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Abstract 
 
Introduction: Salvage cryotherapy is a guideline-recommended treatment of localized prostate 
cancer recurrence after radiation therapy. There is little published evidence analyzing the 
outcomes of salvage cryotherapy for recurrent prostate cancer following different primary 
therapy energy modalities. 
Methods: We performed a retrospective analysis of patients who received whole gland salvage 
cryotherapy from 2007–2017 at a large tertiary referral center after either primary radiation 
therapy (RT) or primary whole gland cryotherapy. Primary outcome was biochemical failure, 
defined as per the Phoenix criteria (prostate-specific antigen [PSA] nadir + 2.0 ng/ml). 
Secondary outcomes included time to biochemical failure and development of metastatic disease. 
Results: Fifty-eight out of 391 patients who received cryotherapy were identified as having 
received salvage cryotherapy (after RT, n=37; after primary cryotherapy, n=21). Biochemical 
recurrence occurred in 21 (57%) patients with previous RT and in 17 (81%) patients with 
previous cryotherapy (p=0.001). Median time to biochemical recurrence was 18 months for 
patients with previous RT and 13 months for patients with previous cryotherapy (p=0.002). The 
biochemical free survival rate for primary radiation therapy patients was 71% at two years 
compared to 23% at two years for patients who underwent primary cryotherapy (p<0.01). There 
was no difference in the development of metastatic disease between groups (19% vs. 18%, cryo 
vs. radiation, p=0.34). 
Conclusions: These results suggest that salvage cryotherapy may offer more durable oncological 
control to patients after radiation compared to primary cryotherapy with a lower rate and longer 
duration before biochemical recurrence. 
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Introduction 
Prostate cancer is the most common non-cutaneous cancer in men, with an average of one in 
seven being diagnosed in their lifetime1. Variable rates of prostate cancer recurrence have been 
reported, ranging from 10-50%1-3. Risk of local recurrence is dependent on multiple factors 
including initial Gleason Grade, clinical stage, preoperative PSA, and PSA nadir following 
primary therapy3-4.  

Salvage cryotherapy is a guideline recommended treatment option in the treatment of 
recurrent localized disease5. Complication rates have decreased in conjunction with more 
favourable outcomes as the cryounits have been improved and re-modeled over time6-7. There is 
sufficient evidence demonstrating outcomes of salvage cryotherapy following primary radiation 
with a durable biochemical free survival achieved in approximately one-third of patients4,8. 
However, there is little evidence analyzing the outcomes of salvage cryotherapy for recurrent 
prostate cancer comparing different primary therapy modalities.  

In this retrospective analysis at a large tertiary referral center, we aimed to compare 
oncological control of patients receiving salvage cryotherapy following either primary radiation 
therapy or primary cryotherapy. 

Methods 
A retrospective analysis was performed on all patients who received whole gland cryotherapy 
through the Northern Alberta Urology Clinic between 2007 to 2017. De-identified data was 
extracted from our electronic health record. Ethical approval was obtained from the Health 
Research Ethics Board of Alberta (project ID: HREBA.CC-17-0550).  

Patients were included if they underwent cryotherapy in the setting of previous primary 
localized prostate cancer treatment (primary cryotherapy or radiotherapy). Baseline patient 
characteristics including age, Charlson comorbidity index (CCI)9, BMI, PSA, PSA doubling 
time, clinical stage, pre-salvage biopsy Gleason score, prostate size, number of cores positive, 
and extent of disease were collected. The primary outcome was biochemical failure, defined by 
the Phoenix criteria of PSA nadir + 2.0 ng/ml. Secondary outcomes included time to biochemical 
failure and development of metastatic disease. 

Demographic data was analyzed using two-independent sample t-test or Fisher's exact 
test where appropriate. Kaplan-Meier survival analysis was conducted to compare differences in 
biochemical free survival between groups. Cox’s proportional hazard regression was performed 
to examine the factors independently associated with biochemical free survival rates.  

Results                                                                                                                                           
391 patients underwent cryotherapy between 2007-2017, with 58/391 (15%) having received 
salvage cryotherapy. Of these 21/58 (36%) received primary cryotherapy and 37/58 (64%) 
received primary radiation therapy (33 external beam and 4 brachytherapy) (Table 1). All 
patients had a repeat prostate biopsy which confirmed prostate cancer recurrence. Patients who 
received primary cryotherapy were older (70.8 vs 67.2, p=0.03) and had a faster PSA doubling 
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time (8.5 vs 17.1 months, p=0.002) compared to the primary radiotherapy group. There were no 
differences in pre-salvage PSA, clinical stage, Gleason grade, CCI, prostate size, or usage of 
adjuvant androgen deprivation therapy (Table 1). Neither radiation dose in the primary 
radiotherapy group nor testosterone levels of patients on ADT were available.  

Overall complication rate was 27% for the primary radiotherapy group and 29% for the 
primary cryotherapy group (Table 2), with a total of 5 patients classified as Clavien Grade 3b or 
greater (4 radiotherapy, 1 primary cryotherapy). 

Biochemical recurrence (BCR) occurred more often in patients who previously received 
cryotherapy (81%) versus primary radiotherapy (57%) (p=0.001). Median time to BCR was 
shorter in patients who had received primary cryotherapy (13 vs. 18 months, p=0.002) (Table 2). 
The biochemical free survival rate for primary radiotherapy patients was 71% at two years 
compared to 23% for patients who underwent primary cryotherapy (p<0.01) (Figure 1).  

 Using Cox proportional hazard regression to control for differences in age and pre-
salvage PSA doubling time, the patients who received primary cryotherapy were at 2.4 times 
greater risk of developing BCR (hazard ratio (HR): 2.4, CI 1.1 – 5.4, p=0.03) (Table 3). There 
was no significant difference in the rate of metastatic progression between patients who received 
primary cryotherapy versus primary radiotherapy (19% vs. 18% p=0.34) (Table 2).  

Discussion                                                                                                                                       
This is one of the first studies evaluating prognostic outcomes of patients undergoing salvage 
cryotherapy after primary cryotherapy. These results suggest that salvage cryotherapy may offer 
better local oncological control to patients after radiation therapy compared to primary 
cryotherapy, with a lower overall rate of biochemical failure and a longer duration without 
recurrence.  

Our documented rates of biochemical recurrence in both patient groups are higher than 
recent studies published8,10 and reasons for this are likely multifactorial including potentially 
more aggressive recurrent disease within our patient population and lack of standardized 
adjuvant ADT regime. When comparing results of the primary cryotherapy group to similar 
studies, our patient population still demonstrates higher GG scores and PSA nadir levels on 
average. Our rate of complications is equivalent to those observed across similar studies with 
rates between 15-25%8. 

The significant difference in PSA doubling time between the patient groups may infer a 
bias on our overall results—the primary cryotherapy group potentially had more aggressive 
disease thereby affecting both the incidence and time to BCR reported. Despite this bias, this 
analysis is significant as it allows us to better determine which patients are ideal candidates for 
salvage cryotherapy for local disease recurrence. The difference in biochemical failure rates may 
also be due to either tumour characteristics, or unidentified intrinsic technical limitations that are 
encountered when using the same treatment modality twice, as opposed to using two separate 
treatment techniques.  
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GG and PSA nadir have been shown to be significant predictors of biochemical free 
survival post-salvage cryotherapy³. The median PSA nadir was lower in patients having 
previously received RT than in those with previous cryotherapy (0.3 vs 2.0; p=0.044). This 
correlates with our lower biochemical free survival rate in the primary cryotherapy group.  

Limitations of our study include its retrospective design and lack of assessment of 
quality-of-life metrics, in addition to lack of access to pre-salvage patient characteristics 
including testosterone levels and radiation doses.  

Conclusions 
Patients who received salvage cryotherapy following primary radiation therapy had a lower 
overall rate of biochemical failure and a longer duration without recurrence, demonstrating that 
salvage cryotherapy may offer more durable oncological control when treating recurrent prostate 
cancer post-radiation therapy. This data will allow for improved counselling for patients 
regarding management of their recurrent prostatic disease. 
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Figures and Tables 
 
Fig. 1. Kaplan-Meier estimate of biochemical recurrence-free survival for patients undergoing 
salvage cryotherapy following primary radiotherapy vs. primary cryotherapy (p<0.01; log-rank). 
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ADT: androgen deprivation therapy; EBRT: external beam radiation therapy; NS: not significant. 
 
 

Table 1. Patient demographics and tumor characteristics for those who received salvage 
cryotherapy from 2007–2017 

 Primary radiotherapy Primary cryotherapy p 

Number of patients 37 21  

Brachytherapy 
4

EBRT 
33

Mean age 67.2±1.0 70.8±1.4 0.03 

Mean Charlson comorbidity 
index 

1.1±0.1 1.4±0.3 NS 

Clinical staging 
T1a/b 
T1c 
T2a 
T2b 
T2c 
T3 
Unknown 

 
0 
13 
6 
4 
2 
1 
11

 
0 
8 
4 
5 
2 
1 
1 

 
 
 
 

NS 

Mean PSA at time of biopsy 6.6±0.6 7.4±0.7 NS

Mean PSA doubling time 
(months) 

17.1±1.8 8.5±1.4 
 

0.002 

Gleason grade 
1 
2 
3 
4 
5 
Unknown 

 
6 
13 
4 
9 
3 
2

 
4 
4 
1 
10 
2 
0 

 
 
 

NS 

Prostate volume  26.2±1.5 28.9±2.6 NS

Prostate length 39.5±1.2 39.5±1.7 NS

Received ADT 7 2 NS
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BCF:  biochemical failure; NS: not significant; PSA: prostate-specific antigen. 
 
 
  

Table 2. Comparison of primary and secondary oncological outcomes of salvage cryotherapy 
patients following primary radiation vs. primary cryotherapy 

 Primary radiotherapy Primary cryotherapy p 

Median followup duration 
(months) 

56.1 61.1  

Median PSA nadir 0.3 2.0 0.044

Number of patients to BCF 
(Phoenix criteria) 

21 17 0.001 

Median time to BCF 
(months) 

18 13 0.002 

Number of patients with 
metastatic progression 

7 4 NS 

Require further oncological 
treatment 

14 13 NS 

Complications  
Total 
Bladder neck contracture 
Infection 
Other 

 
5 
4 
1 

 
3 
0 
2 
1 
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Table 3. Results from Cox proportional hazard regression analysis for risk of 
biochemical recurrence 

 HR 95% CI p 

PSA doubling time 
(months) 

0.94 0.90–1.00 0.035 

Primary cryotherapy 2.4 1.1–5.4 0.033 

CI: confidence interval; HR: hazard ratio; PSA: prostate-specific antigen. 
 


