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Abstract
Purpose To assess T2-weighted (T2W) MRI to differentiate transition zone (TZ) prostate cancer (PCa) from benign
prostatic hyperplasia (BPH).
Materials and methods With IRB approval, 22 consecutive TZ PCa were retrospectively compared with 30 consecu-
tive BPH (15 stromal, 15 glandular) nodules diagnosed using radical prostatectomy MRI maps. Two blinded radi-
ologists (R1/R2) subjectively assessed the shape (round/oval vs. lenticular) and margin (circumscribed vs. blurred/
indistinct) and for a T2W hypointense rim. Both radiologists segmented lesions extracting quantitative shape features
(circularity, convexity and topology/skeletal branching). Statistical tests were performed using chi-square (subjective
features), Mann-Whitney U (quantitative features), Cohen’s kappa/Bland-Altman and receiver-operator characteristic
analysis.
Results There were differences in the subjective analysis of the shape, margin and absence of a T2W-rim comparing TZ
PCa with BPH (p < 0.0001) with moderate to almost perfect agreement [kappa = 0.56 (shape), 0.72 (margin), 0.97
(T2W-rim)]. Area under the curve (AUC ± standard error) for diagnosis of TZ PCas was shape = 0.88 ± 0.05, margin =
0.89 ± 0.04, and T2W-rim = 0.91 ± 0.04. Shape, judged subjectively, was specific (100%/94% R1/R2) with low-to-
moderate sensitivity (55%/88% R1/R2). Circularity and convexity differed between groups (p < 0.001) with no difference
in topology/skeletal branches (p = 0.31). Agreement in measurements was substantial for significant quantitative variables
and AUC ± SE, sensitivity and specificity for diagnosis of TZ PCa were: circularity = 0.98 ± 0.01, 90%/96%; convexity
= 0.85 ± 0.06, 68%/97%. AUCs for circularity were higher than for subjective analysis (p = 0.01 and 0.26).
Conclusion Subjective analysis of T2W-MRI accurately diagnoses TZ PCa with high accuracy also demonstrated for
quantitative shape analysis, which may be useful for future radiogenomic analysis of transition zone tumors.
Key points
• Presence of a complete T2-weighted hypointense circumscribed rim accurately diagnoses BPH.
• Round shape accurately diagnoses BPH and can be assessed quantitatively using circularity.
• Lenticular shape accurately diagnoses TZ PCa and can be assessed quantitatively using convexity.
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PACS Picture archiving and communication system
PCa Prostate cancer
PI-RADS v2 Prostate Imaging Reporting and Data

System – version 2
PZ Peripheral zone
ROC Receiver-operator characteristic
RP Radical prostatectomy
T2W T2 weighted
TRUS Trans-rectal ultrasound
TZ Transition zone

Introduction

Transition zone (TZ) prostate cancer (PCa) represents up to
30% of all PCas [1, 2]. TZ tumors are problematic clinically
because they are often under-sampled, or not sampled at all, at
non-targeted trans-rectal ultrasound (TRUS)-guided template
biopsy [3]. TZ cancers are a leading cause of failure of active
surveillance (AS) and are a main source of occult tumors in
men with previously negative template TRUS-guided biopsy
and subsequent clinically significant (Gleason score ≥ 7) PCa
diagnosis [4, 5]. Multiparametric (mp) MRI (T2-weighted
[T2W] MRI + diffusion-weighted imaging [DWI] + dynamic
contrast enhanced [DCE]MRI [6, 7]) is highly accurate for the
detection of clinically significant tumors [8, 9]. mp-MRI is
particularly valuable for the diagnosis of TZ cancers and has
become the standard of care in men with previously negative
TRUS-guided template biopsy with high clinical suspicion of
cancer and in men being considered for or being treated with
AS [10, 11].

A limitation of mp-MRI for the diagnosis of TZ PCa is the
potential for overlap of imaging features with benign prostatic
hyperplasia (BPH) nodules, which are ubiquitous in the TZ of
adult men [12, 13]. It has been demonstrated that findings on
DCE overlap between TZ PCa and BPH [14, 15], and DCE is
no longer considered valuable for assessment of the TZ in the
updated Prostate Imaging Reporting and Data System (PI-
RADS) version 2 (v2) guidelines [16, 17]. DWI is the key
(determining) MRI sequence for diagnosis of peripheral zone
(PZ) PCa on mp-MRI using PI-RADS v2 [16, 17]; however,
there is an overlap of apparent diffusion coefficient (ADC)
values comparing TZ PCa and stromal BPH on DWI [18].
Accordingly, PI-RADS v2 suggests that T2W-MRI should
be used as the determining sequence for evaluation of the
TZ [16, 17]. Features strongly favoring the diagnosis of PCa
as reported in PI-RADS v2 are: homogeneously hypointense,
lenticular shape, non-circumscribed (or non-encapsulated)
with blurred or indistinct margins (smudged or smeared bor-
der) and lack of a T2W hypointense rim [16, 17].

The described imaging findings of TZ cancer on T2W-MRI
in PI-RADS v2 are subjective and may not be entirely repro-
ducible; for this reason, the use of quantitative analysis of

T2W imaging features may be of value. For example, quanti-
tative texture analysis of MRI has previously been shown to
successfully distinguish TZ PCa from BPH nodules [19].
Furthermore, it has been demonstrated that texture analysis
can improve interobserver agreement relative to subjective
evaluation of tumor texture [20–22]. To our knowledge, no
previous investigations have evaluated the quantitative analy-
sis of shape features in TZ PCa. It is important to validate
these novel features, particularly if they can be ultimately
incorporated into future radiogenomic tools for PCa diagnosis.
The purpose of our study is therefore to compare the subjec-
tive analysis of shape features on T2W-MRI to quantitative
shape analysis for diagnosis of TZ PCa.

Materials and methods

Patients

This retrospective study was approved by our local research
ethics board, which waived the need for informed consent in
all patients. From an existing database of 156 patients who
underwent radical prostatectomy (RP) and preoperative mp-
MRI of the prostate at 3 T with whole-mount histopathology
mp-MRI maps created between May 2012 and May 2015, we
created a case-control study group consisting of TZ tumors
and BPH nodules. All patients in the cohort had clinically
significant cancers that necessitated RP. Those patients, that
formed the control group of BPH nodules had purely PZ tu-
mors on whole-mount histopathology mp-MRI maps with no
areas of TZ cancer. A flow diagram of patient selection with
inclusion and exclusion criteria is provided in Fig. 1.

MRI technique

The multiparametric (T2W + DWI + DCE) MRI technique
used for prostate cancer imaging at our institution is provided
in Table 1. Endorectal coils were not utilized in any patients.

Histopathology and reference standard

RP specimens were fixed in 40% buffered formalin then seri-
ally sectioned into horizontal sections of 0.3 – 0.4 cm thick-
ness using a step-by-step approach. All tissues were paraffin-
embedded, and 4-μ-thick sections were cut followed by stain-
ing with hematoxylin and eosin. All RP specimen results were
reviewed by a fellowship-trained urogenital (GU) pathologist
(TAF) with 12 years of experience in GU pathology.
Potentially clinically significant tumor foci within each RP
specimen were identified. The dominant tumor foci were de-
fined as measuring at least 0.5 ml in size [23–27], and tumors
in the PZ and TZ were identified.
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Using existing whole-mount histopathology mp-MRI
maps (which were created using RP-mp-MRI registration de-
scribed previously [28, 29]), a fellowship-trained radiologist
identified the clinically significant tumor foci located predom-
inantly (defined as > 2/3 of tumor bulk) in the TZ of the
prostate. The transition zone was defined as tissue around
the urethra separated from the peripheral zone by a ‘surgical
capsule’ delineated as a low signal line on T2W-MRI [17].
Twenty-two TZ tumors were identified in 22 patients, and the
sample was one of convenience. The TZ cancers had been
previously investigated by our group with mp-MRI for diag-
nosis of extraprostatic extension [28] but no features
pertaining to the current study have been previously reported.

The control group was created by consecutively identifying
30 BPH nodules (15 glandular BPH and 15 stromal BPH
nodules) in 26 patients. All patients in the control group had
clinically significant PZ cancers but no evidence of cancer in
the TZ at RP. The criteria for selection of a BPH nodule have
been described previously [14, 30] but consisted mainly of a
localized lesion/mass in the TZ corresponding to an area of
BPH on histopathology. Since the vast majority of BPH nod-
ules showmixed glandular and stromal features at histopathol-
ogy [31], in this study, a stromal BPH nodule was diagnosed
when it showed > 90% iso- to hypointense signal on T2W
compared with the anterior fibromuscular stroma, and a glan-
dular BPH nodule was required to show > 90% iso- to
hyperintensity on T2W compared with the adjacent normal
PZ. In this fashion, 30 BPH nodules in 26 patients were iden-
tified. Mean patient age (± standard deviation [SD]) was 65.4
±6.1 with no difference comparing the TZ PCa and BPH
groups (p = 0.57). We selected 30 BPH nodules as the control
group a priori to approximate the number of TZ cancers in our
study. We did not specifically perform a power analysis to
create our control group because of the ubiquitous nature of

BPH in adult men and the necessity to use patients with PZ
cancers to form the BPH group (because of the requirement of
histologic confirmation of absence of cancer in the TZ). The
number of control BPH nodules in our study is roughly con-
cordant with what has been previously reported in the litera-
ture when assessing BPH and TZ PCa with MRI [32, 33].

Subjective analysis

Two fellowship-trained abdominal radiologists with 6 and 12
years of experience in GU radiology (SK and NS), both experi-
enced with the PI-RADS v2 system (each having interpreted >
200 examinations using PI-RADS v2), evaluated MR examina-
tions independently and blinded to the final histopathology re-
sults. Radiologists were provided with the location of masses on
T2W-MRI using a PI-RADS v2 sector map. All MR images
were available at the time of imaging review (including T2W,
DWI and DCE); however, for the purpose of this study only
T2W-MRI was specifically evaluated. Each examination was
reviewed on a standard PACS (Horizon Medical Imaging,
McKesson Corp., San Francisco CA) workstation.

Radiologists evaluated for the following imaging features on
T2W-MRI as described in PI-RADS v2: shape (round or oval
versus lenticular), margin (circumscribed [smooth or lobulated]
versus non-circumscribed [blurred, indistinct, irregular or
spiculated]) and presence or absence of a complete hypointense
rim (Figs. 2, 3, and 4).

Quantitative analysis

At the time of subjective imaging review, each radiologist
also independently segmented lesions to enable quantita-
tive shape analysis. Patient-identifying information was re-
moved, and the axial T2W-MRI image that depicted the

Fig. 1 Flow diagram for patient selection used in this consecutive retrospective study. mp-MRI = Multiparametric MRI; RP = radical prostatectomy
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mass where it appeared the largest was selected and
exported in the DICOM format from PACS to an inde-
pendent workstation for lesion segmentation using Image J
(version 1.48, National Institutes of Health). The radiolo-
gists were instructed to manually draw a line along the
outer contour of each nodule with a measurement tool and
then save their contours as regions of interest (ROIs),
which were exported for analysis in random fashion.
Segmentation of each tumor required less than 1 min to

perform using Image J; however, anonymization of images
in DICOM format and transfer to a separate workstation
for segmentation were somewhat labor-intensive to per-
form over the entire population.

For this study, three quantitative shape features were
selected a priori to approximate the subjective features
of TZ PCa and BPH described in PI-RADS v2, namely:
(1) circularity, (2) convexity and (3) topology or the
number of skeleton branches [34, 35]. The ‘circularity’

Fig. 3 A 68-year-old male with midline TZ PCa. Axial T2W (a) and
ADCmap (b) images show a round homogeneously low T2 signal lesion
in the middle TZ (white arrow) with markedly low signal on the ADC
map (white arrow). The lesion was characterized as having a ‘round

shape,’ ‘absence of T2 hypointense rim’ and a ‘non-circumscribed mar-
gin’ by both readers. T2W image (c) shows contouring of the lesion for
quantitative analysis

Fig. 2 A 62-year-old male with left transitional zone prostate cancer (TZ
PCa). Axial T2-weighted (T2W) (a) and apparent diffusion coefficient
(ADC) map (b) images show lenticular homogeneously low T2W signal
intensity lesion in the left TZ (white arrow) with markedly low signal on

the ADC map (white arrow). This nodule was characterized as having
‘lenticular shape,’ ‘absence of a T2 hypointense rim’ and a ‘non-
circumscribed margin’ by both readers. Axial T2W image (c) shows the
method of contouring of the lesion for quantitative analysis in this study

Fig. 4 A 52-year-old male with radical prostatectomy performed for left
middle PZ cancer and with extensive BPH. Axial T2W (a) and ADCmap
(b) images show the tumor in the left PZ (white arrows). A characteristic
stromal BPH nodule in the right TZ shows heterogeneous but predomi-
nantly low T2W signal intensity and moderately low signal on the ADC

map (black arrows). Note that the low T2W signal rim is absent in (a).
This nodule was characterized as having a ‘round shape,’ ‘absence of a T2
hypointense rim’ and a ‘non-circumscribed margin’ by both readers.
Axial T2W image (c) shows the method of contouring of the BPH nodule

Eur Radiol (2019) 29:1133–1143 1137



feature is a quantitative descriptor of lesion ‘rounded-
ness,’ whereas the ‘convexity’ feature reflects the degree
to which the lesion is ‘lentiform’ with respect to shape.
These two quantitative features were selected because
they represent the quantitative surrogates of the subjec-
tive shape parameters of round versus lenticular in PI-
RADS v2. Circularity was defined as 2√(A/π)/∑(D/π)
and convexity as ∑D/(convex perimeter), where ‘A’ de-
noted the lesion area and D denoted the shape-specific
profile perimeter [35]. Topology or the number of skel-
eton branches is a quantitative indicator of the degree to
which the lesion has a ‘spiculated’ margin [34], and it
was selected to assess the subjective parameter of the
tumor margin in PI-RADS v2. These quantitative fea-
tures were computed by a PhD with 15 years of expe-
rience in quantitative MRI analysis, blinded to the final
diagnosis of each lesion using MaZda version 4.6
(Institute of Electronics, Technical University of Lodz,
Poland) [36]. Extraction of features was not time con-
suming, however required manual transfer of contoured
anonymized DICOM images performed in Image J into
MaZda for analysis, which can be labor intensive. Most

of these labor-intensive manual processes are expected
to be simplified and automated in the future.

Statistical analysis

Lesion size is presented as mean ± SD (interquartile range
[IQR]) and quantitative shape features (which were non-
normally distributed) as median [IQR], respectively. Lesion
size and age were compared by independent t-tests and
skewed data for quantitative shape features by using the
Mann-Whitney U test. Subjective variables were tabulated
and compared using the chi-square test. Receiver-operator
characteristic (ROC) curves were generated and the area
under curve (AUC) reported with the sensitivity and spec-
ificity for diagnosis of TZ PCa (using the method of
Youden to determine the criterion that corresponded to
the maximum accuracy for parametric data). Comparisons
of overall accuracy between different variables for diagno-
sis of BPH versus TZ PCa were performed using ROC
analyses. Interobserver agreement was assessed using
Cohen’s kappa statistic and Bland-Altman analysis for

Table 2 Subjective assessment of T2-weighted (T2W)MRI features for diagnosis of transition zone (TZ) prostate cancer (PCa) compared with benign
prostatic hyperplasia (BPH) nodules

Radiologist 1 Radiologist 2

TZ PCa (n = 22) BPH (n = 30) p valuea TZ PCa (n = 22) BPH (n = 30) p value Kappab

Lenticular shape 10 0 <0.0001 18 2 <0.0001 0.56

Non-circumscribed margin
(blurred, indistinct, spiculated or irregular)

18 1 <0.0001 20 4 <0.0001 0.72

Presence of T2W hypointense rim 1 26 <0.0001 2 27 <0.0001 0.97

a Comparisons were performed between groups using the chi-square test
b Interobserver agreement assessed using Cohen’s kappa statistic

Table 3 Area under receiver-operator characteristic (ROC) curve analysis and diagnostic accuracy for subjective assessment of T2-weighted (T2W)
MRI features for diagnosis of transition zone (TZ) prostate cancer (PCa) compared with benign prostatic hyperplasia (BPH) nodules

Radiologist 1 Radiologist 2

Area under
ROC curve
(± SE)

Sensitivity
(confidence
Intervals)

Specificity
(confidence
Intervals)

Area under ROC
curve (± SE)

Sensitivity
(confidence
intervals)

Specificity
(confidence
intervals)

Lenticular
shape

0.77 (0.05) 54.55%
(32.21-75.61%)

100.00%
(88.43-100.00%)

0.88 (0.05) 81.82%
(59.72-94.81%)

93.33%
(77.93-99.18%)

Non-circumscribed
margin (blurred, indistinct,
spiculated or irregular)

0.89 (0.05) 81.82%
(59.72-94.81%)

96.67%
(82.78-99.92%)

0.89 (0.04) 83.33%
(62.62-95.26%)

92.86%
(76.50-99.12%)

Absence of T2W
hypointense rim

0.91 (0.04) 86.67%
(69.28-96.24%)

95.45%
(77.16-99.88%)

0.90 (0.04) 90.00%
(73.47-97.89%)

90.91%
(70.84-98.88%)

1138 Eur Radiol (2019) 29:1133–1143



subjective and quantitative features, respectively. P < 0.05
indicated a statistically significant outcome.

Results

TZ tumors measured 18.7 ± 7.7 [IQR 14-24] mm compared to
BPH nodules, which measured 17.7 ± 6.4 [IQR 13-20] mm
with no difference between groups (p = 0.6425).

A summary of subjective assessments performed by both
radiologists is provided in Table 2. Subjective assessment of
lesion shape (lenticular compared with round/oval), margin
(blurred, indistinct, irregular or spiculated compared with
circumscribed) and absence of a T2W hypointense rim were all
strongly associated with TZ PCa (p < 0.0001) for both radiolo-
gists. Interobserver agreement was moderate for subjective shape
(K = 0.56) and margin (K = 0.72) and almost perfect for T2W
hypointense rim (K = 0.97). Area under curve (± standard error
[SE]) with sensitivity and specificity (confidence intervals) for
diagnosis of TZ PCa are provided in Table 3. All three features
showed good degrees of accuracy for diagnosis of TZ PCa with
high specificity. Among the three features studied, subjective
shape yielded the lowest sensitivity; 54.6% (confidence intervals
[CI] 32.21% - 75.61%) for radiologist 1 and 81.8% (59.72% -
94.81%) for radiologist 2.

With respect to quantitative shape features, Bland-Altman
analysis of features derived from contours provided by both

radiologists demonstrated low mean difference (Fig. 5), and
results for both radiologists are summarized in Table 4.
Circularity and convexity differed significantly comparing
TZ PCa and BPH nodules (p < 0.0001). Both features were
accurate for differentiating TZ PCa from BPH with AUC (±
SE), as summarized in Table 5. Conversely, the lesion topol-
ogy (number of skeleton branches) associated with TZ PCa
did not differ significantly from that of BPH (4.5 [2.0-6.0] vs.
4.5 [3.0-6.0], p = 0.31) and did not accurately differentiate TZ
PCa from BPH. Comparisons of AUC for subjective and
quantitative features are summarized in Table 6. There was a
modest improvement in AUC comparing the quantitative
shape feature circularity with subjective analyses; however,
the difference was only significant for reader 2 (p = 0.26
reader 1 and 0.01 reader 2). There was no significant differ-
ence in AUC comparing the quantitative shape feature con-
vexity to subjective analysis for either reader (p = 0.38 and
0.65, Reader 1 and 2 respectively) (Fig. 6).

Discussion

This study assessed the ability of both subjective and quanti-
tative findings on T2W-MRI to differentiate transition zone
prostate cancer from BPH. Our results indicate that lenticular
shape, non-circumscribed margin and absence of a T2W
hypointense rim are all accurate subjective findings of TZ

Fig. 5 Bland-Altman plots for circularity (a) and convexity (b) show low mean difference between the two readers

Table 4 Quantitative assessment of T2-weighted (T2W) MRI features for diagnosis of transition zone (TZ) prostate cancer (PCa) compared with
benign prostatic hyperplasia (BPH) nodules. Results are displayed as median (interquartile range)

Radiologist 1 Radiologist 2

TZ PCa (n = 22) BPH (n = 30) p valuea TZ PCa (n = 22) BPH (n = 30) p value

Circularity 0.33 (0.30-0.34) 0.37 (0.37-0.38) <0.0001 0.31 (0.29-0.35) 0.36 (0.36-0.37) <0.0001

Convexity 2.75 (0.65-2.84) 2.64 (2.60-2.66) <0.0001 2.82 (2.72-2.95) 2.69 (2.66-2.72) <0.0001

Topology 6.5 (4-8) 6.5 (5-8) 0.31 7.5 (5-11) 6 (5-8) 0.30

a Comparisons were performed between groups using the Mann-Whitney U test
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cancer and show moderate to almost perfect levels of interob-
server agreement. Quantitatively, circularity and convexity
shape features also accurately differentiated TZ PCa and
BPHwith excellent interreader agreement; however, the quan-
titative feature related to lesion topology (number of skeleton
branches) was not capable of differentiating between TZ PCa
and BPH, demonstrating inferior accuracy to subjective as-
sessment of the tumor margin. Our results are important be-
cause they indicate a potential role for quantitative analysis of
lesion shape when differentiating between TZ PCa and BPH,
which can potentially be incorporated in subsequent larger
scale radiogenomic studies that include machine-learning
strategies for the diagnosis of TZ PCa.

The subjective results from our study of T2W-MRI to di-
agnose TZ PCa compare favorably to what has been published
in the literature. Akin et al evaluated subjective features of TZ
PCa and reported a similar high sensitivity and specificity for
‘ill-defined margins’ and ‘lack of capsule’ [37]. The specific-
ity of ‘lenticular shape’ was high (85-98%), whereas the sen-
sitivity was low (48-56%), which compares favorably with
our results [37]. A similar low sensitivity of 30-50% for len-
ticular shape has also been reported by other investigators [15,
38]. Oto et al differentiated TZ PCa from BPH nodules using
subjective morphologic features and also concluded that sub-
jective features were less desirable because of the high degree

of overlap with BPH nodules; for example, in their study the
sensitivity of ‘lenticular shape’ for identification of TZ PCa
was only 16% [18]. These studies along with results provided
in the current study highlight the challenges in accurate cate-
gorization of TZ nodules using subjective morphologic de-
scriptors and the need for more reliable quantitative metrics
to improve accuracy.

Previously, Sidhu et al used quantitative analysis of textural
features to identify TZ PCa [19]. Although previous quantita-
tive studies have revealed differences in shape of the entire
prostate gland comparing normal and diseased prostates [39],
to our knowledge, we are the first to describe the potential use
of quantitative analysis of shape features of lesions in the TZ
to diagnose PCa compared with BPH and to compare these
features with subjective analysis. Our results indicate that le-
sion topology (a measure of the number of skeleton branches)
was not useful to diagnose TZ PCa and was inferior to the
radiologist’s subjective evaluation of the lesion margin (in-
cluding assessment of contour and presence or absence of a
T2W hypointense rim). Quantitative analysis of lesion shape
using circularity and convexity was accurate for diagnosis of
TZ PCa and showed modest improvements in overall accura-
cy compared with subjective judgment of shape. These results
indicate that shape, as a quantitative metric, may prove useful
in combination with other previously described quantitative

Table 5 Area under receiver-operator characteristic (ROC) curve analysis and diagnostic accuracy for quantitative assessment of T2-weighted (T2W)
MRI features for diagnosis of transition zone (TZ) prostate cancer (PCa) compared with benign prostatic hyperplasia (BPH) nodules

Radiologist 1 Radiologist 2

Area under ROC
curve
(± SE)

Sensitivity (confidence
intervals)

Specificity (confidence
intervals)

Area under
ROC
curve (± SE)

Sensitivity (confidence
intervals)

Specificity (confidence
intervals)

Circularity 0.98 (0.01) 90.52% (73.52-97.96) 95.5% (77.22-99.99) 0.85 (0.07) 96.72% (82.81-99.99) 72.71% (45.13-86.14)

Convexity 0.85 (0.06) 68.22% (45.11-86.13) 100.0% (88.42-100.00) 0.84 (0.07) 68.22% (45.12-86.13) 96.74% (82.82-99.99)

Topology 0.58 (0.08) 18.32% (6.45-42.56) 100.00% (72.34-100.00) 0.58 (0.08) 41.34% (22.45-64.42) 77.56% (42.65-93.56)

Table 6 Comparison of area under receiver operator characteristic curve (AUC) for subjective shape analysis and quantitative shape analyses of
transition zone prostate cancers compared to BPH nodules

Circularitya Convexity Topology

Reader 1

Shape 0.77 (0.05) vs. 0.98 (0.01)p = 0.26 0.77 (0.05) vs. 0.85 (0.07)p = 0.38

Margin 0.89 (0.05) vs. 0.58 (0.08)p < 0.001

Rim 0.91 (0.04) vs. 0.58 (0.08)p < 0.001

Reader 2

Shape 0.88 (0.05) vs. 0.85 (0.07)p = 0.01 0.88 (0.05) vs. 0.84 (0.07)p = 0.65

Margin 0.89 (0.04) vs. 0.58 (0.08)p < 0.001

Rim 0.90 (0.04) vs. 0.58 (0.08)p < 0.001

aData are presented as AUC (SE) for subjective features vs. quantitative features
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imaging features such as texture, ADC analysis and location
of a TZ abnormality [15], particularly if carefully incorporated
into a large, well-validated machine-learning tool. Future
study into this exciting radiomic strategy is required.
Preliminary reports have shown promising early results for
automated detection of PZ tumors; however, studies evaluat-
ing solely the TZ are limited and have shown less favorable
results [40, 41]. Shape analysis, in additional to study of other
radiomic features, often requires analysis of anonymized
DICOM images on separate workstations not integrated into
commercial PACS. Though the process of image segmenta-
tion and analysis itself are not overly time consuming,
workflow for segmentation and analysis (due to lack of inte-
gration into PACS) is tedious, and future integration or com-
mercially supported radiomic products could improve utiliza-
tion in practice.

Our study has limitations. The sample size is relatively
small, though comparable to what has been published previ-
ously regarding the MRI appearance of TZ PCa and BPH [18,
32, 33]. The single institution study design that necessitated
radical prostatectomy for histologic confirmation of cancer
and BPH introduces population bias into our results,

specifically because BPH nodules were evaluated in patients
with known clinically significant cancers of the PZ. We
elected not to use targeted biopsy results of TZ nodules that
yielded a diagnosis of BPH because of the risk of false-
negative diagnosis compared with RP. The use of RP-MRI
mapping, which confirmed BPH, and the absence of TZ can-
cer in the control group helped to mitigate the risk of bias as it
is essentially not possible to assess BPH nodules with RP
confirmation in patients without a PZ cancer. Since we re-
quired RP correlation as the reference standard, all men in
our study had a clinically significant cancer that necessitated
RP. It is possible that if radiologists identified a PZ cancer at
the time of blinded review they may have been biased toward
realizing the examination was an example of BPH and con-
versely the absence of a PZ tumor might suggest the presence
of a TZ tumor. Our reported diagnostic accuracies may there-
fore represent overestimates of what can be expected in clin-
ical practice, especially given that radiologists were also pro-
vided with the location of lesions when interpreting MRI,
which may artificially increase the sensitivity of diagnosis.

In conclusion, our study demonstrates that quantitative
shape analysis is an accurate quantitative metric for diagnosis

Fig. 6 Box-and-whisker plots
comparing circularity (a) and
convexity (b) between BPH and
TZ Pca. TZ PCa shows high
median convexity and low
median circularity compared with
BPH nodules. Receiver-operator
characteristic (ROC) curves for
circularity (c) and convexity (d) to
differentiate between TZ prostate
cancer and BPH show an excel-
lent degree of accuracy with high
areas under the curve (AUC),
which were higher for circularity
compared with subjective
analysis
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of transition zone prostate cancer with strong agreement in
measurements and modest improvements in accuracy of diag-
nosis compared with subject ive shape analys is .
Comparatively, subjective assessment of the lesion margin
(including the presence or absence of a T2W hypointense
rim) outperformed quantitative assessment of the margin,
which was not useful. Our results show a potential role for
quantitative shape analysis of prostate lesions, which when
combined with other quantitative metrics may be incorporated
into future studies evaluating automated detection of transition
zone PCa by machine learning.
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