BJR

Received: Revised: Accepted:
18 August 2019 17 October 2019 24 October 2019

Cite this article as:

© 2020 The Authors. Published by the British Institute of Radiology
https:/doi.org/10.1259/bjr.20190719

Cha DI, Song KD, Kang TW, Lee MW, Rhim H. Small masses (<3 cm) diagnosed as hepatocellular carcinoma on pre-treatment imaging:
comparison of therapeutic outcomes between hepatic resection and radiofrequency ablation. Br J Radiol 2020; 93: 20190719.

FULL PAPER

Small masses (<3 cm) diagnosed as hepatocellular
carcinoma on pre-treatment imaging: comparison of
therapeutic outcomes between hepatic resection and

radiofrequency ablation

DONG IK CHA, KYOUNG DOO SONG, TAE WOOK KANG, MIN WOO LEE and HYUNCHUL RHIM

Department of Radiology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, 06351, Republic of Korea

Address correspondence to: Dr Kyoung Doo Song
E-mail: kd3893.song@samsung.com

Objective: To compare therapeutic outcomes between
hepatic resection (HR) and radiofrequency ablation
(RFA) for small hepatic masses diagnosed as hepatocel-
lular carcinoma (HCC) on pre-treatment imaging study.

Methods: Our institutional review board approved this
retrospective study, and informed consent was waived.
Patients with a single (£3cm) mass diagnosed as HCC
on pre-treatment imaging study between January 2008
and December 2009 who underwent HR (n = 145) or
RFA (n = 178) were included. Recurrence-free survival
(RFS) and overall survival (OS) were assessed. In the HR
group, the false-positive rate for imaging diagnosis was
calculated. For the RFA group, the local tumor progres-
sion rate was calculated.

Results: RFS rates at 5 years were 59.3% for the HR group
and 32.2% for the RFA group. OS rates at 5 years were
85.4% for the HR group and 76.8% for the RFA group. In

INTRODUCTION

Many studies have compared therapeutic outcomes of
hepatic resection (HR) and radiofrequency ablation (RFA)
for hepatocellular carcinoma (HCC). RFA is comparable to
HR in terms of long-term survival in patients with early-
stage HCC based on the results of previous studies.' ™

However, many retrospective studies that compared ther-
apeutic outcomes between HR and RFA for HCC have
problematic patient selection.®'® While patients with
pathologically confirmed HCC after surgery comprised
the HR group, patients with HCC diagnosed via imaging
without pathologic confirmation were included in the RFA
group. These non-uniform inclusion criteria may cause
various problems. First, false-positive diagnosis of HCC can
only be included in the RFA group. The most widely used
criteria for imaging diagnosis of HCC are enhancement

the RFA group, cumulative local tumor progression rates
were 8.3 and 20.2% at 1 and 3 years. Treatment modality
was not an independent prognostic factor for either RFS
or OS on multivariate analysis. The false-positive rate for
HCC diagnosis based on imaging criteria was 4.8% in the
HR group.

Conclusion: The imaging criteria for diagnosis of HCC
have a high positive predictive value. Multivariate anal-
ysis showed that RFS and OS rates were not significantly
different between HR and RFA for small hepatic masses
diagnosed as HCC on pre-treatment imaging.

Advances in knowledge: Treatment modality (hepatic
resection vs RFA) was not an independent prognostic
factor for both RFS and OS for small masses (<3cm)
diagnosed as hepatocellular carcinoma on pre-treatment
imaging.

on arterial phase and wash-out on portal venous or
delayed-phase multiphasic contrast-enhanced CT or MRL'
Although the criteria showed a relatively high positive
predictive value, there were still false positives.'"'? Second,
HCC with various imaging findings can be included in the
HR group, whereas HCC with typical imaging findings can
be included in the RFA group. Several studies have reported
that therapeutic outcomes can vary according to imaging
findings of HCC,"' so this method of patient selection
may affect therapeutic outcomes after HR and RFA.

To minimize this problem in patient selection, the same
inclusion criteria must be applied to both HR and RFA
groups. In real clinical circumstances, hepatic masses
in high risk patients are diagnosed as HCC if they show
typical imaging findings, and treatment is initiated without
tissue confirmation. Under these clinical circumstances,
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only masses that were diagnosed as HCC on imaging studies
before treatment should be included to apply the same inclusion
criteria to both HR and RFA groups. Therefore, we compared
therapeutic outcomes between HR and RFA for small hepatic
masses that were diagnosed as HCC on pre-treatment imaging.

PATIENTS AND METHODS

The institutional review board of Samsung medical center
approved this retrospective study, and the need for informed
consent was waived.

Patients

A total of 43,659 liver CTs or MRIs were taken at Samsung
medical center between January 2008 and December 2009. Step-
wise search was conducted to find patients who had a hepatic
mass (<3cm) diagnosed as HCC on pre-treatment imaging
study. First, a computerized text search was performed with
radiologic reports. The following terms were searched for:
“HCC” or “hepatocellular carcinoma.” Then, reports with the
term “no evidence of HCC” were excluded. Second, a comput-
erized search of our electronic medical record system was
conducted to identify if a previous history of treatment for HCC
existed. Patients who had prior treatment history for HCC were
excluded at this stage. Third, radiologic reports were reviewed
by a radiologist to identify patients with a single <3 cm mass in
the liver diagnosed as HCC. Fourth, two radiologists reviewed
images to confirm whether the mass showed enhancement on
arterial phase and wash-out on portal venous or delayed phase.
Finally, 453 treatment-naive patients with a single <3 cm mass
that showed typical imaging findings of HCC on imaging study
were identified. Among 453 patients, 145 patients who under-
went HR and 178 patients who underwent RFA as primary treat-
ment were included in this study (Figure 1). Among 323 patients
who underwent HR or RFA as primary treatment, 319 patients
(98.8%) underwent multiphase liver CTs. A total of 313 (96.9%)
of 323 patients underwent contrast-enhanced liver MRIs using
either extracellular fluid agent (n = 17) or hepatobiliary-specific
agents (n = 296).

Treatment of HCC and follow-up

Treatment modality was selected after considering liver func-
tion reserve, tumor location, patient age and surgical risk. The
general inclusion criteria for hepatic resection at our institution
were as follows: (a) single tumor or oligonodular tumors within
a monosegment of the liver, (b) indocyanine green retention
rate less than 20% at 15min, (c) serum total bilirubin level less
than 1.5 mgdl’l, (d) no severe portal hypertension, and (e) no
gross ascites. Inclusion criteria for percutaneous RF ablation
were as follows: (a) single tumor (<5cm in greatest dimen-
sion) or multiple nodular tumors (three or fewer, each <3cm
in greatest dimension), (b) Child-Pugh class A or B disease, (c)
no portal vein tumor thrombosis or extrahepatic metastasis, (d)
prothrombin time ratio greater than 50%, and (e) platelet count
greater than 50,000/mm° (50 x 10°/L).

Hepatic resection was performed by one of two surgeons who
had more than 10 years of experience in hepatobiliary surgery by
the end of the study. RF ablation was performed by one of four
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Figure 1. Inclusion flow chart. HCC, hepatocellularcarcinoma;
RFA, radiofrequency ablation.
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interventional radiologists who had more than 6 years of expe-
rience in RF ablation by the end of the study. After treatment,
follow-up multiphase liver CT or MRI was performed every 3
months during the first 2 years, and every 4-6 months thereafter
according to the risk of recurrence for both HR and RFA groups.

Data acquisition

Baseline characteristics of patients were obtained by reviewing
the electronic medical records of our institution. For the HR
group, pathologic reports were reviewed and the final diag-
nosis for hepatic masses was obtained. To compare therapeutic
outcomes between the two groups, recurrence-free survival (RFS)
and overall survival (OS) were calculated. RFS was defined as the
interval from date of treatment to one of the following events:
intrahepatic recurrence, extrahepatic recurrence, or death. OS
was defined as the interval from date of treatment until death. If
patients underwent liver transplantation, they were considered
censored at the time of liver transplantation. Complications were
stratified according to the Clavien classification of post-operative
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complications, and complications of Grade II or higher were
considered major."> Cumulative local tumor progression (LTP)
rate was evaluated for the RFA group. LTP was defined as the
appearance of new tumor foci at the margin of the ablation zone
after at least one contrast-enhanced follow-up study had demon-
strated absence of viable tumor.'®

Statistical analysis

For the HR group, the positive predictive value of imaging
criteria for diagnosis of HCC was calculated. Continuous data
were evaluated using two-sample ¢ tests or Mann-Whitney tests
depending on the assumption of normality. Categorical variables
were analyzed using * tests or Fisher’s exact tests. Cumulative
LTP, RFS, and OS rates were estimated using the Kaplan—-Meier
method. Prognostic factors for RFS and OS were assessed using
Cox regression models. Proportional hazard (PH) assumption
for Cox proportional hazard model was tested by Schoenfeld’s
method. For variables with violation of the PH assumption, time-
dependent Cox regression was applied. When time dependence
was not significant, Cox proportional hazard model was applied.
Possible risk factors with p-values of 0.1 or less at univariate
analyses were entered into multivariate Cox proportional hazard
models. All statistical analyses were performed using statistical
software (PASW statistical software, v. 18.0; SPSS, Chicago,
IL). p-values < 0.05 were considered indicative of a significant
difference.

RESULTS

Baseline characteristics of patients and tumors are summarized
in Table 1. The median follow-up period was 8.1 years (range,
0.1-10.1 years) in the HR group and 7.4 years (range, 0.1-9.9
years) in the RFA group. The HR group was significantly
younger, had higher a-fetoprotein level, higher platelet count,
higher serum albumin level, and lower prothrombin time. In the

Table 1. Baseline patient characteristics
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HR group, the proportion of patients with hepatitis B virus was
higher. Mean tumor size was significantly larger in the HR group.

Therapeutic outcomes

RFS rates at 1, 3, and 5 years were 85.8%, 67.4%, and 59.3%,
respectively, for the HR group and 81.4%, 46.8%, and 32.2% for
the RFA group, respectively. OS rates at 1, 3, and 5 years were
97.2%, 90.0%, and 85.4%, respectively, for the HR group and
96.6%, 83.9%, and 76.8% for the RFA group, respectively. For the
RFA group, cumulative LTP rates were 8.3%, 20.2%, and 27.4% at
1, 3, and 5 years, respectively (Figure 2).

Analysis of risk factors

Independent prognostic factors for RFS were age [p = 0.007;
hazard ratio, 1.022; 95% confidence interval (CI), 1.006, 1.038]
and platelet count (p = 0.014; hazard ratio, 0.996; 95% CI, 0.992,
0.999) on multivariate analysis (Table 2). Independent prog-
nostic factors for OS were age (p = 0.043; hazard ratio, 1.029;
95% CI, 1.001, 1.057) and prothrombin time (p = 0.023; hazard
ratio, 22.355; 95% CI, 1.550, 322.500) on multivariate analysis
(Table 3). On univariate analysis, the RFS rate was better in the
HR group. However, treatment modality (HR vs RFA) was not an
independent prognostic factor for either RFS or OS on multivar-
iate analysis.

False-positive patients

False-positive imaging diagnosis of HCC (final pathologic diag-
nosis was not HCC) was confirmed in seven patients (4.8%) of
the HR group, including combined HCC and cholangiocarci-
noma (n = 4), cholangiocarcinoma (n = 2), and focal nodular
hyperplasia (n = 1). Both RFS and OS rates were not significantly
different between the HCC group and false-positive patients in
the HR group (p = 0.357and p = 0.582) (Figure 3).

Variable Hepatic resection (n = 145) RF ablation (n = 178) p-value
Mean age (y) 53.3+10.0 56.75+9.5 0.002
Sex (M / F) 108/37 145/33 0.130
Etiology 0.049

HBV 123 131

HCV 12 27

NBNC 10 20
Tumor size (cm) 2.1+0.6 1.8+ 0.5 <0.001
Child-Pugh classification (A/B) 131/14 156/22 0.442
a-feto protein (ng/mL) 376.5+1199.0 102.2 £226.3 0.004
Platelet count (x10°/mm?) 147.9 + 50.4 105.3 +51.1 <0.001
Alanine aminotransferase (IU/L) 40.9 £27.8 40.8 £29.0 0.980
Total bilirubin (mg/dL) 09+0.5 09+0.6 0.228
Albumin (g/dL) 41+04 38+0.5 <0.001
Prothrombin time (INR) 1.1+0.1 1.2+0.1 <0.001

HBYV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio.; NBNC, non B non-C;RF, radiofrequency.
Data represent number of patients with percentages in parentheses or the mean * standard deviation.
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Figure 2. Therapeutic outcomes of the hepatic resection group and radiofrequency ablation group. (a) Recurrence-free survival
rate. (b) Overall survival rate. (¢) Cumulative LTP rate in RFA group.
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Complications

Major complications occurred in two patients (1.4%) in the HR
group. The complications were Grade V, death due to hepatic
failure (n = 2). In the RFA group, major complications occurred
in two patients (1.1%). Both complications were Grade III,
including liver abscess (n = 1) and colon thermal injury with
perforation (n = 1).

DISCUSSION

In our study, therapeutic outcomes of HR and RFA were
compared for small hepatic tumors diagnosed as HCC on pre-
treatment imaging study. Treatment modality was not a signif-
icant prognostic factor for RFS and OS. In addition, imaging
criteria for diagnosis of HCC had a high positive predictive value.
To compare therapeutic outcomes between treatment modal-
ities, the target groups should be the same. However, patient

inclusion criteria for HR and RFA were not the same in many
previous retrospective studies that compared the two treatment
modalities for HCC because biopsy is usually not recommended
if imaging findings are typical for HCC. In our study, the same
inclusion criteria were applied to both HR and RFA groups to
solve this problem. Inclusion criteria were <3 cm hepatic masses
with typical imaging findings of HCC on pretreatment imaging
study. As a result, both HR and RFA groups were expected to
have the same disease population. In this aspect, our study is
valuable compared to previous studies.

The European Association for the Study of the Liver criteria for
the imaging diagnosis of HCC was used in this study, including
enhancement on arterial phase and wash-out on portal venous or
delayed phase of multiphase liver CT or MRL." In the HR group,
seven patients had diseases other than HCC on post-operative

Table 2. Univariate and multivariate analysis of prognostic factors for recurrence free survival

Univariate analysis Multivariate analysis

Variable Hazard ratio p-value Hazard ratio p-value
Group [RFA] 0.531 (0.394, 0.715) <0.001 0.812 (0.572, 1.153) 0.244
Age 1.024 (1.009, 1.038) 0.001 1.022 (1.006, 1.038) 0.007
Sex [male] 0.757 (0.530, 1.081) 0.125
Etiology [hepatitis B virus]* 0.618

Hepatitis C virus 1.384 (0.850, 2.253) 0.272

NBNC 0.962 (0.541, 1.712) 1.000
Tumor size 0.957 (0.736, 1.244) 0.740
Child-Pugh score 1.181 (0.974, 1.432) 0.090 0.833 (0.634, 1.093) 0.188
o-fetoproteint 1.016 (0.861, 1.199) 0.852
Platelet count 0.993 (0.991, 0.996) <0.001 0.996 (0.992, 0.999) 0.014
Alanine aminotransferase 1.002 (0.997, 1.006) 0.448
Total bilirubin 1.140 (0.853, 1.522) 0.376
Albumin 0.559 (0.420, 0.745) <0.001 0.661 (0.432, 1.010) 0.056
Prothrombin time (INR) 8.875 (2.797, 28.164) <0.001 1.949 (0.301, 12.617) 0.484

RFA, radiofrequency ablation; NBNC, non-B non-C; INR, international normalized ratio.
Cox proportional hazards model was used for univariate and multivariate analysis. The reference category for each categorical variable is in the

square brackets in first column.
2Bonferroni correction was used owing to multiple comparisons.

PLog-transformation was used for analysis of a-fetoprotein concentration. Numbers in parentheses represent the 95% confidence interval.
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Table 3. Univariate and multivariate analysis of prognostic factors for overall survival
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Univariate analysis Multivariate analysis
Variable Hazard ratio p-value Hazard ratio p-value
Group [RFA] 0.705 (0.440, 1.131) 0.147
Age 1.032 (1.008, 1.056) 0.008 1.029 (1.001, 1.057) 0.043
Sex [male] 0.598 (0.315, 1.135) 0.116
Aetiology [hepatitis B virus]* 0.114 1.000
Hepatitis C virus 1.979 (1.004, 3.899) 0.048 1.373 (0.640, 2.947) 0.704
NBNC 1.547 (0.687, 3.485) 0.458 1.238 (0.522, 2.937) 1.000
Tumor size 1.547 (1.016, 2.356) 0.042 1.588 (1.035, 2.437) 0.340
Child-Pugh score 1.429 (1.110, 1.841) 0.006 0.906 (0.609, 1.346) 0.624
o-fetoproteint 1.042 (0.792, 1.372) 0.767
Platelet count 0.994 90.989, 0.998) 0.008 0.999 (0.993, 1.004) 0.604
Alanine aminotransferase 0.996 (0.987, 1.004) 0.329
Total bilirubin 1.384 (0.904, 2.119) 0.135
Albumin 0.419 (0.266, 0.661) <0.001 0.679 (0.340, 1.357) 0.273
Prothrombin time (INR) 38.244 (6.678, 219.001) <0.001 22.355 (1.550, 322.500) 0.023

RFA, radiofrequency ablation; NBNC, non-B non-C; INR, international normalized ratio.
Cox proportional hazards model was used for univariate and multivariate analysis. The reference category for each categorical variable is in the

square brackets in first column.
2Bonferroni correction was used owing to multiple comparisons.

b og-transformation was used for analysis of a-fetoprotein concentration. Numbers in parentheses represent the 95% confidence interval.

pathologic results, representing false positive cases. This result
indicates that the positive predictive value of imaging study for
diagnosis of HCC was as high as 95.2%. Although results differ
slightly from study to study, the positive predictive values of
imaging criteria for diagnosis of HCC in previous studies were
comparable to that of our study.'>'*'”'® The diagnoses of the
seven false-positive patients were combined HCC and cholangio-
carcinoma, cholangiocarcinoma, and focal nodular hyperplasia.
Various diseases have been reported to show similar imaging
findings to HCC and and false-positive cases in our study are
also part of these diseases.>!’

In terms of OS, treatment modality was not a significant prog-
nostic factor. Previous studies that compared therapeutic
outcomes between HR and RFA for small HCCs reported that
there was not a significant difference in OS. Our study applied
different inclusion criteria from previous studies. Nevertheless,
our results were not different from those of previous studies.
This is possibly due to the following reasons. First, the false-
positive rate of imaging diagnosis was as low as 4.8%. Therefore,
the effect of these cases on the results may not be significant.
Second, false-positive cases included both malignant tumors
and benign disease. Cholangiocarcinoma and combined HCC
and cholangiocarcinoma have a worse prognosis than HCC.2%-%
Conversely, focal nodular hyperplasia is a benign lesion with a

Figure 3. Comparison of recurrence-free survival and overall survival rates between false-positive patients and HCC patients in the
HR group. (a) Recurrence-free survival rate. (b) Overall survival rate. HCC, hepatocellularcarcinoma; HR, hepatic resection
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better prognosis than HCC. It is possible that the influence of
malignant tumors and benign nodules on OS offset each other.

In our study, age and platelet count were significant prognostic
factors for RFS. RFS was better in the HR group in our study, and
the difference was significant in univariate analysis. However,
treatment modality was not a significant prognostic factor for
RFS in multivariate analysis although the hazard ratio was 0.812.
In the baseline characteristics, the proportion of young patients
with good liver function was high in the HR group. In other
words, the patient’s baseline characteristics may have affected the
choice of treatment modality. Although treatment modality was
a significant prognostic factor for RFS in univariate analysis, the
effect of treatment modality on the RES fell below the statisti-
cally significant level in the analysis that corrected the baseline
characteristics of the patients between two groups. Many studies
reported that RES was better in the HR group than the RFA group.
The reason for the different results of our study from previous
studies is not clear. However, some studies have reported that
RFS was better with RFA in certain patient groups.*** In our
study, the HR group was selected using different criteria from

Cha et a/

previous studies. The difference in patient inclusion criteria may
be the reason for the variation in results on RFS.

There are several limitations in our study. First, this is a retrospec-
tive study and treatment modality (HR vs RFA) was not randomly
selected. Therefore, there were some differences in patient and
tumor characteristics between the two groups. However, multi-
variate analysis was performed to evaluate the effects of treat-
ment modality on therapeutic outcomes and to adjust the effect
of other factors. Second, this is a single-center study. Therapeutic
outcomes can be influenced by operator experience. Therefore,
care should be taken when generalizing our results.

In conclusion, imaging criteria for diagnosis of HCC have a high
positive predictive value. Multivariate analysis showed that RFA
and OS rates were not significantly different between HR and
RFA for small hepatic masses that were diagnosed as HCC on
pre-treatment imaging.
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