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ABSTRACT

Background. To compare the survival of Chinese cirrhotic patients with hepatocellular carcinoma (HCC) < 4 cm who underwent
radiofrequency ablation (RFA) alone or a combination of RFA with percutaneous ethanol injection (PEI). Material and methods.
Retrospective analysis was performed for 681 cases with HCC < 4 cm who were treated with RFA alone or RFA combined with PEI
(RFA + PEI) between 2004 and 2011. Results. As a result, 180 patients in each group were selected after propensity score
matching (PSM). Higher overall survival (OS) and recurrence-free survival (RFS) rates were achieved by RFA + PEI compared with
RFA alone (P = 0.019 and 0.009, respectively). The 1-, 3-, and 5-year cumulative OS rates were 78.0, 44.4, and 30.1% for patients
in RFA group and 88.2, 58.0, and 41.1% for patients in RFA + PEI group, respectively. Besides, the 1-, 3-, and 5-year cumulative
RFS rates were 77.0, 43.8, and 29.2% in RFA group, and 87.9, 57.6, and 38.4% in RFA + PEI group, respectively. The local recur-
rence, complete ablation and five-year mortality showed no distinct differences between RFA and RFA + PEI groups in three sub-
groups classified with tumor size. Moreover, Cox regression multivariate analysis results showed that sex and treatment approach
were significantly related to OS, whereas sex, status of HBsAg, local recurrence, and number of tumor nodule were related to RFS.
Conclusion. Therefore, the combination of RFA and PEI yielded better OS and RFS rates than RFA alone for Chinese patients
with HCC < 4 cm.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most
common tumor and ranks the third most common cause
of cancer-related deaths worldwide.!? According to the
World Health Organization, the as burden of HCC is ex-
pected to continue to increase until 2030, and this tumor
has the second highest increase in overall death rate.?

Surgical treatments, including hepatic resection and
liver transplantation, are considered as the most effective
treatments for HCC. Unfortunately, because of the limit-
ed availability and inadequate function of the liver for re-
section or transplantation, less than 20-25% of HCC
patients have been treated surgically.* Minimally invasive

percutancous treatments are considered to be the best
treatment alternatives for small HCC patients who are not
eligible for surgical resection or transplantation.> Percu-
tancous ethanol injection (PEI), a well-tolerated and inex-
pensive treatment schedule with few adverse effects, little
complications, and a low risk of tumor seeding, has been
shown to maintain the same overall survival (OS) and re-
currence-free survival (RFS) as surgical resection.>” Fur-
thermore, tumor ablation technologies, such as microwave
and radiofrequency ablation (RFA), have been found to be
effective for promoting thermally mediated coagulation
necrosis for primary HCC.® RFA has evolved from a palli-
ative tool to a curative treatment modality.”!? Several rand-
omized trials have demonstrated the superior efficacy of
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RFA in treating patients with small HCC (especially < 4
cm) in terms of less operator variability, lower local, and
overall recurrence, and higher RFS than PEL 112

Recently, the combination therapy of RFA and PEI has
been increasingly applied in the treatment of HCC. It is
found that the combination of RFA and PEI is superior to
RFA alone and to PEI alone, and can make significant im-
provement of therapeutic effects in RFA treatment for
HCC with few sessions of treatment.®!3 Moreover, it has
been reported that this combination therapy may obtain
comparable outcomes in larger HCC (3.1-4 cm) and in
high-risk locations.!* However, most of the studies only
focused on the local patients with large or small HCC,
while the long-term effect was limited by the short-term
follow-up period. Therefore, the therapeutic effects of
RFA and RFA + PEI remain to be further confirmed in a
larger cohort of Chinese patients with HCC < 4 cm with
a long-term follow-up period by a precise matching.

In this study, we conducted a retrospective population-
based study to assess the effects of RFA treatment and the
combination treatment of RFA and PEI (under uncon-
trolled conditions and in usual clinical practice) on OS
and RFS of Chinese patients with HCC < 4 cm diagnosed
and treated at the Tumor Hospital of Shandong Province
from 2004 to 2011. Since the validity of treatment effects in
observational studies may be affected by confounding fac-
tors and selection bias, we performed a propensity analysis.

MATERIAL AND METHODS

Patients

Our study was approved by the Ethics Committee of
Weifang Medical College and conformed to the provi-
sions of the Declaration of Helsinki. We obtained
data from the Tumor Hospital Registry of Shandong
Province from 1 January 2004 to 31 December 2011. In all
cases, the diagnosis of cirrhosis was based on laboratory
parameters and ultrasound or computed tomography
features suggesting liver cirrhosis. The inclusive criteria
for the patients were as follows:

¢ All patients were newly diagnosed with HCC and had
cirrhosis (Child-Pugh class A or B).

¢ Patients with HCC nodules < 3 and the largest being
<4 cm in size.

¢ Patients received RFA treatment alone (termed as RFA
group) or a combination of RFA and PEI (termed as
RFA + PEI group).

To reduce occasional confounding, all patients under-
going surgery or any other type of treatment were exclud-
ed. The diagnosis of HCC was based on cytohistological

evidence from liver biopsy specimens or, in the absence of
biopsy results, on the diagnostic criteria of practice guide-
lines of the American Association for the Study of Liver
Disease (AASLD).!> The demographics, clinical charac-
teristics, initial HCC treatments, recurrence, and survival
were recorded from medical records. In this study, the
following variables were analyzed: age, sex, local recur-
rence, tumor family history, complete ablation, tumor
size, nodule number, glutamyl transferase (GT) levels, al-
pha-fetoprotein (AFP) levels, Child-Pugh class, and status
of hepatitis B surface antigen (HBsAg). Patients compen-
sated and staged within the Milan criteria were excluded
from surgical resection or liver transplantation because of
several reasons:

* Special tumor locations (e.g. near the hepatic portal
vein).

* Patients with poor condition or other diseases (diabe-
tes mellitus or impaired renal function).

* The lack of the donors or the high cost of liver trans-
plantation.

* Patients’ choices.

Treatment protocol

RFA was performed percutaneously under ultrasono-
graphic guidance, with the patients under conscious seda-
tion and local anesthesia. After skin disinfection, a
17-gauge straight needle (Cool-tip RF system, Valleylab,
Boulder, CO, USA) type with a 2-3 c¢m active tip, which
was connected to a 200 W radiofrequency (RF)-current
(480 kHz) generator (CTRF-220, Valleylab, Boulder, CO,
USA), was advanced until reaching the tumor. Then the
tumor was ablated through multiple overlapping applica-
tions at a power of 60-120 W for 10-15 min. The end point
of the session was complete ablation of the visible tumor
and at least a 0.5-1.0 cm-wide margin of the normal liver
parenchyma surrounding the tumor. Immediately or 1 day
after RFA, a contrast-enhanced multiphase computed tom-
ography (CT) scan was performed to evaluate the extent of
the treated areas and possible complications, such as bleed-
ing. Two weeks after the session, a second CT scan was
performed to assess the degree of tumor necrosis and to
define the residual viable tumor segments.!® All patients
were followed up with contrast-enhanced CT every 3-6
months.

For the patients treated with the combination treat-
ment of RFA and PEI, the RF electrode was positioned
into the tumor first and a 22-gauge percutaneous transhe-
patic cholangiography needle (Hakko, Tokyo, Japan) was
placed into the tumor under ultrasonographic guidance.
Then ethanol (99%) injection sessions were given to in-
duce necrosis in the viable tumor segments. The volume
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of the injected ethanol (V) was calculated according to the
following formula:

V = 4/3n (y + 0.5)

Where V is the volume of ethanol to be injected and v is
the radius of the tumor. The RFA program was performed
immediately after PEL. The CT was also performed to as-
sess the results of the treatment’s results and any residual
enhancing tumor tissue. Tumor recurrences were treated
with the best possible procedure according to tumor size,
tumor spreading and liver function assessment. In both
groups local recurrences were usually treated using a new
course of the same ablation technique (RFA or RFA +
PEI), but the decision to perform RFA or combination
treatment was left to the operator’s discretion.

Assessment of therapeutic efficacy

Complete ablation was termed as a low attenuated area
in the liver after the treatment. Moreover, we defined the
tumor nodules that appeared in the same hepatic segment
in treated patients as local recurrences and the other tumor
nodules as new lesions. Meanwhile, sonographically guid-
ed fine-needle biopsy was used when possible to obtain a
pathologic diagnosis of recurrences.

Propensity score-matched
(PSM) procedure

To reduce the confounding effects of covariates and
selection bias, we performed propensity score (PS) to
match patients treated with RFA alone or combination
treatment of RFA and PEI. We computed the PS by us-
ing logistic regression with the independent variables,
including age (< 40, 40-65 or > 65), gender (female or
male), local recurrence (yes or no), complete ablation
(yes or no), Child-Pugh class (A or B), status of HBsAg
(positive or negative), family history (positive or nega-
tive), tumor size (< 2.0 cm, 2.0-2.9 cm or 3.0-4.0 cm),
number of tumor nodule (one, two or three). Pairs of
comparable cases were created using propensity-scoring
algorithms (the matching method was 1:1 for the nearest
neighbor, with a caliper of 0.2, and without replace-
ment). To find matched patients from the two groups,
we adopted a caliper matching approach that has the abil-
ity to avoid bad matches (large differences in PS). The
matched sets with the same PS tended to have similar co-
variate distributions in the two groups. Besides, a suba-
nalysis of recurrence and survival between the groups
according to tumor size (< 2.0 cm, between 2.0 and 2.9
cm, and between 3.0 and 4.0 cm) was performed before
and after PSM.

Follow-up

Patients were followed up with contrast-enhanced CT
every 3-6 months, and they were followed until the termi-
nation of this study (December 31, 2011) or until death.
For each patient, tumor recurrence was calculated accord-
ing to the time elapsed from ablation to recurrence diag-
nosis (local or distant). The prospective database was
routinely updated with survival, symptoms, and recur-
rence data.

Statistical analysis

The ¥ test or Fisher’s exact test was used to analyze
categorical data. The Wilcoxon rank-sum test was exerted
to compare nonparametric continuous data, and the Stu-
dent’s t-test was applied if the data were parametric. The
Kaplan-Meier curve with log-rank test was used to com-
pare survival in the two treatment-groups. PS-based analy-
ses were performed for sensitivity analyses to ensure that
previous results were not caused by shortage of covariate
balance. The Cox proportional hazards model was applied
to evaluate the therapeutic effect of RFA and RFA + PEI
on overall death and recurrence before and after adjusting
for significant covariates for baseline characteristics. The
SAS statistical package (version 9.2; SAS Institute, Inc.,
Cary, NC, USA) and SPSS (version 13.0, SPSS Inc., Chi-
cago, IL, USA) were utilized to analyze the data. All P val-
ues were derived from two-tailed tests and a level of P <
0.05 was accepted as statistically significant.

RESULTS

Patient characteristics

Table 1 summarized the descriptive statistics for the
selected groups before and after PSM. We identified 681
Chinese patients with <4 cm HCC from the Tumor Hos-
pital of Shandong Province between 2004 and 2011. Before
PSM, 339 (49.7%) patients had undergone RFA treatment
alone, and 342 (50.3%) were treated with RFA + PEI The
median follow-up periods were 70.0 (95% confidence in-
terval (CI), 58.2-81.8) and 56.0 (95% ClI, 45.5-66.5) months
in the RFA and RFA + PEI groups, respectively. The
mean patient age was 54.2 (SD, 10.5) and 53.0 (SD, 9.7)
years in RFA and RFA + PEI groups, respectively. There
were significant imbalances in clinical characteristics be-
tween the two groups, including complete ablation,
Child-Pugh Class, status of HBsAg, tumor family history,
tumor size, number of tumor nodule and AFP.

Based on the estimated PS, 180 patients who under-
went RFA + PEI were successfully matched one-to-one
with 180 RFA-treated patients. In total, 321 patients were
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excluded from the matched cohort because of a lack of ap-
propriate matching. After PSM, the median follow-up pe-
riods were 66.0 (95% CI, 52.5-79.5) and 60.0 (95% ClI,
36.4-83.6) months in the RFA and RFA + PEI groups,
respectively. The mean age was 53.8 (SD, 8.7) and 53.3
(SD, 9.8) years for patients who underwent RFA alone and
RFA + PEI, respectively. The clinical characteristics of
patients after PS were also well balanced and did not show
any significant difference between the two groups, includ-
ing complete ablation, Child-Pugh Class, status of HBsAg,
tumor family history, tumor size and number of tumor
nodule (Table 1). Meanwhile, there were no significant
differences in gender, local recurrence and y-GT both be-
fore and after matching between two groups. Besides, the
level of AFP showed significant difference between two
groups after matching.

Survival analysis

The absolute numbers of patients died in five years
(five-year mortality) in RFA and RFA + PEI groups after
PSM were 24 and 30, respectively. The median follow-
up periods before and after PSM were 63.0 (95% CI, 53.1-
72.9) and 64.0 (95% CI, 50.4-77.6) months, respectively.
AFP was included as a covariate in the survival analysis.
In the 339 patients who were treated with RFA, the 1-, 3-,
and 5-year cumulative OS rates were 82.6, 54.2, and
40.0%, respectively. The 1-, 3-, and 5-year cumulative
REFS rates were 82.4, 54.0, and 35.1%, respectively. The
median survival time was 42.0 (95% CI, 35.0-48.0)
months. In the 342 patients who were treated with RFA
+ PEI, the 1-, 3-, and 5-year cumulative OS rates were
90.3, 59.3, and 43.1%, respectively. The 1-, 3-, and 5-year
REFS rates were 90.0, 58.5, and 41.0%, respectively. The
median survival time was 48 (95% CI, 41.0-59.0) months.
There was no significant benefit in either OS rates or
RES rates in the RFA + PEI group. Twenty-five patients
(7.3%) who underwent RFA + PEI treatment and 35 pa-
tients (10.3%) treated with RFA alone developed local tu-
mor recurrence, with no significant difference between
the two groups.

Our results after PSM showed that the 1-, 3-, and 5-
year cumulative OS rates were 78.0, 44.4, and 30.1% for
patients in the RFA group, and 88.2, 58.0, and 41.1% in
the RFA + PEI group, respectively. The median surviv-
al time was 32.0 (95% CI, 25.0-43.0) and 46.0 (95% CI,
36.0-59.0) months in RFA group and RFA + PEI group,
respectively. After adjusting of covariates, patients in
the RFA + PEI group showed significantly better
cumulative OS than patients in the RFA group (Figure 1).
In this matched cohort, the 1-, 3-, and 5-year cumulative
REFS rates were 77.0, 43.8, and 29.2% for patients in
the RFA group, and 87.9, 57.6, and 38.4 for patients

in the RFA + PEI group, respectively. Additionally, pa-
tients in RFA + PEI group showed better cumulative
RES than patients in the RFA group (Figure 2), and less
(11, 6.1%) patients in the RFA + PEI group developed
local tumor recurrence than those in the RFA group (21,
11.7%) (Figure 3).

In addition, the subanalysis of patients with tumor size
< 2.0 cm, between 2.0 and 2.9 cm, and between 3.0 and 4.0 cm
was performed before and after PSM. As a result, local
recurrence, complete ablation and five-year mortality
showed no significant differences between patients treated
with RFA and RFA + PEI before and after PSM (Table 2).

Multivariate analysis

The logistic regression analysis results indicated that
age, Child-Pugh class, status of HBsAg, family history,
complete ablation, tumor size, number of tumor nodule,
and AFP levels were significantly related to the treatment
approach (P < 0.05, all variables). These variables were
used to calculate PS indices. Before matching, multivariate
Cox regression analysis results showed that sex, age, treat-
ment, and number of tumor nodule were significantly re-
lated to the OS of HCC patients (P < 0.05) (Table 3).
After matching, according to Cox regression analysis re-
sults, sex and treatment significantly influenced OS (P <
0.05) (Table 3). Besides, multivariate Cox regression anal-
ysis results also showed that sex, age, and local recurrence
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Figure 1. Propensity score-matched Kaplan-Meier curves of patients
treated with radiofrequency ablation (RFA) alone (n = 180) or RFA and
percutaneous ethanol injection (PEI) (n = 180). The 1-, 3-, and 5-year cu-
mulative overall survival (OS) rates were 78.0, 44.4, and 30.1% for patients
in RFA group, and 88.2, 58.0, and 41.1% for patients in RFA + PEI group,
respectively. There was a significant difference in OS between the two
groups (P =0.019).
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DISCUSSION

RFA and/or PEI were widely used as treatment strate-
gies for patients with HCC.! In the present study, we
compared the long-term outcomes of Chinese patients
with HCC < 4 cm treated with RFA alone or combined
with PEI by performing a PSM survival analysis. Our re-
sults indicated that the combination of RFA and PEI im-
proved the OS and RFS rates and decreased the local tumor
recurrence rate in Chinese patients with HCC <4 cm.

We firstly compared the long-term outcomes of total
681 Chinese patients with HCC <4 cm in RFA and RFA
+ PEI groups, and found that the risks of death and recur-
rence were similar in these two groups, as well as their 1-,
3- and 5-year survival rates. These findings are consistent
with those of previous studies showing similar survival
rates in HCC patients (especially those with tumors < 3
cm) undergoing RFA alone and a combination of RFA and
PEI treatment.!®!” In consideration of the baseline differ-
ences between RFA-treated alone and a combination treat-
ment of RFA and PEI, we performed PSM analysis to
decrease the influence of selection bias and confounding
variables in this study. Moreover, Cox proportional haz-
ards regression model is the most common method for
texting the eftect of explanatory variables on time-to-event
outcomes.?’ Then the relative benefit of the combined
therapy vs. RFA therapy alone was assessed using the Cox
proportional regression model and the PS. Those results
demonstrated that HCC patients treated with combined
therapy presented a significantly better OS rate than RFA-
treated alone. Our results were consistent with those of
previous studies, which showed that the combination
treatment of RFA and PEI was more effective than the use
of RFA alone for patients with HCC.%2122 Tumor size is
related to the therapeutic efficiency. In order to assess the
effects of two treatment approaches in different tumor siz-
es, we also performed a subanalysis for patients with tu-
mors < 2.0 cm, between 2.0 and 2.9 cm, and between 3.0
and 4.0 cm before and after PSM. As a result, local recur-
rence, complete ablation and five-year mortality showed
no significant differences between RFA and RFA + PEI
groups in three subgroups classified with tumor size,
which suggested that treatment strategies had no direct re-
lations with the tumor size. However, some studies have
shown that combined treatment of RFA and PEI is effec-
tive for larger HCCs. For example, Lin, et al.?® have found
that combined treatment of RFA and PEI may achieve
comparable long-term outcomes in larger HCC of 3.1-
4.0 cm when compared with HCC < 3.1 cm. Neverthe-
less, only tumors less than 3.1 cm and 3.1-4.0 cm were
performed comparisons in their research. In addition,
since the PSM in this study was performed in the whole
population but not in these subgroups, the clinical and

Table 3. Multivariate analysis of overall survival and recurrence-free survival by the Cox proportional hazards model before and after matching.
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epidemiological characteristics of patients in each subgroup
might be inconsonant. Also, the subtle differences of treat-
ment protocols in several independent researches may in-
fluence the results, such as ablation time, concentration
and volume of ethanol. Even so, based on a large popula-
tion, this study suggests that the combination treatment of
RFA + PEI is more effective than RFA-treated alone in
better survival and local disease control for Chinese pa-
tients with HCC <4 cm.

In this study, AFP level in RFA + PEI group was sig-
nificantly lower than that in RFA group. Shimada, et al.
have found that the positivity of AFP is an independent in-
dicator of a poor prognosis in patients with HCC in terms
of disease-free survival and patient survival.?* However,
the prognostic significance of AFP level is still controver-
sial. Schulze, et al.>> have shown that preoperative AFP
mRNA is not significantly associated with higher inci-
dence of HCC recurrence. Jeng, et al.?° have found that
AFP is not a sensitive marker of HCC cell dissemination.
Therefore, the level of AFP may be not correlated to the
OS and REFS of patients with HCC in our study.

In addition, the Kaplan-Meier curve indicated that the
REFS rates in the RFA group were 77.0, 43.8, and 29.2% at 1,
3 and 5 years after matching, respectively, which were in
agreement with the results of Rossi, ef al.?” The RFS rates
of the combined therapy group after matching were 87.9,
57.6,and 38.4% at 1, 3 and 5 years, respectively. Those re-
sults were similar to those reported by Zhang, et al.,??
which indicated that the combination therapy improved
the RES for patients with HCC < 4 cm. Meanwhile, the
multivariate analysis results showed that the treatment
strategy had no significant influence on RFS. This may be
caused by other factors that were not given in our study,
such as the level of protein induced by vitamin K absence
or antagonists-II (PIVKA-II),? state of HCV antibody and
level of total bilirubin.!* For example, the multiplication
of AFP and PIVKA-II is closely associated with differenti-
ation and microscopic vascular invasion and is found to be
an independent factor for survival (patient survival and
RFS) and recurrence in patients with HCC.? Although
treatment strategy was not the independent influencing
factor for RES, our results suggested that the combined
therapy might achieve better RES in patients with HCC.

Furthermore, the local tumor recurrence rates in RFA
+ PEI group were less than these in RFA group. It is also
showed a lower rate of local recurrence in both groups,
which was in contrast to other previous clinical stud-
ies.*"3! These differences between studies may have been
caused, at least in part, by our selection of patients with
small-sized tumors (nearly 82% cases had a tumor < 3
cm). Additionally, survival time is defined as the interval
between the first treatment and either death or the last fol-
low-up visit.?? In our study, median survival time in both

groups appeared to be higher (36 months in the RFA group
and 41 months in the RFA + PEI group) compared with
other studies.?!?? The reason for this finding may be that
our study cohort mainly had small-sized tumors, leading
to a comparatively better prognosis. Besides, our multi-
variate analysis showed that Child-Pugh class did not af-
fect the OS between patients in RFA and RFA + PEI
groups. This is probably because the patients with Child-
Pugh class C were absent and patients with Child-Pugh
class B were mild (most were B7 scored and a very small
number of patients got mild ascites) in our study. Even so,
our results implied that the combination treatment of RFA
and PEI is superior to RFA-treated alone for Chinese pa-
tients with HCC, especially in patients with HCC <4 cm.

Although our results indicated that PSM is an efficient
and useful method of creating a matched case-control
study to assess the eftects of combined therapy, our study
has some limitations. Firstly, this study was not a rand-
omized study and potential bias may have influenced the
results (e.g., selection of patients for the groups of treat-
ment and possible selective losses). Secondly, our data
analysis originated from secondary data, and some further
information, such as the Barcelona Clinic Liver Cancer
stage, histological type, types of tumor growth, associated
morbidities, and several commonly used parameters (se-
rum transaminase level, platelet count, presence of varices
or ascites) were not available. Thirdly, because the PSM
was only performed in the whole population but not in
each subgroup classified by tumor size, some confounding
factors might exist when we analyzed the subgroups.
Meanwhile, apart from HbsAg status no other information
is available about the etiology of cirrhosis in the patients.
This might also result in unknown bias. In addition, all pa-
tients in our study had tumors < 4 cm. Therefore, wheth-
er the combination of RFA with PEI still yields better OS
and RFS than RFA alone for patients with larger-sized tu-
mors requires further study.

In summary, the combination of RFA and PEI results in
better OS and RFS rates than RFA-treated alone for Chi-
nese patients with HCC 4 cm or less by analyzing a large
cohort with a long-term follow-up. Also, treatment ap-
proach was selected by multivariate analysis as an inde-
pendent factor for OS of patients with HCC <4 cm. The
combination treatment might be an optimal method and
appropriate for use in clinical practice.

ABBREVIATIONS

* AASLD: American Association for the Study of Liver
Disease.

* AFP: alpha-fetoprotein.

* CI: confidence interval.

* CT: computed tomography.
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GT: glutamyl transferase.

HBsAg: hepatitis B surface antigen.
HCC: hepatocellular carcinoma.
OS: overall survival.

PEI: percutaneous ethanol injection.
PS: propensity score.

RFA: radiofrequency ablation.

RES: recurrence-free survival.
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