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Purpose: To determine whether multiparametric magnetic reso-
nance (MR) imaging can help identify patients with pros-
tate cancer who would most appropriately be candidates 
for active surveillance (AS) according to current guide-
lines and to compare the results with those of conven-
tional clinical assessment scoring systems, including the 
D’Amico, Epstein, and Cancer of the Prostate Risk As-
sessment (CAPRA) systems, on the basis of findings at 
prostatectomy.

Materials and 
Methods:

This institutional review board–approved HIPAA-compli-
ant retrospectively designed study included 133 patients 
(mean age, 59.3 years) with a mean prostate-specific 
antigen level of 6.73 ng/mL (median, 4.39 ng/mL) who un-
derwent multiparametric MR imaging at 3.0 T before rad-
ical prostatectomy. Informed consent was obtained from 
all patients. Patients were then retrospectively classified 
as to whether they would have met AS eligibility criteria 
or were better served by surgery. AS eligibility criteria for 
prostatectomy specimens were a dominant tumor smaller 
than 0.5 mL without Gleason 4 or 5 patterns or extra-
capsular or seminal vesicle invasion. Conventional clini-
cal assessment scores (the D’Amico, Epstein, and CAPRA 
scoring systems) were compared with multiparametric 
MR imaging findings for predicting AS candidates. The 
level of significance of difference between scoring systems 
was determined by using the x2 test for categoric variables 
with the level of significance set at P , .05.

Results: Among 133 patients, 14 were eligible for AS on the basis 
of prostatectomy results. The sensitivity, positive predic-
tive value (PPV), and overall accuracy, respectively, were 
93%, 25%, and 70% for the D’Amico system, 64%, 45%, 
and 88% for the Epstein criteria, and 93%, 20%, and 
59% for the CAPRA scoring system for predicting AS can-
didates (P , .005 for all, x2 test), while multiparametric 
MR imaging had a sensitivity of 93%, a PPV of 57%, and 
an overall accuracy of 92% (P , .005).

Conclusion: Multiparametric MR imaging provides useful additional 
information to existing clinicopathologic scoring systems 
of prostate cancer and improves the assignment of treat-
ment (eg, AS or active treatment).
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One hundred forty-three patients (mean 
age, 59.4 years; median age, 59.0 years; 
range, 39–74 years) with a mean serum 
PSA level of 6.55 ng/mL (median, 4.7 
ng/mL; range, 0.9–48.9 ng/mL) were 
enrolled in the study between January 
2007 and August 2010. To be included 
in the study, patients had to have clin-
ical-pathologic parameters available for 
the assessment of AS eligibility on the 
basis of the Epstein criteria (endorsed 
by the National Comprehensive Can-
cer Network), the CAPRA system, and 
the D’Amico criteria. In addition, the  
patient had to have had undergone a 
preoperative multiparametric MR im-
aging examination (with at least three 
of four of the following available se-
quences: triplane T2-weighted MR 
imaging, diffusion-weighted [DW] MR 
imaging, MR spectroscopy, and dy-
namic contrast material–enhanced 
MR imaging) at 3.0 T, followed by 

promising results have been published 
by several groups, the accurate charac-
terization of disease extent remains a 
source of concern when committing a 
patient to AS. Moreover, the situation 
is confounded by a considerable rate 
of misclassification and inconsistency 
when current risk assessment schemes 
are utilized (12–16). A major concern is 
that results of random 12-core biopsies 
do not accurately reflect the aggressive-
ness of the disease. Indeed, even ex-
tended biopsy protocols can miss can-
cers with unfavorable features, leading 
to improper selection for AS (17).

Multiparametric magnetic reso-
nance (MR) imaging, including both 
anatomic and functional sequences, 
has been shown to be effective for the 
detection and local staging of prostate 
cancer (18); however, multiparametric 
MR imaging currently is not included in 
the decision-making algorithms or cri-
teria for AS. The purpose of this study 
was to determine whether multipara-
metric MR imaging can help identify 
patients who would most appropriately 
be candidates for AS according to cur-
rent guidelines and to compare the re-
sults with those of conventional clinical 
assessment scoring systems, including 
the D’Amico, Epstein, and Cancer of 
the Prostate Risk Assessment (CAPRA) 
systems, on the basis of findings at 
prostatectomy.

Materials and Methods

Study Design and Population
This retrospective single-institution 
study at National Cancer Institute, Na-
tional Institutes of Health (Bethesda, 
Md) was approved by the local institu-
tional review board and was compliant 
with the Health Insurance Portability 
and Accountability Act; informed con-
sent was obtained from each patient. 

Prostate cancer is the most com-
mon cancer among men in the 
Western world, with the highest 

incidence and the third highest mortal-
ity rate among malignancies (1). In the 
United States, the number of estimated 
new cases and deaths per year are 
241 740 and 28 170, respectively (2). 
Screening with prostate-specific antigen 
(PSA) levels has led to an increased in-
cidence of prostate cancer, but these 
“screening” cancers are generally small-
er and of lower grade and stage than 
clinically detected cancers, leading to 
fears of overtreatment (3,4). The aim 
of active surveillance (AS) is to avoid 
radical treatment unless disease pro-
gression occurs or the individual with 
prostate cancer decides to undergo 
treatment. AS has become an accept-
able mode of treatment, but concern 
remains that the patient’s tumor may 
actually be more aggressive than orig-
inally thought on the basis of increas-
ing PSA levels, inconsistencies between 
different scoring systems, and concerns 
about undersampling during random 
prostate biopsies (5–7). Increasingly, 
such patients are initially offered AS, 
but they often switch to active treat-
ment (AT) out of concerns that their 
disease is being underestimated (8–
10). Currently, several criteria are in 
use that incorporate clinical-pathologic 
criteria such as serum PSA levels, PSA 
density and kinetics, digital rectal ex-
amination findings, and the number 
of cancer-positive cores with Gleason 
scores (together with the percent-
age of cores) at biopsy (11). Although 

Implication for Patient Care

 n Multiparametric MR image evalu-
ation can be used in determining 
candidates for active surveillance 
versus active treatment for pros-
tate cancer.

Advance in Knowledge

 n On the basis of final histopatho-
logic outcomes, incorporation of 
multiparametric MR imaging into 
the D’Amico, Epstein, or Cancer 
of the Prostate Risk Assessment 
scoring systems would have dra-
matically reduced (by 85%, 75%, 
and 91%, respectively) the 
number of misclassifications by 
these systems in assigning 
patients with prostate cancer to 
active treatment or active 
surveillance.

Published online before print
10.1148/radiol.13121325 Content codes:  

Radiology 2013; 268:144–152

Abbreviations:
AS = active surveillance
AT = active treatment
CAPRA = Cancer of the Prostate Risk Assessment
DW = diffusion weighted
PPV = positive predictive value
PSA = prostate-specific antigen
RARP = robotic-assisted radical prostatectomy
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during, and after a single-dose injection 
of gadopentetate dimeglumine (Magn-
evist; Berlex, Wayne, NJ) administered 
at a dose of 0.1 mmol per kilogram of 
body weight through a peripheral vein 
at a rate of 3 mL/sec by using a me-
chanical injector (Spectris MR Injection 
System; Medrad). Sequence parame-
ters were defined in previous studies 
(18,19) (Table 2). Among 133 patients 
in the final study population, 50 under-
went multiparametric MR imaging with 
three pulse sequences (T2-weighted 
MR imaging, MR spectroscopy, and dy-
namic contrast-enhanced MR imaging) 
because DW MR imaging was not ap-
plied routinely at the time this cohort 
was imaged, while the remaining 83 
patients underwent multiparametric 
MR imaging with four pulse sequences 
(T2-weighted MR imaging, DW MR im-
aging, MR spectroscopy, and dynamic 
contrast-enhanced MR imaging).

(SENSE; Philips Medical Systems, Best, 
the Netherlands) with a 3.0-T magnet 
(Achieva; Philips Medical Systems), 
without prior bowel preparation. The 
endorectal coil was inserted by using 
a semianesthetic gel (xylocaine, Lido-
caine; AstraZeneca, Wilmington, Del) 
while the patient was in the left lateral 
decubitus position. The balloon sur-
rounding the coil was distended with 
3-mol/L perfluorocarbon (Fluorinert; 
3M, St Paul, Minn) to a volume of ap-
proximately 50 mL to reduce suscep-
tibility artifacts induced by air in the 
coil’s balloon. The MR imaging protocol 
included triplanar T2-weighted turbo 
spin-echo imaging, DW MR imaging, 
three-dimensional MR spectroscopy, 
axial precontrast T1-weighted MR im-
aging, and axial three-dimensional fast-
field-echo dynamic contrast-enhanced 
MR imaging. Axial dynamic contrast-
enhanced images were obtained before, 

robotic-assisted radical prostatectomy 
(RARP). Eight patients were excluded 
because their MR imaging studies could 
not be evaluated because of biopsy-
related residual hemorrhage; an addi-
tional two patients were excluded owing 
to insufficient clinical-pathologic data 
for the CAPRA criteria.

The final patient population con-
sisted of 133 patients (mean age, 59.3 
years; median, 59.0 years; range, 39–74 
years) with a mean PSA level of 6.73 ng/
mL (median, 4.39 ng/mL; range, 0.9–
48.9 ng/mL) (Fig 1). Clinical-pathologic 
features in the study population are pre-
sented in Table 1.

Multiparametric MR Imaging
All MR imaging examinations were 
performed by using a combination of 
an endorectal coil (BPX-30; Medrad, 
Pittsburgh, Pa) tuned to 127.8 MHz 
and a six- or 16-channel cardiac coil 

Figure 1

Figure 1: Flowchart of patient population.
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1.0 cm outlined on a single 3-mm slice 
was measured as 0.8 3 1.0 3 0.3 3 
0.52 = 0.124 cm3). Extracapsular exten-
sion and seminal vesicle invasion were 
assessed for each specimen.

For MR image analysis, two ex-
perienced genitourinary radiologists 
(B.T. and P.L.C., with 5 and 11 years 
of experience in prostate MR imaging, 
respectively) evaluated T2-weighted 
MR images, apparent diffusion coeffi-
cient maps from DW MR imaging, MR 
spectroscopic images, and dynamic 
contrast-enhanced MR images in con-
sensus. The reviewers were blinded to 
the clinical-pathologic findings (PSA 
levels, clinical stage findings, and biopsy 
findings) and to the histopathologic re-
sults. The dominant tumor for each 
patient was determined on the basis of 
its size. An imaging score was assigned 
to each lesion on the basis of its fea-
tures on images obtained with different 
pulse sequences at MR imaging, yield-
ing low, moderate, and high suspicion 
levels (Table 3). For multiparametric 
MR imaging analysis, on T2-weighted 
MR images and apparent diffusion co-
efficient maps from DW MR imaging, 
the criterion for a “visible” lesion was 
a well circumscribed, round-ellipsoid, 
low-signal-intensity region within the 
prostate gland (18,19). The analysis 
of three-dimensional MR spectroscopy 
images evaluated choline (Cho)/citrate 
(Cit) ratios within voxels in the biopsy 
core sites. The mean healthy Cho/Cit 

60 days (range, 3–180 days; median, 
48 days). In the first set of 60 patients, 
the specimens were sectioned manually 
from apex to base at 4-mm intervals 
after RARP. In the subsequent 73 pa-
tients, a customized MR imaging–based 
specimen mold system was used to slice 
the prostatectomy specimens. In that 
system, the specimen was fixed in for-
malin for 2–24 hours at room tempera-
ture and then was placed in the custom-
ized three-dimensional mold and sliced 
in axial 6-mm sections. In both tech-
niques, each slice was sequentially an-
notated by slice number and was then 
kept in fixative for a further period of 
24–48 hours, followed by paraffin em-
bedding, cutting, and mounting on a 
whole-mount glass slide. Whole-mount 
sections were 5 mm thick.

Data Analysis
The dominant tumor was outlined on 
each prostatectomy specimen by two 
experienced genitourinary patholo-
gists (H.M. and M.J.M., with 10 and 
25 years of experience, respectively) 
who were blinded to the MR imaging 
data. The criteria for the dominant le-
sion were that it was the largest and 
the most aggressive focus (on the basis 
of Gleason score) for that patient (20). 
The volume of each outlined tumor was 
measured by using the ellipsoid formula 
(length times width times height times 
0.52) in cubic centimeters (eg, a tumor 
with greatest axial dimensions of 0.8 3 

Histopathologic Examination
All patients underwent RARP under the 
direction of a single surgeon (P.A.P., 
with more than 10 years of experience 
in prostatectomy). The mean interval 
between MR imaging and RARP was 

Table 1

Clinical-pathologic Features in the 
Study Population (n = 133)

Feature Datum

Age (y)
 Mean 59.3
 Median 59.0
 Range 39–74
Serum PSA level (ng/mL)
 Mean 6.73
 Median 4.39
 Range 0.9–48.9
Clinical tumor stage* 
 T1c 96 (72)
 T2a 29 (22)
 T2b 8 (6)
Tumor Gleason score at biopsy* 
 3 + 3 54 (40.6)
 3 + 4 53 (39.8)
 4 + 3 9 (6.8)
 4 + 4 9 (6.8)
 4 + 5 4 (3.0)
 5 + 4 1 (0.8)
 5 + 5 1 (0.8)
 Not available 2 (1.5)

* Data are numbers of patients, with percentages in 
parentheses. Percentages may not add up to 100% 
because of rounding.

Table 2

Multiparametric MR Imaging Pulse Sequences

Sequence
Repetition Time  
(msec)/Echo Time (msec)

Field of  
View (mm) Pixel Size (mm) Matrix

Flip Angle(s)  
(degrees)

Section  
Thickness (mm) Imaging Time

T2-weighted sagittal 2925/120 140 0.27 3 0.27 304 3 234 90/100 3 1 Min 51 sec
T2-weighted axial 8869/120 140 0.27 3 0.27 304 3 234 90/180 3 5 Min 37 sec
T2-weighted coronal 2632/120 140 0.27 3 0.27 304 3 234 90/100 3 1 Min 40 sec
DW imaging 3709/52 140 1.02 3 1.02 112 3 108 90/180 2.73/0.27 4 Min 46 sec
3D MR spectroscopy 980/100 72 6 3 6 10 3 10 90/180 6 12 Min 51 sec
T1-weighted axial GRE 3.7/2.2 262 1.02 3 1.02 256 3 186 2 3 0.22 Sec
T1-weighted axial dynamic contrast enhanced 3.7/2.2 262 1.02 3 1.02 256 3 186 8.5 3 5 Min 12 sec
Axial THRIVE 5.3/2.6 440 1.5 3 1.5 280 3 199 10 5 0.57 Sec

Note.—DW imaging was performed in 83 patients (at DW imaging, five evenly spaced b values between 0 and 750 sec/mm2 were used). GRE = gradient echo, 3D = three-dimensional, THRIVE = T1 

high resolution isotropic volume examination.
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the patient, thereby helping determine 
if the patient may be more appropriately 
treated with AS or with AT. The pre-
diction of low risk suitable for AS was 
assigned first without MR imaging re-
sults and was then compared with MR 
imaging results. These results were com-
pared with the histopathologic determi-
nation of risk and suitability for AS.

density, clinical stage based on digital 
rectal examination findings, number of 
positive biopsy cores, percentage of pos-
itive biopsy cores, percentage of involve-
ment in positive biopsy cores) were used 
to assess eligibility for AS versus AT for 
the D’Amico, Epstein, and CAPRA crite-
ria (Table 4). The purpose of each clin-
ical scoring system is to assign risk to 

ratio was defined as 0.13 ± 0.081 on 
the basis of previously reported results 
in 433 healthy voxels from peripheral 
zone regions with negative biopsy re-
sults in 44 additional patients who were 
referred for prostate MR imaging and 
who had histologic confirmation. Vox-
els were considered abnormal when the 
Cho/Cit ratio was 3 or more standard 
deviations higher than the mean healthy 
Cho/Cit ratio (0.373) (18,19). Dynamic 
contrast-enhanced MR images were 
evaluated by direct visual interpretation 
of raw dynamic contrast-enhanced T1-
weighted images, where the diagnostic 
criterion for prostate cancer was a fo-
cus of early and intense enhancement 
with rapid washout compared with 
the background (18,19). One of the 
readers (B.T.) manually segmented the 
dominant tumor at a picture archiving 
and communication system (PACS) 
workstation (Carestream Health, Roch-
ester, NY). The tumor volume was 
automatically obtained from the PACS 
software after lesions were contoured 
on MR images. For segmenting the tu-
mors, T2-weighted MR images, appar-
ent diffusion coefficient maps from DW 
MR imaging, and dynamic contrast-en-
hanced MR images were used to deter-
mine tumor boundaries in combination, 
although the final regions of interest 
were superimposed on T2-weighted 
MR images.

The criteria used for AS eligibility 
regarding prostatectomy specimens 
were those previously defined by Duff-
ield et al (21) and included having a 
dominant tumor smaller than 0.5 mL 
without a Gleason 4 or 5 pattern or ex-
tracapsular or seminal vesicle invasion. 
Criteria for AS at multiparametric MR 
imaging were having a dominant tumor 
smaller than 0.5 mL without extracap-
sular extension or seminal vesicle inva-
sion and a low imaging score (positive 
findings only on T2-weighted MR im-
ages and/or DW MR images or only on 
MR spectroscopy images or only on dy-
namic contrast-enhanced MR images) 
(Table 4). Any patient whose tumor did 
not meet all of these criteria was con-
sidered to be ineligible for AS.

For each patient, clinical-patholog-
ic data (serum PSA level, serum PSA 

Table 3

Multiparametric MR Image Evaluation Score Chart

T2-weighted  
MR Imaging

Apparent Diffusion 
Coefficient Maps  
from DW MR Imaging MR Spectroscopy

Dynamic  
Contrast-enhanced  
MR Imaging

Multiparametric  
MR Imaging  
Suspicion Level

Negative Negative Negative Negative Negative
Positive Negative Negative Negative Low
Positive Positive Negative Negative Low
Negative Positive Negative Negative Low
Negative Negative Positive Negative Low
Negative Negative Negative Positive Low
Positive Negative Positive Negative Moderate
Positive Negative Negative Positive Moderate
Negative Positive Positive Negative Moderate
Negative Positive Negative Positive Moderate
Positive Positive Positive Negative Moderate
Positive Positive Negative Positive Moderate
Negative Negative Positive Positive Moderate
Positive Positive Positive Positive High

Note.—The criteria for positive and negative findings on each kind of MR image are described in the Data Analysis section of 
the text.

Table 4

AS Criteria for Clinical-pathologic, Multiparametric MR Imaging, and Whole-Mount 
Histopathologic Examination Approaches

Approach Criteria for AS Eligibility

D’Amico scoring system Serum PSA level  10 ng/mL, clinical stage T2a or lower, no Gleason 
pattern 4 or 5 at biopsy

Epstein criteria Serum PSA density , 0.15 ng/mL, clinical stage T1c, no Gleason pattern 4 
or 5 at biopsy, fewer than three positive cores at biopsy, ,50% cancer 
involvement per core

CAPRA scoring system Patient age, serum PSA level at diagnosis, primary and secondary 
Gleason patterns at biopsy, clinical (T) stage, and percentage of cancer 
involvement at biopsy*

Multiparametric MR imaging  
scoring system

Dominant tumor volume , 0.5 mL, low suspicion score at multipara-
metric MR imaging, no extracapsular extension, no seminal vesicle 
invasion

Whole-mount histopathologic  
examination system

Dominant tumor volume , 0.5 mL, no Gleason 4 or 5 pattern, no extra-
capsular extension, no seminal vesicle invasion

* A CAPRA score of 0–2 indicates low risk (http://urology.ucsf.edu/patientGuides/uroOncPt_Assess.html#capra).
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for AT). Among the 39 misclassified 
AT candidates, eight were classified as 
AS candidates because their disease 
had a clinical stage of T2a, according 
to the D’Amico scoring system. The re-
mainder of misclassifications of the AT 
candidates were secondary to unders-
ampling or underscoring at biopsy. One 
AS candidate who was misclassified as 
an AT candidate had a serum PSA level 
of 14.6 ng/mL; however, the prostate 
volume in this patient at MR imaging 
was 153 mL, resulting in a PSA density 
of 0.11 ng/mL (,0.15 ng/mL). The el-
evated PSA in this patient could there-
fore be explained by prostatic hyper-
plasia, and multiparametric MR image 
evaluation resulted in correctly classify-
ing him as an AS candidate. Incorpora-
tion of multiparametric MR image eval-
uation into the D’Amico scoring system 
would have corrected the classification 
of 34 (85%) of these 40 misclassified 
patients (n = 1 eligible for AS, n = 33 
eligible for AT) (Table E5 [online]).

With the Epstein criteria, 16 of 133 
patients were misclassified (n = 5 eligi-
ble for AS; n = 11 eligible for AT). The 
misclassification of all misclassified AT 
candidates was due to undersampling 
or underscoring at biopsy, whereas the 
misclassification of AS candidates for 
AT was due to high serum PSA den-
sity and overstaging in two and three 
patients, respectively. Incorporation of 
multiparametric MR image evaluation 
into the Epstein criteria corrected mis-
classification in 12 (75%) of these 16 
patients (n = 4 eligible for AS, n = 8 
eligible for AT) (Table E6 [online]).

With the CAPRA scoring system, 
54 of 133 patients were misclassified 

and negative predictive value of mul-
tiparametric MR imaging for seminal 
vesicle invasion were 67% (four of six), 
100% (127 of 127), 100% (four of four), 
and 98% (127 of 129), respectively.

On the basis of histopathologic cri-
teria, 14 of 133 patients were found to 
meet established criteria for AS. The 
sensitivity, PPV, and overall accuracy of 
the D’Amico scoring system for predict-
ing AS candidates were 93% (13 of 14), 
25% (13 of 52), and 70% (93 of 133) 
(P , .0001), respectively (Table E1 [on-
line]). The sensitivity, PPV, and overall 
accuracy of the Epstein criteria for pre-
dicting AS candidates were 64% (nine 
of 14), 45% (nine of 20), and 88% (117 
of 133) (P , .0001), respectively (Table 
E2 [online]). The sensitivity, PPV, and 
overall accuracy of the CAPRA scoring 
system for predicting AS candidates 
were 93% (13 of 14), 20% (13 of 66), 
and 59% (79 of 133) (P = .001), respec-
tively (Table E3 [online]). The sensitiv-
ity, PPV, and overall accuracy of multi-
parametric MR imaging for predicting 
AS candidates were 93% (13 of 14), 
57% (13 of 23), and 92% (122 of 133) 
(P , .0001), respectively (Table E4 [on-
line]). Multiparametric MR image eval-
uation led to the misclassification of 11 
of 133 patients (n = 1 eligible for AS; n 
= 10 eligible for AT). The PPVs of the 
D’Amico scoring system, the Epstein 
criteria, the CAPRA score, and multi-
parametric MR imaging for predicting 
AT candidates were 99% (80 of 81), 
96% (108 of 113), 99% (66 of 67), and 
99% (109 of 110), respectively (Fig 2).

With the D’Amico scoring system, 
40 of 133 patients were misclassified 
(n = 1 eligible for AS; n = 39 eligible 

Statistical Analysis
A bivariate analysis (x2 test or Fisher 
exact test) was used to determine 
whether there was a correlation be-
tween the MR imaging scoring system 
and the D’Amico, Epstein, and CAPRA 
scoring systems. The level of statistical 
significance in this study was set at P , 
.05. All analyses were performed with 
statistical software (SPSS, version 16.0; 
SPSS, Chicago, Ill).

Results

At histopathologic examination, a total 
of 133 dominant lesions were identified 
in 133 patients (16 Gleason 3 + 3 le-
sions, 72 Gleason 3 + 4 lesions, four 
Gleason 3 + 5 lesions, six Gleason 4 + 
3 lesions, 17 Gleason 4 + 4 lesions, 16 
Gleason 4 + 5 lesions, and two Gleason 
5 + 4 lesions). Extracapsular extension 
and seminal vesicle invasion were pre-
sent in 46 and six patients, respectively.

Multiparametric MR imaging de-
picted 126 of 133 dominant lesions. 
In seven patients, multiparametric MR 
imaging did not depict any lesion, and 
histopathologic evaluation in these pa-
tients demonstrated Gleason 3 + 3 
tumor in five patients (tumor volume 
range, 0.004–0.42 mL), Gleason 4 + 3 
tumor in one patient (tumor volume, 
0.13 mL), and Gleason 4 + 5 tumor in 
one patient (tumor volume, 0.98 mL). 
The sensitivity, specificity, positive pre-
dictive value (PPV), and negative pre-
dictive value of multiparametric MR im-
aging for extracapsular extension were 
76% (35 of 46), 95% (83 of 87), 90% 
(35 of 39), and 88% (83 of 94), respec-
tively. The sensitivity, specificity, PPV, 

Figure 2

Figure 2: Array shows results of AT (yellow) and AS (orange) decision making by using pathologic examination results (at the top row as the reference standard), 
multiparametric (MP) MR imaging, the Epstein criteria, the D’Amico system, and the CAPRA approach. Each patient is represented by a column of the array.
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an overall accuracy of 88% in stratifying 
AS versus AT in our prostate cancer co-
hort, the criteria are inherently limited 
because of the undersampling of ran-
dom biopsies, while incorporation of 
multiparametric MR imaging into the 
Epstein criteria improved the ability to 
stratify patients.

The CAPRA scoring system had a 
misclassification rate of 41%, which 
was mostly due to underestimation of 
disease. Behbahani et al (15) analyzed 
pathologic results in patients eligible for 
AS (on the basis of the CAPRA score) 
after radical prostatectomy in 125 pa-
tients and reported pathologic T2c can-
cer in 25.6% of the patients, whereas 
the Gleason score upgrade was 34.4% 
in that cohort. In our cohort, the CAP-
RA score system had a sensitivity of 
55% for stratification of patients to AT; 
however, the incorporation of multipa-
rametric MR imaging into the CAPRA 
system improved the sensitivity to 92% 
for AT stratification.

There are a limited number of 
studies incorporating MR imaging into 
clinical-pathologic decision algorithms. 
Guzzo et al (25) evaluated the ability 
of T2-weighted MR imaging findings to 
help predict adverse pathologic features 
in patients qualifying for AS on the basis 
of Epstein criteria and concluded that 
tumor identification at T2-weighted MR 
imaging was not predictive of adverse 
pathologic features in patients undergo-
ing AS. However, this study did not in-
clude multiparametric MR imaging. Re-
cently, Shukla-Dave et al (16) reported 
results of a newly designed nomogram 
that incorporates T2-weighted MR imag-
ing and MR spectroscopy findings in 181 
patients and concluded that the model 
nomogram improved the predictive ac-
curacy for clinically unimportant pros-
tate cancer, with areas under the curve 
that increased from 0.56 to 0.77 (P , 
.001). Although the exact multiparamet-
ric MR imaging techniques and analytic 
methods used in our study are different 
from these published results, our find-
ings also support the incorporation of 
multiparametric MR imaging findings 
into clinical-pathologic nomograms.

In this retrospective analysis, we 
found that MR imaging failed to depict 

prostatectomy after a delay of 6 months 
in patients who met D’Amico criteria 
for AS. Our work indicates that mul-
tiparametric MR image evaluation can 
assist the D’Amico scoring system in 
improving patient stratification for AS 
versus AT, as incorporation of multipa-
rametric MR image evaluation was able 
to correct 87% of misclassifications.

The Epstein criteria, endorsed by 
the National Comprehensive Cancer 
Network guidelines, performed bet-
ter in our study than the D’Amico and 
CAPRA scoring systems, with a mis-
classification rate of only 12%. This was 
most likely because of the strict nature 
of the Epstein criteria for AS compared 
with the other two scoring systems. Su-
ardi et al (24) tested the ability of the 
Epstein criteria to help identify patients 
with low-risk prostate cancer suitable 
for AS and to correctly exclude unfa-
vorable histopathologic features in a 
cohort of 874 patients. They reported 
ultimate unfavorable histopathologic 
findings in 3.3%–7.1% of patients who 
would have been eligible for AS on the 
basis of Epstein criteria. Lee et al (13) 
determined the performance of the Ep-
stein criteria for predicting pathologic 
end points in men with early-stage 
prostate cancer treated with surgery. 
They reported that the Epstein criteria 
were able to help characterize insignif-
icant disease in 34% of patients and 
concluded that the Epstein criteria can 
predict a high likelihood of organ-con-
fined disease but not biologically indo-
lent disease. Hekal et al (14) validated 
the Epstein criteria in a cohort of 35 
patients and identified a Gleason score 
of greater than 6 and tumor Gleason 
score upgrading in 46% and 40% of pa-
tients, respectively, at final histopatho-
logic examination. Recently, Tosoian et 
al (10) reported follow-up results in pa-
tients undergoing AS on the basis of the 
Epstein criteria. The median follow-up 
was 6.5 years, and the percentages of 
men remaining free of intervention af-
ter 2, 5, and 10 years of follow-up were 
81%, 59%, and 41%, respectively. They 
emphasized the importance of limiting 
AS to patients with very low risk to re-
duce the adverse outcome frequency. 
Although the Epstein criteria achieved 

(n = 1 eligible for AS; n = 53 eligible 
for AT). Misclassification in all 53 mis-
classified AT candidates was due to un-
dersampling or underscoring at biopsy, 
whereas one AS candidate misclassified 
for AT had an enlarged prostate gland 
measuring 153 mL with a serum PSA 
level of 14.6 ng/mL. Incorporation of 
multiparametric MR image evaluation 
into the CAPRA scoring system cor-
rected misclassification in 49 (91%) 
of these 54 patients (n = 1 eligible for 
AS, n = 48 eligible for AT) (Table E7 
[online]).

Discussion

Accurate stratification of patients into 
AS or AT for prostate cancer manage-
ment is critical to successful implemen-
tation of an AS program and to reduce 
the morbidity associated with whole-
gland therapies. Most conversions of AS 
to AT occur 1–2 years after the original 
assignment and are usually the result of 
misclassification due to undersampled 
and/or underscored clinicopathologic 
results (21). Our results suggest that 
multiparametric MR image evaluation 
can improve the identification of AS-
eligible patients with prostate cancer 
compared with commonly used clinical-
pathologic criteria. Moreover, when 
MR imaging was used in conjunction 
with clinical-pathologic criteria–based 
systems, it greatly improved the sensi-
tivity and accuracy of each system.

Three clinical-pathologic criteria 
systems are in wide use. Among these, 
the D’Amico scoring system led to mis-
classification of 30% of our cohort, and 
this mainly included underestimation of 
the disease. Suardi et al (12) studied 
the D’Amico scoring system in a cohort 
of 2345 patients and reported a mis-
classification rate of 14%. They pointed 
out the importance of more selective 
criteria for AS. Rice et al (22) con-
ducted a trial in 770 patients, 324 of 
whom were undergoing AS on the basis 
of the D’Amico criteria. Patients were 
followed up for up to 6.4 years. The 
poorest overall survival was for patients 
undergoing AS without any treatment. 
Recently, O’Brien et al (23) report-
ed less favorable outcomes following 
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