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INTRODUCTION

Hepatocellular carcinoma 
(HCC) is diagnosed in more than 
half a million people worldwide 
each year, and therefore it is a 
major health problem worldwide. 
Hepatocellular carcinoma is the 
fifth most common cancer in 
the world and the third most 
common cause of cancer-related 
death [1–3]. Although most 
cases of HCC are attributable to 
chronic liver disease resulting 
from chronic hepatitis B virus 
(HBV) and hepatitis C virus 
(HCV) infections, a substantial 
proportion of HCC patients are 
negative for markers of HBV 
surface antigen (HBsAg) and 

ABSTRACT

Background & Aims: �e impact of obesity on survival a�er curative treatment for non-B non-C hepatocellular 
carcinoma (NBNC-HCC) remains unclear. �is study examined the prognostic impact of obesity in patients 
who received curative therapy for NBNC-HCC.
Methods: A total of 260 patients with NBNC-HCC who underwent curative therapy were analyzed. �ey 
included 116 obese patients (44.6%) with a body mass index (BMI) >25 kg/m2 (obesity group) and 144 control 
patients (55.4%) with a BMI <25 kg/m2 (control group). Overall survival (OS) and recurrence-free survival 
(RFS) rates were compared.
Results: �e median observation periods in the obesity and control groups were 3.1 and 3.0 years, respectively. 
�e 1-, 3- and 5-year cumulative OS rates were 93.9%, 77.3% and 56.0% in the obesity group, and 98.8%, 
77.3% and 62.1% in the control group, respectively (p = 0.955). �e corresponding RFS rates were 74.6%, 
28.0% and 19.0% in the obesity group, and 70.0%, 44.3% and 28.9%, in the control group, respectively (p = 
0.128). Multivariate analyses identi�ed a serum albumin >4.0 g/dL (hazard ratio [HR], 1.759; 95% con�dence 
interval [CI], 1.007–3.074; p = 0.047) and des-γ-carboxy prothrombin >100 mAU/mL (HR, 0.396; 95% CI, 
0.243–0.646; p < 0.001) as independent factors linked to OS. Alkaline phosphatase>300 IU/L (HR, 0.549; 95% 
CI, 0.367–0.823; p = 0.004) and gamma-glutamyl transferase >100 IU/L (HR, 0.679; 95% CI, 0.471–0.978; p 
= 0.038) were signi�cant adverse predictors linked to RFS.
Conclusions: Obesity does not a�ect survival in patients with NBNC-HCC a�er curative therapy. 

Key words: non-B non–C hepatocellular carcinoma – obesity – curative therapy  – overall survival  
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HCV antibody (HCVAb) (non-B non-C HCC [NBNC-HCC]). 
�e frequency of NBNC-HCC has been reported to range from 
5 to 15% [4–9], and the number of NBNC-HCC patients in 
Japan has recently been increasing [5, 6, 8-10].

Hepatocellular carcinoma often recurs. The prognosis 
of HCC is generally poor because of a high post-treatment 
recurrence rate characterizing HCC. Recurrence only occurs at 
intrahepatic sites in 68–96% of patients [11-13]. �erefore, the 
identi�cation of prognostic factors and optimal management 
for HCC recurrence are essential for improving survival, even 
a�er curative treatment.

Obesity is a major health problem throughout the world 
because it is perceived as an alarming threat directly related 
to lifestyle [14]. The World Health Organization (WHO) 
estimates that, currently, more than 1.5 billion adults 
worldwide are overweight, of which at least 500 million are 
obese. Obesity is linked to several health disorders, such as 
hypertension, cardiovascular disease, and diabetes mellitus 
(DM), which are collectively known as “metabolic syndrome” 
[15]. Obesity is also now widely accepted as a signi�cant risk 
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factor for the development of various types of cancer [16, 17]. 
Two large population prevalence studies have reported that 
HCC is also associated with obesity [14, 18]. Hepatocellular 
carcinoma eventually develops more o�en in obese patients 
with cryptogenic liver cirrhosis (LC) than in those with HCV 
or HBV. �is indicates that obesity-related cryptogenic LC 
carries a risk of evolving to HCC that rivals the risk of this 
clinical outcome in patients with HCV or HBV-related LC. 
However, it remains unknown whether obesity constitutes 
an additional risk in terms of poorer survival a�er curative 
therapy for NBNC-HCC. �erefore, the present study aimed 
to investigate the relationship between obesity and survival in 
NBNC-HCC patients who underwent curative treatment.

PATIENTS AND METHODS         

Patients 
A total of 1,636 treatment-naïve HCC patients received 

curative therapy at our institution between June 2001 and July 
2012. Curative therapy was de�ned as therapy resulting in no 
apparent viable tumor on dynamic computed tomography (CT) 
performed within 1 month a�er initial treatment. Of these, 
283 HCC patients (17.3%) had NBNC-HCC, negative for both 
HBsAg and HCVAb. HBsAg and HCVAb were assessed using 
commercial enzyme immunoassay kits (Dainabot, Tokyo, 
Japan). Patients with excessive alcohol intake (n = 21) and 
patients with primary biliary cirrhosis (n = 2) were excluded 
from the study. Excessive alcohol consumption was de�ned as 
an alcohol intake >80 g/day [19]. A total of 260 NBNC-HCC 
patients were analyzed in the present study (Fig. 1). A�er 
diagnosis of HCC, the most appropriate therapeutic procedure 
was selected by discussions with surgeons and physicians, 
according to the tumor characteristics and underlying liver 
functional reserve of each patient. Patients were classi�ed into 
two groups: the obesity group with a body mass index (BMI) of 
> 25 kg/m2 (n = 116, 44.6%) (range, 25.0-38.9 kg/m2; median 
value, 27.3 kg/m2) and the control group with a BMI of <25 
kg/m2 (n = 144, 55.4%) (range, 14.1-24.9 kg/m2; median value, 
21.9 kg/m2). WHO de�nes obesity as a BMI of >30 kg/m2 [20]. 

However, in Japan, the proportion of the population with a 
BMI of >30kg/m2 has been reported to be no more than 2-3%, 
in contrast to the 20-30% prevalence in Western countries. In 
Japan, the de�nition of obesity is proposed to be a BMI of >25 
kg/m2 because of the increase in incidence of obesity-related 
disorders in the population with a BMI of >25 kg/m2 [21, 22]. 
Overall survival (OS) and recurrence-free survival (RFS) rates 
were compared between the two groups. A diagnosis of diabetes 
mellitus (DM) was based on past medical history or 75-g oral 
glucose tolerance test results [23].

Written informed consent was obtained from all patients 
prior to each therapy, and the study protocol complied with 
all of the provisions of the Declaration of Helsinki. �is study 
was approved by the Ethics Committee of  the Osaka Red Cross 
Hospital, Japan. �e need for written informed consent in the 
current study was waived, because the data were analyzed 
retrospectively and anonymously. �e present study comprised 
a retrospective analysis of patient records registered in our 
database, and all treatments were conducted in an open-label 
manner.

HCC diagnosis 
Hepatocellular carcinoma was diagnosed using abdominal 

ultrasound and dynamic computed tomography (CT) scans 
(hyperattenuation during the arterial phase in all or some parts 
of the tumor and hypoattenuation in the portal-venous phase) 
and/or magnetic resonance imaging (MRI), based mainly 
on the recommendations of the American Association for 
the Study of Liver Diseases [24 ]. Arterial- and portal-phase 
dynamic CT images were obtained at approximately 30 s and 
120 s, respectively, a�er the injection of contrast material. 
Hepatocellular carcinoma stage was determined using the 
Liver Cancer Study Group of Japan staging system [25]. �is 
staging system assumes three conditions: (1) a maximum 
tumor diameter of <2 cm; (2) a single tumor present; and (3) 
no vascular invasion of the tumor. �e staging system is as 
follows: if all three conditions are met, the tumor is classi�ed 
as stage I; if two conditions are met, it is classi�ed as stage II; 
if only one condition is met, it is classi�ed as stage III; and 

Fig. 1. Study pro�le.
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if none of the conditions are met, it is classi�ed as stage IV. 
Hepatocellular carcinoma was con�rmed pathologically only 
in patients who underwent surgery.

Comorbid diseases
�e presence of diseases that could have a potential impact 

on the prognosis was recorded, including hypertension, 
cardiovascular diseases, respiratory diseases, cerebrovascular 
diseases, and DM. Recently, the presence of DM has been 
reported to be a worse prognostic factor in HCC patients [26, 
27]. 

Follow-up
Follow-up a�er each therapy consisted of periodic blood 

tests and monitoring of tumor markers, including α-fetoprotein 
(AFP) and des-γ-carboxy prothrombin (DCP), using 
chemiluminescent enzyme immunoassays (Lumipulse PIVKAII 
Eisai, Eisai, Tokyo, Japan). Dynamic CT scans and/or MRI 
were obtained every 2–4 months a�er each therapy. Chest CT, 
whole abdominal CT, brain MRI, and bone scintigraphy were 
performed when extrahepatic HCC recurrence was suspected.

Statistical analysis
Data were analyzed using univariate and multivariate 

analyses. Continuous variables were compared using unpaired 
t-tests and categorical variables were compared using Fisher’s 
exact tests. Time to recurrence was de�ned as the interval 
between each therapy and �rst con�rmed recurrence. For 
analysis of RFS, follow-up ended at the time of �rst recurrence; 
other patients were censored at their last follow-up visit or the 
time of death from any cause without recurrence. For analysis 
of OS, follow-up ended at the time of death from any cause, 
and the remaining patients were censored at the last follow-up 
visit. �e cumulative OS and RFS rates were calculated using 
the Kaplan-Meier method, and tested using the log-rank 
test. Factors with a p value <0.05 in univariate analysis were 
subjected to multivariate analysis using the Cox proportional 
hazards model. �ese statistical methods were used to estimate 
the interval from initial treatment. Data were analyzed using 
SPSS so�ware, version 11.0 (SPSS Inc., Chicago, IL, USA) for 
Microso� Windows. Data are expressed as means ± standard 
deviation (SD). Values of p <0.05 were considered to be 
statistically signi�cant.

RESULTS   

Baseline characteristics
�e baseline characteristics of the patients in the two groups 

are shown in Table I. �e median observation periods were 3.1 
years (range, 0.3–11.4 years) in the obesity group and 3.0 years 
(range, 0.3–10.0 years) in the control group.

In the obesity group, surgical resection was performed 
in 47 patients (40.5%); percutaneous ablation therapy, such 
as radiofrequency ablation (RFA) and percutaneous ethanol 
injection (PEI) were performed in 59 patients (50.9%); 
and transcatheter arterial chemoembolization (TACE) was 
performed in 10 patients (8.6%). In the control group, surgical 
resection was performed in 70 patients (48.6%), RFA or PEI 
in 65 patients (45.1%), and TACE in 9 patients (6.3%) (p = 

0.383). In terms of total bilirubin (p = 0.001), prothrombin 
time (PT) (p = 0.016), and platelet count (p = 0.016), signi�cant 
di�erences were observed in the two groups, indicating that 
the obesity group had more advanced background liver disease 
than the control group, although in terms of Child-Pugh 
classi�cation, the di�erence did not reach signi�cance (p = 
0.518). In comorbid diseases, the proportion of hypertension 
in the obesity group was signi�cantly higher than that in the 
control group (p = 0.001).

Cumulative OS and RFS rates in the two groups              
�e 1-, 3- and 5-year cumulative OS rates were 93.9%, 

77.3%, and 56.0% in the obesity group, and 98.8%, 77.3%, and 
62.1% in the control group, respectively (p = 0.955, Fig. 2). �e 
corresponding RFS rates were 74.6%, 28.0%, and 19.0% in the 
obesity group, and 70.0%, 44.3%, and 28.9% in the control 
group, respectively (p = 0.128, Fig. 3).

Fig. 2. �e cumulative overall survival (OS) rates between the obesity 
group and the control group.

Fig. 3. �e cumulative recurrence-free survival (RFS) rates between the 
obesity group and the control group. 
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Univariate and multivariate analysis of factors 
contributing to OS

Univariate analysis identified the following factors as 
being signi�cantly associated with OS for all cases (n = 260): 
Child-Pugh classi�cation; HCC stage; tumor number; total 
bilirubin >1 mg/dL; serum albumin >4.0 g/dL; aspartate 
aminotransferase (AST) >40 IU/L; alkaline phosphatase(ALP) 
>300 IU/L; gamma-glutamyl transpeptidase(GGT) >100 IU/L; 
PT >80% and DCP >100 mAU/mL (Table II). �e hazard ratios 
(HRs) and 95% con�dence intervals (CIs) calculated using 
multivariate analysis for the 10 factors that were revealed to be 
signi�cant in univariate analysis are shown in Table II. Serum 
albumin >4.0 g/dL and DCP >100 mAU/mL were found to be 
signi�cant predictors linked to OS in multivariate analysis. 

Univariate and multivariate analysis of factors 
contributing to RFS

Univariate analysis identified the following factors as 
signi�cantly associated with RFS for all cases (n = 260): Child-
Pugh class; HCC stage; tumor number; serum albumin >4.0 

Table I. Baseline characteristics of the obesity group and the control group.

Variables Obesity group (n=116) Control group (n=144) P-value

Age (years) 68.7 ± 8.7 69.1 ± 9.9 0.731a

Gender, male/female 84 / 32 115 / 29 0.186b

HCC stage

Stage I / II / III / IV 19 / 62 / 32 / 3 21 / 76 / 38 / 9 0.570b

Initial treatment for HCC

Surgery / Ablation / TACE 47 / 59 / 10 70 / 65 / 9 0.383b

Maximum tumor size (cm) 3.6 ± 2.5 4.2 ± 2.9 0.102a

Tumor number, single / multiple 73 / 43 96 / 48 0.601b

Child-Pugh classi�cation

Child-Pugh A / B 96 / 20 127 / 17 0.518b

AST (IU/L) 44.3 ± 19.6 43.4 ± 25.7 0.761a

ALT (IU/L) 35.5 ± 21.1 33.2 ± 34.6 0.522a

LDH (IU/L) 234.5 ± 52.2 238.9 ± 154.3 0.769a

ALP (IU/L) 375.1 ± 174.7 361.9 ± 169.0 0.537a

GGT (IU/L) 157.5 ± 182.7 165.9 ± 216.4 0.737a

Serum albumin (g/dL) 3.85 ± 0.51 3.92 ± 0.52 0.241a

Total bilirubin (mg/dL) 1.08 ± 0.64 0.85 ± 0.49 0.001a

Prothrombin index (%) 83.7 ± 19.5 89.1 ± 17.0 0.016a

Platelets (×104/mm3) 13.0 ± 7.0 15.1 ± 7.2 0.016a

White blood cell count (×104/mm3) 0.53 ± 0.17 0.57 ± 0.19 0.153a

AFP (ng/mL) 120.7 ± 368.2 1398.4 ± 10831.5 0.205a

DCP (mAU/mL) 2864.4 ± 11080.5 6129.6 ± 42746.7 0.430a

Comorbid diseases

Hypertension, yes/no 84 / 32 76 / 68 0.001b

Cardiovascular disease, yes/no 26 / 90 35 / 109 0.770b

Respiratory disease, yes/no 15 / 101 25 / 119 0.388b

Cerebrovascular disease, yes/no 16 / 100 20 / 124 >0.999b

Diabetes mellitus, yes/no 62 / 54 66 / 78 0.262b

Data are expressed as number or mean ± standard deviation. HCC; hepatocellular carcinoma, TACE; 
transcatheter arterial chemoembolization, AST; aspartate aminotransferase, ALT; alanine aminotransferase, 
LDH; lactate dehydrogenase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, AFP; alpha-
fetoprotein, DCP; des-γ-carboxy prothrombin, a; unpaired t test, b; Fisher᾿s exact test

g/dL; AST >40 IU/L; ALP >300 IU/L; GGT >100 IU/L; platelets 
>13×104/mm3; PT >80%, and AFP >10 ng/mL  (Table III). �e 
HRs and 95% CIs calculated using multivariate analysis for the 
10 factors, which were found to be signi�cant in univariate 
analysis, are shown in Table III. ALP >300 IU/L and GGT 
>100 IU/L were signi�cant adverse prognostic factors linked 
to RFS. 

Causes of death   
�irty-nine patients in the obesity group (33.6%) died 

during the follow-up period. �e causes of death were HCC 
recurrence in 22 patients, liver failure in 13 patients, and 
miscellaneous causes in four patients. Forty-�ve patients in the 
control group (31.3%) died during the follow-up period, and 
the causes of death were HCC recurrence in 25 patients, liver 
failure in 13 patients, and miscellaneous in 7 patients.

HCC recurrence
In the present study, 84 patients in the obesity group (72.4%) 

and 83 in the control group (57.6%) had HCC recurrences during 
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the follow-up period. �e patterns of HCC recurrence a�er 
initial treatment for HCC in the obesity group were as follows: 
single HCC recurrence in the liver in 33 patients; multiple HCC 
recurrences in the liver in 46 patients; multiple HCC recurrences 
in the liver with lymph node metastases in 3 patients; multiple 
HCC recurrences in the liver with peritoneal dissemination 
in 1 patient and portal vein tumor invasion in 1 patient. �e 
patterns of HCC recurrence a�er initial treatment for HCC in 
the control group were as follows: single HCC recurrence in the 
liver in 33 patients; multiple HCC recurrences in the liver in 38 
patients; multiple HCC recurrences in the liver with lymph node 
metastases in 2 patients; multiple HCC recurrences in the liver 
with lung metastases in 7 patients; multiple HCC recurrences 
in the liver with peritoneal dissemination in 2 patients and bile 
duct invasion in 1 patient.

Treatment methods for the first HCC recurrence in 
the obesity group included surgical resection in 5 patients, 
percutaneous ablation therapy in 38 patients, TACE in 23 
patients, systemic chemotherapy in 1 patient, and no speci�c 
treatment in 17 patients. Treatment methods for the �rst 
recurrence in the control group included surgical resection in 
4 patients, percutaneous ablation therapy in 39 patients, TACE 
in 21 patients, systemic chemotherapy in 6 patients, and no 
speci�c treatment in 13 patients.

Subgroup analyses according to Child-Pugh classi�cation 
In terms of total bilirubin, serum albumin and platelet 

count, which are considered to re�ect hepatic functional 
reserve, significant differences in the two groups were 

observed in baseline characteristics. �erefore, we performed 
subgroup analyses according to Child-Pugh classi�cation. In 
patients with Child-Pugh A (n = 223), there were 96 patients 
in the obesity group and 127 patients in the control group. 
No signi�cant di�erence in OS was observed between the 
two groups (p = 0.616, Fig. 4A). However, with regard to 
RFS, the obesity group had a signi�cantly worse prognosis 
than the control group (p = 0.018, Fig. 4B). In patients with 
Child-Pugh B (n = 37), there were 20 patients in the obesity 
group and 17 patients in the control group. No signi�cant 
di�erence was observed in OS between the two groups (p = 
0.160, Fig. 5A). However, with regard to RFS, interestingly, 

Table II. Univariate and multivariate analysis of factors contributing to overall survival for all cases (n=260).  

Univariate analysis Multivariate analysis

Variables Number of patients P-valuea HR 95% CI P-valueb

Age >70 (yes / no) 137 / 123 0.867

Gender (male / female) 199 / 61 0.739

Child-Pugh classi�cation (A / B) 223 / 37 0.015 0.974 0.507-1.871 0.938

HCC stage (I, II / III, IV) 178 / 82 0.001 0.778 0.372-1.627 0.505

Maximum tumor size >3cm (yes / no) 136 / 124 0.078

Tumor number (single / multiple) 169 / 91 0.001 0.744 0.357-1.553 0.431

Total bilirubin > 1.0mg/dL (yes / no) 88 / 172 0.020 0.791 0.460-1.359 0.396

Serum albumin > 4.0g/dL (yes / no) 131 / 129 <0.001 1.759 1.007-3.074 0.047

AST > 40IU/L (yes / no) 129 / 131 0.039 0.743 0.450-1.225 0.244

ALT > 30IU/L (yes / no) 120 / 140 0.484

ALP > 300IU/L (yes / no) 148 / 112 0.001 0.773 0.449-1.333 0.355

GGT > 100IU/L (yes / no) 132 / 128 0.040 0.854 0.511-1.426 0.546

White blood cell > 0.5×104/mm3 (yes / no) 152 / 108 0.900

LDH > 220 IU/L (yes / no) 125 / 135 0.118

Platelets >13×104/mm3 (yes / no) 134 / 126 0.314

Prothrombin time >80% (yes / no) 176 / 84 0.014 1.214 0.674-2.185 0.518

AFP >10ng/mL (yes / no) 115 / 145 0.148

DCP >100mAU/mL (yes / no) 143 / 117 0.001 0.396 0.243-0.646 <0.001

Diabetes mellitus (yes / no) 128 / 132 0.282

Body mass index >25kg/m2 (yes / no) 116 / 144 0.955

OS; overall survival, HR; hazard ratio, 95% CI; 95% con�dence interval, HCC; hepatocellular carcinoma, AST; aspartate aminotransferase, 
ALT; alanine aminotransferase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, LDH; lactate dehydrogenase, AFP; alpha-
fetoprotein, DCP; des-γ-carboxy prothrombin, a; Log-rank test, b; Cox proportional hazard model

Fig. 4. Subgroup analyses in patients with Child-Pugh A. 
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the obesity group had a signi�cantly better prognosis than 
the control group in contrast to patients with Child-Pugh A 
(p = 0.001, Fig. 5B).

Subgroup analyses in patients with or without 
DM

Patients with DM were 62 patients in the obesity group 
and 66 in the control group. In patients with DM, there were 
no signi�cant di�erences in OS (p = 0.501, Fig. 6A) and RFS 
(p = 0.539, Fig. 6B) among the two groups. Patients without 

DM included 54 patients in the obesity group and 78 in the 
control group. In patients without DM, there was no signi�cant 
di�erence in OS among the two groups (p = 0.656) (Fig. 7). 
�e rate of RFS in the obesity group without DM tended to 
be lower than that in the control group without DM, but this 
di�erence did not reach signi�cance (p = 0.078).

Further analysis according to BMI
According to the WHO classi�cation, we classi�ed the 

obese patients into two groups (patients with a BMI of >30 

Table III. Univariate and multivariate analysis of factors contributing to recurrence free survival for all cases (n=260).  

Univarate 
analysis

Multivariate analysis

Variables Number of patients P-valuea HR 95% CI P-valueb

Age >70 (yes / no) 137 / 123 0.457

Gender (male / female) 199 / 61 0.845

Child-Pugh classi�cation (A / B) 223 / 37 0.001 0.775 0.473-1.270 0.313

HCC stage (I, II / III, IV) 178 / 82 <0.001 0.818 0.463-1.446 0.490

Maximum tumor size >3 cm (yes / no) 136 / 124 0.484

Tumor number (single / multiple) 169 / 91 <0.001 0.645 0.370-1.124 0.122

Total bilirubin >1.0 mg/dL (yes / no) 88 / 172 0.189

Serum albumin >4.0 g/dL (yes / no) 131 / 129 0.004 0.984 0.661-1.464 0.937

AST >40IU/L (yes / no) 129 / 131 0.006 0.982 0.696-1.387 0.919

ALT >30IU/L (yes / no) 120 / 140 0.275

ALP >300 IU/L (yes / no) 148 / 112 <0.001 0.549 0.367-0.823 0.004

GGT >100 IU/L (yes / no) 132 / 128 <0.001 0.679 0.471-0.978 0.038

White blood cell >0.5×104/mm3 (yes / no) 152 / 108 0.790

LDH >220 IU/L (yes / no) 125 / 135 0.272

Platelets >13×104/mm3 (yes / no) 134 / 126 0.036 0.910 0.642-1.289 0.594

Prothrombin time >80% (yes / no) 176 / 84 <0.001 1.372 0.890-2.115 0.152

AFP >10ng/mL (yes / no) 115 / 145 0.045 0.964 0.689-1.348 0.829

DCP >100mAU/mL (yes / no) 143 / 117 0.064

Diabetes mellitus (yes / no) 128 / 132 0.751

Body mass index >25kg/m2 (yes / no) 116 / 144 0.128

RFS; recurrence free survival, HR; hazard ratio, 95% CI; 95% con�dence interval, HCC; hepatocellular carcinoma, AST; aspartate 
aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, alanine 
aminotransferase, LDH; lactate dehydrogenase, AFP; alpha-fetoprotein, DCP; des-γ-carboxy prothrombin, a; Log-rank test, b; 
Cox proportional hazard model

Fig. 5. Subgroup analyses in patients with Child-Pugh B. Fig. 6. Subgroup analyses in patients with diabetes mellitus. 
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kg/m2 [n = 24] and those with a BMI of <30 kg/m2 [n = 92]. 
[15]. Similarly, we classi�ed the control patients into two 
groups (patients with a BMI of >18.5 kg/m2 [n = 125] and those 
with a BMI of <18.5 kg/m2 [n = 19]). We compared OS and 
RFS rates in these four groups. In terms of OS, there was no 
signi�cant di�erence in these four groups (overall signi�cance; 
p = 0.267) (Fig. 8A). In terms of RFS, the di�erence in the four 
groups did not also reach signi�cance (overall signi�cance; p 
= 0.105) (Fig. 8B).

Fig. 7. Subgroup analyses in patients without diabetes mellitus. 

Fig. 8. Kaplan-Meier curves using classi�cation into four groups 
according to BMI.

DISCUSSION 

To the best of our knowledge, this is the �rst reported 
comparative study to investigate the relationship between 
obesity and survival in NBNC-HCC patients who have 
undergone  curative therapy. Although several investigators 
have reported that obesity is associated with liver carcinogenesis 
[14, 16, 17, 18, 28, 29], whether obesity is a prognostic factor 
in NBNC-HCC patients who undergo curative therapy 
remains unclear. �erefore, the current study was performed 
to determine this issue.

In our study, di�erences in OS and RFS between the obesity 
and control groups did not reach signi�cance. In addition, 
in our further analysis using classi�cation into four groups 
according to BMI, the di�erence between these four groups 
did not reach signi�cance in terms of both OS and RFS. �ese 

results indicate that obesity did not a�ect survival a�er curative 
therapy for NBNC-HCC patients. One possible reason for 
these results is that in Japan, the proportion of extremely obese 
patients with a BMI >35 kg/m2 who have a higher potential risk 
of HCC development is reduced. Indeed, in the current study, 
there were only �ve patients (1.9%) with a BMI >35 kg/m2. 
�e distribution of BMI appears to be quite di�erent between 
Japan and the Western countries, which have a large number 
of extremely obese patients [14, 30].

With regard to baseline characteristics, total bilirubin, 
prothrombin, and platelet count, which re�ect the degree 
of liver �brosis in the obese group, were signi�cantly worse 
than those in the control group. However, for Child-Pugh 
classi�cation, the di�erence between the two groups did not 
reach signi�cance. Obesity induces steatosis and increases 
oxidative stress, as well as chronic in�ammation in the liver, 
and therefore it places people at risk of developing cirrhosis 
[31]. �ese facts may have been associated with more advanced 
liver �brosis in our obesity group patients. In addition, 128 
(49.2%) out of 260 patients had DM in the current study. A 
population-based study from the United States demonstrated 
that, in HCC patients with unknown causes, 47% had DM, 
and DM was found to be an independent risk factor for liver 
carcinogenesis, regardless of any etiologies of background 
liver disease [32]. Our results are consistent with this previous 
report [32].

In our analysis according to Child-Pugh classi�cation, 
in patients with Child-Pugh A, the obesity group had a 
signi�cantly worse prognosis than the control group in terms 
of RFS, whereas in patients with Child-Pugh B, the obesity 
group had a signi�cantly better prognosis than the control 
group in terms of RFS. Obesity, which re�ects good nutritional 
and immunological status, may be associated with favorable 
clinical outcomes in NBNC-HCC patients with more advanced 
background disease a�er curative therapy. In our subgroup 
analyses in patients with or without DM, no significant 
di�erences were observed, although in patients without DM, 
the obesity group patients tended to have a worse prognosis 
compared with the control group patients in terms of RFS. 
Metabolic disorders may not be associated with clinical 
outcomes a�er curative therapy for NBNC-HCC patients.

In our multivariate analysis, serum albumin >4.0 g/dL 
was found to be a favorable predictive factor linked to OS. We 
have previously reported that a low serum albumin level was 
associated with poor clinical outcomes in patients with HCV-
related HCC who underwent RFA [33]. In HCV-related HCC 
patients with a low serum albumin level, as well as NBNC-
HCC patients with a low serum albumin level, branched chain 
amino acid therapy may be recommended [33]. In our study, 
multivariate analysis identi�ed high DCP levels as the strongest 
adverse prognostic factor linked to OS, although in terms of 
RFS, it was not shown to be a signi�cant factor in multivariate 
analysis. High DCP levels indicate biologically aggressive HCC 
tumors [34]. Kaibori et al reported that preoperative serum 
DCP levels are a prognostic indicator in NBNC-HCC [4]. Our 
results are in agreement with these previous reports, suggesting 
that NBNC-HCC patients with high pretreatment DCP levels 
require close observation, even after curative therapy, to 
optimize their clinical outcomes.
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Notably, an ALP value of >300 IU/L and GGT value of 
>100 IU/L were found to be signi�cant adverse predictive 
factors linked to RFS in our multivariate analysis. Yu et al 
demonstrated that preoperative ALP levels could be used 
to monitor and predict recurrence in HCC patients. Several 
studies reported that a high level of GGT is related to a higher 
incidence of HCC development and recurrence [35-37]. Ju 
et al reported that a high GGT level is associated with tumor 
characteristics, such as tumor size and a lower serum albumin 
level [38]. In NBNC-HCC patients with a high level of ALP 
or GGT prior to therapy, careful follow-up examination a�er 
therapy is required.

�ere are several limitations to the present study. First, it 
was a single-center retrospective study. Second, in our study, 
the di�erence of median value between the obesity group and 
the control group and the number of patients with a BMI of 
>30 kg/m2 or with a BMI of <18.5 kg/m2, which could in�uence 
on survival were fairly small. In addition, there seems to be a 
complex relationship between overweight and survival [14, 21, 
22, 30]. Hence, our study results should be interpreted with 
caution and other prognostic factors than BMI should also 
be fully taken into account when evaluating the prognosis in 
patients with NBNC-HCC who underwent curative therapy. 
�ird, the median observation periods in the two groups were 
relatively short for survival analysis. Larger prospective studies 
with longer observation periods are thus needed to con�rm 
these results. However, the current study demonstrated that 
obesity itself was not associated with poor survival in NBNC-
HCC patients who underwent curative therapy. 

CONCLUSION

Obesity may not need to be taken into account when 
assessing clinical outcomes a�er curative therapy in non B non 
C - hepatocellular carcinoma patients.
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