesions had GS 6 cancer with volume > 0.5 cc.
Accuracy measures for lesion-level, sector-level, and
person-level data are presented in Table 3 for the group 1

Table 1. Sample characteristics (n = 47 patients)

Variable Frequency (%)

Positive PSA test (> 4.0 ng/mL)
Positive digital rectal exam
Number of lesions on mpMRI

38 (80.85%)
7 (14.89%)

14.00 (28.57)
22.00 (44.90)
10.00 (20.41)
2.00 (4.08)
1.00 (2.04)

WO —=O

Mean (SD) Median IQR

Age (years) 63.23 (6.84) 63
PSA 6.57 (5.12) 5.73
Prostate volume (cm?) 35.83 (15.97) 32.78

60-69
3.8-7.8
27.17-41.30
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Table 2. PI-RADS v2 scores by lesion outcomes (n = 122 biopsy

samples)
Group 1 Group 2
Positive Negative Positive Negative

PI-RADS 3 5 18 9 14
PI-RADS 4 4 17 12 9
PI-RADS 5 6 0 6 0
Negative MRI 10 62 29 43
Total 25 97 56 66

Group 1: prostate cancer with Gleason score = 7
Group 2: prostate cancer with tumor volume > 0.5 cc

and group 2 csPCa. Six MRI lesions were assigned score
of 5 based on PI-RADS v2 overall assessment categories;
all PI-RADS 5 lesions had GS > 7 cancer. PI-RADS v2
score of 5 had high PPV and specificity (both 100%) at
the lesion level and person level.

Measures of inter-rater reliability (IRR) are presented
in Table 4. PI-RADS v2 scores had moderate reliability
(ICC = 0.58). For PZ lesions (Table 5), reliability was
substantial for restricted diffusion on ADC (x = 0.71),
positive enhancement on DCE (k = 0.77), and reliability
was moderate for circumscribed lesions (x = 0.54). For
TZ lesions (Table 6), reliability was substantial for
homogeneous lesions (k = 0.75), lack of T2 dark rim
(x = 0.65), and restricted diffusion on ADC (x = 0.71);
reliability was moderate for non-circumscribed lesions
(k = 0.45) and positive enhancement on DCE
(x = 0.59).

Other characteristics were either in the fair, slight, or
no reliability range, including assessment for signal
abnormality on DWI. Some Kappa values were negative
due to never having agreement on the presence of a given
lesion characteristic; for DWI and lenticular shape, there
was no agreement. For invasive behavior in TZ lesions,
Kappa could not be calculated since this characteristic
was only called as present by one radiologist for one
lesion (i.e., the distribution of the data did not allow for
Kappa to be calculated).

Discussion

Using 3DTPMB as a reference standard, PI-RADS v2
score of 5 had perfect PPV and specificity (100%) at the
lesion level and person level. All patients with an
mpMRI lesion of PI-RADS v2 score of 5 had ¢csPCa and
patients who had no cancerous results did not have any
MRI detectable lesion with PI-RADS score of 5. Sensi-
tivity of a PI-RADS v2 score > 3 was 68.27% to detect
group | csPCa and was only 48.39% to detect group 2
csPCa. Specificity of PI-RADs v2 assessment was high:
over 90% for both group 1 and group 2 csPCa.

At the person level, sensitivity of a PI-RADS v2
score = 3 was over 80% for both group 1 and group 2
csPCa results. However, specificity of PI-RADS v2
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Table 3. PI-RADS v.2 accuracy measures (lesion level, sector level, and person level)

Group 1 Group 2
Estimate (%) 95% CI Estimate (%) 95% CI
Lesion level
Sensitivity
PI-RADS 3 19.58 9.24-36.80% 16.88 9.26-28.77%
PI-RADS 4 16.97 6.35-38.12% 23.21 13.41-37.10%
PI-RADS 5 22.92 11.42-40.68% 11.15 5.60-20.97%
PI-RADS 3,4, 0or 5 68.27 44.62-85.17% 48.39 35.55-61.46%
PPV
PI-RADS 3 22.76 11.63-39.74% 40.06 23.67-59.03%
PI-RADS 4 20.00 8.66-39.74% 56.67 39.79-72.12%
PI-RADS 5 100 100
PI-RADS 3,4, 0or 5 29.61 18.26-44.19% 53.46 39.9-66.52%
Sector level
Specificity
PI-RADS 3 96.68 94.99-97.81% 97.26 95.62-98.29%
PI-RADS 4 96.89 95.31-97.94% 98.27 96.87-99.04%
PI-RADS 5 100 100
PI-RADS 3,4, 0or 5 93.56 91.47-95.16% 95.53 93.52-96.93%
NPV
PI-RADS 3 96.37 94.11-97.79% 91.55 89.1-93.25%
PI-RADS 4 96.22 93.7-97.76% 92.21 89.11-94.23%
PI-RADS 5 96.64 94.40-98.00% 91.33 88.69-93.11%
PI-RADS 3,4, 0or 5 98.14 95.85-99.18% 94.55 91.99-96.18%
Person level
Sensitivity
PI-RADS 3 31.25 11.02-58.66% 38.24 22.17-56.44%
PI-RADS 4 43.75 19.75-70.12% 52.94 35.13-70.22%
PI-RADS 5 37.50 15.2-64.57% 17.65 6.76-34.53%
PI-RADS 3,4, 0or 5 81.25 54.35-95.95% 82.35 65.47-93.24%
Specificity
PI-RADS 3 54.84 36.03-72.68% 53.85 25.13-80.78%
PI-RADS 4 64.52 45.37-80.77% 100
PI-RADS 5 100 100
PI-RADS 3,4, 0or 5 32.26 16.68-51.37% 53.85 25.13-80.78%
PPV
PI-RADS 3 26.32 9.15-51.20% 68.42 43.45-87.42%
PI-RADS 4 38.89 17.3-64.25% 100
PI-RADS 5 100 100
PI-RADS 3, 4, or 5 38.24 22.17-56.44% 82.35 65.47-93.24%
NPV
PI-RADS 3 60.71 40.58-78.50% 25.00 10.69-44.87%
PI-RADS 4 68.97 49.17-84.72% 44.83 26.45-64.31%
PI-RADS 5 75.61 59.70-87.64% 31.71 18.08-48.09%
PI-RADS 3,4, or 5 76.92 46.19-94.96% 53.85 25.13-80.78%

PPV, positive predictive value; NPV, negative predictive value
Group 1: prostate cancer with Gleason score > 7
Group 2: prostate cancer with tumor volume > 0.5 cc

Table 4. Inter-rater reliability

Variable 1CC
ADC 0.71
Lesion size 0.72
PI-RADS v2 score > 3 0.58
Reader 1 (3 years Reader 2 (10 years of experience)
of experience)

PI-RADS 3 PI-RADS 4 PI-RADS 5 Lesion not

called

PI-RADS 3 9 5 0 2
PI-RADS 4 5 11 1 1
PI-RADS 5 0 1 5 0
Lesion not called 4 6 0 72
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Table 5. Inter-rater reliability for peripheral zone lesions

Peripheral zone (PZ) lesion characteristics Reader 1 Reader 2
Present Absent Kappa 95% CI
Homogeneous low signal on T2 Present 14 4 0.34 0.06-0.63
Absent 9 12
Circumscribed margins Present 14 7 0.54 0.29-0.80
Absent 2 16
Invasive behavior Present 0 3 — 0.04 — 0.10-0.02
Absent 1 35
Bright DWI Present 5 11 0.30 0.03-0.56
Absent 1 22
Dark ADC Present 28 3 0.71 0.45-0.97
Absent 1 7
Positive on dynamic post-contrast image Present 18 2 0.77 0.52-1.00
Absent 1 8
Table 6. Inter-rater reliability for transitional zone lesions
Transitional zone (TZ) lesion characteristics Reader 1 Reader 2
Present Absent Kappa 95% CI
Homogeneous low signal on T2 Present 6 1 0.75 0.49-1.00
Absent 2 30
Lack of T2 dark rim around the nodule Present S 2 0.65 0.34-0.97
Absent 2 30
Invasive behavior* Present 0 1
Absent 0 38
Bright DWI Present 0 3 — 0.04 — 0.10-0.02
Absent 1 35
Dark ADC Present 7 1 0.71 0.45-0.97
Absent 3 28
Non-circumscribed margins Present 2 3 0.45 0.00-0.90
Absent 1 33
Lenticular shape Present 0 3 — 0.04 — 0.10-0.02
Absent 1 35
Positive on dynamic post-contrast image Present S 1 0.59 0.27-0.91
Absent 4 29

*Kappa could not be calculated due to distribution of cells

assessment was low, 32.26% for group 1 and 53.85% for
group 2, highlighting the high number of false positives
that come as a consequence of maximizing sensitivity. As
the approaches to prostate cancer screening and diag-
nosis continue to evolve, clinicians should carefully
consider these accuracy limitations of PI-RADS v2 cat-
egories in order to limit the number of unnecessary
biopsies and procedures.

Our study results were consistent with respect to some
accuracy results from prior studies, but also inconsistent
with other accuracy results. The differences may be
attributable to use of different reference standards and
different analyses for larger or smaller areas of the
prostate. Grey and colleagues [18] used transperineal
sector biopsy (TPSB) as a reference standard instead of
3DTPMB, performed mpMRIs on 1.5T scanner (without
endo-coil), and reported with a Likert-type scale as op-
posed to 3T MRI and reporting using PI-RADS v2
categories in our study. Furthermore, csPCa in that

study was defined as any Gleason pattern of 4 or > 6 mm
core length (approximate tumor volume of > 0.5 mL) of
Gleason pattern 3. That study generated PPV and NPV
similar to our results, but sensitivity and specificity differ
notably from our estimates. Arumainayagam and col-
leagues [19] used TPMB as a reference standard and
MRI performed on 1.5 T with suspicion score on the
Likert scale, again as opposed to 3T mpMRI and PI-
RADS v2 scoring in our study. In that study, the pros-
tate gland was divided in 4 sectors versus 12 sectors in
our study. For csPCa defined as GS > 7 and/or cancer
core length of > 6 mm, sensitivity was 64—81%, speci-
ficity was 68-80%, NPV was 91-95%, and PPV was
35-45%. These reported values are somewhat closer to
our findings than the Grey study, which we attribute to
the biopsy technique being more similar. A meta-analysis
by Zhang et al. [20] analyzed 13 studies (2049 total pa-
tients) for overall diagnostic accuracy of PI-RADS v2 in
diagnosing prostate cancer. This analysis estimated a
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pooled sensitivity of 0.85 (0.78-0.91), pooled specificity
of 0.71 (0.60-0.80), PPV from 0.54 to 0.97, and NPV
from 0.26 to 0.92. The results of this meta-analysis
showed significant heterogeneity among the studies. In-
ter-reader agreement was reported good to excellent for
studies in which 2 or more readers provided separate
results of MRI interpretations. A study by Seo et al. [21]
included patients with biopsy proven GS > 6 PCa who
underwent MRI and radical prostatectomy. csPCa was
surgically defined as GS =7 or a tumor volume of >
0.5 cm®, or tumor category > T3. For the experienced
readers, the proportions of csPCa were significantly
higher in a group with PS >4 than in a group with a
PS < 4 (< 0.001). For inexperienced reader, PI-RADS
v2 scores were predictive of GS > 7 and category > T3,
but not of tumor volume > 0.5 cm? or presence of csPCa.

Vargas et al. [22] used a whole-mount pathology as a
reference standard and found correct classification of PZ
cancer (94%) and TZ cancer (95%) = 0.5 mL on
pathology, However, majority of GS > 7(4 + 3) PCa
with volumes < 0.5 mL on pathology were not
detectable on T2WI, DW-MRI, and DCE-MRI, and PI-
RADS v2 was only able to identify 9/37 (24%) of PCa,
which is similar to our study.

We found that inter-rater reliability was varied across
the lesion characteristics used in PI-RADS v2 lexicon in
our study. There was substantial to moderate IRR for
ADC and T2 features, supporting the emphasis of these
parameters in the scoring of mpMRI lesions by PI-
RADS v2. However, there was no agreement on DWI
signal abnormality. A possible factor for this lack of
agreement is the subjectivity in assessing signal abnor-
mality on DWI images. It is our experience that a factor
as simple as the display contrast level/width setting can
dramatically alter the perceived hyperintensity of lesions.
Clinicians should be cautious interpreting the presence or
absence of features in PI-RADS v2 that have low inter-
rater reliability.

A study by Rosenkrantz [23] of “interobserver
reproducibility among 6 experience prostate radiologists
of the PI-RADS v2 lexicon” showed that the repro-
ducibility for features related to DWI was substantial for
focal shape (k = 0.619) and moderate for marked high-
b-valuer or ADC map signal abnormality
(k = 0.535-0.562) for PZ lesions. Reproducibility was
fair to moderate for features related to DCE
(k = 0.266-0.439) for PZ lesions. The reproducibility for
features related to lesion texture and margins at T2-
weighted imaging ranged from 0.136 (moderately hy-
pointense) to 0.529 (encapsulation) for TZ lesions.
Reproducibility related to DWI was lower in the TZ
(k = 0.343-0.465) than in the PZ.

Our study had a number of strengths including the
technical parameters for mpMRI similar to PI-RADS v2
guidelines, use of biopsy-verified cancer results by sam-
pling of entire prostate gland, use of 3D prostate model

(3DTPMB) of cancer foci detected by TPMB to correlate
with mpMRI (use of a reference standard that minimized
location error), use of multiple readers (sub-specialty
trained radiologists) for the mpMRIs, and the blinded
entry of biopsy data. Further, our regression approach
for lesion-level outcomes corrected for correlation within
patients who had more than one lesion observed.

One technical parameter in this study significantly
differed from PI-RADS v2 guidelines in that the highest
b value for DWI was 1000 s/mm?* and not > 1400 s/
mm~as prescribed in PI-RADS v2. This use of a rela-
tively lower b value may have contributed to the low
specificity that was observed at the person level.

Our greatest limitation is generalizability; this was a
single-site small sample retrospective study and our pa-
tients and providers may differ from those at other sites,
although we do not suspect that this is a substantial bias
and expect that our patients and providers are similar to
those at other academic hospitals in the US. Finally, in
our study we did not evaluate the MRI lesions with PI-
RADS v2 categories of < 2.

In conclusion, PI-RADS v2 category of 5 had high
PPV and specificity at the lesion level and person level;
however, combined PI-RADS v2 categories of > 3 had
mixed performance in detection of clinically significant
prostate cancer. Clinicians using PI-RADS v2 should be
attentive to its limitations with respect to limited accu-
racy for scores 3 and 4, and for its low inter-rater relia-
bility for certain features. The strengths and weaknesses
of PI-RADS v2 identified in this study should be care-
fully considered as approaches to prostate cancer
screening and diagnosis evolve.
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