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Introduction

The second most common cancer in men, prostate cancer 
(PCa) is confined to the prostate gland as localized disease 
in 90% of men at diagnosis (1). Such patients requiring 
treatment have traditionally been offered either extirpative 
resection or whole gland radiotherapy, with either option 
offering adequate oncologic outcome (2,3). Unfortunately, 
such treatments are not uncommonly associated with 
unintended damage to surrounding structures such as the 
urinary sphincter, pelvic floor, and neurovascular bundles 
that can negatively impact a man’s urinary and sexual 

function (4,5). Increased patient intolerance of these side 
effects has been fueled in recent years from heightened 
awareness related to unlimited internet-accessible 
information (3). To decrease patient burden from treatment, 
there has been an impetus to develop alternative treatment 
approaches for PCa with an emphasis on maximizing 
genitourinary functional outcomes while not compromising 
the oncologic outcome.

In recent years, investigations into partial prostate 
ablation gained attention after subtotal treatment 
demonstrated effectiveness in several other cancers, 
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including renal, breast and lung (6-8). Improvements in 
imaging and diagnostic methods such as multiparametric 
magnetic resonance imaging (mpMRI) and targeted 
tissue biopsy have supported the implementation of 
focal treatment for appropriate candidates with clinically 
localized PCa (9). Studies including the PIVOT trial have 
also demonstrated the option to defer active treatment for 
lower risk disease (10). Thus, identification of a specific 
focus of clinically significant disease allows for targeted 
therapy while sparing uninvolved tissues, minimizing 
deleterious collateral effects to structures associated with 
sexual and urinary function (11). Even if untreated prostatic 
tissue harbors low risk disease, it may be surveilled and 
subsequently treated as necessary (10).

A thermal ablative technique, cryoablation causes 
destructive effects to intended target tissue via extraction 
of heat (12). It has a long history as an accepted ablative 
whole gland therapy for PCa and was first introduced as 
an alternative management for those patients unsuitable 
for primary means of treatment (12). Cryoablation has 
also undergone continued technologic development with 
improvement of utilized devices and associated imaging (11).  
Implemented as an option for focal PCa treatment, 
cryotherapy continues to be studied with several aspects 
including ideal patient selection and optimal postoperative 
management still being defined (11). In 2016, our group 
provided the last comprehensive dedicated review for PCa 

focal cryoablation, to our knowledge (11). We sought to 
review the contemporary literature since then for primary 
focal cryotherapy and provide context for these studies as 
the field continues to evolve. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-5033/rc).

Methods

Our group previously published a review on localized 
PCa primary focal cryoablation in 2016, commenting on 
associated oncologic and functional outcomes (11). To build 
on the prior findings and provide a comprehensive review 
of more recent distinct studies, a systematic search of the 
PubMed and Embase databases was performed to identify 
reports of primary focal cryotherapy for PCa since the 
time of the prior review. Combinations of the following 
terms were utilized to perform the search: ‘cryotherapy’ 
OR ‘cryoablation’ OR ‘cryosurgery’ OR ‘partial ablation’ 
OR ‘image guided therapy’ AND ‘focal’ AND ‘prostate’.  
Figure 1 details the review protocol performed for this study. 
Studies including either oncologic or functional outcomes 
or both were selected. Full text versions of studies were 
favored over abstracts. Studies with multiple comparative 
arms including focal cryoablation were acceptable as 
long as focal cryotherapy-specific results were able to be 
isolated. Studies discussing salvage focal cryotherapy were 
excluded. In the event of multiple reports from a particular 
cohort, the latest study was selected. However, if a group 
presented separate articles for oncologic and functional 
outcomes, both articles were included. Articles presenting 
focal cryotherapy as a single arm of a multi-arm study were 
included if outcomes specific to cryoablation were available. 

Results

The search protocol yielded 13 studies that were identified 
for inclusion after thorough assessment (Figure 1) (13-25). 
Eight studies were single center series, while three were 
multicenter cohorts and two were derived from the Cryo 
On-Line Data (COLD) multi-center registry. All included 
reports discussed primary focal prostate cryoablation. 

Inclusion criteria

Table 1 includes basic inclusion criteria for the presented 
studies. The most recent included study’s publication date 

Figure 1 Review search protocol. 
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Table 1 Inclusion, selection, ablation type, and follow-up protocols

Study Year N Criteria for inclusion Diagnostic workup Ablation type Follow-up protocol

Kongnyuy  
et al. (13)

2017 163 Unilateral localized 
disease

Not recorded Hemiablation PSA checks: year 1—every  
3 months. Then every 6 months 

Tay  
et al. (14)

2017 166 GGG2, PSA >10–20, 
clinical stage T2b

Not recorded “Partial” Not recorded 

Elshafei  
et al. (15)

2018 829 Localized disease Not recorded “Partial” Not recorded

Kongnyuy  
et al. (16)

2018 104 Unilateral positive cores 
< GGG4. Occasional 
patients with unilateral  
> GGG3

Not recorded Hemiablation Every 3 months for a year, 
every 6 months thereafter for 
PSA and digital rectal exams

Werneburg  
et al. (17)

2018 88 PSA <10, unilateral 
disease, lack of MRI ECE

Not recorded Hemiablation PSA at 3-month intervals

Inoue  
et al. (18)

2019 5 MRI visible, targeted 
biopsy proven GGG3 
localized disease

3-D mapping biopsy Targeted Not recorded

Bakavicius  
et al. (19)

2019 126 Localized disease Systematic and targeted 
transperineal biopsies

Treatment of specific 
area of the prostate 
with a 10 mm safety 
margin

Not recorded

Shah  
et al. (20)

2019 122 GGG2 or 3, or high 
volume GGG1 

Transperineal mapping  
or systematic +  
targeted biopsy or 
systematic biopsy with 
concordant MRI

Unilateral anterior, 
bilateral anterior, 
bilateral posterior

PSA testing 3 to 6 monthly 
in first year and 6 months 
thereafter. MRI at 12 months. 
Biopsy performed when 
recurrence was suspected 

Oishi  
et al. (21)

2019 160 Unilateral or bilateral with 
low volume contralateral 
disease 

Systematic ± targeted 
biopsy (when MRI was 
available)

Hemiablation PSA, digital rectal exams, and 
imaging (transrectal ultrasound 
vs. MRI) every 3 months in year 
1, every 6 months years 2 to 5, 
annually thereafter. Biopsy at 
12 months

Wysock  
et al. (22)

2021 83 MRI lesion concordant 
with biopsy < GGG4, no 
gross ECE

Systematic and targeted 
biopsy or systematic 
biopsy if concordance 
between with MRI

Does not differentiate 
beyond “partial”

PSA testing at 3 and 6 months 
and then every 6 months. 
Reflex MRI and prostate biopsy 
at 6, 24, and 60 months

Gregg  
et al. (23)

2021 23 PSA ≤10, <50% cores 
positive, ≤50% tumor 
core length, GGG1–2

Confirmatory systematic 
biopsy using robotic 
assistance

Anterior hockey stick 3, 6, 12, 18, 24 and 36 months 
time points (exam, PSA, quality 
of life measures)

Tan  
et al. (24)

2021 71 Individualized partial 
gland ablation

Fusion biopsy or 3-D 
template mapping 
biopsy

Targeted, 
hemiablation, subtotal 
(hockey stick)

Every 6 months for 5 years (PSA 
and exam). MRI: 3–6, 12–24 
months, and at 5 years. Biopsy 
if PSA >0.5 ng/mL

Marra  
et al. (25)

2021 121 Low/intermediate risk Systematic or saturation 
or MRI targeted biopsy

Lesional, quadrant, 
hemiablation

PSA every 3 months for the 1st 
year, then every 6 months. MRI: 
3–12 months. Biopsy at 1 year

PSA, prostate specific antigen; GGG, Gleason grade group; MRI, magnetic resonance imaging; ECE, extracapsular extension; 3-D, 
3-dimensional.
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was 4/2021. Inclusion criteria amongst the studies varied, 
with 4 of 13 studies simply incorporating localized or 
unilateral localized disease, while the nine other studies 
mentioned parameters including variations of prostate 
specific antigen (PSA), mpMRI findings, or biopsy Gleason 
grade group (GGG). Eleven studies analyzed oncologic 
outcomes, seven studies analyzed functional outcomes, and 
six presented results for both. Ten studies were retrospective 
in nature, while three were prospective. Overall, eight 
studies (61.5%) explained their pre-intervention diagnostic 
workup, with most reports utilizing either 3-dimensional 
(3-D) mapping biopsy or mpMRI fusion-targeted biopsy 
with systematic core sampling. Regarding the prospective 
studies, Inoue et al. (18) included patients with biopsy 
proven localized GGG3 PCa from MR fusion targeted 
biopsy using 3-D mapping technology; clinically significant 
PCa (csPCa) was not allowed to be detected on systematic 
biopsy. Wysock et al. (22) included only those patients with 
biopsy proven GGG <4 using the Artemis® (Eigen, Grass 
Valley, CA, USA) biopsy platform, without extraprostatic 
extension identified on mpMRI, and no GGG1 core length 
>5 mm on the contralateral side of the prostate. In the last 
prospective study, Gregg et al. (23) included patients with 
<50% of cores positive from a particular side of the gland, 
PSA ≤10 ng/mL, no greater than 50% core length, only 
GGG1 or 2, and contralateral GGG1 ≤2 mm if present. 
Because mpMRI was not standard practice for their group 
at the time of the study, entry biopsies were performed in a 
systematic fashion only followed by a confirmatory biopsy 
in eligible patients with either the TargetScan Transrectal 
Ultrasound System (Envisioneering Medical Technologies, 
St. Louis, MO, USA) or the Artemis System (Eigen) (23) 
(Table 1).

Demographics and basic clinical parameters

The total number of patients included from all studies was 
2,062, comprised of 995 patients from the COLD registry, 
111 from prospective studies, and 956 from retrospective 
articles. The smallest cohort was that of Inoue et al. (18) 
with 5 patients and the largest was reported from the 
COLD registry from Elshafei et al. (15) (829 patients). 
Mean/median age and PSA from the cohorts ranged from 
64 to 72 years and 3.9 to 10.8 ng/mL, respectively (Table 2). 
Patient stratification according to D’Amico risk category 
when available or GGG are presented in Table 2. Seven 
(53.8%) studies included high risk patients with a range of 
1.4% to 28.7% ≥ GGG4 across the cohorts. Of 8 studies 

that presented D’Amico risk stratification, five cohorts were 
predominantly intermediate risk while three featured mostly 
low risk patients. 

Focal technique

Cryoablation pattern of ablation was described as either 
hemiablation-only (4 reports), targeted-only (1), anterior 
hockey stick-only (1), or a mix of these approaches (4). 
Three series did not have the approach described, including 
the two reports presenting data from the COLD registry, 
which does not offer this information (Table 1). 

In all studies, cryoneedles were placed and the procedure 
was monitored under real-time transrectal ultrasound (US). 
Every study described the utilization of at least two freeze-
thaw cycles with intralesional temperature targeted to a 
minimum of −40 ℃. For those articles suggesting more 
than two cycles, Wysock et al. (22) stated utilization of a 
minimum of two freeze-thaw cycles, and Inoue et al. (18) 
described using two to three cycles with a median target 
intralesional temperature of −51 ℃. A total of 8 of 13 
(61.5%) articles mentioned using thermocouples and 7 
mentioned utilizing a urethral warmer catheter (53.8%). 
Notably, the COLD registry does not report details of the 
focal therapy technique employed. 

Follow-up protocols 

Follow-up protocols were described in nine (69.2%) of the 
included studies. All nine articles reported follow-up every 
3–6 months for basic outcome measures i.e., physical exam 
including a digital rectal exam, PSA, and quality of life 
assessment. Five studies (38.5%) included mpMRI as part 
of the post-operative protocol starting at 3–12 months post-
procedure (20-22,24,25). Four studies utilized mandatory 
biopsy as part of the protocol (21-23,25), with other cohorts 
performing a “for cause” biopsy if suspicion for recurrence 
arose. Biopsy technique, when mentioned, included 
sampling of both the treated and non-treated prostate  
(Table 1).

Oncologic outcomes

Eleven (84.6%) studies specifically analyzed oncologic 
outcomes, which are presented in Table 3. Mean/median 
follow-up ranged from 6 to 85 months. Rate of post-
procedural PSA decline was reported by two studies, with 
both Inoue et al. and Wysock et al. (18,22) demonstrating 
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median decl ine in PSA by approximately 71% at  
6 months. The same studies commented on mpMRI 
findings postoperatively, with Inoue et al. (18) describing 
zero persistent lesions that were treated on mpMRI at 6– 
12 months, while Wysock et al. (22) demonstrated mpMRI 
to have a poor area under the curve (AUC) of 0.554 to 

predict subsequent biopsy in-field persistence. Biochemical 
failure was reported in five studies, with three using 
the Phoenix criteria, one using both Phoenix and Astro 
criteria, and one using both Phoenix and Stuttgart criteria. 
Utilizing Phoenix criteria, one study reported a biochemical 
recurrence-free survival (BCRFS) of 83.2% at a median of 

Table 2 Preoperative clinical characteristics 

Study Year N Age in years PSA in ng/mL
Patient risk stratification (D’Amico criteria when 
available, otherwise GGG)

Kongnyuy  
et al. (13)

2017 163 Median 72 (IQR, 67–78) Mean 6.2 (IQR, 4.3–7.8) Low—85 (52%)

Intermediate—67 (41%)

High—11 (7%)

Tay et al. (14) 2017 166 Mean 68.8 (SD: 8.0) Mean 7.6 (SD: 4.0) Intermediate (included 34.9% GGG1)—166 (100%)

Elshafei  
et al. (15)

2018 829 Median 68 (IQR, 63–74) Median 5.6 (IQR, 
4.4–7.5)

Low—504 (60.9%)

Intermediate—246 (29.7%)

High—76 (9.2%)

Kongnyuy  
et al. (16)

2018 104 Mean 66 (range, 48–82) Mean 6.5 (IQR, 4.7–8.1) Low—41 (39.4%) 

Intermediate—53 (51%)

High—8 (7.6%)

Werneburg  
et al. (17)

2018 88 Mean 68 (range not 
provided)

Not specified GGG1—37 (42.1%), GGG2—39 (44.3%), GGG3—12 
(13.6%)

Inoue  
et al. (18)

2019 5 Mean 68 (range, 54–81) Median 6.63 (range, 
4.18–8.39)

Intermediate—5 (100%)

Bakavicius  
et al. (19)

2019 126 Mean 67 (SD: 6.9) Mean 7.3 (SD: 3.1) GGG1—94 (74.6%), GGG2—31 (24.6%), GGG3—1 
(0.8%)

Shah  
et al. (20)

2019 122 Median 68.7 (IQR, 
65–74)

Median 10.8 (IQR, 
7.8–15.6)

Intermediate—87 (71.3%)

High—35 (28.7%)

Oishi  
et al. (21)

2019 160 Median 67 (IQR, 60–74) Mean 6.3 (IQR, 4.2–9.0) Low—29 (18%)

Intermediate—106 (66%)

High—25 (16%)

Wysock  
et al. (22)

2021 83 Mean 64 (range, 59–70) Median 6.18 (range, 
4.6–7.8)

GGG1—9 (11%), GGG2—51 (61%), GGG3—23 
(28%)

Gregg  
et al. (23)

2021 23 Median 64 (range, 
56–68)

Mean 3.9 (SD: 2.1) GGG1—18 (78.3%), GGG2—5 (22.7%)

Tan et al. (24) 2021 71 Median 66.7 (IQR, 
60–72)

Median 6.55 (IQR, 
4.80–8.85)

GGG1—30 (42.3%), GGG2—33 (46.5%), GGG3—5 
(7%), GGG4—2 (2.8%), GGG5—1 (1.4%)

Marra  
et al. (25)

2021 121 Median 66 (IQR, 62–71) Median 6.42 (IQR, 
5.03–8.08)

Low—79 (65.3%)

Intermediate—40 (33.1%)

High—2 (1.6%)

PSA, prostate specific antigen; GGG, Gleason grade group; IQR, interquartile range; SD, standard deviation. 
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22.8 months (15), two studies quoted 3-year BCRFS from 
56–62.5% (13,16), and two articles described 5-year rates 
from 62–70% (14,21). 

Nine (69.2%) studies reported follow-up biopsy data, 
with 23.8–96.6% of patients undergoing post-cryoablation 
biopsy. Reported findings were highly variable, including 
positive biopsy rates, in-field (IFF) vs. out-of-field (OFF) 
failure rates, and rates of finding csPCa. Only four (30.8%) 
studies had a mandatory biopsy as part of a follow-up 
protocol, all with a varied approach. Oishi et al. (21) used 
systematic sextant biopsy with image-targeted sampling 
of suspicious areas at 12 months and described 5-year all 
PCa-free survival and csPCa-free survival to be 47% and 
63%, respectively. Wysock et al. (22) obtained four cores 
within the ablation zone and six systematic cores beyond 
the ablation zone at 6 months, finding 7.1% of their 
cohort were positive for PCa at 6-month biopsy. Gregg 
and colleagues implemented a 6-month 12 core biopsy 
template directed towards the medial and lateral aspects of 
sextant prostate regions and saw zero IFF and 34.8% OFF 
at 3 years (23). Marra et al. (25) performed a 12-month 
“standard control biopsy” without further specification and 
demonstrated a 38.9% positive biopsy rate, with 40.4% 
returning with ≥ GGG2; 34.6% of recurrences were IFF, 
25.3% were OFF, and 36% were both IFF and OFF. 

Salvage therapy for treatment failure was reported in five 
studies (38.5%), with few studies distinguishing whether 
further treatment was for IFF or OFF. Marra et al. (25) 
mentioned 54 (44.6%) patients having salvage therapies, 
with 14.8% having redo focal cryoablation, 63% undergoing 
whole gland therapy such as radical prostatectomy (RP) 
or radiation, and 22.2% initiating androgen deprivation 
systemic therapy. Five- and 10-year radical treatment-free 
survival (RTFS) were 70.5% and 65%, respectively (25).  
In their study, Gregg et al. (23) commented on two patients 
requiring repeat cryoablation at three years for OFF, 
and two patients requiring treatment (1 radiation, 1 re-
cryoablation) for further development of OFF at 74 months  
follow-up. Tan et al. (24) reported IFF in eight (19%) 
patients and OFF in one patient, with five overall 
recurrences treated with repeated partial cryoablation (four 
of which subsequently had nadir less than 1 ng/dL) and the 
rest undergoing either external beam radiotherapy (EBRT) 
or RP. In their cohort, Shah et al. (20) reported treatment 
failure-free survival to be 83.2%, with 21 cases (17.2%) of 
salvage: eight cases of repeat focal cryoablation, five RP, 
four radiation, and four cases of systematic therapy. Lastly, 
Oishi et al. (21) did not report specific salvage case numbers, T

ab
le

 3
 (c

on
tin

ue
d)

S
tu

dy
Ye

ar
Fo

llo
w

-u
p 

(m
on

th
s)

N
P

ro
m

pt
 fo

r 
bi

op
sy

N
um

be
r 

of
 

pa
tie

nt
s 

bi
op

si
ed

B
io

ps
y 

re
su

lts
O

th
er

 o
nc

ol
og

ic
 

ou
tc

om
es

 a
na

ly
ze

d
O

th
er

 o
nc

ol
og

ic
 o

ut
co

m
e 

re
su

lts
P

at
ie

nt
 

m
et

as
ta

se
s

P
at

ie
nt

 
de

at
h

Ta
n 

 
et

 a
l. 

(2
4)

20
21

28
, m

ed
ia

n
71

P
S

A
 tr

ig
ge

r
42

 (5
9%

)
3 

(7
.1

%
) h

ad
 

cs
P

C
a 

on
 ta

rg
et

 
bi

op
sy

. S
ys

te
m

at
ic

 
bi

op
sy

: c
sP

C
a 

21
.4

%
 IF

F 
19

%
, 

O
FF

 2
.4

%

FF
S

, M
FS

, C
S

S
A

t 5
 y

ea
rs

: F
FS

—
75

%
, 

M
FS

—
10

0%
, C

S
S

—
10

0%

N
on

e
N

on
e

M
ar

ra
  

et
 a

l. 
(2

5)
20

21
85

, m
ed

ia
n

12
1

M
an

da
to

ry
 

an
d 

P
S

A
 

tr
ig

ge
re

d

11
5 

(9
6.

6%
)

38
.9

%
 p

os
iti

ve
—

G
G

G
1 

in
 5

9.
6%

, 
G

G
G

2 
31

.9
%

, 
G

G
G

3 
in

 6
.4

%
, 

G
G

G
4 

2.
1%

TF
FS

, M
FS

, O
S

A
t 5

 a
nd

 1
0 

ye
ar

s:
 

TF
FS

—
51

.0
%

/4
0.

2%
. A

t 
10

 y
ea

rs
: M

FS
—

93
.9

%
, 

O
S

—
97

.0
%

5 
pa

tie
nt

s
3 

di
ed

, 
no

ne
 fr

om
 

ca
nc

er

P
S

A
, p

ro
st

at
e 

sp
ec

ifi
c 

an
tig

en
; c

sP
C

a,
 c

lin
ic

al
ly

 s
ig

ni
fic

an
t 

pr
os

ta
te

 c
an

ce
r;

 B
C

R
FS

, b
io

ch
em

ic
al

 r
ec

ur
re

nc
e-

fr
ee

 s
ur

vi
va

l; 
N

R
, n

ot
 r

ec
or

de
d;

 B
C

R
, b

io
ch

em
ic

al
 r

ec
ur

re
nc

e;
 

FF
S

, f
ai

lu
re

-f
re

e 
su

rv
iv

al
; C

S
S

, c
an

ce
r 

sp
ec

ifi
c 

su
rv

iv
al

; M
R

I, 
m

ag
ne

tic
 r

es
on

an
ce

 im
ag

in
g;

 M
FS

, m
et

as
ta

si
s-

fr
ee

 s
ur

vi
va

l; 
O

S
, o

ve
ra

ll 
su

rv
iv

al
; G

G
G

, G
le

as
on

 g
ra

de
 g

ro
up

; 
IF

F,
 in

-f
ie

ld
 f

ai
lu

re
; 

O
FF

, 
ou

t-
of

-f
ie

ld
 f

ai
lu

re
; 

A
P

FS
, 

al
l p

ro
st

at
e 

ca
nc

er
-f

re
e 

su
rv

iv
al

; 
C

S
P

FS
, 

cl
in

ic
al

ly
 s

ig
ni

fic
an

t 
pr

os
ta

te
 c

an
ce

r-
fr

ee
 s

ur
vi

va
l; 

TF
FS

, 
tr

ea
tm

en
t 

fa
ilu

re
-f

re
e 

su
rv

iv
al

; R
TF

S
, r

ad
ic

al
 tr

ea
tm

en
t-

fr
ee

 s
ur

vi
va

l; 
A

U
C

, a
re

a 
un

de
r 

th
e 

cu
rv

e.
 



Kotamarti and Polascik. PCa focal cryotherapy contemporary reviewPage 8 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(1):26 | https://dx.doi.org/10.21037/atm-21-5033

however they did present a 5-year RTFS of 89% in their 
cohort of 160 patients. 

Only five (38.5%) studies commented on metastasis 
and overall survival (OS). Within these studies, 10 (2.0%) 
total patients developed metastases and seven (1.4%) 
patients died (none from PCa). When reported, metastasis-
free survival (MFS), cancer-specific survival (CSS), and 
OS ranged from 93.9–100%, 100%, and 96.1–100%, 
respectively (20,21,23-25). 

Functional outcomes and complications

Table 4 presents data on complications and functional 
outcomes from the reviewed articles. In total, eight (61.5%) 
studies analyzed adverse events and seven reported on 
functional sequelae post-prostate focal cryoablation. Post-
treatment urinary continence rates ranges were described 
as 95.1–100% by 3–12 months using definitions of EPIC 
score, “no leak”, or “no pad use”. Defined by various 
criteria, including IIEF score and more subjective measures 
such as “ability to penetrate”, potency rates following focal 
cryosurgery when presented ranged from 46.8–83.8%. 
Regarding notable complications, urinary retention rates 
were recorded at 0–9% post-focal cryoablation and recto-
urethral fistula was seen in up to 0.8% of patients across all 
cohorts. Other reported possible adverse events included 
urinary tract infection (mentioned in three studies with a 
maximum rate of 9%) (19,20,25), hematuria (mentioned 
in one study with rate of 5%) (25), urethral sloughing 
(reported in one study with a rate of 3.2%) (19), penoscrotal 
edema (discussed in two articles with a maximum rate of 
9.8%) (19,20), stricture (mentioned in one study with rate 
of 0.8%) (19), and osteomyelitis (mentioned in one study 
with rate of 0.8%) (20). In their comprehensive review of 
perioperative adverse events, Bakavicius et al. (19) further 
reported rare, isolated cases of dysuria, hematospermia, renal 
colic, pain, and an instance of an allergic reaction. Three 
articles reported stratified complications using the Clavien-
Dindo criteria, reporting high-grade (≥ Clavien 3) in six 
patients (2.3%) out of a cumulative total of 266 across those  
studies (20,23,25). 

Discussion

First developed over 50 years ago, cryoablation employs 
the rapid freezing and thawing of intended target tissues 
currently using argon gas (12). Temperature lowering in the 
intended target to a minimum of −40 ℃ promotes lethal 

iceball formation resulting in denaturation of proteins 
and destruction of intracellular components, as well as 
extracellular ice crystal formation and a hyperosmotic 
extracellular environment that establishes a trans-cellular 
membrane concentration gradient (26). The resulting fluid 
shift into the intracellular space causes cells to distend and 
burst (26). This mechanism of prostate cell apoptosis is 
further augmented by deleterious effects to blood supply 
and the immune response related to iceball formation 
(26,27). Early initiatives implementing cryoablation into 
the PCa treatment paradigm focused on whole gland 
therapy, demonstrating adequate patient outcomes as 
well as a potential salvage therapy after radiation therapy 
failure (28,29). However, recent advances in imaging and 
diagnostics including mpMRI, fusion targeting, and 3-D 
mapping biopsy have supported the growth of focal therapy 
as an emerging alternative to whole gland PCa treatments 
in select cases (9).

Review of relevant articles from the past five years 
confirms the findings of our previous review that primary 
focal cryoablation for localized disease is well tolerated with 
overall minimal impact on urinary and sexual function (11).  
Complication rates mentioned in eight studies were all 
low, and high grade Clavien ≥3 complications did not 
surpass 4% in any study (20,23,25). Urinary retention was 
the most encountered adverse event and is likely related 
to reactive edema. Three studies mentioned time until 
catheter removal (range of 1–10 days), with two of these 
also reporting retention rates (19,22,23). Between those 
two studies, early post-cryotherapy retention occurred in 11 
total patients, for a cumulative rate of 7.4% (19,23). Risk of 
retention can potentially be mitigated by increasing the time 
until postoperative trial of void; at Duke University, our 
protocol is maintenance of postoperative catheter for two 
weeks, obviating most of the early transient retention while 
providing sufficient time for the edema to resolve. With 
regards to continence, excellent rates were demonstrated in 
all reviewed studies, with six studies claiming 95.1–100% 
urinary control occurring as soon as 3 months post-
treatment. However, all six articles utilized non-validated 
outcome measures including “no leak” or “no pad use” as 
clinical thresholds. One study did include assessment of 
urinary continence via Expanded Prostate Cancer Index 
Composite (EPIC) scores, quoting an initial reduction 
followed an improvement within 12 months (17). Sexual 
functional outcomes were also heterogeneously defined and 
reported. Notably, Tay et al., Tan et al., and Gregg et al.  
reported the lowest outcomes of all studies, quoting 
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Table 4 Complications/functional outcomes

Study Year Complications
Definition of 
continence

Reported 
continence outcome

Definition of 
potency

Reported potency 
outcome

Kongnyuy 
et al. (13)

2017 NR NR NR NR NR

Tay  
et al. (14)

2017 Retention 6.6%, fistula 0% No leak 95.1% at 12 months Ability to have 
intercourse

46.8%

Elshafei  
et al. (15)

2018 NR NR NR NR NR

Kongnyuy 
et al. (16)

2018 NR NR NR NR NR

Werneburg 
et al. (17)

2018 NR EPIC Initial reduction then 
rises by 12 months

IIEF score Lower early IIEF scores 
but rapid improvement 
by postoperative year 2

Inoue  
et al. (18)

2019 No perioperative complication 
observed

NR NR NR NR

Bakavicius 
et al. (19)

2019 Retention 7.1%, UTI 3.2%, 
urethral sloughing (3.2%), 
penoscrotal edema (3.2%), 
penoscrotal hematoma (1.6%), 
perineal abscess (1.6%), 
hypotension (1.6%), fistula 0.8%, 
stricture 0.8%, dysuria (0.8%), 
hematospermia (0.8%), renal 
colic (0.8%), pain (0.8%), allergic 
reaction (0.8%), acute kidney 
injury (0%)

NR NR NR NR

Shah  
et al. (20)

2019 Penoscrotal edema in 9.8%, 
UTI in 9%, retention in 4.1%, 
osteomyelitis in 0.8%, fistula 0%. 
Clavien 3 complications in 1.6% 

No pad use 100% by 6 months Ability to 
penetrate

83.8% still potent post-
operation

Oishi  
et al. (21)

2019 No rectal fistula No pad use 97% 3 or higher on 
IIEF question 2

73%

Wysock  
et al. (22)

2021 NR NR NR NR NR

Gregg  
et al. (23)

2021 2 (9%) grade 2 complications for 
retention, 1 patient (4%) had a 
Clavien 3 complication (placement 
of suprapubic catheter)

No pad use 100% by 6 months IIEF score Intercourse satisfaction 
decreased from median 
of 13 to 8.5 at 6 months

Tan  
et al. (24)

2021 No rectal fistula No pad use 100% by 3 months Ability to achieve 
an erection

58%

Marra  
et al. (25)

2021 Retention 8.3%, UTI 6.6%, 
hematuria 5%, fistula 0.8%, 
urethral stenosis 0.8%, urethral 
sloughing 0%, ≥ Clavien 3 
complication in 3 patients (2.4%)

No pad use 96.00% IIEF score Median IIEF-5 14.5 
(baseline 10)

NR, not recorded; EPIC, Expanded Prostate Cancer Index Composite; IIEF, International Index of Erectile Function; UTI, urinary tract 
infection. 
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post-treatment potency as 46.8%, 58%, and decreased 
International Index of Erectile Function (IIEF) score to 8.5 
at 6 months, respectively (14,23,24). The heterogeneous 
ablation patterns of included cohorts prevent making any 
conclusions regarding association of more extensive ablation 
with lower postoperative sexual function. A potential 
meaningful clinical outcome for future studies incorporating 
validated patient-reported outcome measures (PROM) 
is a return to baseline function, considering preoperative 
functional scores (30). Other authors have also reported 
using stratified functional scores (mild, moderate, and 
severe categories) and considering “significant” changes in 
scores [3 point change in International Prostate Symptom 
Score (IPSS) score, and 4 point change in Sexual Health 
Inventory for Men (SHIM) score in 6 months] (31,32). 

In 2015, the International Consensus of Urologic 
Disease (ICUD) convened an international expert panel 
to standardize outcome measures after focal therapy 
to provide consistency in reporting (33). Despite this, 
oncologic results from contemporary focal cryoablation 
reports often are confounded by heterogeneity with regards 
to preoperative risk stratification and lack of adherence to 
standard definitions of outcome measures for persistence, 
recurrence, and progression. In this review, at least two 
risk groups were included in nine of the 11 studies that 
offered preoperative biopsy pathology and 61.5% of cohorts 
included high risk patients, possibly contributing to the 
variation in certain results. Intuitively, different ablation 
patterns should have differing amounts of residual PSA-
secreting prostate tissue remaining, making standardized 
biochemical definitions challenging (34). Failure after 
focal cryoablation can be divided into IFF and OFF, with 
the former signifying inadequate treatment and the latter 
signifying a “selection failure”, especially if identified 
within the first 12–18 months (35). Management can be 
additionally stratified based on degree of disease, as some 
authors further define IFF as significant volume (≥0.2 cc 
or ≥7 mm diameter) of GGG2 within the treated area 
based on pathological data from the International Society 
of Urologic Pathology (ISUP) (36). Additionally, GGG1 
tumors can generally be surveilled without immediate 
intervention (35). While some have suggested mandatory 
biopsy within 12 months to assess efficacy of the procedure, 
only 4 of 13 included studies featured mandatory re-biopsy, 
with most implementing a “for cause” biopsy based on a 
PSA trigger in consideration of biochemical recurrence 
(BCR) (37). BCR definitions also varied, with Phoenix  
(5 studies), Stuttgart (1 study), and Astro criteria (1 study) all 

represented. One study commented on the possible role of 
mpMRI to monitor these patients but featured a poor AUC 
of only 0.554 to predict IFF based on mpMRIs beginning 
at 6 months postoperatively (22); the finding reaffirms 
that mpMRI alone is insufficient to detect recurrence and 
periodic histologic sampling is still necessary (36). 

Looking beyond initial treatment, further debate has 
centered on management options once suspicion for failure 
or BCR is confirmed with biopsy-proven recurrence. For 
csPCa identified as IFF, options include repeat targeted 
ablative treatment with the same or different energy, or 
whole gland approaches such as total ablation, RP, or 
radiotherapy (35,38). On the other hand, OFF may be  
de novo lesions or disease missed at initial evaluation due 
to issue with sampling or invisibility on mpMRI (35). 
While these latter patients can be candidates for further 
targeted ablation, challenges of targeting MRI-invisible 
lesions may shift these patients towards whole gland 
management strategies (35). Further controversy exists 
regarding whether repeat focal therapy offers acceptable 
oncologic outcome compared to whole gland approaches 
however, this is likely due to patient selection factors (39). 
One advantage of ablative techniques is the ability to repeat 
the procedure in cases of treatment failure (35). One of the 
studies included in this review allowed for up to one further 
session of cryotherapy as part of the initial focal therapy  
intervention (20), with four other studies reporting use of 
repeated focal ablative intervention for treatment failure 
(21,23-25). Regarding more aggressive whole gland salvage 
approaches, one recent study quoted progression-free 
survival after salvage RP and radiation post-focal therapy 
failure to be 80.4% and 100% at 3 years, respectively (40). 
Another study of 82 patients undergoing RP after FT 
failure demonstrated only a 36% progression-free survival at  
3 years but did describe a 12-month continence rate of 83% 
and minimal perioperative comorbidity (41). In general, 
the current level of evidence regarding management for FT 
failure is low and limited to retrospective series (38).

PCa oncologic outcomes are ideally evaluated at least 
10–15 years after treatment due to the long natural history 
of the disease (11). Both the treated and untreated areas 
need to be continually assessed radiographically and 
histologically. As focal cryoablation is still considered a 
developing technique, few cohorts have matured enough 
to provide such long-term outcomes (36). Nonetheless, 
reviewed studies providing oncologic results did highlight a 
2% cumulative rate of patients developing metastases. While 
the overall review cohort featured mean/median follow-
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up of 6–85 months, two of the included papers featured 
longer term follow-up of 74 (23) and 85 months (25),  
with both examining treatment failure rates. Both studies 
featured high compliance with mandatory post-procedural 
biopsy and reported similar outcomes. Gregg et al. (23) 
reported no IFF and 34.8% OFF at three years with no 
IFF and nine subsequent OFF at 74 months (all GGG1). 
With even longer follow-up at 85 months, Marra et al. (25)  
reported a 38.9% positive biopsy rate and a 10-year 
treatment failure-free survival of 40.2%. For reference, the 
longest follow-up reported in our prior review in 2016 was 
that of Lian et al. (42) (63 months), in which those authors 
presented 41 patients with 7 (17.1%) positive biopsies  
(2 IFF and 5 OFF, all GGG2) (38). Increasing to the ideal 
level of follow-up will allow focal cryotherapy cohorts to 
adequately assess key oncologic outcomes such as CSS 
and OS. These outcomes have been previously reported 
with whole gland cryoablation, with one example study 
demonstrating 87% CSS and 56.6% OS at 10 years in 
mostly high-risk patients (43).

The current review features studies with highly-varied 
approaches to biopsy strategy for patient selection, including 
only three cohorts incorporating 3-D template mapping 
biopsies and one utilizing a confirmatory systematic biopsy 
(19,20,23,24). Indeed, such a heterogeneous approach is also 
evidenced in the literature, including usage of conventional 
systematic biopsy, saturation biopsy, fusion targeted biopsy, 
and 3-D template mapping biopsy. As such, there is a need 
to optimize and standardize how patients are selected for 
focal cryotherapy. Prior research has demonstrated that 
extended systematic biopsy compared to the classic sextant 
format improves diagnostic accuracy from 49% to 59% 
and improves detection of unilateral PCa (44). Various 
innovative approaches have also been investigated with 
regards to mpMRI-targeted biopsy. Aminsharifi et al. (45) 
previously demonstrated the utility of employing targeted 
biopsy with only a sextant systematic biopsy as a method of 
reducing overall number of biopsy cores through limiting 
random systematic biopsy cores, with any cancer and 
csPCa detected at 74.4% and 39.5%, respectively, in active 
surveillance patients. Furthering the investigation into 
targeted biopsy technique, Tracy et al. (46) demonstrated 
incremental benefit in the utilization of an increased 
number of targeted biopsy cores, with 52% detection of 
csPCa at fifth lesional biopsy core compared to 26% for the 
first biopsy core. While laborious and requiring anesthesia, 
3-D template mapping biopsy with 5 mm sampling 
offers perhaps the most precise 3-D representation of the 

location, volume and extent of disease, corresponding 
with a high rate of upgrading of disease after a previous 
TRUS biopsy to as high as 46% (9,47,48). Performed in a 
similar lithotomy position to transperineal approaches to 
focal therapy, this 3-D biopsy platform offers a fixed set of 
reproducible coordinates that translates well from biopsy to 
cryoablation (48). 

Patient selection for focal cryoablation has and will 
also continue to be aided by developments with prostate 
imaging (49). US, universally used in a transrectal fashion 
for real-time imaging when performing cryoablation, has 
seen several recent developments. Contrast-enhanced US, 
better suited to detect regions of increased vascularity, 
was demonstrated to have improved cancer detection 
rates of 75% on targeted biopsy vs. 48.2% with standard 
transrectal US (50). Further combined with real-time 
elastography, contrast-enhanced US has demonstrated 
89.7% cancer detection on targeted biopsy. mpMRI has 
had an ever-increasing role due to the ability to identify 
potential lesions, facilitate targeted biopsy and monitor 
treatment changes post-procedure. Currently performed 
at 1.5 or 3 Tesla, there have been investigations into the 
potential utility of an ultra-high magnetic field strength 
of 7 Tesla. Vos et al. (51) demonstrated satisfactory-to-
good overall image quality on T2-weighted imaging at  
7 Tesla without an endorectal coil and the ability to identify 
csPCa lesions in patients with biopsy-proven lesions in the 
peripheral and transition zones. The authors surmised that 
increased special resolution with 7 Tesla MRI may enable 
new functional imaging techniques such as spectroscopic 
imaging of low-concentration metabolites (51). The utility 
of prostate specific membrane antigen positron emission 
tomography (PSMA-PET) to identify and locate tumor 
foci within the prostate has also been recently investigated, 
showing a slightly higher specificity (95% vs. 94%) 
and positive predictive value (85% vs. 81%) compared 
to mpMRI to identify tumor foci on whole-mount 
histopathology (52). Nonetheless, the authors stated neither 
PSMA-PET nor mpMRI can currently replace prostate 
biopsy as a significant proportion of cancers are potentially 
underestimated and missed by both imaging modalities (52).

This review of contemporary primary focal cryoablation 
studies over the last five years demonstrates the tolerability 
and efficacy of the procedure to minimize detrimental 
functional outcomes in these patients. Recent advances 
in the field have resulted in efforts to expand indications 
for focal cryoablation. Evidenced by the high proportion 
of intermediate and high risk patients featured by studies 
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included in this review, focal cryoablation is increasingly 
being investigated as an alternative treatment for higher 
risk disease. Further comparative research is required 
to assess the potential role of focal cryoablation to 
adequately eradicate higher-risk tumor cell clones (34). 
Focal cryoablation has also been preliminarily examined 
as a salvage treatment option post radiotherapy, with early 
reports demonstrating encouraging potency rates and 
similar 2-year oncologic outcomes compared to salvage 
total cryoablation (53). At this time, such endeavors should 
be considered developmental due to the lack of consistent 
long-term and high quality data. 

Conclusions

Focal cryoablation in recent years has continued to 
demonstrate promising functional outcomes and adequate 
short-to-intermediate term oncologic outcomes. The 
current level of available data is primarily low and 
retrospective in nature, highlighting the need for further 
investigations. Research is needed to elucidate the optimal 
means to monitor these patients post-procedure and 
consider the best salvage option in cases of failure. With 
furthering of technologic advancements and research 
efforts, it is reasonable to expect continued improvement of 
patient selection and outcomes, as well as for the sustained 
expansion of potential indications. 
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