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Introduction

Hepatocellular carcinoma (HCC) was one of the most 
common cause of cancer-related death in the Asia-Pacific 
region and one with the highest mortality rate worldwide 
(Kew, 2010; Zhu et al., 2016). There are many new 
treatment options in the Barcelona Clinic Liver Cancer 
(BCLC) guideline that have helped improve survival rates.
(Bruix et al., 2005; Bruix et al., 2011; Bruix et al., 2016) 
Selection of the most appropriate treatment regimen is 
determined by disease factors (number and size of the HCC 
as well as portal vein thrombosis and metastasis), liver 
capacity factors (serum bilirubin, portal hypertension), and 
patient’s performance factor. The computed tomography 
(CT) and magnetic resonance imaging (MRI) are powerful 
tools to diagnose, stage, and guide treatment decisions in 
HCC. Radiofrequency ablation (RFA) is a treatment of 
choice in very early and early stage HCC patients that 
have preserved liver function.

Sarcopenia is a condition of decreased skeletal muscle 
mass two standard deviations below healthy adults 
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(Baumgartner et al., 1998; Prado et al., 2008; Fearon et 
al., 2011). The condition is associated with many adverse 
outcomes such as physical disability (Janssen et al., 2002; 
Kim et al., 2016), falls in the elderly (Landi et al., 2012), 
osteoporosis (Ahedi et al., 2014), prolonged hospital stay 
and re-admission (Gariballa and Alessa, 2013), and poor 
quality of life (Boutin et al., 2015). Sarcopenia is often 
observed in cancer patients and the elderly (Cruz-Jentoft 
et al., 2010; Cruz-Jentoft et al., 2014). Studies have 
suggested that sarcopenia is an independent predictor of 
survival in esophageal, gastric, pancreatic, lung, breast, 
and urinary bladder cancer. Furthermore, sarcopenia is 
associated with poor post-treatment outcome such as 
post-operative complications, post-treatment infection 
and delayed recovery (Prado et al., 2008; Gibson et al., 
2015; Jones et al., 2015; Shachar et al., 2016; Deng et al., 
2018; Simonsen et al., 2018).

Sarcopenia can be measured using the middle upper 
arm muscle by anthropometry (Fearon et al., 2011) or 
appendicular skeletal muscle area by dual energy X-ray 
absorptiometry (DXA) (Prado et al., 2008; Fearon et al., 
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2011; Shepherd, 2016; Buckinx et al., 2018; Scafoglieri 
and Clarys, 2018; Walowski et al., 2020). In addition, the 
European Working Group on Sarcopenia in Older People 
(EWGSOP) suggests that sarcopenia is not only low 
muscle mass but also low muscular strength because of 
the non-linear the relationship between muscle mass and 
strength (Cruz-Jentoft et al., 2010). The EWGSOP group 
have classified sarcopenia into pre-sarcopenia, sarcopenia, 
and severe sarcopenia, reflecting the severity of pathology 
in muscle mass, strength, and physical performance (Cruz-
Jentoft et al., 2010; Sergi et al., 2016).

Kamachi et al., (2016) reported a correlation between 
sarcopenia measured by CT scan and the recurrence of HCC 
in patients with hepatitis C-related cirrhosis after curative 
resection or RFA. Sarcopenia and high pre-operative 
α-fetoprotein (AFP) (>40 ng/mL) were independent risk 
factors for the recurrence of HCC. Similarly, Kobayashi 
et al., (2019) found that pre-operative sarcopenic obesity 
and advanced stage of the HCC were independent risk 
factors for HCC recurrence and death after hepatectomy. 
Moreover, a meta-analysis by Chang et al., (2018) also 
reported a significant association between sarcopenia and 
tumor recurrence and all-cause mortality. 

Therefore, we aimed to explore the association 
between sarcopenia and the recurrence of HCC after RFA.

Materials and Methods

This study was a retrospective observational study 
approved by the Siriraj Institutional Review Board (IRB).

Patient Samples and data collection
We searched the electronic database to identify 669 

HCC patients who were treated with radiofrequency 
ablation for the first time at the Siriraj Center of 
Interventional Radiology (SiCIR), Siriraj hospital between 
January, 2011 and August, 2020.

Inclusion criteria
All HCC patients who underwent RFA during January, 

2011 to August, 2020 and has all of the following 
conditions were included:

1. Complete data of CT scan of the upper abdomen/
liver prior to RFA procedure in the patient archiving and 
communication system (PACS) system of Siriraj hospital. 
The time between the CT study and RFA is less than 120 
days.

2. All patients were classified as very early or early 
stages according to the BCLC prior to RFA (Bruix et al., 
2005; Bruix et al., 2011; Bruix et al., 2016; Omata et al., 
2017; European Association for the Study of the Liver. 
Electronic address and European Association for the Study 
of the, 2018).

3. Complete response in the follow up imaging (CT 
scan or MR scan of the upper abdomen/liver) performed 
4-8 weeks after the procedure. Complete response is 
defined as no detectable intratumoral arterial enhancement 
(no viable tumor) and no new evidence of HCC in another 
liver segment by CT or MRI (Vincenzi et al., 2015; Liver, 
2019).

4. Follow-up CT or MRI every 3-6 months, as 
appropriate. Tumor progression or recurrence is defined 
according to the mRECIST criteria (Eisenhauer et al., 
2009; Lencioni and Llovet, 2010; Liver, 2015; Vincenzi 
et al., 2015; Liver, 2019).

Exclusion criteria
1) History of other cancer types
2) History of prior treatment other than RFA such as 

liver transplant or transarterial chemoembolization
3) Incomplete clinical data in the electronic medical 

record
4) No obtainable CT images before or after RFA
5) Significant CT artifact which could obscure 

interpretation or interfere with the analysis of skeletal 
muscle area

After the inclusion and exclusion criteria were 
applied, 56 patients were included. A total of 610 cases 
were excluded due to following conditions; presence of 
other cancer (60 cases), no pre-treatment imaging (180 
cases), underwent other treatment prior to radiofrequency 
ablation (356 cases), no available follow-up imaging 
(4 cases), incomplete/inadequate radiofrequency ablation 
or had residual tumor after treatment (12 cases), and poor 
pretreatment imaging quality due to metallic artifact 
(1 case).

The subjects were divided into sarcopenic 
and non-sarcopenic groups according to their skeletal 
muscle areas (SMI of less than 52.4 cm2/m2 in male and 
38.5 cm2/m2 in female measured by CT at the L3 vertebral 
body level).

The electronic medical record of each subject was 
reviewed for patient demographic data, performance 
status, laboratory findings, disease parameters, radiologic 
examination details, treatment, and post-treatment 
information. Time to recurrence/progression was defined 
as the interval from the date of curative RFA (complete 
response) to date of detectable radiological tumor 
recurrence.

Treatment procedure: RFA
The patients underwent RFA according to the BCLC 

classification and the Thailand guidelines for management 
of hepatocellular carcinoma 2019 (Bruix et al., 2005; 
Bruix et al., 2011; Liver, 2015; Bruix et al., 2016; Liver, 
2019). RFA was performed using the 15-cm LeVeen 
(Boston Scientific) or StarBurst Talon (Balmer Medical) 
radiotherapeutic needle electrode with a 2.0- to 5.0-cm 
ablation zone diameter fit for each lesion under local 
anesthesia and an intravenous sedation. An electrode 
was inserted percutaneously into the lesion assisted by 
ultrasonography or CT. Then, thermal power was delivered 
and adjusted according to the standard protocol until 
the target impedance was reached or echogenic cloud 
was observed. Before the procedural termination, an 
adequate ablative safety margin of at least 5 mm away 
from the tumor border was confirmed to assure complete 
tumor necrosis (Goldberg et al., 2003; Kim et al., 2006; 
Nakazawa et al., 2007; Teng et al., 2015).
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considered as disease recurrence. A suspicious finding 
that did not meet any of the aforementioned recurrence 
criteria was counted as an equivocal lesion. 

Statistical analysis
Descriptive statistics were used to summarize 

demographic data such as age, sex, comorbidities, 
BMI, laboratory findings as well as tumor stage, size, 
and number. For categorical variables including sex, 
comorbidities, tumor stage, tumor size, and tumor number, 
Pearson’s Chi-squared test or Fisher’s exact test was 
used. The obtained data were presented as frequency and 
percentage. Continuous data with normal distribution 
such as age, BMI, albumin, and prothrombin time were 
evaluated with independent-samples T-test and shown 
as mean ± S.D. The Mann-Whitney U test was used 
to assess continuous data with non-normal distribution 
such as AST, ALT, AFP, and total bilirubin which were 
demonstrated in median and range. The Cox proportional 
hazards model was used to analyze associations between 
variables. Time to recurrence was evaluated using the 
Log–rank or Breslow test (Kaplan-Meier method). Any 
variables identified as significant (p value <0.05) or 
showing a value of P <0.10 in univariate analysis with 
the abovementioned tests were deemed as candidates for 
multivariate Cox regression analysis and the results were 
displayed as hazard ratios (HRs) with 95% confidence 
interval (CI). All statistical analyses were performed using 
SPSS version 18.0. A P value that is less than 0.05 was 
considered statistically significant.

Results

Patient characteristics
The patients’ characteristics, laboratory data, and other 

associated information are shown in Table 1. Among the 
56 patients, 37 (66.1%) had sarcopenia and 19 patients 
(33.9%) did not. The distribution of skeletal muscle 
index is shown in Figure 2. No significant difference 
is observed between these two groups in terms of age, 
sex, comorbidities, and laboratory findings. Only the 
BMI and serum ALT level were significantly different 

Image analysis
Skeletal muscle area evaluation
The CT images data were acquired via the eFilm 

Workstation 3.1 and then analyzed in semi-automatic 
manner using Siriraj hospital’s SiSarcopenia 3.0. Axial 
CT slice with 1.25-mm to 1.5-mm thickness was chosen at 
3rd lumbar vertebral level. The target muscle area consists 
of psoas muscles, paraspinal muscles (erector spinae, 
multifidus, and quadratus lumborum), and abdominal 
wall muscles (transversus abdominis, external and 
internal obliques, and rectus abdominis). Semi-automated 
outlining of the aforementioned muscle areas was done 
by including the pixel with attenuation range of -29 to 
+150 HU for muscular selection (Harimoto et al., 2013; 
Kamachi et al., 2016; Yabusaki et al., 2016; Chang et al., 
2018). Manual exclusion was done to make the perfect 
outline of the abdominal and back muscles as shown in 
Figure 1. Automatic calculation into cross-sectional area 
in cm2 was made. The skeletal muscle index was then 
obtained by the following equation.

Sarcopenia was defined as an SMI of less than 52.4 
cm2/m2 in male and 38.5 cm2/m2 in female. 

HCC recurrence evaluation
Recurrence of HCC was made according to the 

tumor progression definition from the mRECIST criteria 
(Eisenhauer et al., 2009; Lencioni and Llovet, 2010; 
Liver, 2015; Vincenzi et al., 2015; Liver, 2019). This was 
a condition when new intrahepatic or extrahepatic HCC 
is found after RFA in this study. The diagnosis of HCC 
recurrence was based on imaging or pathology result 
(if any). By radiologic diagnosis, the lesion must have 
had a longest diameter of at least 1 cm and an arterial 
enhancement pattern typical of HCC with washout in 
portal venous or late venous phase. In addition, a highly 
suspicious lesion that led to further treatment including 
surgery or RFA was counted as recurrent disease. If 
the lesion did not show characteristic enhancement of 
HCC, interval increase in size of at least 1 cm was also 

Skeletal muscle index (SMI) (cm2/m2) =  Lean tissue area at L3 vertebral level (cm2)
Height (m2)

 

1

 

 
Figure 1. Skeletal Muscle Mass Evaluation before (A) and after (B) Cross-Sectional Muscular Delineation. The 
skeletal muscle mass including psoas, paraspinal, and abdominal wall muscles were manually outlined and calculated 
at the L3 vertebral level using a range of -29 to +150 HU. 
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between the sarcopenic and non-sarcopenic groups 
(P<.001 and P=0.035, respectively). The means of the 
BMI were 23.2 kg/m2 and 28.6 kg/m2 and the median for 
the serum ALT were 27 U/L in sarcopenic and 41 U/L 
in the non-sarcopenic groups. The pre-treatment disease 
parameters involving BCLC stage, tumor number, and 
tumor size, revealed no significant difference between 
these two groups (p value>0.56).

Recurrence of HCC
Throughout the 10-year observational interval, there 

were 39 patients who had recurrent cancer and 17 who 
did not (recurrent rate of 69.6 percent). The means and 
standard deviations of the skeletal muscle index in male 
patients with and without HCC recurrence are 48.26 ± 9.38 
cm2/m2 and 47.36 ± 7.68 cm2/m2, respectively. The means 
and standard deviations of the skeletal muscle index in 

Characteristics Non-sarcopenia, n=19 Sarcopenia, n=37 p value
Patient characteristics and profiles
     Age, years, mean ± S.D. 59.6 ± 8.6 62.1 ± 11.7 0.419
     Male: Female, n (%) 12 (63.2%): 7 (36.8%) 28 (75.7%): 9 (24.3%) 0.326
Comorbidities
     Cirrhosis, n (%) 15 (78.9%) 33 (89.2%) 0.423
     Hepatitis B infection, n (%) 11 (57.9%) 14 (37.8%) 0.153
     Hepatitis C infection, n (%) 4 (21.1%) 14 (37.8%) 0.203
     Diabetes mellitus, n (%) 7 (36.8%) 9 (24.3%) 0.326
     BMI, kg/m2, mean ± S.D. 28.6 ± 3.3 23.2 ± 3.1 <0.001
     Albumin, g/dL, mean ± S.D. 3.9 ± 0.6 4.0 ± 0.5 0.743
     Total bilirubin, mg/dL, median (range) 0.8 (0.2-3.9) 0.7 (0.3-2.7) 0.597
     AST, U/L, median (range) 50 (30-155) 41.5 (16-315) 0.344
     ALT, U/L, median (range) 41 (15-119) 27 (10-204) 0.035
     PT, second, mean ± S.D. 13.5 ± 1.4 13.5 ± 1.4 0.948
     AFP, IU/mL, median (range) 9.2 (1.1-989.8) 6.8 (0.8-2519.0) 0.734
Disease parameters before treatment
BCLC stage, n (%) 0.61
     0 8 (42.1%) 13 (35.1%)
     A 11 (57.9%) 24 (64.9%)
Tumor number, n (%) 1
     Single 16 (84.2%) 31 (83.8%)
     Two 3 (15.8%) 6 (16.2%)
Tumor size, n (%) 0.703
     ≤ 30 mm 17 (89.5%) 31 (83.8%)
     > 30 mm 2 (10.5%) 6 (16.2%)

Table 1. Clinicopathological Characteristics of Patients with and without Sarcopenia

AFP, α-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, the Barcelona Clinic Liver Cancer; BMI, body mass 
index (kg/m2); PT, prothrombin time (second)
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Figure 2. Distribution of Skeletal Muscle Index (cm2/m2) at the L3 Vertebral Level 
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female patients with and without HCC recurrence are 
38.10 ± 7.59 cm2/m2 and 38.65 ± 5.54 cm2/m2, respectively. 
There is no significant difference between recurrent and 
non-recurrent groups (P=0.777 for men; P=0.879 for 
women).

Time to recurrence
The median time to recurrence of HCC was 17.6 

months (95% CI, 7.2-28.0 months) in sarcopenic 

patients and 36.7 months (95% CI, 33.7-39.6 months) in 
non-sarcopenic patients (P=0.046). (Figure 3) Recurrence 
rates after 1, 3, and 5 years were 43.0%, 61.4%, and 
100%, respectively, for patients with sarcopenia, and 
21.1%, 49.5%, and 88.0%, respectively, for those without 
sarcopenia. The Child-Pugh score (P=0.018) and tumor 
number (P=0.022) were significantly associated with 
recurrence of HCC. After multivariate analysis, only 
the Child-Pugh score (HR, 2.04; 95% CI, 1.23-3.36; 

Variable Univariate Multivariate
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Patient characteristics and profiles
     Age > 75 years 1.47 (0.52-4.16) 0.474
     Men 1.35 (0.65-2.80) 0.425
     BMI > 25 kg/m2 0.68 (0.36-1.29) 0.234
     Diabetes mellitus 0.46 (0.20-1.05) 0.065
     Albumin < 3.5 g/dL 1.63 (0.76-3.47) 0.207
     Total bilirubin > 1.0 mg/dL 1.63 (0.84-3.17) 0.149
     AST > 35 U/L 1.03 (0.50-2.14) 0.935
     ALT > 40 U/L 1.30 (0.69-2.46) 0.42
     PT 1.09 (0.86-1.39) 0.473
     AFP 1.0 (0.99-1.00) 0.408
     Child-Pugh score 1.75 (1.10-2.77) 0.018 2.04 (1.23-3.36) 0.005
Disease parameters (before treatment)
     Tumor size > 30 mm 1.30 (0.54-3.15) 0.558
     Tumor number 2.52 (1.14-5.55) 0.022 2.68 (1.20-5.99) 0.017
     BCLC stage A 1.17 (0.60-2.28) 0.639
Sarcopenia parameter
     Sarcopenia 1.68 (0.85-3.32) 0.137 2.06 (0.99-4.27) 0.052

Table 2. Univariate and Multivariate Cox Proportional Hazard Models for Recurrence of HCC

AFP, α-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, the Barcelona Clinic Liver Cancer; BMI, body mass 
index (kg/m2); PT, prothrombin time (second)

Number of patients at risk
Without sarcopenia 19 15 12 8 1 0
With sarcopenia 37 19 12 5 3 0

Figure 3. Time to Recurrence after Curative Radiofrequency Ablation of Patients with and without Sarcopenia 
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P=0.005) and tumor number (HR, 2.68; 95% CI, 1.20-
5.99; P=0.017) were significantly and independently 
associated with recurrence of HCC (Table 2).

Discussion

We observed a high incidence of sarcopenia in patients 
with early stage HCC (37 in 56 patient or 66.1 percent) 
compared with a report by Prado et al., (2008) (15%). 
Our result is consistent with a study in HCC patients by 
Kamachi et al. (2016) (61/92; 66.3 percent). Using the 
sarcopenia cut-off values of 52.4 cm2/m2 in male and 38.5 
cm2/m2 in female, we observed no significant difference 
in recurrence rate between sarcopenic and non-sarcopenic 
groups (HR 2.06; P=0.052).  Multivariate Cox analysis 
suggested that sarcopenia may be associated with HCC 
recurrence in Thai patients (P=0.052). This could be due 
to insufficient sample size to demonstrate the substantial 
difference between these two groups. However, the 
calculated p values for sarcopenia are only near the cut-off 
point of statistical significance. Nevertheless, sarcopenia 
is a promising factor of becoming independent risk factor 
for HCC recurrence in Thai population.

The Child-Pugh score and tumor number of HCC 
were confirmed to be independently associated with 
HCC recurrence (P=0.005 and P=0.017, respectively), 
consistent with a 1973 study by Pugh et al. (1973) stating 
the Child-Pugh score as a prognostic predictor in cirrhotic 
patients. The score reflects both clinical and laboratory 
conditions that are important factors in determining 
treatment outcome. Increasing in number of HCC to more 
than one is one of the critical features in distinguishing 
between the very early and early stages according to BCLC 
classification. Our study confirms the higher recurrence 
rate (HR, 2.68; P=0.017). The result also correlates well 
with several studies which show connection of higher 
stage and poorer outcome under the concept of the larger/
more number of the tumor, the poorer outcome (Llovet 
et al., 1999; Sala et al., 2005; Colecchia, 2014; Kao et 
al., 2015; Forner et al., 2018). Despite the association 
of tumor number with HCC recurrence, other features 
such as tumor size of more than 3 cm or BCLC stage A 
were not associated with tumor recurrence in this study 
(P=0.558 and P=0.639, respectively). This could be due 
to advancement in RFA technique which could be done 
safely in case of tumor size of more than 3 cm without a 
change in prognosis.

Consistent with many studies, we observed that 
higher BMI is significantly correlated with the absence 
of sarcopenia (P<0.001) (Harimoto et al., 2013; Levolger 
et al., 2015; Voron et al., 2015; Kamachi et al., 2016; 
Yabusaki et al., 2016; Ha et al., 2018). In general, BMI 
varies directly with body weight (kg), but inversely with 
height squared (m2). Therefore, such calculation tells 
us roughly how the patient might look like in general. 
However, caution is still needed in this regard since the 
mentioned body weight can represent both fat and muscle 
or even ascites. Because muscular mass weighs more than 
fat, a person with a high BMI can be muscular with short 
stature or fat with tall stature. In our study, the high BMI 
in HCC patients might reflect the higher muscular mass 

patient (BMI, 28.6 ± 3.3 kg/m2 in non-sarcopenia and 
23.2 ± 3.1 kg/m2 in sarcopenia; P<0.001). 

 The association between serum ALT and low muscle 
mass has been a topic of research interest (Le Couteur et 
al., 2010; Vespasiani-Gentilucci et al., 2018; Bekkelund 
and Jorde, 2019). A study by Vespasiani-Gentilucci et al. 
(2018) that utilized a different criteria of sarcopenia at 
the leg reported that decreased ALT level is associated 
with frailty, disability, and sarcopenia in elderly. Though 
ALT is mainly found in hepatocytes, it is also aggregated 
in muscle, heart, adipose tissue, intestines, prostate, and 
brain (Panteghini, 1990; Ozer et al., 2008; Liu et al., 2014). 
Thus, we postulate that low ALT is probably due to reduced 
quantities released from muscles into the bloodstream in 
the presence of sarcopenia. Another possible explanation 
is that lower BMI in sarcopenic patients portrays reduced 
risk of developing fatty liver disease (Fan et al., 2018), and 
so does the probability of increased ALT level (Chen et al., 
2008; Miyake et al., 2013; Wang et al., 2013; Loomis et 
al., 2016; Wang et al., 2016). Le Couteur et al. examined 
elderly men and found a dissimilar relationship between 
serum ALT and lean body mass measured by DXA (Le 
Couteur et al., 2010). We suspect that this discrepancy 
could in part be from different population groups in each 
study, including genders and underlying diseases or the 
method of sarcopenia measurement. 

This retrospective study has several limitations. It was 
conducted in a single institution using a small sample size. 
This reduced our ability to detect meaningful associations 
among the variable of interest. There are several different 
definitions of sarcopenia, including the one used in this 
study. To the best of our knowledge, there is no consensus 
definition of sarcopenia in the Thai population. So, we 
decided to use the cut-off values of 52.4 cm2/m2 in men 
and 38.5 cm2/m2 in women, which have been used in the 
Japanese population. Finally, we did not evaluate muscle 
function or strength. 

In conclusion, sarcopenia measured by skeletal muscle 
index (SMI) (cm2/m2) in CT scan is a potential risk 
factor for recurrence of HCC in patients who underwent 
radiofrequency ablation. To confirm this association, 
larger studies are required.
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