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Abstract. The present study aimed to examine the impact 
of sarcopenia, defined as low muscle mass on computed 
tomography (CT), prior to sorafenib therapy on the clinical 
outcomes of patients with hepatocellular carcinoma (HCC) 
receiving sorafenib therapy. In total, 232 patients with unre-
sectable HCC (median age, 72 years) were analyzed, and the 
extent of sarcopenia was assessed using CT. Cross‑sectional 
areas (cm2) of the skeletal muscles at the third lumbar vertebra 
level were determined by manual outlining on the CT images. 
The cross‑sectional areas were normalized for height [skel-
etal muscle index (SMI), cm2/m2]. Based on the findings of 
previous studies, male patients with SMI ≤36.2 cm2/m2 and 
female patients with SMI ≤29.6 cm2/m2 were defined as having 

sarcopenia. The baseline characteristics, overall survival (OS) 
rates, progression‑free survival (PFS) rates and best treat-
ment response of the sarcopenia group were retrospectively 
compared with those of the non‑sarcopenia group, and the 
factors associated with OS and PFS were examined. Sarcopenia 
was observed in 151 patients (65.1%). There were 165 patients 
with Child‑Pugh A and 67 with Child‑Pugh B cirrhosis. In the 
sarcopenia group, the median treatment duration was 66 days, 
whereas in the non‑sarcopenia group it was 103 days (P=0.001). 
The median OS time was 174 days in the sarcopenia group and 
454 days in the non‑sarcopenia group (P<0.0001). The median 
PFS was 77 days in the sarcopenia group and 106 days in the 
non‑sarcopenia group (P=0.0131). Multivariate analysis identi-
fied sarcopenia to be an independent predictor of OS (hazard 
ratio, 0.365; P<0.0001). The objective response rate and disease 
control rate in the sarcopenia group were significantly lower, 
compared with those in the non‑sarcopenia group (P=0.0146 
and P=0.0151, respectively). In conclusion, sarcopenia may 
be an indicator of poor clinical course in patients with HCC 
receiving sorafenib.

Introduction

Hepatocellular carcinoma (HCC) is one of the major causes of 
cancer‑associated mortality worldwide, accounting for 5.7% of 
all newly diagnosed malignancies (1‑5). The annual incidence 
rates of HCC are the highest in East Asia and Sub‑Saharan 
Africa, where >80% of all known cases develop (1‑5). Advances 
in treatments for HCC during the last few decades markedly 
improved the prognosis of the disease (1,2,4,5). However, a 
curative therapy such as surgical resection may be applied to a 
limited number (<20%) of patients with HCC (5,6).

Sorafenib is a multi‑kinase inhibitor that suppresses 
cancer growth and cell proliferation  (7,8). Two pivotal 
randomized phase III studies, namely the Sorafenib HCC 
Assessment Randomized Protocol study (7) and the Asian 
Pacific study (8), demonstrated that patients with unresectable 
HCC undergoing sorafenib therapy had significantly longer 
survival time compared with the placebo group. Although 
>5 years have elapsed since the introduction of sorafenib for 
the treatment of unresectable HCC in daily clinical practice, 
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sorafenib is still regarded as first‑line systemic chemothera-
peutic agent for HCC (9‑11). In addition, studies on prognostic 
factors in patients with HCC who underwent sorafenib therapy 
have mainly focused on tumor‑associated factors, liver 
function, serum biomarkers and combination therapy with 
sorafenib (12‑17).

Substantial skeletal muscle wasting, termed sarcopenia, 
is an important predictor for survival in patients with solid 
malignancies (18). By contrast, sarcopenia has become a rele-
vant clinical feature for understanding the effects of aging on 
clinical outcomes (19). Sarcopenia is a commonly observed 
disorder in aged populations and is associated with disability, 
functional decline and frailty  (19,20). Generally, skeletal 
muscle mass is regulated depending on the balance between 
protein synthesis and protein breakdown (21). Patients with 
HCC often have underlying liver cirrhosis (LC), and skel-
etal muscle loss is a major characteristic of protein energy 
malnutrition in patients with LC  (22,23). Age‑associated 
sarcopenia is defined as primary sarcopenia, whereas LC 
is one of the causes of secondary sarcopenia  (19,22,23). 
Although commonly observed, malnutrition is frequently 
underdiagnosed or overlooked, and it is poorly characterized 
in patients with HCC and LC complications (21‑23). In addi-
tion, to the best of our knowledge, although sarcopenia has 
been reported to be an adverse predictor in patients with HCC 
who may have a potential for curative therapy such as surgical 
resection, as well as in patients with several malignancies 
other than HCC, there have been no studies regarding the 
impact of sarcopenia on clinical outcomes in patients with 
HCC undergoing sorafenib therapy (18,24‑27). Therefore, it 
is imperative to address these issues. The aim of the present 
study was to examine the impact of sarcopenia prior to 
sorafenib therapy on the clinical outcomes in patients with 
HCC receiving sorafenib.

Materials and methods

Patients and indications of sorafenib treatment. Between 
June 2009 and August 2015, 234 patients with HCC treated 
with sorafenib (median age=72 years, range; 40‑91 years, 
182 males and 52 females) were admitted to the Division of 
Hepatobiliary and Pancreatic Disease, Department of Internal 
Medicine, Hyogo College of Medicine (Hyogo, Japan) and the 
Department of Gastroenterology and Hepatology, Osaka Red 
Cross Hospital (Osaka, Japan). Of these, two patients with 
insufficient clinical data were excluded from the analysis. 
Thus, 232 patients with HCC treated with sorafenib were 
analyzed in the present study. The majority of analyzed 
patients received previous therapies for HCC. Sorafenib 
therapy was recommended for patients with unresectable 
HCC and the following features, as determined by dynamic 
computed tomography (CT): i) The presence of distant metas-
tases; ii) refractory response to previous transcatheter arterial 
therapies for HCC [transcatheter arterial chemoembolization 
(TACE) or transcatheter arterial infusion (TAI) chemo-
therapy]; iii) unsuitability for TACE or TAI due to anatomical 
reasons; iv) vascular invasion such as tumor thrombus in the 
portal vein (28‑30). Patients with poor performance status 
[PS; Eastern Cooperative Oncology Group (ECOG) classifica-
tion ≥3] were not recommended for sorafenib therapy (28,29).

Definition of sarcopenia and the study protocol. Assessment 
of sarcopenia was performed using CT scans obtained prior 
to sorafenib therapy. The tissue Hounsfield unit (HU) limit for 
skeletal muscles on the CT image was ‑29 HU to +150 HU, 
as previously reported (27). The third lumbar vertebra (L3) 
was used as a standard landmark. Skeletal muscles at the L3 
level included the erector spinae, transverse abdominis, psoas, 
quadratus lumborum, internal and external oblique abdominal 
muscle and the rectus abdominis muscle; these muscles were 
identified on the CT images. Cross‑sectional areas (cm2) of the 
muscles were measured by manual tracing on the CT images, 
and their sum was calculated (27). A representative case is 
presented in Fig. 1. The cross‑sectional areas were normalized 
for patient height [skeletal muscle index (SMI), cm2/m2]. Male 
patients with SMI ≤36.2 cm2/m2 and female patients with SMI 
≤29.6 cm2/m2 were defined as having sarcopenia, based on the 
findings of a previous study (31).

The present study retrospectively compared baseline char-
acteristics, overall survival (OS), progression‑free survival 
(PFS), best treatment response of sorafenib and serious adverse 
events [SAEs; grade ≥3 as defined by the Common Terminology 
Criteria for Adverse Events (CTCAE); version 3 (32)] in the 
sarcopenia and the non‑sarcopenia groups, and investigated 
factors associated with OS and PFS using univariate and 
multivariate analysis. The current study was performed in 
accordance with the Declaration of Helsinki and with approval 
from the Ethics Committees of each hospital (Hyogo College 
of Medicine and Osaka Red Cross Hospital). The requirement 
to obtain written informed consent for inclusion in the present 
study from patients was waived.

HCC diagnosis and sorafenib therapy. HCC was diagnosed 
according to the previously described methods (28,29). Briefly, 
dynamic CT of the liver was performed prior to initiating 
sorafenib therapy. For patients with atypical imaging findings, 
ultrasound‑guided tumor biopsy was conducted for histological 
assessment. HCC was finally diagnosed based on radiological 
or histological findings in accordance with the guidelines of 
the European Association for the Study of the Liver (33).

For patients with no evident risk factors, the recom-
mended initial dose of 800  mg/day of sorafenib (400  mg 

Figure 1. CT scan of a representative case. Cross‑sectional areas (cm2) of 
skeletal muscles at the third lumbar level were measured by manual tracing 
on the CT images, and their sum was calculated. The blue area is showing 
skeletal muscle at the third lumbar level. CT, computed tomography.
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twice a day) was administered (7,8). The reduced initial dose 
was administered to a number of patients (n=166) based on 
clinical features, including body weight, age, ECOG‑PS and 
liver function. During sorafenib treatment, each attending 
physician adjusted the daily dose of sorafenib according to the 
degree of adverse events. In patients who received an initial 
reduced dose of sorafenib and exhibited good tolerability, dose 
escalation from 400‑600 mg/day or from 400‑800 mg/day 
was permitted. In patients with adverse events of grade ≥3, 
sorafenib treatment was discontinued until the clinical symp-
toms resolved to grade 1 or 2. In principle, the treatment 
efficacy of sorafenib was assessed every 4‑8 weeks following 
the initiation of therapy, according to the modified Response 
Evaluation Criteria in Solid Tumors (mRECIST) and/or the 
levels of tumor markers  (28,29,34,35). Patients continued 
sorafenib until the development of the following conditions: 
Unacceptable sorafenib‑associated toxicity, disease progres-
sion or the patient's wish to discontinue treatment. Following 
discontinuation of sorafenib therapy for any reason, physicians 
evaluated the clinical conditions (tumor status or the general 
status) of each patient and investigated the suitability of other 
therapies (TACE, TAI or systemic chemotherapy other than 
sorafenib) for achieving the best clinical outcome (28,29).

Evaluation of treatment efficacy. The best treatment efficacy 
achieved during sorafenib therapy was determined according 
to the mRECIST criteria and/or tumor marker levels as previ-
ously indicated (28,29,34). The treatment efficacy was classified 
into the following four categories: Complete response (CR); 
partial response (PR); stable disease (SD); progressive disease 
(PD). A patient with CR was characterized by the absence of 
enhancement in the arterial phase within all targeted nodules. 
A patient with PR was characterized by a ≥30% reduction in 
tumor size, which was determined by calculating the sum of 
the diameters of the targeted nodules. The size of the nodules 

Table I. Baseline characteristics (n=232).

	 Number of patients or
Variables	 median value, n (range)

Age, years	 72 (40‑91)

Sarcopenia	
  Yes	 151
  No	   81

Gender	
  Male	 181
  Female	   51

Causes of liver disease	
  B	   33
  C	 144
  Non‑B/non‑C	   49
  B and C	     4
  Unknown	     2

Initial dose of sorafenib, mg/day	
  800	   66
  600	     1
  400	 162
  200	     3

Child‑Pugh	
  A	 165
  B	   67

ECOG performance status	
  0	 197
  1	   30
  2	     5

HCC stage	
  I	     1
  II	   18
  III	   79
  IVA	   46
  IVB	   88

Previous therapies for HCC	
  Transcatheter arterial therapies	
    Yes	 211
    No	   21

Percutaneous ablative therapies	
  Yes	 133
  No	   99

Surgical resection	
  Yes	   73
  No	 159

Tumor burden ≥50%	
  Yes	   23
  No	 209

Table I. Continued.

	 Number of patients or
Variables	 median value, n (range)

Total bilirubin, mg/dl	 0.8 (0.2‑5.1)
Serum albumin, g/dl	 3.4 (1.7‑4.8)
Prothrombin time, %	 80 (48‑116)
Platelets, x104/mm3	 11.7 (3.4‑56.7)
AST, IU/l	 50 (15‑791)
ALT, IU/l	 34 (6‑380)
ALP, IU/l	 401 (124‑4,535)
GGT, IU/la	 72 (14‑2,172)
AFP, ng/mlb	 139.2 (1.7‑688,400)
DCP, mAU/mlc	 748 (10‑421,210)

Data are expressed as the number of patients or the or median (range). 
ECOG, the Eastern Cooperative Oncology Group; HCC, hepatocel-
lular carcinoma; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; ALP, alkaline phosphatase; GGT, γ‑glutamyl 
transpeptidase; AFP, α‑fetoprotein; DCP, des‑oproteinn prothrombin. 
aMissing data, n=3; bmissing data, n=1; cmissing data, n=3.
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was estimated via unidirectional measurement. A patient with 
PD was characterized by a ≥20% increase in the tumor size via 
calculating the sum of the maximal dimensions of the targeted 
nodules. A patient with SD was characterized by the absence 
of CR, PR or PD (29,34). The objective response rate (ORR) 
was defined as the percentage of patients with the best tumor 
response rates considering CR and PR. The disease control 
rate (DCR) was defined as the percentage of patients with the 
best tumor response rates considering CR, PR and SD.

Safety evaluation of sorafenib therapy. Sorafenib associ-
ated adverse events, including rash, diarrhea, hand‑foot skin 
reaction, hypertension, liver damage, fatigue, gastrointestinal 
hemorrhage and lung injury, were evaluated using CTCAE 
version 3.0 (32).

Statistical analysis. The categorical variables of the sarco-
penia and non‑sarcopenia groups were analyzed by Fisher's 
exact test, while the numerical variables were analyzed with 
the unpaired Student's t‑test or with the Mann‑Whitney U test 
as applicable. OS and PFS curves were generated using the 
Kaplan‑Meier method and compared using the log‑rank test. 
Factors with values of P<0.05 in univariate analysis were 
included in the multivariate analysis with the Cox propor-
tional hazards model. In order to analyze the significance 
of predictors in multivariate analysis, numerous variables 
were divided by the median values for all cases (n=232) and 
treated as dichotomous covariates. OS was defined as the 
period from the initiation of sorafenib therapy until mortality 
(due to any cause) or the last follow‑up visit. PFS was defined 
as the period from the initiation of sorafenib therapy until 
the date of the detection of progression‑free disease or 
mortality (due to any cause) (28,29). Data are expressed as 
median values (range). P<0.05 was considered to indicate 
a statistically significant difference. All statistical analyses 
were performed using the JMP 11 software (SAS Institute, 
Inc., Cary, NC, USA).

Results

Baseline characteristics. The baseline characteristics of the 
patients (n=232) are presented in Table I. There were 181 male 
and 51 female patients with a median age of 72 years (range, 

40‑91). Sarcopenia was observed in 151 (65.1%) patients. There 
were 165 patients with Child‑Pugh class A and 67 patients 
with Child‑Pugh class B cirrhosis (36). In 66 (28.4%) patients, 
the standard dose of sorafenib (800 mg/day) was administered 
at the beginning of therapy. Previously, the most common 
therapies for were transcatheter arterial therapies, including 
TACE or TAI, followed by percutaneous ablative therapies and 
surgical resection.

Comparison of baseline characteristics between patients with 
and without sarcopenia. Compared with those in the non‑sarco-
penia group, the proportion of sarcopenia in male patients as 
compared with that in female patients was significantly higher 
(P=0.0079; Fig. 2A) and the proportion of sarcopenia in patients 
with poorer ECOG‑PS as compared with that in patients with 
PS‑0 was significantly higher (P=0.0137; Fig. 2B), whereas the 
proportion of sarcopenia in patients with Child‑Pugh class A 
cirrhosis as compared with Child‑Pugh class B cirrhosis tended 
to be lower (P=0.0678; Fig. 2C) and patients treated with an 
initial sorafenib dose of 800 mg/day (P=0.096) in the sarco-
penia group tended to be significantly lower compared with 
those in the non‑sarcopenia group (Table II). Laboratory anal-
ysis revealed that the differences between the sarcopenia and 
non‑sarcopenia groups were significant with regard to the levels 
of serum albumin (P=0.0022), aspartate aminotransferase (AST; 
P=0.0062) and des‑γ‑carboxy prothrombin (DCP; P=0.0007; 
Table II).

Comparison of OS and PFS rates between patients with and 
without sarcopenia. The median follow‑up periods subse-
quent to sorafenib treatment were 170 days (range, 12‑1,145) 
in the sarcopenia group and 419 days (range, 50‑2,036) in the 
non‑sarcopenia group. The median OS was 174 days in the 
sarcopenia group and 454 days in the non‑sarcopenia group 
(P<0.0001; Fig. 3A). The median PFS was 77 days in the 
sarcopenia group and 106 days in the non‑sarcopenia group 
(P=0.0131; Fig. 3B).

Comparison of treatment duration and SAEs of grade ≥3 
between patients with and without sarcopenia. The median 
treatment duration was 66 days in the sarcopenia group, 
and 103 days in the non‑sarcopenia group (P=0.001). The 
prevalence of sorafenib‑associated SAEs of grade ≥3, as 

Figure 2. Comparison of the proportion of sarcopenia. (A) The proportion of sarcopenia in male patients as compared with that in female patients was 
significantly higher (P=0.0079). (B) The proportion of sarcopenia in patients with poorer the Eastern Cooperative Oncology Group‑PS as compared with that 
in patients with PS‑0 was significantly higher (P=0.0137). (C) The proportion of sarcopenia in patients with Child‑Pugh class A cirrhosis as compared with 
Child‑Pugh class B cirrhosis tended to be lower (P=0.0678). PS, performance status.
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Table II. Comparisons between patients with and without sarcopenia.

Variables	 Sarcopenia, n (range)	 Non‑sarcopenia, n (range)	 P‑value

Total	 151	 81	
Age, years	 72 (46‑91)	 71 (40‑85)	 0.1456
Gender			   0.0079
  Male	 126	 55	
  Female	   25	 26	
Causes of liver disease			   0.6426
  B	   22	 11	
  C	   93	 52	
  Non‑B/non‑C	   31	 17	
  B and C	     4	   0	
  Unknown	     1	   1	
Child‑Pugh, A/B			   0.0678
  A	 101	 64	
  B	   50	 17	
ECOG performance status			   0.0137
  0	 121	 76	
  1	   26	   4	
  2	     4	   1	
Initial dose of sorafenib, mg/day 			   0.0960
  800	   37	 29	
  600	     0	   1	
  400	 112	 50	
  200	     2	   1	
HCC stage			   0.3353
  I	     1	   0	
  II	   10	   8	
  III	   48	 31	
  IVA	   35	 11	
  IVB	   57	 31	
Tumor burden ≥50%			   0.4900
  Yes	   17	   6	
  No	 134	 75	
Total bilirubin, mg/dl	 0.8 (0.3‑2.5)	 0.8 (0.2‑5.1)	 0.4279
Serum albumin, g/dl	 3.4 (1.7‑4.8)	 3.5 (2.0‑4.8)	 0.0022
Prothrombin time, %	 79 (48‑116)	 81 (60‑111)	 0.4466
Platelets, x104/mm3	 11.6 (3.4‑47.9)	 11.8 (3.6‑56.7)	 0.8461
AST, IU/l	 55 (15‑791)	 43 (17‑679)	 0.0062
ALT, IU/l	 36 (6‑380)	 30 (9‑290)	 0.8302
ALP, IU/l	 429 (161‑4535)	 391 (124‑3,265)	 0.6496
GGT, IU/la	 79.5 (15‑941)	 68 (14‑2,172)	 0.2377
AFP, ng/mlb	 138.3 (1.8‑688,400)	 162.9 (1.7‑98,435)	 0.7965
DCP, mAU/mlc	 1,305 (10‑421,210)	 292.5 (10‑53,857)	 0.0007
Serious adverse events, grade ≥3	 41.1% (62/151)	 33.3% (27/81)	 0.2610
Best treatment response			   0.0185
  CR	     1	   3
  PR	     5	   8
  SD	   40	 27
  PD	   61	 30
  NE	   44	 13



NISHIIKAWA et al:  SARCOPENIA AND SORAFENIB FOR HCC1642

assessed by CTCAE version 3.0, was 41.1% (62/151) in the 
sarcopenia group and 33.3% (27/81) in the non‑sarcopenia 
group (P=0.261).

Best tumor treatment response in the sarcopenia and 
non‑sarcopenia groups. In the analysis of the best tumor 
response in the sarcopenia group, CR was achieved in 1 patient, 
PR in 5, SD in 40 and PD in 61, while 44 were not evaluated 
(NE); the ORR and DCR were calculated to be 4.0% (6/151) 
and 30.5% (46/151), respectively. In the analysis of the best 
tumor response in the non‑sarcopenia group, CR was achieved 
in 3 patients, PR in 8, SD in 27, PD in 30 and 13 were NE; the 
ORR and DCR were calculated to be 13.6% (11/81) and 46.9% 
(38/81), respectively. The best treatment efficacy significantly 
differed between the sarcopenia and non‑sarcopenia groups 
(ORR, P=0.0146; DCR, P=0.0151; Table II).

Causes of mortality. In the sarcopenia group, 136 (90.1%) 
patients expired during the follow‑up period: 111 due to 
HCC progression; 6 of liver failure; 19 of other causes. In the 
non‑sarcopenia group, 63 (77.8%) patients perished during 
the follow‑up period: 60 due to HCC progression; 1 of liver 
failure; 2 of other causes.

Univariate and multivariate analysis of factors contributing 
to OS. The univariate analysis identified that the following 

factors significantly contributed to OS for all cases (n=232): 
Sex (P=0.0079); initial dose of sorafenib (P=0.0394); 
sarcopenia (P<0.0001); ECOG‑PS (P=0.0041); extrahepatic 
metastases (P=0.0024); portal vein invasion (P=0.0029); 
tumor burden ≥50% (P=0.0001); presence of ascites 
(P<0.0001); AST ≥50 IU/l (P=0.0081); alkaline phosphatase 
≥401 IU/l (P=0.0301); serum albumin ≥3.4 g/dl (P=0.0010); 
α‑fetoprotein ≥139.2 ng/ml (P=0.0286); DCP ≥748 mAU/ml 
(P=0.0037; Table  III). The hazard ratios (HRs) and 95% 
confidence intervals (CIs) determined by multivariate 
analysis for the 13 variables (selected based on P<0.05 
values in univariate analysis) are detailed in Table III. Using 
multivariate analysis, sarcopenia (P<0.0001), extrahepatic 
metastases (P<0.0001), tumor burden ≥50% (P=0.0004) 
and the presence of ascites (P=0.0002) were identified to be 
significant predictors of OS.

Univariate and multivariate analysis of factors contributing 
to PFS. Univariate analysis identified sarcopenia (P=0.0131), 
ECOG‑PS (P=0.0021), extrahepatic metastases (P=0.0019), 
portal vein invasion (P=0.0203), tumor burden ≥50% 
(P=0.0244), presence of ascites (P=0.0429) and DCP 
≥748 mAU/ml (P=0.0266) to be significantly associated with 
PFS for all cases (n=232; Table IV). The HRs and 95% CIs 
determined by multivariate analysis for these seven factors 
(selected based on P<0.05 values in univariate analysis) 

Figure 3. Kaplan‑Meier curves showing cumulative OS and PFS rates in the sarcopenia and non‑sarcopenia groups. (A) The median OS was 174 days in 
the sarcopenia group and 454 days in the non‑sarcopenia group (P<0.0001). (B) The median PFS was 77 days in the sarcopenia group and 106 days in 
non‑sarcopenia group (P=0.0131). OS, overall survival; PFS, progression‑free survival.

Table II. Continued.

Variables	 Sarcopenia, n (range)	 Non‑sarcopenia, n (range)	 P‑value

Objective response rate	 4.0% (6/151)	 13.6% (11/81)	 0.0146
Disease control rate 	 30.5% (46/151)	 46.9% (38/81)	 0.0151

Data are presented as the number of patients or the median value (range). ECOG, the Eastern Cooperative Oncology Group; HCC, hepatocel-
lular carcinoma; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ‑glutamyl transpeptidase; 
AFP, α‑fetoprotein; DCP, des‑oproteinn prothrombin; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; 
NE, not evaluated. aMissing data, n=3; bmissing data, n=1; cmissing data, n=3.
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Table III. Univariate and multivariate analysis of factors contributing to overall survival.

	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Patients, n	 Univariate analysis	 Hazard ratio (95% CI)	 P‑valuea

Gender		  0.0079	 0.736 (0.477‑1.111)	 0.1464
  Male	 181			 
  Female	 51			 
Age, years 		  0.5742		
  ≥72	 119			 
  <72	 113			 
Initial dose of sorafenib		  0.0394	 1.072 (0.750‑1.547)	 0.7068
  800 mg/day	 66			 
  Reduced dose of sorafenib	 166			 
Sarcopenia		  <0.0001	 0.365 (0.255‑0.516)	 <0.0001
  Yes	 151			 
  No	 81			 
ECOG‑PS 0		  0.0041	 1.098 (0.717‑1.636)	 0.6581
  Yes	 197			 
  No	 35			 
Extrahepatic metastases		  0.0024	 0.523 (0.383‑0.715)	 <0.0001
  Yes	 88			 
  No	 144			 
Portal vein invasion		  0.0229	 0.734 (0.521‑1.051)	 0.0900
  Yes	 52			 
  No	 180			 
Tumor burden ≥50%		  0.0001	 0.357 (0.218‑0.614)	 0.0004
  Yes	 23			 
  No	 209			 
Ascites		  <0.0001	 0.427 (0.283‑0.715)	 0.0002
  Yes	 195			 
  No	 37			 
AST, IU/l 		  0.0081	 0.774 (0.564‑1.061)	 0.1116
  ≥50	 121			 
  <50	 111			 
ALT, IU/l		  0.0833		
  ≥34	 117			 
  <34	 115			 
ALP, IU/l		  0.0301	 0.993 (0.724‑1.356)	 0.9643
  ≥401	 116			 
  <401	 116			 
GGT, IU/l		  0.0823		
  ≥72	 115			 
  <72	 114			 
Prothrombin time, %		  0.1215		
  ≥80	 117			 
  <80	 115			 
Serum albumin level, g/dl		  0.0010	 1.160 (0.827‑1.622)	 0.3879
  ≥3.4	 127			 
  <3.4	 105			 
Total bilirubin, mg/dl		  0.1166		
  ≥0.8	 129			 
  <0.8	 103			 
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Table III. Continued.

	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Patients, n	 Univariate analysis	 Hazard ratio (95% CI)	 P‑valuea

Platelet count, x104/mm3		  0.5146		
  ≥11.7	 116			 
  <11.7	 116			 
Serum AFP, ng/ml		  0.0286	 0.743 (0.542‑1.015)	 0.0619
  ≥139.2	 116			 
  <139.2	 115			 
DCP, mAU/ml		  0.0037	 0.858 (0.622‑1.182)	 0.3492
  ≥748	 115			 
  <748	 114			 

CI, confidence interval; ECOG‑PS, the Eastern Cooperative Oncology Group performance status; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ glutamyl transpeptidase; AFP, α‑fetoprotein; DCP, des‑oprotein; prothrombin. 
aCox proportional hazard model.

Table IV. Univariate and multivariate analysis of factors contributing to progression‑free survival.

	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Patients, n	 Univariate analysis	 Hazard ratio (95% CI)	 P‑valuea

Gender 		  0.3319		
  Male	 181			 
  Female	 51			 
Age, years		  0.7418		
  ≥72	 119			 
  <72	 113			 
Initial dose of sorafenib		  0.1065		
  800 mg/day	 66			 
  Reduced dose of sorafenib	 166			 
Sarcopenia		  0.0131	 0.831 (0.612‑1.123)	 0.2300
  Yes	 151			 
  No	 81			 
ECOG‑PS 0		  0.0021	 1.509 (1.009‑2.192)	 0.0452
  Yes	 197			 
  No	 35			 
Extrahepatic metastases		  0.0019	 0.627 (0.475‑0.833)	 0.0014
  Yes	 88			 
  No	 144			 
Portal vein invasion		  0.0203	 0.715 (0.516‑1.007)	 0.0547
  Yes	 52			 
  No	 180			 
Tumor burden ≥50%		  0.0244	 0.686 (0.441‑1.118)	 0.1255
  Yes	 23			 
  No	 209			 
Ascites		  0.0429	 0.695 (0.485‑1.025)	 0.0656
  Yes	 195			 
  No	 37			 
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are presented in Table  IV. Multivariate analysis identified 
ECOG‑PS (P=0.0452) and extrahepatic metastasis (P=0.0014) 
to be significant prognostic factors associated with PFS.

Discussion

Recently, sarcopenia has attracted a high level of attention in 
the fields of several types of malignancies due to its impact 
on clinical outcomes (18,24,25). However, to the best of our 
knowledge, reliable data regarding the impact of sarcopenia on 
the clinical outcomes of patients with HCC receiving sorafenib 
therapy have yet to be obtained. Therefore, the present study 
was conducted; to the best of our knowledge, it is the first 
study to evaluate the associations between sarcopenia and 

clinical outcomes in patients with unresectable HCC receiving 
sorafenib therapy. The major advantage of the current study 
was the large patient cohort.

Multivariate analysis identified sarcopenia to be an 
independent predictor of OS (HR=0.365; P<0.0001) and 
demonstrated its association with treatment efficacy. These 
results indicated that sarcopenia may be a significant 
predictor of prognosis in patients with HCC who underwent 
sorafenib therapy, and potentially in patients with other types 
of malignancies. Individualized nutritional assessment and 
interventional strategies may be recommended for patients 
with HCC and sarcopenia treated with sorafenib (18,24,25). 
By contrast, it should be noted that sarcopenia was identified 
in 151 (65.1%) patients in the present analysis. A potential 

Table IV. Continued.

	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Patients, n	 Univariate analysis	 Hazard ratio (95% CI)	 P‑valuea

AST, IU/l		  0.1455		
  ≥50	 121			 
  <50	 111			 
ALT, IU/l		  0.6526		
  ≥34	 117			 
  <34	 115			 
ALP, IU/l		  0.0977		
  ≥401	 116			 
  <401	 116			 
GGT, IU/l 		  0.3614		
  ≥72	 115			 
  <72	 114			 
Prothrombin time, %		  0.3787		
  ≥80	 117			 
  <80	 115			 
Serum albumin level, g/dl		  0.1266		
  ≥3.4	 127			 
  <3.4	 105			 
Total bilirubin, mg/dl 		  0.6683		
  ≥0.8	 129			 
  <0.8	 103			 
Platelet count, x104/mm3		  0.1255		
  ≥11.7	 116			 
  <11.7	 116			 
Serum AFP, ng/ml		  0.2879		
  ≥139.2	 116			 
  <139.2	 115			 
DCP, mAU/ml		  0.0266	 0.852 (0.643‑1.129)	 0.2641
  ≥748	 115			 
  <748	 114			 

CI, confidence interval; ECOG‑PS, the Eastern Cooperative Oncology Group performance status; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ glutamyl transpeptidase; AFP, α‑fetoprotein; DCP, des‑oprotein; prothrombin. 
aCox proportional hazard model.
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explanation for the high prevalence is that the median age 
of the patients was 72 years. In Japan, the number of elderly 
patients with HCC has been increasing (5). These trends may 
be critical, as the incidence of sarcopenia in patients with HCC 
is predicted to increase in the future. Another possible reason 
is that, in the majority of cases, patients with HCC frequently 
underwent other treatments prior to sorafenib therapy. Popular 
HCC therapies may cause the deterioration of liver function, 
potentially leading to a decreased quality of life and the occur-
rence of sarcopenia in patients with HCC (37).

Consistent with previous studies, the presence of sarco-
penia was associated with poor PS and poor liver function in 
the present study (38,39). Furthermore, the ORR and DCR 
for the sarcopenia group were significantly lower than for 
the non‑sarcopenia group. This may be attributed to the fact 
that the duration of treatment with sorafenib in the sarcopenia 
group was significantly shorter than that in the non‑sarcopenia 
group (P=0.001). Mir et al (40) reported that the presence of 
sarcopenia is associated with early dose‑limiting toxicities 
and the pharmacokinetics of sorafenib in patients with HCC. 
These results are possibly associated with the results in the 
present study.

The recent increase in the prevalence of obesity has surfaced 
a novel clinical condition termed sarcopenic obesity, which is 
the combination of obesity and sarcopenia (41). As patients 
with cirrhosis develop sarcopenia even if they have obesity, 
a considerable number of cirrhotic patients are established 
to have sarcopenic obesity (41). Sarcopenic obesity has also 
been associated with poorer clinical outcomes in numerous 
types of malignancies (42). However, in the present study, the 
differences between the sarcopenia group with obesity (BMI 
≥25 kg/m2; n=21) and the sarcopenia group without obesity 
(n=130) were insignificant in terms of OS (P=0.8767) and PFS 
(P=0.2064; data not presented) (43,44). The reasons for this 
observation are unclear, and additional studies concerning the 
impact of sarcopenic obesity on the survival of patients with 
HCC treated with sorafenib are required.

Multivariate analysis identified the presence of extra-
hepatic metastasis as an independent predictor of OS 
(HR=0.523; P<0.0001) and PFS (HR=0.627; P=0.0014). 
These results are consistent with the results from previous 
studies (7‑9). Tumor‑associated factors, including extrahepatic 
metastasis, maximum tumor size and vascular invasion, may 
potentially have the strongest prognostic impact on sorafenib 
therapy instead of liver function. In patients with HCC with 
significantly poor liver function, sorafenib therapy must be 
contraindicated (7,8).

There are several limitations of the present study. First, 
it is a retrospective observational study. Second, the initial 
dose of sorafenib differed between the patients, creating bias. 
Third, various anticancer therapies were employed following 
the discontinuation of sorafenib, and these therapies may have 
potentially caused bias in the clinical outcomes of the patients. 
Fourth, certain data were missing in the analysis. However, 
owing to the small number of patients with missing data, this 
may not have affected the interpretation of the data. Finally, 
the present study population only included Japanese patients 
with relatively low body weights compared with patients in 
Western countries. Therefore, the present study results may 
not be directly applied to various ethnic populations. However, 

the results of the current study demonstrated that sarcopenia 
is associated with the clinical outcomes of patients with HCC 
undergoing sorafenib therapy. In conclusion, sarcopenia may 
be a significant predictor of prognosis in patients with HCC 
receiving sorafenib therapy. In such patients, appropriate 
interventions, such as nutritional therapies or exercise, may be 
required for improving the clinical outcomes.
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