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Abstract

BACKGROUND: To determine the effect of urologist and radiologist learning curves and
changes in MRI-TRUS fusion platform during 9 years of NCI’s experience with multiparametric
magnetic resonance imaging (mpMRI)/TRUS fusion biopsy.

METHODS: A prospectively maintained database of patients undergoing mpMRI followed by
fusion biopsy (Fbx) and systematic biopsy (Sbx) from 2007 to 2016 was reviewed. The patients
were stratified based on the timing of first biopsy. Cohort 1 (7/2007 — 12/2010) accounted for
learning curve. Cohort 2 (1/2011-5/2013) and cohort 3 (5/2013-4/2016) included patients
biopsied prior to and after debut of a new software platform, respectively. Clinically significant
(CS) disease was defined as Gleason 7 (3+4) or higher. McNemar’s test compared cancer
detection rates (CDRs) of Sbx and Fbx between time periods.

RESULTS: 1528 patients were included in the study with 230, 537 and 761 patients included in
three respective cohorts. Median age (interquartile range) was 61.0 (£9.0), 62.0 (£7.3), and 64.0
(£11.0) years in three cohorts, respectively (< 0.001). Fbx and Sbx had comparable CS CDR in
cohort 1 (24.8 vs 22.2%, P=0.377). Fbx detected significantly more CS disease compared to Sbx
in the following two periods (cohort 2: 31.5 vs 25.0%, £ = 0.001; cohort 3: 36.4 vs 30.3%, P<
0.001) and detected significantly less low risk disease in the same period (cohort 2: 14.5 vs 19.6%,
P<0.001; cohort 3: 12.6 vs 16.7%, P< 0.001). Even after multivariate adjustment with age, PSA,
race, clinical stage and MRI suspicion score, Fbx CS cancer detection increased in successive
cohorts (cohort 2: OR 2.23, P=0.043; cohort 3: OR 2.92, = 0.007).
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CONCLUSIONS: In the past 9 years, there has been significant improvement in the accuracy of
Fbx. Our results show that after an early learning period, Fbx detected higher rates of CS cancer
and lower rates of clinically insignificant cancer than Shx. Software advances allowed for even
greater detection of CS disease.

INTRODUCTION

Prostate cancer (PCa) is the most common non-cutaneous cancer in men in the United
States, and is the second most common cause of cancer-related deaths. The current gold
standard of diagnosis involves a systematic 12-core TRUS guided biopsy (Sbx) of the
prostate. However, this may miss up to 47% of tumors, and underdiagnose 38% of tumors
when compared to whole mount prostatectomy specimens, making search of alternative
biopsy methods desirable.12 In recent years, the addition of multiparametric MRI (mpMRI)
as a diagnostic tool has allowed visualization of PCa where it may otherwise have been
missed by Sbx.

MpMRI-TRUS fusion-guided biopsy (Fbx) has emerged as a possible alternative to Sbx,
with early reports showing that Fbx may detect up to 30% more high risk cancers, and 17%
fewer low risk cancer when compared to Shx.3 However, outcomes of Fbx are not consistent
across institutions.3-6 Reasons for this may include a steep learning curve associated with
the reporting and interpretation of prostate MRI, operator experience in performing Fbx, and
the type of software platform used for fusion guidance.”?

At our institution, mpMRI was introduced as a supplement to Sbx in 2007. Over the
following 10 years, Fbx evolved, incorporating multiple sequential software platforms
meanwhile accumulating more collective imaging and surgical experience. The aim of the
current study is to explore the effects of Fbx and a new software platform on the CDR at one
institution over a 10-year experience.

METHODS

Patient selection

Data were collected prospectively on 1528 consecutive patients who underwent Fbx in
addition to Shx between June 2007 and April 2016. All patients were Fbx naive before their
biopsies received as part of the current study. Only initial Fbx sessions on patients receiving
multiple biopsies due to enroliment in active surveillance were included. We divided patient
biopsies into three cohorts based on the year of biopsy. The first cohort consisted of patients
who underwent their first biopsy between June 2007 and December 2010 (7= 230),
presumably corresponding the learning curve for imaging and urology. The second cohort
consisted of patients biopsied between January 2011 and May 2013 (7= 537), after more
collective experience had been accumulated. The third consisted of patients between May
2013 and April 2016 (n=761). In this cohort, patients benefitted from the introduction of a
new software platform used in the application of Fbx (Uronav, /nvivo, Gainesville, FL,
USA), which improved the image calibration process, ultrasound tracker design, and MR-to-
ultrasound registration software. In this cohort patients also benefitted from additional
accumulated experience among the urologists and radiologists.
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Pathology assessment from each patient was used for analysis. For this study, clinically
significant (CS) PCa was defined as a tumor containing Gleason 3+4 or higher PCa, and
clinically insignificant was defined as Gleason 3+3. Biopsy and whole-mount specimens
were assigned risk categories of low, intermediate or high according to maximum Gleason
score detected in the sample (6, 7, or 8-10, respectively). Risk category upgrade was defined
as a risk category found on whole-mount pathology greater than the risk category detected
from the patient’s biopsy. Gleason score upgrade was defined as a higher maximum Gleason
score detected from whole-mount pathology than the maximum Gleason score detected from
biopsy. Imaging interpretation data were recorded for the purposes of monitoring changes in
the number of biopsy targets assigned by radiologists over time.

Data collection and inclusion criteria

A retrospective review of prospectively acquired data was performed. Patient demographic
information included age, prostate specific antigen (PSA), race, and clinical stage for each
patient. Indications for mpMRI and biopsy were an elevated PSA level or abnormal digital
rectal exam. The proportion of patients with clinical stage >cT1c was not significantly
different between the three cohorts. All patients underwent mpMRI interpreted by two
highly experienced genitourinary radiologists prior to Fbx. Criteria for Fbx was presence of
visible lesions on prostate mpMRI suspicions for PCa and stayed the same throughout the
study time period. Lesions on mpMRI were then segmented and recorded (DynaCAD,
Invivo). Patients with suspicious lesions on mpMRI then underwent Fbx performed by a
single urologist under previously described Fbx protocols.3

Multiparametric magnetic resonance imaging

All patients underwent prostate MRI on a 3.0 T (Achieva, Philips Healthcare, Andover, MA,
USA) scanner using an endorectal coil (BPX-30, Medrad®) and a 16-channel surface coil
(SENSE, Philips Healthcare) in accordance with previously described protocols.10:11
Sequences obtained included triplanar T2-weighted, axial dynamic contrast-enhanced, and
axial diffusion weighted imaging with apparent diffusion coefficient mapping and high B-
value images. The MRI protocol used was the same throughout the duration of the study
period for T2-weighted, apparent diffusion coefficient mapping and dynamic contrast-
enhanced images. High B-value imaging parameters were added to the protocol in
December 2011. All suspicious areas on mpMRI were given suspicion scores of low,
moderate or high on a Likert scale; PI-RADS criteria were not employed as the study began
before these criteria were created.212:13

Statistical evaluation

Statistical analysis was performed using SPSS version 21 (Chicago, IL, USA). Overall and
CS CDRs along with 95% confidence intervals for CS CDR were calculated separately for
each cohort. To control for age and PSA differences between different cohorts, age and PSA
adjusted rates were calculated. Xz—test was used to compare biopsy results between different
cohorts, and McNemar test was used to compare Fbx results to Shx results in patients from
the same cohort. Continuous parameters between cohorts were compared with Kruskal—
Wallis Test. Age and PSA adjustments were performed using a previously described
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technique of indirect standardization.14 Multivariate logistic regression was used to assess
associations of clinical and imaging criteria on detection of CS cancer on biopsy.

Demographics

In total, 1528 patients met our inclusion criteria. Patient demographic, clinical and biopsy
data are shown in Table 1. In the entire cohort, the median age with IQR, and PSA were 61.0
years (11.3) and 6.1 ng ml =1 (5.7), respectively. The median age (IQR) increased in each
successive cohort (61.0 years (9.0) vs 62.0 years (7.3) vs 64.0 years (11.0) in cohorts 1, 2
and 3, respectively; < 0.001). The median PSA differed between cohorts (6.1 ng ml =1
(5.7), 6.9 ng ml ~1 (6.57), 6.5 ng ml ~1 (5.6) in cohorts 1, 2 and 3, respectively; P=0.03).
There was no difference in race or clinical stage between cohorts. The median (IQR) number
of Fbx targets assigned by radiologists decreased over each successive cohort (6.0 (4.0) vs
5.0 (2.0) vs 4.0 (4.0) lesions in cohorts 1, 2 and 3, respectively; £< 0.001).

Biopsy results

There was a significant increase (£ < 0.001) in detection of CS PCa by Fbx with each
successive cohort: 24.8% (57/230) in cohort 1, 31.5% (169/537) in cohort 2 and 36.4%
(277/761) in cohort 3 (Figure 1a). Age and PSA adjusted CDR of CS disease by Fbx showed
similar trends with significant increases in each successive cohort (cohort 2 vs 1: increase by
5.2%, 95% CI (2.1-8.5), P=0.001), 3 vs 2 (increase by 5.2%, 95% CI (1.8-8.6), A= 0.003;
Figure 1b). There was a decrease in the detection of clinically insignificant cancer by Fbx
between each successive cohort (19.6% (45/230), 14.5% (78/537) and 12.6% (96/761); P<
0.001 in cohorts 1, 2 and 3, respectively; Figure 2). Fbx, on average, detected 2.6% more CS
cancer, and 3.4% fewer clinically insignificant disease when compared to Sbx in cohort 1
(CS: 24.8% of Fbx vs 22.2% of Shx £=0.377; clinically insignificant: 19.6% of Fbx similar
to in 23.0% of Sbx). After cohort 1; however, Fbx detected CS cancer at rates significantly
higher than Sbx (31.5 vs 25.0% in cohort 2 (P< 0.001) and 36.4 vs 30.3% in cohort 3 (P<
0.001)), and clinically insignificant cancer at rates significantly lower than Sbx (14.5 vs
21.4% in cohort 2 (P< 0.001) and 12.6 vs 19.7% in cohort 3 (< 0.001)). Figure 3
demonstrates crude as well as age and PSA adjusted CDRs in subcohorts each spanning 2
years.

On multivariate analysis, after adjustment for age, PSA, clinical stage, race and MRI
suspicion score; inclusion in cohort 2 (OR 2.232, 95% CI 1.026-4.859, £=0.043) and
cohort 3 (OR 2.918, 95% CI 1.348-6.317, A= 0.007) remained independent predictors of
CS cancer detection on Fbx (Table 2). On the other hand, similar multivariate analysis for
CS cancer detection by Sbx demonstrate that inclusion in cohorts 2 and 3 were not
significant predictors, implying that cancer detection by Fbx alone significantly increased in
successive cohorts while the increase in Sbx CS cancer detection was not statistically
significant (cohort 2: OR 1.65, 95% CI 0.765-3.548, = 0.11 and cohort 3: OR 2.015, 95%
Cl1 0.942-4.306, P=0.071).
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Of the entire cohort, 1280 (84%) patients had history of prior prostate biopsy, of which 692
(54.0%) were found to be negative for cancer. In patients with a prior negative biopsy, Fbx
detected significantly more CS disease than did Shx in cohorts 2 (24.2%, 15.2%,
respectively; < 0.001) and 3 (23.9%, 19.7%, respectively; P=0.036).

There was a nonsignificant decrease in the rate of Gleason score upgrade and risk category
upgrade from Fbx to whole-mount prostatectomy pathology between cohorts 1, 2 and 3
(40.0%, 32.3%, 29.5%; P=0.428 and 40.0%, 26.9%, 22.5%; P=0.074, respectively;
Figures 4a and b). However, there was a significant decrease in risk category upgrade on
prostatectomy pathology from combined Fbx/Sbx between each cohort (28.9%, 16.1%,
10.1%; P=0.010, respectively).

DISCUSSION

Despite several reports suggesting improved CDR of Fbx compared to Sbx, there is still
some resistance to its widespread adoption in the urology community. This is largely due to
inconsistent reproducibility across centers, the cause of which may be influenced by user
experience and type of software platform used for biopsy.

Ten years ago, when Fbx was introduced at our institution, initial results were less
encouraging and showed that Sbx outperformed Fbx. By comparing Fbx vs Sbx CDRs
longitudinally at a single center, we hoped to delineate the effects of user experience and
type of software platform on CDR.

In other fields, variability of user experience as it relates to performance has been
extensively studied.1>16 A reflection on the history of mammography may give historical
precedent for user experience and upgraded technology improving CDR. From general
purpose X-rays used in the 1960s, to ‘screen film’ scans in the following decades, to the
recent advances of digital mammaography at the turn of the century, technology has been at
the forefront of the evolution of mammography and is thought to be an important contributor
to improving CDR throughout the years.1? Further, a recent study concluded that increased
radiologist experience with mammaography has been shown to improve cancer detection
rates (CDR) while decreasing the number of false positive reports.18 From these reports it is
fair to say that increased user experience and technology improvement have had
considerable effect on the evolution of mammography as a screening tool for cancer. Our
study aimed to measure the effect of these two variables on the evolution of Fbx.

Our results demonstrated that across a nearly 10-year study period, Fbx yielded
progressively improved CDR compared to Shx. The difference between Fbx and Sbx CDRs
was the smallest in the first cohort, a period of learning at our institution, when urologists
were gaining experience with performing Fbx and radiologists were simultaneously gaining
experience interpreting prostate MRIs. An important aspect of this was the increasing
recognition of anterior tumors of the prostate that hitherto had not been detected.19:20 |n
cohort 2, Fbx CDRs were distinctly improved compared to Sbx, and the difference remained
significant in cohort 3 with the introduction of a new software platform. Furthermore, our
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attempt to eliminate potential bias from significantly different age and PSA levels between
cohorts yielded similar rates between crude and adjusted CDRs.

It is likely that the increased accuracy of Fbx in cohort 2 is a product of increased urologist,
radiologist and pathologist experience. With increased exposure to a variety of lesions on
mpMRI with validation by pathology comes improved confidence about what constitutes a
CS vs non CS lesion. While previously Gaziev et al.2! demonstrated a learning curve for the
interpretation of mpMRI and use of targeted biopsy in 340 patients over the course of 2
years, there is a lack of long-term data on the duration of the learning curve for targeted
biopsy of the prostate. Learning curves have been well documented for many other urologic
procedures including the application of brachytherapy, performance of robotic
prostatectomy, and accuracy of interpreting and reporting prostate MRI.7:22-30

Cohort 3’s increased CDR from Fbx reflected the addition of an improved software
platform. Before 2013, our institution used a research platform that allowed for user
preferences to influence settings for imaging, processing and registration of the prostate.
With the adoption of a commercialized platform in May of 2013, the system utilized a more
standard operating protocol that ensured consistency with each use.

It is interesting that the CDR for CS cancer increased for both Fbx and Sbx modalities over
time. The rates of upgrade between combined biopsy and whole-mount pathology decreased
throughout each cohort, which may suggest technique improvement was responsible for the
overall increase in CDR. Alternatively, this finding may be related to the USPSTF
recommendation of 2012 which recommended against widespread PSA screenings. Biopsy
patterns have emerged in the years following the recommendation, and recent data confirms
that fewer biopsies have been performed than in the years preceding.3133 There has been a
higher rate of positive biopsy from biopsies performed after the USPSTF recommendation,
and among these there is a higher rate of detection of CS cancers.343% Our results showing
overall increase in CS cancers from all biopsy modalities is consistent with these observed
trends which would explain higher age and PSA score of patients in cohort 3.

Our study has several limitations. The observed trend of increased Fbx CDR with
simultaneous decreased median number of targets assigned to each successive cohort
suggests a radiologist learning curve may be contributory; however, the presence of
concomitant urologist, radiologist and pathologist learning curves makes ascertaining the
true source of improved CDR difficult. It is likely that the radiologists and urologists learned
together and from each other via weekly multidisciplinary conferences, in which biopsy data
were reviewed with the imaging.

In cohort 3 it is particularly difficult to determine the source for improved CDR from Fbx. In
addition to the introduction of the commercialized software platform for Fbx users were
even more experienced, and therefore the effects of either of these factors on CDR cannot be
isolated. Also, due to the longitudinal nature of this study it is difficult to compare our
results to an appropriate control group.
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CONCLUSION

This study shows that the performance of Fbx improves over time. It is likely that
accumulating experience both on the part of the radiologist and the urologist contributes to
this improvement, however, other factors such as software improvements may also improve
CDR of CS cancers. Studies comparing Fbx and Sbx should reflect this development by
incorporating user experience, as a variable that may influence biopsy results, into the
design of the study. This study supports the adoption of Fbx into urological practice in
addition to Shx and provides evidence that user experience and software improvements
influence its successful application in the field.
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Figurel.
(a) Rates of clinically significant prostate cancer detection over the course of 10-year

experience, comparing trends from mpMRI-TRUS fusion-guided biopsy, systematic 12-core
biopsy, and combined mpMRI-TRUS fusion-guided biopsy/systematic 12-core biopsy.
Patients were stratified by date of biopsy into corresponding time cohort. There was a
significant increase (£ < 0.001) in detection of clinically significant prostate cancer by
mpMRI-TRUS fusion-guided biopsy with each successive cohort: 24.8% (57/230) in cohort
1, 31.5% (169/537) in cohort 2 and 36.4% (277/761) in cohort 3 (;(Z—test). (b) Age and PSA
adjusted rates of clinically significant prostate cancer detection over the course of 10-year
experience, comparing trends from mpMRI-TRUS fusion-guided biopsy, systematic 12-core
biopsy and combined mpMRI-TRUS fusion-guided biopsy/systematic 12-core biopsy.
Cancer detection rate of mpMRI-TRUS fusion-guided biopsy demonstrated significant
increases in each successive cohort (cohort 2 vs 1: increase by 5.2%, 95% CI (2.1-8.5), P=
0.001), 3 vs 2 (increase by 5.2%, 95% CI (1.8-8.6), A= 0.003).
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Clinically insignificant cancer detection by cohort
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Figure2.
Rates of clinically insignificant cancer detection over the course of 10-year experience,

comparing trends from mpMRI-TRUS fusion-guided biopsy, systematic 12-core biopsy and
combined mpMRI-TRUS fusion-guided biopsy/systematic 12-core biopsy. Patients were
stratified by date of biopsy into corresponding time cohort. There was a decrease in the
detection of clinically insignificant cancer by mpMRI-TRUS fusion-guided biopsy between
each cohort (19.6% (45/230), 14.5% (78/537) and 12.6% (96/761); £< 0.001 in cohorts 1, 2
and 3, respectively ( )(Z—test).
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Figure 3.

5 Clinically significant cancer detection by two-year groupings
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Page 12

(a) Rates of clinically significant cancer detection over the course of 10-year experience,

comparing trends from mpMRI-TRUS fusion-guided biopsy, systematic 12-core biopsy and
combined mpMRI-TRUS fusion-guided biopsy/systematic 12-core biopsy. Patients were
stratified by date of biopsy into corresponding 2 year time cohort. (b) Age and PSA adjusted

rates of CS prostate cancer detection over the course of 10-year experience, comparing

trends from mpMRI-TRUS fusion-guided biopsy, systematic 12-core biopsy and combined
mpMRI-TRUS fusion-guided biopsy/systematic 12-core biopsy. Patients were stratified by

date of biopsy into corresponding 2 year time cohort.
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Gleason Upgrade
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Figure 4.

(a) Rates of Gleason score upgrade on whole-mount prostatectomy specimen from mpMRI-
TRUS fusion-guided biopsy, systematic 12-core biopsy and combined mpMRI-TRUS
fusion-guided biopsy/systematic 12-core biopsy. There was a decrease in Gleason score
upgrade from mpMRI-TRUS fusion-guided biopsy/ systematic biopsy to whole-mount
prostatectomy pathology between each cohort (28.9%, 20.4%, 16.3%; P= 0.186). (b) Rates
of risk category upgrade on whole-mount prostatectomy specimen from mpMRI-TRUS
fusion-guided biopsy, systematic 12-core biopsy and combined mpMRI-TRUS fusion-
guided biopsy/systematic 12-core biopsy. There was a significant decrease in risk category
upgrade on prostatectomy pathology from combined mpMRI-TRUS fusion-guided biopsy/
systematic 12-core biopsy between each cohort (28.9%, 16.1%, 10.1%; P = 0.010,
respectively).
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