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Abstract

BACKGROUND—Hemiablation is a less morbid treatment alternative for appropriately selected
patients with unilateral prostate cancer (PCa). However, to the authors’ knowledge, traditional
diagnostic techniques inadequately identify appropriate candidates. In the current study, the
authors quantified the accuracy for identifying hemiablation candidates using contemporary
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diagnostic techniques, including multiparametric magnetic resonance imaging (mpMRI) and MRI-
fusion with complete systematic template biopsy.

METHODS—A retrospective analysis of patients undergoing MRI and MRI-fusion prostate
biopsy, including full systematic template biopsy, prior to radical prostatectomy in a single tertiary
academic institution between June 2010 and February 2018 was performed. Hemiablation
candidates had unilateral intermediate-risk PCa (Gleason score [GS] of 3+4 or 4+3, clinical T
classification <T2, and prostate-specific antigen level <20 ng/dL) on MRI-fusion biopsy and 2) no
contralateral highly or very highly suspicious Prostate Imaging Reporting and Data System
version 2 (PI-RADSv2) MRI lesions. Hemiablation candidates were inappropriately selected if
pathologists identified contralateral GS =3+4 or high-risk ipsilateral PCa on prostatectomy. The
authors tested a range of hemiablation inclusion criteria and performed multivariable analysis of
preoperative predictors of undetected contralateral disease.

RESULTS—Of 665 patients, 92 met primary hemiablation criteria. Of these 92 patients, 44
(48%) were incorrectly identified due to ipsilateral GS =3+4 tumors crossing the midline (21
patients), undetected distinct contralateral GS =3+4 tumors (20 patients), and/or ipsilateral high-
risk PCa (3 patients) on prostatectomy. The rate of undetected contralateral disease ranged from
41% to 48% depending on inclusion criteria. On multivariable analysis, men with anterior index
tumors were found to be 2.4 times more likely to harbor undetected contralateral GS =3+4 PCa
compared with men with posterior lesions (P < .05).

CONCLUSIONS—Clinicians and patients must weigh the risk of inadequate oncologic treatment
against the functional benefits of hemiablation. Further investigation into methods for improving
patient selection for hemiablation is necessary.

Keywords

focal therapy; hemiablation; magnetic resonance imaging; patient selection; prostatectomy;
prostatic neoplasms; unilateral

INTRODUCTION

Radical prostatectomy and radiotherapy are standard whole-gland treatments among patients
with organ-confined prostate cancer (CaP) requiring definitive intervention.! Despite
favorable oncologic outcomes, these treatments cause significant genitourinary side effects.?
Due to the largely indolent nature of these tumors, the treatment of choice for patients with
low-risk CaP and select patients with intermediate-risk CaP and a limited life expectancy is
active surveillance.3-

In the past decade, urologists worldwide have widely adopted multiparametric magnetic
resonance imaging (mpMRI) of the prostate into the management of patients with CaP.
Patients and clinicians are increasingly interested in alternative treatment modalities, such as
high-intensity focused ultrasound, cryotherapy, photodynamic therapy, and radiofrequency
ablation, which may provide reasonable oncologic outcomes with superior side effects in
select individuals.5-° Focal therapy targets only areas of known cancer, whereas
hemiablation limits tissue damage to the prostate lobe harboring known clinically significant
CaP (csCaP).”10
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The multifocal nature of CaP and limitations in tumor detection and localization make
patient selection for subtotal treatments challenging. Appropriate candidates for
hemiablation have csCaP limited to 1 prostate lobe. Previous studies have reported low
concordance between disease laterality on transrectal ultrasound (TRUS)—guided prostate
biopsy and prostatectomy pathology.11-17 Although there is strong clinical evidence that
prostate imaging with mpMRI and targeted biopsy improves csCaP detection on the patient
level 18-23 to our knowledge the detection sensitivity for mpMRI for individual CaP foci
remains moderate, particularly in smaller, nonindex, multifocal lesions.24:25

Although experts agree that mpMRI is essential for selecting hemiablation candidates in
combination with targeted and systematic biopsy, to our knowledge the accuracy of these
contemporary CaP diagnostic techniques in the identification of patients with unilateral CaP
is unknown. Therefore, we investigated the rate of undetected contralateral csCaP and high-
grade ipsilateral CaP in radical prostatectomy whole-mount pathology (WMP) specimens in
hemiablation candidates. In addition, we explored pretreatment predictors of laterality
discordance on final pathology.

MATERIALS AND METHODS

Study Population

The study population was derived from a database of 665 men who underwent 3-tesla
mpMRI, prostate biopsy (TRUS and/or MRI-fusion using the transrectal Artemis [Eigen,
Grass Valley, California] or UroNav [Invivo, Gainesville, Florida] systems), and radical
prostatectomy at a single tertiary academic institution. Pathologists processed all
prostatectomy specimens using WMP. Research staff recorded patients’ demographic,
clinical, MRI, and histopathologic information. The institutional review board approved this
study.

Candidacy for Hemiablation

For the primary analysis, candidates met the following preoperative criteria: 1) unilateral
intermediate-risk csCaP (defined as a Gleason score [GS] of 3+4 or 4+3 [Gleason grade
group (GG) 2 or 3], clinical stage of disease <T2, and prostate-specific antigen [PSA] level
<20 ng/mL)28; and 2) no midline contralateral Prostate Imaging Reporting and Data System
version 2 (PI-RADSV2) 4 to 5 lesions on mpMRI. Hemiablation candidates must have
undergone combined MRI-fusion and complete systematic template biopsy. We included
patients with GS 3+4 and 4+3 pathology from targeted and/or systematic core needle
biopsies provided it was unilateral. We determined clinical stage according to digital rectal
examination and mpMRI findings. We included patients with contralateral low-risk tumors
(GS 3+3) and/or contralateral PI-RADSV2 3 lesions in our primary analysis. We excluded
patients with mpMRI prostate volume =60 cm3, PI-RADSV2 4 to 5 lesions described as
“midline,” incomplete systematic template (<10 nontargeted biopsy core needle biopsy
specimens), or cognitive MRI-fusion biopsy. At least 2 members of the research staff
(D.CJ., JJ.Y, D.E.B., AP, T.S,, and R.J.) independently identified hemiablation candidates
by manual chart review. A total of 92 patients met the primary eligibility according to
clinical reports (Fig. 1). One author (D.C.J.) compared independent candidacy assessments
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and adjudicated discrepancies (12 patients). In addition, a software algorithm, written in
Matlab 2015a (MathWorks, Natick, Massachusetts), was used to measure exact spatial
coordinates of radiographic regions of interest (ROISs), core needle biopsy specimens, and
prostate contours to generate 3-dimensional renderings using the Artemis in MRI-fusion
biopsy system. This technique identified additional patients with tumor crossing the sagittal
midline. The research team (D.C.J., S.Z., A.M.P,, and S.N.) verified these findings visually
(Fig. 2) and cross-referenced the patients’ radiology report to confirm accuracy. We
performed sensitivity analyses that excluded these cases to assess alternative radiographic,
pathologic, and biopsy criteria for hemiablation candidacy.

Multiparametric MRI and MRI-Fusion Biopsy

Patients underwent 3-tesla mpMRI (Siemens Magnetom Trio, Skyra, or Verio; Siemens
Medical Systems, Malvern, Pennsylvania) according to standardized protocols with pelvic
external phased array coils, with or without endorectal coil. All images were read
preliminarily by an abdominal imaging fellow (postgraduate year 6) and confirmed by 1 of 3
attending abdominal radiologists with 600, 2000, and 3000 prior prostate mpMRI reads,
respectively. Radiologists were not blinded to clinical details. MRI-fusion biopsies were
performed by 4 urologic oncologists using the Artemis or UroNav systems (82 of 92
biopsies [89%] were performed by L.S.M. using the Artemis system).

Whole-Mount Processing of Prostatectomy Specimens

Two fellowship-trained genitourinary pathologists (with 4 years and 12 years, respectively,
of CaP experience) assessed each whole-mount slide. This process involves axial sectioning
of each prostate specimen from the inked basal margin to the apex in 4-mm to 5-mm
intervals and mounting the sections on large slides. A genitourinary radiologist and
pathologist reviewed each case individually to confirm the location, including laterality, of
all radiographic and pathologic lesions at a separate monthly multidisciplinary meeting.
Research staff prospectively entered results into the database.

Definition of Inappropriate Hemiablation Candidacy at Radical Prostatectomy

We defined discordant laterality in hemiablation candidates as any contralateral csCaP (GS
>3+4) in the prostatectomy specimen. Discordant csCaP consisted of distinct contralateral
tumors and/or an ipsilateral tumor crossing the midline (Fig. 3 Top and Bottom). We also
considered patients with ipsilateral high-grade tumor (GS 24+3 with tertiary pattern 5) on
WMP as having been incorrectly selected for hemiablation. We assumed hemiablation
adequately treats ipsilateral extracapsular extension. We characterized the pathology of
unidentified contralateral csCaP on WMP.

Statistical Analysis

We compared continuous variables using the Student #test (or nonparametric Wilcoxon rank
sum test and the median test for nonnormal variables) and a chi-square test (or Fisher exact
test if necessary) for categorical Boolean variables between patients with concordant and
discordant laterality. We also conducted a multivariate logistic regression to find clinical and
biopsy-related covariates associated with discordant laterality, including age, GS, PSA
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density (<0.15 vs 20.15), ROI location (anterior vs not), ROI zone (transition vs peripheral),
focality (solitary vs multifocal), percentage positive core needle biopsy specimens (in
quartiles), maximum cancer percentage in a core needle biopsy specimen (<50% vs >50%),
endorectal coil use, and risk of capsular involvement. We conducted all analyses using SAS
statistical software (version 9.4; SAS Institute Inc, Cary, North Carolina).

Percentage of Patients With Undetected csCaP

Table 1 describes the characteristics of the 92 primary candidates for hemiablation.
Pathologists determined that 44 of these 92 preoperative candidates (48%) ultimately were
ineligible for hemiablation on prostatectomy: 41 patients had discordant laterality of csCaP
(21 patients with tumor crossing the midline and 20 patients with undetected distinct
contralateral tumors) and 3 patients had ipsilateral upgrading (GS 4+3 with tertiary pattern 5
[1 patient], GS 4+4 [1 patient], and GS 4+5 [1 patient]). Of the 41 patients with unidentified
contralateral csCaP, 10 (24%) had tumors containing >GS 3+4 with tertiary pattern 5
pathology. Table 2 includes additional details regarding missed contralateral tumors.

Sensitivity Analyses

Figure 1 describes different inclusion and exclusion criteria for hemiablation. The
percentage of inappropriately selected hemiablation candidates ranged from 41% to 48%
(see Supporting Table 1). The highest discordant rate (48%) occurred in the primary cohort
in the current study. Even applying the most stringent criteria (no contralateral GS 3+3 on
biopsy and no contralateral PI-RADSv2 3 lesions), >40% of patients had unidentified
contralateral csCaP. Our computerized algorithm using spatial coordinates and 3-
dimensional reconstructions to identify tumor crossover ruled out 20 additional potential
hemiablation candidates. Of these 72 patients, 30 (42%) would have been incompletely
treated with hemiablation (16 patients with crossover tumors and 14 patients with distinct
contralateral tumors). Compared with the 72 patients without crossover on digital
renderings, the 20 patients who were identified as ineligible due to tumor crossover using the
digital renderings were more likely to have anterior tumors (75% vs 40%; £=.006) limited
to the transition zone only (60% vs 22%; £ =.002). In addition, we evaluated a separate
subset of patients (68 patients) with unilateral csCaP based on mpMRI with TRUS biopsy
only (no MRI-fusion biopsy). It is interesting to note that the laterality discordance was
lower in this cohort compared with the MRI-fusion biopsy cohort (32% vs 48%; P=.05).

Predictors of Undetected Contralateral csCaP

We explored predictors of undetected contralateral csCaP in hemiablation candidates. These
factors included age; PSA density; biopsy GS; multifocal tumors; presence of tumor outside
of the ROI; and location, size, and PI-RADSV2 score of the ROI. On multivariable analysis,
an anterior index tumor location on biopsy and/or mpMRI was the only factor found to
predict undetected contralateral csCaP at prostatectomy. Men with anterior tumors were
more likely to have missed contralateral csCaP compared with men without anterior tumors
(odds ratio, 2.4; 95% ClI, 1.0-5.8 [P < .05]). In addition, although men with lesions
identified exclusively in the peripheral zone were more likely to have undetected
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contralateral tumors, this variable was no longer statistically significant when adjusted for
anterior location.

DISCUSSION

Using what to our knowledge is the largest prospectively maintained database of patients
with preoperative 3-tesla mpMRI, MRI-fusion biopsy including full systematic template,
and WMP specimens, we found that hemiablation would have inadequately treated nearly
one-half of preoperative hemiablation candidates based on unrecognized contralateral csCaP
or ipsilateral high-grade CaP noted on WMP. This discordance rate was robust across a
range of inclusion criteria, with the most conservative inclusion criteria still missing
contralateral csCaP in >40% of cases. Finally, we found that anterior index tumor location
portends a nearly 3-fold higher risk of undetected contralateral csCaP, primarily manifested
by unidentified anterior tumor crossover.

In prior studies of patients with predominantly low-risk, unilateral CaP diagnosed by TRUS
biopsy only without mpMRI, approximately 65% to 79% of patients actually were found to
harbor bilateral CaP on prostatectomy.11-18 Two of these studies reported on the rate of
bilateral csCaP on WMP (33% and 50%, respectively) in patients with only unilateral
disease on TRUS biopsy alone.1417 In the current study, we reported similar discordance
rates in our subset analysis of patients undergoing TRUS biopsy with the addition of
mpMRI. That our discordance rates were comparable to those of the prior series without
mpMRI may be attributed to 2 offsetting factors: although mpMRI presumably reduces
undetected contralateral csCaP, the higher risk biopsy criteria for hemiablation in the current
study (all GS 3+4 or GS 4+3) may have increased the likelihood of unrecognized
contralateral csCaP.

Somewhat unexpectedly, we found that the discordant laterality rate on prostatectomy was
lower in patients undergoing TRUS biopsy only compared with those undergoing MRI-
fusion with systematic template biopsy. However, these 2 patient cohorts were
systematically different, which offers possible explanations. First, by definition, those
patients undergoing MRI-fusion biopsy had undergone MRI prior to biopsy, when their
cancer status was unknown. Conversely, approximately 88% of patients diagnosed by TRUS
underwent mpMRI after biopsy, which introduces interpretation bias, particularly with
equivocal lesions. Compared with pathologic tumor size, radiologists underestimated
matching ROIs in the MRI-fusion cohort to a significantly greater degree (-8 mm vs =5 mm;
P=.05), further suggesting interpretation bias when radiologists are aware of CaP. We
previously reported the degree to which MRI underestimated pathologic size using patient-
specific prostate molds.2” With this knowledge, it is possible that radiologists draw more
generous tumor boundaries when they are aware of a cancer diagnosis. Finally, we
performed mpMRI with endorectal coil in a higher percentage of patients who underwent
TRUS compared with MRI-fusion biopsy (77% vs 13%; P < .001). However, although the
use of endorectal coil is associated with improved tumor detection, we previously concluded
that after accounting for the timing of biopsy in relation to MRI, endorectal coil does not
independently predict tumor detection.2®> Whether this contributed to the apparent bias
between these cohorts remains unclear.
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In a prior cohort of 1184 prostatectomy specimens, pathologists identified unilateral cancer
in approximately 20%, making these patients potential candidates for hemiablation.28
However, a separate study demonstrated that preoperative TRUS biopsy inadequately
identified unilaterality.1® Furthermore, clinicopathologic factors including family history,2°
percentage of positive core needle biopsy specimens,® percentage of malignant tissue in
core needle biopsy specimens,16 and PSA density1® were found to have minimal and/or
inconsistent predictive ability.11:13.14.17

A study of 59 patients undergoing mpMRI, MRI-fusion biopsy, and systematic template
biopsies prior to radical prostatectomy demonstrated only 11 patients (19%) with residual
csCaP if treated by hemiablation on the side of the suspicious MRI lesion.30 These results
likely differ from those of the current study for 2 major reasons: 1) hemiablation candidates
in the current study could only have a single radiographic ROI, which had to correspond to a
positive biopsy; and 2) approximately 25% of patients had GS 3+3 disease only on biopsy,
representing a patient cohort at lower risk. Finally, the current study used PI-RADSv1 as
opposed to the contemporary PI-RADSv2 system.

The current study addressed several shortcomings of prior analyses. To our knowledge, no
prior study has reported on the rate of undiagnosed contralateral csCaP using mpMRI and
MRI-targeted plus complete systematic template biopsy with WMP specimens as the
reference standard. We specifically designed our multidisciplinary approach to accurately
localize, confirm, and record the location and laterality of all radiographic and pathologic
lesions. Furthermore, we verified the laterality assignment by both redundant, independent
chart reviews and a computerized algorithm. Second, the current study cohort represents a
contemporary prostatectomy population with 95% of individuals found to harbor
intermediate-risk disease on final pathology, whereas prior studies evaluated primarily
patients with low-risk CaP who were appropriate for active surveillance.11-17 Third, the 4
studies reporting oncologic outcomes after hemiablation reported that repeat TRUS biopsy
identified contralateral CaP in approximately 10% to 22% of patients.31-34 In a similar
baseline patient population, contralateral CaP was detected in 65% to 79% of prostatectomy
specimens.11-17:33 This finding highlights the potential for biopsy sampling error to
overestimate the true efficacy of hemiablation, a shortcoming that we avoided by using
WMP as the reference standard.

The current study had limitations. Selection bias inherent to a prostatectomy cohort is
inevitable. However, we identified hemiablation candidates using the same information
available to clinicians and patients when making treatment decisions, and the fact that these
patients underwent prostate cancer surgery had no bearing on the objective requirements for
hemiablation candidacy. Therefore, we believe our primary cohort accurately represents
potential hemiablation patients. Second, to our knowledge, the clinical significance of
untreated contralateral tumors remains unknown. Proponents of focal therapy cite the theory
regarding the monoclonal origin of lethal metastatic CaP to argue that index tumor ablation
may effectively prevent distant or recurrent disease.3>-37 However, we currently lack the
ability to localize the lethal metastatic clone to a single cancer foci, and therefore it is
impossible to be sure the lethal clone lies within the index lesion. Furthermore, we must
assume that residual malignant cells in an incompletely treated index tumor harbor biologic
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potential similar to that of the lethal clone. The finding that clinically significant index
tumors with unrecognized contralateral extension comprised approximately one-half of
discordant cases in the current series argues that this represents inadequate oncologic
treatment. Although the clinical significance of a small amount of residual contralateral
tumor is unknown, we must assume that any amount of residual csCaP represents treatment
failure. This is particularly true considering that the active surveillance protocol is largely
unchanged after focal therapy.38 Third, the distinction between a unilateral and bilateral/
midline tumor on WMP and mpMRI is subjective and relies on the reports of the
pathologists and radiologists. Although radiologists may interpret these midline lesions
differently within the clinical context of hemiablation planning, for the purposes of the
current study they did not redraw radiographic ROIs. Although the 3-dimensional digital
reconstruction method identified crossover in an additional 20 of 92 patients (22%), this
only improved patient selection from 48% to 42%. The radiology department at the study
institution is characterizing the missed crossover lesions further and investigating methods
with which to improve detection. Finally, we made 2 assumptions that rendered our
estimates conservative. First, although the clinical significance of untreated, large-volume
GS 3+3 CaP in young, healthy patients is debatable, we defined csCaP on prostatectomy as
GS >3+4.26 Finally, we assumed that hemiablation adequately treats patients with
extracapsular extension.

Conclusions

The current study quantifies the significant likelihood of untreated, contralateral csCaP
remaining after hemiablation, even after the use of mpMRI with MRI-fusion and complete
systematic template biopsies. Clinicians must inform patients about this risk and include this
estimate in the informed consent process. The results of the current study support the need
for a more in-depth analysis of radiographic ROl and MRI-fusion biopsy geometry to
improve patient selection for subtotal prostate treatments, which we currently are
undertaking. In addition, we are investigating whether novel imaging techniques, such as
restriction spectrum imaging, more accurately predict tumor crossover, and/or whether
template-mapping biopsy is necessary for adequate patient selection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Initial cohort:
Patients with 3-T MRI, biopsy (TRUS or
MRI-fusion) + radical prostatectomy,
n=665

Excluded: n=420
GGlonly =176
Bilateral GG2 = 244

Unilateral GG 22 on MRI-fusion biopsy
who underwent prostatectomy,
n=245

GG 4-5 on MRI-fusion biopsy

Excluded: 74
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Excluded: n=79
Prostate size >60 cc on MRI: n=37
PSA> 20: n=5
Contralateral/midline PI-RADSV2 4-5 lesion: n=27
Ipsilateral gross ECE on MRI: n=4
Incomplete systematic biopsy template: n=3
Cognitive fusion MRI biopsy: n=3

Primay Analysis
Unilateral GG 2-3 on MRI-fusion biopsy
No contralateral/midline PI-RADSV2 4-5
PSA < 20, prostate <60 cc on MRI
No gross ECE on MRI or MRI-fusion biopsy
n=92

Sensitivity analysis 1
Primary inclusion criteria
Exclude (n=20): PI-RADSV2 4-5
lesion crossing midline on
3D-rendering
n=72

Sensitivity analysis 2
Primary inclusion criteria
Exclude (n=43):
Contralateral PI-RADSv2
3 or GG1 on biopsy
n=49

Sensitivity analysis 3
Primary inclusion criteria
Exclude (n=35):
Contralateral GG1 on biopsy
n=57

Sensitivity analysis 4
Primary inclusion criteria
Exclude (n=11):
Contralateral PI-RADSV2 3
n=81

Sensitivity analysis 5
Primary inclusion criteria
Include (n=79):

Any GG on biopsy
Any PSA
n=171

Sensitivity analysis 6
Primary inclusion criteria
Include (n=68):
TRUS biopsy only
n=60

Figure 1.

Hemiablation eligibility. 3D indicates 3-dimensional; 3-T, 3-tesla; ECE, extracapsular

extension; GG, Gleason grade group; MRI, magnetic resonance imaging; PI-RADSV2,
Prostate Imaging Reporting and Data System version 2; PSA, prostate-specific antigen;
TRUS, transrectal ultrasonography.
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Figure 2.
Example of a magnetic resonance imaging (MRI) region of interest reported as unilateral but

which 3-dimensional (3D) reconstruction for MRI-fusion biopsy identified as bilateral
clinically significant prostate cancer in a 62-year-old man with a prostate-specific antigen
level of 10.6 ng/mL. A Prostate Imaging Reporting and Data System version 2 (PI-RADSV2)
5 target lesion (green arrow) was reported as on the right side only on 3-tesla
multiparametric MRI. (a) T2-weighted image. (b) Diffusion-weighted image. (c) Apparent
diffusion coefficient map. (d) Section of 3D reconstruction using spatial coordinates
demonstrating tumor crossover (yellow arrow). (e) Confirmation of bilateral disease on
whole-mount pathology.
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Figure 3.
(70p) Example of a missed discrete contralateral tumor in a 55-year-old man with a prostate-

specific antigen (PSA) level of 7.5 ng/mL with a unilateral Prostate Imaging Reporting and
Data System version 2 (PI-RADSv2) 5 target lesion (green arrow) with no evidence of a
contralateral lesion on 3-tesla (3-T) multiparametric magnetic resonance imaging (mpMRI)
or biopsy. (a) T2-weighted image. (b) Diffusion-weighted image. (c) Apparent diffusion
coefficient map. (d) Detected (Gleason grade group 3 [GG3], green arrow) and missed
(GG2, yellow arrow) contralateral prostate cancer lesions on final whole-mount
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histopathology slide. (Bottorm) Example of a missed crossover tumor in a 54-year-old man
with a PSA level of 5.3 ng/mL and a unilateral PI-RADS 3 target lesion (green arrow) with
no evidence of contralateral extension on 3-T mpMRI. (a) T2-weighted image. (b)
Diffusion-weighted image. (c) Apparent diffusion coefficient map. (d) Right-sided lesion
with undetected contralateral extension (GG2, green arrow) and missed insignificant (GG1)
prostate cancer on final whole-mount histopathology slide.
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