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Abstract

OBJECTIVE.—The purpose of this article is to evaluate restriction spectrum imaging (RSI) in 

men undergoing MRI-ultrasound fusion biopsy for suspected prostate cancer (PCa) and to 

compare the performance of RSI with that of conventional DWI.

MATERIALS AND METHODS.—One hundred ninety-eight biopsy-naïve men enrolled in a 

concurrent prospective clinical trial evaluating MRI-targeted prostate biopsy underwent 

multiparametric MRI with RSI. Clinical and imaging features were compared between men with 

and without clinically significant (CS) PCa (MRI-ultrasound fusion biopsy Gleason score ≥ 3 + 4). 

RSI z score and apparent diffusion coefficient (ADC) were correlated, and their diagnostic 

performances were compared.

RESULTS.—CS PCa was detected in 109 of 198 men (55%). Using predefined thresholds of 

ADC less than or equal to 1000 μm2/s and RSI z score greater than or equal to 3, sensitivity and 

specificity for CS PCa were 86% and 38%, respectively, for ADC and 61% and 70%, respectively, 

for RSI. In the transition zone (n = 69), the sensitivity and specificity were 94% and 17%, 

respectively, for ADC and 59% and 69%, respectively, for RSI. Among lesions with CS PCa, RSI 

z score and ADC were significantly inversely correlated in the peripheral zone (ρ = −0.4852; p < 

0.01) but not the transition zone (ρ = −0.2412; p = 0.17). Overall diagnostic accuracies of RSI and 

DWI were 0.70 and 0.68, respectively (p = 0.74).

CONCLUSION.—RSI and DWI achieved equivalent diagnostic performance for PCa detection in 

a large population of men undergoing first-time prostate biopsy for suspected PCa, but RSI had 

superior specificity for transition zone lesions.
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DWI has been shown to be an integral component of contemporary prostate multiparametric 

MRI protocols [1–3], although it does suffer from a few notable limitations: information 

from the T2 component of the signal is underutilized, signal from extracellular and 

intracellular water is mixed, and the quantitative representation of tissue diffusivity, the 

apparent diffusion coefficient (ADC), is technique and scanner dependent and, thus, not 

easily generalizable across institutions and imaging platforms [4].

Restriction spectrum imaging (RSI) is a novel diffusion-based technique developed initially 

for neuroimaging that uses data from a broader range of b values obtained in multiple 

directions to model a distribution, or spectrum, of the anisotropic and isotropic tissue water 

compartments [5]. In so doing, RSI is thought to be able to isolate signal from intra-cellular 

restricted water and simultaneously minimize signals from extracellular hindered and free 

water, which currently confound conventional DWI [6]. In addition, the RSI z score 

inherently normalizes across the patient population studied and is, thus, potentially more 

comparable across different scanners and institutions, unlike the ADC value [7].

Existing data regarding the utility of RSI for PCa detection and characterization are largely 

limited to a few small proof-of-concept studies [8–10], which were limited by selection bias 

and small sample size. In addition, none of the existing studies evaluated the diagnostic 

performance of RSI in the transition zone, which is notable given the inherent limitations of 

conventional DWI in this region due to benign prostatic hyperplasia. The purpose of our 

study was to evaluate the diagnostic performance of RSI among a large cohort of men 

undergoing 3-T MRI for initial evaluation of suspected prostate cancer (PCa) and to 

compare the performance of RSI with that of conventional DWI, in both the peripheral zone 

and the transition zone.

Materials and Methods

Patients

This retrospective study was approved by the University of California Los Angeles 

institutional review board with a waiver of informed consent. The study cohort is composed 

of a subgroup of men enrolled in a National Cancer Institute–funded prospective phase 2 

clinical trial, Prospective Assessment of Image Registration for the Diagnosis of Prostate 

Cancer (PAIREDCAP; R01CA195505), which recently completed enrollment. Briefly, this 

study concerned biopsy-naïve men 45–80 years old with PCa suspected on the basis of 

elevated prostate-specific antigen level with at least one Prostate Imaging–Reporting and 

Data System version 2 (PI-RADSv2) category 3 or higher lesion seen at MRI. Most study 

participants underwent RSI as part of their multiparametric MRI, followed by prostate 

biopsy, which included conventional 12-core systematic transrectal ultrasound–guided 

biopsy and targeted biopsy using both visual (cognitive) and a previously described 

commercially available MRI-ultrasound (software) fusion technique (Artemis, Eigen) [11]. 
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All PI-RADSv2 category 3 or higher lesions underwent targeted biopsy. Between September 

8, 2015, and March 29, 2018, 248 men were enrolled in PAIREDCAP. Among these men, 

RSI could not be performed in 39 (16%) and was technically inadequate in an additional 11 

(4%), leading to the current study cohort of 198 patients evaluated here.

Imaging Technique

Multiparametric MRI examinations were performed on one of several 3-T MRI platforms 

(Magnetom Trio, Verio, Skyra, or Prisma, all from Siemens Healthineers) with a pelvic 

phased-array coil. The protocol included multiplanar high-resolution T2-weighted imaging, 

DWI, dynamic contrast-enhanced imaging [12], and RSI. The imaging protocol was 

adherent to PI-RADSv2 technical recommendation criteria [13] and is provided in full in 

Table 1.

Image Analysis

All multiparametric MRI examinations were prospectively evaluated by one of three 

experienced genitourinary radiologists, each of whom has interpreted more than 2000 

prostate MRI examinations. Reporting and assessment were consistent with PI-RADSv2. 

RSI cellularity maps were retrospectively evaluated separately by one of three abdominal 

imaging fellows. Any lesion assigned a PI-RADSv2 overall assessment category of 3 or 

higher was contoured on the RSI cellularity map (overlaid on axial T2-weighted images). 

Using the predefined lesion contour, as determined by the initial interpreting radiologist, an 

ROI between 10 and 50 mm2 in size was drawn corresponding to the region of greatest 

restricted diffusivity on the single axial slice, which depicted the lesion most clearly. For 

quality control purposes, 25 cases (12%) were randomly selected and measured by two 

separate observers. All RSI image analysis was done without knowledge of clinical data and 

biopsy results.

Statistical Analysis

Clinical and imaging features were compared between men with and without clinically 

significant (CS) PCa, which was defined as a biopsy Gleason score greater than or equal to 3 

+ 4 from within the targeted lesions. Multivariate logistic regression was performed for CS 

PCa, and the diagnostic performances of RSI and ADC were evaluated for all patients and 

by lesion location. The diagnostic test threshold for detection of CS PCa for DWI was set as 

an ADC value less than or equal to 1000 μm2/s, according to previous work from our 

institution [14, 15]. The RSI threshold for CS PCa was set to a z score greater than or equal 

to 3, as shown elsewhere [10]. Because both of these tests are continuous variables, however, 

additional thresholds were also tested. Finally, ROC analysis of CS PCa for RSI and DWI 

were performed, and RSI z score and ADC were correlated using Spearman rank tests.

Results

Patient demographics stratified by MRI-ultrasound fusion biopsy–derived histopathologic 

analysis are presented in Table 2. CS PCa was detected in 109 of 198 men (55%). Thirty-

four of 69 (49%) transition zone index lesions and 75 of 129 (58%) peripheral zone index 

lesions contained CS PCa. No significant difference in CS PCa frequency was observed 
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according to the zone of origin (p = 0.23). Higher prostate-specific antigen level, prostate-

specific antigen density, overall PI-RADSv2 assessment category, lesion diameter, RSI z 
score, and lower ADC were all significantly associated with CS PCa. Controlling for PI-

RADSv2 overall assessment category, lesions with an RSI z score greater than or equal to 3 

were 2.69 times more likely to be associated with CS PCa than were lesions with an RSI z 
score less than 3 (95% CI, 1.43–5.04; p = 0.0021). In the 25 cases randomly selected for 

repeat measurement, the mean difference between the new RSI z score and the original RSI 

z score was 0.2983, which was not statistically significantly different (p = 0.16).

Using the predefined thresholds of RSI z score greater than or equal to 3 and ADC less than 

or equal to 1000 μm2/s, the overall sensitivities of RSI and ADC for the detection of CS PCa 

were 61% and 86% with specificities of 70% and 38%, respectively. These differences were 

exaggerated in the transition zone, where the sensitivity and specificity of RSI for CS PCa 

were 59% and 69%, respectively, compared with sensitivity and specificity of 94% and 17%, 

respectively, for DWI. Sensitivity and specificity of DWI in the transition zone using a 

threshold of ADC less than or equal to 900 μm2/s were 74% and 54%, respectively. 

Sensitivity and specificity of RSI in the transition zone using a threshold of z score greater 

than or equal to 2.5 were 71% and 57%, respectively. Complete diagnostic performances are 

shown in Table 3.

Among patients with CS PCa, RSI z score and ADC were significantly inversely correlated 

with one another in the peripheral zone (ρ = −0.4852; p < 0.01) but not in the transition zone 

(ρ = −0.2412; p = 0.17). Spearman rank correlation plots stratified by biopsy 

histopathologic analysis are presented in Figure 1.

Overall diagnostic accuracies, determined by ROC analysis, were 0.70 and 0.68 for RSI and 

DWI, respectively (p = 0.74), as shown in Figure 2. In the peripheral zone, accuracies for 

RSI and DWI were 0.72 and 0.73, respectively (p = 0.76). In the transition zone, accuracies 

for RSI and DWI were 0.67 and 0.61, respectively (p = 0.55). A PI-RADSv2 over-all 

category greater than or equal to 4 had accuracies of 0.62, 0.62, and 0.61 for all lesions, 

peripheral zone lesions, and transition zone lesions, respectively. A PI-RADSv2 T2 score 

greater than or equal to 4 had accuracies of 0.63, 0.62, and 0.64 for all lesions, peripheral 

zone lesions, and transition zone lesions, respectively (Fig. 3). Logistic regression results are 

presented in full in Table 4.

Discussion

Multiple prior studies have documented the utility of DWI in PCa detection and 

characterization [16–19]. Although these studies have shown that the ADC value is currently 

the most useful quantitative parameter (imaging biomarker) for PCa assessment, it does have 

some notable limitations. Because of technique and scanner dependence, reproducibility 

across institutions and different MRI platforms is limited. Diagnostic performance is 

consistently lower in the transition zone relative to the peripheral zone [20]. In initial pilot 

studies, RSI has been shown to be a promising independent biomarker; however, these 

studies have been limited by small sample size and selection bias, applied only to surgical 

populations that underwent radical prostatectomy [8–10]. Thus, results reported to date may 
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not be applicable to patients with suspected PCa in a screening population undergoing 

systematic and targeted biopsy. It is in this context that the current study was undertaken.

In this study, when applied to a large biopsy-naïve cohort of men with clinically suspected 

PCa, we report for the first time a small but nonsignificant improvement in diagnostic 

performance of RSI compared with conventional DWI on 3-T MRI. Although the results 

presented here differ from those of previously reported series, which showed a clear 

superiority of RSI relative to DWI for PCa detection and characterization [8, 10], this is 

likely a reflection of the broader patient population and range of PCa grades evaluated in our 

study.

To determine whether RSI provides unique information compared with DWI, we correlated 

the two imaging techniques in both the peripheral and transition zones. There was a 

significant inverse correlation between RSI z score and ADC in the peripheral zone, but this 

relationship did not hold in the transition zone, which suggests that the two techniques do in 

fact provide distinct information for transition zone lesions. Moreover, the specificity of RSI 

for CS PCa in the transition zone was far superior to that of DWI (69% vs 17%); even when 

we lowered the ADC threshold to 900 μm2/s to improve the specificity of DWI, the 

specificity of RSI was superior (69% vs 54%). To our knowledge, these findings have not 

yet been reported in the literature. A possible explanation for the superior specificity 

achieved with RSI in the transition zone is that it can isolate signal from intracellular tumor 

cells (restricted diffusion), as seen in CS PCa, while simultaneously minimizing 

contributions from extra-cellular processes (hindered diffusion), such as may occur with 

stromal benign prostatic hyperplasia, which is the biggest confounder in the transition zone. 

This would be clinically useful, because DWI is quite sensitive, as shown in our study, but 

not very specific for CS PCa in the transition zone.

Strengths of this study include the large sample size, the inclusion of a large number of PCa 

lesions within both the peripheral and transition zones of varying grades, the exploration of 

the correlation between RSI z score and ADC, and the rigorous quality control, including 

confirmation of interreader validity of RSI z score measurements. The RSI z score validity 

was likely bolstered by the measurement technique used here, in which only the portion of 

the lesion with the greatest degree of restricted diffusivity was measured, because this has 

previously been shown to be more reproducible in multiple studies evaluating quantitative 

tumor ADC [21, 22].

There are also a few notable limitations. MRI-ultrasound fusion biopsy, rather than radical 

prostatectomy, served as the reference standard in this study; this was necessary because one 

of the primary aims of the study was to evaluate RSI in a general screening population, the 

majority of whom do not undergo radical prostatectomy. We did not evaluate PI-RADSv2 

category 2 lesions, the vast majority of which would be expected to be benign; exclusion of 

these lesions from analysis may have resulted in a slight overestimate of diagnostic test 

sensitivity and a slight underestimate of diagnostic test specificity. Image acquisition, 

interpretation, and prostate biopsy were all conducted by a specialized team of experienced 

radiologists and urologists and, thus, may not be directly applicable to community practices. 

The ROI placement may have differed slightly between RSI and DWI, because our standard 
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practice is to draw the ROI separately on T2-weighted images, the ADC map, and the RSI 

map, to accommodate geometric distortion on the standard ADC map. T2-weighted imaging 

was necessarily used as an anatomic reference when evaluating both DWI and RSI, and this 

could have affected the image interpretation, although it would be expected to do so equally 

for both techniques. Finally, the ADC was calculated using a low b value of 0 s/mm2 rather 

than 50 s/mm2 which may have introduced some perfusion effects into the calculation, 

potentially undermining its performance.

In conclusion, RSI and DWI achieved equivalent overall diagnostic performance for PCa 

detection in a large population of men undergoing first-time biopsy for suspected PCa. 

However, elevated RSI z score is a more specific imaging finding than reduced ADC for CS 

PCa in the transition zone, adding supporting initial experience for its use as a possible new 

MRI biomarker in the transition zone. These results will need to be confirmed in larger 

future studies.
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Fig. 1. 
Spearman rank plots. Graph shows data for correlation between apparent diffusion 

coefficient (ADC) and restriction spectrum imaging (RSI) z score, stratified by prostate zone 

and biopsy findings. Solid lines denote transition zone. Dashed lines denote peripheral zone.
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Fig. 2. 
Graph of ROC curves for clinically significant prostate cancer detection parameters, 

including apparent diffusion coefficient (ADC), restriction spectrum imaging (RSI) z score, 

Prostate Imaging–Reporting and Data System version 2 (PI-RADSv2) category, and T2-

weighted imaging score, along with corresponding c-indexes.
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Fig. 3. 
65-year-old man with prostate-specific antigen level of 5.5 ng/mL and no prior prostate 

biopsy. Prebiopsy multiparametric MRI with restriction spectrum imaging (RSI) identified 

two suspicious lesions.

A–D, T2-weighted MR image (A), apparent diffusion coefficient (ADC) map (B), DW 

image (C), and restriction spectrum image (D) show 1.8-cm lesion (arrows) in left posterior 

peripheral gland. ADC was 880 μm2/s, RSI z score was 3.6, and overall Prostate Imaging–

Reporting and Data System version 2 (PI-RADSv2) assessment was category 5. MRI-

ultrasound fusion targeted biopsy (not shown) determined Gleason score of 4 + 3 in multiple 

cores.
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E–H, T2-weighted MR image (E), ADC map (F), DW image (G), and restriction spectrum 

image (H) show 1.3-cm lesion (arrows) in right anterior transition zone. ADC was 888 

μm2/s, RSI z score was 1.0, and overall PI-RADSv2 assessment was category 3. MRI-

ultrasound fusion targeted biopsy (not shown) revealed benign glands and stroma.

Felker et al. Page 11

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Felker et al. Page 12

TA
B

L
E

 1
:

M
R

I 
Pu

ls
e 

Se
qu

en
ce

 P
ar

am
et

er
s

Se
qu

en
ce

T
R

/T
E

F
lip

 A
ng

le
 (

°)
Sl

ic
e 

T
hi

ck
ne

ss
 (

m
m

)
F

O
V

 (
m

m
)

M
at

ri
x 

Si
ze

 (
m

m
)

N
o.

 o
f 

A
ve

ra
ge

s
A

cq
ui

si
ti

on
 T

im
e

2D
 T

2-
w

ei
gh

te
d 

tu
rb

o 
sp

in
-e

ch
o

40
00

/1
09

16
0

3
20

0 
×

 2
00

32
0 

×
 3

10
2

4 
m

in
 1

0 
s

D
W

Ia
48

00
/8

0
E

ch
o-

pl
an

ar
 im

ag
in

g
3.

6
21

0 
×

 2
60

16
0 

×
 9

4
7

5 
m

in
 5

0 
s

D
yn

am
ic

 c
on

tr
as

t-
en

ha
nc

ed
 im

ag
in

g
3.

89
/1

.5
2

12
3.

6
26

0 
×

 2
60

16
0 

×
 1

60
1

6 
m

in
 0

0 
s

R
es

tr
ic

tio
n 

sp
ec

tr
um

 im
ag

in
gb

55
00

/8
4

90
3.

6
21

0 
×

 2
60

12
8 

×
 9

6
1

5 
m

in
 0

0 
s

N
ot

e—
Te

m
po

ra
l r

es
ol

ut
io

n 
w

as
 4

.7
5 

se
co

nd
s.

a b 
V

al
ue

s 
w

er
e 

0,
 1

00
, 4

00
, 8

00
, a

nd
 1

40
0 

s/
m

m
2 .

b Se
ns

iti
zi

ng
 d

if
fu

si
on

 g
ra

di
en

ts
 w

er
e 

ap
pl

ie
d 

se
qu

en
tia

lly
 in

 3
0 

di
re

ct
io

ns
 w

ith
 b

 v
al

ue
s 

of
 8

00
, 1

50
0,

 a
nd

 4
00

0 
s/

m
m

2 .
 R

ef
er

en
ce

 s
ca

ns
 w

ith
 b

 v
al

ue
s 

of
 0

 w
er

e 
ob

ta
in

ed
 w

ith
 b

ot
h 

fo
rw

ar
d 

an
d 

re
ve

rs
e 

ph
as

e 
en

co
di

ng
. T

he
 p

ar
al

le
l i

m
ag

in
g 

fa
ct

or
 w

as
 2

.

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Felker et al. Page 13

TA
B

L
E

 2
:

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
by

 G
le

as
on

 S
co

re
 F

ro
m

 F
us

io
n 

B
io

ps
y 

(n
 =

 1
98

)

C
ha

ra
ct

er
is

ti
c

G
le

as
on

 S
co

re
 <

 7
 (

n 
= 

89
)

G
le

as
on

 S
co

re
 ≥

 7
 (

n 
= 

10
9)

p

A
ge

 a
t b

io
ps

y 
(y

)

 
M

ea
n 

±
 S

D
64

.9
 ±

 6
.8

66
.2

 ±
 8

.0
0.

25
93

 
<

 6
0

25
 (

22
)

26
 (

28
)

0.
03

35

 
60

–6
4

33
 (

29
)

16
 (

17
)

 
65

–6
9

19
 (

17
)

24
 (

26
)

 
≥ 

70
24

 (
21

)
35

 (
38

)

G
le

as
on

 s
co

re

 
B

en
ig

n
64

 (
57

)

 
3 

+
 3

36
 (

32
)

 
3 

+
 4

53
 (

58
)

 
4 

+
 3

27
 (

29
)

 
4 

+
 4

10
 (

11
)

 
4 

+
 5

10
 (

11
)

H
G

PI
N

 a
nd

 A
SA

P

 
Po

si
tiv

e 
fo

r 
bo

th
 H

G
PI

N
 a

nd
1 

(1
)

 
A

SA
P

 
Po

si
tiv

e 
fo

r 
H

G
PI

N
 o

nl
y

11
 (

10
)

 
Po

si
tiv

e 
fo

r 
A

SA
P 

on
ly

0 
(0

)

 
N

eg
at

iv
e 

fo
r 

bo
th

88
 (

78
)

PS
A

 le
ve

l (
ng

/m
L

),
 m

ed
ia

n 
(I

Q
R

)
5.

7 
(4

.4
–7

.0
)

7.
2 

(5
.5

–9
.4

)
0.

00
07

a

M
R

I 
pr

os
ta

te
 v

ol
um

e,
 g

eo
m

et
ri

c 
(c

m
3 )

47
.0

 (
36

.0
–6

0.
8)

38
.0

 (
31

.0
–5

2.
0)

0.
00

28
a

 
M

ed
ia

n 
(I

Q
R

)

 
20

–3
56

24
 (

21
)

42
 (

46
)

0.
01

98

 
36

–5
4

43
 (

38
)

35
 (

38
)

 
55

–9
9

34
 (

30
)

23
 (

25
)

PS
A

 d
en

si
ty

 (
ng

/m
L

2 )

 
M

ed
ia

n 
(I

Q
R

)
0.

12
 (

0.
08

–0
.1

6)
0.

19
 (

0.
14

–0
.2

5)
<

 0
.0

00
1a

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Felker et al. Page 14

C
ha

ra
ct

er
is

ti
c

G
le

as
on

 S
co

re
 <

 7
 (

n 
= 

89
)

G
le

as
on

 S
co

re
 ≥

 7
 (

n 
= 

10
9)

p

 
<

 0
.1

5
69

 (
61

)
27

 (
29

)
<

 0
.0

00
1

 
≥ 

0.
15

31
 (

28
)

73
 (

80
)

PI
-R

A
D

Sv
2 

ca
te

go
ry

 
3

33
 (

29
)

9 
(1

0)
<

 0
.0

00
1

 
4

43
 (

38
)

34
 (

37
)

 
5

25
 (

22
)

57
 (

62
)

M
ax

im
um

 R
O

I 
di

am
et

er
 (

m
m

)

 
M

ed
ia

n 
(I

Q
R

)
12

.0
 (

10
.0

–1
9.

0)
16

.0
 (

12
.0

–2
1.

0)
<

 0
.0

00
1a

 
<

 1
1

37
 (

33
)

17
 (

19
)

0.
00

66

 
11

–1
8

37
 (

33
)

45
 (

49
)

 
≥ 

19
26

 (
23

)
38

 (
41

)

R
SI

 z
 s

co
re

 
M

ed
ia

n 
(I

Q
R

)
1.

5 
(0

.3
–3

.5
)

3.
6 

(2
.3

–5
.5

)
<

 0
.0

00
1a

 
R

SI
 ≥

 3
30

 (
27

)
61

 (
67

)
<

 0
.0

00
1

 
R

SI
 ≥

 4
22

 (
20

)
41

 (
45

)
0.

00
50

A
D

C
 (

10
−

6  
μm

2 /
s)

 
M

ed
ia

n 
(I

Q
R

)
97

1 
(8

35
–1

07
6)

80
3 

(7
27

–9
41

)
<

 0
.0

00
1a

 
R

an
ge

48
0–

13
54

45
0–

11
88

N
ot

e—
E

xc
ep

t w
he

re
 n

ot
ed

 o
th

er
w

is
e,

 d
at

a 
ar

e 
pe

rc
en

ta
ge

 (
nu

m
be

r)
 o

f 
pa

tie
nt

s.
 H

G
PI

N
 =

 h
ig

h-
gr

ad
e 

pr
os

ta
tic

 in
tr

ae
pi

th
el

ia
l n

eo
pl

as
ia

, A
SA

P 
=

 a
ty

pi
ca

l s
m

al
l a

ci
na

r 
pr

ol
if

er
at

io
n,

 P
SA

 =
 p

ro
st

at
e-

sp
ec

if
ic

 
an

tig
en

, P
I-

R
A

D
Sv

2 
=

 P
ro

st
at

e 
Im

ag
in

g–
R

ep
or

tin
g 

an
d 

D
at

a 
Sy

st
em

 v
er

si
on

 2
, I

Q
R

 =
 in

te
rq

ua
rt

ile
 r

an
ge

, R
SI

 =
 r

es
tr

ic
tio

n 
sp

ec
tr

um
 im

ag
in

g,
 A

D
C

 =
 a

pp
ar

en
t d

if
fu

si
on

 c
oe

ff
ic

ie
nt

.

a K
ru

sk
al

-W
al

lis
 m

ed
ia

n 
te

st
.

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Felker et al. Page 15

TA
B

L
E

 3
:

D
ia

gn
os

tic
 P

er
fo

rm
an

ce
 o

f 
R

es
tr

ic
tio

n 
Sp

ec
tr

um
 I

m
ag

in
g 

(R
SI

) 
an

d 
D

W
I,

 S
tr

at
if

ie
d 

by
 L

es
io

n 
L

oc
at

io
n

T
hr

es
ho

ld
 a

nd
 P

ar
am

et
er

O
ve

ra
ll 

(n
 =

 1
98

)
P

er
ip

he
ra

l Z
on

e 
(n

 =
 1

29
)

T
ra

ns
it

io
n 

Z
on

e 
(n

 =
 6

9)

R
SI

D
W

I
R

SI
D

W
I

R
SI

D
W

I

A
D

C
 ≤

 1
00

0 
μm

2/
s 

an
d 

R
SI

 z
 s

co
re

 ≥
 3

 
Se

ns
iti

vi
ty

61
86

63
83

59
94

 
Sp

ec
if

ic
ity

70
37

70
50

69
17

 
PP

V
71

63
75

70
65

52

 
N

PV
60

69
58

68
63

75

A
D

C
 ≤

 9
00

 μ
m

2 /
s 

an
d 

R
SI

 z
 s

co
re

 ≥
 2

.5

 
Se

ns
iti

vi
ty

73
68

75
65

71
74

 
Sp

ec
if

ic
ity

62
65

65
72

57
54

 
PP

V
65

62
75

77
62

61

 
N

PV
70

70
65

60
67

68

N
ot

e—
D

at
a 

ar
e 

pe
rc

en
ta

ge
s.

 D
ia

gn
os

tic
 p

er
fo

rm
an

ce
 o

f 
R

SI
 (

re
st

ri
ct

io
n 

sp
ec

tr
um

 im
ag

in
g)

 a
nd

 D
W

I 
is

 p
re

se
nt

ed
, e

ac
h 

us
in

g 
tw

o 
di

ff
er

en
t t

hr
es

ho
ld

s.
 A

D
C

 =
 a

pp
ar

en
t d

if
fu

si
on

 c
oe

ff
ic

ie
nt

, P
PV

 =
 p

os
iti

ve
 

pr
ed

ic
tiv

e 
va

lu
e,

 N
PV

 =
 n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
e.

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Felker et al. Page 16

TA
B

L
E

 4
:

L
og

is
tic

 R
eg

re
ss

io
n 

A
na

ly
si

s 
A

U
C

 V
al

ue
s 

fo
r 

R
es

tr
ic

tio
n 

Sp
ec

tr
um

 I
m

ag
in

g 
(R

SI
),

 A
pp

ar
en

t D
if

fu
si

on
 C

oe
ff

ic
ie

nt
 (

A
D

C
),

 P
ro

st
at

e 
Im

ag
in

g–
R

ep
or

tin
g 

an
d 

D
at

a 
Sy

st
em

 V
er

si
on

 2
 (

PI
-R

A
D

Sv
2)

 O
ve

ra
ll 

C
at

eg
or

y,
 a

nd
 P

I-
R

A
D

Sv
2 

T
2 

C
at

eg
or

y

R
eg

io
n

R
SI

 ≥
 3

A
D

C
 ≤

 1
00

0 
μm

2 /
s

 
P

I-
R

A
D

Sv
2 

O
ve

ra
ll 

C
at

eg
or

y 
≥ 

4
P

I-
R

A
D

Sv
2 

T
2 

C
at

eg
or

y 
≥ 

4
pa

O
ve

ra
ll 

(n
 =

 1
98

)b
0.

67
0.

62
0.

62
0.

63
>

 0
.0

5

Pe
ri

ph
er

al
 z

on
e 

(n
 =

 1
29

)
0.

67
0.

67
0.

61
0.

62
>

 0
.0

5

T
ra

ns
iti

on
 z

on
e 

(n
 =

 6
9)

0.
64

0.
56

0.
61

0.
64

>
 0

.0
5

a W
he

n 
co

m
pa

ri
ng

 A
U

C
 w

ith
in

 e
ac

h 
zo

ne
 a

nd
 o

ve
ra

ll,
 w

e 
fo

un
d 

no
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nc

es
 b

et
w

ee
n 

th
e 

fo
ur

 m
ea

su
re

s 
(o

ve
ra

ll 
p 

va
lu

e 
ra

ng
e,

 0
.1

1–
0.

79
; t

ra
ns

iti
on

 z
on

e 
p 

va
lu

e 
ra

ng
e,

 0
.4

2–
0.

99
; 

pe
ri

ph
er

al
 z

on
e 

p 
va

lu
e 

ra
ng

e,
 0

.1
1–

0.
96

).

b O
ve

ra
ll 

A
U

C
s 

di
ff

er
 s

lig
ht

ly
 f

ro
m

 o
pt

im
al

 te
st

 p
er

fo
rm

an
ce

, a
s 

re
po

rt
ed

 in
 th

e 
re

su
lts

, g
iv

en
 th

at
 c

lin
ic

al
ly

 r
el

ev
an

t t
hr

es
ho

ld
s 

w
er

e 
pr

es
el

ec
te

d 
fo

r 
m

ea
su

re
m

en
ts

 in
 th

is
 ta

bl
e.

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 August 01.


	Abstract
	Materials and Methods
	Patients
	Imaging Technique
	Image Analysis
	Statistical Analysis

	Results
	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	TABLE 1:
	TABLE 2:
	TABLE 3:
	TABLE 4:



