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Simple Summary: The role of prostate cryoablation was still uncertain for patients with high-risk
prostate cancer (PC). This study was designed to investigate the 10-year outcomes and establish a
nomogram for high-risk PC patients. We found prostate cryoablation to be an effective treatment
option for selected men with high-risk PC. A preoperative nomogram that predicts biochemical recur-
rence would be useful for both patients and physicians to make clinical decisions when considering
prostate cryoablation among other treatment modalities. A peri-operative nomogram that includes
diagnostic PSA, PSA nadir, Gleason sum, and the number of cryoprobes deployed helps inform
increased risk of biochemical recurrence, which would then justify early salvage treatments.

Abstract: The role of prostate cryoablation was still uncertain for patients with high-risk prostate
cancer (PC). This study was designed to investigate 10-year disease-free survival and establish a
nomogram in localized high-risk PC patients. Between October 2008 and December 2020, 191 patients
with high-risk PC who received primary total prostate cryoablation (PTPC) were enrolled. The
primary endpoint was biochemical recurrence (BCR), defined using Phoenix criteria. The performance
of pre-operative and peri-operative nomograms was determined using the Harrell concordance index
(C-index). Among the cohort, the median age and PSA levels at diagnosis were 71 years and
12.3 ng/mL, respectively. Gleason sum 8-10, stage > T3a, and PSA > 20 ng/mL were noted in 27.2%,
74.4%, and 26.2% of patients, respectively. During the median follow-up duration of 120.4 months,
BCR-free rates at 1, 3, 5, and 10 years were 92.6%, 76.6%, 66.7%, and 50.8%, respectively. The
metastasis-free, cancer-specific, and overall survival rates were 89.5%, 97.4%, and 90.5% at 10 years,
respectively. The variables in the pre-operative nomogram for BCR contained PSA at diagnosis,
clinical stage, and Gleason score (C-index: 0.73, 95% CI, 0.67-0.79). The variables in the peri-operative
nomogram for BCR included PSA at diagnosis, Gleason score, number of cryoprobes used, and PSA
nadir (C-index: 0.83, 95% CI, 0.78-0.88). In conclusion, total prostate cryoablation appears to be an
effective treatment option for selected men with high-risk PC. A pre-operative nomogram can help
select patients suitable for cryoablation. A peri-operative nomogram signifies the importance of the
ample use of cryoprobes and helps identify patients who may need early salvage treatment.

Keywords: cryotherapy; nomogram; outcome prediction; biochemical failure; prostate malignancy;
recurrence

1. Introduction

Localized prostate cancer (PC) can be managed via several treatment options, includ-
ing radical prostatectomy (RP), radiation therapy (RT), cryoablation, high-intensity focused
ultrasound, and active surveillance /watchful waiting [1]. Among them, cryoablation is less
recommended for patients with localized high-risk PC defined by at least one component
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of prostate-specific antigen (PSA) > 20 ng/mL, Gleason grade group of 4 or 5, and clinical
T stage of T2c or more [1,2]. However, its advantages of short hospital stay, minimal
anesthesia, and rapid recovery due to the minimally invasive nature provide benefit to
aged patients or those with multiple comorbidities [2-5]. Furthermore, focal cryoabla-
tion in highly select patients leads to few adverse events and preserves most functional
outcomes [6,7]. In the aspect of oncological outcomes, a satisfactory 5-year biochemical
recurrence (BCR)-free rate of 62.2% in patients with high-risk PC was reported by the Cryo
On-Line Database (COLD) Registry, the largest database regarding prostate cryoablation in
the world [3]. Although the treatment failure rate of primary total prostate cryoablation
(PTPC) was significantly higher in patients with high-risk compared to intermediate- or
low-risk PC [3], it was also high in high-risk PC treated with RP (5-year disease-free sur-
vival (DFS) rate, 38-65%) [8,9] or RT plus androgen deprivation therapy (ADT) (5-year DFS
rate, 62-74%) [8,9]. PTPC may be still feasible for selected patients with high-risk PC. Until
recently, long-term (10-year) oncological outcomes for high-risk PC patients and nomo-
grams predicting recurrences were still lacking. To provide better clinical decision-making,
we herein report the cohort of PTPC for patients with high-risk PC.

2. Materials and Methods
2.1. Patient Population

Between October 2008 and December 2020, consecutive patients with localized PC who
received PTPC at National Taiwan University Hospital were prospectively collected. Bone
scintigraphy and multi-parametric magnetic resonance imaging (MRI) were applied for
the initial tumor staging in all patients. Among them, only patients with high-risk disease
defined by EAU guidelines 2023 [2] were enrolled in the current study. (Flow diagram
in Supplementary Figure S1) This study was reviewed and approved by Research Ethics
Committee A of National Taiwan University Hospital (202204097RINA). We previously
published the short-term results of our entire patient cohort, including non-high-risk
disease [4].

2.2. Clinical Information Collection

Clinicopathological data regarding patient age, prostate size measured via transrectal
ultrasound, pre-operative PSA, biopsy Gleason sum, clinical T stage, tumor location in MR],
neoadjuvant ADT, the amount of cryoprobes used intraoperatively, follow-up PSA values,
time to BCR, recurrence patterns, and survival were prospectively collected. Clinical T
stage was determined by means of either digital rectal examination or seminal vesicle
biopsy prior to PTPC. Nine patients with clinical T3b disease were defined according to
the result of seminal vesicle biopsy. Neoadjuvant ADT that usually took 4-12 weeks was
mainly to reduce prostate size when the anterior—posterior diameter exceeded 35 mm to
facilitate the cryoablation procedure. Twenty patients received adjuvant ADT under a
clinical trial setting [10].

All cryoablation procedures were performed by the single surgical team, Drs. CH Chen
and YS Pu. The detailed surgical procedures were described in the previous published
article [11]. All patients were followed using the same protocol, including PSA every
3 months in the first year, every 6 months in the 2nd to 5th years, and then annually. The
primary outcome was BCR, which was determined using the Phoenix criteria, i.e., PSA
increase of >2 ng/mL above the nadir [12]. Upon BCR, we commended early restaging
and early salvage therapy for these high-risk PC patients based on the consensus of the
European Association of Urology Prostate Cancer Guidelines Panel [13]. Hence, we advised
prostate and seminal biopsy, whole-body computed tomography/MRI imaging, and /or
whole-body PET-CT scan (¥F-choline or ®¥Ga-PSMA) to distinguish between local and
distant failure. For patients with negative biopsy or unwilling to have a prostate biopsy,
a whole-body PET-CT scan (8F-choline or ®¥Ga-PSMA) was conducted as an alternative.
The primary outcome was BCR determined using the Phoenix criteria calculated from the
serial follow-up PSA value.
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2.3. Statistical Consideration

Contingency tables were constructed for comparisons using the Chi-square test. Non-
parametric data were compared with the Mann-Whitney U rank-sum method to compare
medians between groups. The log-rank test and Cox proportional hazards model were
used to compare the BCR risk. All these analyses were conducted using R software, version
3.6.1 (http:/ /www.r-project.org/, accessed on 1 September 2021). All tests were two-tailed
with p < 0.05 indicating a significant difference.

The original patient cohort was randomly split into two cohorts: one (80% of patients)
served as the training cohort for developing the predictive prognostic models, and the other
(20%) as the validation cohort for external validation (Supplementary Table S1). Univariable
and multivariable Cox proportional hazard models were applied to address the time to
BCR after cryoablation. Multivariable Cox regression coefficients were used to generate
prognostic nomograms. We intended to generate two prognostic nomograms: pre- and
peri-operative predictive nomograms. Only pre-operative variables were incorporated into
the pre-operative nomogram, while both pre- and peri-operative variables were used in the
peri-operative nomogram. The final models were selected using a bidirectional stepwise
regression process, which used the Akaike information criterion as a stopping rule [14].
The nomograms were constructed using the survival and rms packages in R [15].

The model performance for predicting the BCR-free survival was determined using
the Harrell concordance index (C-index) [16]. To avoid the arbitrariness of cohort splitting,
the bias-corrected C-index was further calculated using repeated five-fold cross-validation
20 times and 1000 bootstrapping methods for the entire cohort. Calibration plots were
constructed to compare the nomogram-predicted probability of BCR-free survival at 1, 3, 5,
and 7 years with the actual survival probability.

3. Results
3.1. Patient Demographics and Tumor Characteristics

A total of 233 consecutive PC patients who received PTPC were enrolled. Forty-two
subjects were excluded because of low- or intermediate-risk disease. The median age of the
remaining 191 high-risk PC patients was 71 years (range 48-88 years), and the median PSA
value at diagnosis was 12.3 ng/mL (range 2-45.9 ng/mL; Table 1). The median time to BCR
was 34.5 months and the 5-year BCR-free rate was 66.7%. There was PSA < 10, 10-20, and
>20 ng/mL for 40.3%, 33.5%, and 26.2% of patients, respectively. About half of the patients
had a Gleason sum > 4 + 3 (49.7%). Clinical T3a or above occurred in 74.4% of patients.
Visible tumor lesions on MRI (PI-RADS 3-5) were noted in 83.3% of patients. Tumors
located at the anterior apical prostate, which might be difficult to be treated [17], were
identified in 29 (15.2%) patients. Neoadjuvant ADT for <3 and >3 months was applied in
94 (49.2%) and 9 (4.7%) patients, respectively. Twenty (10.5%) patients were given adjuvant
ADT for 12 months under a prospective randomized study. Figure 1 shows that the higher
the number of high-risk factors based on EAU guidelines 2023 (PSA, Gleason, and stage)
that patients had, the faster the BCR occurred.

Table 1. Demographics of high-risk prostate cancer patients stratified by the status of biochemical

failure.
Groups All No BCR BCR p Value

Patient number (n) 191 100.00% 111 58.1% 80 41.90%
Median age (years, range) 71 (48-88) 72 (52-88) 69 (48-87) 0.014
Median PSA at diagnosis (ng/mL, range) 12.3 (2.0-45.9) 10.0 (2.0-45.9) 15.4 (4.5-44) <0.001
PSA at diagnosis (ng/mL) 0.003

<10 77 40.31% 56 50.45% 21 26.25%

10~20 64 33.51% 33 29.73% 31 38.75%

>20 50 26.18% 22 19.82% 28 35.00%
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Table 1. Cont.
Groups All No BCR BCR p Value

Biopsy Gleason sum 0.004
<6 35 18.32% 26 23.42% 9 11.25%
3+4=7 61 31.94% 42 37.84% 19 23.75%
4+3=7 43 22.51% 21 18.92% 22 27.50%
8~10 52 27.23% 22 19.82% 30 37.50%

Clinical T stage 0.006
Tlc 8 4.19% 5 4.50% 3 3.75%
T2a-2¢ 41 21.47% 29 26.13% 12 15.00%
T3a 80 41.88% 52 46.85% 28 35.00%
T3b 62 32.46% 25 22.52% 37 46.25%

Visible lesions on MRI 0.084
No 32 16.75% 23 20.72% 9 11.25%
Yes 159 83.25% 88 79.28% 71 88.75%

Anterior apical tumor 0.449
No 162 84.82% 96 86.49% 66 82.50%
Yes 29 15.18% 15 13.51% 14 17.50%

Neoadjuvant hormonal therapy 0.153
No 88 46.07% 56 50.45% 32 40.00%
Yes 103 53.93% 55 49.55% 48 60.00%

Adjuvant hormonal therapy 0.437
No 171 89.53% 101 90.99% 70 87.50%
Yes 20 10.47% 10 9.01% 10 12.50%

Prostate volume (median in mL, range) 26.9 (11.9-81.9) 26.9 (11.9-81.9) 26.8 (12.6-64.0) 0.689

Cryoprobe number (median, range) 6 (5-9) 6 (5-8) 6 (5-9) 0.351

PSA nadir value (ng/mL) <0.001
<0.01 87 45.55% 66 59.46% 21 26.25%
0.01~<0.1 66 34.55% 35 31.53% 31 38.75%
0.1~<0.5 27 14.14% 9 8.11% 18 22.50%
0.5~ 11 5.76% 1 0.90% 10 12.50%

Time to PSA nadir (weeks) 0.084
<8 71 37.17% 34 28.57% 37 51.39%
8~<12 76 39.79% 48 40.34% 28 38.89%
12~ 44 23.04% 29 24.37% 15 20.83%

BCR = biochemical recurrence; PSA = prostate-specific antigen; CI = confidence interval; MRI = magnetic resonance

imaging.
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Figure 1. The Kaplan-Meier curve of biochemical failures in the high-risk prostate cancer patients

receiving primary total prostate cryoablation. The high-risk factors were defined based on EAU

guidelines 2023 and included Gleason sum of 8 or more, PSA value of 20 ng/mL or more, and clinical

stage T3a or more.



Cancers 2023, 15, 3873

50f13

3.2. Univariable and Multivariable Analyses Predicting BCR

Among the 191 patients, 111 (58.1%) remained BCR-free after a median follow-up
duration of 120.4 months (IQR 63-137.7 months). Compared to patients without BCR,
those with BCR (1 = 80) tended to be younger (median 69 vs. 72 years, p = 0.014) and have
higher PSA at diagnosis (median 15.4 vs. 10.0 ng/mL, p < 0.001), higher Gleason sum (8-10,
37.5% vs. 19.8%, p = 0.004), and higher clinical T stage (>T3b 46.3% vs. 22.5%, p = 0.006)
(Table 1). There was no significant difference in prostate size, amount of cryoprobes used,
the proportion of visible lesions on MRI, anterior apical tumors, or proportion of subjects
receiving neoadjuvant ADT and adjuvant ADT between patients with and without BCR.

After PTPC, 77.0% of patients reached the PSA nadir within 3 months post-operatively.
Eighty-seven (45.6%) patients had a PSA nadir value < 0.01 ng/mL. The PSA nadir values
were significantly higher in men with subsequent BCR than those without (p < 0.001). For
patients with a PSA nadir > 0.5 ng/mL, up to 10 (91%) out 11 patients experienced BCR. In
comparison, only 24.1% (21/87) of patients had BCR if the post-cryoablation PSA nadir
was <0.01 ng/mL.

In the multivariable analysis of the pre-operative parameters, higher PSA, higher
Gleason sum, and higher clinical T stage independently predicted BCR (Table 2). For the
peri-operative predictive model, the multivariable analysis revealed that significant inde-
pendent predictors for BCR included higher PSA, higher Gleason sum, fewer or inadequate
number of cryoprobes used, and higher PSA nadir value (Table 2). More cryoprobes used
appeared to lower the risk of BCR, suggesting that the effective coverage of cancer areas
through adequately overlapping the cryoablation kill zone was crucial for treating high-risk
PC. The PSA nadir value was the most powerful predictor in the peri-operative predictive
model for BCR. Compared to patients with PSA nadir < 0.01 ng/mL, those with a nadir
of 0.01 to <0.1 (hazard ratio (HR) = 2.98, 95% confidence interval (CI) 1.68-5.26), 0.1 to
<0.5 (HR = 6.32, 95% CI 3.26-12.3), and >0.5 ng/mL (HR = 37.98, 95% CI 15.5-93.1) had
significantly elevated risk of BCR. Although the time to PSA nadir was associated with
BCR in the univariable analysis, it was a non-significant factor for BCR in the multivariable
model because of the strong association with PSA nadir (Supplementary Table S2).

3.3. Predictive Nomograms and Calibration

To predict BCR-free survival probability, pre- and peri-operative nomograms (Figure 2)
were constructed according to the multivariable predictive models. Three parameters were
included in the pre-operative nomogram: PSA at diagnosis, biopsy Gleason sum, and
clinical T stage. Four parameters were incorporated in the peri-operative nomogram: PSA
at diagnosis, PSA nadir, biopsy Gleason sum, and number of cryoprobes used.

In the training cohort, the C-indexes for the pre- and peri-operative nomograms
were 0.74 (95% CI 0.67-0.79) and 0.82 (95% CI 0.76-0.88), respectively. For the validation
cohort, C-indexes were 0.76 (95% CI 0.61-0.91) and 0.84 (95% CI 0.69-0.99), respectively.
Bias-corrected C-indexes for the two nomograms were 0.70 and 0.80, respectively. The
calibration plots showed satisfactory agreement in the BCR-free survival probabilities
calculated from either the nomograms or the actual survival data for both pre- and peri-
operative nomograms (Figure 3).
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Table 2. Univariable and multivariable analyses of biochemical recurrence in high-risk prostate cancer patients receiving primary total prostate cryoablation.

Multivariable Analysis

Univariable Analysis

Case No Failure Preoperative Model Peri-Operative Model
Variables Events HR Range p Value HR Range p Value HR Range p Value
Pre-operative
Age (year) 191 80 0.98 0.95-1.01 0.145 - - - - - -
PSA at diagnosis (ng/mL) 0.001 * <0.001 *
<10 77 21 1 - - 1 - - 1 - -
10~<20 64 31 2.01 1.15-3.50 0.014 1.93 1.10-3.38 0.022 2.48 1.38-4.46 0.002
20~<50 50 28 3.15 1.78-5.57 <0.001 2.75 1.54-4.91 0.001 3.68 1.91-7.09 <0.001
Biopsy Gleason sum 0.001* 0.001
~6 35 9 1 - - 1 - - 1 - -
3+4=7 61 19 1.1 0.50-2.43 0.817 1.11 0.50-2.46 0.804 1.03 0.45-2.34 0.941
4+3=7 43 22 2.26 1.04-4.92 0.039 2.3 1.05-5.02 0.037 2.90 1.31-6.37 0.009
8~10 52 30 3.01 1.49-6.64 0.003 2.4 1.12-5.13 0.024 2.44 1.13-5.24 0.023
Clinical T stage 0.007
Tlc-2c 49 15 1 - - 1 - - - - -
T3a 80 28 1.07 0.57-2.00 0.833 1.08 0.57-2.04 0.809 - - -
T3b 62 37 2.62 1.43-4.78 0.002 2.18 1.18-4.00 0.012 - - -
Visible lesions on MRI
Yes 159 71 1 - - - - - - - -
No 32 9 0.52 0.56-1.04 0.063 - - - - - -
Anterior apical tumor
No 162 66 1 - - - - - - - -
Yes 29 14 1.31 0.74-2.33 0.361 - - - - - -
Neoadjuvant hormonal therapy
No 88 32 1 - - - - - - - -
Yes 103 48 1.42 0.91-2.22 0.126 - - - - - -
Prostate volume (mL) 191 80 1 0.98-1.02 0.908 - - - - - -
Post-operative
Cryoprobe number 191 80 0.87 0.70-1.10 0.239 0.69 0.53-0.92 0.002
Adjuvant hormonal therapy
No 171 70 1 - - - - - - - -
Yes 20 10 1.1 0.57-2.14 0.778 - - - - - -
PSA nadir value (ng/mL) <0.001 *
<0.01 87 21 1 - - 1 - -
0.01~<0.1 66 31 2.37 1.36-4.14 0.002 2.98 1.68-5.26 <0.001
0.1~<0.5 27 18 6.56 3.46-12.5 <0.001 6.32 3.26-12.3 <0.001
0.5~ 11 10 28.44 12.7-63.6 <0.001 37.98 15.5-93.1 <0.001
Time to PSA nadir (weeks)
<8 71 37 1 - - - - -
8~<12 77 28 0.52 0.32-0.85 0.009 - - -
12~ 43 15 0.48 0.27-0.89 0.019 - - -

PSA = prostate-specific antigen; HR = hazard ratio; MRI = magnetic resonance imaging; * p value of the variables which were considered to be ordered.
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Figure 2. The nomograms for predicting biochemical recurrence in the high-risk or very high-risk

prostate cancer patients: pre-operatively (a) and peri-operatively (b).

3.4. Pathological and Radiographic Evidence of Recurrence
The BCR-free rate at 1, 2, 3, 5, 7, and 10 years was 92.6%, 84.5%, 76.6%, 66.7%, 59.5%,

and 50.8%, respectively (Figure 1). Among the 80 patients with BCR, 44 (55%) local
recurrences were detected via either prostate biopsy (n = 38) or imaging studies (n = 6).
Metastasis to the pelvic lymph node, bone, and both were found in 13 (16.3%), six (7.5%),
and one (1.3%) patient, respectively. The remaining 16 (20.0%) patients who had BCR
did not have any pathological or radiographic evidence of local recurrence or distant
metastases. The estimated 10-year metastasis-free rate was 89.5% using Kaplan-Meier
method. There was no visceral metastasis upon the identification of BCR. Two patients had
lung metastases in 58 and 64 months after BCR. Three of the 191 patients had died of PC
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by the date of report preparation (January 2023). Eleven patients died of cardiovascular
diseases, infection and other cancers. The estimated 10-year cancer-specific and overall
survival rates were 97.4% and 90.5%.

Pre-operative model
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Figure 3. The calibration of the nomograms predicting biochemical failures: pre-operatively (a) and

",

peri-operatively (b). BCR = biochemical recurrence. Remark “x”: resampling optimism added.
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3.5. Complications

A total of 44 (23.0%) patients had complications after PTPC in this cohort. The most
common complication was bladder outlet obstruction (n = 30, 15.7%), which included
bladder neck contracture (n = 8, 4.2%), urethral stricture (n = 8, 4.2%), urethral sloughing
(n = 10, 5.2%), urethral stone (n = 1, 0.5%), and mixed type (n = 3, 1.6%). Eighteen
(9.4%) patients had infection-related events, such as epididymitis (1 = 3, 1.6%), prostatitis
(n =8, 4.2%), and urethrocystitis (n = 7, 3.7%). Among 81 patients with potency before
PTPC, 9 (11.1%) recovered their erectile function with or without medication. No cryoprobe
penetration wound infection was noted. Long-term urinary incontinence was observed in
five (2.6%) patients. Transfusion was used for two (1.0%) patients. One patient encountered
a suspected sigmoid injury which was handled with parenteral nutrition for 7 days and
was discharged without any sequelae.

4. Discussion

Total prostate cryoablation is an alternative treatment option for localized PC, espe-
cially for low- and intermediate-risk disease [5,18]. Our data showed, in terms of BCR after
a long-term follow-up duration, that PTPC provided adequate 10-year cancer control in
50.8% of patients with high-risk disease, which is generally comparable with historical
control using other treatment modalities, such as RP [8,9] or RT [8,9]. The conventional
pre-operative clinicopathological parameters, including PSA at diagnosis, Gleason sum,
and clinical T stage helped predict BCR after PTPC. In the peri-operative setting, except for
PSA at diagnosis and Gleason sum, PSA nadir and number of cryoprobes used comprised
a powerful predictive model for BCR. The two models or nomograms provide valuable
tools to inform clinical decision-making and prognostic information in PTPC. In addition,
the peri-operative nomogram may help not only identify men at an increased risk of failure
but also advise early salvage therapy.

Compared to lower risks, patients with high-risk disease have increased local recur-
rence and treatment failure rates regardless of treatment modality applied [1,8,9]. Therefore,
the European Association of Urology guidelines suggested physicians offer multimodal
therapy for the patients with high-risk localized PC [19]. Retrospective studies reported that
the 5-year DFS rate with RP and RT was 38-65% and 62-74%, respectively [8,9]. In compari-
son, the COLD Registry and our series of PTPC demonstrated comparable outcomes of 62%
and 66.7% for the 5-year BCR-free survival rate, respectively [3]. Although the definition of
treatment failure differs between treatment modalities, that for RT and PTPC use the same
Phoenix criteria. The BCR-free rates for high-risk disease between PTPC in our cohort and
RT plus ADT [9] were similar at 5 (66.7% vs. 72%) and 10 years (46% vs. 53%), respectively.
Since differences in demographics and tumor characteristics between patient populations
may significantly affect clinical outcomes, it is inappropriate to compare these numbers
directly. For example, clinical T3 disease was more frequent in our cohort (74%) than the
RT cohort (14%). In contrast, the RT cohort had a higher proportion of PSA > 20 ng/mL
(36% vs. 26%) and Gleason score 8-10 (41% vs. 27%) compared with our PTPC cohort.

The addition of long-term adjuvant ADT to definitive RT has become a standard-
of-care option for localized high-risk PC [20,21]. It was not clear whether adjuvant ADT
would benefit patients receiving PTPC. In a small-scale (1 = 38) prospective randomized
study, adjuvant ADT for 12 months did not reduce BCR in patients with high-risk PC
receiving PTPC [10]. The benefit of adjuvant ADT in PTPC may be minimal or uncertain
and should be further investigated in large-scale studies. In our series, 103 (53.9%) had
received neoadjuvant ADT to reduce prostate size before cryoablation. Only nine patients
received neoadjuvant ADT for more than 3 months. However, our univariable analysis
showed that neoadjuvant ADT did not significantly influence BCR-free survival (p = 0.126).
In addition, we found no significant association between neoadjuvant ADT and PSA nadir
after cryoablation (Supplementary Table S3).

The PSA nadir values have been identified as an important prognostic factor for
clinical outcomes after PTPC. Tay et al. reported that patients with PSA nadir < 0.4 ng/mL
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in the COLD Registry had a significantly better 5-year DFS of about 70%, compared to
those with PSA nadir > 0.4 ng/mL where most patients failed within 5 years [22]. The
multivariable analysis revealed that PSA nadir was a powerful prognosticator for BCR [22].
Many other Western reports [22,23] and our data on Asian men also showed consistent
results in that PSA nadir values significantly predicted the treatment failures after PTPC.
We also found that the earlier the PSA nadir was reached (<8 weeks), the higher the chance
of BCR, suggesting that post-cryoablation residual cancer nests drove PSA recurrence and
shortened the time to PSA nadir.

The number of cryoprobes used was a significant predictor of BCR in the multivariable
peri-operative regression model. In general, the number of cryoprobes to be deployed in
PTPC depends on several factors, including but not limited to prostate size, shape, and
specific tumor locations [17]. Saturated prostate cryoablation via setting more cryoprobes
and reducing the prostate volume to be covered per probe would improve cancer control [4].
A higher number of cryoprobes will reduce any possible inadequate ablation zone in the
prostate and ensure that the overlapping ice balls in the prostate reach a substantially low
killing temperature. These findings suggest that proactive and ample use of cryoprobes to
cover as complete a prostate region as possible may reduce inadequate ablation zone and
subsequent recurrence, especially when dealing with high-risk tumors.

Total prostate cryoablation had an acceptable rate of side effects in our patients with
high-risk PC. Although infection-associated complications, such as epididymitis, prostatitis,
and urethrocystitis, were up to 9.4%, all patients recovered well using the appropriate
antibiotics. As a minimally invasive surgery [24], no infection at the penetration wound
of the cryoprobes and thermoprobes was noted in our patients. The long-term continence
rate, defined as 1 or less pad a day, was 97.4% and comparable to those of RP and RT
series [25,26]. Bladder outlet obstruction resulting from bladder neck contracture, urethral
stricture, and urethral sloughing was relatively higher in our high-risk PC patients than
low- to intermediate-risk PC patients [3]. The possible reason was the intention to ablate
as much of the prostate as possible and, subsequently, to break the protection zone of
the urethral warming catheter in high-risk PC patients. Nevertheless, all these patients
experienced improvement using endourological methods. In our high-risk cohort, we did
not observe the most serious complication, namely, rectourethral fistula. A possible sigmoid
injury was noted during prostate cryoablation in one patient, who was supported with
total parenteral nutrition for one week and discharged without any sequelae. Considering
high-risk PC patients, the complication rate of PTPC was acceptable and comparable to a
non-nerve-sparing prostatectomy or radiation therapy plus androgen deprivation, which
were considered as the preferred treatment options [1]. We did not identify significant
clinical predictors for complications after PTPC in our series. The major reason was the
patient selection bias. For example, we did not conduct PTPC in patients whose tumors
were located near the urethra or who ever had transurethral resection of the prostate. To
evaluate the possible predictors of complications from PTPC, a prospective cohort without
significant selection criteria is warranted.

Several limitations exist in our study. First, the case number was not large enough
for an extensive analysis of all clinical parameters in the multivariable model. However,
the important demographic and tumor phenotype variables were all incorporated into
the final model for establishing the predictive nomograms. Second, there was a lack of
an independent cohort for external validation of the models or nomograms—this was
well compensated using the bootstrap and cross-validation in our study. Third, this is
a retrospective analysis that may have selection bias. However, the study enrolled all
consecutive patients who received total prostate cryoablation, and all data variables were
prospectively collected for all patients in a well-designed data entry file from the start of the
study, which may significantly mitigate any selection bias or recall bias. Fourth, the current
nomogram included only clinical parameters, but not molecular and detailed histological
characters. Although this design made it convenient for the physician to use in clinical prac-
tice, the precision of outcome prediction may increase with more molecular /histological
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biomarkers, such as serine/arginine splicing factor 1 [27], microvessel density [27], insulin
growth factor-1 [28], and so on.

5. Conclusions

Total prostate cryoablation appears to be an effective treatment option for men with
high-risk PC. A pre-operative nomogram that predicts BCR would be useful for both
patients and physicians to make clinical decisions when considering cryoablation among
other treatment modalities. A peri-operative nomogram that includes diagnostic PSA, PSA
nadir, Gleason sum, and the number of cryoprobes deployed may help inform increased
risk of BCR, which would then justify early salvage treatments.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ cancers15153873/s1, Figure S1: Flow diagram of patient selection into the study cohort,
Table S1: Demographics and characteristics of the training and validation cohorts, Table S2: The
association of PSA nadir value and time to PSA nadir, Table S3: The association of PSA nadir value
and neoadjuvant hormonal therapy.

Author Contributions: Conceptualization, C.-H.C. and Y.-S.P; data curation, C.-H.C. and Y.-S.P; for-
mal analysis, C.-H.C. and C.-Y.T.; investigation, C.-H.C.; methodology, C.-H.C. and C.-Y.T.; resources,
Y.-S.P,; software, C.-Y.T.; supervision, Y.-S.P,; validation, C.-H.C.; writing—original draft, C.-H.C.;
writing—review and editing, C.-Y.T. and Y.-5.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was reviewed and approved by the Research
Ethics Committee A of the National Taiwan University Hospital (202204097RINA).

Informed Consent Statement: Informed consent was waived based on the agreement of the Research
Ethics Committee.

Data Availability Statement: Data are available on request due to restrictions of privacy consid-
eration of our institutions. The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the consideration of patients’
privacy.

Acknowledgments: We thank all the participants and collaborators at the National Taiwan University.

Conflicts of Interest: The authors declare no potential conflict of interest.

Abbreviations
PC prostate cancer
BCR biochemical recurrence

COLD  Cryo On-Line Database
PSA prostate-specific antigen
ADT androgen deprivation therapy

PET positron emission tomography
PTPC  primary total prostate cryoablation
MRI magnetic resonance imaging

1.  National Comprehensive Cancer Network. Prostate Cancer (Version 2.2022). Available online: https://www.ncen.org/
professionals/physician_gls/pdf/prostate.pdf (accessed on 1 April 2022).
2. EAU. EAU Guidelines. Edn. Presented at the EAU Annual Congress Milan 2023; EAU Guidelines Office: Arnhem, The Netherlands,

2023.

3. Jomes, ].S.; Rewcastle, J.C.; Donnelly, B.J.; Lugnani, EM.; Pisters, L.L.; Katz, A.E. Whole gland primary prostate cryoablation:
Initial results from the cryo on-line data registry. J. Urol. 2008, 180, 554-558. [CrossRef] [PubMed]

4. Chen, C.H,; Tai, Y.S.; Pu, Y.S. Prognostic value of saturated prostate cryoablation for localized prostate cancer. World J. Urol. 2015,
33, 1487-1494. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/cancers15153873/s1
https://www.mdpi.com/article/10.3390/cancers15153873/s1
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://doi.org/10.1016/j.juro.2008.04.027
https://www.ncbi.nlm.nih.gov/pubmed/18550117
https://doi.org/10.1007/s00345-014-1467-2
https://www.ncbi.nlm.nih.gov/pubmed/25552206

Cancers 2023, 15, 3873 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Thompson, L; Thrasher, J.B.; Aus, G.; Burnett, A.L.; Canby-Hagino, E.D.; Cookson, M.S.; D’Amico, A.V.; Dmochowski, R.R.; Eton,
D.T.; Forman, ].D.; et al. Guideline for the management of clinically localized prostate cancer: 2007 update. J. Urol. 2007, 177,
2106-2131. [CrossRef] [PubMed]

Paladini, A.; Cochetti, G.; Colau, A.; Mouton, M.; Ciarletti, S.; Felici, G.; Maiolino, G.; Balzarini, F.; Sebe, P.; Mearini, E. The
Challenges of Patient Selection for Prostate Cancer Focal Therapy: A Retrospective Observational Multicentre Study. Curr. Oncol.
2022, 29, 6826—6833. [CrossRef]

Kotamarti, S.; Polascik, T.J. Focal cryotherapy for prostate cancer: A contemporary literature review. Ann. Transl. Med. 2023,
11, 26. [CrossRef]

Aizer, A.A.; Yu, ].B.; Colberg, ] W.; McKeon, A.M.; Decker, R.H.; Peschel, R.E. Radical prostatectomy vs. intensity-modulated
radiation therapy in the management of localized prostate adenocarcinoma. Radiother. Oncol. 2009, 93, 185-191. [CrossRef]
[PubMed]

Ciezki, J.P; Weller, M.; Reddy, C.A; Kittel, J.; Singh, H.; Tendulkar, R.; Stephans, K.L.; Ulchaker, J.; Angermeier, K.; Stephenson, A.;
et al. A Comparison Between Low-Dose-Rate Brachytherapy With or Without Androgen Deprivation, External Beam Radiation
Therapy With or Without Androgen Deprivation, and Radical Prostatectomy With or Without Adjuvant or Salvage Radiation
Therapy for High-Risk Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2017, 97, 962-975. [CrossRef]

Chen, C.H.; Py, Y.S. Adjuvant androgen-deprivation therapy following prostate total cryoablation in high-risk localized prostate
cancer patients—Open-labeled randomized clinical trial. Cryobiology 2018, 82, 88-92. [CrossRef]

Chen, C.H.; Pu, Y.S. Proactive rectal warming during total-gland prostate cryoablation. Cryobiology 2014, 68, 431-435. [CrossRef]
[PubMed]

Roach, M., 3rd; Hanks, G.; Thames, H., Jr.; Schellhammer, P,; Shipley, W.U.; Sokol, G.H.; Sandler, H. Defining biochemical failure
following radiotherapy with or without hormonal therapy in men with clinically localized prostate cancer: Recommendations of
the RTOG-ASTRO Phoenix Consensus Conference. Int. J. Radiat. Oncol. Biol. Phys. 2006, 65, 965-974. [CrossRef]

Van den Broeck, T.; van den Bergh, R.C.N,; Briers, E.; Cornford, P.; Cumberbatch, M.; Tilki, D.; De Santis, M.; Fanti, S.; Fossati, N.;
Gillessen, S.; et al. Biochemical Recurrence in Prostate Cancer: The European Association of Urology Prostate Cancer Guidelines
Panel Recommendations. Eur. Urol. Focus 2020, 6, 231-234. [CrossRef] [PubMed]

Harrell, EE,, Jr.; Lee, K.L.; Mark, D.B. Multivariable prognostic models: Issues in developing models, evaluating assumptions and
adequacy, and measuring and reducing errors. Stat. Med. 1996, 15, 361-387. [CrossRef]

Harrell, FE., Jr. Rms: Regression Modeling Strategies. R Package Version 6.2-0. Available online: https:/ /cran.r-project.org/web/
packages/rms/rms.pdf (accessed on 15 April 2021).

Harrell, EE,, Jr.; Califf, RM.; Pryor, D.B.; Lee, K.L.; Rosati, R.A. Evaluating the yield of medical tests. JAMA 1982, 247, 2543-2546.
[CrossRef] [PubMed]

Chen, C.H.; Chen, Y.C,; Pu, Y.S. Tumor location on MRI determines outcomes of patients with prostate cancer after total prostate
cryoablation. Cryobiology 2021, 98, 39-45. [CrossRef]

Sanda, M.G.; Cadeddu, J.A ; Kirkby, E.; Chen, R.C.; Crispino, T.; Fontanarosa, J.; Freedland, S.J.; Greene, K.; Klotz, L.H.; Makarov,
D.V,; et al. Clinically Localized Prostate Cancer: AUA/ASTRO/SUO Guideline. Part I: Risk Stratification, Shared Decision
Making, and Care Options. J. Urol. 2018, 199, 683-690. [CrossRef]

Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.;
Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. Part 1: Screening,
Diagnosis, and Local Treatment with Curative Intent. Eur. Urol. 2021, 79, 243-262. [CrossRef]

Pilepich, M.V.; Winter, K.; Lawton, C.A.; Krisch, R.E.; Wolkov, H.B.; Movsas, B.; Hug, E.B.; Asbell, S.O.; Grignon, D. Androgen
suppression adjuvant to definitive radiotherapy in prostate carcinoma--long-term results of phase III RTOG 85-31. Int. ]. Radiat.
Oncol. Biol. Phys. 2005, 61, 1285-1290. [CrossRef]

Bolla, M.; Van Tienhoven, G.; Warde, P.; Dubois, ].B.; Mirimanoff, R.O.; Storme, G.; Bernier, ]J.; Kuten, A.; Sternberg, C.; Billiet, I.;
et al. External irradiation with or without long-term androgen suppression for prostate cancer with high metastatic risk: 10-Year
results of an EORTC randomised study. Lancet Oncol. 2010, 11, 1066-1073. [CrossRef]

Tay, K.J.; Polascik, T.J.; Elshafei, A.; Cher, M.L.; Given, R.W.; Mouraviev, V.; Ross, A.E.; Jones, ].S. Primary Cryotherapy for
High-Grade Clinically Localized Prostate Cancer: Oncologic and Functional Outcomes from the COLD Registry. J. Endourol. 2016,
30, 43-48. [CrossRef]

Mercader, C.; Musquera, M.; Franco, A.; Alcaraz, A.; Ribal, M.]. Primary cryotherapy for localized prostate cancer treatment.
Aging Male 2020, 23, 1460-1466. [CrossRef]

de Vermandois, J.A.R.; Cochetti, G.; Zingaro, M.D.; Santoro, A.; Panciarola, M.; Boni, A.; Marsico, M.; Gaudio, G.; Paladini, A.;
Guiggi, P; et al. Evaluation of Surgical Site Infection in Mini-invasive Urological Surgery. Open Med. 2019, 14, 711-718. [CrossRef]
[PubMed]

Ataman, F; Zurlo, A; Artignan, X.; van Tienhoven, G.; Blank, L.E.; Warde, P.; Dubois, ].B.; Jeanneret, W.; Keuppens, E; Bernier, J.;
et al. Late toxicity following conventional radiotherapy for prostate cancer: Analysis of the EORTC trial 22863. Eur. J. Cancer 2004,
40, 1674-1681. [CrossRef]

Ficarra, V.; Novara, G.; Rosen, R.C.; Artibani, W.; Carroll, PR.; Costello, A.; Menon, M.; Montorsi, F; Patel, V.R.; Stolzenburg,
J.U,; et al. Systematic review and meta-analysis of studies reporting urinary continence recovery after robot-assisted radical
prostatectomy. Eur. Urol. 2012, 62, 405-417. [CrossRef] [PubMed]


https://doi.org/10.1016/j.juro.2007.03.003
https://www.ncbi.nlm.nih.gov/pubmed/17509297
https://doi.org/10.3390/curroncol29100538
https://doi.org/10.21037/atm-21-5033
https://doi.org/10.1016/j.radonc.2009.09.001
https://www.ncbi.nlm.nih.gov/pubmed/19800702
https://doi.org/10.1016/j.ijrobp.2016.12.014
https://doi.org/10.1016/j.cryobiol.2018.04.003
https://doi.org/10.1016/j.cryobiol.2014.03.004
https://www.ncbi.nlm.nih.gov/pubmed/24662028
https://doi.org/10.1016/j.ijrobp.2006.04.029
https://doi.org/10.1016/j.euf.2019.06.004
https://www.ncbi.nlm.nih.gov/pubmed/31248850
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4&lt;361::AID-SIM168&gt;3.0.CO;2-4
https://cran.r-project.org/web/packages/rms/rms.pdf
https://cran.r-project.org/web/packages/rms/rms.pdf
https://doi.org/10.1001/jama.1982.03320430047030
https://www.ncbi.nlm.nih.gov/pubmed/7069920
https://doi.org/10.1016/j.cryobiol.2021.01.001
https://doi.org/10.1016/j.juro.2017.11.095
https://doi.org/10.1016/j.eururo.2020.09.042
https://doi.org/10.1016/j.ijrobp.2004.08.047
https://doi.org/10.1016/S1470-2045(10)70223-0
https://doi.org/10.1089/end.2015.0403
https://doi.org/10.1080/13685538.2020.1796960
https://doi.org/10.1515/med-2019-0081
https://www.ncbi.nlm.nih.gov/pubmed/31572804
https://doi.org/10.1016/j.ejca.2003.12.027
https://doi.org/10.1016/j.eururo.2012.05.045
https://www.ncbi.nlm.nih.gov/pubmed/22749852

Cancers 2023, 15, 3873 13 of 13

27. Broggi, G.; Lo Giudice, A.; Di Mauro, M.; Asmundo, M.G.; Pricoco, E.; Piombino, E.; Caltabiano, R.; Morgia, G.; Russo, G.I. SRSF-1
and microvessel density immunohistochemical analysis by semi-automated tissue microarray in prostate cancer patients with
diabetes (DIAMOND study). Prostate 2021, 81, 882-892. [CrossRef] [PubMed]

28. Heni, M.; Hennenlotter, J.; Scharpf, M.; Lutz, S.Z.; Schwentner, C.; Todenhofer, T.; Schilling, D.; Kuhs, U.; Gerber, V.; Machicao, F.;
et al. Insulin receptor isoforms A and B as well as insulin receptor substrates-1 and -2 are differentially expressed in prostate
cancer. PLoS ONE 2012, 7, €50953. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/pros.24185
https://www.ncbi.nlm.nih.gov/pubmed/34196424
https://doi.org/10.1371/journal.pone.0050953

	Introduction 
	Materials and Methods 
	Patient Population 
	Clinical Information Collection 
	Statistical Consideration 

	Results 
	Patient Demographics and Tumor Characteristics 
	Univariable and Multivariable Analyses Predicting BCR 
	Predictive Nomograms and Calibration 
	Pathological and Radiographic Evidence of Recurrence 
	Complications 

	Discussion 
	Conclusions 
	References

