
Abstract. Background/Aim: To compare overall survival
(OS) and liver cancer-specific survival (LCSS) of Surveillance,
Epidemiology and End Results (SEER) hepatocellular
carcinoma (HCC) database patients treated with cryoablation
(cryo) or radiofrequency ablation (RFA). Materials and
Methods: This was a retrospective review of Stage I or II HCC
patients from the SEER database treated with cryo and RFA
from 2004-2013. Kaplan–Meier and Cox regressions were
performed on pooled and propensity-matched cohort. Results:
Out of 3,239 patients, RFA showed a significant survival
advantage over cryo in liver cancer specific survival (LCSS)
(HR=1.634 p=0.0004). A total of 91 propensity-matched pairs
had similar OS (HR=1.006 p=0.9768), but no difference in
LCSS was observed between the groups [HR=1.412
(95%CI=0.933-2.137) p=0.1023]. Survival Cox models did
not reveal treatment type as an independent prognostic factor.
Conclusion: Propensity-matched cohort showed no significant
difference in terms of OS and LCSS was found for patients
treated with either cryo or RFA for localized HCC.

Hepatocellular carcinoma (HCC) is the fifth most common
cause of cancer-related death in the United States with a
mortality second only to lung cancer worldwide (1). The
standard of care for surgical candidates includes surgical
resection and/or liver transplantation for early stage HCC. Only
a small minority of patients are candidates for surgical treatment
with curative intent (2). Thermal ablation (TA) has been

established as an alternative to surgical resection for certain
patient populations who are poor surgical candidates or refusing
surgery (3, 4). TA treatments offer a potential survival benefit
for early-stage HCC patient populations, with this benefit
approaching that of surgical resection in certain populations (5). 

Heat-based TA modalities include radiofrequency and
microwave ablation whereas cryoablation relies on freezing
the tissue of interest (6). Of the heat-based modalities,
radiofrequency ablation (RFA), which is the one best
evaluated in the literature, uses conductive heat transfer from
an alternating current to achieve an ablation zone via
coagulative necrosis (6). RFA technical limitations include
impedance from charred tissue and relative tissue
susceptibility to heat sink effects. Conversely, cryoablation
(cryo) causes cell damage by cooling the tissue to –20
to –35˚C forming intracellular and extracellular ice formation
that can lead to extracellular osmolarity shifts and
subsequent cell death (7). Cryoablation technical limitations
include requiring longer freezing times as well as multiple
cryoprobes in order to maintain cooling efficiency (8-10).

While there is a larger body of literature evaluating RFA
because of its earlier development (11) (Table I), cryoablation
literature continues to expand specifically in regard to its role
in liver tumor management (Table I). Historically, RFA has
been implemented in cirrhotic patients because heat-based
methods have relatively lower bleeding complication rates
(12, 13). However, cryoablation technology has evolved to
include thinner probes and using helium-argon instead of
liquid nitrogen as a cryogen (14). Cryoablation is often the
modality of choice when precision is needed for lesions near
vulnerable structures since the ablation zone can be
monitored real time on intraprocedural CT. This element as
well, as cryoablation having a smaller overall ablation zone
has led many physicians to expand its use in HCC (15). At
the time of this publication, however, there has been a limited
number of studies comparing outcomes including overall
survival (OS) and liver cancer-specific survival (LCSS) in
patients treated with cryoablation or RFA.
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A recent systematic review attempted to address this gap
by analyzing 7 geographically diverse prospective studies (3
from Europe, 3 from United States, and 1 from China). The
authors found that there was no significant difference in OS
between RFA and cryoablation (16). One drawback of the
above study was that the percentage of patients with a
recorded survival was only 12% of the population for
cryoablation and 16% of the population for the RFA cohort.
In addition, the three studies in American populations were
not created with complete demographic balancing between
treatment groups, which raises concerns about the influence
of confounding variables in their analysis.

To address some of the shortcomings in the literature, we
used the National Cancer Institute Surveillance, Epidemiology,
and End Results (SEER) database to compare OS and LCSS
in patients with localized HCC (AJCC stage I and II) treated
with RFA and cryoablation between 2004-2013. This large
dataset will average patient factors and institutional treatment
variations in a “real world” patient population to elucidate
differences between the two treatment modalities.

Materials and Methods
This study was exempt from institutional review board approval and
was completed in accordance with the National Cancer Institute
SEER user agreement. The SEER database collects cancer statistics
pooled from 18 registries, covering approximately 28% of the
American population, from diverse geographic locations throughout
the country. Collected data includes patient demographics, primary
tumor site, tumor morphology, stage at diagnosis, first course of
treatment, and survival. Data collection was standardized to ensure
that individual state registry data is acceptable for subsequent data
pooling (1).

Patient population. A total of 3,239 patients diagnosed with AJCC
HCC Stage I or II (tumor grade≤2, node involvement grade=0,
metastasis grade=0) treated with either RFA or cryo from 2004-2013
were identified using the SEER database. TA techniques included
both percutaneous and surgical approaches (laparoscopic and open)
because the database did not distinguish between the two
techniques. Patients with primary tumors other than HCC were
excluded from this study. 

Demographic and clinical data. Demographic and clinical data
included sex, age, race, cancer stage, tumor grade, tumor size,
American Joint Committee on Cancer (AJCC) cancer stage, alpha-
fetoprotein (AFP), and liver fibrosis score.

Outcomes. OS was the primary outcome and LCSS was the
secondary outcome. LCSS refers to patients who died from causes
other than their primary cancer burden. Overall survival in the
SEER database was stratified by either primary death by cancer,
secondary death by cancer, or secondary death by another cause.
The latter two cohorts were excluded from the LCSS group.
Outcomes were calculated using total months survived, which was
included in the database. Overall survival, refers to patients who
were alive at the end of the study. 

Statistical analysis. Baseline demographics and clinical characteristics
were compared with the Chi-Squared test for categorical variables
and non-parametric Wilcoxon sum rank test for continuous variables.
Kaplan–Meier survival curve was performed for OS and LCSS in
patients with HCC who underwent either cryoablation or RFA as a
first-line ablation treatment modality. The log-rank test was used to
examine the statistical significance of the differences observed
between the groups. A Cox proportional hazards model was also
applied to compute hazard ratios (HR) and 95% confidence intervals
(95%CI). A competing risk analysis was applied to LCSS to estimate
the cumulative incidence of LCSS, where death of other causes was
defined as a competing risk event to the main events. A 2-tailed p-
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Table I. Literature review of RFA and cryoablation for HCC.

Study, year                                      No. of                                        Study                                               Median recurrence free          Median overall 
                                                           pts                                           details                                                      survival (mos)                   survival (mos)

Chen et al., 2006 (21)                     180               Prospective RCT (vs. Surgical Resection)                                  >60                                     >60
Huang et al., 2010 (3)                    230               Prospective RCT (vs. Surgical Resection)                                   36                                      >60
Lencioni et al., 2005 (22)               206                             Prospective (single arm)                                                 36                                       49
N’Kontchou et al., 2009 (23)         235                             Prospective (single arm)                                                19.7                                     48
Choi et al., 2007 (24)                     570                             Prospective (single arm)                                                >60                                     >60
Tateishi et al., 2005 (25)                319*                           Prospective (single arm)                                               N/A                                    >60 
Adam et al., 2002 (26)                      33                                      Retrospective                                                          11                                       18
Chen et al., 2011 (27)                       40*                                    Retrospective                                                         ~24                                     >36
Shimizu et al., 2009 (28)                 15                             Prospective (single arm)                                                N/A                                    >36
Adams et al., 2002 (26)                    31                          Retrospective (cryoablation)                                              10                                       21
Zhou et al., 2009 (29)                    124                                        Prospective                                                          N/A                       *31.25, 17.41, 6.82
Xu et al., 2009 (8)                           130                                        Prospective                                                          N/A                                    33.6
Yang et al., 2012 (30)                     300                                      Retrospective                                                        7.1**                                    22
Zhou et al., 1998 (31)                    235                                        Prospective                                                          N/A                                    >36

*Treatment-naïve patients. Authors also reported survival rates for 345 patients with tumor recurrence who subsequently received radiofrequency
ablation. Bold corresponds to cryoablation literature review for HCC patients.



value <0.05 was considered statistically significant. All analyses were
performed within SAS (version 9.4; SAS, Cary, NC, USA).

Propensity matching. Propensity score matching was also applied to
account for confounding demographic variables in this study
population. This technique has been shown to resemble randomized
controlled trials when applied to observational studies (17-19). Age,
gender, race, cancer stage, tumor grade, tumor size, cancer stage and
liver fibrosis score were included in the propensity matching model.
Patients were matched in a 1:1 ratio using the caliper method
(caliper=0.25 standard deviation. Matched pairs Cox regression
models were used to estimate differences in overall survival between
the treatment groups, with treatment as the dependent variable and
background demographic and clinical factors as independent variables. 

Results

Pooled cohort. A total of 3,239 patients (n=94 cryo, n=3145
RFA) were included in the study. Before matching, the
treatment groups were similar demographically with the
exception of age, race and liver fibrosis score (Table II). The
cryo group was significantly older (65.9 years ±10.1 vs. 
62.5 years ±9.7). There were also racial differences, with a

larger majority of cryo patients identified as white (cryo:
83%, n=78; RFA: 65.1%, n=2048). The liver fibrosis score
was also significantly different between the groups (cryo:
fibrosis present 19.2% n=18; RFA: fibrosis present 31.3%
n=985; p=0.0319), although a sizable proportion of patients
in both groups did not have a documented fibrosis score in
the database (cryo: unknown fibrosis 75.5% n=71; RFA:
unknown fibrosis 63.2% n=1989). There was no significant
difference in overall survival in the two unmatched treatment
groups [cryo=29 months (95%CI=21-40 months), RFA=41
months (95%CI=39-43 months) p=0.0657] (Figure 1);
however, RFA showed a significant LCSS advantage over
cryo [HR=1.634 (95%CI=1.24-2.15) p=0.0004] (Figure 1). 

Multivariate cox regression model on OS and LCSS
showed that treatment type was not an independent prognostic
factor; however, Asian/Pacific Islanders [HR=0.66
(95%CI=0.52-0.84), p<0.001], AJCC cancer stage [HR=1.28
(95%CI=1.05-1.55) p<0.05], age [HR=1.16 (95%CI=1.05-
1.27) p<0.05], AFP level [HR=1.42 (95%CI=1.17-1.74)
p<0.001], and tumor size [HR=1.09 (95%CI=1.03-1.14)
p<0.001] were significant prognostic factors for OS (Table
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Table II. Baseline demographic and clinical patient characteristics,
unmatched groups.

Characteristic                   Overall     Cryoablation      RFA        p-Value
                                         % (no.)           % (no.)         % (no.)

Gender                                                                                             0.5311
  Female                        25.1 (813)       22.3(21)        25.2 (792)         
  Male                            74.9 (2426)     77.7. (73)     74.8 (2353)       
Race                                                                                                  0.006
  AI                                  1.6 (51)           0                    1.6 (51)           
  API                              20.9 (677)         8.5 (8)        21.3 (669)         
  Black                           11.5 (372)         8.5 (8)         11.6 (364)         
  Unknown                      0.4 (13)           0                    0.4 (13)           
  White                          65.6 (2126)    83 (78)           65.1 (2048)       
Cancer stage                                                                                    0.7228
  Stage I                         71.8 (2325)     73.4(69)        71.7 (2256)       
  Stage II                       28.2 (914)       26.6. (25)     28.3 (889)         
Tumor grade                                                                                    0.2408
  I (well)                       43 (529)           43.7 (21)      42.9 (508)         
  II (moderately)           45.9 (565)       39.6 (19)      46.2 (546)         
  III (poorly)                  10.6 (130)       14.6 (7)        10.4 (123)         
   IV (Undifferentiated)     0.6 (7)             2.1 (1)           0.5 (6)             
  AFP                                                                                               0.9839
Fibrosis Score                                                                                 0.0319
  0                                    5.4 (176)         5.3(5)            5.4 (171)         
  1                                 31 (1003)         19.2. (18)     31.3 (985)         
  Unknown                    63.6 (2060)     75.5 (71)      63.2 (1989)       
Age mean (std)              62.6 (9.7)        65.9 (10.1)   62.5 (9.7)     0.0008
Tumor size median        30.2 (20-36)  28 (21-38)    27 (20-36)    0.4595
(q1-q3) mm

AI: American Indian; API: Asian Pacific Islander; AFP: alpha-feto-
protein.

Table III. Multivariate Cox Regression analysis results overall survival
and liver cancer-specific survival (LCSS) for cryoablation and RFA:
Backward select method was used.  

Parameter                       Pr                Hazard               95% Confidence 
                                                            Ratio                        Interval

Stage                                                                                                     
   I                                Refer                  -                                              
   II                              0.0017                1.77                 1.24              2.52
Age
   U=10                       0.0515                1.22                 1.00              1.49
AFP                                                                                                       
   Normal                     Refer                  -                                              
   Elevated                  0.0375                1.53                 1.025            2.29
Tumor size
   U=10                       0.0008                1.21                 1.08              1.35
Race (LCSS)              0.0034                                                               
   White                       Refer-                                                                
   AI                            0.2010                0.56                 0.23              1.36
   API                          0.0006                0.66                 0.52              0.84
   Black                       0.8799                1.02                 0.77              1.35
Stage (LCSS)              0.013                                                                
   I                                Refer-                                                                
   II                              0.0130                1.28                 1.05              1.55
Age (LCSS)
   U=10                       0.0025                1.16                 1.05              1.27
AFP (LCSS)                                                                                         
   Normal                     Refer-                                                                
   Elevated                  0.0005                1.42                 1.17              1.74
Tumor (LCSS)
   U=10                       0.0009                1.09                 1.03              1.14

AI: American Indian; API: Asian Pacific Islander; AFP: alpha-fetoprotein;
LCSS: liver cancer specific survival.



III). For LCSS, AJCC stage II [HR=1.77 (95%CI=1.24-2.42)
p<0.01], AFP level [HR=1.53, (95%CI=1.025-2.29) p<0.05],
and tumor size [HR=1.21 (95%CI=1.08-1.35) p<0.001] were
independent prognosticators (Table III).

Propensity matched cohort. Propensity matching produced
91 pairs that had similar background variables (Table IV). In

this population, there was similar OS between the treatment
groups [HR=1.006 (95%CI=0.688-1.469) p=0.9768] (Figure
2). However, in contrast to the pooled cohort, there was also
no difference in LCSS between the groups [HR=1.412
(95%CI=0.933-2.137) p=0.1023] (Figure 2). Of note, OS
was 34 months (95%CI=22-46 months) in the RFA group
and 34 months (95%CI=22-44 months) in the cryo group. 
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Figure 1. Pooled SEER cohort survival curves. Left: Kaplan–Meier curve for unmatched groups shows that there is no significant difference in OS
for patients treated with cryoablation compared with RFA. Right: The cumulative incidence functions for unmatched groups shows that there is a
significantly higher probability of liver cancer specific death in the cryoablation group compared to the RFA group.

Figure 2. Matched SEER cohort survival curves. Left: Kaplan–Meier curve for propensity score-matched cohort shows that there is no significant
difference in OS between the treatment groups. Right: The cumulative incidence functions for matched groups show that there is no significant
difference in the probability of liver cancer specific death between the cryoablation and RFA treatment groups.



Discussion 

The current literature has not come to a consensus regarding
the comparative efficacy of cryoablation versus RFA in the
early stage HCC patient population. A recent study by Wang
et al. enrolled 360 patients with Child-Pugh class A or B
cirrhosis and non-metastatic primary HCC with one or two
lesions ≤4 cm in a multicenter randomized controlled trial
(20). The patients were split equally into cryo (n=180) and
RFA (n=180) arms and the primary endpoint was local tumor
progression. They found that there was a significant
difference in local tumor progression at 1, 2, and 3 years
follow up (3%, 7%, and 7% for cryo and 9%, 11%, and 11%
for RFA, p=0.041). In another study, where local tumor
control was the primary endpoint, 119 consecutive patients
receiving either cryo (n=55) or RFA/microwave therapy
(n=64) were prospectively reviewed. The authors reported
improved local tumor control with the cryo group compared
to the RFA/microwave therapy group (10). Although these
studies were important additions to the general literature,
they did not help to establish the relative performance of
each device as it relates to survival. 

A study by Wu et al., comparing the survival benefit of
cryoablation versus RFA did not find a statistically

significant difference between the two treatments (16). Our
study supports their conclusion, but includes a more diverse
American population, using pooled data collected during
2004-2013. In our propensity matched study, there was no
statistically significant difference in OS or LCSS between
early stage HCC patients treated with either RFA or
cryoablation. Given that the groups were evenly matched
across multiple background variables, we reason that this
study provides a firm observation that there is no survival
difference between the two modalities.

This study has limitations that are the direct result of using
data compiled from the SEER database. First, there are a
variety of diagnostic factors that are not recorded in the
database including performance status, number of tumor(s),
tumor location, medical comorbidities, Childs-Pugh-Turcotte
score, etiology of chronic liver disease, presence/severity of
portal hypertension, differentiating intraoperative versus
percutaneous approach, post-treatment toxicity, and
administration of systemic therapy. Because these factors are
known predictors of survival following TA, this analysis is
unable to account for the effect these factors could have on
patient outcomes. Nevertheless, we suspect that these data
points are likely to be randomly distributed in the SEER
database and their influence on the data would, thus, be
minimal. Further prospective studies that could address the
limitations of the SEER database, including randomized
controlled trials, are needed to better delineate the survival
benefits of these two ablation modalities. Other trials are
investigating the role of cryoablation in biliary tract carcinomas
or in combination with other transarterial therapies. 

Our SEER database retrospective analysis ultimately
found no significant difference in terms of OS and LCSS for
patients treated with first-line cryoablation or RFA.We
anticipate a blending of both ablation and embolization
procedures in the future in order to provide further local
HCC tumor control beyond what just ablation can provide.
Together ablation and embolization therapies could improve
outcomes over just one treatment modality in itself. 
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