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Simple Summary: The association between low skeletal muscle mass (LSMM) and survival in
HCC patients receiving systemic therapy remains inconclusive based on previous studies. Our
study aimed to use meta-analysis to aggregate a large sample size and identify the association. The
results confirmed that LSMM is prevalent among HCC patients undergoing systemic therapy and is
associated with poorer overall survival and progression-free survival. This finding highlights the
importance of evaluating muscle mass and early interventions to improve the survival of advanced
HCC patients in clinical practice.

Abstract: Low skeletal muscle mass (LSMM) is associated with poor outcomes in hepatocellular
carcinoma (HCC) patients. With the emergence of new systemic therapeutics, understanding the
effect of LSMM on HCC treatment outcomes is critically important. This systematic review and meta-
analysis investigates the prevalence and effect of LSMM among HCC patients undergoing systemic
therapy as reported in studies identified in searches of the PubMed and Embase databases published
through 5 April 2023. The included studies (1 = 20; 2377 HCC patients undergoing systemic therapy)
reported the prevalence of LSMM assessed by computer tomography (CT) and compared the survival
outcomes [overall survival (OS) or progression-free survival (PFS)] between HCC patients with and
without LSMM. The pooled prevalence of LSMM was 43.4% (95% CI, 37.0-50.0%). A random-effects
meta-analysis showed that HCC patients receiving systemic therapy with comorbid LSMM had a
lower OS (HR, 1.70; 95% CI, 1.46-1.97) and PFS (HR, 1.32; 95% CI, 1.16-1.51) than did those without.
Subgroup analysis according to systemic therapy type (sorafenib, lenvatinib, or immunotherapy)
yielded similar results. In conclusion, LSMM is prevalent among HCC patients undergoing systemic
therapy and is associated with poorer survival. Early intervention or prevention strategies to improve
muscle mass may be necessary for this patient population.

Keywords: hepatocellular carcinoma; systemic therapy; sarcopenia; survival; low muscle

mass; meta-analysis

1. Introduction

Liver cancer is the fourth leading cause of cancer-related deaths globally, with hepato-
cellular carcinoma (HCC) being the most common form [1,2]. Identifying risk factors for the
poor outcomes of HCC is crucial for choosing effective treatments and improving survival
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rates. Advanced HCC is particularly aggressive and has a poor prognosis, making risk strat-
ification even more critical [1,3]. The long-term prognosis for patients with HCC is heavily
influenced by liver reserve, cancer staging, and patient performance [4,5]. Unfortunately,
the current systems used for determining cancer stage and prognosis lack parameters that
consider nutritional, functional, and performance status [5,6]. One such factor is sarcopenia,
which independently predicts poor overall survival (OS) and progression-free survival
(PFS) in HCC patients [7,8].

Sarcopenia is characterized by the loss of muscle strength (handgrip strength), skeletal
muscle mass (muscle index), and physical performance (walking speed) [9]. Numerous
methods are available for assessing sarcopenia, with computer tomography (CT) imaging
being one of those most commonly used in research. This method is preferred due to
its objective nature and widespread availability [10]. CT-detected low skeletal muscle
mass (LSMM) has been found to be a predictor of poor prognosis in HCC patients, as
demonstrated in previous meta-analyses [7,8]. Although most studies have focused on
patients receiving sorafenib, the association between LSMM and survival in HCC patients
undergoing systemic therapy has been also established [11-17]. A recent meta-analysis of
11 studies, including 1148 HCC patients, found that LSMM was associated with increased
mortality and decreased time to treatment failure in patients treated with sorafenib or
lenvatinib [18].

Several new systemic treatments, including atezolizumab plus bevacizumab, sorafenib,
lenvatinib, regorafenib, cabozantinib, and ramucirumab, have shown promise in extending
survival in patients with advanced HCC [4]. Earlier studies investigated the effect of
LSMM on survival in patients undergoing HCC treatment. Among patients receiving
immunotherapy [11,19-23], most studies report no significant association between LSMM
and survival [20,24,25], with the exception of two studies [19,26]. Therefore, an updated
review and meta-analysis of this topic is needed to gain a better understanding of the
relationship between LSMM and the outcomes of HCC patient undergoing a variety of
systemic therapy regimes.

2. Materials and Methods

This systematic review and meta-analysis was pre-registered on INPLASY (registration
number: INPLASY202320011) and followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (PRISMA) (Table S1) [27].

2.1. Search Strategy

We searched PubMed and Embase for published studies addressing the prevalence of
LSMM and its clinical effects on treatment outcomes in HCC patients undergoing systemic
therapy, including studies published up to 5 April 2023 [28,29]. We used a free-text search
with appropriate MeSH or Emtree terms related to LSMM and liver cancer. Additional
articles were identified in the reference lists of pertinent original studies and relevant
reviews. No language restrictions were applied to this search. The detailed search strategy
is presented in Table S2.

2.2. Inclusion Criteria

After removing duplicate records from different databases, two reviewers (C.-W.T. and
M.-H.K.) independently selected the included studies based on the following parameters:
(1) Patients: HCC patients treated with systemic therapy (i.e., lenvatinib, sorafenib, and
immunotherapy) [27]; (2) Exposures: LSMM,; (3) Comparison: non-LSMM; (4) Outcome:
prevalence of LSMM, OS, and PFS; (5) Study design: cohort or cross-sectional studies. We
excluded duplicate studies from an overlapping population with a smaller sample size and
time span [28].
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2.3. Literature Selection and Data Extraction

Two reviewers (C.-W.T. and M.-H.K.) individually screened titles and abstracts based
on the inclusion criteria and read the full-text articles for final eligibility. The agreement
between two reviewers was 87% and 92% in these processes, respectively. To resolve
discrepancies in the study selection, a third reviewer (C.-S.H.) was consulted to make the
final decisions.

Two authors (C.-W.T. and M.-H.K.) independently collected data, including the name
of the first author, publication year, country, setting, study design, treatment regimens,
population, number of patients, sex ratio, age, method used for estimating muscle mass,
LSMM cut-off value, the prevalence of LSMM, study period, and statistical data on the
influence of LSMM on OS and PFS (including adjustment factors). All disagreements were
resolved through discussions.

2.4. Assessment of Methodological Quality

The methodological quality of the included studies was assessed by two researchers
(C.-W.T. and M.-H .K\) independently. The quality of the involved studies was evaluated
using the Newcastle-Ottawa Scale (NOS) [30]. The studies for which the researchers
differed in their assessment of quality were resolved through discussion.

2.5. Statistical Analysis

The random-effects meta-analysis of single proportions was used to estimate the
pooled prevalence of LSMM in HCC patients undergoing systemic therapy. The pooled
OS and PFS were compared between these patients with and without LSMM using the
adjusted HR (or unadjusted HR for studies that did not report the adjusted HR) and 95% CI
using a random-effects meta-analysis model. Subgroup analyses were conducted on groups
defined by treatment regimen (lenvatinib, sorafenib, or immunotherapy), study region
(Asian vs. non-Asian area), method used to estimate muscle mass [skeletal muscle index
(SMI) vs. psoas muscle index (PMI)], and study quality (good vs. poor). To address the
survival of patients with advanced HCC, we conducted one additional subgroup analysis
based on observational time (over vs. under 2 years) in the OS and PFS outcomes [4]. We
used 1% to measure the statistical heterogeneity among the included studies and funnel
plots/Egger’s test to determine the potential publication bias. Two-sided p < 0.05 was con-
sidered statistically significant, and all calculations were performed using Comprehensive
Meta-Analysis version 4.0.

3. Results
3.1. Literature Search and Study Selection

We identified 1232 relevant published studies. After excluding 361 duplicated studies,
a total of 871 studies were screened based on titles and abstracts, leaving 166 full-text
articles for further assessment. The inclusion criteria were not met by 146 of these articles,
as follows: 30 studies on hepatic tumors other than HCC; 3 studies with analysis not related
to sarcopenia or muscle mass; 99 studies with patients receiving a therapy other than
the recommended systemic therapy; 12 studies lacking statistical data on the influence
of pretreatment LSMM on OS or PFS; and 2 studies with overlapping patient data. The
reasons for exclusion in the final stage are shown in Supplemental Table S3. The flow
diagram for this study selection process is shown in Figure 1.
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Figure 1. PRISMA diagram of study selection.

3.2. Characteristics of Included Studies

The meta-analysis included 20 retrospective studies involving a total of 2377 patients with
HCC who received systemic therapy [11,12,14-17,19-26,31-36]. One study reported the preva-
lence of LSMM and survival analysis results separately for lenvatinib and immunotherapy [20],
while another conducted survival analysis separately for males and females [16]. All studies ex-
cept one reported the OS [21]. Thus, a total of 21 prevalence records [11,12,14-17,19-26,31-36],
20 OS analyses [11,12,14-17,19,20,22-25,31-36], and 13 progression-free survival analyses
were used in the meta-analysis (Table 1) [11,15,19-21,23-26,33,35,36]. The sample size of
each study cohort ranged from 32 to 356. Most of the patients were male (n = 1930; 81%),
and one study [11] enrolled only males. Of the 20 studies included, 17 were from Asian
countries [11,12,15-17,21-24,26,31,33-35] and 3 were from non-Asian countries [14,25,32].
The HCC treatments used included sorafenib (n = 11) [11,13-17,31-33,35,36], lenvatinib
(n =5) [12,20,22,23,34], and immunotherapy (1 = 6) [19-21,24-26]. The measured methods
and cutoff values for muscle mass varied between studies. Seventeen records used the
SMI [11,14-16,19-21,23-26,31-35], while four used the PMI [12,17,22]. The median observa-
tion period was 3.8 years (range, 0.7-10 years), and 16 (76%) of the records had an observation
period of more than 2 years, which was the expected survival time for advanced HCC pa-
tients [4]. Of these studies, two were found to have poor methodological quality, while 17
were deemed to have good quality. The risk of bias in the included studies is outlined in
Table 54.
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Table 1. Demographic and characteristics of included study cohorts.

Method
First Treatment  Patients, oo Usedto ~ CutoffValue yoviv o spuay oo 0s 0s Into PFS PFS
Author Country  Setting Regimen n (Male/ Yegré Estimate Pretreatment (%) Period MA Adjustment HR PFS Adjustment HR
(Year) & Female) Muscle LSMM Yes/No (Year) Factors (95% CI) MA Factors (95% CI)
Mass
Sorafenib
sorafenib age, sex, DCP >
Hiraoka multi- 800/400/ 93 M: 4.24 cm? /m?; 21.5% 100 mAU/mL, 2.16
@o17)[17]  JaPA enter  200mg/  (g1/12)  083#  LIPMI o Lh ) 2m2 (20/73) 4 Yes  Lositive forbone  (1.07-436) R NR NR
day metastases
age, sex, initial
dose,
ECOG-PS
extrahepatic
o ) fenib metastases,
Nishikawa multi- sora 232 M: 36.2 cm?/m?; 65.1% ortal vein 2.74 S 1.20
Q017)[15]  JaPan  center Sogf‘g/ asijsy 72 LSML e em2/m2 (151/81) 5.5 Yes invasion, tumor  (192.392)  Yes univariate 69”7 63
y burden > 50%,
AST, ALP,
ascites, serum
albumin level,
serum AFP, DCP
Naganumaa . sorafenib .
le- o age, Child-Pugh
(2017-M) sng (100~ 69 ! 2, 2 51% . 2.32
(2017-F) Japan Tctle(nterl; ) 800 mg/ (51/18) 72* L3-SMI <42 cm”/m’ (35/34) 55 Yes score, clxucal (1.13-4.77) NR NR NR
[16] akasaki day) stage, AFP
M: BMI > 25
. . : 53cm?/m? age, sex,
Antonelli multi- . 96 . 49% vascular 1.63
(2018) [14] Rome center sorafenib (75/21) 69 # L3-SMI Bl\féﬁ/ﬁiﬁ (47,/49) 2.1 Yes invasion, MELD  (1.05-2.53) NR NR NR
F: 41 cm?/m? score,
Imai J e oy 61 734  L3swmr ~ M42em’/m¥ 41% 41 Y - Bes)%l\lﬁs " 245 NR NR NR
(2019) [31] apan it dayg (54/7) : F: 38 cm?/m? (25/36) : es ther?fpeutic (1.27-4.73)
effect
Labeur Nether- multi- . 278 M: 52.4 cm?/m?; 52% - 1.20
(2019) [32] lands center sorafenib (220/58) 64 * L3-SMI F. 38.5 cm?,/m2 (145/133) 4 Yes univariate (0.94-1.54) NR NR NR
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Table 1. Cont.
Method
First Treatment  Patients, oo Usedto ~ CutoffValue yovpyospay oo 0s 0s Into PFS PFS
Author Country  Setting Regimen n (Male/ Yegré Estimate Pretreatment (%) Period A Adjustment HR PFS Adjustment HR
(Year) & Female) Muscle LSMM Yes/No (Year) Factors (95% CI) MA Factors (95% CI)
Mass
age, sex, AFP >
100 ng/mL,
BCLC stage C,
addi-
Sawada f:ler;%g . 82 M: 36.2 cm? /m?; 20% tl?;;la/;iﬁ? T“’]V%ent 1.15 I 1.23
(2019) [33] Japan Asahik- sorafenib (67/15) 69 # L3-SMI F: 29.6 cm?/m? (16/66) 4.1 Yes srlfqzlsestal mgscle (0.54-2.47) Yes univariate (0.65-2.33)
awa , positive
invasion of
hepatic vessels,
duration of
Sorafenib
treatment
age, LSMM of
TSM; elderly; a%)e,czl;ex,
underweight; ody
HBsAg; weight,
st anti-HCV; ALBI HEIVBSQ%’EI
irst-line rade 2; AFP > ’
sorafenib- & 400 ng/mL; group, AFP,
(2‘/(\)];]_) . single- C}?ntaining 2, 9 15% macrovascular 212 Vg;ac(lj,lrloar 1.63
(males WA omied Y NA - ISSML - 39.0em?/m*  (15/10p) 10 Yes omasion; (113397 Yes invasion,  (093-2.86)
only) [11] with tega- metastasis; eﬁg?f;gsafsm
fur /uracil BCLC C; CLIP ’
ECS(C)Ocr;eP% Y 1; c]i(prchgr’e,
Aol ECOG PS,
Ct(})lrenfl;gl;t(l\cf? combination
: thy
sorafenib alone) erapy
age, sex, BMI, ag};zMsIe X
COG-PS, .
ZSSTS,
. . fenib class, tumor class, tumor
Saeki multi- sora 356 M < 45 cm?2/m?; 49% number, tumor 1.50 Y 1.15
@o21)[35]  JaPan enper  800MB/ (og7yg) 6957 LESML L oo i’ (175/181) 75 Yes size, (1.13-200)  Yes number, ) g0 1 40
day macrovascular tumor size,
invasion macrovascu-
extrahepatic lart m}‘{ asu;p,
spread extrahepatic

spread
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Table 1. Cont.
Method
First Treatment  Patients, .o Usedto  CutoffValue rovivi o suay  mmto 0s 0s Into PFS PFS
Author Country  Setting Regimen n (Male/ Yegré Estimate Pretreatment (%) Period oS Adjustment HR PFS Adjustment HR
(Year) & Female) Muscle LSMM Yes/No (Year) MA Factors (95% CI) MA Factors (95% CI)
Mass
age, sex,
age, sex, HCV or CV or
single HBYV, BMI, HBYV, BMI,
. - sorafenib M: 7.038 o Child-Pugh Child-Pugh
28552"1 521( Japan c\t{enﬁe{, 800/ (841(/)35) 73 % L3-PMI cm?/m?; ( 6?32/ Afl) 6.7 Yes score, PS, BgLC © 9%)115; 45) Yes score, PS, © 6}3—612 86)
( ) [36] hgm(; 400 mg/day F: 4400 cm2/m2 stage, past . i BCLC stage, : :
history of TACE, past history
AFP, DCP of TACE,
AFP, DCP
Lenvatinib
lenvatinib
i - 8 mg/day <
Endo single- M <42 cm?/m?; 35% o 1.06
60 ki * _ ; :
(2020) [34] Japan CI?;;?: . mgg/ g; v 63 (53/10) 71 L3-SMI F <38 cm? /m? (22/47) 0.7 Yes univariate (0.43-2.56) NR NR NR
> 60 kg)
lenvatinib
. . (8 mg/day < 2, 9 age, sex, AFP,
Hiraoka multi- 151 M: 4.24 cm* /m?; 27% 1.65
Japan 60 kg or NA L3-PMI . 2 o’ 2 Yes BCLC stage (C - NR NR NR
(2021) [12] center 12 mg,/day (116/35) F: 2.50 cm?/m’ (41/110) and D), BMI (1.02-2.69)
> 60 kg)
single lenvatinib age, Alb,
" (8mg/day < maximum 3.89
Dong . center, 40 M: 42 cm? /m?; 57.5% ; I 2.32
China 60 kg or 59 * L3-SMI ’ 0.8 Yes tumor diameter, 1.26— Yes univariate
(2022) [23] Change- merday @73 F38em?/m?  (23/17) ortal vein T (1.00-5.41)
un > 60 kg) thrombosis
lenvatinib
4mg/8mg/
12 mg based -
Fujita multi- on their 130 M: 6 cm*/m*=; 48% e 1.43
(2022) [22] Japan center body weight (107/23) 70 * L3-PMI F: 3.4 cm? /m? (63/67) 25 Yes univariate (0.83-2.47) NR NR NR
and liver

function
reserve
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Table 1. Cont.

First Treat Patients Ussdte  CutoffValue  yoyny Study 0s 0s Into PFS PFS
. t , Age, ¢ :
Author Country  Setting I:i;iﬁi:l n (Male/ Yegis Estimate Pret rgg: ment (%) Period Inlt\z g s Adjustment HR PFS Adjustment HR
(Year) Female) l\ﬁ}llscle LSMM Yes/No (Year) Factors (95% CI) MA Factors (95% CI)
ass
68.2%
lenvatinib A(]%%é %3?;:’)/\/
Toshida single- (8 mg/day 2, 2 ’ age, sex, LMR <
(2022-a) Japan ~ center, <60kgor (436/320) 69-75%  L3-SMI 1\1/11 ;15 cm/m”; ( 507./11750). 38 Yes 4%, ALBl grade, 121.876 “ Yes ALBI grade, 1.90
[20] Fukuoka 12 mg /kday :38 cm?/m 0/15); best response . (1117:33) 2/3(vs.1)  (0.88-4.10)
>60kg 63.5%
(40/23)
Immunotherapy
anti-PD1 atge, s?é, BCdLg sex,
Akce _ single-  antibody- 57 M: 43 cm? /m?; 9 stage (B an Child-Pugh
G g ody . | :43 cm?/m?; 49.1% 1.71 . 0.99
(o21)[25]  ©COT81@  cenfer  containing  (44/13) 66 L3-SME - p 39 em2/m? (28/29) 3 Yes vs. A); (0.73-4.00)  Yes score, in- 5477 gs)
regimens Inflammation flammation
biomarkers biomarkers
age, sex, ECOG
PS, ALBI group,
: single-  intravenous _ AFL
Kim Korea Cen%er nivolumab 102 61.3* L3-SMI M: 42 em? /m?; 22.5% intrahepatic 1.11 .. 131
(2021) [24] Soul Smg/ks. 67/15) ' F: 38 cm?/m? (23/79) 2 Yes tumor burden,  (0.62-1.97)  Yes univariate g0 14
surgery, RT,
ALC and NLR
risk group
Matsumoto Japan ig;\%;' rﬁgz+ 1]321887 32 77 % L3-SMI M: 42 cm?/m?; 53% 15 NR . 1.10
(2022) [21] Tokyo 15513% kg  (19/13) F: 38 cm?/m? (17/15) ' NR NR Yes univariate - 40-3.10)
A+B+L:
ATZ ALBI grade,
Toshida single- 1200 mg + 2/3 (vs. 1),
(2022-b) Japan cengter, BEV 1g5 35 79 % L3-SMI M: 42 cm?/m?; 57.1% 3.8 Yes univariate 1.30 Yes sarcopenia, 1.26
0] Fukuoka  mg/ke (28/7) F: 38 cm?/m? (20/15) (0.29-5.86) LEN:ALBI  (0.44-4.20)
QBW grade,
2/3(vsl),

sarcopenia
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Table 1. Cont.

Method
First Treatment  Patients,  ,  Usedto ~ CutoffValue iy ospay o 0s 0s Into PFS PFS
Author Country Setting Regimen n (Male/ Yegré Estimate Pretreatment (%) Period MA Adjustment HR PFS Adjustment HR
(Year) & Female) Muscle LSMM Yes/No (Year) Factors (95% CI) MA Factors (95% CI)
Mass
number of
tumors,
Child-Pugh
class,
Guo Chi sin%le- camreliz- 97 50 4 L3-SMI M: 37.7 cm?/m?; 47.4% 13 NR NR NR {2? if\?/‘;i?cc)ﬁ,_ 1.97
(2022) [26] mna ;f;‘beefi' umab (79/18) F: 34.3 cm?/m> (46/51) - extrahepatic ~ (1.17-3.33)
spread,

ECOG per-

formance,

tumor size,

PLR, NLR

Age, sex,
Chen . single- 1 muno- 111 M:408cm?/m%  51.3% multinodular or 2.09 o 1.50
Taiwan center, 59 # L3-SMI 2y’ 5 Yes massive, . Yes univariate -
(2023) [19] Tiper therapy (97/14) F: 349 cm?/m (57/54) Child-Puagh, (1.29-3.39) (1.00-2.25)
myosteatosis

* Median; # mean.; AFP, alpha-fetoprotein; ALC, absolute lymphocyte count; ALP, alkaline phosphatase; ALT, alanine transaminase; anti-HCV, anti-hepatitis C virus antibody positive;
anti-PD1, anti-programmed death-1; AST, aspartate transaminase; ATZ, atezolizumab; BCLC, Barcelona Clinic Liver Cancer; BEV, bevacizumab; BMI, body mass index; CLIP, Cancer of
the Liver Italian Program; DCP, deso-protein prothrombin; ECOG-PS, Eastern Cooperative Oncology Group performance; F, female; HBsAg, hepatitis B virus antigen positive; LMR,
lymphocyte-monocyte ratio; LSMM, low skeletal muscle mass; M, male; MA, meta-analysis; mALBI grade, modified albumin-bilirubin grade; MELD, Model for End-stage Liver Disease;
NA, not available; NLR, neutrophil-to-lymphocyte ratio; NR, HR not reported; OS, overall survival; PFS, progression-free survival; PMI, psoas mass index; PLR, platelet-to-lymphocyte
ratio; PS, paraspinal muscle Q3W, every 3 weeks; RT, radiation therapy; SMI, skeletal muscle mass index; TACE, transarterial chemoembolization; TSM, total skeletal muscle; TKIs,

tyrosine kinase inhibitors.
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3.3. Prevalence of LSMM among HCC Patients Undergoing Systemic Therapy

The prevalence of LSMM was reported in 21 studies, including 2377 individuals [11,12,
14-17,19-26,31-36]. The range of prevalence was 15-65.1%. The overall pooled prevalence
was 43.4% (95% CI, 37.0-50.0%; 12, 89.27%; p <0.001; Egger’s test, p = 0.10) (Figure 2). The
sub-analysis of records from Asian individuals revealed a prevalence of 42.2% (95% CI,
34.7-50.1%). Among non-Asian individuals, the prevalence was 51.0% (95% Cl, 46.3-55.7%).
The prevalence was 44.5% (95% CI, 37.7-51.6%) among studies that defined LSMM using
the L3-SMI and 38.9% (95% CI, 22.7-58.0%) among studies using L3-PMI (Table S5).

3.4. Overall Survival among HCC Patients Undergoing Systemic Therapy with Versus
without LSMM

Twenty records [11,12,14-17,19,20,22-25,31-36] including 2248 patients reported OS
results. The pooled HR was 1.70 (95% CI, 1.46-1.97; p < 0.001), without significant hetero-
geneity among the included studies (12, 29.27%; Egger’s test, p = 0.20) (Figure 3A). The
subgroup analysis results are shown in Table S6. The crude and adjusted pool analyses
showed the same positive association between LSMM and poor prognosis. The crude
HR pooling from 16 records with univariate analysis results was 1.68 (95% CI, 1.44-1.95;
p <0.001; 2, 24.37%), and the adjusted HR pooling from 16 records with multivariate
analysis data was 1.84 (95% CI, 1.59-2.13; p < 0.001; 2, 11.07%). LSMM was consistently
associated with a poor OS in the subgroup analysis of sorafenib (HR, 1.74; 95% CI, 1.41-2.14;
p < 0.001), lenvatinib (HR, 1.71; 95% CI, 1.22-2.41; p = 0.002), and immunotherapy (HR,
1.61; 95% CI, 1.15-2.24; p = 0.005) (Figure 3B-D). The pooled data from records of Asian
(HR, 1.80; 95% CI, 1.54-2.11; p < 0.001), non-Asian (HR, 1.31; 95% CI, 1.07-1.62; p = 0.010),
SMI (HR, 1.74; 95% CI, 1.44-2.10; p < 0.001), and PMI (HR, 1.61; 95% CI, 1.22-2.11; p = 0.001)
demonstrated the same association. In the pooled HR from studies that observed patients
for more than 2 years, the association remained significant (HR, 1.69; 95% CI, 1.46-1.96;
p <0.001). However, this was not the case for studies with an observation time under
2 years (HR, 1.94; 95% CI, 0.54-6.90; p = 0.308) (Table S6).

A. Overall
Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative

rate limit limit Total weight

Hiraoka 2017 0.215 0.143 0.310 20/93 —— 4.66
Naganumaa 2017 0.507 0.391 0.623 35/69 —— 473
Nishikawa 2017 0.651 0.587 0.708 15117232 —il— 5.25
Antonelli 2018 0.490 0.391 0.589 47196 —_—lG— 4.93
Imai 2019 0.410 0.294 0.536 25/61 — 462
Labeur 2019 0.522 0.463 0.580 1457278 —i— 5.32
Sawada 2019 0.195 0.123 0.295 16/82 —a— 4.50
Wu 2021 0.150 0.097 0.226 187120 e 4.64
Saeki 2021 0.492 0.440 0.543 1751356 == 5.37
Katsuaki 2022 0.624 0.530 0.710 68/ 109 —— 4,97
Endo 2020 0.349 0.242 0.474 22/63 —l— 4.59
Hiraoka 2021 0.272 0.207 0.348 41/151 —i— 5.04
Dong 2022 0.575 0.420 0.717 23/40 —_—— 4.25
Fujita 2022 0.485 0.400 0.570 63/130 —i— 5.08
Toshida 2022-a 0.635 0.510 0.744 40/63 —_—i— 4.61
Akce 2021 0.491 0.365 0619 28157 —— 4.59
Kim 2021 0.225 0.155 0.317 2371102 —i— 4.75
Matsumoto 2022 0.438 0.279 0.610 14/32 —_— 4.02
Toshida 2022-b 0.571 0.406 0.723 20/35 —_— 4,12
Guo 2022 0.474 0.377 0.573 46/ 97 —a— 4.94
Chen 2023 0.514 0.421 0.605 57/111 —— 5.01
Pooled 0.434 0.370 0.500 -

Heterogeneity: Q = 186.54, DF = 20 (P = 0);I2 = 89.28%

Figure 2. Cont.
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B. Sorafenib

Study name

Hiraoka 2017
Naganumaa 2017
Nishikawa 2017
Antonelli 2018
Imai 2019
Labeur 2019
Sawada 2019
Wu 2021

Saeki 2021
Katsuaki 2022
Pooled

Statistics for each study

Event
rate

0.215
0.507
0.651
0.490
0.410
0.522
0.195
0.150
0.492
0.624
0.417

Lower
limit
0.143
0.391
0.587
0.391
0.294
0.463
0.123
0.097
0.440
0.530
0.320

Upper
limit
0.310
0.623
0.709
0.589
0.536
0.580
0.295
0.226
0.543
0.710
0.521

Total

20/93
35/69
151/232
47196
25/61
145/278
16/82
187120
175/ 356
68/109

Heterogeneity: Q = 126.38, DF = 9 (P = 0); I°= 92.88%

C. Lenvatinib

Study name

Endo 2020
Hiraoka 2021
Dong 2022
Fujita 2022
Toshida 2022-a
Pooled

Statistics for each study

Event
rate

0.349
0.272
0.575
0.485
0.635
0.455

Lower
limit
0.242
0.207
0.420
0.400
0.510
0.321

Upper

limit

0.474
0.348
0.717
0.570
0.744
0.595

Total

22163
417151
23740
637130
40/63

Heterogeneity: Q = 31.60, DF =4 (P = 0); 12=87.34%

D. Immunotherapy

Study name

Statistics for each study

Akce 2021

Kim 2021
Matsumoto 2022
Toshida 2022-b
Guo 2022

Chen 2023
Pooled

Event
rate
0.491
0.225
0.438
0.571
0.474
0.514
0.444

Lower

limit

0.365
0.155
0.279
0.406
0.377
0.421
0.340

Upper
limit
0.619
0.317
0.610
0.723
0.573
0.605
0.553

Total

28757
23/102
147132
20735
46 /97
577111

Heterogeneity: Q = 23.42,DF = 5 (P = 0); 1= 78.65%

Event rate and 95% CI

Relative
weight
e 9.60
—— 972
il 10.59
L 10.06
—_— 952
il 10.70
9.33
9.57
== 10.78
—— 10.12
‘-
Event rate and 95% CI
Relative
weight
—a— 19.51
—— 21.31
—_— 18.14
—— 21.46
—_—1 — 19.57
el
Event rate and 95% CI
Relative
weight
—— 16.69
—— 17.51
— e 14.03
—_— 14.45
—l— 18.47
—— 18.84

rafenib, (C) lenvatinib, (D) immunotherapy [11,12,14-17,19-26,31-36].

Figure 2. Prevalence of LSMM in HCC patients undergoing systemic therapy. (A) Overall, (B) so-

3.5. Progression-Free Survival among HCC Patients Undergoing Systemic Therapy with and
without LSMM

Upon further examination of PFS, we included 13 records involving 1400 patients [11,
15,19-21,23-26,33,35,36]. A meta-analysis revealed a pooled HR of 1.32 (95% CI, 1.16-1.51;
p < 0.001) (Figure 4A). The findings of the subgroup analysis are shown in Table S7. The
crude HR pooled from nine records with univariate analysis results was 1.57 (95% CI,
1.24-1.98; p < 0.001), and the adjusted HR pooled from seven records with multivariate
analysis data was 1.32 (95% CI, 1.10-1.59; p = 0.003). A correlation between PFS and LSMM
was identified in the subgroup analysis of treatment type for sorafenib (HR, 1.23; 95% ClI,
1.03-1.46; p = 0.020), lenvatinib (HR, 2.08; 95% CI, 1.18-3.67; p = 0.012), and immunotherapy
(HR, 1.41; 95% CI, 1.12-1.78; p = 0.004) (Figure 4B-D). The pooled data from records of
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Asian patients (HR, 1.34; 95% CI, 1.17-1.54; p < 0.001) and subgroups by study quality and
observation time, demonstrated a similar correlation.

3.6. Publication Bias and Sensitivity Analysis

The symmetrical distribution in the funnel plot assessing prevalence suggests the
absence of publication bias (Egger’s test, p = 0.10) (Figure S1A). The funnel plot for assessing
the association between LSMM and OS or PFS was visually symmetrical (Figure S1B,C); this
result was confirmed by the Egger’s test (p = 0.20 and p = 0.10, respectively). A sensitivity
analysis using the one-study removal method showed a consistently statistically significant
effect of LSMM on OS and PFS (Figure S2). The summarized effect sizes did not change the
significance of these findings upon removal of any of the included studies, indicating that
the pooled results were robust.

A. Overall
Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio limit limit weight
Hiraoka 2017 2.16 1.07 4.36 —l— 3.68
Naganumaa 2017-M 2.32 1.13 4.77 —— 3.54
Naganumaa 2017-F 1.84 0.37 9.09 —_—] — 0.84
Nishikawa 2017 2.74 1.93 3.89 = 9.40
Antonelli 2018 1.63 1.05 2.53 - 7.28
Imai 2019 2.45 1.27 4.73 e 4.10
Labeur 2019 1.20 0.94 1.54 L 12.77
Sawada 2019 1.15 0.54 2.45 — = 3.26
Wu 2021 212 1.13 3.97 —— 4.40
Saeki 2021 1.50 1.13 2.00 g 11.43
Katsuaki 2022 1.48 0.90 2.44 —— 6.13
Endo 2020 1.06 0.43 2.59 e 2.46
Hiraoka 2021 1.65 1.02 2.68 —i— 6.41
Dong 2022 3.89 1.26 12.03 —_— 1.61
Fujita 2022 1.43 0.83 2.47 — = 5.42
Toshida 2022-a 2.86 1.1 7.35 —l— 2.23
Akce 2021 1.71 0.73 4.00 —— 2.67
Kim 2021 1.1 0.62 1.98 —i— 4.99
Toshida 2022-b 1.30 0.29 5.84 —— 0.94
Chen 2023 2.09 1.29 3.39 — 6.44
Pooled 1.70 1.46 1.97 ¢
Heterogeneity: Q = 26.86, DF = 19 (P = 0.11); 1= 29.27% Favor LSMM Favor Non-LSMM

Test for overall effect: Z = 6.93 (P < 0.001)

Figure 3. Cont.
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B. Sorafenib
Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower  Upper Relative
ratio limit limit weight
Hiraocka 2017 2.16 1.07 4.36 —i— 6.25
Naganumaa 2017-M 2.32 1.13 4.77 —l— 6.03
Naganumaa 2017-F 1.84 0.37 9.09 e 157
Nishikawa 2017 2.74 1.93 3.89 == 13.46
Antonelli 2018 1.63 1.05 2.53 = 11.06
Imai 2019 2.45 1.27 473 —— 6.86
Labeur 2019 1.20 0.94 1.54 E 16.74
Sawada 2019 1.156 0.54 2.45 —f— 5.61
Wu 2021 212 1.13 3.97 —i— 7.29
Saeki 2021 1.50 113 2.00 == 15.50
Katsuaki 2022 1.48 0.90 2.44 = = 9.64
Pooled 1.74 1.41 214 L J
Heterogeneity: Q = 19.29, DF = 10 (P = 0.04); I?= 48.15%
Test for overall effect: Z = 5.22 (P < 0.001)
C. Lenvatinib
Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio limit limit weight
Endo 2020 1.06 0.43 2.59 —— 13.27
Hiraoka 2021 1.65 1.02 2.68 == 35.99
Dong 2022 3.89 1.26 12.03 —_— —— 8.62
Fujita 2022 143 0.83 2.47 il 30.14
Toshida 2022-a 2.86 1.11 7.35 e ! 11.99
Pooled 1.71 1.22 2.41 L
Heterogeneity: Q =4.71, DF =4 (P = 0.32); I° = 15.13%
Test for overall effect: Z = 3.07 (P = 0.002)
D. Immunotherapy
Study name Statistics for each study Hazard ratio and 95% ClI
Hazard Lower Upper Relative
ratio limit limit weight
Kim 2021 1.1 0.62 1.98 = = 32.88
Toshida 2022-b 1.30 0.29 5.84 —— 4.86
Chen 2023 2.09 1.29 3.39 = = 47.07
Pooled 1.61 1.15 2.24 -
Heterogeneity: Q =2.81 DF = 3 (P = 0.42); 12 < 0.001 Favor LSMM Favor Non-LSMM

Test for overall effect: Z =2.81 (P = 0.005)

Figure 3. Forest plots of the association between LSMM and overall survival. (A) Overall,
(B) sorafenib, (C) lenvatinib, (D) immunotherapy [11,12,14-17,19,20,22-26,31-36].
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A. Overall

Study name

Nishikawa 2017
Sawada 2019
Wu 2021

Saeki 2021
Ogushi 2022
Dong 2022
Toshida 2022-a
Akce 2021

Kim 2021
Matsumoto 2022
Toshida 2022-b
Guo 2022

Chen 2023
Pooled

Statistics for each study

Hazard Lower Upper
ratio limit limit
1.200 0.887 1.624
1.230 0.650 2.329
1.630 0.929 2.858
1.150 0.897 1.475
1.620 0.680 3.859
2.320 0.996 5.404
1.900 0.880 4101
0.990 0.535 1.832
1.310 0.801 2143
1.100 0.395 3.062
1.260 0.440 3.608
1.970 1.168 3.323
1.500 1.000 2.250
1.323 1.157 1.513

Heterogeneity: Q = 8.20, DF = 12 (P = 0.77);12< 0.01%
Test for overall effect: Z = 3.96 (P < 0.001)

B. Sorafenib

Study name

Nishikawa 2017
Sawada 2019
Wu 2021

Saeki 2021
Ogushi 2022
Pooled

Statistics for each study

Hazard Lower Upper

ratio limit limit

1.200 0.887 1.624
1.230 0.650 2.329
1630 0.929 2.858
1.150 0.897 1.475
1.620 0.680 3.859
1.226 1.033 1.456

Heterogeneity: Q = 1.66, DF =4 (P = 0.80); 12< 0.01%
Test for overall effect: Z = 2.33 (P = 0.020)

C. Lenvatinib
Study name Statistics for each study
Hazard Lower Upper
ratio limit limit
Dong 2022 2.320 0.996 5.404
Toshida 2022-a 1.900 0.880 4.101
Pooled 2.080 1.177 3.674

Heterogeneity: Q =0.12, DF = 1 (P =0.73); 1< 0.01%
Test for overall effect: Z=2.52 (P =0.012)

Figure 4. Cont.

Hazard ratio and 95% CI

Relative
weight

19.68
442
5.71

2913
2.39
2.52
3.04
4.75
744
1.72
1.63
6.59

10.96

°#++++++++'++'

Favor LSMM Favor Non-LSMM

Hazard ratio and 95% ClI

Relative
weight

= 32.09
- 7.21
i 9.31
47.49
—— 3.90
*

Favor LSMM Favor Non-LSMM

Hazard ratio and 95% CI

Relative
weight

—i— 45.29
—i— 54.71
-

Favor LSMM Favor Non-LSMM
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D. Immunotherapy

Study name

Akce 2021
Kim 2021
Matsumoto 2022

Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio limit limit weight

0.990 0.535 1.832 - 14.36

1.310  0.801 2.143 =i 22.50

1100 0.395  3.062 —— 5.19
R

Toshida 2022-b 1.260 0440 3.608 4.92
Guo 2022 1.970 1.168  3.323 —- 19.91
Chen 2023 1.500 1.000 2.250 -l 33.12
Pooled 1.412 1.118 1.783 L 4

Heterogeneity: Q = 3.09, DF =5 (P =0.69); ); 12< 0.01% Favor LSMM Favor Non-LSMM

Test for overall effect: Z = 2.69 (P = 0.007)

Figure 4. Forest plots of the association between LSMM and progression-free survival. (A) Overall,
(B) sorafenib, (C) lenvatinib, (D) immunotherapy [11,15,19-21,23-26,33,35,36].

4. Discussion

This systematic review and meta-analysis involved 20 retrospective studies and
2377 patients. Our results demonstrate that LSMM is a common occurrence among HCC
patients receiving systemic therapy, with a prevalence of 43.4%. Our findings indicate
that low LSMM is associated with a reduced OS. This correlation was observed across
different treatment types (such as sorafenib, lenvatinib, and immunotherapy), geograph-
ical regions (Asian and non-Asian), and measurement methods (SMI and PMI). Despite
previous studies reporting no correlation between LSMM and PFS [11,15,19-21,23-25,33],
our meta-analysis showed that LSMM is indeed associated with poor PFS among patients
undergoing several types of systemic therapy.

Patients undergoing systemic therapy for HCC often have LSMM, with a prevalence
ranging from 15 to 65.1% in the studies included in this meta-analysis. The cumulative
prevalence in this population was 43.4% (95% ClI, 37.0-50.0%), which is similar to that
found in a previous meta-analysis of HCC patients treated with sorafenib or lenvatinib
(41%, based on data from 10 studies and 1028 patients) [18]. Compared to the overall
HCC population, the prevalence of LSMM was higher among those undergoing systemic
therapy. For example, a previous meta-analysis by Chuan et al. that included 42 studies
with 8203 patients found that the pooled prevalence of sarcopenia among HCC patients
was 39% (95% CI, 33-45%; n = 8203) [7]. Another meta-analysis by March et al. including
25 studies reported a cumulative prevalence of 38.5% for LSMM in patients with HCC [8].
Patients with advanced HCC (BCLC stage C) or cancer progression to an advanced stage
typically undergo systemic treatment as the standard of care [1,3,4]. These patients often
have sarcopenia as a result of the tumor burden and systemic cytokine-mediated inflamma-
tion caused by the cancer [10,37]. Furthermore, disease progression and previous cancer
treatments can lead to cachexia, a condition that causes loss of muscle and weight [38].
With such a high prevalence, LMSS seems to be an important issue in this population.

Multiple meta-analyses have demonstrated an association between sarcopenia and
poor prognosis for cancers such as lung, breast, and lymphoma [39-41], although the mech-
anism underlying this effect is unclear. Previous meta-analyses have also demonstrated
that LSMM affects both OS and PFS in patients with HCC [7,8]. Our study, which focused
on patients receiving systemic therapy with CT scans used to measure muscle mass, found
that LSMM was also associated with significantly reduced OS and PFS. In summary, the
presence of LSMM was found to have a negative effect on OS and PFS among HCC patients
receiving systemic therapy. Our findings suggest that LSMM may be a valuable tool for
guiding treatment decisions and improving patient outcomes in the management of HCC.
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Further research is needed to confirm these results and to determine the optimal therapeutic
approach for patients with LSMM.

The previous meta-analyses only showed that LSMM is a predictor of OS in patients
receiving kinase inhibitors, such as sorafenib or lenvatinib [8,18]. The subgroup analy-
sis in our study provided stronger evidence for the effect of LSMM on OS and also on
PFS in patients receiving the same treatments. The association between LSMM and poor
survival in patients treated with kinase inhibitors may result from sarcopenia patients
often receiving lower initial doses of medication and experiencing more dose-limiting
toxicity [10,42]. Both treatments have been found to result in grade 3—4 drug-related ad-
verse events in about 50% of treated patients, resulting in a withdrawal rate near 15% [1].
Studies have suggested that sarcopenia can decrease a patient’s ability to tolerate med-
ication [12,14,15]. Additionally, a direct pathway may be involved, such as changes in
the phosphatidylinositol-3-kinase / AKT-mammalian target of rapamycin pathway, which
is essential for muscle protein synthesis [5,43]. Dysregulation of this pathway caused
by medication may lead to further muscle loss [44]. These results suggest that LSMM
should be considered as a factor in decision making for protein kinase inhibitor treatment
in HCC patients.

No meta-analysis has addressed the association between LSMM and the effectiveness
of immunotherapy in patients with HCC. The major studies have found no significant
correlation between LSMM and survival (OS and PES) in patients receiving immunother-
apy [20,24,25]. Two studies found a correlation between LSMM and survival [19,26]. After
pooling these studies, this meta-analysis revealed that patients receiving immunotherapy
who had LSMM had a shorter OS and PFS than did those without LSMM. Although the
relationship between LSMM and reduced effectiveness of immunotherapy is unclear, it may
be explained by the tumor microenvironment (inflammation and immunity) and cytokine
activity. Skeletal muscle is now considered an organ with immune regulatory proper-
ties [45]. It produces and releases important proteins known as myokines, which counteract
the harmful effects of proinflammatory adipokines and contribute to the tumor microen-
vironment [10,45-47]. However, when muscle wasting occurs, these counteracting effects
disappear, resulting in systemic inflammation and immune disturbances [47]. Studies have
shown that inflammatory factors and LSMM are associated with survival in HCC patients
receiving immunotherapy [20,21,24]. On the other hand, skeletal muscle cells modulate
immune function by signaling through different soluble factors, cell surface molecules, or
cell-to-cell interactions [45]. The interaction between muscle wasting and immune senes-
cence appears to be bidirectional. Cytokines such as transforming growth factor-{3 [43] and
interleukin-6 [49] may play a role in the development of sarcopenia and contribute to T-cell
exhaustion, which can lead to a poor response to immunotherapy [10,50]. Skeletal muscle
depletion also causes a decrease in myokine levels, which may result in a poor response
to immunotherapy [45,46]. Therefore, LSMM may affect immune regulation and increase
resistance to immunotherapy, leading to poorer outcomes among HCC patients.

The key strength of this study is the use of updated data from a variety of studies that
included HCC patients receiving systemic therapy. These additional data increased the
statistical power of this study, enabling subgroup analyses of the effect of LSMM on OS
and PFS. As a result, this study can aid physicians in understanding the effect of LSMM in
patients receiving immunotherapy. Furthermore, while most previous studies reported no
association between LSMM and progression-free survival among HCC patients receiving
systemic therapy, our meta-analysis revealed a correlation due to the larger sample size
polled. Third, this is the first meta-analysis to address the association between LSMM and
the effectiveness of immunotherapy in patients with HCC. Further research is needed to
better understand the underlying mechanisms and potential interventions.

However, we acknowledged several limitations in this systematic review and meta-
analysis. First, the variation between studies in the methods and cutoff values used to
determine LSMM through CT images may have resulted in the varying prevalence rates.
However, the subgroup analyses suggests that the association between LSMM and survival



Cancers 2023, 15, 2426

17 of 20

References

is not affected by these differences, indicating that LSMM has a negative effect regardless
of method and cutoff value. For future research, it is important to use standardized
assessment methods and cutoff values, as well as conducting prospective studies. Second,
most studies only included Asian patients, primarily from Japan, leading to uncertainty
about the applicability of these findings to patients from other regions. Additional studies
that include patients from other regions are needed to address this limitation. Third, the
patient cohorts used to study sarcopenia among HCC patients vary with respect to etiology
and Child-Pugh scores. To obtain a more precise evaluation of the effect of sarcopenia
on mortality, a new prediction system that considers LSMM is needed. Fourth, some
included studies in this meta-analysis had small sample sizes, but the results from these
included studies were consistent with the pooled results of the meta-analysis. In addition,
the sensitivity analysis using the one-study removal method indicated that the pooled
results were robust. Therefore, the impacts from the inclusion of small sample sizes on our
findings were relatively minor.

5. Conclusions

LSMM is prevalent among HCC patients undergoing systemic therapy with drugs
such as sorafenib, lenvatinib, and new immunotherapeutic agents and is associated with
poor OS and PFS. Early intervention or prevention strategies to improve muscle mass may
be necessary for this patient population.
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