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Abstract
Background: We are aiming to compare the oncologic outcomes between cryoablation and radiation
therapy for low or intermediate risk localized prostate cancer.

Methods : Among patients diagnosed between 2004 and 2016 in SEER databases, we identi�ed cases
con�rmed low or intermediate risk prostate adenocarcinoma treated with radiation treatment (n = 93041)
or cryoablation (n = 2350). Propensity score matching (PSM) was performed. Kaplan-Meier method, Cox
proportional hazards model were used to calculate cancer speci�c mortality (CSM) and overall survival
(OS) in the unmatched and matched cohort, and in subgroups based on clinical characteristics.

Results: A total of 95391 patients who were diagnosed with �rst prostate adenocarcinoma and treated
with radiation treatment (97.54%) or cryoablation (2.46%) were identi�ed. In the matched cohort,
cryoablation group has similar CSM (HR 1.13, 95%CI 0.72-1.77, P=0.6) and worse OS (HR 1.20, 95%CI
1.04-1.39, P=0.01) than radiation treatment group in the non-adjusted model as well as those in the
adjusted model (HR 1.06, 95%CI 0.68-1.65, P=0.8; HR 1.18, 95%CI 1.02-1.36, P=0.02, respectively). For low
risk disease, CSM and OS outcomes were similar between cryoablation and radiation treatment group.
Last but not least, for intermediate risk patients, compared with radiation treatment group, cryoablation
group has similar CSM (HR 1.26, 95%CI 0.90-1.77, P=0.2) and inferior OS (HR 1.17, 95%CI 1.04-1.32,
P=0.01).

Conclusion: In summary, for low risk disease, CSM and OS outcomes were similar between cryoablation
and radiation treatment group. For intermediate risk disease, we found that radiation treatment group
showed superior OS than cryoablation group.

Introduction
In the current era, prostate cancer is a commonly diagnosed malignancy in elderly men 1. With increasing
use of prostate speci�c antigen (PSA) for detection of prostate cancer, the amount of cases of prostate
cancer continue to rise 2, 3. Furthermore, the majority of individuals are diagnosed in the local, early
disease stage. Therefore, the treatment strategy of early prostate cancer is great of importance. Currently,
either radical prostatectomy or radiation treatment is the gold standard of therapy of patients with
localized prostate cancer 4. Although both interventions have favorable long-term oncologic outcomes,
due to targeting the entire prostate gland cause signi�cant complications including incontinence, erectile
dysfunction, and rectal injury et al 5, 6.

Taking the above negative effects of radical prostatectomy or radiotherapy into consideration, therefore,
minimally invasive treatment such as cryoablation maybe the valid alternative to overtreatment and
observation for localized prostate cancer with acceptable oncologic outcomes. At present, which therapy
is better for localized prostate cancer is of growing interest and is worthy of further study. Furthermore,
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favorable oncologic and functional outcomes have been reported from minimal invasive therapies
targeting areas of lesion rather than the entire prostate 7–9.

To the best of our knowledge, multiple consensus groups have highlighted that low risk patients should
not routinely be offered focal therapy and that the ideal patients are those with localized intermediate risk
disease 8, 10, 11. Furthermore, there are rare studies focusing on low or intermediate risk individuals
received either minimally invasive therapy such as cryoablation. To address these unmet objectives, we
performed the cohort study to compare the oncologic outcomes between cryoablation and radiation
therapy for low or intermediate risk prostate cancer cases.

Materials And Methods

Study population
Within the Surveillance, Epidemiology and End Results program (SEER) database (18 cancer registries,
accounting for 26% of the US population), we identi�ed subjects (age at diagnosis ≥ 18 years old) �rst
diagnosed with prostate adenocarcinoma as the primary malignancy on the basis of anatomic site using
the International Classi�cation of Diseases for Oncology histologic types (ICD-O code 8140) between
2004 to 2016. According to European Association of Urology guideline 12, only low or intermediate risk
patients were included in this series. Furthermore, prostate adenocarcinoma was the only tumor.
Individuals with death or autopsy certi�cation were excluded from this study. The therapy strategy of
patients was radiation treatment or cryoablation.

Covariates
Baseline clinical characteristics were adjusted for analyses, including age, PSA, T stage, Gleason Score,
marital status, race and risk strati�cation.

Outcomes
The outcomes consisted of cancer speci�c mortality (CSM) and overall survival (OS) estimated by
Kaplan Meier method.

Statistical analysis
For baseline clinical characteristics, categorical variables are presented in terms of frequency with its
proportion. Statistical difference between proportions of the two groups (cryoablation vs. radiation
treatment) was determined by Chi-square test. CSM and OS were compared of two groups by using the
unadjusted Kaplan Meier curves with the log-rank test followed by Cox regression models adjusting for
several demographic and tumor characteristics.

Subgroup analyses were performed by stratifying patients by age, T stage, PSA, Gleason Score and risk
strati�cation. To con�rm the results, we performed a secondary analysis using propensity score matching
(PSM) since two groups differed signi�cantly in some of the baseline characteristics.
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Propensity scores were estimated in multivariable logistic regression models, where the dependent
variables was the treatment (cryoablation vs. radiation treatment). The independent variables (age, PSA,
T stage, Gleason Score, race and risk strati�cation) were performed in the PSM analysis. The greedy
matching method within speci�ed caliper distances was applied to match patients in two groups with the
matching ratio of 1:6 using a caliper equal to 0.0513. Inverse probability of treatment weighing (IPTW)
and standardized mortality ratio weighting (SMRW) calculated with the propensity score to estimate the
relationship between treatment types and outcomes among the entire cohort.

All the analyses were performed with the statistical software packages R (http://www.R-project.org, The R
Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). P < 
0.05 was considered statistically signi�cant.

Results

Baseline clinical characteristics
The baseline clinical characteristics were summarized in Table 1. A total of 95391 patients who were
diagnosed with �rst prostate adenocarcinoma and treated with radiation treatment (97.54%) or
cryoablation (2.46%) were identi�ed. In the unmatched cohort, compared with patients underwent
radiation treatment, those underwent cryoablation were older (P < 0.001), more likely to be white (P = 
0.004), with low PSA (P < 0.001), high T stage (P < 0.001), high Gleason score (GS) (P < 0.001) and
intermediate risk (P < 0.001).
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Table 1
Baseline characteristics of unmatched cohort and matched cohort.

Characteristics Before matching   After matching  

RT
n = 93041

  cryoablation
n = 2350

P-
value

RT
n = 14100

cryoablation
n = 2350

P-
value

Age (years) 66.66 ± 
7.73

  68.91 ± 7.55 < 
0.001

68.97 ± 
7.56

68.91 ± 7.55 0.7

PSA (ng/ml) 7.05 ± 3.41   6.72 ± 3.35 < 
0.001

6.83 ± 
3.30

6.72 ± 3.35 0.1

T stage       < 
0.001

    0.5

T1 82281
(88.44%)

  1993
(84.81%)

  11855
(84.1%)

1993
(84.8%)

 

T2a 7784
(8.37%)

  242
(10.30%)

  1569
(11.1%)

242 (10.3%)  

T2b 2976
(3.20%)

  115 (4.89%)   676
(4.8%)

115 (4.9%) 0.4

GS       < 
0.001

    0.7

3 + 3 50100
(53.85%)

  1135
(48.30%)

  6709
(47.6%)

1135
(48.3%)

 

3 + 4 29796
(32.02%)

  827
(35.19%)

  4960
(35.2%)

827 (35.2%)  

4 + 3 13145
(14.13%)

  388
(16.51%)

  2431
(17.2%)

388 (16.5%)  

Marital status       0.07     0.1

Married 64723
(69.56%)

  1658
(70.55%)

  9929
(70.4%)

1658
(70.6%)

 

Single 9793
(10.53%)

  220 (9.36%)   1337
(9.5%)

220 (9.4%)  

Divorced/Widowed 10861
(11.67%)

  256
(10.89%)

  1702
(12.1%)

256 (10.9%)  

Unknown 7664
(8.24%)

  216 (9.19%)   1132 (8%) 216 (9.2%)  

Race       0.004     0.3

RT = radiation treatment; PSA = prostate speci�c antigen; GS = Gleason Score
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Characteristics Before matching   After matching  

RT
n = 93041

  cryoablation
n = 2350

P-
value

RT
n = 14100

cryoablation
n = 2350

P-
value

White 70481
(75.75%)

  1857
(79.02%)

  10896
(77.3%)

1857 (79%)  

Black 16764
(18.02%)

  370
(15.74%)

  2336
(16.6%)

370 (15.7%)  

Other 4537
(4.88%)

  97 (4.13%)   682
(4.8%)

97 (4.1%)  

Unkown 1259
(1.35%)

  26 (1.11%)   186
(1.3%)

26 (1.1%)  

Risk strati�cation       < 
0.001

    0.5

Low risk 42597
(45.78%)

  967
(41.15%)

  5684
(40.3%)

967 (41.1%)  

Intermediate risk 50444
(54.22%)

  1383
(58.85%)

  8416
(59.7%)

1383
(58.9%)

 

RT = radiation treatment; PSA = prostate speci�c antigen; GS = Gleason Score

Unmatched cohort
Kaplan-Meier survival curves for CSM and OS are presented in Fig. 1. Results showed that CSM was
similar between radiation treatment and cryoablation group (P = 0.17) (Fig. 1a). Furthermore, the radiation
treatment group has a better OS than cryoablation group (P < 0.0001) (Fig. 1b). In the unmatched cohort,
compared with radiation treatment group, Cox proportional hazards model manifested that cryoablation
group has similar CSM (HR 1.24, 95%CI 0.91–1.69, P = 0.2) and worse OS (HR 1.37, 95%CI 1.25–1.51, P < 
0.00001) in the non-adjusted model, which was supported by the adjust model (HR 1.09, 95%CI 0.80–
1.48, P = 0.6; HR 1.18, 95%CI 1.07–1.30, P = 0.0008, respectively) (Table 2).
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Table 2
Comparison of CSM or OS between cryoablation vs. RT in the unmatched cohort.

Exposure   Non-adjusted   Adjust  

    HR(95%CI) P value   HR(95%CI) P value  

CSM              

RT   1     1    

cryoablation   1.24
(0.91, 1.69)

0.2   1.09
(0.80, 1.48)

0.6  

OS              

RT   1     1    

cryoablation   1.37
(1.25, 1.51)

< 0.00001   1.18
(1.07, 1.30)

0.0008  

CSM = cancer-speci�c mortality; OS = overall survival; RT = radiation treatment; HR = hazard ratio, CI = 
con�dence intervals

* P < 0.05; **P < 0.01; ***P < 0.001; **** P < 0.0001

Non-adjusted model adjust for: None

Adjust model adjust for: Age; T stage; PSA; GS

HR: represents the association of cryoablation versus RT with outcomes. HR 1 indicates an increased
risk of outcome in patients receiving cryoablation.

In exploratory subgroup analyses, Cox proportional hazards model showed that CSM and OS were similar
between radiation treatment group and cryoablation group for quartile 1(Q1) and quartile 3 (Q3) of age.
Nevertheless, for quartile 2 (Q2) of age, cryoablation group has similar CSM (HR 1.38, 95%CI, 0.68–2.78,
P = 0.4) and worse OS (HR 1.60, 95%CI 1.27–2.01, P 0.0001) than radiation treatment group as well as
quartile 4 (Q4) of age (HR 1.19, 95%CI 0.79–1.79, P = 0.4; HR = 1.18, 95%CI 1.04–1.34, P = 0.01,
respectively). Then, compared with radiation treatment group, cryoablation group has similar CSM and
inferior OS (HR 1.12, 95%CI 0.81–1.56, P = 0.5; HR 1.16, 95%CI 1.04–1.28, P = 0.007, respectively).
Nevertheless, CSM and OS were similar between radiation treatment and cryoablation group for T2a and
T2b patients. In addition, for patients with PSA (4–10 ng/ml), Cox regression showed that cryoablation
group has similar CSM (HR 1.00, 95%CI, 0.68–1.46, P = 0.9) and worse OS (HR 1.18, 95%CI 1.05–1.32, P 
= 0.005) than radiation treatment group. For patients with GS = 3 + 3, cryoablation group has worse OS
than radiation treatment group (HR 1.16, 95%CI 1.00-1.34, P = 0.04). For patients with GS = 4 + 3,
compared with radiation treatment group, cryoablation group has higher CSM (HR 1.64, 95%CI 1.00-2.67,
P = 0.04) and inferior OS (HR 1.33, 95%CI 1.08–1.63, P = 0.007). Furthermore, for low risk patients, CSM
and OS outcomes were similar between cryoablation and radiation treatment group. Last but not least,
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for intermediate risk patients, compared with radiation treatment group, cryoablation group has similar
CSM (HR 1.26, 95%CI 0.90–1.77, P = 0.2) and inferior OS (HR 1.17, 95%CI 1.04–1.32, P = 0.01) (Fig. 2).

Propensity-score matched cohort
The propensity score-matched cohort included 14100 patients in radiation treatment group and 2350
patients in cryoablation group. After propensity score balancing, covariate balance was achieved for all
included variables (Table 1). In the matched group, cryoablation group has similar CSM (HR 1.13, 95%CI
0.72–1.77, P = 0.6) and worse OS (HR 1.20, 95%CI 1.04–1.39, P = 0.01) than radiation treatment group in
the non-adjusted model as well as those in the adjusted model (HR 1.06, 95%CI 0.68–1.65, P = 0.8; HR
1.18, 95%CI 1.02–1.36, P = 0.02, respectively) (Table 3).

Table 3
Comparison of CSM or OS between cryoablation vs. RT in the matched cohort.

Exposure   Non-adjusted   Adjust  

    HR(95%CI) P value   HR(95%CI) P value  

CSM              

RT   1     1    

cryoablation   1.13
(0.72, 1.77)

0.6   1.06
(0.68, 1.65)

0.8  

OS              

RT   1     1    

cryoablation   1.20
(1.04, 1.39)

0.01   1.18
(1.02, 1.36)

0.02  

CSM = cancer-speci�c mortality; OS = overall survival; RT = radiation treatment; HR = hazard ratio, CI = 
con�dence intervals

* P < 0.05; **P < 0.01; ***P < 0.001; **** P < 0.0001

Non-adjusted model adjust for: None

Adjust model adjust for: Age; T stage; PSA; GS

HR: represents the association of cryoablation versus RT with outcomes. HR 1 indicates an increased
risk of outcome in patients receiving cryoablation.

Sensitivity analysis
In IPTW and SMRW model, cryoablation is associated with inferior OS (IPTW: HR 1.20, 95% CI 1.17–1.22,
P < 0.00001; SMRW: HR 1.18, 95%CI 1.02–1.36, P = 0.02) in Cox proportional hazards model adjusted for
age, T stage, PSA and GS. In IPTW model, furthermore, cryoablation is associated with inferior CSM (HR
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1.09, 95% CI 1.01–1.17, P = 0.02) in Cox proportional hazards model adjusted for age, T stage, PSA and
GS. Nevertheless, in SMRW model, cryoablation group has similar CSM (HR 1.06, 95% CI 0.68–1.65, P = 
0.8) than radiation treatment group in Cox proportional hazards model adjusted for age, T stage, PSA and
GS (Table S1).

Discussion
Previously studies had demonstrated that cryoablation is an effective treatment and minimally invasive,
with low surgical risk, low morbidity, with good results in the long follow-up in terms of survival,
biochemical recurrence, CSM and OS, for low risk patients 14. Nevertheless, the consensuses that low risk
patients should not routinely be offered focal therapy and the ideal patients receiving cryoablation are
those with intermediate risk disease have been highlighted 8, 10, 11. Furthermore, another series revealed
that cryoablation for intermediate results in good rates of cancer control and low rates of treatment
related side effects 4. In this study, therefore, we report the CSM and OS outcomes in patients with low or
intermediate risk.

In this retrospective cohort of prostate adenocarcinoma with low or intermediate risk, �rstly, we found that
cryoablation and radiation treatment are equal for all patients in terms of CSM. Nevertheless, results
manifested that radiation treatment group has a better OS than cryoablation group.

A meta-analysis showed that �ve-year biochemical recurrence of salvage cryoablation is similar to
salvage radiotherapy for high risk and locally recurrent prostate cancer. Nevertheless, for high risk
prostate cancer, cryoablation showed an advantage than radiation treatment 15. Then, another study
found that focal cryoablation in patients with clinically unilateral, low-intermediate-risk prostate cancer
appears favorable, and the side-effect pro�le is low 16. In addition, Durand M et al. 17manifested that
cryoablation is a low-morbidity option in patients with low-risk diasease. Our results showed that
cryoablation is similar to radiation treatment in terms of CSM and OS for low risk patients. Nevertheless,
we found that radiation treatment group has superior OS than cryoablation group for intermediate risk
patients.

To the best of our knowledge, this is the �rst study that uses SEER database to compare cryoablation
with radiation treatment for low or intermediate risk patients. In order to explain our �ndings, we explored
survival bene�t in each subgroup strati�ed by baseline characteristics. Although the radiation treatment
group were younger, and more likely to be with early stage, low GS and low risk, we adjusted for baseline
characteristics which could potentially bias the comparison in Cox proportional hazards model and
competing risk model to con�rm the robustness of our �ndings.

This study is not without limitations. Firstly, it is the retrospective nature of this study. Secondly, the SEER
database does not provide information on several variables that could be of interest and value such as
biochemical recurrence as well as recurrence free survival would add to the quality of the analyses.
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Given the retrospective nature of our study, the results were interpreted with caution. Further prospective
studies are needed to investigate the optimal risk strati�cation for choosing which therapy to perform.
Maybe randomized clinical trial would perform subgroup analysis of risk strati�cation and minimize
selection bias of patients’ dispositions like comorbidities and tumor complexity.

Conclusion
In summary, for low or intermediate risk disease, cryoablation group showed similar CSM and inferior OS
than radiation treatment group. Furthermore, for low risk disease, CSM and OS outcomes were similar
between cryoablation and radiation treatment group. For intermediate risk disease, we found that
radiation treatment group showed superior OS than cryoablation group.

Abbreviations
PSM, propensity score matching; CSM, cancer speci�c mortality; OS, overall survival; PSA, prostate
speci�c antigen; IPTW, inverse probability of treatment weighing; SMRW, standardized mortality ratio
weighting; RT, radiation treatment; HR, hazard ratio; CI, con�dence intervals; SEER, Surveillance,
Epidemiology and End Results program.
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Figures

Figure 1
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CSM (a) and OS (b) between cryoablation and radiation treatment in the unmatched cohort.
cryo=cryoablation.

Figure 3

Subgroup analysis of CSM (a) and OS (b) between cryoablation and radiation treatment in the
unmatched cohort strati�ed by baseline characteristics in the unmatched cohort.
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