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Abstract. The aims of the present study were to examine the 
relationship between the preoperative FIB-4 index and back-
ground liver fibrosis in non-tumor parts obtained from surgical 
specimens and to investigate whether the FIB-4 index can be 
a useful predictor for non-B non-C hepatocellular carcinoma 
(NBNC-HCC) patients treated with surgical resection (SR). A 
total of 118 patients with NBNC-HCC treated with SR with 
curative intent were analyzed. Receiver operating character-
istic (ROC) curve analysis was performed for calculating the 
area under the ROC (AUROC) for the FIB-4 index, aspartate 
aminotransferase (AST) to platelet ratio index, AST to alanine 
aminotransferase ratio, serum albumin, total bilirubin and 
platelet count for cirrhosis. We also examined predictors linked 
to overall survival (OS) and recurrence-free survival (RFS) 
after SR. The mean patient age was 68.9±9.0 years (93 males 
and 25 females) with a median observation period of 3.2 years. 
In extracted surgical specimens, background liver cirrhosis 
(F4) was observed in 39 patients (33.1%). The mean maximum 
tumor size was 5.7±3.2 cm. The mean body mass index was 
24.3±3.9 kg/m2. The FIB-4 index yielded the highest AUROC 
for cirrhosis with a level of 0.887 at an optimal cut-off value of 
2.97 (sensitivity, 92.3; specificity, 69.6%). In the multivariate 
analysis, serum α-fetoprotein >40 ng/ml (P=0.026) was the 
only significant independent predictor linked to OS, while 
tumor number (P=0.002) and FIB-4 index >2.97 (P=0.044) 
were significant factors linked to RFS. In conclusion, preop-
erative FIB-4 index can be a useful predictor for NBNC-HCC 
patients who undergo SR.

Introduction

Hepatocellular carcinoma (HCC) 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 this malignancy 
are associated with viral infections such as 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 HCV antibody (HCVAb) [non-B 
non-C HCC (NBNC-HCC)]. The frequency of NBNC-HCC 
has been reported to range from 5 to 15%, and the number 
of NBNC-HCC patients in Japan has recently been gradu-
ally increasing (4-7). It is noteworthy that the proportion of 
NBNC-HCC patients was ~30% in 2011, 2012 and 2013 in our 
hospital (1).

Curative therapies for HCC consist of liver transplanta-
tion, surgical resection (SR) and radiofrequency ablation 
(RFA) (1-7). The clinical outcome of HCC patients undergoing 
these therapies has improved substantially in recent years 
due to their advances. However, HCC often recurs even after 
curative therapies, leading to high mortality. Recurrence only 
occurs at intrahepatic sites in 68-96% of patients  (1,8-10). 
Hence, the identification of predictive factors and effective 
management of HCC recurrence are essential for improving 
survival, even after curative treatment.

Recently, several noninvasive tools have been introduced to 
evaluate the degree of hepatic fibrosis in patients with chronic 
liver disease; these include serum markers such as aspartate 
aminotransferase to platelet ratio index (APRI), FIB-4 index, 
aspartate aminotransferase (AST) to alanine aminotransferase 
(ALT) ratio or modalities such as acoustic radiation force 
impulse, transient elastography and magnetic resonance elas-
tography (11-18). Serum markers and developed scores are of 
rising significance in noninvasive diagnosis of liver fibrosis 
owing to the easy availability in field practice. Among these 
tools, the FIB-4 index is a simple formula used for predicting 
liver fibrosis based on standard biochemical values (platelet 
count, AST and ALT) and age, and is demonstrated to be 
highly helpful for predicting advanced liver fibrosis (19-22). 
However, this test has seldom been applied for the evaluation 
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of liver function prior to SR and for prediction of clinical 
outcomes for NBNC-HCC patients who undergo SR, although 
there are several reports regarding the clinical significance of 
preoperative APRI on survival in HBV-related HCC patients 
treated with SR (23,24).

The aims of the present study were to examine the relation-
ship between preoperative FIB-4 index and background liver 
fibrosis in non-tumor parts obtained from extracted surgical 
specimens and to investigate whether the preoperative FIB-4 
index can be a useful predictor for NBNC-HCC patients 
treated with SR.

Patients and methods

Patients. A total of 128 treatment-naïve NBNC-HCC patients 
received SR at our institution between June 2004 and June 
2014 with curative intent. Curative surgery was defined as 
resection of all tumors detectable using imaging modalities. 
NBNC-HCC was defined as HCC negative for both HBsAg 
and HCVAb. Patients with severe alcoholic cirrhosis (n=7), 
a patient with autoimmune hepatitis (n=1) and patients with 
primary biliary cirrhosis (n=2) were excluded from the present 
study. A total of 118 NBNC-HCC patients were thus analyzed 
in the present study. A diagnosis of diabetes mellitus (DM) was 
based on past medical history or 75-g oral glucose tolerance 
test results (25). We examined predictive factors associated 
with overall survival (OS) and recurrence-free survival (RFS) 
in univariate and multivariate analyses.

Written informed consent was obtained from all patients 
prior to SR, and the study protocol complied with all of the 
provisions of the Declaration of Helsinki. The present study 
was approved by the Ethics Committee of Osaka Red Cross 
Hospital, Japan. The present study comprised a retrospective 
analysis of patient records registered in our database, and all 
treatments were conducted in an open-label manner.

Calculated scores. The APRI score was calculated using Wai's 
formula: (AST/upper limit of normal)/platelet count (expressed 
as platelets x 109/l) x 100 (26). The FIB-4 score was calculated 
using Sterling's formula as: [age (years) x AST (IU/l)/platelet 
count (x109/l) x ALT½ (IU/l)] (27).

HCC diagnosis. HCC was diagnosed using abdominal ultra-
sound and dynamic CT scans (hyperattenuation during the 
arterial phase in all or some part of the tumor and hypoattenu-
ation 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 (28). 
Arterial- and portal-phase dynamic CT images were obtained 
at ~30 and 120 sec, respectively, after the injection of the 
contrast material. HCC stage was determined using the Liver 
Cancer Study Group of Japan staging system (29). All HCC 
was confirmed pathologically except for two cases with 
complete necrosis due to preoperative transcatheter arterial 
chemoembolization (TACE).

Hepatectomy and surgical procedure. All surgical procedures 
were performed by one of four surgeons with at least 10 years 
experience of SR. Anatomical SR was defined as a resection in 
which tumors were completely removed anatomically on the 

basis of Couinaud's classification (segmentectomy, sectionec-
tomy and hemihepatectomy, or extended hemihepatectomy). 
Non-anatomical partial SR was carried out as a limited resec-
tion or tumor enucleation. Anatomical SR was performed in 
68 patients (57.6%) and non-anatomical SR was performed in 
50 patients (42.4%) in the present study. Conventional open 
hepatectomy was performed in 95 patients (80.5%), and lapa-
roscopic hepatectomy was performed in 23 patients (19.5%) in 
the present study.

Histological evaluation of the extracted liver specimens. All 
extracted liver specimens were reviewed by a single patholo-
gist in our hospital. Background liver fibrosis was staged as 
F0 to F4: F0, no fibrosis; F1, portal fibrosis without septa; F2, 
portal fibrosis and a few septa; F3, numerous septa without 
cirrhosis; and F4, cirrhosis. The degree of differentiation of 
HCC in each resected specimen was determined as well-
differentiated HCC, moderately differentiated HCC, poorly 
differentiated HCC or combined type of HCC and cholangio-
cellular carcinoma (CCC) (30).

Follow-up. Follow-up after each therapy consisted of peri-
odic blood tests and monitoring of tumor markers, including 
α-fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP), 
using chemiluminescent enzyme immunoassays (Lumipulse 
PIVKA-II Eisai; Eisai, Tokyo, Japan). Dynamic CT scans 
and/or MRI were obtained every 2-4  months after each 
therapy. Chest CT, whole abdominal CT, brain MRI, and 
bone scintigraphy were performed when extrahepatic HCC 
recurrence was suspected. When HCC recurred, the most 
appropriate therapy for HCC recurrence was performed 
considering tumor status, liver function or performance status 
of the patients.

Statistical analysis. Data were analyzed using univariate and 
multivariate analyses. Continuous variables were compared 
between groups by the Mann-Whitney U  test. Receiver 
operating characteristic (ROC) curve analysis was performed 
for calculating the area under the ROC (AUROC) for the 
FIB-4 index, APRI, AST to ALT ratio, serum albumin, total 
bilirubin and platelet count and selecting the optimal cut-off 
value that maximized the sum of sensitivity and specificity 
for liver cirrhosis (F4). Time to recurrence was defined as 
the interval between initial therapy and first confirmed recur-
rence. For analysis of RFS, follow-up ended at the time of 
first 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. The 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. These 
statistical methods were used to estimate the interval from 
initial treatment. Data were analyzed using SPSS software 
(SPSS, Inc., Chicago, IL, USA) for Microsoft Windows. Data 
are expressed as means ± standard deviation (SD). Values of 
P<0.05 were considered to indicate statistically significant 
differences.
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Results

Baseline characteristics. The baseline characteristics of the 
analyzed patients (n=118) are shown in Table I. The mean 
age was 68.9±9.0 years. The median observation period was 
3.2 years (range, 0.1-10.1 years). There were 93 males and 
25 females. The mean maximum tumor size was 5.7±3.2 cm. 
The mean body mass index (BMI) was 24.3±3.9 kg/m2. As for 
the histological findings, in terms of the degree of liver fibrosis 
in the non-tumor portion, F4 was observed in 39 patients, 
F3 in 20, F2 in 22, F1 in 14 and F0 in 23, whereas in terms 
of HCC histology, well-differentiated HCC was observed 
in 11 patients, moderately differentiated HCC in 69, poorly 
differentiated HCC in 33, combined type of HCC and CCC 
in 3 and complete necrosis due to preoperative TACE in 2 
patients.

Comparison of the area under receiver operating curves for 
serum markers for liver cirrhosis. We evaluated the correlation 
between serum markers including FIB-4 index, APRI, AST to 
ALT ratio, platelet count, serum albumin and total bilirubin 

and liver cirrhosis (F4). Receiver operating curves of the serum 
markers used for predicting liver cirrhosis are demonstrated in 
Fig. 1. FIB-4 index, APRI and platelet count exhibited reliable 
discriminative ability for predicting liver cirrhosis. Among 
these, the FIB-4 index yielded the highest AUROC with a level 
of 0.887 at an optimal cut-off value of 2.97 (sensitivity, 92.3%; 
specificity, 69.6%) (Table II). The FIB-4 index in patients with 
liver cirrhosis (F4, n=39) was significantly higher than that in 
the patients with non-liver cirrhosis (F0-3, n=79) (P<0.001, 
Mann‑Whitney U test) (Fig. 2).

Cumulative OS and RFS rates for all patients. For all patients 
(n=118), the 1-, 3- and 5-year cumulative OS rates were 92.0, 

Figure 1. Correlation between serum markers including FIB-4 index, AST to 
platelet ratio index (APRI), AST to ALT ratio, platelet count, serum albumin 
and total bilirubin and liver cirrhosis (F4). FIB-4 index yielded the highest 
AUROC with a level of 0.887 at an optimal cut-off value of 2.97 (sensitivity, 
92.3%; specificity, 69.6%). AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; AUROC, area under the ROC; ROC, receiver operating 
characteristic.

Table I. Baseline characteristics of the patients with non-B and 
non-C hepatocellular carcinoma (n=118).

Variables	D ata (N=118)

Age (years)	 68.9±9.0
Gender, male/female	 93/25
Body mass index (kg/m2)	 24.3±3.9
Diabetes mellitus, yes/no	 53/65
HCC stage, I/II/III/IV	 4/74/33/7
Maximum tumor size (cm)	 5.7±3.2
Tumor number, single/multiple	 75/43
AST (IU/l)	 43.4±26.0
ALT (IU/l)	 37.8±29.4
ALP (IU/l)	 343.8±186.8
GGT (IU/l)	 158.8±170.6
Serum albumin (g/dl)	 4.0±0.5
Total bilirubin (mg/dl)	 0.8±0.4
Prothrombin time (%)a	 92.5±18.7
Platelets (x104/mm3)	 17.0±8.1
AFP (ng/ml)	 1,713±11,917
DCP (mAU/ml)b	 8,629±48,077
Histological findings
(extracted surgical specimen)
  Background liver fibrosis, F4/3/2/1/0	 39/20/22/14/23
  Tumor differentiation,
  well/moderate/poor/combined/necrosis	 11/69/33/3/2

Data are expressed as number or mean ± standard deviation. HCC, 
hepatocellular carcinoma; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl 
transpeptidase; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin. 
aMissing data, n=2; bmissing data, n=2. Combined means combined 
type of HCC and cholangiocellular carcinoma. Necrosis means com-
plete necrosis.

Figure 2. Box plots of the FIB-4 index between patients with non-cirrhosis 
(F0-3) and those with cirrhosis (F4). The FIB-4 index in patients with liver 
cirrhosis (n=39) was significantly higher than that in those with non-liver 
cirrhosis (n=79) (P<0.001, Mann-Whitney U test).
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76.6 and 67.6%, respectively. The corresponding RFS rates 
were 71.9, 37.8 and 30.5%, respectively.

Cumulative OS and RFS rates according to FIB-4 index. The 
1-, 3- and 5-year cumulative OS rates in patients with FIB-4 
index >2.97 (optimal cut-off value) (n=60) were 89.7, 67.0 and 
60.9%, respectively, and the corresponding cumulative OS 
rates in patients with FIB-4 index <2.97 (n=58) were 94.4, 
86.3 and 74.7%, respectively (P=0.086) (Fig. 3). The 1-, 3- and 
5-year cumulative RFS rates in patients with FIB-4 index >2.97 
were 66.6, 29.8 and 20.2%, respectively, and the corresponding 
cumulative RFS rates in patients with FIB-4 index <2.97 were 
75.2, 45.8 and 40.1%, respectively (P=0.014) (Fig. 4).

Univariate and multivariate analyses of factors contributing 
to OS. Univariate analysis identified the following factors as 
significantly associated with OS for all cases (n=118): tumor 
number (single or multiple) (P=0.006); alkaline phospha-
tase (ALP) >300 IU/l (P=0.037); serum albumin >4.0 g/dl 

(P=0.010); and AFP >40 ng/ml (P=0.048) (Table III). The 
hazard ratios (HRs) and 95% confidence intervals (CIs) 
calculated using multivariate analysis for the four factors 
with P-values of <0.05 in univariate analysis are detailed in 
Table III. Only the AFP value was found to be a significant 
predictor linked to OS in multivariate analysis (P=0.026).

Univariate and multivariate analyses of factors contributing 
to RFS. Univariate analysis identified the following factors 
as significantly associated with RFS for all cases (n=118): 
tumor number (single or multiple) (P<0.001); presence of 
microscopic vascular invasion (P=0.024); ALP >300  IU/l 
(P=0.002); γ-glutamyl transpeptidase (GGT) >100  IU/l 
(P=0.010); and FIB-4 index >2.97 (P=0.014) (Table IV). The 
HRs and 95% CIs calculated using multivariate analysis for 
the five factors with P-values of <0.05 in univariate analysis 
are detailed in Table IV. Tumor number (P=0.002) and FIB-4 
index (P=0.044) were found to be significant prognostic 
factors linked to RFS.

Table  II. Comparison of the area under the receiver operating curves (AUROCs) for FIB-4 index, APRI, AST to ALT ratio, 
platelet count, serum albumin and total bilirubin for liver cirrhosis.

	 AUROC	 95% CI	 Standard error	 P-value

FIB-4 index	 0.887	 0.828-0.947	 0.030	 <0.001
APRI	 0.877	 0.814-0.941	 0.032	 <0.001
AST to ALT ratio	 0.559	 0.446-0.671	 0.057	 0.302
Platelet count (/mm3)	 0.883	 0.818-0.949	 0.034	 <0.001
Serum albumin (g/dl)	 0.724	 0.629-0.820	 0.049	 <0.001
Total bilirubin (mg/dl)	 0.652	 0.543-0.761	 0.056	 0.007

APRI, AST to platelet ratio index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CI, confidence interval; AUROCs, area 
under the ROC; ROC, receiver operating characteristic.

Figure 3. Cumulative overall survival (OS) rates according to FIB-4 index. 
The 1-, 3- and 5-year cumulative OS rates in patients with FIB-4 index >2.97 
(n=60) were 89.7, 67.0 and 60.9%, respectively, and the corresponding cumu-
lative OS rate in patients with FIB-4 index <2.97 (n=58) were 94.4, 86.3 and 
74.7%, respectively (P=0.086).

Figure 4. Cumulative recurrence-free survival (RFS) rates according to 
FIB-4 index. The 1-, 3- and 5-year cumulative RFS rates in patients with 
FIB-4 index >2.97 were 66.6, 29.8 and 20.2%, respectively, and the corre-
sponding cumulative RFS rate in patients with FIB-4 index <2.97 were 75.2, 
45.8 and 40.1%, respectively (P=0.014).
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Table III. Univariate and multivariate analysis of factors contributing to overall survival.

			M   ultivariate analysis
		  Univariate	 ------------------------------------------------------------------------------
Variables	 n	 analysis	 Hazard ratio (95% CI)	 P-valuea

Gender, male vs. female	 93/25	 0.330
Age (years), >70 vs. ≤70	 58/60	 0.802
Tumor number, single vs. multiple	 75/43	 0.006	 0.544 (0.271-1.092)	 0.087
Maximum tumor size (cm), ≥4.5 vs. <4.5	 59/59	 0.386
Microscopic vascular invasion, yes vs. no	 52/66	 0.100
AST (IU/l), ≥40 vs. <40	 53/65	 0.561
ALT (IU/l), ≥40 vs. <40	 34/84	 0.196
ALP (IU/l), ≥300 vs. <300	 56/62	 0.037	 0.514 (0.239-1.104)	 0.088
GGT (IU/l), ≥100 vs. <100	 58/60	 0.370
FIB-4 index ≥2.97, yes vs. no	 60/58	 0.086
Serum albumin level (g/dl), ≥4.0 vs. <4.0	 74/44	 0.010	 1.991 (0.986-4.022)	 0.055
Total bilirubin (mg/dl), ≥1.0 vs. <1.0	 23/95	 0.465
Platelet count (x104/mm3), ≥15 vs. <15	 64/54	 0.205
Prothrombin time (%), ≥80 vs. <80b	 98/18	 0.051
Diabetes mellitus, yes vs. no	 53/65	 0.150
Body mass index (kg/m2), ≥25 vs. <25	 49/69	 0.322
Serum AFP (ng/ml), ≥40 vs. <40	 31/87	 0.048	 0.427 (0.202-0.904)	 0.026
DCP (mAU/ml), ≥200 vs. <200c	 61/55	 0.406

CI, confidence interval; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl trans-
peptidase; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin. aCox proportional hazard model; bmissing data, n=2; cmissing data, n=2.

Table IV. Univariate and multivariate analysis of factors contributing to recurrence-free survival.

			M   ultivariate analysis
		  Univariate	 ------------------------------------------------------------------------------
Variables	 n	 analysis	 Hazard ratio (95% CI)	 P-valuea

Gender, male vs. female	 93/25	 0.407
Age (years), >70 vs. ≤70	 58/60	 0.396
Tumor number, single vs. multiple	 75/43	 <0.001	 0.468 (0.291-0.751)	 0.002
Maximum tumor size (cm), >4.5 vs. ≤4.5	 59/59	 0.335
Microscopic vascular invasion, yes vs. no	 52/66	 0.024	 0.648 (0.406-1.032)	 0.068
AST (IU/l), ≥40 vs. <40	 53/65	 0.035
ALT (IU/l), ≥40 vs. <40	 34/84	 0.880
ALP (IU/l), ≥300 vs. <300	 56/62	 0.002	 0.827 (0.492-1.391)	 0.474
GGT (IU/l), ≥100 vs. <100	 58/60	 0.010	 0.680 (0.399-1.159)	 0.156
FIB-4 index ≥2.97, yes vs. no	 60/58	 0.014	 0.640 (0.390-0.988)	 0.044
Serum albumin level (g/dl), ≥4.0 vs. <4.0	 74/44	 0.933
Total bilirubin (mg/dl), ≥1.0 vs. <1.0	 23/95	 0.817
Platelet count (x104/mm3), ≥15 vs. <15	 64/54	 0.063
Prothrombin time (%), ≥80 vs. <80b	 98/18	 0.052
Diabetes mellitus, yes vs. no	 53/65	 0.652
Body mass index (kg/m2), ≥25 vs. <25	 49/69	 0.916
Serum AFP (ng/ml), ≥40 vs. <40	 31/87	 0.116
DCP (mAU/ml), ≥200 vs. <200c	 61/55	 0.686

CI, confidence interval; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl trans-
peptidase; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin. aCox proportional hazard model; bmissing data, n=2; cmissing data, n=2.
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Causes of death. Thirty-five patients (29.7%) died during the 
follow-up period. The causes of death were HCC recurrence in 
24 patients, liver failure in 6 patients and miscellaneous causes 
in 5 patients.

HCC recurrence. In the present study, 75 patients (63.6%) had 
HCC recurrences during the follow-up period. The patterns 
of HCC recurrence after initial treatment were: single HCC 
recurrence in the liver in 32 patients; multiple HCC recur-
rences in the liver in 28 patients; multiple HCC recurrences 
in the liver with lung metastases in three patients; multiple 
lung metastases in 5 patients; multiple HCC recurrences in 
the liver with lymph node metastases in 2 patients; multiple 
HCC recurrences in the liver with peritoneal dissemination in 
one patient; multiple HCC recurrences in the liver with bone 
metastases in one patient; multiple bone metastases in one 
patient; single HCC recurrence in the liver with duodenal inva-
sion in one patient; and local tumor progression (recurrence 
in the SR site) in one patient. Treatment methods for the first 
HCC recurrence were: SR in 11 patients; RFA in 29 patients; 
TACE in 16 patients; systemic chemotherapy such as sorafenib 
in 7 patients; radiation therapy in 2 patients and no specific 
treatment in 10 patients.

In patients with a preoperative FIB-4 index >2.97 (n=60), 
HCC recurrence was found in 44 patients (73.3%), while in 
patients with a preoperative FIB-4 index <2.97 (n=58), HCC 
recurrence was observed in 38 patients (65.5%). Fifteen patients 
(25.0%) had late first confirmed HCC recurrence (>2 years 
after initial SR) in patients with a preoperative FIB-4 index 
>2.97, whereas 9 patients (15.5%) had late first confirmed HCC 
recurrence in patients with a preoperative FIB-4 index <2.97.

Discussion

To the best of our knowledge, this is the first reported study 
to investigate the relationship between preoperative FIB-4 
index and clinical outcomes in NBNC-HCC patients treated 
with SR. Although the FIB-4 index has been demonstrated 
to be a useful noninvasive serum marker for predicting liver 
fibrosis in many previous studies, the effect of this marker 
on clinical outcomes in NBNC-HCC patients who undergo 
SR remains obscure (11-18). Hence, we conducted the current 
analyses.

In our results, the FIB-4 index yielded the highest AUROC 
with a level of 0.887 for cirrhosis and in the multivariate 
analysis, FIB-4 index was significantly associated with RFS 
although in terms of OS, FIB-4 index was not a significant 
predictor. These results revealed that the FIB-4 index has the 
highly discriminative ability for predicting liver cirrhosis and 
it could be a useful predictor for NBNC-HCC patients treated 
with SR. Liver biopsy, which has been considered as the ‘golden 
standard’ for defining liver fibrosis, carries some drawbacks: 
sampling error and inter-observer variability, which have 
raised questions on its value, whereas in our current analyses, 
we examined the effect of FIB-4 index on liver cirrhosis using 
non-tumor parts of extracted surgical specimens, which had 
sufficient amount of liver specimens for an exact assessment 
of extension of liver fibrosis (13,31). Thus, our current data are 
highly reliable. One possible reason that the FIB-4 index was 
not a significant predictor linked to OS in the present analysis 

is that HCC patients with extremely poor hepatic reserve were 
excluded from our candidates for SR.

In our baseline characteristics, the proportion of patients 
with DM was 44.9% (53/118). Wang et al performed a meta-
analysis including a total of 25 cohort studies to investigate 
the relationship between DM and HCC development and 
reported that DM was associated with an increased inci-
dence of HCC (HR=2.01, 95% CI=1.61-2.51) compared with 
individuals without DM, and it was also positively associated 
with HCC mortality (HR=1.56, 95% CI=1.30-1.87) (32). Our 
high proportion of diabetic patients may be associated with 
their results. On the other hand, the mean BMI in the present 
study was 24.3±3.9 kg/m2 and the proportion of patients with 
BMI >30 kg/m2 that indicated obesity was only 7.6% (9/118). 
Obesity and its related metabolic abnormalities, including 
chronic inflammatory condition, have been shown to increase 
the risk of HCC development (33). Although the reasons for 
these discrepancies are unclear, other carcinogenic factors 
than obesity may be closely associated with NBNC-HCC 
development in Japanese populations. Furthermore, it is of 
note that the proportion of patients with F0 or F1 that indi-
cated minimal fibrosis was 31.4% (37/118) in the present study, 
although advanced fibrosis was found to be a significant risk 
factor of HCC development in many previous reports (1-7). 
The carcinogenic mechanisms between NBNC-HCC and 
virus-related HCC may be different.

In the multivariate analysis in terms of OS, AFP was an 
independent predictor (P=0.026) and serum albumin had 
marginal significance (P=0.055). Both tumor-related factors 
and liver function-related factors may be essential for the 
management of NBNC-HCC patients treated with SR. In that 
sense, branched-chain amino acid therapy for background 
liver disease may improve clinical outcomes  (34). On the 
other hand, as for RFS, tumor number (P=0.002) and FIB-4 
index (P=0.044) were found to be independent significant 
predictors and the presence of microvascular invasion had 
marginal significance (P=0.068) in the multivariate analysis. 
Particularly in patients with these risk factors, close observa-
tion for HCC recurrence after SR is needed. Furthermore, in 
our results, the proportion of late HCC recurrence in patients 
with FIB-4 index >2.97 was higher than that in patients with 
FIB-4 index <2.97 (25.0 vs. 15.5%). Several investigators  have  
demonstrated that advanced fibrosis is related to late de novo 
HCC recurrence after SR in the remnant fibrotic liver (35,36). 
Our results were consistent with their reports.

The present study included several limitations. Firstly, 
this is a retrospective observational study. Secondly, the 
sample size in the present study was relatively small for 
statistical analyses. Thirdly, our study cohort included only 
Japanese HCC patients, who in general had lower BMI than 
populations in Western countries  (37,38). Hence, caution 
should be exercised in interpreting our results and further 
larger prospective studies are necessary. However, our results 
demonstrated that the FIB-4 index had high discriminative 
ability for predicting liver cirrhosis and it could identify 
patients with a high risk of HCC recurrence in NBNC-HCC 
patients treated with SR.

In conclusion, the FIB-4 index is a useful serum marker 
for predicting liver cirrhosis and a useful predictor of clinical 
outcomes for NBNC-HCC patients who undergo SR.
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