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Likert Score 3 Prostate Lesions:
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ADC Metrics and Pathologic Findings at
MRI/Ultrasound Fusion Targeted Biopsy
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Background: To assess associations between whole-lesion apparent diffusion coefficient (ADC) metrics and pathologic
findings of Likert score 3 prostate lesions at MRI/ultrasound fusion targeted biopsy.
Methods: This retrospective Institutional Review Board-approved study received a waiver of consent. We identified
patients receiving a highest lesion score of 3 on 3 Tesla multiparametric MRI reviewed by a single experienced radiolog-
ist using a 5-point Likert scale and who underwent fusion biopsy. A total of 188 score 3 lesions in 158 patients were
included. Three-dimensional volumes-of-interest encompassing each lesion were traced on ADC maps. Logistic regres-
sion was used to predict biopsy results based on whole-lesion ADC metrics and patient biopsy history. Biopsy yield was
compared between metrics.
Results: By lesion, targeted biopsy identified tumor in 22.3% and Gleason score (GS) > 6 tumor in 8.5%, although results
varied by biopsy history: biopsy-naive (n=80), 20.0%/8.8%,; prior negative biopsy (n=53), 9.4%/1.9%,; prior positive
biopsy (n = 55): 40.0%/14.5%. Biopsy history, whole-lesion mean ADC, whole-lesion ADC1o_ps, and whole-lesion ADCys_
50 were each significantly associated with tumor or GS > 6 tumor at fusion biopsy (P <0.047). In men without prior nega-
tive prostate biopsy, whole-lesion ADCys 50 < 1.04*10"° mm?/s achieved 90.0% sensitivity and 50.0% specificity for
GS > 6 tumor, which was significantly higher (P < 0.001) than specificity of PSA (17.5%) at identical sensitivity.
Conclusion: For score 3 lesions in patients without prior negative biopsy, whole-lesion ADC metrics help detect GS> 6
cancer while avoiding negative biopsies. However, deferral of fusion biopsy may be considered for score 3 lesions in
patients with prior negative biopsy (without applying whole-lesion ADC metrics) given exceedingly low (~ 2%) fre-
quency of GS > 6 tumor in this group.

J. MAGN. RESON. IMAGING 2016;43:325-332.

rostate. MRI has become a commonly applied test for

detection and localization of clinically important tumors
within the gland.! Increasing clinical adoption of prostate
MRI has facilitated the emergence of MRI-targeted biopsy,
whether using a direct in-bore approach® or MRI/ultrasound
fusion guidance.” Recent studies support MRI-targeted
biopsy in both patients with a prior negative biopsy™ as
well as in patients on active surveillance for biopsy-proven
tumor,™® and it is anticipated that the application of MRI-

targeted prostate biopsy in clinical practice will continue
to grow.

The varying level of concern for significant cancer
among lesions encountered on prostate MRI creates a chal-
lenge in the clinical integration of MRI-targeted biopsy.”
Some lesions are highly suspicious for aggressive tumor; others
are overwhelmingly likely to be inconsequential. Thus, not all
identified lesions warrant targeted biopsy. Given this variabili-
ty, reporting schemes have been investigated to standardize

View this article online at wileyonlinelibrary.com. DOI: 10.1002/jmri.24983

Received Apr 24, 2015, Accepted for publication Jun 4, 2015.

*Address reprint requests to: A.B.R., Department of Radiology, Center for Biomedical Imaging, NYU School of Medicine, NYU Langone Medical Center,
660 First Avenue, 3@ Floor, New York, NY 10016. E-mail: andrew.rosenkrantz@nyumc.org

From the 1Department of Radiology, NYU School of Medicine, NYU Langone Medical Center, New York, New York, USA; 2Department of Urology, Division
of Urologic Oncology, NYU School of Medicine, NYU Langone Medical Center, New York, New York, USA; and *Department of Pathology, NYU School of
Medicine, NYU Langone Medical Center, New York, New York, USA

© 2015 Wiley Periodicals, Inc. 325



Journal of Magnetic Resonance Imaging

interpretations and communicate the radiologist’s level of
concern in a reproducible manner, which in turn may help
guide biopsy selection.’” The most frequenty used
approaches are the Likert and PI-RADS schemes, both of
which in their most recent descriptions use a 1-5 scale for
risk stratification.'®™"? Whereas PI-RADS uses fixed criteria
for the assigned score, the Likert scheme uses the radiologist’s
overall impression. Regardless of the approach, uniform
reporting with a 1-5 scale provides a consistent and straight-
forward means of conveying the findings as a basis for clinical
decisions.

Past studies have investigated outcomes for prostate
MRI examinations scored using 1-5 scales. Consistently, a
score of 4 or 5 has been found to be highly sensitive for

13,14
whereas a score of 1 or 2

clinically significant tumor,
has been found to have a high negative predictive value and
to generally represent benign tissue or insignificant
tumor.”'*"> Therefore, it has been suggested to routinely
perform targeted biopsy of score 4 or 5 lesions, while con-
sidering deferring biopsy for low-probability lesions.

As prior reports have largely drawn conclusions regard-
ing management of score 1/2 or score 4/5 lesions, and not
clearly committed to a position regarding biopsy of score 3
lesions, the proper management of such lesions is unclear. A
score of 3 indicates an intermediate suspicion level, and
data regarding outcomes of such lesions are variable.'*'®"
Thus, strategies to further improve risk stratification among
score 3 lesions and guide decisions regarding potential
biopsy of such lesions would be of great clinical value.

Apparent diffusion coefficient (ADC) values of pros-
tate lesions are associated with patient’s risk profile, showing
associations with Gleason score (GS),'® posttreatment recur-
rences,” and outcomes on active surveillance.?’ Additional
recent studies show further prognostic value of more sophis-
ticated ADC metrics derived from whole-lesion histogram
assessment.”' > Such metrics may also be useful for assist-
ing management decisions in score 3 lesions. Thus, in this
study, our aim was to assess associations between whole-
lesion ADC metrics and pathologic findings of Likert score

3 prostate lesions at MRI/ultrasound fusion targeted biopsy.

Materials and Methods

Patients

This retrospective study was Health Insurance Portability and
Accountability Act compliant and was approved by our institutional
review board, which waived the requirement for written informed
consent. Initially, 534 patients who underwent transrectal MRI-
targeted biopsy using a dedicated MRI/ultrasound fusion system fol-
lowing multiparametric prostate MRI at our institution between
June 2012 and March 2014 were identified. In patients who under-
went more than one prostate MRI followed by fusion biopsy during
this interval, only the first MRI and subsequent biopsy were consid-

ered for potential inclusion. The distribution of overall Likert scores
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TABLE 1. Characteristics of Study Cohort

Characteristic Mean = SD / frequency
Age 648 years
PSA 6.0+3.6 ng/mL

Biopsy history (by patient)

44.3% (70/158)
28.5% (45/158)
27.2% (43/158)

Biopsy-naive

Prior negative biopsy

Prior positive biopsy
Biopsy history (by lesion)
42.6% (80/188)
28.2% (53/188)
29.3% (55/188)

Biopsy-naive
Prior negative biopsy

Prior positive biopsy

on the prebiopsy MRI in this cohort was as follows: 2, 28.0%
(150); 3, 31.6% (169); 4, 25.5% (136); 5, 14.8%.(79) As a score of
1 indicates an absence of suspicious findings, patients with this score
would not be captured within a listing of patients undergoing fusion
MRI-targeted biopsy. The 169 patients who received an overall Lik-
ert score of 3 were considered eligible for this study. Addidonal
patients were then excluded for the following reasons: MRI per-
formed at 1.5 Tesla (T) (n=7); prior treatment for prostate cancer
(n=2); severe artifact from hip hardware (n=2). These exclusions
left a final included cohort of 158 patients (mean age, 64 * 8 years).
44.3% (70/158) had no prior prostate biopsy, 28.5% (45/158) had
a prior negative prostate biopsy, and 27.2% (43/158) had a prior
positive prostate biopsy. The mean serum prostate-specific antigen
was 6.0 * 3.6 ng/mL. A total of 125 of these patients were included
in a previous study comparing the diagnostic performance of cogni-
tive and fusion biopsy approaches.”* Table 1 summarizes characteris-
tics of included patients.

MRI and MRI-Ultrasound Fusion Biopsy

All patients underwent multiparametric prostate MRI at 3T using
an anterior pelvic phased-array coil in combination with a posterior
spine coil array and a whole-body clinical system (Siemens MAG-
NETOM Trio, Skyra, or Verio). Sequences included axial turbo-
spin echo (TSE) T2-weighted imaging (T2WI) (TR/TE 4000-
4960/105 ms, slice thickness 3 mm, field-of-view (FOV) 180 X
180 mm, matrix 256 X 256, parallel imaging factor 2, 3 averages)
and axial fat-suppressed single-shot echo-planar imaging diffusion-
weighted imaging (DWI) (repetition time/echo time [TR/TE]
4100/86 ms, slice thickness 3 mm, FOV 200 X 200 mm, matrix
100 X 220, parallel imaging factor 2, 10 signal averages). DWI
was performed using b-values of 50 and 1000 s/mm?, with recon-
struction of ADC maps as well as generation of computed DWTI at a
b-value of 1500 s/mm?2° both performed using a standard monoex-
ponendal fit. In addition, dynamic contrast-enhanced (DCE) MRI
was performed using an axial three-dimensional (3D) gradient-echo
T1-weighted imaging (T1WI) sequence and intravenous administra-
tion of 0.1 mmol/kg of gadopentatate dimeglumine (Magnevist, Bayer
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Healthcare Pharmaceuticals; n = 153) or, gadobutrol (Gadavist, Bayer
Healthcare Pharmaceuticals; n = 5), which became the routine con-
trast agent used in our department in January 2014. In 107 patients,
a conventional DCE sequence was performed (TR/TE 2.84-0.94 ms,
flip angle 16°, slice thickness 3 mm, FOV 240 X 240 mm, matrix
128 X 128, no parallel imaging; 55 time-points at a temporal resolu-
tdon of 5.5 s). In the remaining patients, a previously reported
sequence that uses a golden-angle radial sampling scheme and parallel
imaging reconstruction with compressed sensing was used (3192
radial spokes; TR/TE 4.10/1.89 ms, flip angle 16° slice thickness
3 mm, FOV 240 X 240 mm, matrix 224 X 224; reconstructed with
21 radial spokes per time-point, providing 145 time-points at a tem-
poral resolution of 2.3 s).%°

A single fellowship-trained abdominal radiologist with 6
years of experience in prostate MRI (A.R.) reviewed all examina-
tions and, prior to fusion biopsy, assigned a suspicion score to each
detected lesion on a 2—5 Likert scale!?; a score of 1 was reserved
for a negative examination, without findings suspicious for tumor.
All image sets (T2W1I, high b-value DWI, ADC maps, DCE) were
taken into account in assigning the Likert scores, although no spe-
cific ADC threshold was applied. While criteria for assessing each
individual sequence that were previously proposed by an expert
panel were considered,'! the final lesion score was ultimately at the
discretion of the radiologist and not determined by any specific
rules. The highest score assigned to any individual lesion was con-
sidered to represent the overall score for the examination. Thus, a
lesion scored as 3 in the setting of a concomitant score 4 lesion
was not included in this analysis. This approach was selected given
that a biopsy would be warranted in such a patient due to the
presence of the score 4 lesion, regardless of the approach to the

score 3 lesion.

Image Assessment
At the time of this retrospective study, the radiologist who had
assigned the suspicion scores prior to fusion biopsy assessed the
ADC map for each patient using in-house software (A.R.), blinded
to subsequent biopsy results. The mean delay between the date of
the MRI and date of this additional assessment was 465 * 195
days (median, 414 days). Using this software, a 3D volume-of-
interest (VOI) was placed encompassing the entire lesion volume
on all slices depicting the lesion. No specific attempt was made to
avoid the lesion edge. A histogram of ADC values within the
lesion was generated based on the VOI, allowing for computation
of whole-lesion ADC metrics: mean, kurtosis, skewness, and
entropy of ADC. The mean ADC of adjacent portions of the his-
togram determined by the 10™ 25% and 50™ percentiles were
also computed, hereafter referred to as ADCy_j9, ADCjg 55, and
ADC,5_sg. These metrics provide a more robust assessment of the
presence of low ADC values within the lesion than does the abso-
lute minimum ADC value within any single voxel, which is more
strongly influenced by random variation.”” The volume of each
VOI was also computed.

For purposes of assessing inter-reader agreement, a second
radiologist with 2 years of experience in interpretation of prostate
MRI (J.R.) placed VOIs using the same software and also recorded

the whole-lesion histogram metrics. This reader was aware of the
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general location of the score 3 lesions at the time of prospective
interpretation, but blinded to the VOIs placed by the first reader.

Reference Standard

Transrectal biopsy in all patients was guided by the ei-Nav|Artemis
system (Eigen, Grass Valley, CA), with the ProFuse software
(Eigen) used for prostate segmentation and marking of targets.
Using this system, MRI-ultrasound fusion was used to obtain tar-
geted cores from all lesions reported on MRI. Standard systematic
12-core biopsy was also performed during the same session. Given
multiple investigations estimating a registration error of 3.5 mm of

272 .
729 each score 3 lesion on MRI was con-

current fusion systems,
sidered to correspond with tumor if tumor was detected cither in
the targeted cores or in the nearest adjacent systematic core
(n=10). Detected tumors were classified as GS =6 or GS > 6 for

purposes of analysis.

Statistical Assessment

Logistic regression for correlated data was used to assess the associa-
tion of clinical parameters (patient age, prostate specific antigen
[PSA], previous biopsy history), lesion volume on the ADC map,
and the whole-lesion ADC metrics with both the presence of tumor
and of GS > 6 tumor. Specifically, generalized estimating equations
based on logistic regression was used to model each of these two
outcomes as a function of each of the candidate predictors while
accounting for within-subject correlations due to the inclusion of
results from two or three score 3 lesions within some patients. The
analysis assumed outcomes to be correlated only when derived for
lesions within the same patient. For the purposes of analysis, the
patient’s biopsy history was assigned to one of three categories
(biopsy-naive, prior negative biopsy, prior positive biopsy) and then
applied in an ordinal manner within the regression model based on
the frequency of tumor observed within the three cohorts. For all
metrics that were significant predictors of GS > 6 tumor, thresholds
were identified to detect GS > 6 tumor in the various patient cate-
gories at a target sensitivity of 90%, based on the method of Zhou
et al.>® The single-measures intraclass correlation coefficient (ICC)
for absolute agreement was used to assess inter-reader agreement of
the histogram metrics and classified as follows: <0.2, no correla-
tion; between 0.2 and 0.4 weak correlation; between 0.4 and 0.6,
moderate correlation; between 0.6 and 0.8, good correlation; over
0.8, excellent correlation.®® All statistical tests were conducted at
the two-sided 5% significance level using SAS Version 9.3 (SAS
Institute, Cary, NC) and MedCalc for Windows Version 12.7
(MedCalc Software, Ostend, Belgium).

Results

Patients

A total of 188 Likert score 3 lesions were present in the
158 patients. Based on subsequent biopsy results, 22.3%
(43/188) were classified as positive for tumor, and 8.5%
(16/188) as positive for GS > 6 tumor. Among the GS > 6
tumors, two were Gleason score 4+3 and one was Gleason
score 4+4; the remainder were Gleason score 3+4. By
lesion, 78.2% (147/188) were in the peripheral zone, of
which 24.5% (36/147) were positive for tumor and 8.8%
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FIGURE 1: Graph comparing frequency of any tumor and of
Gleason score >6 tumor identified at MRI/ultrasound fusion tar-
geted biopsy of Likert score 3 lesions, stratified by patient
biopsy history.

(13/147) were positive for GS>6 tumor. The remaining
21.8% (41/188) of lesions were in either the transition or
central zone, of which 17.1% (7/41) were positive for tumor
and 7.3% (3/41) were positive for GS > 6 tumor. Among the
43 patients with a prior positive biopsy, the Gleason score on
prior biopsy was 3+3 in 39 patients and 3+4 in 4 patients;
14.0% (6/43) of these patients were upgraded based on the
results of the MRI/ultrasound fusion biopsy.

Figure 1 shows that both the frequency of any tumor
(P<0.001) and of GS > 6 tumor (2= 0.017) varied based on
patient biopsy history, being lowest in patients with a prior neg-
ative biopsy, intermediate in biopsy-naive patients, and highest
in patients with a prior positive biopsy. Additional factors that
were significantly associated with presence of tumor were mean
ADC, ADC(_5s5, and ADC5s5_5¢ (? = 0.041-0.047) (Table 2).
These three factors, along with PSA, were also significantly
associated with presence of GS > 6 tumor (P = 0.008-0.034).
Patient age, lesion volume, ADCy_;0, skewness ADC, kurtosis
ADC, and entropy ADC were not significant predictors of
either of these pathologic outcomes (P> 0.071). A representa-
tive patient is demonstrated in Figure 2.

Table 3 shows the performance of various metrics in
detection of GS > 6 tumor at thresholds identified to achieve
90% sensitivity. Only biopsy-naive patients as well as patients
with a prior positive biopsy are included in this analysis given
the presence of GS>6 tumor in only one patent with a
prior negative biopsy. In the patients without a prior negative
biopsy, ADCjg55 below 1.05 X 1077 mm?/s identified
GS > 6 tumor with a specificity of 50.0% at 90% sensitivity.
This specificity was significanty higher (2 < 0.001-0.006)
than that of PSA (specificity of 17.5%) and of ADC;s 5o
(specificity of 41.7%), although not significantly higher
(P =0.549) than that of mean ADC (specificity of 47.5%).

Inter-reader agreement was excellent for mean ADC,
ADC 55, and ADCys_50; good for ADC,y_1o and entropy;
and weak for skewness and kurtosis (Table 4).

TABLE 2. Association of Study Variables (Listed as Mean = SD) With Pathologic Outcomes at Fusion Biopsy of
Score 3 Lesions®
Measure Any tumor GS> 6 tumor
Yes No r Yes No r
Biopsy history b <0.001 b 0.017
Age (years) 64.5*+8.5 63.4*7.8 0.480 61.4*+10.4 63.8+7.7 0.279
PSA (ng/mL) 5.6*x2.6 6.1x3.9 0.402 4.8%+1.9 6.1£3.7 0.034
Lesion volume (cm?) 0.27%0.28 0.29+0.42 0.682 0.21£0.13 0.30%0.41 0.172
Histogram metrics
Entropy 3.95%0.89 3.94+0.84 0.895 3.93+0.64 3.94+0.87 0.863
Mean ADC* 1.08%+0.19 1.15%0.20 0.041 1.02%+0.15 1.14£0.20 0.008
ADCy_;o° 0.85%0.23 0.92+0.25 0.103 0.83*0.15 0.91%0.26 0.071
ADCg_55° 0.95%+0.19 1.01+0.21 0.047 0.91%0.15 1.01+0.21 0.019
ADC,5_5¢° 1.03£0.19 1.09%0.21 0.047 0.97£0.15 1.09£0.21 0.008
Kurtosis —0.04%£0.98 —0.03£1.19 0.985 0.06%0.74 —0.04*+1.18 0.756
Skewness 0.25+0.48 0.23%0.55 0.803 0.22+0.45 0.24%0.54 0.803
“Bold highlighting indicates statistically significant at the 0.05 significance level.
bSee Figure 1.
€X10 > mm®/s
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FIGURE 2: A 70-year-old man with prior negative prostate biopsy and persistently elevated PSA of 8.67 ng/mL. A: Axial turbo
spin-echo T2-weighted image (T2WI) demonstrates a geographic region of mildly decreased T2 signal (arrow). B: Axial apparent
diffusion coefficient (ADC) map shows corresponding mildly decreased ADC (arrow). C: Computed diffusion-weighted image with
a b-value of 1500 s/mm? shows mildly increased signal intensity (arrow). Lesion was categorized as Likert score 3 given the mild
reduction in T2 signal intensity and ADC, as well as its geographic, non-mass-like shape. D: Histogram of ADC values obtained
from whole-lesion volume-of-interest on all slices encompassing lesion on ADC map; based on the histogram, lesion exhibited
mean ADC of 1.30 x 10™2 mm?%/s. Lesion was benign on MRI/ultrasound fusion targeted biopsy. Follow-up PSA a year later was

slightly decreased at 7.4 ng/mL.

Discussion

While targeted biopsy is advised in the setting of a suspicion
score of 4 or 5 on prostate MRI, and deferral of biopsy
may be considered for a score of 1 or 2, the optimal man-
agement of score 3 lesions has remained uncertain. We
observed significant associations between both patient
biopsy history and ADC-based metrics with pathologic out-
comes of Likert score 3 prostate lesions undergoing MRI/
ultrasound fusion targeted biopsy. In general, the overall fre-
quency of tumor within the study cohort was low, which is

reassuring given past suggestions to routinely target lesions
receiving a score of 4 or 5. Nonetheless, the frequency of
GS > 6 tumors within the cohort was 8.5%. Thus, routinely
deferring biopsy of score 3 lesions risks missing a consider-
able number of aggressive tumors when applied across large
patient populations.

The patient’s biopsy history was strongly associated
with targeted biopsy results, both in terms of overall tumor
and of GS>6 tumor. In particular, the positivity rate for
these outcomes was highest in patients with a prior positive

TABLE 3. Specificity of Metrics in Identification of TABLE 4. Intraclass Correlation Coefficient for
Gleason Score >6 Tumor at Fusion Biopsy of Likert Whole-Lesion ADC Metrics
Score 3 Lesions in Patients Without a Prior Negative
Biopsy® Metric ICC
Parameter Threshold Specificity
Mean ADC 0.81
PSA <715 17.5% (21/120) ADCo_10 0.63
Mean ADCP <1.18 47.5% (57/120) ADCg_5s 0.85
ADC, 55" < 1.05 50.0% (60/120) ADC;s_5¢ 0.85
ADC,s so° < 1.14 41.7% (50/120) Skewness 0.28
*Thresholds are selected to achieve 90% sensitivity for Gleason Kurtosis 0.24
>6t .
ff;(’;eo, 3 mlrl:g;)sr. Entropy 0.74
February 2016 329
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biopsy, lowest in patients with a prior negative biopsy, and
intermediate in biopsy-naive patients. These differences are
not unexpected given the known ability of benign condi-
tions, such as prostatitis, high-grade prostatic intraepithelial
neoplasia, and benign prostate hyperplasia, to mimic tumor
on MRI,”* and the greater likelihood of a detected lesion to
in fact represent tumor when this diagnosis has previously
been established. Therefore, while a score of 3 should be
assigned strictly based on the imaging findings in a given
case, and not raised or lowered on account of the biopsy
history, it is important for the biopsy history to be taken
into consideration when deciding whether to perform a tar-
geted biopsy of such a lesion.

One recent study of transperineal in-bore MRI-guided
biopsy also observed an impact of biopsy history on targeted
biopsy outcomes.”” In that study, 48.1% of patients without
previously diagnosed prostate cancer, and 61.5% of patients
with known prostate cancer, were positive at MRI-targeted
biopsy.”> That study did not differentiate between biopsy-
naive patients and patients with a prior negative biopsy. In
addition, biopsy results were not stratified by MRI suspicion
score, such that the findings were influenced by the inclu-
sion of high suspicion MRI lesions that typically warrant
targeted biopsy, regardless of patient history.

Our observations may help in selection of patients with
a score 3 lesion for targeted biopsy. Given the exceedingly
low frequency of GS>6 tumor in Likert score 3 lesions in
patients with a prior negative biopsy (approximately 1 out of
50 such patients), we suggest that deferral of targeted biopsy
may be considered for such lesions. Although biopsy of Likert
score 3 lesions should be considered in remaining patients,
targeting all such lesions in patients without a prior negative
biopsy would result in a high fraction of benign biopsy
results. Rather, the ADC metrics can be used to reduce the
number of negative biopsies in this context. When consider-
ing threshold values to apply in practice, high sensitivity for
significant tumor is desired. Among patients without a prior
negative biopsy, selecting score 3 lesions for biopsy based on
ADC,p 55 <1.05 X 1072 mm®s would have avoided
biopsy in approximately half of lesions that were either
benign or low-grade tumor, while maintaining 90% sensitiv-
ity for GS> 6 tumor. Therefore, while the initial stratifica-
tion of MRI findings using the 1-5 scale already facilitates
reducing the number of biopsies by avoiding biopsy in the
setting of a score of 1 or 2, the ADC metrics have a role for
substandally reducing the number of biopsies further.
Although the specificity at the derived threshold is low, this
specificity was significantly higher than that of PSA, which
currently serves as the primary noninvasive marker to guide
biopsy decisions.

The 1-5 MRI suspicion score that currently guides
decisions regarding targeted biopsy is based on visual image
assessment and does not consider quantitative metrics. Our
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observations support the complimentary role of ADC met-
rics to further refine clinical algorithms and more precisely
select individual patients within a given cohort for biopsy.
The known inverse correlation between ADC values and
Gleason score,'® as well as the inherent invisibility on ADC
maps of a fraction of GS =6 tumors,>® presumably contrib-
uted to the particularly strong association of the ADC met-
rics with GS > 6 tumor, in comparison with these metrics’
association with overall tumor. Indeed, any associations that
we observed between the whole-lesion ADC metrics and
presence of any tumor are of questionable relevance once
considering multiple comparisons testing and the obtained
levels of statistical significance for these assessments. Rather,
our findings suggest that the utdlity of the whole-lesion
ADC metrics is largely for the detection of GS > 6 tumors.
It is notable that the frequency of GS > 6 tumor was overall
low within the cohort, regardless of biopsy history. Such
lesions are expected to typically receive a suspicion score of
4 or 5, and would therefore be anticipated to be uncommon
within this current investigation of score 3 lesions.

Our analysis included histogram-based ADC metrics
derived from whole-lesion assessment. Such metrics are
intended to better assess lesion texture and have shown
added value compared with traditional metrics such as mean
or median ADC in past studies.”’ ™ In this study, these
various measures that reflect the shape and variation of the
histogram, such as skewness, kurtosis, and entropy, failed to
exhibit significant associations with biopsy results. We spec-
ulate that this may relate to the generally small size of the
lesions in the current study. These textural metrics reflect
the distribution of ADC values within the histogram. Dif-
ferences in such distributions may be less apparent for histo-
grams derived from a relatively smaller number of voxels.
We do note that ADC_»5 and ADC,s_s were significantly
associated with both pathologic outcomes. The value of
these metrics assessing lower ADC regions within the histo-
gram may relate to the histologic composition of prostate
cancer, exhibiting intermixed benign and malignant glandu-
lar elements.*® Metrics assessing lower ADC may be less
influenced by such intermixed benign regions and better
reflect focal malignant components within the overall lesion
volume.?' Furthermore, while Likert 3 lesions may be diffi-
cult to precisely delineate on the ADC maps in comparison
with higher suspicion lesions, excellent interobserver repro-
ducibility was observed for the metrics that yielded highest
predictive value in this study. Although some variability
between readers in the boundaries of the region of interest
(ROI) is anticipated, our findings suggest that such variabili-
ty did not substantially alter the percentile-based ADC met-
rics between readers. In comparison, the texture based-
metrics (skewness and kurtosis) exhibited poor inter-reader
agreement, presumably related to the impact of slight varia-
tion in ROI boundaries upon overall lesion texture,
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particularly in the context of small lesions as were common
in our cohort.

This study has several limitations. First, suspicion
scores were assigned on the basis of a Likert scale, not
entailing fixed criteria for each numeric value. However, a
recent study in a large patient population undergoing radical
prostatectomy observed the Likert score to be significantly
more accurate in categorization of prostate lesions than
other scoring schemes, including PI-RADS.” An additional
study observed similar performance of tumor localization
using PI-RADS and Likert scales, although in the transition
zone, performance was better using the Likert score.'? Fur-
thermore, at the time of this writing, the PI-RADS scheme
is continuing to undergo optimization and development.'
Therefore, we believe that the Likert scale provides an
appropriate classification scheme for investigation in this
study. Second, all Likert scales were assigned prospectively
by a single radiologist. However, prior work suggested excel-
lent inter-reader reproducibility in the peripheral zone and
moderate interobserver reproducibility in the TZ for Likert
scores assigned by experienced observers from a single insti-
tution.”® Third, targeted biopsy served as reference standard,
whereas pathologic findings from radical prostatectomy
would be more accurate. However, this approach is reasona-
ble given our focus on identification of important tumors
on targeted biopsy and patient selection for this procedure.
In addition, radical prostatectomy would not be performed
on patients with negative biopsy, as well as in a substantial
fraction of patients with low-grade tumor on biopsy, such
that it would not have been possible to use prostatectomy
findings as the reference standard in this study. Fourth, a
fraction of lesions were classified as positive based on tumor
detection in the nearest adjacent sextant. However, phantom
studies suggest a registration error of 3—4 mm for current
fusion technology,” such that classifying all such instances
as benign would likely comprise a false-negative classifica-
tion for some lesions. Novel fusion approaches are under
development that may improve the accuracy of MRI/ultra-
sound registration in the future and facilitate more precise
comparisons of fusion biopsy findings with pathology out-
comes.” Fifth, we did not explore the role of changes over
time in an MRI lesion in men who had undergone serial
MRI evaluation before fusion biopsy. A past study suggests
that lesion progression on MRI also serves as a strong pre-
dictor of significant cancer.’® Sixth, while the suspicion
scores were assigned prospectively at the time of original
interpretation, the whole-lesion histogram metrics were
derived retrospectively following the time of fusion biopsy.
Thus, the performance of this quantitative approach in clin-
ical practice is unknown. Seventh, this study was performed
at a major referral center for prostate cancer management,
possibly resulting in an overall selection bias. It therefore is
important to confirm the observations in other practice set-
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tings. Eighth, as previously noted, we did not account for
multiple comparisons in our statistical analyses. Finally, an
endorectal coil was not used. However, current consensus
guidelines indicate that an endorectal coil is not needed for
tumor localization, which was the primary focus of this
investigation as well as of targeted fusion biopsy. In addi-
tion, a recent survey indicated that the most widely used
protocol for prostate MRI at academic medical centers in
the United States comprises imaging at 3T without an
endorectal coil,”” thus matching the approach used in our
analysis. One disadvantage of not using the endorectal coil
in this particular study was potential anatomic distortion of
the ADC maps due to artifact from rectal gas. Nonetheless,
we demonstrated utility of the ADC metrics despite not
excluding any patients on this basis.

In conclusion, for detection of GS > 6 tumor, we sug-
gest that deferral of targeted biopsy of score 3 lesions can be
considered, without application of whole-lesion ADC met-
rics, in patients with a prior negative biopsy given the
exceedingly low frequency of this outcome in this cohort
(approximately 1 out of 50 patients). In other patient
groups (in whom the likelihood of GS > 6 tumor in score 3
lesions was higher), targeted biopsy of score 3 lesions with a
whole-lesion ADCj »5<1.05 X 107° mm?/s provides
90% sensitivity and 50% specificity for detection of GS > 6
tumor, thereby helping to reduce the frequency of negative
biopsies compared with use of PSA as the selection criteria
for biopsy. These observations can be used to help guide
selection of patients with a score 3 lesion on multiparamet-
ric prostate MRI for targeted biopsy.
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