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Abstract

Objectives: We aim at reporting the functional and oncological outcomes in men with localized prostate cancer
who underwent individualized partial gland cryoablation of the prostate by using validated quality-of-life
instruments.

Methods: We retrospectively reviewed our cryosurgery database between July 2003 and September 2019 for men
who were treated with individualized partial gland cryoablation of the prostate at our tertiary care center. Baseline
and periodic urinary and sexual function surveys were administered throughout the post-treatment period.
Results: A total of 82 men were included in the study. Median follow-up was 28 months (interquartile range:
10.5-59.3 months). A total of 71 men underwent primary individualized partial gland cryoablation, whereas 11
men underwent salvage partial gland ablation. Failure-free survival at 1 to 5 years was 98%, 89%, 84%, 75%,
and 75% in the primary therapy group, and 100%, 80%, and 40% in the salvage group at 1 to 3 years,
respectively. In the primary therapy group, all 71 patients remained free of pads at 3 months and throughout the
follow-up period. Men who had undergone primary focal cryoablation had a higher post-treatment International
Index of Erectile Function (IIEF) score, followed by men treated with primary hemi-cryoablation and primary
subtotal cryoablation. The American Urological Association (AUA) symptom scores decreased regardless of
the type of partial gland ablation performed, with subtotal ablation having the lowest score compared with
hemiablation and focal cryoablation. No patient developed a fistula in the primary group, and 1 (9%) patient
developed a fistula in the salvage group.

Conclusion: Individualized partial gland cryoablation of the prostate is able to achieve excellent oncological
and functional outcomes in select men with localized prostate cancer.
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Introduction these studies on cryoablation of the prostate treat predominantly
grade group 1 (Gleason score 3 +3) cancer and have very low
adherence to follow-up biopsy rates after focal cryosurgery.”'”
Hence, endpoints such as disease-free survival or biochemical

recurrence based on the Phoenix criteria have been utilized in

IN RECENT YEARS, advancement in imaging and targeted
prostate biopsy have challenged the boundaries for partial
gland treatment of prostate cancer.' Partial gland ablation or

focal therapy of the prostate can be performed via different
energy sources such as cryoablation, high-intensity focused
ultrasound (US), irreversible electroporation, laser ablation,
and photodynamic therapy.>~> The goal of such therapy is to
achieve comparable oncological outcomes, while causing
less morbidity compared with whole gland treatment.>~

In recent years, there have been multiple studies evaluating
the efficacy of focal cryoablation for the treatment of prostate
cancer, in both the primary and salvage settings.®® Many of

lieu of tissue pathology to determine cancer survival outcomes
after focal cryoablation. This can be misleading given that the
malignant potential for low-grade localized prostate cancer is
long/protracted and is considered by many as not being clini-
cally significant.'""'* Further, many of these studies do not in-
clude functional outcomes measured by standardized erectile
functional and lower urinary tract symptoms instruments.'

In this study, we aim at reporting the oncological outcomes
after individualized partial gland cryoablation of the prostate
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at a single tertiary care center. We also sought to report the
functional outcomes utilizing validated American Urological
Association (AUA) symptom scores and International
Index of Erectile Function (IIEF) questionnaires, over a pe-
riod of 3 years.

Methods

This is an institution review board-approved retrospective
review of a prospective quality improvement database of
patients who have undergone individualized partial gland
cryoablation of the prostate at a tertiary care center between
July 2003 and September 2019. Inclusion criteria for the
analysis were men who had a multiparametric magnetic
resonance imaging and ultrasound (mpMRI/US) fusion-
guided biopsy or a three-dimensional (3D) template mapping
saturation biopsy of the prostate. Patients were deemed to be
good candidates for individualized partial gland cryoabla-
tion, and informed consent was obtained preceding treatment.
Before prostate cryoablation, baseline urinary and sexual
functions were assessed by using self-administered validated
instruments: the AUA symptom score and IIEF-5."%!> Our
technique, post-cryotherapy follow-up protocol and defini-
tion is listed in Appendix.

Clinical and demographic data

Variables of interest were age (in years), race (white,
black, other), pre-treatment data including body mass index
(kg/m?), prostate-specific antigen (PSA; ng/mL), grade
group score before cryoablation (1-5), pre-cryotherapy an-
drogen deprivation therapy (yes/no), pre-treatment IIEF-5
and AUA symptom scores, utilization of mpMRI, prostate
size on mpMRI (cm3), number and size of lesions on MRI,
location of lesion (laterality, anterior/posterior, zone), type of
biopsy (fusion, 12-core and 3D transperineal mapping bi-
opsy), prior treatment (external beam radiation therapy
[EBRT], brachytherapy), post-treatment follow-up (months),
post-cryotherapy IIEF-5 and IPSS scores, complications
(fistula, incontinence, erectile dysfunction), PSA nadir, bi-
opsy on follow-up, treatment failure, infield recurrence
(IFR), additional therapies received, failure-free survival
(FFS), metastasis-free survival (months), and cancer-specific
survival (months). Metastasis was defined based on a bone
scan and/or positron emission tomography (PET)-CT. IFR
was defined as evidence of grade group 2 or higher cancer on
post-therapy prostate biopsy inside the cryoablation zone.
Out-of-field recurrence (OFR) was defined by having a
positive biopsy in a location where cryoablation of the
prostate was not performed. Urinary incontinence is defined
by any degree of urinary leakage requiring pads in a patient
who did not have any incontinence before cryoablation.
Erectile dysfunction was defined as an inability to achieve an
erection by a patient who was able to achieve erections be-
fore cryoablation with or without pharmacologic therapy.

Statistical analysis

Medians and their interquartile range (IQR) were used to
summarize continuous variables, whereas categorical vari-
ables were summarized with counts and percentages. Mean
and standard error was used for graphical depiction of IIEF-5
and AUA symptoms score over time. To determine whether
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missing data affected the results from the IIEF-5 and AUA
symptom score instruments, we performed a sensitivity
analysis by constructing a multiple imputations model for
each of the questionnaires. Briefly, we generated 20 complete
datasets and generalized linear regression models were fit to
each of the 20 imputed datasets and pooled by using Rubin’s
rules. Identical models were fit to the complete case data for
comparison. Survival analysis was depicted by using Kaplan-
Meier plots. A multivariate Cox proportional hazards model
was constructed with grade group, pretreatment PSA, and
type of partial gland treatment (focal, hemiablation or sub-
total cryoablation). Statistical significance was defined as
p<0.05. R 3.5.1 for Rstudio 1.1.456 was used for statistical
analyses, with the key packages: mice, dplyr, ggplot2, re-
shape2, survivor, and VIM installed.'®

Results
Primary therapy

Baseline characteristics. A total of 71 men with biopsy-
proven localized prostate cancer were included in the anal-
ysis. Median follow-up was 28 months (IQR: 10.5-59.3
months). Patient characteristics are described in Table 1.

Biopsy and FFS after individualized partial gland cryoa-
blation. The median PSA nadir was 0.82 ng/dL (IQR 0.4—
1.8) after cryotherapy. A total of 42 (59%) of patients un-
derwent a for-cause follow-up biopsy. Median time to biopsy
was 474.5 days (IQR 393-558.5). Thirty-six of the 42
(85.7%) patients underwent an mpMRI of the prostate after
cryotherapy. A total of 11 of the 36 (30.5%) of patients who
underwent an MRI had a suspicious lesion in the ablation
zone. Three of the 11 (27.3%) of lesions were positive for
grade group 2 cancer on biopsy.

Of the 42 patients who underwent a post-treatment 12
core (including treatment targets) biopsy, 7 (16.7%) patients
were found to have grade group 1 disease and 9 (21.4%)
patients were found to have grade group 2 or higher disease.
IFR was found in 8 (19%) patients (5 patients with grade
group 2, 1 patient with grade group 4, and 2 patients with
grade group 5). Out-of-field recurrence was found in 1
(2.4%) patient (grade group 2). Five of the nine patients with
recurrence opted for a second partial gland cryoablation of
the prostate, and four of the five patients who were retreated
had their PSA nadir less than 1ng/dL. The one patient
whose PSA remained above 1ng/dL was subsequently
treated with EBRT and androgen deprivation therapy. The
remaining four of the nine patients with recurrence were
treated with whole gland therapy (three received EBRT, and
one underwent a salvage prostatectomy).

Of the remaining 29 patients who did not undergo a biopsy,
12 (41.4%) of the 29 patients refused a standard, re-
commended follow-up biopsy given their PSA nadired
<0.5ng/dL. A total of 7 (24.1%) of the 29 patients who de-
clined biopsy had a PSA that nadired between 0.5 and
1 ng/dL. Ten (34.5%) of the 29 patients declined a biopsy
despite medical recommendation, even though their nadir
PSA was >1ng/dL.

FFS, definitive treatment and metastasis. The FFS in the
primary setting at years 1 to 5 was 98%, 89%, 84%, 75%, and
75% (Fig. 1A). When stratified by type of partial gland
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TABLE 1. DEMOGRAPHICS FOR PRIMARY

AND SALVAGE PATIENTS

Primary
(n=71)

Salvage
(n=11)

Age, years, median
(IQR)
Race
White
Black
Others

Family history
None
First degree
Second degree

Smoking history
None
Former
Current

BMI, kg/mz, median
(IQR)

PSA at time of biopsy,
ng/mL, median
(IQR)

Pre-cryotherapy ADT
Yes
No

Pre-cryotherapy erections

Yes
No

Pre-cryotherapy IIEF-5,

median (IQR)
Pre-cryotherapy AUA

symptoms score,

median (IQR)

RI

Yes
No

Pre-treatment prostate
volume on MRI, cc,
median (IQR)

59 (83%)
10 (14%)
2 (3%)

55 (78%)
10 (14%)
6 (9%)

36 (50%)
27 (38%)
8 (11%)

2 (2.8%)
69 (97.2%)

43 (61%)
28 (30%)

19 (13-22)
6 (3-12)

62 (87%)
9 (13%)

41 (29.3-56.5)

Lesion(s) location on MRI?

Apex
Middle
Base
Anterior
Posterior

Lesion zone on MRI
Peripheral
Transition
Central

Lesion size on MRI,
cm’, median (IQR)
Type of biopsy
12-Core
18-Core
US/mpMRI fusion
3D mapping biopsy
No. of positive cores,
median (IQR)
Total number of cores,
median (IQR)

15 (30%)
23 (46%)
12 (24%)
20 (40%)
30 (60%)

37 (74%)
10 (20%)
3 (6)

1.25 (0.7-2.5)

23 (32.4%)
0

24 (33.8%)
24 (33.8%)

3 (1-4)
12 (7-26)

66.7 (59.8-72.1) 68.0 (64.6-68.2)

9 (82%)
2 (18%)
0 (0%)

8 (73%)
2 (18%)
1 (9%)

5 (45%)
6 (54%)
0 (0%)

29.3 (25.6-31.6) 32.2 (25.9-36.1)
6.55 (4.80-8.85) 4.99 (2.23-7.86)

0 (0%)
11 (100%)

4 (36%)
7 (64%)

15 (6.5-19.5)
7 (3-9.5)

8 (72%)
3 (28%)

34 (32-38.3)

1 (33%)
1 (33%)
1 (33%)
2 (66%)
1 (33%)

1 (33%)
2 (67%)
0 (0%)

0.62 (—)

0
5 (45.5%)
2 (18.1%)
4 (36.4%)

3 (1-4)
16 (12-26)

(continued)
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TABLE 1. (CONTINUED)

Primary Salvage
(n=71) (m=11)
Clinical stage
T, 66 (93%) 10 (91%)
T, 5 (7%) 1 (9%)
Baseline GG
GG1 30 (42.3%) 2 (18%)
GG2 33 (46.5%) 5 (46%)
GG3 5 (7.0%) 1 (9%)
GG4 2 (2.8%) 3 (27%)
GGS5 1 (1.4%) 0
Gland treated
Focal 56 (79%) 6 (55%)
Hemi 9 (13%) 2 (18%)
Subtotal 6 (8%) 3 (27%)

Values are rounded to the nearest whole number and may exceed
or be less than 100%.

3D =three-dimensional; ADT=androgen deprivation therapy;
AUA = American Urological Association; BMI=body mass index;
GG =grade group; IIEF =International Index of Erectile Function;
IQR =interquartile range; mpMRI=multiparametric magnetic res-
onance imaging; MRI=magnetic resonance imaging; PSA=
prostate-specific antigen; US =ultrasound.

ablation in the primary setting, there was no statistically
significant difference between treatment schematic, p=0.36
(Fig. 1B). When stratified by grade group score, patients with
grade group 1 had a higher FFS followed by grade group 2
and 3, p=0.006 (Fig. 1C). When stratified by types of biopsy
performed, patients who underwent a 3D transperineal
prostate mapping biopsy had a higher FFS, followed by pa-
tients who underwent a fusion biopsy and standard 12 core
biopsy (Fig. 1D). There were no patients who developed a
metastasis or died from prostate cancer after partial gland
ablation. On multivariate cox proportional hazards analysis, a
higher-grade group was associated with a higher likelihood of
treatment failure, p =0.006 (hazard ratio 4.0 [95% confidence
interval 1.47-10.7]).

AUA symptoms score, IIEF-5 scores, urinary continence,
and fistula rate. Urinary continence status in all 71 patients
was available at baseline and at 3 months of follow-up. All 71
patients remained continent and free of pads at 3 months. No
patient developed a fistula. Mean IIEF-5 score for patients’
post-focal ablation, hemiablation, and subtotal ablation was
17.8, 17.6, and 15.0, respectively. Figure 2 depicts the mean
IIEF-5 score over the course of 36 months. Evidently, pa-
tients who underwent focal gland ablation had a higher post-
treatment IIEF-5 score compared with hemiablation and
subtotal ablation of the prostate. Mean AUA symptom score
for patients treated with focal ablation, hemiablation, and
subtotal ablation was 8.0, 8.4, and 8.8 before partial gland
cryoablation of the prostate (Fig. 3). The AUA symptoms
score decreased across all three groups after partial cryoa-
blation of the prostate, with hemiablation having the most
improvement compared with subtotal gland ablation and
focal ablation (Fig. 3).

Trifecta rate. A total of 41 (58%) patients were able to
achieve erections that were firm enough for penetration
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FIG. 1. (A) Kaplan-Meier plot of failure-free survival in patients undergoing primary partial gland ablation. (B) Kaplan-
Meier plot of failure-free survival in patients undergoing primary partial gland ablation stratified by type of ablation.
(C) Kaplan-Meier plot of failure-free survival in patients undergoing primary partial gland ablation stratified by grade group
score. (D) Kaplan-Meier plot of failure-free survival in patients undergoing primary partial gland ablation stratified by type
of biopsy. Color images are available online.
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Mean International Index of Erectile Function and Standard Error Over Time
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FIG. 2. Line plot of IIEF score over a period of 36 months. IIEF =International Index of Erectile Function. Color images

are available online.

before partial gland cryoablation of the prostate (Table 2).
After partial gland ablation, 27 (81%) patients in the focal
ablation group were able to maintain erections that were firm
enough for penetration. Twenty-six (79%) patients in the focal
ablation group were able to achieve all three factors (erections
firm enough for penetration; no urinary incontinence; did not
have an IFR, OFR, were able to avoid whole gland/systemic
therapy, and did not die from prostate cancer).

Sensitivity analysis. Sensitivity analysis was performed
by using multiple imputations to address missing data for the
IIEF-5 and AUA symptoms scores. Density plots were used
to visualize imputed data, and the imputed values were, in-
deed, “‘plausible values.”” The imputed line graph for IIEF-5
scores resulted in a similar pattern as Figure 2, with focal
ablation showing the highest IIEF-5 at all time points, fol-
lowed by hemiablation and subtotal ablation. Similarly, the
imputed line graph for AUA symptoms score also showed
lower values across all time points compared with AUA
symptom scores before therapy.

Salvage ablation

A total of 11 patients received salvage partial gland
cryoablation of the prostate. Patient demographics are listed
in Table 1. Median follow-up was 12 months (IQR 4.6-26.8).
FFS was 100%, 80%, and 40% at 12, 24, and 36 months,
respectively, whereas metastasis-free survival was 100%,

75%, and 50% at 12, 24, and 36 months, respectively
(Fig. 4A, B). One patient developed incontinence requiring a
sling procedure, and one patient developed a rectal—urethral
fistula requiring a colonic diversion.

Discussion

Individualized partial gland cryoablation of the prostate is
gaining traction as an exciting alternative therapy for local-
ized prostate cancer. In this study, we sought to evaluate the
oncological and functional outcomes of patients treated with
partial gland cryoablation at our institution. We observe an
FFS of 75% at 5 years for primary treatment and show that
patients in the higher grade group have a higher likelihood of
failure. We used very strict criteria to define failure, including
IFR, OFR, any form of whole gland treatment, initiation of
systematic therapy, or death.

Further, we found that patients who underwent 3D transper-
ineal mapping biopsy (TMB) biopsies had a higher FFS com-
pared with patients who underwent a fusion-guided biopsy and
12 core random biopsy, respectively. We believe that the 3D
TMB biopsies result in a more accurate pathologic mapping,
approximating a radical prostatectomy pathology, therefore re-
sulting in less prostate cancer being missed as we had a better
sense of the locations/size and boundaries of the tumor(s).

In terms of functional outcomes, we found that any form
of partial gland cryoablation can result in a small decline of
IIEF score in the immediate setting. We show that focal
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Mean AUA Symptoms Score and Standard Error Over Time
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FIG. 3. Line plot of AUA symptoms score over a period of 36 months. AUA, American Urological Association. Color

images are available online.

gland ablation resulted in the least decline of IIEF-5 score,
followed by hemi-cryoablation and subtotal cryoablation of
the prostate. The largest decline in IIEF-5 score occurred
3 months after partial gland cryoablation, and the IIEF-5
score seemed to improve and plateau between 12 and 18

TABLE 2. SuccCESS OF FOCAL THERAPY AT 5 YEARS

Focal Hemi Subtotal

Patients able to 33 3 5
achieve erections
firm enough for
penetrative sex
pretreatment

Patients able to
achieve
erections firm
enough for
penetrative sex
post-treatment

IFR, OFR, received whole gland, systemic therapy, or death
within 5 years after treatment

27 (81%) 0 (0%) 0 (0%)

Yes 6 (18%) 0 (0%) 0 (0%)

No 27 (82%) 3 (100%) 5 (100%)
Incontinence

Yes 0 (0%) 0 (0%) 0 (0%)

No 33 (100%) 3 (100%) 5 (100%)
All three factors  26/33 (79%) 0/3 (0%)  0/5 (0%)

IFR =infield recurrence; OFR = out-of-field recurrence.

months after a period of recovery. Similarly, other studies
have documented that there is no statistically significant
difference between sexual health inventory for men’s scores
12 months after focal gland ablation compared with before
focal therapy.'” In terms of AUA symptoms score, all men
had an improvement in lower urinary tract symptoms and
had lower AUA symptom scores after partial gland cryoa-
blation. The AUA symptom score seems to plateau around
12 months. Interestingly, subtotal cryoablation and hemi-
ablation of the prostate result in a decline of AUA symptom
score of 32% and 80% at 3 years, respectively. Our study is
unique, as it provides a longitudinal assessment of erectile
function and lower urinary tract symptoms using validated
instruments in men undergoing partial gland cryoablation
for prostate cancer.

We defined success of partial gland cryoablation by three
factors: (1) the ability to have penetrative sex after treatment;
(2) remain continent and pad-free; and (3) not have any IFR,
OFR, be able to avoid whole gland or systemic treatment and
death related to prostate cancer after partial gland cryoabla-
tion of the prostate. We show that 79% of patients in the focal
ablation group were able to achieve all three factors. Further
review of the 19% of patients who had new-onset erectile
dysfunction post-treatment had a posteriorly located tumor,
with most being located in the apex of the prostate as verified
by biopsy and mpMRI. Hence, it would be exceedingly
challenging to preserve a margin of warm perfused tissue
directly adjacent to the neurovascular bundle while attempt-
ing to eradicate cancer. Thus, the ability to preserve erectile
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(A) Kaplan-Meier plot of failure-free survival in patients undergoing partial gland ablation stratified by primary or

salvage therapy. (B) Kaplan-Meier plot of metastasis-free survival in patients undergoing partial gland ablation stratified by
primary or salvage therapy. Color images are available online.

function, in part, is dependent on location of the tumor around
the neurovascular bundles. Regardless of this, the erectile
dysfunction rate of 19% is slightly better than the published
erectile dysfunction rate of 23% post-prostatectomy, espe-
cially in our cohort of patients with patients already having
compromised erectile function before treatment where the
median pretreatment IIEF-5 score was 17.6.'® Further, none of
our patients treated with primary individualized partial gland
cryoablation reported urinary incontinence, and lower urinary
tract symptoms improved post cryoablation, regardless of the
treatment template used. Urinary incontinence has been pre-
viously shown to be associated with a change in the patient’s
quality of life and distress for partner, especially in the post-
prostatectomy cohort.'’

Our study has several limitations that should be interpreted
within context. First, selection bias is present due to the
study’s retrospective nature. Patients desired this treatment
and from a patient selection viewpoint, they had a reasonably
limited tumor burden that was able to be localized and treated
by using both biopsy and mpMRI information. Also, many
private insurers in the United States refuse to cover mpMRI
for patients without a prior 12-core biopsy. Second, patient
treatment templates were customized based on the location
and volume of the malignant elements present. Third, there
were several technical modifications over the course of the
study period, as focal therapy is a technique in evolution.
Fourth, only 59% of our patients underwent a follow-up bi-
opsy. It remains challenging to convince men, particularly

with a low stable PSA, unremarkable follow-up mpMRI, and
good genitourinary function, who feel well, to commit to a
biopsy, a procedure that is the more invasive means to
monitor their follow-up. Last, given that our institution is a
referral center, some patients are followed up locally due to
travel distances, leading to early censoring in the Kaplan
Meier plots. In fact, there were nine patients who chose to be
followed locally, once their urethral catheter was removed on
postoperative day 14. This could actually be considered a
strength of the study, as omitting these patients from the
dataset would result in a median follow-up of 51 months, and
that is a better representation of this cohort. These nine pa-
tients resulted in 12% of missing data for the [IEF-5 and AUA
symptoms score inventories. To ensure the result was accu-
rate, we performed a sensitivity analysis by using multiple
imputations to account for the missing data. Despite these
limitations, we offer a very robust analysis of men treated
with partial gland cryoablation at a tertiary care center with
minimal missing data, using very strict criteria for treatment
failure and functional outcomes.

Conclusion

In the appropriate clinical context, partial gland ablation of
the prostate is able to achieve excellent genitourinary func-
tional and oncological outcomes in men with localized
prostate cancer. Prospective clinical trials with larger num-
bers and appropriate endpoints are needed to determine
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whether partial gland ablation of the prostate could be a
substitute for radical therapy in select cases. Partial gland
ablation may currently be an option for men who want to
avoid radical therapy for localized prostate cancer.
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Appendix

Techniques
Multiparametric magnetic resonance imaging

Our institution’s MRI protocol has been previously de-
scribed.*! Briefly, patients underwent a multiparametric MRI
by using a 3T MRI scanner and a single channel endorectal
coil. Imaging sequences included a T2-weighted sequence,
diffusion weighted sequence, and a dynamic contrast en-
hancement sequence.

Multiparametric magnetic resonance imaging
and ultrasound fusion-guided biopsy

We performed two to four image-targeted biopsies per
lesion that were > Prostate Imaging-Reporting and Data
System (PIRADS) 3, along with a minimum of 12 core ran-
dom systematic biopsy. All fusion biopsies were performed
by using the UroNav system and DynaCAD software (Phil-
lips, Andover, MA).

Three-dimensional template mapping
saturation biopsy

Transperineal three-dimensional template mapping satu-
ration biogsy was performed as described by Barzell and
Melamed.*? Briefly, we obtained a minimum of 32 cores in a
systematic fashion covering the apex to the base of the
prostate and both the ri§ht and left side of the prostate in a
systematic fashion.**

Radiation failure

Our biopsy protocol for patients with radiation failure is to
obtain a multiparametric magnetic resonance imaging and
ultrasound (mpMRI/US) fusion-guided biopsy if a lesion is
localized, 12-core systematic random biopsy, and 4 cores of
each seminal vesical biopsy (2 cores at the base and 2 at the
seminal vesicle tip).*>

Individualized partial gland cryoablation

Our individualized partial cryoablation technique has
been previously described.*® Briefly, cryo-needles were
inserted under general or regional anesthesia while in the
lithotomy position. Cryo-needle placement was confirmed
by both axial and sagittal transrectal ultrasonography. The
needles were inserted in a fashion that allowed sufficient
overlap of adjacent ice balls for adequate coverage of the
targeted region with lethal ice. Focal gland ablation en-
tailed cryoablation of the targeted lesion with an ~1cm
margin while sparing the neurovascular bundle. Hemi-
ablation entailed freezing an entire half gland (left/right
with the urethra representing the midline, or the anterior
prostate) of the prostate and its corresponding neurovas-
cular bundle. Subtotal ablation entailed freezing an entire
half gland (left/right), while placing probes on the contra-
lateral side to freeze part of the contralateral gland, pro-
ducing an ice ball in a hockey-stick ablation pattern and
resulting in the freezing of one or both neurovascular
bundles. We decided to treat patients in a focal, hemi-

ablation, or subtotal gland ablation manner based on the
amount of tumor on biopsy as well as lesion volume on
mpMRI of the prostate. We ablated the minimal amount of
prostate tissue preserving a margin of 1 cm around the area
of the lesion on MRI and positive biopsy. We are also more
inclined to perform hemi-ablation of the prostate if the
neurovascular bundle is already involved or is in close
proximity to the lesion, and treatment would have ablated
the neurovascular bundle anyway. If the lesion is at least
lcm away from the neurovascular bundle, we typically
perform a focal ablation and attempt to spare the neuro-
vascular bundle. Two temperature thermistors were placed
at Denonvillier’s fascia and the urinary sphincter, respec-
tively. The procedure was monitored with a combination of
real-time ultrasonography and temperature thermometry.
All patients underwent a dual freeze—thaw cycle.

Definition of failure-free survival, infield recurrence, and
metastasis-free survival. Failure-free survival was defined
as the absence of infield recurrence, out-of-field recur-
rence, absence of whole gland or systemic therapy, and
death/mortality. Metastasis-free survival was defined as the
duration from the date of treatment until last follow-up or
the diagnosis of metastasis on bone scan or positron emis-
sion tomography (PET)/CT as indicated by the clinician.
Cancer-specific survival was defined as the duration from
the date of treatment until death due to prostate cancer, or
last follow-up.

Post-cryosurgery monitoring.  Follow-up comprised clin-
ical examination and prostate-specific antigen (PSA) level
determination at every 6 months for the subsequent 5 years,
followed by a PSA level annually. mpMRI was obtained at
3 to 6 months, 12 to 24 months, and at 5 years after image-
targeted cryoablation. A for-cause biopsy was performed
in follow-up of the primary cohort if the post-cryoablation
PSA exceeded 0.5ng/mL. Fusion-targeted biopsy was per-
formed on any suspicious lesion visualized on mpMRI. If
no lesion was identified and if the patient’s nadir PSA
exceeded 0.5ng/mL, a 12-core random biopsy including
the previous area(s) of ablation was performed at 12 to
24 months and a_gain at 5 years as per our previously pub-
lished protocol.*
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