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Background:  In men suspected of having prostate cancer (PCa), up to 50% of men with positive multiparametric MRI (mpMRI) findings
(Prostate Imaging Reporting and Data System [PI-RADS] or Likert score of 3 or higher) have no clinically significant (Gleason score
=3+3, benign) biopsy findings. Vascular, Extracellular, and Restricted Diffusion for Cytometry in Tumor (VERDICT) MRI analysis
could improve the stratification of positive mpMRI findings.

Purpose:  To evaluate VERDICT MRI, mpMRI-derived apparent diffusion coefficient (ADC), and prostate-specific antigen density
(PSAD) as determinants of clinically significant PCa (csPCa).

Materials and Methods:  Between April 2016 and December 2019, men suspected of having PCa were prospectively recruited from
two centers and underwent VERDICT MRI and mpMRI at one center before undergoing targeted biopsy. Biopsied lesion ADC,
lesion-derived fractional intracellular volume (FIC), and PSAD were compared between men with csPCa and those without csPCa,
using nonparametric tests subdivided by Likert scores. Area under the receiver operating characteristic curve (AUC) was calculated
to test diagnostic performance.

Results:  Among 303 biopsy-naive men, 165 study participants (mean age, 65 years = 7 [SD]) underwent targeted biopsy; of these,
73 had csPCa. Median lesion FIC was higher in men with csPCa (FIC, 0.53) than in those without csPCa (FIC, 0.18) for Likert

3 (P =.002) and Likert 4 (0.60 vs 0.28, P < .001) lesions. Median lesion ADC was lower for Likert 4 lesions with csPCa (0.86 X
1073 mm?/sec) compared with lesions without csPCa (1.12 X 10~° mm?*/sec, P = .03), but there was no evidence of a difference

for Likert 3 lesions (0.97 X 1072 mm?/sec vs 1.20 X 1072 mm?/sec, P = .09). PSAD also showed no difference for Likert 3 (0.17
ng/mL? vs 0.12 ng/mL?, P =.07) or Likert 4 (0.14 ng/mL? vs 0.12 ng/mL?, P = .47) lesions. The diagnostic performance of FIC
(AUG, 0.96; 95% CI: 0.93, 1.00) was higher (P = .02) than that of ADC (AUGC, 0.85; 95% CI: 0.79, 0.91) and PSAD (AUC, 0.74;
95% CI: 0.66, 0.82) for the presence of csPCa in biopsied lesions.

Conclusion:  Lesion fractional intracellular volume enabled better classification of clinically significant prostate cancer than did appar-
ent diffusion coefficient and prostate-specific antigen density.

Clinical trial registration no. NCT02689271
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Multiparametric MRI (mpMRI) is now established
as the first-line investigation for suspected prostate
cancer (PCa) (1), but overall specificity for clinically sig-
nificant cancer (csPCa) (Gleason score =3+4) is reported
at a modest 37% (2,3). This results in one in two men with
positive mpMRI findings undergoing biopsy, the results of
which were negative for significant cancer, with associated
morbidity and a health economic cost (4-6).

Adjunct markers have been proposed to comple-
ment mpMRI to assist in the decision to biopsy. Several

prostate-specific antigen (PSA) density (PSAD) thresholds
(ranging from 0.08-0.15 ng/mL?) are commonly used for
men with indeterminate mpMRI findings, but no con-
sensus exists on the optimal threshold (7,8). The apparent
diffusion coefficient (ADC) is the most often investigated
quantitative marker derived from mpMRI results and has
shown value in differentiating significant PCa, but it can
cause false-positive findings (9-11).

Vascular, Extracellular, and Restricted Diffu-
sion for Cytometry in Tumor (VERDICT) MRI is a
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Abbreviations

ADC = apparent diffusion coefficient, AUC = area under the receiver
operating characteristic curve, csPCa = clinically significant PCa,
FIC = fractional intracellular volume, mpMRI = multiparametric
MRI, PCa = prostate cancer, PI-RADS = Prostate Imaging Reporting
and Data System, PSA = prostate-specific antigen, PSAD = PSA density,
VERDICT = Vascular, Extracellular, and Restricted Diffusion for
Cytometry in Tumor

Summary

Fractional intracellular volume—derived Vascular, Extracellular, and
Restricted Diffusion for Cytometry in Tumor analysis of multiparamet-
ric MRI findings resulted in better classification of clinically significant
prostate cancer than did analysis of prostate-specific antigen density or
lesion apparent diffusion coefficient.

Key Results

= In a prospective study of 165 participants, fractional intracellular
volume (FIC) derived from Vascular, Extracellular, and Restricted
Diffusion for Cytometry in Tumor analysis of multiparametric
MRI findings (area under the receiver operating characteristic
curve [AUC], 0.96) was superior to apparent diffusion coefficient
(AUC, 0.85; P < .001) and prostate-specific antigen density
(AUGC, 0.74; P < .001) in the identification of lesions with clini-
cally significant prostate cancer (csPCa).

= For indeterminate (Likert 3) lesions, only FIC differed (2 = .002)
between lesions with (median FIC = 0.53) and those without
(median FIC, 0.18) csPCa.

multicompartmental diffusion-based method that has been
tailored for the prostate and produces estimates of histopath-
ologic features (12,13). Initial results show that VERICT-
derived fractional intracellular volume (FIC) can be used to
differentiate lesions with from lesions without csPCa and cor-
relates with the cellular fraction in prostatectomy specimens
(14,15). This study is called “Comblning advaNces in imag-
iNg With biOmarkers for improVed Diagnosis of Aggressive
prosTate cancer” (or INNOVATE) and represents the larg-
est clinical evaluation of this imaging biomarker thus far in
which men underwent VERDICT MRI and mpMRI before
targeted biopsy of lesions identified on mpMRI scans (16).

Our objective was to compare quantitative parameters derived
from mpMRI and VERDICT MRI results in biopsied lesions in
a prospective cohort. We hypothesized that FIC enables better
differentiation of which mpMRI-identified lesions have csPCa
than does ADC or PSAD.

Materials and Methods

Trial Design and Participants
Ethical approval for the prospective two-center INNOVATE
study (ClinicalTrials.gov: NCT02689271) was granted by the
UK Research Ethics Committee (ref: 15/L0O/0692). The study
protocol has been published previously (16). Study participants
provided written informed consent. The current study represents
a primary analysis of a prospective two-center trial. Data gener-
ated or analyzed during the study are available from the corre-
sponding author by request.

Men suspected of having csPCa (raised PSA level or suspi-
cious digital rectal examination findings) referred for further

Men referred with Clinical
Suspicion of Prostate Cancer

n =439
Exclusion Criteria
1. Men unable to have MRI scan
2. Men unable to give informed
B consent
3. Previous or ongoing treatment
for Prostate cancer
4. Previous prostate biopsy within
6 months of recruitment
A 4
Study cohort — Multiparametric
MRI
n =340

Declined VERDICT MRI (3)/
Previous negative biopsy
(3)/Unusable VERDICT
acquisition (16)/Significant
MRI Artifact (15)

Multiparametric MRI and
VERDICT-MRI
n=303

v

Underwent Targeted Biopsy
n =165

Figure 1:
cular, Extracellular, and Restricted Diffusion for Cytometry in Tumor.

Flowchart of study cohort and participant selection. VERDICT = Vas-

evaluation between April 2016 and December 2019 were re-
cruited from two tertiary centers (Barts Health London and
University College London Hospital). Figure 1 outlines the
inclusion and exclusion criteria. Men referred with clinical sus-
picion of PCa were included, and men who were unable to un-
dergo MRI, those who were unable to give informed consent,
those who were undergoing treatment for PCa, and those who
had undergone previous biopsy were excluded. There is an over-
lap of 20 participants with a previously published study, which
included men who had undergone a previous biopsy (14). The
clinical outcomes of the cohort excluding VERDICT MRI re-
sults have been published recently (17).

MRI Examination

Biopsy-naive participants underwent prebiopsy mpMRI and
VERDICT MRI. Multiparametric MRI was performed in com-
pliance with the Prostate Imaging Reporting and Data System
(PI-RADS) version 2.1 standards on three scanners (Achieva
and Ingenia, Philips Healthcare; Avanto, Siemens Healthcare)
(18). The protocol included T2-weighted imaging in two planes,
diffusion-weighted imaging (4 value, 0-1000 sec/mm?), separate
high-4-value acquisition (4 value = 1400 sec/mm? or & value =
2000 sec/mm?), and dynamic contrast-enhanced imaging (Pro-
Hance; Bracco Diagnostics) (Table E1 [online]). ADC maps were

radiology.rsna.org = Radiology: Volume 000: Number O—Month 2022



derived from & values (0, 150,
500, and 1000 sec/mm?).
VERDICT MRI was performed
with one scanner (Achieva) us-
ing five & values of 0-3000
sec/mm? (Table E2 [online]).

Image Analysis

The index lesion was defined as
the highest scoring lesion based
on a first read by a clinical ra-
diologist and an independent
second read by astudy radiologist
(S.P, with 12 years of mpMRI
experience). Lesions were scored
using the Likert system, which
ascribes a score from 1 to 5 for
the likelihood of csPCa, as rec-
ommended by United King-
dom guidelines (1). Disagree-
ments between readings were
resolved by consensus in a mul-
tidisciplinary meeting involving
urologists and radiologists. If
more than one lesion had the
same highest Likert score, then
the larger lesion was selected.
Lesions were indicated on a pic-
torial diagram that was used by a
board-certified radiologist (S.S.,
with 4 years of mpMRI experi-
ence) blinded to histologic re-
sults to draw a region of interest
around the lesion on FIC and
ADC maps (Fig 2). The mean
ADC (from clinical mpMRI)
and FIC were recorded. To as-
sess interrater reliability, a ran-
dom sample (7 = 30) of index
lesions was contoured by an-
other board-certified radiologist
(EG., with 7 years of mpMRI
experience). Regions of interest
were drawn using the Multi-
Image Analysis Graphical User
(Mango;  Research
Imaging Institute, University of
Texas Health Science Center at San Antonio) (19). PSAD was
calculated by dividing the PSA by the MRI-calculated prostate
volume using the ellipsoid method (18).

Interface

Biopsy

The decision to offer biopsy was based on mpMRI Likert score
and PSAD and not on VERDICT MRI results. Lesions were
targeted with transperineal or transrectal biopsy, as well as sys-
tematic biopsies, at the two recruiting centers. Biopsies were
performed by urologists using cognitive fusion or technology-
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Figure 2: MRl scans in three participants in the study. Left: Axial T2-weighted scan. Middle: Vascular,

Extracellular, and Restricted Diffusion for Cytometry in Tumor MRI fractional intracellular volume (FIC) map. Right:

Apparent diffusion coefficient (ADC] map. The region of interest, indicated as an ellipse on the FIC and ADC maps and as
a red arrow on the T2-weighted image, delineates the biopsied lesions. (A) Images in a 64-year-old man with a prostate-
specific antigen (PSA) level of 5.93 ng/ml and a Likert 3 and Prostate Imaging Reporting and Data System (PI-RADS)

3 MRl lesion in the right basal posterolateral peripheral zone, which was negative for prostate cancer (PCa) af targeted
biopsy. (B) Images in a 61-year-old man with a Likert 4 and PI-RADS 4 MRI lesion (PSA, 9.80 ng,/mL) in the right apical
posterolateral peripheral zone, which was positive for Gleason 3+4 PCa at targeted biopsy. (€) Images in a 67-year-old
man with a Likert 5 and PI-RADS 5 MRl lesion (PSA, 7.83 ng/ml) in the anterior basal transition zone, which was positive
for Gleason 5+4 PCa on fargeted biopsy.

assisted fusion. Each target was biopsied, and three to six biopsy
cores were obtained. Histopathologic assessment was performed
at the two recruiting sites, with histopathologists blinded to the
results of image analysis. Clinically significant cancer was de-
fined as the presence of one biopsy core containing a lesion with
a Gleason score of 3+4 or higher (10).

Statistical Analysis
The study was designed to achieve a power of 90% to detect
a 20% reduction in the proportion of false-positive biopsies
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(negative or clinically insignificant cancer) in men with posi-
tive mpMRI results. This resulted in a sample size of 130 par-
ticipants using a two-sided x? test with a significance level of
.05 and 95% CI. An estimated insignificant biopsy rate of 0.6
was used based on the Prostate MRI Imaging Study trial (2).

Two groups were defined for the primary outcome: (2) no
cancer or clinically insignificant cancer and () clinically sig-
nificant cancer. For Gleason score analysis, four groups were
defined: no cancer, Gleason score of 3+3, Gleason score of
3+4, and Gleason score of 4+ 3 or higher based on previous
studies (2). Lesions were retrospectively rescored by a reader
(S.S.) using PI-RADS 2.1 and blinded to the histology results
to assess generalizability to centers that use PI-RADS (18).
Nonparametric tests were used to compare the differences
between groups. For the primary outcome, the difference
in the median value between two groups was analyzed with
the independent samples median test with Yate continuity
correction. The Kruskal-Wallis test with Bonferroni multiple
comparison correction was used for Gleason groups. Cls were
derived by bootstrapping based on 10000 samples. Post hoc
subgroup analyses were performed for men with Likert 3 and
Likert 4 lesions, those with PI-RADS 2.1 rescoring, and those
who underwent mpMRI performed with the 3.0-T Achieva
imager. Receiver operating characteristic curve analysis was
performed to compare the classification ability of the three
parameters, and a x? test was used to compare the area under
the receiver operating characteristic curve (AUC), specific-
ity, and false-negative rates. The highest value of the Youden
statistic was calculated from the coordinates of the receiver
operating characteristic curve to obtain a threshold. To as-
sess clinical utility, thresholds were applied to Likert 3 or 4
lesions. Likert 5 lesions were excluded, as the positive predic-
tive value of mpMRI is near 100% (2,17). Interrater variabil-
ity of FIC and ADC maps was assessed with Bland-Altman
analysis and the intraclass correlation coefficient. Supplemen-
tal analyses were performed to compare AUC for minimum
and 10th percentile ADC. Logistic regression models were
constructed using lesion FIC, lesion ADC, and PSAD, and
they were compared using decision curve analysis.

Statistical analyses were performed using statistical software
(SPSS, version 26, IBM; GraphPad Prism, version 9, GraphPad;
Stata, version 17, StataCorp). The P value threshold for signifi-
cance was set at <<.05.

Results

Participant Characteristics

Among 340 enrolled study participants, three declined VER-
DICT MR, three had previous negative biopsy results, 15 had
unusable results of VERDICT acquisition (incomplete data
sets), and 15 had a substantial artifact on MRI scans (Fig 1).
A total of 303 biopsy-naive men were included and underwent
mpMRI and VERDICT MRI (Table). Among these men, 165
underwent targeted biopsy (mean age, 65 years £ 7 [SD]).
Among the 138 men who did not undergo biopsy, 43 had nega-
tive mpMRI findings (Likert 2), 78 had a Likert 3 lesion and
low PSAD (<0.15), 12 had a Likert 3 lesion and high PSAD

Participant Characteristics

Parameter

Finding

Total no. of participants 303
64 (47-81) [10]
6.48 (0.83-141) [4.6]

Median age (y)
Median PSA (ng/mL)
Median prostate volume (mL) 46 (12-150) [30]
Median PSA density (ng/mL?) 0.14 (0.02-2.36) [0.10]
No. of participants biopsied 165

Mean age =SD of biopsied 65=*7
participants (y)

Median maximum cancer core 8 (1-20)
length (mm)

Benign biopsy 76

Gleason 3+3 16

Gleason 3+4 46

Gleason =4+3 27

Note.—Unless otherwise indicated, data are numbers of
participants. Data in parentheses are ranges, and data in
brackets are IQRs. PSA = prostate-specific antigen.

(>0.15), and five had a Likert 4 lesion. The men with a Likert 3
lesion and high PSAD and those with a Likert 4 lesion were rec-
ommended for biopsy but opted for PSA and mpMRI surveil-
lance. The median PSA level in the biopsied group was 6.48 ng/
mL (range, 0.83-141 ng/mL; IQR, 4.6 ng/mL), and the median
prostate volume was 46 mL (range, 12-150 mL; IQR, 30 mL).

MRI Evaluation

Most study participants underwent MRI on the Achieva
3.0-T scanner (78 of 165 men) or the Avanto 1.5-T scanner
(79 of 165 men), with a few (eight of 165 men) undergo-
ing imaging with the Ingenia 3.0-T MRI scanner. The Likert
scores for the biopsied lesions were as follows: 46% (76 of
165 men) had a Likert score of 3; 30% (49 of 165 men) had
a Likert score of 4; and 24% (40 of 165 men) had a Likert
score of 5 (Fig 3). Most index lesions were in the peripheral
zone (78%, 129 of 165 men) or transition zone (15%, 24
of 165 men) but were rarely in the central zone (1%, two of
165 men). Some lesions spanned both the peripheral zone
and the transition zone (5%, nine of 165 men). Retrospective
PI-RADS scoring led to a change in score for 52 Likert 3 le-
sions. A total of 42 lesions were rescored as PI-RADS 2, and
10 were upgraded to PI-RADS 4. Two Likert 5 lesions were
reclassified as PI-RADS 4 (Fig 3).

Biopsy Results

Most men (82%, 136 of 165) underwent targeted transperi-
neal biopsy at one center (University College London NHS
Foundation Trust), whereas 18% (29 of 165) underwent
targeted transrectal biopsy at the other (Barts Health NHS
Trust). All biopsies at the first center and most (27 of 29 bi-
opsies, 93%) at the second center were performed using cog-
nitive fusion, except for two biopsies that used technology-
assisted fusion. Biopsy was performed a median of 28 days
(IQR, 32 days) after imaging, with most lesions (87%, 144
of 165) biopsied within 3 months. For some participants (z =

radiology.rsna.org = Radiology: Volume 000: Number O—Month 2022
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Figure 3: Presence of clinically significant cancer (csPCal in biopsied lesions by Likert and Prostate Imaging Reporting and Data System (PI-RADS) score. Bar graphs
show the proportion of biopsied lesions that had csPCa (red) and those that did not (blue), subdivided by lesion Likert and PI-RADS score.

21), biopsy was performed more than 3 months after research
imaging after a period of PSA surveillance.

A total of 73 of 165 lesions (44%) were positive for csPCa,
16 lesions had a Gleason score of 3+3, and 76 lesions were
negative. Most lesions with csPCa (63%, 46 of 73 lesions)
had 3+4 disease, followed by 4+3 (18 of 73 lesions), 4+5
(three of 73 lesions), 3+5 (two of 73 lesions), 4+4 (two of
73 lesions), 5+4 (one of 73 lesions), and 5+5 (one of 73 le-
sions) disease. The proportion of lesions with ¢sPCa for each
Likert score was as follows: Likert 3, 10 of 76 lesions; Likert 4,
25 of 49 lesions; and Likert 5, 38 of 40 lesions. For PI-RADS
rescored lesions, the proportions were as follows: PI-RADS 2,
two of 42 lesions; PI-RADS 3, four of 24 lesions; PI-RADS 4,
30 of 61 lesions; and PI-RADS 5, 37 of 38 lesions.

PSAD Analysis

The median PSAD level for men with csPCa was 0.21 ng/
mL? (IQR, 0.23 ng/mL?% 95% CI: 0.27, 0.49), and that for
men without ¢sPCa was 0.12 ng/mL* (IQR, 0.07 ng/mL%
95% CI: 0.12, 0.17) (P < .001). The distribution of PSAD
subdivided by Likert score is shown in Figure 4. For Likert 3
lesions, the median PSAD showed no evidence of a difference
(P = .074) between lesions with csPCa (0.17 ng/mL?) and
those without csPCa (0.12 ng/mL?).

There was no evidence of a difference in the median
PSAD (P = .47) for Likert 4 lesions with csPCa (0.14 ng/
mL?) compared with lesions without csPCa (0.12 ng/mL?).
The same relationship was seen when lesions were scored with
PI-RADS, version 2.1 (Fig E1 [online]). PSAD was higher in
lesions with a Gleason score of 3+4 (P = .002) or a Gleason
score of 4+3 or higher (P < .001) compared with lesions
without csPCa (Fig 5). PSAD was higher in lesions with a
Gleason score of 4+3 or higher (P = .02) compared with le-
sions with a Gleason score of 3+3. There was no evidence of
a difference between lesions with a Gleason score of 3+4 and
those with a Gleason score of 4+3 or higher (P = .16), nor
was there a difference between lesions with a Gleason score of

3+3 and those with a score of 3+4 (P = .93).

Radiology: Volume 000: Number O—Month 2022 = radiology.rsna.org

ADC Analysis

The median lesion ADC was 0.83 X 107> mm?/sec (IQR,
0.29 X 1073% 95% CI: 0.77, 0.89 X 107%) in lesions with
csPCa and 1.17 X 107° mm?/sec (IQR, 0.36 X 107% 95%
CIL: 1.13, 1.24 X 1073) in lesions without csPCa (P <
.001). For Likert 3 lesions, the median lesion ADC showed
no evidence of a difference (P = .09) between lesions with
csPCa (0.97 X 107° mm?/sec) and those without csPCa
(1.20 X 107 mm?/sec) (Fig 4).

There was a difference in the median lesion ADC
(P = .03) between lesions with csPCa (0.86 X 107° mm?/
sec) and lesions without csPCa (1.12 X 1072 mm?/sec) for
Likert 4 lesions. A similar relationship was observed when
lesions were scored with PI-RADS, version 2.1 (Fig E1 [on-
line]). Lesion ADC was lower in Gleason 344 lesions (P <
.001) or Gleason 4+3 lesions (P < .001) compared with
lesions without csPCa. There was a difference between Glea-
son 3+3 lesions and Gleason 3+4 lesions (P < .001) and
between Gleason 3+3 and Gleason 4+3 or greater lesions (P
< .001), but there was no evidence of a difference between
Gleason 3+4 lesions and Gleason 4+3 or greater lesions (P
> .99) or between negative lesions and Gleason 3+3 lesions
(P> .99).

In participants (47%, 78 of 165 men) who underwent
clinical diffusion-weighted imaging on the scanner used for
VERDICT MRI (3.0-T Achieva imager), lesion ADC was
lower for Likert 4 lesions that had c¢sPCa (2 =.005) compared
with lesions without csPCa. There was no evidence of a dif-
ference in lesion ADC for Likert 3 lesions (P = .06) (Fig E2
[online]). The analysis of lesion ADC for each Gleason score
in this subgroup is shown in Figure E3 (online).

FIC Analysis

The median lesion FIC in lesions with csPCa was higher at
0.61 (P < .001) (IQR, 0.17; 95% CI: 0.56, 0.63) than that
in lesions without csPCa at 0.22 (IQR, 0.19; 95% CI: 0.22,
0.27). For Likert 3 lesions, FIC was higher (2 < .001) in le-
sions with csPCa (0.53; 95% CI: 0.47, 0.59) compared with
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lesions without csPCa (0.18; 95% CI: 0.19, 0.25) (Fig 4).
There was a difference in median lesion FIC (P < .001) for
Likert 4 lesions with csPCa (0.60; 95% CI: 0.48, 0.63) and
those without csPCa (0.28; 95% CI: 0.24, 0.34). A simi-
lar relationship was seen when lesions were scored with PI-
RADS, version 2.1 (Fig E1 [online]).

Lesion FIC was higher in PCa lesions with a Gleason score
of3+4 (P<.001) orascore of 4+ 3 or higher (»<.001) com-
pared with negative lesions (Fig 5). There was also a difference
between lesions with a Gleason scoreof 3+3 0r3+4 (P <.001)
and those with a score of 4+ 3 or greater (? < .001). There was
no evidence of a difference in lesion FIC between lesions that
were negative and PCa lesions with a Gleason score of 3+3
(P >.99) or between lesions with a Gleason score of 3+4 or
4+3 or higher (P > .99).

Diagnostic performance of PSAD and MRI analysis re-
ceiver operating characteristic curves for PSAD, lesion ADC,
and lesion FIC are shown in Figure 6. The AUC was higher
for lesion FIC at 0.96 (95% CI: 0.93, 1.00) compared with
ADC at 0.85 (P = .016; 95% CI: 0.79, 0.91) and PSAD at
0.74 (P < .001; 95% CI: 0.66, 0.82).

The Youden index was determined to provide optimal
sensitivity and specificity thresholds. The thresholds were as
follows: PSAD of 0.18 ng/mL? (sensitivity, 59%; specificity,
83%), lesion ADC of 1.00 X 107? mm?/sec (sensitivity, 83%;
specificity, 77%), and lesion FIC of 0.41 (sensitivity, 95%;
specificity, 90%). Thresholds based on the highest Youden

1.50
B Clinically
Significant
Cancer
=No
1.00 b

PSAD (ng/ml/ml)

.50
. 3 4 5
Likert Score

Figure 4: Andlysis of prostate lesions with clinically significant prostate cancer
(csPCal). (A) Distribution of lesion apparent diffusion coefficient (ADC), (B) pros-
tate-specific anfigen density (PSAD), and (€) lesion fractional intracellular volume
[FIC) for lesions that had csPCa (red) and those that did not (blue), subdivided by
lesion Likert score. * = Significant differences between lesions are based on an
independent-samples median test (P <.05), + = outliers.

statistic were retrospectively applied in men with Likert 3 or
Likert 4 lesions (7 = 125), of which 35 of 125 lesions (28%)
were positive for csPCa and 90 of 125 lesions (72%) were
negative for csPCa.

The lesion FIC threshold of 0.41 for participants with
Likert 3 or 4 lesions (ie, participants with a lesion FIC of
0.41 or less would not be biopsied) would result in a higher
specificity (number of participants who could avoid a nega-
tive biopsy) of 91% (82 of 90 participants, P = .01) com-
pared with 78% (70 of 90 participants) for the lesion ADC
threshold of 1.00 X 1072 mm?/sec. The PSAD threshold of
0.18 ng/mL/mL would result in a specificity of 83% (75
of 90 participants), with no evidence of a difference com-
pared with the FIC threshold (2 = .12). The false-negative
rate (number of participants with csPCa who would be un-
detected) is lower for the FIC threshold at 11% (four of 35
participants, P < .01) compared with PSAD at 54% (19 of
35 participants) and with no evidence of a difference com-
pared with lesion ADC at 23% (eight of 35 participants,
P=.12).

The AUC was 0.84 (95% CI: 0.78, 0.90) for minimum
ADC and 0.84 (95% CI: 0.77, 0.90) for 10th percentile
ADC, which was lower than that of mean ADC (0.85; 95%
CI: 0.79, 0.91) (Fig E4 [online]). In a logistic regression
model with all three parameters, only lesion FIC (P < .001)
was significant and provided the most net benefit (Fig E5
[online]).
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Figure 6: Graph shows receiver operating characteristic curves for lesion
apparent diffusion coefficient (ADC) (green), prostate-specific anfigen density
(PSAD) (blue), and lesion fractional intracellular volume (FIC) (red) for all
lesions. Areas under the receiver operating characteristic curve (AUCs) and

95% Cls are indicated.
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Figure 5: Andlysis of prostate lesions by Gleason score. (A) Distribution of
lesion apparent diffusion coefficient (ADC), (B) prostate-specific antigen density
(PSAD), and (€) lesion fractional intracellular volume (FIC) by lesion Gleason
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Interreader Variability

The intraclass correlation coefficient for lesion FIC was
0.93, and the intraclass correlation coefficient for lesion
ADC was 0.89. The Bland-"Altman analysis plot showed
no evidence of proportional bias in the two measurements

(Fig E6 [online]).

Discussion

In this prospective trial, we found that a quantitative imag-
ing marker derived from Vascular, Extracellular, and Restricted
Diffusion for Cytometry in Tumor MRI, called fractional in-
tracellular volume (FIC), enabled better classification (area
under the receiver operating characteristic curve [AUC], 0.96;
95% CI: 0.93, 1.00) of lesions that had clinically significant
prostate cancer (csPCa) than did apparent diffusion coefficient
(AUC, 0.85; 95% CI: 0.79, 0.91) and prostate-specific anti-
gen density (AUC, 0.74; 95% CI: 0.66, 0.82) derived from
multiparametric MRI. For indeterminate lesions, only lesion
FIC was significantly higher in lesions with csPCa (P < .001).
The FIC threshold, when retrospectively applied to men with
Likert 3 or 4 disease, could have allowed 91% of men (82 of
90) within this subgroup to avoid biopsy at the cost of not
detecting csPCa in 11% (four of 35).

The performance of PSAD and ADC in lesion stratification
was comparable to reported metrics in previous studies. The AUC
for ADC has been reported to range from 0.7 to 0.72 (5,20),
and the AUC for PSAD has been reported to range from 0.68 to
0.75 (5,8). Lesion FIC outperformed both for the classification of
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csPCa, in keeping with a previous study in a smaller cohort (14).
Interreader variability was similar for both ADC and FIC and
comparable to published values for region of interest analysis (14).

In our center and in others in the United Kingdom, scor-
ing of mpMRI studies is performed using the Likert system, as
recommended by UK guidelines (1). Scoring of lesions with
PI-RADS, version 2.1, was performed retrospectively within
our study and did not influence biopsy decisions. Nonetheless,
lesion FIC enabled differentiation between lesions with and
those without ¢sPCa in the PI-RADS 3 and 4 scored groups.
This rescored analysis implies potential generalizability of our
results to centers that exclusively use PI-RADS scoring,.

Our study had limitations. First, although recruitment was
performed at two centers, imaging was performed at one special-
ist center; therefore, generalizability has not been investigated.
Second, ADC was derived from mpMRI performed with three
different scanners and from VERDICT MRI performed with
one scanner; therefore, the results for ADC may be affected by
interscanner variability. However, in the subgroup analysis of
ADC produced by the same scanner as that used for VERDICT,
the results were comparable to the whole sample. The third limi-
tation is that only participants who underwent biopsy were in-
cluded in this analysis; therefore, the prevalence of csPCa in this
cohort might be higher. Finally, due to the smaller number of
lesions in the transition zone compared with the peripheral zone
in this cohort, we cannot fully assess the impact of VERDICT
for transition zone tumors.

In conclusion, lesion fractional intracellular volume enabled
excellent classification of clinically significant prostate cancer
and offers men with positive multiparametric MRI findings who
are likely to have clinically insignificant biopsy results the op-
portunity to potentially avoid unnecessary biopsy. Prospective
multicenter evaluation of the thresholds derived in our study
remains the next step.
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