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Purpose: To determine the diagnostic yield of in-bore 3-T mag-
netic resonance (MR) imaging–guided prostate biopsy 
and stratify performance according to Prostate Imaging 
Reporting and Data System (PI-RADS) versions 1 and 2.

Materials and 
Methods:

This study was HIPAA compliant and institution review 
board approved. In-bore 3-T MR-guided prostate biopsy 
was performed in 134 targets in 106 men who (a) had 
not previously undergone prostate biopsy, (b) had prior 
negative biopsy findings with increased prostate-specific 
antigen (PSA) level, or (c) had a prior history of prostate 
cancer with increasing PSA level. Clinical, diagnostic 3-T 
MR imaging was performed with in-bore guided prostate 
biopsy, and pathology data were collected. The diagnostic 
yields of MR-guided biopsy per patient and target were 
analyzed, and differences between biopsy targets with 
negative and positive findings were determined. Results of 
logistic regression and areas under the curve were com-
pared between PI-RADS versions 1 and 2.

Results: Prostate cancer was detected in 63 of 106 patients 
(59.4%) and in 72 of 134 targets (53.7%) with 3-T MR 
imaging. Forty-nine of 72 targets (68.0%) had clinically 
significant cancer (Gleason score  7). One complication 
occurred (urosepsis, 0.9%). Patients who had positive tar-
get findings had lower apparent diffusion coefficient values  
(875 3 1026 mm2/sec vs 1111 3 1026 mm2/sec, respectively; 
P , .01), smaller prostate volume (47.2 cm3 vs 75.4 cm3, 
respectively; P , .01), higher PSA density (0.16 vs 0.10, 
respectively; P , .01), and higher proportion of PI-RADS  
version 2 category 3–5 scores when compared with patients 
with negative target findings. MR targets with PI-RADS  
version 2 category 2, 3, 4, and 5 scores had a positive 
diagnostic yield of three of 23 (13.0%), six of 31 (19.4%), 
39 of 50 (78.0%), and 24 of 29 (82.8%) targets, respec-
tively. No differences were detected in areas under the 
curve for PI-RADS version 2 versus 1.

Conclusion: In-bore 3-T MR-guided biopsy is safe and effective for 
prostate cancer diagnosis when stratified according to  
PI-RADS versions 1 and 2.
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of informed consent by the institutional 
review board, owing to the retrospective 
nature. This was a retrospective study of 
a cohort of 119 consecutive patients who 
were suspected of having PCa and under-
went 3-T multiparameteric MR imaging 
and 3-T in-bore MR-guided transrectal 
biopsy between May 2013 and December 
2016. Men who underwent systemic tran-
srectal US-guided biopsy concurrently 
with MR-guided biopsy were excluded 
from the study (n = 13), and the remain-
ing 106 men were included. Indications 
for MR-guided biopsy included patients 
with increased PSA level without prior 
biopsy, patients with increased PSA level 
with prior transrectal US-guided biopsy, 
and patients with a prior diagnosis of 
PCa at transrectal US-guided biopsy. 
The sample size was determined by the 
number of procedures referred to the 
Cross Sectional Interventional Radiology 
service at the University of California, 
Los Angeles, during this period.

Diagnostic MR Imaging
All men in this cohort underwent preop-
erative 3-T multiparametric MR imaging  

with a variety of methods (cognitive fu-
sion, MR-US fusion, and direct in-bore 
MR-guided biopsy), compared with 
standard template-based transrectal  
US-guided biopsy (6).

Concurrent with the emergence of 
MR-targeted biopsy was the introduc-
tion of the Prostate Imaging Reporting 
and Data System (PI-RADS), an expert 
consensus document sponsored by the 
European Society of Urogenital Radiology 
and the American College of Radiology. 
PI-RADS provides a standardized lexi-
con for interpretation of multiparamet-
ric prostate MR images and stratifies 
the malignant potential of individual le-
sions detected on multiparametric pros-
tate MR images. The initial version of 
PI-RADS (version 1) was published in 
2012, and an update (version 2) was 
published in December 2014 (7). In the 
diagnostic algorithm in PI-RADS version 
2, lesions on MR images are stratified 
into one or more of 39 segments accord-
ing to location (peripheral or transition 
zone). With PI-RADS version 2, assess-
ment of DCE imaging is also simplified, 
and the criteria for category 3 lesions 
are clarified. Although the value of  
PI-RADS version 1 for diagnostic yield 
in the setting of MR-guided biopsy has 
been reported, the diagnostic perfor-
mance of PI-RADS version 2 compared 
with version 1 in the setting of 3-T in-
bore MR-guided prostate biopsy in the 
United States has not been reported, 
to our knowledge. The objective of the 
study was to determine the diagnostic 
yield of 3-T in-bore MR-guided prostate 
biopsy and stratify performance accord-
ing to PI-RADS versions 1 and 2.

Materials and Methods

Patient Selection
This study complied with the 1996 Health 
Information Portability and Accountabil-
ity Act and was performed with waiver 
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Abbreviations:
ADC = apparent diffusion coefficient
AUC = area under the curve
DCE = dynamic contrast material enhancement
DWI = diffusion-weighted imaging
GS = Gleason score
IQR = interquartile range
PCa = prostate cancer
PI-RADS = Prostate Imaging Reporting and Data System
PSA = prostate-specific antigen
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Advances in Knowledge

nn With 3-T in-bore MR-guided 
biopsy, prostate cancer (PCa) 
was diagnosed in 59.4% (63 of 
106) of all patients and 53.7% 
(72 of 134) of targets biopsied, 
68.0% (49 of 72 targets) of 
which were clinically significant 
PCa (Gleason score  7).

nn MR-guided biopsy was used to 
detect clinically significant PCa in 
47.8% of patients (11 of 23) with 
no prior transrectal US-guided 
biopsy, 38.2% of patients (13 of 
34) with prior negative biopsy 
findings, and 42.8% of patients (21 
of 49) with prior PCa diagnosis.

nn The areas under the curve for 
positive MR-guided biopsy tar-
gets for Prostate Imaging Report-
ing and Data System (PI-RADS) 
versions 2 and 1 were 0.82 and 
0.81 (P = .87), respectively.

nn By using PI-RADS version 2 cate-
gories 3–5 as a cutoff threshold, 
the sensitivity, specificity, posi-
tive predictive value, negative 
predictive value, and accuracy for 
diagnosis of PCa in all patients 
with MR-guided biopsy targets 
were 95.8%, 33.8%, 62.7%, 
87.5%, and 67.2%, respectively.

Implication for Patient Care

nn PI-RADS version 2 categories can 
be used effectively to risk-stratify 
men who would benefit from 
MR-guided biopsy.

Prostate cancer (PCa) is the second 
leading cause of cancer death of 
men in the United States (1). For 

patients with high clinical suspicion for 
PCa (abnormal digital rectal examination  
findings and/or increased prostate-
specific antigen [PSA] level), the stan-
dard of care for the diagnosis of PCa 
is systematic transrectal ultrasonogra-
phy (US)–guided biopsy (2). Multipa-
rametric prostate magnetic resonance 
(MR) imaging by using T2-weighted 
imaging, diffusion-weighted imaging 
(DWI), and dynamic contrast mate-
rial enhancement (DCE) (3) has been 
shown to improve detection, localiza-
tion, and staging of PCa (4,5). Over the 
past decade, the use of multiparamet-
ric prostate MR imaging guidance for 
biopsy targeting of lesions suspicious 
for PCa enabled significantly increased 
PCa detection rates when performed 
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(metronidazole, 500 mg, Aventis Phar-
ma, Bridgewater, NJ; ceftriaxone, 
1000 mg, Roche Laboratories, India-
napolis, Ind), along with conscious 
sedation (midazolam, 1–2 mg, Roche 
Laboratories; and fentanyl, 50–100 mg,  
Hospira, Lake Forest, Ill) at the time 
of the procedure.

Each patient underwent a local-
izing MR acquisition with a phased-
array coil, consisting of axial and 
coronal turbo spin-echo T2-weighted 
imaging and echo-planar DWI (Table 
1). The T2-weighted and DWI data 
were sent electronically to the Dy-
naCAD (InVivo) workstation for bi-
opsy planning on the DynaTRIM 
system (InVivo). The DynaCAD soft-
ware (InVivo) calculated coordinates 
of the region of interest identified on 
T2-weighted images by the interven-
tionalist. The prior multiparametric 
MR images were available on our 
picture archiving and communica-
tion system (Centricity; GE Medical 
Systems, Milwaukee, Wis) for com-
parison with onsite MR images dur-
ing the biopsy. After obtaining the 
coordinates for each target, the Dy-
naTRIM device (InVivo) with needle 
guide was adjusted accordingly with 
manual adjustment when necessary, 
and confirmatory oblique axial and 
coronal T2-weighted turbo spin-echo 
images were obtained (Fig 1e). An 
MR-compatible 18-gauge spring-load-
ed core biopsy device with a 2-cm 
throw (TSK Laboratory, Tochigi-Ken, 
Japan; or InVivo, Schwerin, Germa-
ny) of either 15- or 17-cm length was 
used to obtain each individual core 

on DWI images, T2-weighted images, 
and DCE images according to PI-RADS 
versions 1 (9) and 2 (8). See Figure 
1 for a representative transition zone 
and Figure 2 for pre–MR-guided bi-
opsy planning.

MR-guided In-Bore Targeted Biopsy
MR-guided biopsy was performed with 
3.0-T MR imaging systems (Magnetom 
Trio; Siemens Medical Systems). Men 
were given oral ciprofloxacin (500 mg 
twice daily) for 3 days prior to bi-
opsy. They were instructed to ingest 
a clear liquid diet on the day prior to 
biopsy and underwent an enema (Fleet 
Laboratory, Lynchburg, Va) on the 
morning of biopsy to empty the rec-
tum. The biopsies were performed by 
one of two interventionalists (S.S.R., 
D.S.K.L.) who had 15 and 20 years 
of experience, respectively, with im-
age-guided procedures. The biopsy 
targets were based on targets identi-
fied on preprocedural diagnostic MR 
images and corresponding clinical re-
ports. The interventionalists reviewed 
prior MR images and confirmed the 
target(s) on the intraprocedural MR 
images. The interventionalists were not 
blinded to prior transrectal US-guided 
biopsy results because the biopsies 
were performed as part of a clinical 
procedure. After providing informed 
consent, each patient was placed in 
the prone position, and the plastic nee-
dle guide was inserted into the rectum 
and attached to the DynaTRIM needle 
guide (InVivo) by an interventionalist 
(Fig 1e). Each patient received intrave-
nous antibiotics during the procedure 

with a 3-T system (Magnetom Trio, 
Skyra, or Verio system; Siemens Med-
ical Systems, Malvern, Pa) by using 
similar protocols (Table 1) with pelvic 
external phased-array coils. The anti-
peristaltic agent glucagon (1 mg; Lilly, 
Indianapolis, Ind) was given intramus-
cularly to reduce bowel peristalsis. 
The DCE protocol involved injection of 
0.1 mg of gadopentetate dimeglumine 
(Magnevist; Bayer, Wayne, NJ) per 
kilogram of body weight administered 
at 2 mL/sec at the second acquisition 
for baseline calculation. The data were 
then transferred to a separate work-
station (DynaCAD; InVivo, Gainesville, 
Fla) for processing of the DWI and 
DCE images for image interpretation.

MR Image Interpretation of Regions of 
Interest
Each 3-T MR study was interpreted by 
an abdominal imaging fellow and one of 
two board-certified abdominal imaging 
subspecialized radiologists (D.J.A.M. 
and S.S.R., with 10 and 16 years of 
experience in prostate MR imaging, 
respectively). Each abdominal imaging 
expert interpreted the study by review-
ing T2-weighted images, T1-weighted 
images, DWI images obtained with high 
b values (b = 1400 sec/mm2) (Fig 1b),  
ADC maps, and DCE images. Individ-
ual lesions were identified and localized 
within the prostate and scored from 1 
to 5 according to PI-RADS category 
(8). By definition, a category 1 lesion 
is normal, whereas a category 5 lesion 
is highly suspicious for PCa. The indi-
vidual and overall PI-RADS categories 
were determined by the appearance 

Table 1

MR Imaging Protocol

Sequence
Repetition  
Time (msec)

Echo Time 
(msec)

Acquisition  
Time

Flip Angle  
(degrees)

Section 
Thickness (mm)

Field of View 
(mm) Matrix Size

No. of Signals 
Acquired

b Value  
(sec/mm2)

Temporal 
Resolution (sec)

Three-dimensional 
T2-weighted turbo 
spin-echo

2200 202 4 min  
  10 sec

110 1.5 210 3 210 225 3 230 2 … …

Echo-planar DWI 4600 99 5 min  
  50 sec

Echo-planar  
  imaging

3.6 210 3 260 160 3 94 8 0, 100, 800,  
  1400

…

Three-dimensional  
  DCE

4.23 1.46 6 min 12° 3.6 260 3 260 259 3 192 1  ... 4.75
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practice. The lesions were catego-
rized by zone: peripheral or transi-
tion zone. PSA density was defined as 
PSA level divided by prostate volume 
on MR images. Clinically significant 
PCa was defined as GS of at least 
7 (3+4). In patients with prior bi-
opsy, GS change was compared from 
transrectal US-guided biopsy to sub-
sequent MR-guided biopsy. GS down-
grading was defined as a decrease in 
GS; upgrading was defined as an in-
crease in GS; no change in GS from 
transrectal US-guided biopsy com-
pared with MR-guided biopsy was 

imaging information [lesion diameter 
on MR images, ADC, prostate vol-
ume, prostate zone, PI-RADS cate-
gory, radiologist]), in-bore MR-guided 
biopsy information (zone, number of 
cores obtained, complications), and 
pathology reference standard data 
(number of cores with positive find-
ings, percentage of cores with posi-
tive findings, GS) were collected from 
the electronic medical records. The 
pathologist did have access to clinical 
information (PSA level, prior biopsy 
results, etc) at the time of pathology 
review as part of clinical standard 

biopsy sample. An oblique axial, coro-
nal, and sagittal turbo spin-echo T2-
weighted MR image was obtained to 
confirm needle position. The number 
of biopsy passes was determined by 
the interventionalist. Typically, three 
to four passes were conducted per 
target to ensure the accuracy of the 
specimen.

Patient Data
Clinical information (indication for 
biopsy, prior transrectal US-guided 
biopsy Gleason score [GS], age, PSA 
level, preprocedural diagnostic MR 

Figure 1

Figure 1:  Multiparametric 3-T MR imaging was performed in a 73-year-old man with a history of prior biopsy-proven PCa. (a) Axial T2-weighted MR image and 
(c) apparent diffusion coefficient (ADC) map show a lesion (arrow) in the anterior transition zone with a longest diameter of about 1.7 cm, which is irregular, and 
uniform hypointensity on the T2-weighted image (a). (b) DWI image and ADC map (c) show focal high and low signal intensity, respectively, at 700 3 1026 mm2/sec.  
(d) Enhancement curve shows early and intense enhancement with immediate washout. PI-RADS assessment category is 5. (e) Photograph illustrates that for 
in-bore biopsy, the patient was placed in the prone position. The DynaTRIM system (InVivo) includes the foam base pad, the clamp stand, and the three adjustable 
blue screws (arrowheads) for biopsy needle positioning during biopsy planning. The biopsy gun was inserted (arrow).
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subsequent area under the curve (AUC) 
were calculated for PI-RADS version 1 
and 2 and individual readers by using 
positive MR-guided biopsy results as 
the outcome variable. The sensitivity, 
specificity, positive predictive value, 
negative predictive value, and accuracy 
for PCa at MR-guided biopsy by us-
ing PI-RADS version 2 categories 3–5 
as a cutoff threshold were calculated. 
Categories 3–5 were used as the cutoff 
threshold on the basis of exploratory 
results that demonstrated a high rate 
of positive biopsy findings. The per-pa-
tient PCa diagnostic yield stratified ac-
cording to clinical indication was deter-
mined, along with per-target detection 
of PCa stratified according to PI-RADS 
version 2 category. We did not have in-
determinate pathology results. We had 
no missing information for the data 
presented in this study. All statistical 
analyses were performed by using Stata 

considered concordant. Two radiolo-
gists (D.J.A.M., S.S.R.) with 10 and 
16 years of experience in reviewing 
prostate MR images, respectively, re-
viewed the preprocedural diagnostic 
MR images and provided PI-RADS 
version 2 category.

Statistical Analysis
For continuous variables, we reported 
the median and interquartile range 
(IQR). Differences in clinical parame-
ters (PSA level, PSA density) and MR 
imaging parameters (prostate volume, 
ADC, zone, PI-RADS version 2 cate-
gory) between positive and negative 
MR-guided biopsy findings were deter-
mined. Differences in categorical var-
iables were evaluated by using Fisher 
and x2 tests, and medians of continu-
ous variables were calculated by us-
ing a nonparametric Mann-Whitney 
U test. Linear logistic regression and 

Figure 2

Figure 2:  DynaCAD workstation (InVivo) images show that the workstation 
is capable of offering visualization of the tumor during biopsy planning. (a) The 
lesion is localized (arrow) on an axial T2-weighted image. (b) The software 
provides target coordinates, which are adjusted on the dial (arrowheads). (c) 
Target confirmation (arrow) is shown.

version 12.1 software (StataCorp, Col-
lege Station, Tex). A P value less than 
.05 was considered to indicate a signif-
icant difference. We did not correct for 
multitesting because planned compari-
sons were used.

Results

Patient Population
One hundred six patients included in 
the study cohort underwent 134 in-
bore 3-T MR-targeted biopsies. The 
median patient age and PSA level were 
66.5 years (range, 43–79 years) and 
7.9 ng/mL (7.9 mg/L) (IQR, 5.6–10.6), 
respectively. The median MR target di-
ameter was 1.3 cm (IQR, 0.9–1.7 cm). 
Overall, 3-T MR-guided biopsy enabled 
a PCa diagnosis in 63 of 106 patients 
(59.4%) and 72 of 134 (53.7%) 3-T 
MR-derived targets biopsied. Clinically 
significant PCa (GS  7) was present 
in 49 of 72 (68.0%) targets with pos-
itive findings. The median number of 
18-gauge biopsy cores obtained was 
five (IQR, 5–7), and the median per-
centage of cores with positive find-
ings was 80.0% (IQR, 52.7%–100%). 
Most 3-T multiparametric prostate MR 
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significantly more likely to have smaller 
prostate volumes, higher PSA density, 
and higher PI-RADS version 2 MR 
target category when compared with 
those with negative MR-guided biopsy 
findings. The diagnostic performance of  
PI-RADS version 2 was higher in the tran-
sition zone than in the peripheral zone. 
A complication rate of 0.9% was ob-
served. Overall, our study supports the 
safety and effectiveness of 3-T in-bore 
MR-guided prostate biopsy; PI-RADS  
version 2 enabled risk stratification in 
patients with positive findings.

The use of in-bore 3-T MR-guided 
biopsy yielded a high PCa diagnostic 
rate overall (59.4%) and for clinically 
significant PCa (68.0%), which is sim-
ilar to the rates of 53.1% and 85.3%, 
respectively, reported previously in a 
smaller cohort by Quentin et al (10). 
When template transrectal US-guided 
biopsy was added to 3-T in-bore MR-
guided biopsy, Quentin et al reported 
an absolute 7% increase in detection 
rate of 60.9% for PCa and a slight de-
crease to 82.1% for clinically significant 
PCa. The combined 3-T MR-guided bi-
opsy with transrectal US-guided biopsy 
reported by Quentin et al is similar to 
our study with in-bore MR-guided bi-
opsy alone. The higher overall detec-
tion rate in our study compared with 
prior studies conducted in an in-bore 

targets (87.5%), and 90 of 134 targets 
(67.2%) for PI-RADS version 2 and 71 
of 72 targets (98.6%), four of 62 tar-
gets (6.5%), 71 of 129 targets (55.0%), 
four of six targets (80.0%), and 75 
of 134 targets (56.0%) for PI-RADS  
version 1. The AUC for PI-RADS ver-
sion 2 was 0.82, compared with 0.81 
for PI-RADS version 1 (P = .87). There 
were no significant differences in AUC 
between PI-RADS version 2 and version 
1 in either the peripheral zone (0.76 vs 
0.80, P = .43) or the transition zone 
(0.86 vs 0.83, P = .41) (Table 4). The 
AUC for clinically significant PCa was 
0.78 for reader 1 and 0.77 for reader 2. 
When the distribution of GS was strat-
ified according to PI-RADS version 2 
category, all targets with GS of at least 
7 at final pathology assessment had  
PI-RADS version 2 category of at least 
4 (Table 5).

Discussion

In this study, the diagnostic yields of 
3-T MR-guided biopsy for PCa were 
59.4% per patient (63 of 106 patients) 
and 53.7% per target (72 of 134 tar-
gets). Clinically significant PCa was de-
tected in 68.0% of 3-T MR-guided bi-
opsy targets with positive findings (49 
of 72 targets). Patients with positive 
3-T MR-guided biopsy findings were 

imaging targets (79 of 134 [59.0%]) 
were in the transition zone.

MR-guided biopsy was used to de-
tect clinically significant PCa in 47.8% 
(11 of 23) of patients with no prior tran-
srectal US-guided biopsy, 38.2% (13 
of 34) of patients with prior negative 
biopsy findings, and 42.8% (21 of 49) 
of patients with prior diagnosis of PCa  
(Fig 3). In the 49 patients with prior 
diagnosis of PCa, GS was upgraded in 
18 of 49 patients (36.7%), downgraded 
in one of 49 patients (2.0%), and un-
changed in 16 of 49 patients (32.6%) 
(Table 2). One (0.9%) procedure-associ-
ated complication (urosepsis) occurred, 
which resolved uneventfully after admin-
istration of intravenous antibiotics.

Differences between Negative and 
Positive MR-guided Biopsy Findings
At 3-T multiparametric prostate MR 
imaging per-target analysis, targets 
with positive PCa findings (Table 3)  
had significantly lower ADC values (875 
3 1026 mm2/sec vs 1111 3 1026 mm2/
sec, respectively; P , .01), smaller 
prostate volume (47.2 cm3 vs 75.4 cm3, 
respectively; P , .01), higher PSA den-
sity (0.16 vs 0.10, respectively; P , 
.01), and higher proportion of PI-RADS 
version 2 category 3–5 findings when 
compared with targets without PCa 
findings. The targets with PI-RADS ver-
sion 2 category 2, 3, 4, and 5 findings 
had positive diagnostic yields of three 
of 23 (13.0%), six of 31 (19.4%), 39 
of 50 (78.0%), and 24 of 29 (82.8%) 
targets, respectively. The proportion of 
clinically significant PCa increased in-
crementally with increase in PI-RADS 
version 2 category (Fig 4). No differ-
ences were detected when stratified ac-
cording to MR target lesion diameter (P 
= .06) or zone (P = .22).

Diagnostic Performance
By using 3-T multiparametric pros-
tate MR imaging targets with PI-RADS 
version 2 categories 3–5 as a cutoff 
threshold, the respective sensitivity, 
specificity, positive predictive value, 
negative predictive value, and accu-
racy for PCa were 59 of 72 targets 
(81.9%), 21 of 62 targets (33.9%), 
69 of 110 targets (62.7%), 21 of 24 

Figure 3

Figure 3:  Graph shows the diagnostic yield stratified according to clinical indication and proportion of 
overall PCa and clinically significant PCa (GS  7).
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cohort alone may be due to the differ-
ences in patient population. Quentin et 
al evaluated patients who had not previ-
ously undergone biopsy with PSA levels 
higher than 4.0 ng/mL (4.0 mg/L). In 
contrast, our patients included those 
with prior diagnosis of PCa, in addi-
tion to patients who had not previously 
undergone biopsy and those with prior 
negative transrectal US-guided biopsy 
findings. The 3-T MR-guided biopsy de-
tection rates in both our study and the 
study of Quentin et al are much higher 
than previously reported rates of 37%–
39% (11–13), likely because of patient 
selection and preprocedural risk strati-
fication according to PI-RADS versions 
2 and 1, respectively. It may also re-
sult from the better MR equipment and 
technique used with the 3-T magnets 
instead of the 1.5-T magnets in prior 
reported studies, but this requires fur-
ther study. Although comparable rates 
of PCa detection have been reported 
between the best MR-US fusion–guided 
biopsy series and 3-T MR-guided bi-
opsy for overall and clinically significant 
PCa detection, 3-T MR-guided prostate 
biopsy series have yielded a higher per-
centage of cores with positive findings 
(35%–56% vs 14%–29%, respectively) 
and a fewer number of cores obtained 
(5.3–5.6 vs 12–17, respectively) when 
compared with studies on MR-US fu-
sion (10,14,15). In our series, the me-
dian percentage of cores with positive 
findings per patient was higher at 80% 
(IQR, 52.7%–100%), and the median 
number of cores obtained was similar 
at five (IQR, 5–12), which suggests that 
3-T MR-guided biopsy has the poten-
tial to be a more efficient targeting tool 
than US-MR fusion, although this would 
also require a randomized controlled 
trial for validation.

In our study, we demonstrated that 
MR-guided biopsy yield is dependent on 
patient population, as patients with prior 
diagnosis of PCa had the highest overall 
yield (34 of 49 patients [69.4%]) when 
compared with patients who had not un-
dergone biopsy before (13 of 23 patients 
[56.5%]). Despite this, the rate of clin-
ically significant cancers detected with 
3-T MR-guided biopsy in patients with 
prior negative transrectal US-guided 

Table 2

Patient Demographics and Biopsy Results

Parameter Value

No. of patients 106
Age (y)* 66.5 (43–79)
Median PSA level (ng/mL)† 7.9 (5.6–10.6)
Median lesion diameter on MR images (cm)† 1.3 (0.9–1.7)
Median prostate volume on MR images (cm3)† 53 (33–75.5)
No. of patients with PCa 63/106 (59.4)
No. of lesions with positive findings 72/134 (53.7)
Distribution of targeted biopsy pathology findings (n = 134)
  No cancer 62/134 (46.3)
  Positive for PCa 72/134 (53.7)
  Clinically insignificant cancer (GS of 3+3) 23/72 (31.9)
  Clinically significant cancer (GS  3+4) 49/72 (68.0)
  GS of 3+4 26/72 (36.1)
  GS of 4+3 9/72 (12.5)
  GS of 8–10 14/72 (19.4)
Median percentage of cores with positive findings (no. of cores with positive  

  findings/no. of total cores obtained per patient) (%)†
80 (52.7–100)

Median no. of cores obtained† 5 (5–7)
No. of complications 1/106 (0.9)
Location
  Peripheral zone 55/134 (41.0)
  Transition zone 79/134 (59.0)
GS change in patients with prior PCa (n = 49) and positive MR-guided  

  biopsy findings
35/49 (71.4)

  GS of 3+3 to negative GS 14/49 (28.6)
  Unchanged (n = 16) 16/49 (32.6)
    GS of 3+3 to GS of 3+3 13/49 (26.5)
    GS of 3+4 to GS of 3+4 1/49 (2.0)
    GS of 4+3 to GS of 4+3 1/49 (2.0)
    GS of 8–10 to GS of 8–10 1/49 (2.0)
  Upgraded (n = 18) 18/49 (36.7)
    GS of 3+3 to GS  7 15/49 (30.6)
    GS of 3+4 to GS  4+3 3/49 (6.1)
  Downgraded (n = 1) 1/49 (2.0)
    GS of 3+4 to GS of 3+3 1/49 (2.0)
Indication for biopsy (n = 106)
  Increased PSA level with prior negative transrectal US-guided guided  

  biopsy findings
34/106 (32.1)

  Subsequent positive MR-guided biopsy findings 16/34 (47.0)
  Subsequent positive MR-guided biopsy findings with GS  7 12/16 (75.0)
  Known history of PCa 49/106 (46.2)
  Subsequent positive MR-guided biopsy findings 35/49 (71.4)
  Subsequent increase in GS (7) at MR-guided biopsy 18/35 (51.4)
  Increased PSA level and no previous biopsy 23/106 (21.7)
  Subsequent positive MR-guided biopsy findings 13/23 (56.5)
  Subsequent positive MR-guided biopsy findings with GS  7 10/13 (76.9)

Note.—Unless indicated otherwise, numbers in parentheses are percentages. To convert nanograms per milliliter to micrograms 
per liter, multiply by 1.0.

* Numbers in parentheses are the range.
† Numbers in parentheses are IQRs.
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biopsy in patients who underwent prior 
transrectal US-guided biopsies with in-
creasing clinical suspicion for cancer. 
Thus, our patients may be at a higher 
risk for GS upgrading. In addition, at the 
time of MR-guided biopsy, our biopsies 
were not confounded by postbiopsy ar-
tifacts. When stratifying results accord-
ing to tumor location, 7.8% of clinically 
significant cancers missed with transrec-
tal US-guided biopsy and detected with 
in-bore MR-guided biopsy were in the 
transition zone (10). In our study, there 
were no significant differences in the de-
tection of PCa, irrespective of location 
(34 of 63 targets [54.0%] in the tran-
sition zone vs 29 of 43 targets [67.4%] 
in the peripheral zone, P = .16). These 
findings suggest that in-bore MR-guided 
biopsy may be favored over transrectal 
US-guided biopsy in patients with transi-
tion zone tumors.

When stratifying results according 
to location of targets, we and others 
who report on MR-guided targeted bi-
opsy report a higher percentage of tar-
gets in the transition zone than in the 
peripheral zone (16). Of the published 
studies on MR-guided targeted biopsy, 
44% of MR-US fusion procedures (17) 
and 47% of in-bore biopsies of the le-
sions were in the peripheral zone (10). 
Reported rates are consistent with our 
rate of 41.1% of the target lesions in 
the peripheral zone. This is in contrast 
to more than 70% targets with positive 
findings in the peripheral zone in stan-
dard transrectal US-guided biopsy (18). 
With the use of MR guidance, the pro-
portion of targets in the peripheral zone 
to those in the transition zone has re-
versed when compared with traditional 
transrectal US-guided biopsy. This is 
likely explained by the referred popu-
lation; many patients referred for MR-
guided biopsy underwent failed tran-
srectal US-guided biopsy procedures.

Finally, our study demonstrates that 
PI-RADS versions 1 and 2 for 3-T mul-
tiparametric prostate MR imaging were 
comparable for grading potential MR 
targets for subsequent 3-T MR-guided 
biopsy. Our AUC of 0.81 for PI-RADS 
version 2 is similar to the AUC of 0.83 
published by Kasel-Siebert et al (13). 
Unlike Kasel-Siebert et al, who showed 

GS of 6 (3+3) or 7 (3+4) at transrectal 
US-guided biopsy had GS upgraded after 
MR-guided biopsy. This difference in GS 
upgrading is higher in our study, likely 
due to the design of the study; Quentin 
et al performed a serial in-bore proce-
dure, followed by transrectal US-guided 
biopsy, in the same group of patients; 
thus, there may be procedural bias 
because of postbiopsy hemorrhage pre-
sent from the in-bore procedure at the 
time of transrectal US-guided biopsy. 
In contrast, we performed MR-guided 

biopsy findings remains high. Others 
have reported that the combination of 
random transrectal US-guided biopsy 
and MR-targeted (in-bore or MR-US) 
biopsy has a higher diagnostic yield for 
clinically significant cancers than tran-
srectal US-guided biopsy alone (10,14). 
Quentin et al showed a 9.4% increase 
in clinically significant cancer from 
transrectal US-guided biopsy to com-
bined transrectal US-guided and in-bore 
MR-guided biopsy. In our population, 
18 of 49 patients (36.7%) with prior 

Table 3

Predictors for Positive Biopsy Results

Per-Lesion Analysis Result Negative Biopsy Findings Positive Biopsy Findings P Value

Median ADC (31026 mm2/sec) 1111 875 ,.001
Median diameter on MR images (cm) 1.3 1.5 .06
Median prostate volume on MR images (cm3) 75.4 47.2 ,.001
Median PSA level* 7.8 (6.2–10.6) 8.1 (5.3–10.6) .02
Median PSA density* 0.10 (0.08–0.17) 0.16 (0.11–0.29) ,.001
Location .22
  Peripheral zone (n = 55) 22/55 (40.0) 33/55 (60.0)
  Transition zone (n = 79) 40/79 (50.6) 39/79 (49.4)
PI-RADS version 2 category (n = 134) ,.01
  Category 1 (n = 1) 1/1 (100) 0 (0)
  Category 2 (n = 23) 20/23 (87.0) 3/23 (13.0)
  Category 3 (n = 31) 25/31 (80.6) 6/31 (19.4)
  Category 4 (n = 50) 11/50 (22.0) 39/50 (78.0)
  Category 5 (n = 29) 5/29 (17.2) 24/29 (82.8)

Note.—Unless indicated otherwise, numbers in parentheses are percentages.

* Numbers in parentheses are IQRs.

Figure 4

Figure 4:  Graph shows PCa detection stratified according to PI-RADS version 2 category and proportion of 
overall and clinically significant PCa.



138	 radiology.rsna.org  n  Radiology: Volume 283: Number 1—April 2017

GENITOURINARY IMAGING: In-Bore 3-T MR-guided Transrectal Targeted Prostate Biopsy	 Tan et al

risk-stratify patients who underwent 
3-T MR-guided biopsy. The diagnostic 
yield for overall and clinically significant 
PCa at 3-T MR-guided biopsy increased 
with increasing PI-RADS version 2 cat-
egory, ranging from 19.3% for category 
3 to 78.0% for category 4 and 82.8% 
for category 5. This is similar to pub-
lished studies on MR-US fusion biopsy 
(16%–26% for category 3, 30%–62% 
for category 4, and 78%–89% for cat-
egory 5) (22,23). A diagnostic yield of 
16%–26% for category 3 underscores 
the need consider category 3 and high-
er as the threshold for proceeding to 
biopsy, rather than using category 4 as 
the threshold.

There were limitations to this study. 
First, the study was retrospective and 
was thus subject to biases. Second, 
our patients were referred from urol-
ogists; thus, patients presented with 
various levels of clinical suspicion for 
PCa and were therefore subject to in-
trinsic referral bias. Third, this was a 
single-institution experience at a ter-
tiary academic center with extensive 
prostate MR imaging and pathology 
expertise; thus, our performance may 
not be generalizable to all populations. 
Fourth, we did not have a control arm 
(ie, transrectal US-guided imaging); 
thus, our conclusions are based on his-
torical reports. Fifth, we had no surgi-
cal standard of reference. Sixth, we did 
not correct for multiple comparisons. 
Despite these limitations, this is among 
the larger cohorts studied in MR-guided 
prostate biopsy. In addition, there was 
consistency in the biopsy technique. 
Also, all biopsies were performed with 
state-of-the-art high-Tesla magnets.

In conclusion, we demonstrated that 
3-T MR-guided prostate biopsy is a ro-
bust method for diagnosing PCa when 
potential targets are detected on 3-T 
multiparametric prostate MR images 
and stratified according to PI-RADS  
version 1 or 2, with a progressive in-
crease in PCa detection with higher 
PI-RADS score. MR-guided biopsy had 
the highest diagnostic yield in patients 
with prior diagnosis of PCa with GS of 
6, and most of these patients were up-
graded to higher GS and clinically sig-
nificant PCa. Clinically significant PCa 

0.71) when using a threshold of cate-
gories 4–5 (compared with categories 
1–4) (13). The reported higher AUC for 
lesions in the transition zone compared 
with peripheral zone lesions in both  
PI-RADS versions 1 and 2 is consistent 
across studies (13,19). The lower per-
formance in the peripheral zone (vs the 
transition zone) may be due to change 
in algorithm, which sets a size threshold 
of at least 1.5 cm for both T2-weighted 
imaging and DWI for a target to consid-
ered category 5. It is reported that MR 
imaging leads to underestimation of tu-
mor volume and diameter at final pathol-
ogy assessment (20,21). Thus, setting a 
lower size threshold and reconsidering 
T2-weighted imaging for the peripheral 
zone may improve overall performance 
for the next edition of PI-RADS.

Overall, PI-RADS version 2 cat-
egories were used to effectively 

a significant improvement in diagnos-
tic performance of PI-RADS version 2 
compared with version 1, our perfor-
mance for both was generally compa-
rable. In addition, we report a higher 
specificity of 33.8% for PI-RADS version 
2 compared with 6.5% for PI-RADS  
version 1. In PI-RADS version 1, the 
proportion of category 3 made up 47% 
of the cases. In contrast, the proportion 
of category 3 made up 23% of the cases, 
and the remainder was downgraded 
to category 2. Our results suggest that  
PI-RADS version 2 may lead to better 
risk stratification of category 3 targets 
on the basis of version 1 in our popula-
tion. A similar improvement in specific-
ity with PI-RADS version 2 was observed 
with both experienced readers (PI-RADS  
version 1, 0.53; PI-RADS version 2, 0.74)  
and unexperienced readers (PI-RADS 
version 1, 0.53; PI-RADS version 2, 

Table 4

Per-Lesion Diagnostic Performance between PI-RADS Versions 1 and 2

Parameter AUC 95% Confidence Interval P Value

Overall performance …
  PI-RADS version 2 0.82 0.75, 0.89
  PI-RADS version 1 0.81 0.75, 0.88
Performance in the peripheral zone …
  PI-RADS version 2 0.76 0.63, 0.89
  PI-RADS version 1 0.80 0.69, 090
Performance in the transition zone …
  PI-RADS version 2 0.86 0.78, 0.94
  PI-RADS version 1 0.83 0.75, 0.92
Performance of GS  7 (vs GS of 6 or no cancer)
  Reader 1 0.782 0.71, 0.85 .81
  Reader 2 0.777 0.71, 0.86 …
  PI-RADS version 2 0.781 0.70, 0.86 …

Table 5

Distribution of PI-RADS Category and Target Pathology Results

PI-RADS Version 2 Category
No Cancer  
(n = 62)

GS of 3+3  
(n = 23)

GS of 3+4  
(n = 26)

GS of 4+3  
(n = 9)

GS of 8–10  
(n = 14)

Category 1 (n = 1) 1 0 0 0 0
Category 2 (n = 23) 20 2 1 0 0
Category 3 (n = 31) 25 3 3 0 0
Category 4 (n = 50) 11 12 12 6 9
Category 5 (n = 29) 5 6 10 3 5

Note.—Data are numbers of targets.
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was also detected in a large percentage 
of patients with increased PSA level, 
prior negative biopsy findings, and no 
previous biopsy. PI-RADS version 2 
performance is improved over version 
1. However, the results of this study 
show that the diagnostic yield in the 
peripheral zone should be re-evaluated 
for further improvement. In general, 
higher PI-RADS version 2 category 
yielded higher proportion of clinically 
significant disease; however, specificity 
remains low. PI-RADS version 2 pro-
vides a more granular improvement 
over version 1, and we look forward to 
its continued evolution.
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