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ABSTRACT 
Comparison of clinical outcomes following hepatic resection in 

non-alcoholic fatty liver disease-related hepatocellular carcinoma 
and hepatitis B-related hepatocellular carcinoma : Propensity 

score-matched analysis 
 

Yoon Bin Jung 
 

Department of Medicine 
The Graduate School, Yonsei University  

 
(Directed by Professor Gi Hong Choi) 

 
Background/Aim 
Since it was first reported in 1990, the prevalence of Non-alcoholic fatty 
liver disease-related hepatocellular carcinoma(NAFLD-HCC) has 
increased in parallel with the incidence of metabolic syndrome. Studies 
report conflicting results regarding the prognosis for NAFLD- HCC. A 
previous comparison between NAFLD-HCC with hepatitis B 
virus-related HCC(HBV-HCC) is insufficient. The aim of this 
retrospective analysis was to compare the clinical characteristics and 
survival outcomes of NAFLD-HCC versus HBV-HCC. 
 
 
Methods 
The medical records of 432 patients who underwent hepatic resection for 
HCC at Severance Hospital between 2005 and 2015 were retrospectively 
reviewed. Metabolic syndrome was defined according to definition from 
the National Cholesterol Education Program: Adult Treatment Panel 
III(NCEP-ATP III). Occult HBV infection was identified by nested 
polymerase chain reaction(PCR) analysis, using known primers. 
Propensity analysis was carried out using logistic regression in order to 
minimize lead-time bias caused by lack of surveillance in NAFLD 
patients. Surgical and oncologic outcomes were compared between two 
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groups.  
 
Results 
Thirty-two patients (7.4%) who underwent hepatic resection for HCC 
were diagnosed with NAFLD-HCC. Before matched analysis, cirrhosis 
was more frequently detected in HBV-HCC patients (55.0 vs 15.6%, 
p<0.001). Surgical outcomes were similar between the two groups, 
especially morbidity rates (18.0 vs 18.8%, p=0.596); hospital stay (12.2 
vs 12.5 days, p=0.830); and in intraoperative blood loss volume (435 vs 
554 mL, p=0.252). Average tumor size was larger in the NALFD-HCC 
group than the HBV-HCC group (4.4 vs 3.4 cm, p=0.014). After a 
median follow-up of 74.0 months (range 0-157 months), survival 
analyses before propensity-score matching showed better 5-year overall 
survival in HBV-HCC than NAFLD-HCC patients (80.7 vs 63.2%, 
p=0.041). However, survival analysis after propensity score-matching 
showed similar 5-year overall survival (60.8% vs 63.2%, p=0.978), There 
was no difference between the two groups in recurrence-free survival or 
disease-specific survival before and after matched analysis.  
 
Conclusion 
The NAFLD-HCC group had a larger tumor size and less cirrhosis at the 
time of diagnosis than the HBV-HCC group. The overall survival of the 
NAFLD-HCC group was worse than that of the HBV-HCC group, but 
after matched analysis, there was no significant difference in overall 
survival. There were no differences in recurrence-free survival or 
disease-specific survival between groups, before or after matched 
analysis. 
 
 
 
Key words : Non-alcoholic fatty liver disease, Hepatitis B, hepatocelluar 
carcinoma, hepatectomy 
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I. INTRODUCTION 
 

Hepatocellular carcinoma(HCC) is the sixth most common cancer in the world, 
with the second highest mortality rate.1 HCC is mainly caused by hepatitis B 
virus(HBV), hepatitis C virus(HCV) infection or alcohol abuse2. In particular, 
South Korea is an endemic area for HBV, with a very high infection rate of HBV, 
caused by HBV in about 72.3% of patients with HCC.3 
Non-alcoholic fatty liver disease(NAFLD) is a hepatic expression of metabolic 

syndrome. Several risk factors for metabolic syndrome such as central obesity or 
diabetes are known as risk factors for HCC.4-7 In recent years, the incidence of 
HCC caused by NAFLD has increased, as have rates of obesity and metabolic 
syndrome. Thus, interest in the clinical characteristics of NAFLD-related 
HCC(NAFLD-HCC) is increasing. 
While there are several published studies comparing NAFLD-HCC and 

HCV-HCC,8,9 there few studies comparing NAFLD-HCC with HBV-related 
HCC(HBV-HCC). The aim of this study was to assess the clinical characteristics 
and survival outcomes of patients with NAFLD-HCC versus HBV-HCC after 
hepatic resection for HCC.  
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II. MATERIALS AND METHODS 
 

1. Patients 
We reviewed the medical records of 861 patients who underwent hepatic 

resection for HCC between January 2005 and December 2015 at Severance 
Hospital, Yonsei University College of Medicine. Patients with NAFLD were 
diagnosed according to the diagnostic criteria of American Association for the 
Study of Liver Disease.10 To clearly distinguish NAFLD patients, only patients 
identified with histological steatosis from surgical specimen following hepatic 
resection were included for analysis.11 Patient were classified into three groups : 
HBV-HCC, NAFLD-HCC, and HBV with NAFLD-HCC(HBV/NAFLD-HCC) 
group.  
 Patients with chronic hepatitis C infection confirmed by serological tests, 

autoimmune liver disease, excessive alcohol intake (>30g/day in men, >20g/day 
in women), and those who underwent trans-arterial chemoembolization, 
radiofrequency ablation or concurrent chemoradiation therapy prior to hepatic 
resection were excluded. Patients who were taking steatogenic medications were 
excluded. Patients who underwent liver transplant during follow-up period or 
patients who were diagnosed with other primary cancers at the time of diagnosis 
were also excluded.  
Diagnosis of liver cirrhosis was based on histological or radiological assessment 

using transient elastography. Metabolic syndrome was diagnosed when at least 
three of the following risk factors were present : abdominal obesity, dyslipidemia, 
hypertension, type 2 diabetes mellitus.12 Overweight was defined as a body mass 

index(BMI)≥25kg/m2 and obesity as a BMI≥30kg/m2. 

Hepatic resection was classed as major resection or minor resection. Minor 
resection was defined as the resection of less than three Couinaud liver segments. 
Major resection was defined as the resection of three or more Couinaud liver 
segments.13 Postoperative mortality was defined as death within 90 days after 
hepatic resection. The grade of postoperative morbidity was classified according 
to Clavien-Dindo classification.14 This study was approved by the appropriate 
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institutional review boards. 

 
Figure 1. Study flow chart of patient selection 



6 

 

2. Nested polymerase chain reaction 
In this study, patients with HBV infection were diagnosed by serological test. 

Because South Korea is an intermediate endemic area for HBV infection,15 nested 
polymerase chain reaction(PCR) was performed to identify occult HBV infection 
among non-B non-C HCC patients. This ensure that only pure NAFLD-HCC 
patients were included. 
 Of the 51 patients with negative HBV serologic results, nested PCR was 
performed for 37 patients with positive or unknown anti-hepatitis B core antibody 
(Anti-HBc). After hepatic resection, DNA was extracted from the liver tissue and  
nested PCR was performed to identify occult HBV infection using the primers 
shown in Table 1.16 Negative controls were included in each PCR. Positive HBV 
DNA was defined as the presence of at least two different positive viral genomic 
regions (Fig 2).   
 
 
Table 1. Nucleotide sequence of primers used for the identification of the 
occult HBV infection 

Primer set Sense primers Antisense primers 
PreS-S 5′-GGTCACCATATTCTTGGGAA-3′ 5′-AATGGCACTAGTAAACTGAG-3′ 
PreS-S1 5′-AATCCAGATTGGGACTTCAA-3′ 5′-CCTTGATAGTCCAGAAGAAC-3′ 

Precore-core 5′-GCCTTAGAGTCTCCTGAGCA-3′ 5′-GTCCAAGGAATACTAAC-3′ 
Precore-core1 5′-CCTCACCATACTGCACTCA-3′ 5′-GAGGGAGTTCTTCTTCTAGG-3′ 

Pol 5′-CGTCGCAGAAGATCTCAATC-3′ 5′-CCTGATGTGATGTTCTCCATG-3′ 
Pol1 5′-CCTTGGACTCATAAGGT-3′ 5′-TTGAAGTCCCAATCTGGATT-3 
X 5′-CCATACTGCGGAACTCCTAGC-3′ 5′-CGTTCACGGTGGTCTCCAT-3′ 
X1 5′-GCTAGGCTGTGCTGCCAACTG-3′ 5′-CGTAAAGAGAGGTGCGCCCCG-3′ 

1Applied in the second round of nested PCR 
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Figure 2. Results after nested PCR for identification of occult HBV infection 
 

3. Statistical analysis 
After testing for normal distribution using the Kolmogorov-Smirnov test, 

continuous variables were expressed as mean and standard deviations. 
Categorical variables were expressed as the numbers of patients and proportions. 
Two-sided t-test, Chi-square test, or Fisher’s exact test were performed to 
compare continuous variables and categorical variables. Survival analysis was 
performed using the Kaplan-Meier method and survival outcomes of each group 
were compared using the log-rank test. 
Previous studies reported that lead-time bias occurs due to a lack of surveillance 

in NAFLD-HCC patients.17-21 In the current study, propensity score matched 
analysis was carried out using logistic regression between HBV-HCC and  
NAFLD-HCC groups. Variables used for propensity model were age, sex, 
cirrhosis, size of largest tumor, number of tumors, macrovascular and 
microvascular invasion, and tumor differentiation.  
 A two-tailed P value <0.05 indicated statistical significance. All statistical 

analyses were performed using IBM SPSS Statistics for Windows, version 25.0 
(IBM Corp. in Armonk, NY) 
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III. RESULTS 
 

1. Patient characteristics 
 Of the total 861 patients who underwent hepatic resection for HCC between 

2005 and 2015, 432 patients were included for the analysis. Among them, 51 
patients were seronegative for HBV. The nested PCR was performed on 37 out of 
51 patients, who had positive or unknown anti-HBc, and 13 of these patients 
were diagnosed with occult HBV infection. Finally, there were 200 patients with 
HBV-HCC, 194 patients with HBV and NAFLD-HCC, and 32 patients with 
NAFLD-HCC (Fig 1). The demographics and clinical characteristics of each 
groups are reported in Table 2.  
Patients with NAFLD-HCC were significantly older than other groups 

(NAFLD-HCC; 61.3±10.9 years, HBV-HCC; 54.1±10.2 years, HBV/NAFLD 

-HCC; 55.0±9.3 years, p=0.001). The proportion of male and female patients did 

not differ significantly between the three groups(p=0.661). As expected, patients 
in the NAFLD-HCC group were more overweight (NAFLD-HCC; 50.0%, 
HBV-HCC; 23.5%, HBV/NAFLD-HCC; 42.3%, p<0.001) and were more 
commonly diagnosed with metabolic syndrome (NAFLD-HCC; 59.4%, 
HBV-HCC; 12.0%, HBV/NAFLD-HCC; 24.7%, p<0.001). Diagnosis of liver 
cirrhosis was more common in the groups with viral hepatitis than the 
NAFLD-HCC group (HBV-HCC; 55.0%, HBV/NAFLD-HCC; 64.9%, 
NAFLD-HCC; 15.6%, p<0.001). There were also no significant differences in 
the extent of hepatic resection, operation time, or intraoperative blood loss 
volume between groups. There were also no significant differences in overall 
mortality, perioperative mortality, overall morbidity, major morbidity, or length 
of hospital stay between groups.  
In pathologic details, patients with NAFLD-HCC had larger tumor than other 

groups(NAFLD-HCC; 4.4±3.3cm, HBV-HCC; 3.4±1.8cm, HBV/NAFLD 

-HCC; 3.2±1.6cm, p=0.003). There were no differences in tumor multiplicity, 

tumor differentiation, macrovascular invasion, or microvascular invasion 
between groups.  
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Table 2. Demographics and clinical characteristics of study populations 

Variables HBV-HCC 
(n=200) 

HBV+NAFLD 
(n=194) 

NAFLD-HCC 
(n=32) p 

Demographics 
  Age in years  54.1±10.2 55.0±9.3 61.3±10.9 0.001 
    ≥60 years 66 (33.0%) 62 (31.9%) 19 (59.4%) 0.008 
  Sex(Male, n, %) 146 (73.0%) 149 (76.8%) 25 (78.1%) 0.661 

BMI(kg/m2) 23.2±2.7 24.7±3.0 26.6±7.1 <0.001 
   Overweight 47 (23.5%) 82 (42.3%) 16 (50.0%) <0.001 
   Obesity 2 (1.0%) 8 (4.1%) 1 (3.1%) 0.148* 

Alcohol(g/week) 45.1±78.4 48.3±83.2 34.0±53.6 0.629 
Metabolic risk factors 

Metabolic SD(n, %) 24 (12.0%) 48 (24.7%) 19 (59.4%) <0.001 
AC(cm) 82.9±8.2 88.4±7.7 89.8±9.0 <0.001 
Triglyceride(mg/dL) 80.9±35.1 105.9±48.9 136.0±83.8 <0.001 
HDL(mg/dL) 51.5±16.0 47.7±12.7 43.6±13.2 0.078 
Glucose(mg/dL) 124.6±30.1 126.4±35.8 151.5±53.1 0.025 
Hypertension(n, %) 46 (23.0%) 61 (31.4%) 20 (62.5%) <0.001 
Diabetes(n, %) 21 (10.5%) 37 (19.1%) 15 (46.9%) <0.001 

Liver function 
Total bilirubin(mg/dL) 0.8±0.3 0.8±0.3 0.7±0.2 0.338 
Albumin(g/dL) 4.3±0.4 4.3±0.4 4.4±0.4 0.390 
INR 1.05±0.11 1.03±0.10 1.06±0.26 0.251 
Liver stiffness(kPa) 11.5±8.9 11.6±8.1 9.9±4.4 0.600 
Liver steatosis(dB/m) 222±52 246±39 295±69 0.002 

AFP (ng/mL)     
  ≤400 143 (71.5%) 163 (84.0%) 29 (90.6%) 0.003   >400 57 (28.5%) 31 (16.0%) 3 (9.4%) 
PIVKA-II(mAU/mL) 806±5608 333±1126 323±565 0.460 
Cirrhosis(n, %) 110 (55.0%) 126 (64.9%) 5 (15.6%) <0.001 
Surgical procedures 
 Major hepatectomy 119 (59.5%) 119 (61.3%) 24 (75.0%) 0.233  Minor hepatectomy 81 (40.5%) 75 (38.7%) 8 (25.0%) 

Operation time(min) 246±90 270±106 267±99 0.053 
Intraoperative bleeding(mL) 435±519 516±563 554±698 0.257 
Mean follow up(month) 76.1±39.5 67.8±34.5 60.9±45.3 0.042 
Overall mortality  41 (20.5%) 39 (20.1%) 11 (34.4%) 0.168 
Perioperative mortality 5 (2.5%) 3 (1.5%) 2 (6.3%) 0.243 
Overall morbidity 36 (18.0%) 49 (25.3%) 6 (18.8%) 0.327 
Grade≥3 morbidity 11 (5.5%) 15 (7.7%) 2 (6.3%) 0.660 
Hospital stay(days) 12.2±7.9 11.6±6.7 12.5±8.9 0.691 
Pathologic details     
  Maximal tumor size(cm) 3.4±1.8 3.2±1.6 4.4±3.3 0.003 
 Number of tumors     

    Solitary 182 (91.0%) 173 (89.2%) 29 (90.6%) 0.742   Multiple 18 (9.0%) 21 (10.8%) 3 (9.4%) 
 Tumor differentiation     
   Edmonson grade 1-2 76 (38.0%) 80 (41.2%) 15 (46.9%) 0.580    Edmonson grade 3-4 124 (62.0%) 114 (58.7%) 17 (53.1%) 
Macrovascular invasion 14 (7.0%) 13 (6.7%) 1 (3.1%) 0.768 

 Microvascular invasion 114 (56.7%) 93 (47.9%) 17 (53.1%) 0.180 
* Fisher’s exact test 
Abbreviations : BMI, body mass index; Metabolic SD, metabolic syndrome; AC, abdominal circumference; HDL, 
high density lipoprotein; INR, international normalized ratio; AFP, alpha-fetoprotein; PIVKA-II, protein induced 
by vitamin K absence or antagonist-II 
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2. Survival outcomes 
 The median follow-up period was 74 months (interquartile range; IQR 43-103). 

During that time, 11 patients(34.4%) in the NAFLD-HCC group, 41 
patients(20.5%) in the HBV-HCC, and 39 patients(20.1%) in the  
HBV/NAFLD-HCC groups died (p=0.168). Tumor recurrence occurred in 17 
patients(53.1%) in the NAFLD-HCC group, 95 patients(47.5%) in the  
HBV-HCC group, 88 patients(45.3%) in the HBV/NAFLD-HCC group 
(p=0.664). The mean overall survival(OS) was 108.6, 127.6, and 125.5 months;  
and the recurrence-free survival(RFS) 73.7, 87.3 and 79.3 months in the 
NAFLD-HCC, HBV-HCC and HBV/NAFLD-HCC groups, respectively. The 
5-year survival rates were 63.2%, 80.7%, and 82.7% in the NAFLD-HCC,  
HBV-HCC, and HBV/NAFLD-HCC groups, respectively(p=0.101). The 5-year 
RFS was 41.6%, 55.1%, and 57.0% in the NAFLD-HCC, HBV-HCC, and  
HBV/NAFLD-HCC groups, respectively(p=0.540). Kaplan-meier survival 
analysis showed no difference in OS, RFS, or disease-specific survival(DSS) rate 
between the groups(Fig 3).  
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Figure 3. Survival curves after hepatic resection for HCC between HBV-HCC, 
HBV/NAFLD-HCC, and NAFLD-HCC groups. (A) Overall survival; (B) 
Recurrence-free survival; (C) Disease-specific survival 
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3. Factors associated with OS and RFS 
 Univariate analysis demonstrated that age, sex, BMI, liver cirrhosis and tumor 

multiplicity were not correlated with OS. As expected, the largest tumor size, 
tumor differentiation, and vascular invasion of the tumor were associated with 
OS. In the background disease, the risk of death was higher in the NAFLD-HCC 
patients than the HBV-HCC group (unadjusted HR 2.005, 95% confidence 
interval (CI) 1.029-3.098; p=0.041). Multivariate analysis showed that 
NAFLD-HCC was significantly associated with poor OS compared to HBV-HCC 
(adjusted HR 2.122, 95% CI 1.073-4.197; p=0.031) (Table 3). 

Table 3. Univariate and multivariate analysis of factors associated with 
overall survival 

 Univariate analysis Multivariate analysis 
Variables Unadjusted HR(95%CI) p Adjusted HR(95% CI) p 

Age     
 <60 years 1    

  ≥60 years 1.322 (0.865-2.019) 0.197   
Sex(Male) 1.652 (0.963-2.834) 0.068   
BMI 1.032 (0.982-1.084) 0.219   
Cirrhosis 1.409 (0.919-2.161) 0.116   
Tumor size(largest) 1.170 (1.079-1.268) <0.001 1.102 (1.003-1.211) 0.042 
Tumor number     
  Solitary 1    
  Multiple 1.754 (0.909-3.385) 0.094   
Tumor 
differentiation 

    

  G1-G2 1  1  
  G3-G4 2.304 (1.434-3.700) 0.001 1.602 (0.972-2.640) 0.065 
Vascular invasion 3.599 (2.166-5.848) <0.001 1.634 (0.644-4.144) 0.301 
Disease     
  HBV 1  1  

HBV+NAFLD 1.048 (0.675-1.626) 0.836 1.184 (0.760-1.844) 0.455 
  NAFLD 2.005 (1.029-3.908) 0.041 2.122 (1.073-4.197) 0.031 

 
Univariate analysis demonstrated that sex, the largest tumor size, tumor 

multiplicity, tumor differentiation, and vascular invasion of the tumor were 
associated with RFS. Multivariate analysis demonstrated that sex, the largest 
tumor size, tumor multiplicity, and tumor differentiation were associated with 
RFS. Univariate analysis results indicated that background liver disease was not a 
factor associated with RFS (Table 4).  
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Table 4. Univariate and multivariate analysis of factors associated with 
recurrence-free survival 

 Univariate analysis Multivariate analysis 
Variables Unadjusted HR(95%CI) p Adjusted HR(95% CI) p 

Age     
  <60 years 1    
  ≥60 years 1.097 (0.813-1.482) 0.544   
Sex(Male) 1.484 (1.046-2.016) 0.026 1.511 (1.061-2.153) 0.022 
BMI 1.008 (0.970-1.047) 0.676   
Cirrhosis 1.101 (0.832-1.459) 0.500   
Tumor size(largest) 1.148 (1.080-1.220) <0.001 1.142 (1.004-3.119) <0.001 
Tumor number     
  Solitary 1  1  
  Multiple 2.006 (1.274-3.157) 0.002 1.770 (1.004-3.119) 0.048 
Tumor 
differentiation 

    

  G1-G2 1  1  
  G3-G4 1.645 (1.224-2.210) 0.001 1.388 (1.014-1.898) 0.040 
Vascular invasion 1.640 (1.236-2.176) 0.001 1.071 (0.594-1.931) 0.819 
Disease     
  HBV 1    

HBV+NAFLD 0.967 (0.723-1.293) 0.822   
 NAFLD 1.293 (0.771-2.168) 0.329   

 
4. Matched analysis 

 After propensity score matching, age at diagnosis, AFP levels, presence of 
liver cirrhosis, and the pathological tumor characteristics became similar between 
the HBV-HCC and NAFLD-HCC groups (Table 5). The HBV-HCC group had a 
higher 5-year survival rate than the NAFLD-HCC group before matched analysis 
(80.7% vs 63.2%, p=0.041). However, there was no significant difference 
between the two groups after matched analysis (60.8% vs 63.2%, p=0.978). The 
5-year RFS was not significantly different before (55.1% vs 41.6%, p=0.325) or 
after matched analysis (40.6% vs 41.6%, p=0.738). In order to further analyze the 
effect of deaths from metabolic comorbidities in NAFLD-HCC patients, 
disease-specific survival (DSS) was additionally analyzed. There was not 
significant difference in 5-year DSS between HBV-HCC and NAFLD-HCC 
before (85.3% vs 71.2%, p=0.108) or after matched analysis (60.8% vs 71.2%, 
p=0.508). The OS, RFS, and DSS curves between HBV-HCC and NAFLD-HCC 
before and after matched analysis are shown in Figures 4 and 5. 
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Table 5. Demographics and clinical characteristics of study populations after 
matched analysis 

 Entire cohort Matched cohort 

Variables HBV-HCC 
(n=200) 

NAFLD 
-HCC 
(n=32) 

p HBV-HCC 
(n=32) 

NAFLD 
-HCC 
(n=32) 

p 

Demographics 
 Age in years  54.1±10.2 61.3±10.9 <0.001 61.8±8.2 61.3±10.9 0.846 
   ≥60 years 66 (33.0%) 19 (59.4%) 0.004 21 (65.6%) 19 (59.4%) 0.606 
 Sex(Male, n, %) 146 (73.0%) 25 (78.1%) 0.339 26 (81.3%) 25 (78.1%) 0.756 
BMI(kg/m2) 23.2±2.7 26.6±7.1 <0.012 24.2±2.4 26.6±7.1 0.117 
  Overweight 47 (23.5%) 16 (50.0%) 0.002 10 (31.3%) 16 (50.0%) 0.127 
  Obesity 2 (1.0%) 1 (3.1%) 0.359* 0 (0%) 1 (3.1%) 1.000* 
Alcohol(g/week) 45.1±78.4 34.0±53.6 0.441 41.5±59.0 34.0±53.6 0.594 

Metabolic risk factors 
Metabolic SD(n, %) 24 (12.0%) 19 (59.4%) <0.001 9 (28.1%) 19 (59.4%) 0.012 
AC(cm) 82.9±8.2 89.8±9.0 <0.001 87.3±8.4 89.8±9.0 0.261 
Triglyceride(mg/dL) 80.9±35.1 136.0±83.8 0.004 78.9±31.0 136.0±83.8 0.003 
HDL(mg/dL) 51.5±16.0 43.6±13.2 0.063 50.4±13.6 43.6±13.2 0.156 
Glucose (mg/dL) 124.6±30.1 151.5±53.1 0.009 144.7±38.0 151.5±53.1 0.557 
Hypertension(n, %) 46 (23.0%) 20 (62.5%) <0.001 15 (46.9%) 20 (62.5%) 0.209 
Diabetes(n, %) 21 (10.5%) 15 (46.9%) <0.001 11 (34.4%) 15 (46.9%) 0.121 

Liver function 
Total bilirubin(mg/dL) 0.8±0.3 0.7±0.2 0.133 0.7±0.2 0.7±0.2 0.750 
Albumin(g/dL) 4.3±0.4 4.4±0.4 0.199 4.2±0.6 4.4±0.4 0.061 
INR 1.05±0.11 1.06±0.26 0.680 1.05±0.10 1.06±0.26 0.814 
Liver stiffness(kPa) 11.5±8.9 9.9±4.4 0.362 14.0±17.5 9.9±4.4 0.258 
Liver steatosis(dB/m) 222±52 295±69 0.008 231±94 295±69 0.237 

AFP(ng/mL)       
 ≤400 143 (71.5%) 29 (90.6%) 0.020 27 (84.4%) 29 (90.6%) 0.708*  >400 57 (28.5%) 3 (9.4%) 5 (15.6%) 3 (9.4%) 
PIVKA-II(mAU/mL) 806±5608 323±565 0.628 2868±13199 323±565 0.280 
Cirrhosis(n, %) 110 (55.0%) 5 (15.6%) <0.001 9 (28.1%) 5 (15.6%) 0.226 
Surgical procedures 
Major hepatectomy 119 (59.5%) 24 (75.0%) 0.063 18 (56.3%) 24 (75.0%) 0.114 Minor hepatectomy 81 (40.5%) 8 (25.0%) 14 (43.8%) 8 (25.0%) 

Operation time(min) 246±90 267±99 0.235 274±75 267±99 0.740 
Intraoperative bleeding 
(mL) 435±519 554±698 0.252 577±575 554±698 0.889 

Mean follow up(month) 76.1±39.5 60.9±45.3 0.049 73.0±36.4 60.9±45.3 0.243 
Overall mortality  41 (20.5%) 11 (34.4%) 0.066 13 (40.6%) 11 (34.4%) 0.606 
Perioperative mortality 5 (2.5%) 2 (6.3%) 0.247 0 (0%) 2 (6.3%) 0.492* 
Overall morbidity 36 (18.0%) 6 (18.8%) 0.596 7 (21.9%) 6 (18.8%) 1.000 
Grade≥3 morbidity 11 (5.5%) 2 (6.3%) 0.556 3 (9.4%) 2 (6.3%) 1.000* 
Hospital stay(days) 12.2±7.9 12.5±8.9 0.830 13.5±9.2 12.5±8.9 0.651 
Pathologic details 
Maximal tumor size(cm) 3.4±1.8 4.4±3.3 0.014 4.6±3.5 4.4±3.3 0.815 
Number of tumor       

  Solitary 182 (91.0%) 29 (90.6%) 0.674 29 (90.6%) 29 (90.6%) 1.000* Multiple 18 (9.0%) 3 (9.4%) 3 (9.4%) 3 (9.4%) 
Tumor differentiation 
  Edmonson grade 1-2 76 (38.0%) 15 (46.9%) 0.216 15 (46.9%) 15 (46.9%) 1.000   Edmonson grade 3-4 124 (62.0%) 17 (53.1%) 17 (53.1%) 17 (53.1%) 
Macrovascular invasion 14 (7.0%) 1 (3.1%) 0.361 0 (0%) 1 (3.1%) 1.000* 

 Microvascular invasion 114 (56.7%) 17 (53.1%) 0.423 20 (62.5%) 17 (53.1%) 0.448 
* Fisher’s exact test 
Abbreviations : BMI, body mass index; Metabolic SD, metabolic syndrome; AC, abdominal circumference; HDL, 
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high density lipoprotein; INR, international normalized ratio; AFP, alpha-fetoprotein; PIVKA-II, protein induced 
by vitamin K absence or antagonist-II 
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Figure 4. Survival curves after hepatic resection for HCC in HBV-HCC and 
NAFLD-HCC group before matched analysis. (A) Overall survival; (B) 
Recurrence-free survival; (C) Disease-specific survival 

 



17 

 

 

 
Figure 5. Survival curves after hepatic resection for HCC in HBV-HCC and 
NAFLD-HCC groups after matched analysis. (A) Overall survival; (B) 
Recurrence-free survival; (C) Disease-specific survival 



18 

 

IV. DISCUSSION 
 
  Since the occurrence of NAFLD-HCC was first reported by Powell et al. in 

1990,22 the incidence of NAFLD-HCC has increased in parallel with the 
prevalence of metabolic syndrome. A study by Younossi et al. using the 
Surveillance, Epidemiology and End Result registries data reported that about 
14.1% of HCC patients was related to NAFLD.23 A multi-centered observational 
study by Park et al. reported that the incidence of NAFLD-HCC ranged  from 
10 to 12%.24  

  Although a large number of cases of HCC are currently associated with HBV or 
HCV infection, the incidence of NAFLD-HCC is expected to increase further 
due to successful HBV vaccination, development of antiviral agents against 
HCV, and increased metabolic syndrome. Despite increasing interest in the 
characteristics of NAFLD-HCC, but there are few related studies. In particular, 
comparative studies with HBV-HCC are very limited. This study was conducted 
to compare the characteristics of NAFLD-HCC compared to HBV-HCC.  
Studies have shown that NAFLD-HCC has several different clinical 

characteristics which are different from HCC which is caused by other viral 
etiologies. Unlike most cases of liver cirrhosis in viral-related HCC, 
NAFLD-HCC is reported to can occur in the absence of liver cirrhosis.25-28 
Paradis et al. reported only 65.5% of NAFLD-HCC patients showed 
histologically mild fibrosis.29 A study by Yasui et al. reported a background of 
non-cirrhotic liver in 49.4% of patients with non-alcoholic steatohepatitis 
(NASH)-related HCC.30 While the pathophysiology of HCC caused by NAFLD 
is not yet clearly understood, the occurrence of HCC without cirrhosis suggests a 
different process from the known pathophysiology of HCC. Compared to other 
viral-related HCC, NAFLD-HCC occurs more frequently in males, older 
patients,31 at the time of diagnosis the tumor size is large, advanced stage, and 
vascular invasion is more frequent.32  

     
We used a different study design from the previous studies. Previous studies 
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demonstrated that there was no histologically steatosis in some of the patients 
clinically diagnosed with NAFLD.17,32,33 This may be from the reduced sensitivity 
of liver ultrasonography in cases of mild hepatic steatosis or in obese patients.34 
Therefore, in the current study we only included patients in the NAFLD-HCC 
group who had histologically confirmed steatosis from surgically extracted liver 
specimens. Considering that South Korea is and HBV endemic area, we 
performed nested PCR to classify pure NAFLD-HCC patients and screen for 
possible occult B infection. Since previous studies had included all patients who 
underwent a variety of curative treatments, including hepatic resection, 
trans-arterial chemoembolization, radiofrequency ablation or liver 
transplantation,9,17,35,36 the prognostic outcomes might differ depending on the 
treatment modalities. We exclusively analyzed patients who only underwent 
hepatic resection in order to reduce the difference in prognostic outcomes 
associated with different treatment modalities. In patients with NAFLD, the risk 
of death from diseases other than HCC (e.g. cardiovascular disease, other cancer) 
is high,17,37-39 which can affect OS rates. Therefore, we performed further DSS 
analysis. In the NAFLD-HCC group, two of the 32 patients died of 
cardiovascular disease (acute myocardial infarction and pulmonary embolism). 
After matched analysis, DSS reversed the results between the two groups, 
although the outcome was not statistically significant. Finally, as with the 
previous studies,17,32,40 in the current study, the tumor size was larger in the 
NAFLD-HCC patients than HBV-HCC patients (4.4 vs 3.4cm, p=0.014). 
Propensity-score matched analysis was performed to reduce lead-time bias due to 
a lack of surveillance. Before matching, the 5-year OS of the NAFLD-HCC 
group was lower than that of the HBV-HCC group (63.2 vs 80.7%, p=0.041), but 
there was no difference in 5-year OS between the two groups after 
matching(63.2vs 60.8%, p=0.978) (Figs. 4 and 5). The 5-year RFS and DSS were 
not significant different between the NAFLD-HCC and HBV-HCC groups before 
(5-year RFS; 55.1 vs 41.6%, p=0.325 and DSS; 85.3 vs 71.2%, p=0.108, 
respectively) or after matching (5-year RFS; 40.6 vs 41.6%, p=0.738 and DSS; 
60.8 vs 71.2%, p=0.508, respectively). However, the difference narrowed slightly 
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after matching.  
There are several possible explanations for the results of this study. First of all, 

the relatively poor prognosis in NAFLD-HCC patients may be caused by delayed 
diagnosis rather than aggressive tumor biology. Our results suggest that active 
surveillance for HCC is necessary in patients with metabolic syndrome. Second, 
NAFLD-HCC can occur without liver cirrhosis which may result in a large tumor 
size and survival analysis before matching showed a worse prognosis in 
NAFLD-HCC. It has been reported that delayed fibrotic septa formation or lack 
of encapsulation from diminished activation of stellate cells may lead to larger 
hepatic nodules in non-cirrhotic liver.41 Third, in the current study, the OS was 
better in HBV-HCC group than the NAFLD-HCC group before matched analysis, 
but there was no significant difference in DSS. This was possibly caused by the 
metabolic comorbidities in NAFLD-HCC patients.  
We tried to address the limitations of previous studies, however, some 

limitations of this study still remain. All patients were classified on the basis of 
histological findings, but in patients with “burned-out NASH” the steatosis may 
be ambiguous or disappeared and thus patients with burned-out NASH can be 
classified as cryptogenic etiologies.42 This can be addressed by classifying 
patients with clinically definite metabolic syndrome but no histologically 
steatosis as NAFLD-HCC patients. However, in this case, patients who do not 
exhibit hepatic manifestation of metabolic syndrome could be included in the 
NAFLD-HCC group, so we excluded these patients. In addition, this study only 
included patients who underwent surgical resection. Therefore, the results of this 
study were for the relatively early-staged HCC. Clinical characteristics for 
advanced stages of NAFLD-HCC could not be represented in this study. To 
better understand the clinical characteristics of NAFLD-HCC, further research is 
needed. 
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V. CONCLUSION 
 

 The results of this study demonstrate that NAFLD-HCC has larger tumors and 
less liver cirrhosis at the time of diagnosis than HBV-HCC. The OS of the 
NAFLD-HCC group appeared to be worse than that of the HBV-HCC group, but 
there was no significant difference in OS after matched analysis. In addition, 
there was no difference in RFS and DSS between two groups before and after 
matched analysis.  
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ABSTRACT(IN KOREAN) 

비알코올성 지방간질환 동반 간암과 B형 간염 바이러스 동반 

간암에서 간 절제술 시행에 따른 임상적 특성 및 예후 비교 
 

<지도교수 최 기 홍> 
 

연세대학교 대학원 의학과 
 

정 윤 빈 
 
 

대사 증후군의 증가와 더불어 비알코올성 지방간염에 동반한 간

세포암종의 발생이 증가하는 추세이나, 비알코올성 지방간염 동

반 간세포암종과 B형 간염 동반 간세포암종과의 비교에 관한 

많은 연구가 이루어지지 않은 상태로, 본 연구에서는 두 군간의 

임상적 특성에 관한 비교를 위한 연구를 진행하였다.  

 

단일기관에서 2005년부터 2015년까지 간세포암으로 간 절제술

을 시행받은 총 432명의 환자를 대상으로 후향적 분석을 시행

하였으며, B형 간염 보균자가 많은 국내의 특성을 고려하여 순

수한 비알코올성 지방간염에 의한 간세포암종 환자군을 분류하

기 위하여 이중 중합효소연쇄반응 기법을 이용하였다. 또한 B형

간염 환자에 비하여 비알코올성 지방간염 환자에서 나타나는 조

기발견 바이어스를 줄이기 위하여 두 군간의 성향점수매칭을 통

한 분석을 시행하였다.  

 

총 432명의 환자 중 32명(7.4%)의 환자가 비알코올성 지방간

염에 의한 간세포암종으로 간 절제술을 시행하였으며, 두 군 간

의 수술 후 합병증 발생률 및 재원일수 등에서 유의한 차이는 

보이지 않았다. 종양의 크기는 비알코올성 지방간염 그룹에서 

더 크게 나타났으나(4.4 vs 3.4cm, p=0.014), 성향 점수를 이용

한 매칭 후 두 군간의 5년 전체 생존률(60.8 vs 63.2%, 

p=0.978) 및 무재발생존률(40.6 vs 41.6%, p=0.738)의 차이는 

보이지 않았다. 
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본 연구의 결과로 비알코올성 지방간염 발생 간세포암종이 B형 

간염 발생 간세포암종에 비하여 비슷한 예후를 보이며, 이는  

정기적인 감시 검사의 부족에 따른 진단의 지연 및 대사성 질환

에 의한 사망률 및 이환율의 증가에서 비롯되었음을 추론 가능

하다.  
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