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Abstract
Background: Sarcopenia, defined as the loss of skeletal mus-
cle mass (MM), physical performance, and strength, has been 
associated with poor clinical outcomes in hepatocellular car-
cinoma (HCC) patients treated with several therapies. As sys-
temic therapies, including molecular targeted agents, have 
a strong impact on sarcopenia, we aimed to review the im-
pact of sarcopenia in patients receiving systemic therapies, 
especially sorafenib and hepatic arterial infusion chemo-
therapy (HAIC). Summary: Several studies have demonstrat-

ed that sarcopenia is associated with poor clinical outcomes 
in patients receiving sorafenib or lenvatinib, while HAIC has 
no association with overall survival (OS) and sarcopenia. Fur-
thermore, based on our previous study, we developed the 
management of sorafenib score (MS score) to stratify pa-
tients’ survival according to the positivity of three parame-
ters (skeletal MM, disease control of sorafenib, and post-
sorafenib therapy), ranging from 0 to 3. Patients with an MS 
score ≥2 (median survival time [MST], 16.4 months) showed 
significantly longer survival than those with an MS score ≤1 
(MST, 8.4 months) (p < 0.001). This result indicates that pa-
tients need at least two positive parameters to prolong OS. 

T. Yamasaki, I. Saeki, and Y. Yamauchi contributed equally to this 
work.

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
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the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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Although performance status (PS) has been used in the Bar-
celona Clinic Liver Cancer staging system, we consider that 
the assessment of sarcopenia has the potential to replace PS. 
Key Messages: Sarcopenia is associated with poor clinical 
outcomes in patients of HCC receiving sorafenib or lenva-
tinib. The MS score, based on the positivity of three prognos-
tic factors, including skeletal MM, in patients receiving 
sorafenib, can be a reliable indicator of prolonged survival.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Sarcopenia, defined as muscle depletion due to aging 
by Rosenberg [1, 2], is also known as primary sarcopenia. 
In contrast, secondary sarcopenia is a disorder caused by 
liver cirrhosis (LC) and hepatocellular carcinoma (HCC) 
[3, 4]. Sarcopenia has been defined as the loss of skeletal 
muscle mass (MM), physical performance (walking 
speed), and strength, according to diagnostic criteria in 
Europe and Asia [5, 6]. The Japan Society of Hepatology 
(JSH) proposed sarcopenia assessment criteria for pa-
tients with chronic liver disease [7], which consists of the 
measurements for handgrip strength (HGS) and skeletal 
MM by computed tomography (CT) or bioelectrical im-
pedance analysis (BIA); however, the assessment of walk-
ing speed has not been adopted for use in the criteria. As 
there are differences in physical constitution among var-
ious regions and races, the respective definition of sarco-
penia should be applied to each region and race.

Previous studies demonstrated that sarcopenia is as-
sociated with poor clinical outcomes in patients with 
HCC treated with several therapies [8, 9]. In particular, as 
skeletal MM significantly decreases after the induction of 
molecular targeted agents (MTAs) [10, 11], sarcopenia 
can have a strong impact on the clinical outcomes in pa-
tients with advanced HCC treated with systemic thera-
pies, including MTAs. Here, we review the impact of sar-
copenia in patients with advanced HCC treated with sys-
temic therapies and discuss the treatment strategies based 
on sarcopenia outcomes and their association with the 
overall survival (OS) in these patients.

Sarcopenia Diagnostic Criteria

As shown in online supplementary Table 1 (see www.
karger.com/doi/10.1159/000522389 for all online suppl. 
material), several academic society groups have pub-

lished diagnostic criteria for sarcopenia. The European 
Working Group on Sarcopenia in Older People (EWG-
SOP) and the Asian Working Group for Sarcopenia 
(AWGS) published these criteria in 2010 and 2014, re-
spectively [12, 13]. Recently, these criteria have been up-
dated to EWGSOP2 and AWGS2019 [5, 6]. The criteria 
of the JSH defined sarcopenia-related chronic liver dis-
eases as “loss of muscle mass plus low muscle strength” 
regardless of older age [7]. However, the assessment of 
physical performance, such as walking speed, was not 
considered. As it has been reported that slow walking 
speed overlaps with low HGS in patients with HCC [14], 
a physical performance evaluation might not be needed 
for diagnosing sarcopenia in patients with chronic liver 
disease. The cut-off values of the JSH criteria for low MM 
were defined as a skeletal muscle index (SMI) <42 cm2/
m2 in men and <38 cm2/m2 in women, using CT imaging, 
and <7.0 kg/m2 in men and <5.7 kg/m2 in women, by 
BIA. However, as optimal cut-off values for SMI, which 
are the equivalent to those for BIA based on AWGS cri-
teria [13], were calculated using a receiver operating 
characteristic curve analysis in 149 patients with LC or 
HCC, these cut-off values are provisional. In contrast, 
the cut-off values for low HGS were <26 kg in men and 
<18 kg in women, which are the same as the AWGS cri-
teria. However, the cut-off value of the AWGS2019 cri-
teria for low HGS in men changed to <28 kg [6]. The JSH 
has also revised the cut-off value of low HGS in men to 
<28 kg in the second edition of the JSH criteria report, 
but the cut-off values for low MM remained the same as 
that in the first edition of the JSH criteria [15]. This up-
date needs to be considered for sarcopenia diagnosis in 
patients with HCC.

Relationship between HGS and Skeletal MM

Hanai et al. [16] reported that in patients with LC, in-
cluding HCC (n = 563), HGS was moderately correlated 
with MM (r = 0.35) in men, while the correlation in 
women was weak (r = 0.17). Another report also showed 
a moderate correlation between HGS and MM (r = 0.38) 
in patients with HCC (n = 107) [14]. We measured these 
parameters in 53 patients with HCC [17] and found that 
the correlation coefficients in men and women were 0.35, 
and 0.20, respectively (data not shown). Therefore, the 
correlation between HGS and MM was weak to moderate 
in the previous reports, including ours.

We collected four articles in which both HGS and MM 
were evaluated in patients with HCC [14, 17, 18] or LC/
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HCC [16]. We divided the patients into four groups ac-
cording to the JSH criteria [7]. As shown in online supple-
mentary Figure 1, of the 786 total patients (HCC, 620 
[78.9%]; LC, 166 patients), 269 (34%) had normal HGS 
and normal MM, 202 (26%) had normal HGS and low 
MM, 124 (16%) had low HGS and normal MM, and 191 
(24%) had low HGS and low MM; of the total patients, 
24% (191/786) were diagnosed with sarcopenia. Recently, 
Nishikawa et al. [19] reported the prevalence of four 
groups classified by HGS and MM in patients with chron-
ic liver diseases (n = 1,624; HCC, 626 patients [38.5%]) in 
a large-scale multicenter study (normal HGS and normal 
MM, 830 [51.1%]; normal HGS and low MM, 250 [15.4%]; 
low HGS and normal MM, 319 [19.6%]; and low HGS and 
low MM, 225 [13.9%]). The difference between the data 
from online supplementary Figure 1 and the data from 
Nishikawa et al. [19] may be due to differences in the pro-
portion of patients with HCC. As there were a few reports 
in which both HGS and MM were assessed, the impact of 
either low HGS or low MM remains unclear, and further 
studies are required in this field to generate strong evi-
dence.

Impact of HGS

Two research groups, including ours, have demon-
strated low HGS, but not skeletal muscle depletion, as an 
independent unfavorable prognostic factor for survival in 
patients with HCC treated with lenvatinib [17, 18] (Ta-
ble 1). However, these were single-center studies with a 
small number of patients and short observation periods. 
Therefore, further multicenter studies with larger popu-
lations are needed. Currently, there are no studies avail-
able regarding the effect of HGS in patients with HCC 
treated with other MTAs, including sorafenib. According 
to a recent report [19], low HGS was an independent un-
favorable prognostic factor in patients with chronic liver 
diseases, including HCC (HCC, 626 patients [38.5%]; 
without HCC, 998 patients [61.5%]), whereas skeletal 
MM was not a significant factor. Furthermore, patients 
with HCC with low HGS showed significantly shorter 
survival than those with normal HGS. In the future, the 
impact between HGS and skeletal MM needs to be evalu-
ated in patients with HCC treated with other MTAs and 
immunotherapies including a combination of atezoli-
zumab and bevacizumab.

Impact of Skeletal MM on Survival among Patients 
Treated with Different Systemic Therapies and 
Hepatic Arterial Infusion Chemotherapy

Sorafenib
Sorafenib was approved as a first-line systemic therapy 

for advanced HCC in 2007 [20]. Most previous studies 
have only evaluated skeletal MM without assessing HGS 
in patients with HCC treated with sorafenib [10, 11, 21–
32]. As shown in Table 1, skeletal muscle depletion (low 
MM) is a poor prognostic factor for OS in most studies 
[10, 22–24, 26, 28, 31, 32], while there was no significant 
difference in others [11, 27, 29]. The subgroup analyses 
showed that the OS of patients who had two or more neg-
ative prognostic factors (albumin ≤3.5 g/dL, alpha-feto-
protein ≥100 ng/mL, lesions in bilateral hepatic lobes, or 
major portal vein invasions) with low MM was signifi-
cantly shorter than in those with high MM [27], and the 
combined presence of low MM and low total adipose tis-
sue index was significantly associated with worse OS [29]. 
Although a few reports have evaluated progression-free 
survival or time to progression regarding the impact of 
skeletal MM [23, 24, 29, 31], there have been few studies 
regarding the relationship between skeletal MM and 
post-progression survival (PPS). A recent report indicat-
ed that PPS was significantly correlated with pre-sarcope-
nia (transverse psoas muscle thickness per height <16.8 
mm/m) at the time of disease progression in patients with 
HCC treated with sorafenib [30]. On the other hand, in a 
multicenter study, we demonstrated that a high skeletal 
MM before sorafenib treatment is a significant predictor 
of PPS in patients with HCC [31].

Lenvatinib
Lenvatinib had been recommended as a first-line sys-

temic therapy for advanced HCC until the introduction 
of atezolizumab plus bevacizumab [33–36] and has been 
used since March 2018 in Japan, earlier than in the rest of 
the world. The first report on the relationship between 
skeletal MM and clinical outcome was described in 2020, 
when Uojima et al. [37] demonstrated that low MM was 
significantly associated with worse time to treatment fail-
ure and worse OS. Thereafter, two reports were published 
at the same time in which skeletal muscle depletion was 
not found associated with OS, unlike in a previous report 
[17, 18]. In contrast, Hiraoka et al. [38] recently reported 
that low MM was a significant prognostic factor. How-
ever, the results leave room for further investigation be-
cause of the small population size and short follow-up 
periods.
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Hepatic Arterial Infusion Chemotherapy
Hepatic arterial infusion chemotherapy (HAIC) has 

been widely used throughout Asia, especially in Japan. 
However, HAIC is not recommended as a standard sys-
temic therapy for advanced HCC according to several 
guidelines, except in Japan [33–36]. Subgroup analyses of 
the SILIUS study, which compared sorafenib plus HAIC 
(using 5-fluorouracil and cisplatin [CDDP]) with 
sorafenib alone in a randomized, open-label, phase III 
study, demonstrated that sorafenib plus HAIC showed 
survival benefits in patients with advanced HCC with 
main portal vein invasion [39]. Another randomized, 
open-label, phase III study in China also showed that 
sorafenib plus HAIC (using oxaliplatin, 5-fluorouracil, 
and leucovorin) improved the survival compared with 
sorafenib alone in patients with HCC plus portal vein in-
vasion [40]. In addition, both a retrospective cohort study 
with a large population (2,006 patients; 541 HAIC pa-
tients, 1,465 sorafenib patients) [41] and a systematic re-
view [42] indicated that HAIC is superior to sorafenib in 
patients with HCC plus vascular invasion. Therefore, 
HAIC might be a potential first-line systemic therapy in 
a subpopulation of patients with advanced HCC plus vas-
cular invasion without extrahepatic spread (EHS). Fur-
thermore, it is possible to perform HAIC in advanced 
HCC with Child-Pugh class B, unlike MTAs [43, 44].

We observed no relationship between skeletal MM 
and survival in patients with HCC receiving HAIC [45]. 
As there have been no reports since then, this result re-
quires further validation. The different results of survival 
according to skeletal MM between HAIC and sorafenib 
are worthy of notice when considering the management 
of systemic therapies.

Skeletal Muscle Change during Systemic Therapy 
and HAIC

In cirrhotic patients, the annual rates of skeletal MM 
decline were 1.3% for Child-Pugh A, 3.5% for Child-Pugh 
B, and 6.1% for Child-Pugh C [46]. Our previous study 
showed that skeletal MM decreased by 7.2% and 2.7% at 
3 months after therapy in patients receiving sorafenib and 
HAIC, respectively [45]. The skeletal muscle change in 
the sorafenib group tended to decrease rapidly (p = 0.095), 
indicating that sufficient skeletal MM is required in pa-
tients designated to be treated with sorafenib. Uchikawa 
et al. [11] demonstrated a significant depletion of skeletal 
MM, regardless of disease progression, hepatic reserve, or 
type of MTAs (sorafenib or lenvatinib). In addition, it has 

been reported that rapid skeletal muscle depletion (ΔL3-
SMI >−5.73 cm2/m2/120 days) was an independent pre-
dictor of survival in patients with HCC treated with 
sorafenib [28].

Management of Sorafenib Based on an Assessment 
of Skeletal MM

MS Score
Recently, we reported a multicenter cohort study of pa-

tients with HCC treated with sorafenib [31]. We retro-
spectively enrolled 356 patients with HCC and analyzed 
the impact of skeletal MM on clinical outcomes. This mul-
ticenter study protocol was approved by the Institutional 
Review Board of the Yamaguchi University Hospital 
(H30-042) and those of the other institutions in accor-
dance with the ethical principles of the 1975 Declaration 
of Helsinki. Informed consent was not obtained due to the 
retrospective study design. In this study, the median val-
ues of SMI in men and women were used as cut-off values; 
skeletal muscle depletion was defined as an SMI less than 
45 cm2/m2 in men and less than 38 cm2/m2 in women. 
Consequently, we demonstrated that low MM was an un-
favorable predictor of PPS and OS. Subgroup analyses of 
prognostic factors (age, sex, body mass index, perfor-
mance status (PS), Child-Pugh class, tumor number, tu-
mor size, macrovascular invasion, EHS, skeletal MM, dis-
ease control, and post-sorafenib therapy) for OS showed 
that six factors – male sex (hazard ratio [HR], 0.717; p = 
0.037), tumor number <8 (HR, 0.615; p < 0.001), EHS 
(HR, 0.684; p = 0.004), high MM (HR, 0.545; p < 0.001), 
disease control-yes (HR, 0.398; p < 0.001), and post-
sorafenib therapy-yes (HR, 0.610; p < 0.001) – were iden-
tified as independent prognostic factors on multivariate 
analysis. To establish a new assessment score for manag-
ing sorafenib, we selected three parameters with favorable 
HRs: skeletal MM, disease control with sorafenib, and 
post-sorafenib therapy. Tumor characteristics such as tu-
mor number and EHS were unchanged at the time of 
sorafenib therapy and, hence, were not included in the 
new score. We developed a management of sorafenib 
score (MS score, ranging from 0 to 3) according to the fre-
quency of the three positive parameters. The MS score was 
calculated as the sum of the scores for the following: skel-
etal MM (high = 1, low = 0), disease control (yes = 1, no = 
0), and post-sorafenib therapy (yes = 1, no = 0) (Fig. 1a). 
The median survival times of patients with MS scores 0 (n 
= 41), 1 (n = 119), 2 (n = 124), and 3 (n = 36) points were 
5.1, 9.3, 15.0, and 19.4 months, respectively (p < 0.001, 
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Fig. 1. OS according to the MS score. a The MS score is calculated 
as the sum of the score for the following: skeletal MM (high = 1, 
low = 0), disease control (yes = 1, no = 0), and post-sorafenib ther-
apy (yes = 1, no = 0), ranging from 0 to 3. The MSTs of patients 
with MS scores of 0 (n = 41), 1 (n = 119), 2 (n = 124), and 3 (n = 
36) points were 5.1, 9.3, 15.0, and 19.4 months, respectively (p < 

0.001, b). When the cut-off value of the MS score was set as 2 
points, the patients with scores ≥2 (n = 160) showed a significant-
ly longer survival than those with scores ≤1 (n = 160) (MST: 16.4 
vs. 8.4 months, p < 0.001, c). MST, median survival time; MS score, 
management of sorafenib score.
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Fig. 1b). Furthermore, there were no significant differenc-
es in OS among subgroups with the same scores (online 
suppl. Fig. 2). When the cut-off value of the MS score was 
set as 2 points, the patients with scores ≥2 (n = 160) showed 
a significantly longer survival than those with scores ≤1 (n 
= 160) (median survival time: 16.4 vs. 8.4 months, p < 
0.001; Fig. 1c). Therefore, these results indicate that pa-
tients with HCC receiving sorafenib need at least two pos-
itive MS score parameters to prolong OS, and the MS 
score may be a useful tool for prolonged survival in ad-

vanced HCC. For patients with high MM without achiev-
ing disease control, it is necessary to switch to other MTAs 
immediately. For patients with low MM who achieve dis-
ease control, it is important to appropriately determine 
the timing of conversion to post-progression treatment. 
In this study, post-sorafenib therapy, such as transcatheter 
arterial chemoembolization (TACE) and HAIC, was per-
formed because only regorafenib was approved in Japan 
until the study period. In the TACE procedure, although 
the impact of skeletal MM remains controversial, two re-

First step

Second step

Third step

Plan to receive sorafenib for advanced HCC

Sorafenib

Next MTA

HAIC HAIC

Assessment of skeletal muscle mass

Assessment of response to sorafenib

Post-sorafenib therapy

Disease control of sorafenib

High muscle mass Low muscle mass

Interventions
• nutritional therapy
• exercise

Yes No NoYes

• Interventions should be
introduced to especially
patients with low muscle mass.

• These therapies might have
the potential of preventing
loss of muscle mass.

• Consequently, patient survival
might be improved.

Fig. 2. A draft proposal of the treatment strategy for advanced HCC patients who plan to receive sorafenib ther-
apy, based on the MS score. HCC, hepatocellular carcinoma; MTA, molecular targeted agent; HAIC, hepatic 
arterial infusion chemotherapy.
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ports from Japan demonstrated no significant association 
between skeletal MM and OS [9], similar to the HAIC pro-
cedure [45]. In an era of MTAs, sequential therapy using 
MTAs might decrease skeletal MM markedly, more than 
the first-line MTA therapy. In the future, we have even 
more room to investigate whether the MS score can be 
adopted directly for the sequential therapy using MTAs.

Treatment Strategy for Advanced HCC through the 
MS Score
The combination therapy of atezolizumab with beva-

cizumab was significantly superior to sorafenib in terms 
of OS, progression-free survival, and response rate in un-
resectable HCC [47]. Consequently, this combination 
therapy was approved for unresectable HCC in the USA 
and Japan in May 2020 and September 2020, respectively. 
Therefore, combination therapy is considered as the first-
line therapy for advanced HCC, and the previous first-
line (sorafenib and lenvatinib) and second-line (rego-
rafenib, ramucirumab, and cabozantinib) therapies shift 
to second- and third-line therapies, respectively [48]. 
Thus, the choice of second- and third-line therapies after 
failure of atezolizumab plus bevacizumab is crucial. Based 
on the MS score, we present a draft proposal of a treat-
ment strategy for patients with advanced HCC who plan 
to receive sorafenib therapy (Fig. 2). This strategy consists 
of three steps. In the first step, skeletal MM is assessed and 
divided into two groups, high MM or low MM. Thereaf-
ter, sorafenib is administered. Interventions, such as nu-
tritional therapies (including branched-chain amino acid 
supplementation and L-carnitine) and exercise (cancer 
rehabilitation) [9], should be introduced especially to pa-
tients with low MM because interventions might have the 
potential of preventing loss of MM [49–52]. For even pa-
tients with a high MM, these interventions are required 
to maintain MM because progression of muscle loss was 
observed regardless of having skeletal MM in patients re-
ceiving sorafenib [10]. Exercise with branched-chain 
amino acid treatment has been shown to help maintain 
MM in patients with HCC [49], and exercise has also been 
shown to help increase MM in patients with HCC treated 
with TACE [52]. L-Carnitine has been shown to suppress 
the progression of MM depletion in cirrhotic patients in-
cluding patients with HCC [50, 51]. However, the evi-
dence regarding management of sarcopenia in patients 
with HCC receiving several treatments including system-
ic therapies and HAIC are lacking, and thus further stud-
ies will be needed in the future. When these interventions 
improve sarcopenia in patients with HCC receiving 
sorafenib, patient survival might be improved. For the 

second step, the assessment of the response to sorafenib 
is performed. In the third step, post-sorafenib therapy is 
considered. For patients with low MM without disease 
control, HAIC may be considered because there is no as-
sociation between OS and low MM [45], while the next 
MTA is considered for patients with high MM without 
disease control. For patients with disease control, the next 
MTA is considered when sorafenib is discontinued. For 
patients with disease control who have low MM, HAIC 
may also be considered. In addition, HAIC might be con-
sidered as a frontline treatment choice in patients with 
macrovascular invasion without EHS or with Child-Pugh 
class B, regardless of skeletal MM [39–44, 53, 54]. Al-
though it has been reported that the assessment of skeletal 
MM at the time of disease progression (so-called before 
post-sorafenib therapy) was significantly associated with 
PPS [30], we demonstrated that patients with high MM 
before sorafenib therapy was a significant favorable pre-
dictor of PPS [31]. We consider that the assessment of 
skeletal MM before post-sorafenib therapy is not essential 
to predict PPS. However, this assessment might be re-
quired for the borderline patients between low MM and 
high MM before sorafenib therapy.

Future Perspectives

As described above, most of the evidence regarding the 
relationship between sarcopenia and systemic therapies 
related to sorafenib therapy came from Eastern studies. 
Furthermore, the measurement of skeletal MM using CT, 
without the assessment of HGS, has been used as “sarco-
penia” in most of the previous studies. Therefore, there 
are some future directions for research in this area: (1) the 
definition of sarcopenia should be established for each 
region and race; (2) an alternate procedure for the mea-
surement of skeletal MM using BIA needs to be estab-
lished because the current procedure is a time-consum-
ing method and involves radiation exposure; (3) as it has 
been reported that HGS was lost 2–5 times faster than 
skeletal MM [55], HGS might be a potential early predic-
tor for OS in patients with HCC treated with MTAs, com-
pared to skeletal MM. Further studies are required on this 
topic because of the limited number of reports [17–19]; 
and (4) the assessment of skeletal muscle changes in pa-
tients with HCC treated with sequential therapy using 
MTAs is required to prolong survival. Moreover, there is 
a need to assess the contribution of nutritional therapy 
and/or cancer rehabilitation to maintaining skeletal MM 
during sequential therapy using MTAs.
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Conclusion

Several studies have demonstrated that sarcopenia is 
associated with poor clinical outcomes in patients with 
HCC treated with MTAs, especially sorafenib. There-
fore, assessment of MM is important for the manage-
ment of systemic therapies in patients with advanced 
HCC. However, there are several issues that need to be 
addressed, such as assessment methods for sarcopenia 
with different cut-offs. The criteria for sarcopenia 
should be established based on a nationwide survey 
with a large population. Although PS has been used in 
the Barcelona Clinic Liver Cancer staging system [56], 
we consider that the assessment of sarcopenia has the 
potential to replace PS. Further studies are required to 
clarify this issue.
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