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Abstract

Purpose—Anteriorly located prostate cancer (PCa) is traditionally under-diagnosed using
transrectal ultrasound (TRUS)-guided biopsy, although it represents a significant proportion of all
PCa. We describe the detection rate of these tumors with the addition of MR/US fusion-guided
biopsy (FGB) to standard TRUS-guided biopsy.

Materials and Methods—All patients regardless of their prior biopsy history who were referred
for clinical suspicion of PCa (i.e elevated PSA and abnormal DRE) underwent 3T
multiparametric-MRI (MP-MRI) screening; and those with suspicious lesions in the anterior
region of the prostate were identified. Patients then received a FGB of all suspicious lesions in
addition to systematic 12-core extended sextant TRUS-guided biopsy. We conducted a lesion
based analysis comparing cancer detection rates of anterior targets using FGB versus systematic
cores taken from the same anatomic sextant within the prostate. Lengths of cancer in the most
involved core were also compared between the two biopsy techniques employed. Patients with
only anterior targets were analyzed separately.

Results—Of 499 patients undergoing FGB, 162 patients had a total of 241 anterior lesions. Mean
age, PSA, and prostate volume in this group was 62 years, 12.7ng/dl, and 57mL, respectively. In
total, PCa was diagnosed in 121 (50.2%) of anterior lesions identified on MP-MRI. Sixty-two
(25.7%) of these anterior lesions were documented positive for cancer on systematic 12-core
TRUS-guided hiopsy cores, while 97 (40.2%) were positive on the targeted FGB cores (p=0.001).
In lesions that were positive on both FGB and TRUS biopsy, the most involved core was 112%
longer on FGB (3.7mm vs. 1.6mm, p<0.01).
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Forty-two patients had only anterior lesions on MP-MRI; twenty-four of them (57.1%) were found
to have cancer on the FGB + TRUS biopsy platform. Six patients were positive on FGB only.
Thirteen were positive on both modalities. However, 7 of 13 were upgraded by to a higher Gleason
score by FGB. All 5 patients positive on TRUS biopsy only were active surveillance candidates.

Conclusion—FGB detects significantly more anteriorly located PCa than TRUS-guided biopsy
alone and may serve to be an effective tool for this subset of patients.

Introduction

Prostate cancer (PCa) is found primarily in the peripheral zone of the prostate. However,
there is a subset of PCa that originates anterior to the urethra. Histopathological studies of
radical prostatectomy (RP) specimens show that as much as 21% of all PCa are found in this
anterior region of the prostate gland}). Furthermore, these cancers are more challenging for
the urologist to accurately diagnose. Anteriorly located PCA is often missed on physical
exam because of its anatomical positioning farthest from the surface of the prostate gland
adjacent to the rectal wall, thereby delaying suspicion of cancer based on clinical
evaluation(2~4). Even when a suspicion of PCa is found, traditional trans-rectal prostate
biopsy performs poorly in diagnosis of anterior lesions®. Patients with anterior tumors have
significantly lower yield on biopsy when compared to those that are posterior, both in terms
of number of cores positive and length of cancer identified per core(t). Moreover, these
patients often require multiple biopsies, with increasing cumulative risk of procedure-related
morbidities such as bleeding, urinary retention, infection, and occasionally urosepsis(® 7).
When anterior PCa are finally found they can carry more risk for the patient, since the
lesions are larger and men are more likely to have positive surgical margins on RP
specimens since these cases commonly are more progressed at the time when they are
identified(®).

In the past, anteriorly directed TRUS and transperineal biopsies, as well as transurethral
resection of the prostate, were used to sample the anterior aspects of prostate glands with
variable results(®-12). More recently, clinicians have started utilizing multiparametric-MRI
(MP-MRI) to better localize areas suspicious for cancer and subsequently aim for these areas
at biopsy. Techniques for targeting lesions found on MP-MRI include cognitive localization
with free-hand manipulation of the TRUS probe, real-time MRI guidance of biopsies, and
both transrectal and transperineal MR/Ultrasound fusion guided biopsy (FGB)(13-16), These
techniques have greatly increased the precision with which urologists can detect cancer in
the prostate(>: 16). Of equal importance, mpMRI has the ability to detect clinically
significant anterior tumors(!7). In our study, all patients referred with a diagnosis or clinical
suspicion of PCa underwent 3T mpMRI of the prostate. We aim to describe the biopsy-based
detection rate and significance of anterior PCa found on MR/Ultrasound fusion-guided
biopsy (FGB) following MP-MRI.
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Materials and Methods

Multiparametric MRI

In this IRB approved study, we retrospectively reviewed all patients receiving mpMRI
followed by FGB between August 2007 to November 2011. MpMRIs were performed using
a 3.0 T scanner (Achieva, Philips Healthcare, Best, The Netherlands) in combination with an
endorectal coil (BPX-30, Medrad, Pittsburgh, Pennsylvania) and a cardiac surface coil
(SENSE, Philips Healthcare) positioned over the pelvis. The parameters assessed included
triplanar T2 weighted, spectroscopy, and axial dynamic contrast enhanced (DCE) images, as
well as axial diffusion weighted (DW) images with apparent diffusion coefficient (ADC)
mapping. Well-circumscribed, round or ellipsoid areas of low intensity were considered to
be suspicious for cancer on T2 weighted and ADC maps of DW imaging. On spectroscopy,
any voxel with a choline to citrate ratio of greater than 3 times the mean normal value was
considered positive. On DCE, a suspicion of cancer arose if the radiologist observed foci of
early and intense enhancement followed by rapid washout. Turkbey et al. have described a
detailed account of the MRI procedure and all parameters(18),

Each prostate MRI was evaluated in consensus by two experienced genitourinary
radiologists (B.T and P.L.C). According to the number of parameters positive, lesions were
graded into low, moderate, and high suspicion as previously reported. To locate each lesion,
the prostate was divided into 30 distinct areas as previously outlined and included regions
deemed “anterior” in both the peripheral and transition zones of the prostate(19). Both
radiologists were blinded to patient serum PSA levels, previous TRUS history, and any prior
biopsy histopathologic findings.

MR/Ultrasound Fusion Guided Biopsy

Patients that were deemed to have suspicious areas in the anterior zone of the prostate went
on to biopsy following a Fleet® enema and antibiotic prophylaxis as per AUA guidelines.
Peri-prostatic regional lidocaine was given for the procedure. All patients underwent
systematic 12-core extended sextant TRUS-guided biopsy with electromagnetic tracking.
Samples were taken from medial and lateral aspects of the apex, mid, and base of the
prostate on both sides. The operator was blinded to the locations of the areas of suspicion
found earlier on the diagnostic MP-MRI study. At the same biopsy session, the patient
underwent MR/US FGB. An EM field generator (Northern Digital Inc., Ontario, Canada)
was placed above the pelvis and allowed for real time tracking of a custom biopsy probe that
contained an EM tracking sensor (Traxtal Inc., A Philips Healthcare Company, Toronto,
Canada) which was affixed to the standard end-fire TRUS probe. A 2-D sweep of the
prostate using this probe rendered a 3-D ultrasound image that was then registered and fused
to the pre-biopsy MRI image. Anterior lesions suspicious for cancer were superimposed on
this image and at least 2 cores were taken of each targeted lesion, one in the axial and
sagittal planes.

Lesion-Based Analysis

Men with areas of suspicion in the anterior prostate were selected for our analysis. An
anterior lesion was considered positive on MR/US FGB if the targeted biopsy cores revealed
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adenocarcinoma on pathological evaluation. The same lesion was considered positive on
TRUS biopsy if one or both of the two cores from the equivalent anatomic sextant of the
prostate were classified as containing adenocarcinoma (Figure 1a—b). Statistical significance
between detection rates was assessed using the Fischer’s exact test. Analysis of core lengths
was performed with the student’s t-test.

499 patients underwent 3T mpMRI of the prostate and subsequent FGB. Of these, 162
patients were found to have a total of 241 anteriorly located suspicious lesions. In patients
with anterior lesions identified, there were the mean/median of 1.5+ 0.9/1 respectively,
anteriorly located lesions per patient (range 1-6) and a mean of 2.1 (2-4) targeted FGB
cores were sampled from each lesion. Mean age in this group was 62+7.2 years (44-82),
mean PSA was 12.7+13.7 ng/mL (0.3-95.8), and mean prostatic volume was 57+30.6 mL
(16-187) as measured on MRI. Demographic data is depicted in Table 1. Of all patients
having a positive biopsy on our FGB platform with the biopsy protocol as previously
described including a systematic 12-core extended sextant TRUS-guided biopsy in addition
to targeted biopsies of suspicious lesions identified on MP-MRI, 57% had at least one
previous negative standard-of-care TRUS-guided biopsy. Furthermore, ten percent of our
cohort had undergone 4 or more prior negative biopsy sessions and 3 patients had previous
negative saturation biopsies. These extensive efforts were undertaken in attempts to diagnose
clinically suspected PCa based on PSA levels or dynamics despite prior negative standard-
of-care biopsy sampling efforts. (Figure 1)

Of the 237 anterior lesions found on MP-MRI, 121 (50.2%) were positive on our biopsy
platform combining biopsy pathology results both extended sextant TRUS-guided biopsy
with targeted FGB cores. Of those positive for PCa, 62 (25.7%) were positive on TRUS-
guided biopsy cores and 97 (40.3%) were positive of targeted FGB cores (p=0.001). A total
of 92 patients underwent prior biopsy with negative results. The detection rate in this
subgroup of patients for TRUS cores was 29.3% versus 42.4% for FGB cores (p= 0.065). In
the subgroup of patients with no prior history of prostate biopsy (n=21) the detection rate for
TRUS was 47.6% versus 61.9% for FGB cores (p=0.35). When stratified by high and
moderate suspicion, FGB increased cancer detection by 118 (p=0.0001) and 50 percent
(p=0.017), respectively, when compared to TRUS-guided biopsy results alone. FGB detected
4 fewer low suspicion lesions than TRUS-guided biopsy. Detection rates stratified by level
of MRI suspicion are depicted in Figure 2.

FGB detected an additional 59 cancers that would not have been identified by systematic 12-
core extended sextant TRUS-guided biopsy alone. Twenty-five lesions (42%) harbored
Gleason (Gl) 6 cancer, 20 (34%) had Gl 7(3+4), 3 (5%) had Gl 7(4+3), 8 (14%) had GI 8, 1
(2%) had Gl 9(4+5), and 2 (3%) had GI 10. TRUS biopsy detected 24 lesions that were not
picked up by FGB. Eighteen of the 24 lesions were Gl 6 cancer, 5 were Gl 7(3+4), and 1 was
Gl 8. The FGB and TRUS biopsy were concordant for 38 lesions. However, the average
length of cancer in FGB cores was 112% longer than in correlative TRUS-guided extended
sextant biopsy cores (3.7mm versus 1.6mm, respectively, p<0.01) (Table 2a).
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Forty-two patients in our cohort had only anterior lesions identified on MP-MRI; twenty-
four (57.1%) of these patients had PCa detected after undergoing FGB + TRUS biopsy. Of
the 24 patients with positive biopsy findings, 6 patients had cancer that was detected only on
FGB - four with primary Gleason pattern 3 (3+3=6 or 3+4=7) and two with primary
Gleason pattern 4 disease (=4+3=7). Five patients were detected by TRUS only; all with
Gleason 6 disease who qualified for active surveillance as per established NCCN guidelines.
Thirteen of twenty-four patients were positive on both FGB and TRUS biopsies. However,
FGB upgraded 7 of these patients to a higher Gleason score (Table 2b).

Discussion

Cancers originating in the anterior portion of the prostate gland present a unique diagnostic
challenge for the urologist using standard DRE, PSA, and TRUS-guided biopsy means of
screening and PCa detection. These tumors represent the majority of cancers missed on
initial 12-core transrectal biopsy(® and are largely to blame when patients lose active
surveillance candidacy.2® Numerous methods have been attempted to address the inadequacy
of systematic 12-core extended sextant TRUS-guided biopsy in sampling the anterior aspects
of the prostate gland including adding extreme anterior apical cores,? extended transperineal
template biopsy(19 11.20) and saturation biopsy(d).

Bott et al.(20) and Dimmen et al.(22) used extended transperineal biopsies in men with
previous negative TRUS biopsies and found cancer in 38% and 55% of these men,
respectively. In both studies, the majority of cancers were located anteriorly which was
unsampled or undersampled using the standard 12-core biopsy which is known to be limited
in detecting these cancer foci. Taira et al.(!1) similarly used transperineal biopsies in patients
with zero to four or greater previous negative biopsy sessions and cited high detection rates.
Although transperineal biopsy does relatively well in finding anterior PCa, this technique
requires the use of general anesthesia, which likely precludes it from being used in a
widespread, office-based setting. Also, transperineal biopsy may require upwards of 50
biopsy cores be taken, increasing patient discomfort and the risk of morbid events(0. 11, 22),
Importantly, the risk of serious infection post prostate biopsy has increased four-fold in the
last decade(23),

MRI of the prostate and subsequent biopsy has been explored as a relatively novel option for
anterior PCa detection(3. 17)_ A recent Italian study conducted by Ouzzane et. al.(3)
describes the benefit of using freehand targeting of anterior lesions following prostate MRI.
In a population of patients with areas suspicious for PCa in the anterior portion of the
prostate, they report an 18% overall positivity rate using freehand targeted biopsies in
addition to systematic biopsies. In concordance with the elusive nature of anterior tumors,
21 of 46 positive lesions were not detected by systematic biopsies in their study. This
translates to an improvement in anterior cancer detection of 84% with the addition of
freehand MRI targeted biopsies. We achieved a slightly higher improvement rate of 95%
with the addition of MR/US fusion-guidance of biopsies in our study, but we had a
substantially higher overall positivity rate per lesion of 50.2% using our biopsy protocol.
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For anterior lesions that were characterized as highly suspicious, FGB performed extremely
well, detecting cancer in 80 percent of cases. This represents a greater than twofold increase
in the detection rate over TRUS-guidance alone. There was a large drop off in the percentage
of moderately suspicious lesions that were found to have PCa, but the detection rate of 40
percent achieved by FGB was still significantly higher than the 27 percent attained by
TRUS-guided biopsy. When used as a combined platform integrating FGB and systematic
12-core TRUS guided biopsy, high and moderate suspicion lesions were found to have
cancer 86 and 50 percent of the time, respectively. For anterior lesions classified under “low
suspicion”, FGB provided minimal added benefit in our study as only two additional lesions
were detected. This is not surprising since low suspicion lesions are commonly
representative of benign hyperplasic changes or inflammation within the prostate rather than
cancer(24),

Of the anterior lesions biopsy-proven to be PCa, FGB allowed identification of 59 that
would not have been detected on systematic TRUS biopsy alone. Thirty-four of these
contained Gleason 3+4=7 or greater disease, which, depending on age and functional status,
would qualify as clinically significant lesions that warrant intervention. Importantly, FGB
missed 25 anterior lesions that were found to have cancer on TRUS-guided biopsy. However,
the majority of these lesions (18) contained Gleason 6 cancer. The remainder, 5 consisted of
Gleason 3+4=7 lesions and only a single was Gleason 8 focus. These results emphasize that
while FGB is a promising new tool, systematic TRUS-guided biopsy still maintains an
important role in detecting PCa.

In our study, we found that on average, if a lesion was positive on both FGB and TRUS
biopsies, the length of cancer in the FGB core was 112% longer than on TRUS biopsy. We
suspect that the ability of FGB to obtain a longer cancer-containing core may be largely
responsible for the 7 cases which were upgraded to a higher Gleason score in our patient-
based analysis. Supporting this hypothesis is the work done by Corcoran and colleagues who
demonstrated that incomplete tumor sampling plays a role in the under-staging of PCa(2%).
The length of cancer in biopsy cores has also been shown to be important by Dong and
colleagues(?6), who performed a multivariate regression analysis in patients with Gleason 6
disease and concluded that those with longer segments involved with PCa in biopsy cores
were more likely to be pathologically upgraded. Furthermore, our data supports the recent
work of Hambrock and colleagues, who demonstrated that MR guided biopsies are more
accurate for pre-operative risk stratification by Gleason grade than are systematic TRUS
biopsies(). Using our FGB system to more accurately target the center of a suspicious
lesion, we hope there will be a higher concordance between biopsy results and prostate
pathology results, thus translating to a decrease in management decisions that are based on
incomplete or inaccurate clinical data.

It is important to consider those patients with only anterior lesions who were positive on 12-
core TRUS biopsy but were missed on FGB. One of two technical issues is likely to be at
play. The first involves the limitations of MRI in detecting all foci of PCa. Despite the
enhanced resolution of 3T MRI and the experience of our genitourinary radiologists, small
lesions (<5mm) and those within heterogeneous appearing prostates may be exceedingly
difficult to recognize(?8). Consequently, these types of lesions may not have been targeted
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but may still have turned up as positive by virtue of the semi-random nature of standard
TRUS-guided biopsy.

The alternative explanation for patients positive solely on TRUS biopsy involves the
technical limitations of the fusion biopsy system. Though great care is taken to ensure an
accurate fusion of ultrasound data to the MRI images, a margin of error of approximately 2.4
mm still exists(2%). This implies that low volume lesions, even if identified on MRI, may still
be missed on fusion biopsy targeting due to the inherent spatial errors in dual modality
imaging coregistration. Of note, the inability of fusion biopsy to detect small foci of cancer
may in truth benefit the patient, as these lesions are likely to be of low clinical

significance(® 30.31), The fact that all of these patients harbored Gleason 6 cancer and were
active surveillance candidates further supports the notion that MR/US fusion-guided biopsy
does not miss cases of aggressive PCa.

Our study has some limitations. Although used in previously published studies, the method
employed for correlating anterior lesions sampled by FGB to TRUS cores in the same
anatomic location would be best validated with RP specimens. However, due to the unique
referral nature of our center, many patients are referred back to their primary urologists for
definitive therapy. Also, some of our patients with low volume, low risk PCa chose to avoid
RP altogether and enter into an active surveillance protocol. A second limitation of our study
is the high risk nature of our population based on concerning PSA levels or dynamics
despite prior negative biopsies or low volume disease on standard-of-care biopsies, which is
also reflective of the referral nature of majority of the patients accrued into our imaging and
image-guided biopsy research protocols.

A limitation of any study incorporating MRI-based image-guided biopsy is the high cost and
time requirement of performing MP-MRI to identify suspicious lesions. To limit the cost and
time necessary for this level of imaging, our group has begun investigating the accuracy of
MP-MRI without an endorectal coil®2). Also, it is important to consider that many patients
with anterior cancer will typically undergo multiple previous negative biopsy sessions.
Instead of continuing to biopsy these patients with conventional methods, it may be cost
effective to employ MP-MRI and subsequent fusion-guided biopsies in efforts to obviate
excess biopsy sessions and the associated patient anxiety and potential morbidity from
repeated procedures. Furthermore, it is obvious that properly selected patients could benefit
from avoiding the morbidity and oncological risks of high grade cancers missed by TRUS-
guided biopsy alone which often delays definitive diagnosis.

Conclusion

There exists a cohort of patients who harbor anterior PCa lesions that are challenging to
diagnose with the traditional biopsy methods. MR imaging and subsequent MR-US fusion
biopsy provide accurate sampling of these lesions that are often otherwise missed by
systematic TRUS biopsy.
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A lesion in the anterior horn of the prostate targeted by FGB (PZ - peripheral zone, TZ-

transitional zone).
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Cancer Detection Rate per Anterior Lesion
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Table 2a

Page 13

Gleason grade distribution of anterior prostate cancer lesions identified exclusively based upon TRUS-guided

versus fusion-guided biopsies.

Gleason Grade

Detected only on TRUS  Detected only on FGB

6 (3+3)
7 (3+4)
7 (4+3)
8 (4+4)
9 (4+5)
10 (5+5)

18
5

25
20

N B 0 W
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Table 2b

Distribution of anterior prostate cancer lesions based upon TRUS-guided vs fusion-guided biopsies.

Anterior Lesions Detected only on TRUS  Detected only on FGB  Detected by both TRUS & FGB

Positive for PCa 5/24 6/24 13/24
3 pts Gl <7 (3+4) FGB upgraded 7/13 pts.
Gleason Score 6 (3+3) 4 pts Gl 27 (4+3)
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