
© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2020;11(5):1040-1053 | http://dx.doi.org/10.21037/jgo-20-122

Original Article

Preoperative computed tomography-assessed skeletal muscle 
index is a novel prognostic factor in patients with hepatocellular 
carcinoma following hepatectomy: a meta-analysis
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Background: Recently, several studies have examined the association between preoperative sarcopenia and 
prognosis evaluation in patients with hepatocellular carcinoma (HCC) undergoing hepatectomy. However, 
their conclusions remain ambiguous and controversial. Thus, we conducted a meta-analysis to assess the 
prognostic role of preoperative sarcopenia in patients with HCC undergoing hepatectomy. 
Methods: We searched the existing literature reporting on the prognostic value of preoperative computed 
tomography (CT)-assessed sarcopenia for the survival of patients with HCC undergoing hepatectomy. The 
pooled hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) of overall survival (OS) and 
disease-free survival (DFS) were used to assess the prognostic value of preoperative sarcopenia in HCC 
patients. The associations between preoperative sarcopenia and clinicopathological characteristics were also 
evaluated. 
Results: A total of six studies with 1,420 patients (including 458 sarcopenia and 962 non-sarcopenia 
patients) were included in the meta-analysis. The results showed that preoperative sarcopenia was 
significantly associated with poor OS (HR =1.572, 95% CI: 1.342–1.840, P=0) and shorter DFS (HR =1.544, 
95% CI: 1.178–2.024, P=0.002) in patients with HCC undergoing hepatectomy. Preoperative sarcopenia 
was also significantly related to larger diameter tumors (WMD =0.598, 95% CI: 0.216–0.980, P=0.002). The 
results of the sensitivity analysis were stable in this meta-analysis. Egger’s tests revealed that there was no 
significant publication bias. 
Conclusions: Sarcopenia appears to have significant adverse impacts on postoperative outcomes in patients 
with hepatocellular carcinoma following hepatectomy. However, further large-scale prospective studies are 
needed to confirm our findings.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant carcinomas and is also the fifth cause 
of cancer-related death worldwide (1). Although liver 
transplantation is a possible treatment for early-stage cases, 
the prohibitive costs and limited donors are prohibitive. 
Hepatectomy, radiofrequency ablation, and transarterial 
chemoembolization are more effective alternative treatment 
options to improve the survival rate of patients (2,3). The 
clinical outcome of HCC is related to various factors, 
including liver function, tumor size, differentiation, tumor, 
node, metastasis (TNM) stage, and comorbidities (4,5). 
Improving our understanding of perioperative management 
can reduce morbidity and mortality and improve overall 
survival (OS) and disease-free survival (DFS) for patients 
with HCC. 

Sarcopenia is an age-related decline in muscle mass and 
strength and is a significant cause of the functional decline. 
It is related to chronic diseases such as osteoporosis, 
cirrhosis, and heart failure, as well as a variety of cancers, 
including HCC (6-14). As a preoperative risk assessment 
index, it has attracted extensive attention in recent years. So 
far, a large number of studies have explored the relationship 
between preoperative sarcopenia and postoperative 
prognosis in patients undergoing surgery for HCC  
(15-23). However, the previously reported results remain 
controversial and ambiguous. In 2013, Harimoto et al. (22) 
pointed out that sarcopenia was a risk factor for overall 
survival and recurrence-free survival in Japanese patients 
undergoing liver resection for HCC. Similar results have 
been reported in other studies (20,23). However, in 2019, 
Kroh et al. (17) reported that preoperative sarcopenia was 
not a risk factor for poor postoperative survival in HCC 
patients. We conducted the present meta-analysis in 
order to accurately and comprehensively understand the 
relationship between preoperative skeletal muscle depletion 
and the prognosis of patients with surgically treated HCC.

We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/jgo-20-122).

Methods

Literature search strategy

Literature searches were independently conducted by 
two authors (Yuxia Jing and Ji Yang), covering all articles 
published in PubMed, Embase, and Web of Science before 

July 2020. The keywords were as follows: (“HCC” or “liver 
cancer” or “hepatocellular carcinoma” or “hepatoma” or 
“liver cell carcinoma”), (“sarcopenia” or “sarcopenic” or 
“skeletal muscle depletion” or “muscle index” or “muscle 
mass”), and (“hepatectomy” or “open liver resection” or 
“open hepatectomy” or “laparoscopy” or “resection” or 
“surgery” or “surgical”). Search results were limited to 
articles published in English. The reference list of retrieved 
articles was manually searched to obtain other potentially 
related publications. We evaluated all relevant publications 
to determine the most eligible literature. Disagreements 
between the two authors were resolved by a third reviewer 
(Liqian Xu).

Inclusion and exclusion criteria

The following inclusion criteria were applied to the selection 
of articles for further meta-analysis: (I) studies exploring 
the relationship between preoperative sarcopenia and the 
survival of patients with HCC undergoing hepatectomy; 
(II) studies including at least one of the following outcomes: 
duration of surgery (in minutes), estimated blood loss 
(in milliliters), length of hospital stay (in days), overall 
postoperative complications, severe (Clavien–Dindo ≥3) 
complications, and hazard ratios (HRs) of OS and/or DFS; 
(III) patients were examined regularly and followed up for 
at least 12 months; and (IV) if primary studies involved 
the same patients, the most recent or completed study was 
included. The exclusion criteria were as follows: (I) patients 
with other pathological types of liver cancer or metastatic 
liver cancer; (II) patients with postoperative sarcopenia or 
those not surgically treated; and (III) conference abstracts, 
review articles, case reports, and experiments.

Data extraction

The extracted data included: the author’s last name, 
year of publication, country of the study population, 
study period, number and type of patients, study design, 
clinicopathological information (i.e., sex, age, body mass 
index (BMI), liver histology, Child-Pugh classification, 
tumor differentiation, tumor size, and TNM stage), 
preoperative parameters (i.e., skeletal muscle measured 
indexes and cut-off values for sarcopenia), intraoperative 
parameters (i.e., operation time and estimated blood loss), 
and postoperative parameters (i.e., overall complications, 
severe postoperative complications, time of stay in the 
hospital, and HRs of OS and DFS). If the HRs were not 
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reported directly, they were calculated according to survival 
data or survival curves in primary articles using methods 
suggested by Parmar (24) and Tierney et al. (25). If both 
were available, survival data were preferred as errors could 
occur when extracting the data from the survival curve 
of the original article. Also, multivariate analyses were 
preferable when HRs appeared in both univariate and 
multivariate analyses, as multivariate analyses considered 
the possible confusion of exposure variables.

Quality assessment of selected studies

The Newcastle-Ottawa Scale (NOS) (Wells GA, Shea B, 
O’Connell D, Peterson J, Welch V, Losos M, et al.) was used 
to assess the quality of studies selected in our meta-analysis 
(available from http://www.ohri.ca/programs/clinical_
epidemiology/oxford.htm). Study quality assessment was 
conducted by two authors (Qin Zhang and Xiaohong Zhao), 
and mainly included the selection of cases, comparability 
of the cohort, and outcome assessment of exposure to risks. 
A score of 0–9 (or a star rating) was assigned to each study, 
and a study with score ≥6 was considered to be of high 
quality. Disagreements between the two reviewers (above) 
were resolved by a third reviewer (Liqian Xu).

Statistical analysis

Dichotomous data were analyzed using odds ratios (ORs). 
Continuous data measured on the same unit of measurement 
was expressed as the mean value and standard deviation and 
was analyzed using the weighted mean difference (WMD). 
HRs were used to analyze postoperative OS and DFS. 
All results were reported with 95% confidence intervals 
(CIs). The I-squared (I2) test was used to evaluate the 
heterogeneity of the studies, and a fixed or random effects 
model was chosen on this basis. According to the Cochrane 
review guidelines, severe heterogeneity is signified by an I2 
result of >50%, and in these cases, a random effects model 
was selected; otherwise, a fixed-effect model was employed. 
Subgroup analysis was implemented to explore the sources 
of heterogeneity, and sensitivity analysis was performed 
to evaluate the quality and consistency of the results by 
successively eliminating each included study. Publication 
bias was assessed using Egger’s test and Begg’s test. All 
data in this paper was processed by using the STATA 16.0 
package (Stata Corporation, College Station, TX, USA). If 
P<0.05, the results were considered statistically significant.

This study was a systematic review and meta-analysis of 

all published literature and institutional review deemed this 
study exempt from ethical approval.

Results

Study selection

Figure 1 shows the research selection process. A total of 922 
potentially relevant articles were identified from database 
searches for further detailed evaluation. After browsing the 
titles and abstracts of these articles, 26 articles remained and 
were assessed further. Three of these studies were excluded 
because they included patients diagnosed with bile duct 
cancers; seven studies were excluded due to overlapping 
data; another four studies were excluded because they 
included patients who were treated with chemoradiotherapy 
instead of surgery. Also, some studies were excluded because 
no relevant data were extracted for analysis. Three studies 
were excluded because the patients were not grouped 
by sarcopenia; one was excluded because it investigated 
the presence of postoperative sarcopenia in patients; one 
was excluded because of a minimum follow-up duration  
<12 months; another one was excluded because there was 
no survival data. Finally, six studies (17,18,21-23,26) with 
a total of 1,420 participants (458 with sarcopenia and 962 
without sarcopenia) were included in the meta-analysis. In 
Hamaguchi et al. (26), there are two sets of data for OS and 
DFS in preoperative sarcopenia patients classified according 
to intramuscular adipose tissue content (IMAC) and skeletal 
muscle mass index (SMI).

Study and patient characteristics

Table 1  shows the baseline clinical and laboratory 
characteristics of all studies included in the meta-analysis, 
and Table 2 shows the postoperative clinical characteristics 
of all studies included in the meta-analysis. All the included 
studies were retrospective cohort studies. Most (all but 
one) of them were published in the last 5 years (22). The 
majority of the studies were conducted in Japan, with two 
studies carried out in Germany and France. All patients 
were outpatients. We marked the literature with the first 
author’s name and the year of publication.

Definition of sarcopenia

Table 3 depicts the skeletal muscle measurement details 
on computed tomography (CT) and the cut-off values for 
sarcopenia in each study. All of the studies used CT imaging 
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Records searched from 

PubMed, Embase, web 

of science (n=922)

Duplicate (n=155)

Case, review (n=276)

Patent, book, editorial, letter, comment and conference (n=118)

Not related to the main topic (n=345)

Not in English language (n=2)

Patients with other types of cancer (n=3)

Overlapping patients (n=7)

Patients not surgerical treated or other treatment measures (n=4)

Not grouped by sarcopenia (n=3)

Patients not preoperative sarcopenia (n=1)

a minimum follow-up duration <12 months (n=1)

No relevant survival data for analysis (n=1)

Potentially appropriate 

studies for detailed 

evaluation (n=26)

Studies included in 

meta-analysis (n=6)

Figure 1 Flow chart of study selection based on the inclusion and exclusion criteria.

to measure skeletal muscle preoperatively and the level of 
skeletal muscle was measured in L3 in all studies. Two types 
of CT-assessed sarcopenia indexes were reported, including 
the SMI and IMAC. SMI was used to assess skeletal muscle 
quantity and was calculated by dividing the cross-sectional 
area of skeletal muscle in L3 by the height of the patient (in 
meters squared). IMAC was used to evaluate skeletal muscle 
quality and was calculated by dividing the CT value of the 
multifidus muscles [Hounsfield units (HU)] by the CT value 
of subcutaneous fat (HU). SMI was the most commonly 
used index and was utilized in all six studies (17,18,21-23,26), 
with one study (26) employing both SMI and IMAC. The 
skeletal muscles used to calculate sarcopenia at the L3 
level included psoas, paraspinal (erector spinae, multifidus, 
and quadratus lumborum), and abdominal wall muscles 
(transversus abdominus, external and internal obliques, 
and rectus abdominus). In various studies, different HU 
thresholds were used to identify and quantify skeletal 
muscle [−29 to 150 (21-23,26), −29 to 110 (18), and −30 to 
110 (17)]. According to the calculation formula, a low SMI 

denoted low muscle mass, while a high IMAC signified low 
muscle quality. Internationally, accepted cut-off values or 
study-specific cut-offs were applied to define sarcopenia. 
International consensus cut-offs were adopted in four studies 
(17,18,21,22). Data from 657 healthy cases of living donor 
liver transplantation (LDLT) were used in one study (26).  
Receiver operator characteristic (ROC) curves (20) and 
optimum stratification (23) were used in the other studies. 
Almost all of the included studies used sex-specific cut-offs 
and females had lower muscle mass and area compared to 
males. The NOS quality score ranged from 8 to 9, as shown 
in Table 3.

Sarcopenia and short-term prognosis

Table 4 shows the relationship between sarcopenia and 
early postoperative prognosis. There were no significant 
differences in postoperative short-term outcomes between 
the groups with and without preoperative sarcopenia. 
The details were as follows: overall complications (OR 
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=1.340, 95% CI: 0.888–2.021, P=0.163, I2=0, Ph=0.514, 
Table 4, Figure 2A), major complications (OR =1.154, 
95% CI: 0.659–2.021, P=0.615, I2=68.6%, Ph=0.318,  
Table 4, Figure 2B), operation time (WMD =−9.466, 
95% CI: −28.906–9.974, P=0.340, I2=0, Ph=0.408,  
Table 4, Figure 2C), estimated blood loss (WMD =35.721, 
95% CI: −148.309–219.750, P=0.704, I2=0, Ph=0.761, Table 
4, Figure 2D), and length of hospital stay (WMD =1.562, 
95% CI: −4.171–7.295, P=0.593, I2=0, Ph=0.468, Table 4, 
Figure 2E). A random effects model was only employed 
for major complications, and a fixed effects model was 
employed for the remaining variables.

Sarcopenia and long-term prognosis

Assessment of overall survival
Seven cohorts in six studies reported the effect of 
preoperative muscle reduction on the overall survival rate of 
HCC patients treated with surgery, with 1,420 patients in 
total (458 sarcopenic and 962 non-sarcopenic patients). The 
meta-analysis showed that patients with sarcopenia had a 
poor OS, with a pooled HR of 1.572 (95% CI: 1.342–1.840, 
P=0.000, Table 5, Figure 3A), and a fixed-effects model was 
employed in these studies due to a lack of heterogeneity 
(I2=31.7%, Ph=0.186). In the stratified analyses by SMI, 

Table 3 Main characteristics of the included studies and results of the NOS quality assessment

Study, year Study design Study period NOS
Modality 
and level

Indexes
The involved muscles and 
HU chosen by CT scan

Cut-off value for 
sarcopenia

Harimoto, 2013 Retrospective 1/2004–
12/2009

8 L3 SMI All the skeletal muscle; –29 
and 150 HU

Males: 43.75 cm2/m2; 
females: 41.10 cm2/m2

Voron, 2015 Retrospective 2/2006–9/2012 9 L3 SMI All the skeletal muscle; –29 
and 150 HU

Males: 52.4 cm2/m2; 
females: 38.9 cm2/m2

Yabusaki, 2016 Retrospective 7/2003–
10/2014

9 L3 SMI All the skeletal muscle; –29 
and 110 HU

Males: 43.75 cm2/m2; 
females: 41.10 cm2/m2

Takagi, 2016 Retrospective 1/2007–
12/2013

9 L3 SMI All the skeletal muscle; –29 
and 150 HU

Males: 46.4 cm2/m2; 
females: 37.6 cm2/m2

Kroh, 2019 Retrospective 1/2010–
12/2014

8 L3 SMI All the skeletal muscle; –30 
and 110 HU

Males: 43 cm2/m2 for BMI 
<25 kg/m2, 53 cm2/m2 for 
BMI >25 kg/m2;  
females: 41 cm2/m2

Hamaguchi, 
2019

Retrospective 4/2005–3/2016 9 L3 SMI All the skeletal muscle; –29 
and 150 HU

Males: 40.31 cm2/m2; 
females: 30.88 cm2/m2

IMAC The multifidus muscle; NR Males: −0.358;  
females: −0.229

NOS, Newcastle-Ottawa Scale; SMI, skeletal muscle mass index; IMAC, intramuscular adipose tissue content.

Table 4 A meta-analysis of the association between sarcopenia and early postoperative prognosis

Analysis Cohorts OR/WMD
95% confidence 

interval
P value

Heterogeneity
Effects model

I2 Ph

Overall complication# 3 1.340 0.888–2.021 0.163 0 0.514 Fixed

Major complication# 6 1.154 0.659–2.021 0.615 68.6% 0.318 Radom

Operation time* 3 −9.466 −28.906–9.974 0.340 0 0.408 Fixed

Blood loss* 4 35.721 −148.309–219.750 0.704 0 0.761 Fixed

Length of hospital 
stay*

2 1.562 −4.171–7.295 0.593 0 0.468 Fixed

#, dichotomous data; *, continuous data. OR, odds ratio; WMD, weighted mean difference; Ph, P value of Q test for heterogeneity test. 
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Figure 2 Forest plot of OR/WMD for the association between sarcopenia and early postoperative prognosis in patients with surgically 
treated HCC. (A) Overall complications; (B) major complications; (C) operation time; (D) estimated blood loss; (E) length of hospital stay. 
OR, odds ratio; WMD, weighted mean difference; HCC, hepatocellular carcinoma.
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the same conclusion was reached (HR =1.462, 95% CI: 
1.198–1.784, P=0.000), with I2=32.7% and Ph=0.191  
(Table 5, Figure 3A). It is worth noting that the same 
conclusions were made when conducting the subgroup 
analyses stratified by ethnicity (Asians: HR =1.410, 95% CI: 
1.136–1.751, P=0.002, with I2=33.0% Ph=0.214; Caucasians: 
HR =1.779, 95% CI: 1.071–2.954, P=0.026, with I2=55.9%, 
Ph=0.132, Table 5, Figure 3B). 

Assessment of disease-free survival
Four cohorts in six studies reported data regarding the 
association between preoperative sarcopenia and DFS 
in 901 patients (218 sarcopenic patients and 683 non-
sarcopenic patients). Using a random effects model, the 
meta-analysis revealed that preoperative sarcopenia was 
significantly associated with shorter DFS (HR =1.544, 95% 
CI: 1.178–2.024, P=0.002, Table 5, Figure 4A), with observed 

Table 5 A meta-analysis of the association between sarcopenia and long-term prognosis outcomes

Analysis Cohorts HR
95% confidence 

interval
P value

Heterogeneity Effects 
model

Egger’s test 
P value

Begg’s test  
P valueI2 Ph

OS 7 1.572 1.342–1.840 0^ 31.7% 0.186 Fixed 0.548 0.523

SMI 6 1.462 1.198–1.784 0^ 32.7% 0.191

Asians 4 1.410 1.136–1.751 0.002^ 33.0% 0.214

Caucasians 2 1.779 1.071–2.954 0.026^ 55.9% 0.132

IMAC 1 1.774 1.371–2.295 0^ – –

DFS 4 1.544 1.178–2.024 0.002^ 64.1% 0.039 Random 0.089 0.018^

SMI 3 1.744 1.225–2.484 0.002^ 59.2% 0.086

Asians 2 1.487 1.189–1.860 0.001^ 0 0.768

Caucasians 1 3.030 1.671–5.494 0^ – –

IMAC 1 1.234 1,010–1.507 0.039^ – –

OS, overall survival; SMI, skeletal muscle mass index; IMAC, intramuscular adipose tissue content; DFS, disease-free survival; HR, hazard 
ratio; Ph, P value of Q test for heterogeneity test. ^P<0.05.

A B

Figure 3 Forest plot of HR for the association between preoperative sarcopenia and OS in patients with surgically treated HCC. (A) 
Subgroup analyses stratified by types of CT-assessed sarcopenia indexes (SMI/IMAC); (B) the stratified analyses by ethnicity. HR, hazard 
ratio; OS, overall survival; HCC, hepatocellular carcinoma.
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heterogeneity (I2=64.1%, Ph=0.039). The same conclusion 
was made in the stratified analyses by SMI representing 
muscle quantity (HR =1.744, 95% CI: 1.225–2.484, 
P=0.002, Table 5, Figure 4A), with I2=59.2% and Ph=0.086. 
It is noteworthy that the same conclusions were made when 
performing the subgroup analyses stratified by ethnicity 
(Asian: HR =1.487, 95% CI: 1.189–1.860, P=0.001, with 
I2=0%, Ph=0.768; Caucasians: HR =3.030, 95% CI: 1.671–
5.494, P=0, Table 5, Figure 4B). 

Sarcopenia and clinicopathological factors

The auxiliary result of this meta-analysis was the 

relationship between preoperative sarcopenia and 
clinicopathological factors. Patients with preoperative 
sarcopenia (Asian subjects in particular) tended to 
have larger diameter tumors (WMD =0.598, 95% CI: 
0.216–0.980, P=0.002, I2=0, Ph=0.615, Table 6, Figure 5A). 
In the meta-analysis assessing the association between 
preoperative sarcopenia and liver histology (OR =1.259, 
95% CI: 0.905–1.750, P=0.172, I2 =31.6%, Ph=0.223,  
Table 6, Figure 5B), Child-Pugh classification (OR =0.688, 
95% CI: 0.337–1.259, P=0.225, I2=23.3%, Ph=0.271,  
Table 6, Figure 5C), and TNM stage (OR =0.881, 95% 
CI: 0.668–1.163, P=0.373, I2=12.6%, Ph=0.330, Table 6,  
Figure 5D), the results failed to show statistical significance. 

Figure 4 Forest plot of HR for the association between preoperative sarcopenia and DFS in patients with surgically treated HCC. (A) 
Subgroup analyses stratified by types of CT-assessed sarcopenia indexes (SMI/IMAC); (B) the stratified analyses by ethnicity. HR, hazard 
ratio; DFS, disease-free survival; HCC, hepatocellular carcinoma; SMI, skeletal muscle mass index; IMAC, intramuscular adipose tissue 
content.

A B

Table 6 A meta-analysis of the association between sarcopenia and clinical pathological factors

Analysis Cohorts OR/WMD
95% confidence 

interval
P value

Heterogeneity
Effects model

I2 Ph

Tumor size* 5 0.598 0.216–0.980 0.002^ 0 0.615 Fixed

Liver histology# (normal + chronic 
hepatitis/liver fibrosis + cirrhosis)

4 1.259 0.905–1.750 0.172 31.6% 0.223 Fixed

Child-Pugh classification (ChildA/B)# 3 0.688 0.377–1.259 0.225 23.3% 0.271 Fixed

TNM (I+II/III+IV)# 4 0.881 0.668–1.163 0.373 12.6% 0.330 Fixed

Tumor differentiation#  
(well + moderate/poor)

5 0.849 0.595–1.210 0.365 35.7% 0.183 Fixed

#, dichotomous data; *, continuous data. ^P<0.05. OR, odds ratio; WMD, weighted mean difference; Ph, P value of Q test for heterogeneity 
test.
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Figure 5 Forest plot of OR/WMD for the association between preoperative sarcopenia and the clinicopathological factors in patients with 
surgically treated HCC. (A) Tumor sizes; (B) liver histology; (C) Child-Pugh classification; (D) TNM; (E) tumor differentiation. OR, odds 
ratio; WMD, weighted mean difference; HCC, hepatocellular carcinoma.
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The association between preoperative sarcopenia and 
tumor differentiation was not observed (OR =0.849, 95% 
CI: 0.595–1.210, P=0.365, I2=35.7%, Ph=0.183, Table 6,  
Figure 5E). Though, it is worth noting that Caucasian 
patients with preoperative sarcopenia had a greater 
likelihood of malignancy (OR =0.163, 95% CI: 0.035–0.769, 
P=0.022, Figure 5E). No heterogeneity was observed, and a 
fixed-effects model was employed for all comparisons.

Sensitivity analysis and publication bias

A sensitivity analysis was used to evaluate the stability of 
our results based on OS and DFS by successively removing 
each study. The results demonstrated that no individual 
study qualitatively changed the pooled HRs, indicating that 
our results were robust (Figure 6). Egger’s test and Begg’s 
test were utilized to assess publication bias. The Egger’s test 
did not indicate any evidence of publication bias between 
preoperative sarcopenia and long-term prognosis (OS: 
P=0.548; DFS: P=0.089). This result was confirmed by the 
Begg’s test for OS (P=0.523), though, not for DFS (P=0.018) 
(Table 5).

Discussion

Based on its etiology, sarcopenia can be divided into primary 
and secondary sarcopenia (27). Primary sarcopenia, also 
known as age-related sarcopenia, is fundamentally caused 
by aging. In contrast, secondary sarcopenia is accompanied 
by a variety of diseases, such as inflammatory disease, 
malignancy, endocrine disease, malnutrition, or advanced 
organ function failures (e.g., heart, lung, kidney, liver, and 
brain). So far, a variety of imaging methods, including 

dual-energy X-ray absorptiometry (DXA), bioelectrical 
impedance analysis (BIA), computed tomography (CT), 
magnetic resonance (MR) and ultrasound (US), have 
been used to evaluate muscle quality and quantity and 
to diagnose sarcopenia (28,29). With the conventional 
advantage of staging and follow-up of cancer, CT offers the 
best opportunity to evaluate sarcopenia without the need 
for additional testing. In contrast to DXA, which provides 
a whole-body estimate of muscle mass, CT measures 
muscle size and decay in specific areas (30). Thus, CT has 
been used to assess the composition of the body in some 
retrospective and prospective analyses. Even with CT 
alone, various indicators have been used in different studies 
to define sarcopenia (31). According to the latest research, 
CT-defined sarcopenia can be divided into two categories 
based on the quantity and the quality of the muscles. In 
our study, SMI represented muscle quantity, while IMAC 
was related to muscle quality. Among the muscle quantity 
indexes, SMI (cm2/m2) was equal to the cross-sectional 
area (cm2) of all skeletal muscle in the L3 region on CT 
images divided by the square of body height (m2) (32). SMI 
shows excellent consistency with DXA scanning on muscle  
mass (33) and is presently a widely-used skeletal muscle 
quantity assessment method. Among the muscle quality 
indexes, IMAC was equal to the CT value (HU) of the 
multifidus muscles divided by the CT value (HU) of the 
subcutaneous fat (19,20). 

CT-defined sarcopenia indexes have been reported in 
several studies as strong and independent prognostic factors 
for poor postoperative surgical and oncology treatment 
outcomes in patients with some diseases and types of 
cancer, particularly in digestive tract cancers (11-14,34-37). 
However, to date, the conclusions drawn from different 

Figure 6 Sensitivity analysis for overall survival (OS) and disease-free survival (DFS).
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indicators and studies remain controversial (17,38). For 
instance, Chang et al. (37) conducted a meta-analysis of the 
relationship between the loss of skeletal muscle mass and 
survival in patients with HCC in March 2018. However, the 
included patients in that study had used treatments other 
than (or in addition to) surgery, including sorafenib, ablation 
therapy, transcatheter arterial chemoembolization (TACE), 
and even liver transplantation. As far as we know, the 
treatments above can affect the outcome of HCC patients. 
Thus, in order to obtain a more accurate estimation of 
the relationship between preoperative sarcopenia and the 
prognosis of patients with surgically treated HCC, we 
performed this meta-analysis. 

In this paper, a meta-analysis of six studies, including 
1,420 patients, was conducted to determine the predictive 
value of CT-determined sarcopenia for the prognosis of 
HCC patients after hepatectomy. The results showed that 
preoperative skeletal muscle loss was a powerful predictor 
of OS and DFS in HCC patients, especially in patients with 
sarcopenia measured by L3-SMI. Additionally, preoperative 
sarcopenia was also significantly associated with tumor 
size, and patients (especially Asians) with sarcopenia 
tended to have larger diameter tumors than those without 
sarcopenia, though Caucasian patients with sarcopenia did 
not exhibit this trend. We hypothesized that the reasons for 
this disparity were the differences in the cut-off values for 
sarcopenia and fewer enrolled patients.

It is worth noting that most of the I2 values in this 
study were quite low, indicating that the heterogeneity 
can be ignored, further improving the reliability of the 
results. In fact, due to the nature of the prognosis analysis 
of sarcopenia, most of the included study designs were 
similar, especially in terms of participant enrolment and 
CT image analysis methods in the original literature. 
This consistency in research designs may account for the 
lack of heterogeneity. However, there was considerable 
heterogeneity in the study conducted by Voron et al. (21) 
and Kroh et al. (17) in Caucasian subjects (Table 5).

In conclusion, our meta-analysis provided powerful 
evidence to evaluate the effect of preoperative sarcopenia on 
the prognosis of patients with HCC after surgery. However, 
our study has some limitations that should be noted. Firstly, 
a consensus on the cut-offs for CT-assessed sarcopenia 
indexes and HU values of involved muscles chosen by CT 
scan were still lacking in the included studies; though, we 
performed subgroup analyses based on different sarcopenia 
indexes and ethnicity. Secondly, retrospective studies did 
not consider muscle strength and function. Thirdly, some 

adjuvant therapies, such as ablation therapy, TACE, and 
lipiodolization, are essential factors affecting the prognosis 
of HCC patients. However, the studies we included were 
not well documented. Fourthly, we were unable to perform 
subgroup analysis based on the primary location of the 
tumor (such as the right or left liver) and the presence of 
a cancer embolus in the portal vein. Lastly, the HRs were 
not described directly or calculated according to survival 
data or survival curves in the original articles. We attempted 
to e-mail the corresponding authors. However, we were 
still unable to obtain survival data. These limitations 
affect our ability to understand the relationship between 
preoperative sarcopenia and postoperative prognosis, and 
especially long-term prognosis, in patients with HCC after 
surgery. Even if we get detailed data, such as postoperative 
adjuvant therapy, primary location of the tumor and cancer 
embolus in the portal vein, the interpretation and the 
comparison of survival data from different published studies 
should be taken with caution. Thus, further large-scale 
prospective studies are needed to confirm our findings. 
And an individual patient data approach which combine all 
data from the individual papers in one dataset is also in our 
consideration.
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