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Purpose: To validate the dominant pulse sequence paradigm and limited 
role of dynamic contrast material–enhanced magnetic reso-
nance (MR) imaging in the Prostate Imaging Reporting and 
Data System (PI-RADS) version 2 for prostate multiparametric 
MR imaging by using data from a multireader study.

Materials and 
Methods:

This HIPAA-compliant retrospective interpretation of prospec-
tively acquired data was approved by the local ethics committee. 
Patients were treatment-naïve with endorectal coil 3-T multipa-
rametric MR imaging. A total of 163 patients were evaluated, 
110 with prostatectomy after multiparametric MR imaging and 
53 with negative multiparametric MR imaging and systematic 
biopsy findings. Nine radiologists participated in this study and 
interpreted images in 58 patients, on average (range, 56–60 
patients). Lesions were detected with PI-RADS version 2 and 
were compared with whole-mount prostatectomy findings. Prob-
ability of cancer detection for overall, T2-weighted, and diffu-
sion-weighted (DW) imaging PI-RADS scores was calculated 
in the peripheral zone (PZ) and transition zone (TZ) by using 
generalized estimating equations. To determine dominant pulse 
sequence and benefit of dynamic contrast-enhanced (DCE) im-
aging, odds ratios (ORs) were calculated as the ratio of odds of 
cancer of two consecutive scores by logistic regression.

Results: A total of 654 lesions (420 in the PZ) were detected. The prob-
ability of cancer detection for PI-RADS category 2, 3, 4, and 
5 lesions was 15.7%, 33.1%, 70.5%, and 90.7%, respectively. 
DW imaging outperformed T2-weighted imaging in the PZ 
(OR, 3.49 vs 2.45; P = .008). T2-weighted imaging performed 
better but did not clearly outperform DW imaging in the TZ 
(OR, 4.79 vs 3.77; P = .494). Lesions classified as PI-RADS 
category 3 at DW MR imaging and as positive at DCE imag-
ing in the PZ showed a higher probability of cancer detection 
than did DCE-negative PI-RADS category 3 lesions (67.8% vs 
40.0%, P = .02). The addition of DCE imaging to DW imaging 
in the PZ was beneficial (OR, 2.0; P = .027), with an increase 
in the probability of cancer detection of 15.7%, 16.0%, and 
9.2% for PI-RADS category 2, 3, and 4 lesions, respectively.

Conclusion: DW imaging outperforms T2-weighted imaging in the PZ; T2-
weighted imaging did not show a significant difference when 
compared with DW imaging in the TZ by PI-RADS version 2 
criteria. The addition of DCE imaging to DW imaging scores in 
the PZ yields meaningful improvements in probability of cancer 
detection.
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acquired data was approved by the local 
ethics committee. A flow diagram for 
patient inclusion is shown in Figure 1. 
All patients underwent multiparametric 
3-T MR imaging with T2-weighted, DW 
(apparent diffusion coefficient; b value, 
2000 sec/mm2), and DCE sequences 
with use of an endorectal coil. We in-
cluded consecutive patients who un-
derwent multiparametric MR imaging 
between April 2012 and June 2015 and 
subsequent radical prostatectomy (n = 
179). In addition, a control group was 
established that consisted of consecu-
tive patients who underwent imaging 
between May 2013 and May 2015 but 
who had no lesions detected at multipa-
rametric MR imaging and no history of 
positive findings at systematic transrec-
tal ultrasonographically (US)-guided 
biopsy (n = 92). These patients were 
referred for MR imaging primarily be-
cause of persistently elevated prostate-
specific antigen levels, with negative 
findings at transrectal US-guided bi-
opsy. Patients in both groups were ex-
cluded if they had a hip prosthesis or 
if there were missing pulse sequences 

to location of the lesion. T2-weighted 
imaging was proposed to be the dom-
inant pulse sequence for transition 
zone (TZ) lesions, whereas diffusion-
weighted (DW) imaging was proposed 
to be the dominant pulse sequence for 
peripheral zone (PZ) lesions. Dynamic 
contrast material–enhanced (DCE) im-
aging was assigned a minor role, mainly 
to upgrade PI-RADS category 3 lesions 
based on DW imaging score in the PZ 
to PI-RADS category 4 if DCE findings 
were positive (ie, PI-RADS 3 + 1 lesion).

The dominant pulse sequence para-
digm was first proposed by Vaché et al (2) 
and was based on studies indicating that 
DW imaging and DCE were of limited 
value in the TZ, as benign prostatic hy-
perplasia nodules can imitate the vascu-
larity and diffusion parameters of cancers 
(3–5). For the PZ, DW imaging emerged 
as the dominant pulse sequence, with 
higher sensitivity for cancer. Moreover, 
lower apparent diffusion coefficient im-
ages were associated with higher Gleason 
grades (5–7). The limited role of DCE in 
determining PI-RADS scores reflected 
current opinion that DCE contributes lit-
tle to the diagnosis of prostate cancer, as 
it is primarily useful when DW imaging is 
not definitive (8,9).

We sought to validate the dominant 
pulse sequence paradigm and limited 
role of DCE in PI-RADS version 2 for 
prostate multiparametric magnetic res-
onance (MR) imaging using data from a 
multireader study.

Materials and Methods

Study Population
This Health Insurance Portability and 
Accountability Act–compliant retro-
spective evaluation of prospectively 
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Advances in Knowledge

 n The Prostate Imaging Reporting 
and Data System (PI-RADS) ver-
sion 2 scores result in signifi-
cantly distinct probability of 
cancer detection (15.7%, 33.1%, 
70.5%, 90.7% for PI-RADS cate-
gory 2, 3, 4, and 5 lesions, re-
spectively; P , .01 between 
each).

 n PI-RADS version 2 scores show 
equivalent probability of cancer 
detection for peripheral zone 
(PZ) and transition zone (TZ) 
tumors for clinically important 
disease (P . .05 for PI-RADS 
category 3, 4, and 5 lesions), 
with the exception of PI-RADS 
category 2 lesions (23.8% in the 
PZ, 3.6% in the TZ; P = .021).

 n Diffusion-weighted (DW) imaging 
outperforms T2-weighted im-
aging in the PZ when using PI-
RADS version 2 scoring criteria, 
validating DW imaging as the 
dominant pulse sequence in the 
PZ (odds ratio [OR], 3.49 vs 
2.45 for DW imaging and 
T2-weighted imaging, respec-
tively; P = .008).

 n Dynamic contrast-enhanced im-
aging improves the probability of 
cancer detection for PI-RADS 
category 3 and 4 lesions in the 
PZ (OR, 2.0; P = .027).

Implication for Patient Care

 n We show that PI-RADS version 2 
yields efficient scoring criteria to 
facilitate probability of cancer 
detection by radiologists; how-
ever, dynamic contrast-enhanced 
imaging may be of more assis-
tance than PI-RADS version 2 
proposes.

The Prostate Imaging Reporting 
and Data System (PI-RADS), ver-
sion 2, was introduced recently to 

“promote global standardization and di-
minish variation in the acquisition, in-
terpretation, and reporting of prostate 
multiparametric MR examinations” (1). 
It was intended to be a living document 
based on experience and the accrual of 
scientific data, with a strong likelihood 
that there would be new versions in the 
future (1). Studies to test the efficacy of 
PI-RADS version 2 were encouraged to 
validate its utility.

One major change in PI-RADS ver-
sion 2 was the introduction of the dom-
inant pulse sequence concept, in which 
the pulse sequence varies according 
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at multiparametric MR imaging (n = 6). 
Patients with prostate cancer were also 
excluded if whole-mount specimens 
were not available. A total of 69 pa-
tients and 37 control subjects were ex-
cluded. Two additional control patients 
were excluded for a positive biopsy re-
sult subsequently obtained during the 
course of the study. The total study 
population comprised 163 patients (110 
patients with prostate cancer, 53 con-
trol subjects). Characteristics of control 
subjects and patients with cancer and 
are reported in Table 1.

Thirty-four of 163 patients were pre-
viously included in a multireader study 
(10). That study was an initial evalua-
tion of the accuracy and agreement of 
PI-RADS version 2, whereas this one 
was performed to evaluate the role of 
DCE and the dominant pulse sequence 
paradigm of PI-RADS version 2. There 
were more than 1.5 years between 
these studies. Overlap was necessary to 
reach our targeted number of patients.

MR Imaging Protocol
Prostate multiparametric MR images 
were acquired with a 3-T imager (Achie-
va 3.0-T-TX; Philips Healthcare, Best, 
the Netherlands) using an endorectal 
coil (BPX-30; Medrad, Pittsburgh, Pa) 
filled with 45 mL of fluorinert (3M, Ma-
plewood, Minn) and the anterior half of 
a 32-channel cardiac sensitivity-encod-
ing coil (InVivo, Gainesville, Fla). Table 2  
contains the pulse sequences and MR 
imaging acquisition parameters used in 
this study.

Study Design
Nine radiologists served as readers 
(T.B., L.K.B., S.B., I.M.K., Y.M.L., 
J.M., H.S., R.M.S., B.T.): three were 
highly experienced in prostate multipa-
rametric MR imaging (.2000 studies 
read in the past 2 years); three, mod-
erately experienced (.500 studies read 
in the past 2 years), and three, novices 
(,500 studies read in the past 2 years). 
Readers represented six countries and 
eight institutions. All had experience 
with PI-RADS version 2 prior to this 
study.

Randomization was stratified by a 
patient’s disease status (patient with 

Figure 1

Figure 1: Flow diagram shows inclusion and exclusion criteria. mpMRI = 
multiparametric MR imaging.

Table 1

Baseline Characteristics of Patients with Cancer and Control Subjects

Characteristic Patients with Cancer (n = 110) Control Subjects (n = 53)

Age (y) 62.1 (41.4–83.7) 61.9 (47.4–73.7)
Prostate-specific antigen level (ng/mL) 7.09 (1.7–84.6) 5.50 (1.5–28.7)
Whole prostate volume (mL) 41.2 (15.0–117.0) 80.5 (31.0–160.0)
Time between MR imaging and  

 surgery or biopsy (mo)
5.12 (0.03–21.4) 44.4 (0.03–185.9)

All lesions* 268 …
  Gleason grade 3 + 3 24 …
  Gleason grade 3 + 4 151 …
  Gleason grade 4 + 3 or 4 + 4 83 …
  Gleason grade .4 + 4 10 …
Lesion volume (mL) 1.69 (0.1–20.1) …
PZ lesions* 185 …
  Gleason grade 3 + 3 18 …
  Gleason grade 3 + 4 108 …
  Gleason grade 4 + 3 or 4 + 4 52 …
  Gleason grade .4 + 4 7 …
TZ lesions* 83 …
  Gleason grade 3 + 3 6 …
  Gleason grade 3 + 4 43 …
  Gleason grade 4 + 3 or 4 + 4 31 …
  Gleason grade .4 + 4 3 …

Note.—Unless otherwise indicated, data are averages, with the range reported in parentheses.

* Data are number of lesions.
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cancer vs control subjects) so that pa-
tient allocation maintained a 2:1 ratio 
for each reader. Specifically, 19 pa-
tients with cancer and nine control 
subjects were randomly selected and 
were evaluated by all nine readers, and 
the remaining 135 patients (91 patients 
with cancer, 44 control subjects) were 
randomly allocated to a total of 36 pairs 
of readers, with each reader pair evalu-
ating two or three patients with cancer 
and one or two control subjects. Each 
reader evaluated, on average, 58 pa-
tients (range, 56–60 patients).

MR Image Interpretation
Readers were blinded to all clinical 
and pathologic findings. All patient in-
formation was removed from images. 
A Digital Imaging and Communica-
tions in Medicine viewer (11) (Radi-
Ant, Poznan, Poland) was used to view 
images. Readers detected up to three 
lesions on multiparametric MR images 
that would be included as part of a clin-
ical report and scored each lesion by 
using PI-RADS version 2 software. No 
lesions were preselected. Per PI-RADS 
version 2 recommendations, for each 
lesion readers recorded zone (TZ or 
PZ) and scores for T2-weighted (range, 
1–5), DW (range, 1–5), and DCE (pos-
itive or negative) sequences. Readers 
marked lesions and saved a screen shot 
with the lesion marked, with no effort 
to ensure readers interpreted the same 

Table 2

Multiparametric MR Imaging Sequence Parameters at 3 T

Parameter T2-weighted MR Imaging DW Imaging* High-b-Value DW Imaging† DCE MR Imaging

Field of view (mm) 140 3 140 140 3 140 140 3 140 262 3 262
Acquisition matrix 304 3 234 112 3 109 76 3 78 188 3 96
Repetition time (msec) 4434 4986 6987 3.7
Echo time (msec) 120 54 52 2.3
Flip angle (degrees) 90 90 90 8.5
Section thickness, no gaps (mm) 3 3 3 3
Image reconstruction matrix (pixels) 512 3 512 256 3 256 256 3 256 256 3 256
Reconstruction voxel imaging resolution  

(mm/pixel)
0.27 3 0.27 3 3.00 0.55 3 0.55 3 2.73 0.55 3 0.55 3 2.73 1.02 3 1.02 3 3.00

Time for acquisition 2 minutes 48 seconds 4 minutes 54 seconds 3 minutes 50 seconds 5 minutes 16 seconds

* For apparent diffusion coefficient map calculation, five evenly spaced b values (range, 0–750 sec/mm2) were used.
† The b value was 2000 sec/mm2.

lesions (Fig 2). All data were recorded 
in Microsoft Access (Microsoft, Red-
mond, Wash).

Radiologic and Pathologic Comparison
All patients with prostate cancer had 
whole-mount radical prostatectomy 
specimens produced with patient-spe-
cific MR imaging–based three-dimen-
sionally printed molds to correlate MR 
imaging and pathology findings (6). 
Lesion locations and Gleason grades 
on whole-mount specimens were an-
notated by a genitourinary pathologist 
(M.J.M.) who had no knowledge of 
MR imaging results. Lesion volumes 
were measured digitally based on the 
pathologist’s marked lesion bound-
aries. Lesion comparison between 
readers was based on screen-shots 
from each reader, allowing up to two 
slices (3-mm slices) between readers 
for a lesion with the same anatomic 
and morphologic features. If readers 
did not agree on the location of a le-
sion in a patient, those two lesions 
were treated as distinct lesions. Com-
parison with pathology findings was 
based on prostate landmarks and le-
sion morphology. Comparison between 
reader screen shots and prostatectomy 
specimens was made by a research fel-
low (M.D.G.) and cross-checked by a 
prostate multiparametric MR imaging–
dedicated radiologist (B.T.). Clinically 
important disease was defined as a 

Gleason grade of 3 + 4 or higher. For 
control subjects, 12-core systematic 
biopsy was used to validate MR imag-
ing results.

Statistical Analyses
Data for this study were collected as 
part of a study comparing computer 
aided-diagnosis prostate multipara-
metric MR imaging to prostate multi-
parametric MR imaging alone (publi-
cation pending). The data used in this 
analysis were from the prostate multi-
parametric MR imaging–alone arm of 
that study. The sample size was deter-
mined to reach the primary end point 
of that comparison.

The overall PI-RADS scores were 
determined by using the scores given 
to a lesion by a reader at T2-weighted, 
DW, or DCE imaging, per PI-RADS 
version 2 (1). The probability of can-
cer detection was defined as the pro-
portion of true-positive lesions among 
all detected lesions. To determine the 
efficacy of individual PI-RADS scores, 
the probability of cancer detection 
was calculated as the weighted aver-
age of reader probability of cancer 
detection, with weight proportional 
to the number of lesions detected 
by each reader. For example, if one 
unique lesion in one patient was de-
tected by nine readers, then nine total 
lesions would be considered equally. 
The purpose of taking a weighted 
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of .01 was applied to the comparisons 
made in these analyses.

To assess the performance of T2-
weighted and DW imaging in each 
zone, lesion-based logistic regression 
models were developed based on pulse 
sequence scores (T2-weighted and DW 
imaging) and location (PZ or TZ) of a 
lesion. In these analysis, zonal analysis 
was performed separately with PI-
RADS score and a dummy variable 
(DW vs T2-weighted imaging) as the 
factor predictors. Similarly, to assess 
the value of DCE positivity, the prob-
ability of cancer detection for each PI-
RADS score at T2-weighted and DW 
imaging with or without DCE posi-
tivity was estimated by using a zonal-
specific logistic regression model using 
separate T2-weighted and DW imag-
ing scores with and without DCE as a  

The probability of cancer detection 
was calculated for overall PI-RADS 
scores and for pulse sequence–specific 
(T2-weighted, DW imaging) PI-RADS 
scores in all zones combined and in the 
TZ and PZ individually. The probability 
of cancer detection for PI-RADS 3 + 
1 lesions in the PZ or PI-RADS cate-
gory 4 lesions in the PZ by virtue of 
a DW imaging score of 3 and positive 
DCE findings was compared with the 
probability of cancer detection of over-
all PI-RADS category 4 and PI-RADS 
category 3 by DW imaging = 4 or 3 in 
the PZ. In these analyses, reader PI-
RADS score was the factor predictor 
for all zones, and PI-RADS score, PZ, 
and their interaction terms were the 
factor predictors for zonal analysis. To 
partially account for multiple testing, 
a more conservative significance level 

average was to reduce the variability 
of probability of cancer detection for 
PI-RADS scores in which the number 
of lesions detected by an individual 
reader is small and to provide an as-
sessment of PI-RADS version 2 per-
formance across a broad spectrum of 
reader experience. As scores of the 
same lesion and of multiple lesions in 
the same patient detected by multiple 
readers may be correlated, general-
ized estimating equations with a logit 
link function under an independence 
working model assumption were used 
to obtain the robust sandwich vari-
ance estimates of the regression coef-
ficients in the generalized estimating 
equations models. The delta method 
was used to obtain standard errors of 
probability of cancer detection, and 
the Wald test was used for inference.

Figure 2

Figure 2: Left: Screenshots for nine readers. Images were obtained in a 66-year-old man with a prostate-specific antigen 
level of 8.3 ng/mL who underwent endorectal coil 3-T multiparametric MR imaging with T2-weighted (apparent diffusion coeffi-
cient, b value = 2000 sec/mm2) and DCE MR imaging followed by prostatectomy. Nine readers were asked to detect all lesions 
that would be included in a clinical report and score them with PI-RADS version 2. Shown are the T2-weighted screen shots of 
all nine readers who marked the largest lesion diameter of an anterior midtransition zone lesion that received a Gleason score 
of 3 + 4 at prostatectomy. Right: Histopathologic image.



864 radiology.rsna.org n Radiology: Volume 285: Number 3—December 2017

GENITOURINARY IMAGING: Validation of the Dominant Sequence Paradigm Greer et al

Among the 70 PI-RADS category 2 
lesions, 43 of 70 (61.0%) were in the 
PZ, and 16 of 17 (94.1%) of the true-
positive findings were in the PZ. Less 
experienced readers detected 42 of 
70 (60.0%) of these lesions; however, 
highly experienced readers detected 
10 of 17 (58.8%) of the true-positive 
lesions. These lesions were primarily 
detected as category 2 at DW imag-
ing and T2-weighted imaging (41 of 
70). The negative predictive value of 
PI-RADS category 2 lesions was 75.7% 
(53 of 70); if either DW imaging . 2 
up-scored these lesions, the negative 
predictive value decreased to 73.8% 
(31 of 42). These lesions were primar-
ily small lesions, with a median volume 
of 0.21 mL (range, 0.12–3.99 mL) and 
a low grade (14 of 17 lesions had a 
Gleason score of less than 4 + 3).

Probability of Cancer Detection in the PZ 
and TZ
The probability of cancer detection 
with standard error of the overall PI-
RADS score in each zone is shown in 

of 1 were excluded from further analysis 
on the basis of small sample size (n = 3).

Performance of PI-RADS Version 2 Scores
The probability of cancer detection with 
standard error of the overall PI-RADS 
scores is shown in Table 3. The probabil-
ity of cancer detection for PI-RADS cat-
egory 2 was 24.3% (17 of 70) for all le-
sions and 15.7% (11 of 70) for clinically 
important disease. The probability of 
cancer detection for PI-RADS category 3 
was 40.0% (46 of 115) for all lesions and 
33.0% (38 of 115) for clinically impor-
tant disease. The probability of cancer 
detection for PI-RADS category 4 was 
78.7% (240 of 305) for all lesions and 
70.5% (215 of 305) for clinically impor-
tant disease. The probability of cancer 
detection for PI-RADS category 5 was 
91.3% (147 of 161) for all lesions and 
90.7% (146 of 161) for clinically impor-
tant disease. Except between PI-RADS 
category 2 and category 3, for all le-
sions, the increase in probability of can-
cer detection between each increment in 
PI-RADS score was significant (P , .01).

coparameter. T2-weighted and DW im-
aging scores were treated as continuous 
linear predictors in the logistic models. 
For all models, variance estimates of 
the regression coefficients, odds ratios 
(ORs), and Wald test were based on 
generalized estimating equations under 
an independence working model as-
sumption. OR was calculated as the ra-
tio of odds of cancer of two consecutive 
scores. The fit of each predicted model 
was assessed with graphic display of 
observed versus model-based (pre-
dicted) probability of cancer detection 
and by testing for goodness of fit for the 
generalized estimating equations model 
with binary responses (12). All P values 
correspond to two-sided tests, with P 
, .05 considered to represent a signifi-
cant difference.

Results

Radiologic Lesion Characteristics
In 163 patients, a total of 654 lesions 
were scored as PI-RADS category 1 or 
higher by all readers, for a total of 336 
unique lesions (most lesions were de-
tected by more than one reader). A to-
tal of 420 of 654 lesions were in the PZ. 
For overall PI-RADS scores of 1, 2, 3, 
4, or 5, there were three, 70, 115, 305, 
and 161 lesions, respectively. In the PZ, 
there were two, 41, 131, 171, and 75 le-
sions with a PI-RADS score of 1, 2, 3, 4, 
or 5, respectively. In the TZ, there were 
one, 28, 81, 56, and 68 lesions with a 
PI-RADS score of 1, 2, 3, 4, or 5, re-
spectively. Lesions with a PI-RADS score 

Table 3

Probability of Cancer Detection for Overall PI-RADS Scores for All Lesions and 
Clinically Important Lesions

PI-RADS Score Gleason Grade 3 + 3 (%) P Value* Gleason Grade 3 + 4 (%) P Value*

2 24.3 (6.6) … 15.7 (5.4) …
3 40.0 (6.2) .025 33.0 (5.9) .006
4 78.7 (3.5) ,.001 70.5 (4.6) ,.001
5 91.3 (2.6) .001 90.7 (2.8) ,.001

Note.—Data in parentheses are standard errors.

* P value between consecutive PI-RADS scores.

Table 4

Probability of Cancer Detection for All Lesions and Clinically Important Lesions for Overall PI-RADS Scores between the PZ and TZ

PI-RADS Category

Gleason Grade 3 + 3 Gleason Grade 3 + 4

PZ (%) TZ (%) P Value* PZ (%) TZ (%) P Value*

2 38.1 (9.4) 3.6 (3.6) .001 23.8 (8.0) 3.6 (3.6) .021
3 51.1 (8.9) 32.9 (7.1) .078 37.8 (9.1) 30.0 (7.1) .478
4 81.9 (3.6) 66.1 (7.4) .039 72.0 (5.2) 64.5 (7.4) .378
5 94.3 (2.6) 87.7 (5.1) .273 93.2 (3.3) 87.7 (5.1) .388

Note.—Data in parentheses are standard errors.

* P value between PZ and TZ.
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51.1% (23 of 45) in the PZ versus 32.9% 
(23 of 70) in the TZ (P = .078). For 
PI-RADS category 4 lesions, the prob-
ability of cancer detection was 81.9% 
(199 of 243) in the PZ versus 66.1% 
(41 of 52) in the TZ (P = .039). For PI-
RADS category 5 lesions, the probabil-
ity of cancer detection was 94.3% (83 
of 88) in the PZ versus 87.7% (64 of 
73) in the TZ (P = .273). Only the dif-
ference for PI-RADS category 2 lesions 
was borderline significant for clinically 
important disease (23.8% in the PZ vs 
3.6% in the TZ, P = .021).

Role of PI-RADS 3 + 1 Lesions
The relative probability of cancer de-
tection for each PI-RADS score for PZ 
lesions rated PI-RADS category 3 at 
DW imaging and considered positive at 
DCE imaging (PI-RADS 3 + 1 lesions) 
is shown in Figure 3. The probability 
of cancer detection for PI-RADS 3 + 
1 lesions was 67.8% (59 of 87) for all 
lesions and 54.0% for clinically impor-
tant lesions; these probabilities were 
significantly higher than those for over-
all PI-RADS category 3 lesions (40.0% 
[46 of 115] vs 67.8% [47 of 87], P = 
.02) and lower than those for pure PI-
RADS category 4 lesions (67.8% [47 of 
87] vs 83.3% [184 of 221], P = .002).

Validation of the Dominant Sequence
The predictive value of DW imaging 
versus that of T2-weighted imaging in 
the PZ for observed and modeled values 
is depicted in Figure 4. In the PZ, both 
DW and T2-weighted models fit the 
data well (goodness-of-fit test, P = .600 
and P = 0.655, respectively). Higher 
probability of cancer detection for high-
likelihood disease and lower probability 
of cancer detection for low-likelihood 
disease were predicted with DW imag-
ing as compared with those values pre-
dicted with T2-weighted imaging. For 
DW imaging versus T2-weighted imag-
ing, the predicted probability of cancer 
detection was 95.9% versus 92.7% for 
PI-RADS category 5 lesions and 35.3% 
versus 49.2% for PI-RADS category 2 
lesions. The OR for DW imaging ver-
sus T2-weighted imaging for increas-
ing probability of cancer detection for 
each incremental score was 3.49 (95% 

versus 3.6% (one of 28) in the TZ (P = 
.001). For PI-RADS category 3 lesions, 
the probability of cancer detection was 

Table 4. For all lesions with a PI-RADS 
score of 2, the probability of cancer de-
tection in the PZ was 38.1% (16 of 42) 

Figure 4

Figure 4: Graph shows validation of the dominant parameter in the PZ. 
PI-RADS scores at DW and T2-weighted imaging in the PZ are shown with cor-
responding ORs and P value for goodness of fit. PI-RADS DW imaging scores 
showed a higher predictive value for high likelihood scores (PI-RADS category 4 
or 5) and a lower predictive value for low likelihood scores (PI-RADS category 2) 
versus PI-RADS T2-weighted scores (OR = 3.49 vs 2.35, P = .008).

Figure 3

Figure 3: Graph shows probability of cancer detection with standard error for each PI-RADS 
version 2 score. Each score showed an added benefit over the previous score (P , .05). DW 
imaging lesions with a PI-RADS score of 3 and DCE-positive lesions in the PZ (Gleason 3 + 1) 
represent a distinct risk population from all other PI-RADS category 4 or 3 lesions. ∗ = P , 
.05. CDR = cancer detection rate.
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lesions and for clinically important le-
sions. The OR was 2.0 (95% CI: 1.08, 
3.70; P = .027) for all lesions, indicating 
the odds of detecting cancer were two 
times higher when DCE was positive 
for any DW imaging score in the PZ. 
Figure 6 shows observed versus pre-
dicted probability of cancer detection, 
along with predicted probability of can-
cer detection 95% CIs for DW imaging 
scores with and without DCE positivity. 
The predicted model fit the data well, 
with the exception of PI-RADS category 
5 lesions at DW imaging, where only 
three lesions were detected (goodness-
of-fit test, P = .747). For clinically im-
portant lesions in the PZ, the overall fit 
of the model predicted with DW imag-
ing and DCE was appropriate (good-
ness-of-fit test, P = .356), with an OR 
of 2.45 (95% CI: 1.22, 4.91; P = .011) 
(Fig E3 [online]).

For all lesions in the TZ, Figure 7  
shows the observed versus predicted 
probability of cancer detection, along 
with predicted probability of cancer 
detection 95% CIs for T2-weighted 
scores with and without DCE positivity. 
Because of the small number of lesions 
detected in the majority of T2-weighted 
DCE scores in the TZ, observed prob-
ability of cancer detection exhibits 
large variability, which was not well ac-
counted for with the predicted model 
(goodness-of-fit test, P = .009). Nev-
ertheless, the effect of DCE positivity 
for T2-weighted imaging in the TZ was 
significant and almost identical for all 
lesions (OR, 2.8; 95% CI: 1.09, 7.16; 
P = .032) and for clinically important 
lesions (OR, 2.9; 95% CI: 1.14, 7.39; P 
= .026) (Fig E4 [online]).

Discussion

This study suggests PI-RADS version 2 
scores are effective in cancer detection 
in the PZ and TZ. Our results show sig-
nificant increases in the predictive value 
for each increment in PI-RADS score 
for all cancers and for clinically impor-
tant cancers (P , .05 for all scores). 
PI-RADS scores resulted in probability 
of cancer detection that was not statis-
tically different in the PZ and TZ prob-
ability of cancer detection for clinically 

Figure 5

Figure 5: Graph shows validation of the dominant parameter in the TZ. 
PI-RADS scores at DW and T2-weighted imaging in the TZ are shown with 
corresponding ORs and P value for goodness of fit. No clear separation in 
incremental prediction value of PI-RADS scores was seen (OR, 3.77 vs 4.79; P 
= .494). However, the observed versus predicted plot trended for a better fit for 
T2-weighted (goodness-of-fit test, P = .521) over DW (goodness-of-fit test, P = 
.102) imaging.

confidence interval [CI]: 2.34, 5.20) 
versus 2.35 (95% CI: 1.63, 3.40) (P = 
.008). Similar results were found for 
clinically important lesions, with an OR 
of 4.11 (95% CI: 2.81, 6.01) versus 2.43 
(95% CI: 1.77, 3.35) (P , .001) for 
DW imaging versus T2-weighted imaging 
(Fig E1 [online]). These results tend to 
validate the dominant pulse sequence 
paradigm in the PZ.

For the TZ, the difference between 
the performance of DW imaging and of 
T2-weighted imaging for all lesions was 
not significant (OR, 4.79 [95% CI: 2.79, 
8.19] vs 3.77 [95% CI: 2.61, 5.44] for 
DW imaging vs T2-weighted imaging; P 
= .494). However, the observed versus 
predicted probability of cancer detec-
tion plot for the TZ shown in Figure 5
trended for a good fit for T2-weighted 
imaging (goodness-of-fit test, P = .521), 
which was not observed at DW imaging 
(goodness-of-fit test, P = .102). Similar 
results were found for clinically impor-
tant lesions (OR, 4.99 [95% CI 2.86, 
8.72] vs 3.74 [95% CI: 2.61, 5.36] for 
DW imaging vs T2-weighted imaging; 

P = .437) and are shown in Figure E2 
(online). Thus, the value of the domi-
nant pulse sequence paradigm for the 
TZ was not convincingly demonstrated.

Benefit of DCE Sequence
Among the 654 detected lesions, 505 
(77.2%) were deemed positive at DCE 
imaging. For true-positive lesions (450 
of 654 [68.8%]), 83.6% (376 of 450) 
were positive at DCE imaging. For false-
positive lesions, 63.2% (129 of 204) 
were deemed positive at DCE imaging. 
Thus, if a lesion was scored as positive 
at DCE imaging, it had an OR of 2.95 
of being a true-positive finding (95% CI: 
2.02, 4.31; P , .001). The rate of DCE 
positivity for false-positive lesions was 
similar among all patients (63.2%) and 
in control patients (66.7%, 72 of 108).

The incremental benefit of DCE pos-
itivity at each PI-RADS score was eval-
uated with the OR obtained from the 
predicted model and with the predicted 
value for each DW imaging score. DCE 
positivity was an independent predictor 
for cancer detection in the PZ for all 
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important disease, except for PI-RADS 
category 2 lesions (23.8% vs 3.6%, P 
= .021). These data affirm the use of 
the dominant pulse sequence paradigm 
introduced in PI-RADS version 2 for 
PZ lesions, where the dominant pulse 
sequence is DW imaging. The domi-
nant pulse sequence paradigm could 
not be validated in the TZ, where T2-
weighted imaging is the dominant pulse 
sequence. These data also confirm the 
PI-RADS 3 + 1 strategy for using DCE 
positivity to boost a PI-RADS category 
3 score to a PI-RADS category 4 score 
in the PZ. However, these data also 
suggest that DCE yields a larger benefit 
across all PI-RADS scores by increasing 
the probability of cancer detection in 
the PZ at all scores. Again, this effect 
is seen in the TZ but is less convincing, 
and a positive DCE does not yield as 
much benefit as it does in a PZ lesion.

Logistic regression models enabled 
us to confirm that PI-RADS DW imaging 
scores enable more reliable prediction 
of cancer in the PZ than do T2-weight-
ed scores. The performance of DW 
imaging in the PZ enables us to con-
firm assumptions derived from previous 
research that show increased tumor-to-
PZ contrast at high b values (13), high-
er sensitivity of DW imaging in the PZ 
than in the TZ (14), prediction of ex-
traprostatic extension (15), and corre-
lation of apparent diffusion coefficient 
values and Gleason scores (6). Our re-
sults suggest the DW imaging PI-RADS 
score is reliable in suggesting cancer in 
the PZ when DW and T2-weighted im-
aging findings are interpreted together, 
as suggested in PI-RADS version 2. For 
the TZ, T2-weighted PI-RADS scores 
trended toward better performance but 
were essentially equivalent to those for 
DW imaging. This may be due to a high 
false-positive rate from DW imaging 
in the TZ from benign prostatic hyper-
plasia, which can be further evaluated 
on T2-weighted images. Conversely, 
marked restricted diffusion can draw 
a reader’s eye to an abnormality that 
would have been missed at T2-weighted 
imaging. Thus, one primary dominant 
pulse sequence may not be appropri-
ate for the TZ. Collectively, these re-
sults provide evidence for the dominant 

Figure 6

Figure 6: Graph shows incremental value of DCE in the PZ to DW imaging 
scoring for all lesions. Displayed are the observed cancer detection rate (CDR) 
for each PI-RADS DW imaging score in the PZ, with DCE negativity or positivity 
and PI-RADS DW imaging score as independent variables in the model-based 
prediction with 95% CI bars. Total number of lesions detected for a given PI-
RADS score is shown in red below each score. DCE positivity had an OR of 2.0 
(95% CI: 1.08, 3.70; P = .027) for cancer positivity.

Figure 7

Figure 7: Graph shows incremental value of DCE in the TZ to T2-weighted 
imaging for all lesions. Displayed are the observed cancer detection rate (CDR) 
for each PI-RADS T2-weighted imaging score in the TZ, with DCE negativity 
or positivity and PI-RADS T2-weighted scores as independent variables in the 
model-based prediction with 95% CI bars. Total number of lesions detected for 
a given PI-RADS score is shown in red below each score. DCE positivity had 
an OR of 2.8 (95% CI 1.09, 7.16; P = .032) for cancer positivity. However, the 
model is limited by fit to the observed values (P = .009).
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institutions in six different countries to 
represent a broad population of readers 
with varying experience. Although in-
terreader agreement was not a central 
theme of this study, we did account for 
interreader correlation in our general-
ized estimating equations model, and 
the results are indicative of how readers 
across a broad spectrum of experience 
would score a detected lesion.

In conclusion, this study affirms the 
value of the dominant pulse sequence 
paradigm put forth in PI-RADS version 
2, especially in the PZ, and clarifies that 
DCE MR imaging, whose role in PI-
RADS version 2 is controversial, adds 
significant benefit to PI-RADS category 
3 and 4 lesions in the PZ. Rather than 
suggesting DCE should be eliminated, 
these data suggest DCE should be ex-
panded to other PI-RADS scores to 
stratify risk more accurately.
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