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Abstract
Aims: Liver fibrosis predisposes patients to liver failure and hepatocellular carcinoma. 
Various markers, which can be calculated easily from serum parameters, have been 
reported to predict liver fibrosis accurately. This study investigated the prognostic 
factors, including blood-based markers for liver fibrosis of patients with hepatocellular 
carcinoma following initial curative hepatectomy.
Methods: This retrospective study included 407 patients with hepatocellular 
carcinoma who underwent initial curative hepatectomy between April 2010 and 
December 2017. We investigated prognosis-associated variables in these patients.
Results: Among the blood-based markers for liver fibrosis examined in this study, 
the steatosis-associated fibrosis estimator score demonstrated the best predictive 
capabilities. This score was revealed as a poor prognostic factor for both overall 
survival and recurrence-free survival in patients with hepatocellular carcinoma 
following initial curative hepatectomy. A high steatosis-associated fibrosis estimator 
score was independently associated with poor overall survival and recurrence-free 
survival. After propensity score-matching to minimize bias between high- and low-
steatosis-associated fibrosis estimator score groups, the high steatosis-associated 
fibrosis estimator score remained associated with poor overall survival and recurrence-
free survival.
Conclusions: The steatosis-associated fibrosis estimator score is an independent 
predictor of long-term prognosis in patients with hepatocellular carcinoma following 
initial curative hepatectomy.
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1  |  INTRODUC TION

Primary liver cancer is the third leading cause of cancer death. 
Hepatocellular carcinoma (HCC) accounts for 75%–80% of all liver can-
cers.1 Although hepatectomy remains the main treatment for patients 
with early stage HCC and good liver function,2 the postoperative intra-
hepatic recurrence rate is high,3,4 and survival is poor after recurrence.5 
Certain studies indicate that hepatectomy for intrahepatic recurrence 
subsequent to HCC surgery enhances prognostic outcomes,6,7 accu-
rate postoperative prognostic markers need to be identified in order to 
plan the appropriate follow-up strategies for HCC.

Recently, the number of cases of HCC related to hepatitis C virus 
(HCV) infection has decreased, while that of non-viral HCC, such as 
those associated with diabetes mellitus (DM), dyslipidemia, and fatty 
liver, has increased.8 Some patients with non-alcoholic fatty liver dis-
ease (NAFLD), a non-viral disease, as well as patients with viral dis-
ease develop liver fibrosis, with a certain proportion progressing to 
cirrhosis and liver failure, portal hypertension, and HCC.9,10 Recently, 
metabolic dysfunction-associated steatotic liver disease (MASLD) 
was defined as a new concept to replace NAFLD.11 Liver fibrosis 
has been reported to be a risk factor for HCC recurrence after cura-
tive hepatectomy.12,13 Thus, fibrosis serves as a crucial indicator for 
identifying patients at elevated risk of HCC. However, a conclusive 
diagnosis of liver fibrosis necessitates pathological evaluation. Liver 
biopsy, an invasive technique, is difficult to perform in all patients.

In contrast, various blood-based markers for liver fibrosis have 
been reported as a means to detect clinically significant liver fibrosis 
in a noninvasive manner. The fibrosis-4 (FIB-4) index and the aspar-
tate aminotransferase (AST)-to-platelet ratio index (APRI) were de-
veloped as non-invasive markers, involving blood examinations, such 
as AST and alanine aminotransferase (ALT), for predicting liver fibro-
sis in patients with HCV.14,15 The NAFLD fibrosis score (NFS) was 
developed to identify advanced liver fibrosis in NAFLD patients.16 
These scores can predict fibrosis in various liver backgrounds and 
have also been reported as prognostic factors after hepatic resec-
tion.17–20 Recently, the steatosis-associated fibrosis estimator (SAFE) 
score was reported as a new liver fibrosis marker in patients with 
NAFLD,21 and is increasingly being recognized for its utility in strat-
ifying degrees of liver fibrosis. To date, no studies have detailed the 
prognostic impact of the SAFE score after hepatectomy for HCC.

This retrospective study therefore compared blood-based mark-
ers for liver fibrosis as prognostic indicators for HCC after initial cu-
rative hepatectomy, and investigated prognostic factors, including 
preoperative liver fibrosis markers, which affect the prognosis of 
patients who underwent initial curative hepatectomy for HCC.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

This retrospective study evaluated 713 patients with HCC who 
underwent hepatectomy between April 2010 and December 2017 at 
the Hiroshima University Hospital. Patients with repeat hepatectomy, 

distant metastasis, R1 resection, or who died within 30 days after 
surgery were excluded. Finally, 407 patients who underwent curative 
hepatectomy for the first time were enrolled in this study (Figure 1).

This study was conducted in accordance with the guidelines of 
the Declaration of Helsinki (Fortaleza, Brazil; October 2013) and was 
approved by the Institutional Review Board of Hiroshima University 
Hospital (Approval no. E-1580).

2.2  |  Definition of HBV-positive and HCV-positive 
patients

The definition of hepatitis B virus (HBV) positive and HCV positive 
is as follows: HBV-positive patients are patients with a positive HBs 
antigen and positive HBV-deoxyribonucleic acid, while HCV-positive 
are patients with positive HCV-ribonucleic acid or who have achieved 
sustained virological response following hepatitis treatment.

2.3  |  Definition of fibrosis stage and blood-based 
markers for liver fibrosis

The stage of liver fibrosis (F0–F4) was diagnosed from pathological 
findings based on the scoring system proposed by Ichida et al.22 The 
definition of each fibrosis stage is as follows: F0, no fibrosis; F1, fibrous 
portal expansion; F2, bridging fibrosis (portal–portal or portal–central 
linkage); F3, bridging fibrosis with lobular distortion; F4, cirrhosis.22 
Each blood-based marker for liver fibrosis was calculated by preopera-
tive blood examination. The SAFE score, FIB-4 index, APRI, and NFS 
were calculated according to their formulas, as shown below14–16,21:

APRI = 100 × (AST∕upper limit of normal range)∕platelets

SAFE score=(2.97×age)+(5.99×bodymass index (BMI))

+
(

62.85×DM
[

0 if absent, 1 if present
])

+(154.85×Ln (AST))

−(58.23×Ln (ALT))+(195.48×Ln (globulins))

−(141.61×Ln (platelets))−75

FIB − 4 index = (age × AST)∕
�

platelets ×
√

ALT
�

NFS= −1.675+(0.037×age)+(0.094×BMI)

+
(

1.13×(pre)DM
[

0 if absent, 1 if present
])

+(0.99×AST∕ALT)−(0.013×platelets)

−
(

0.66×albumin
[

Alb
])

F I G U R E  1  Flowchart of the study design.
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Age was expressed in years, BMI in kg/m2, AST and ALT in U/L, plate-
lets as 109/L, and Alb and globulin in g/dL.

Globulin was calculated as serum total protein level (g/dL) − serum 
Alb level (g/dL). For APRI, the upper limit of normal range for AST 
was set as 40.

2.4  |  Definition of post hepatectomy liver failure

Post hepatectomy liver failure (PHLF) was defined according to 
International Study Group of Liver Surgery (ISGLS) diagnostic cri-
teria, using international normalized ratio (INR) and total bilirubin 
(T-Bil) levels on or after hepatectomy day 5.23 Using this diagnostic 
guide, no specific treatment was required for patients with grade 
A PHLF, noninvasive treatments such as fresh-frozen plasma, Alb, 
and daily diuretics were required for patients with grade B PHLF, 
and invasive procedures were required for patients with grade C 
PHLF.

2.5  |  Treatment and follow-up

A follow-up blood examination to identify tumor markers was per-
formed every 3 months after surgery, for 5 years. Enhanced abdomi-
nal computed tomography was performed to rule out recurrence 
for 6 months. When HCC recurrence was suspected, magnetic reso-
nance imaging was performed.

2.6  |  Statistical analysis

Continuous variables are presented as medians and interquartile 
ranges (only tumor number is range). Nominal variables are ex-
pressed as numbers (%). Nonparametric quantitative data were 
analyzed using the Mann–Whitney U-test. The chi-square test or 
Fisher's exact test was performed to determine the relationships 
among nominal variables. For continuous variables such as opera-
tive time and intraoperative blood loss, median values were used 
as cutoff values. The performance of the prognostic systems of 
blood-based markers for liver fibrosis outcomes was separately 
evaluated in terms of the area under the curve receiver operat-
ing characteristic curve (AUROC) obtained in the receiver operat-
ing characteristic (ROC) curve analysis. The Kaplan–Meier method 
was used to analyze overall survival (OS) and recurrence-free sur-
vival (RFS), and the log-rank test was used to compare different 
groups. The cutoff values for the groups being compared using 
ROC curve analysis were set using Youden's J statistics. Yuden's 
J statistic determines the optimal cutoff value by maximizing the 
Se (true positive rate) and Sp (true negative rates) using the Yuden 
index.24 Multivariate analyses were performed to assess the fac-
tors influencing OS and RFS using the Cox regression model. The 
backward-elimination method with a removal criterion of p = 0.10 

was used to select covariates. The multivariate analysis included 
the variables sex, liver background, SAFE score, T-Bil, prothrom-
bin time (PT), indocyanine green dye retention rate at 15 min (ICG-
R15), α-fetoprotein (AFP), des-gamma-carboxy prothrombin (DCP), 
tumor number, tumor diameter, histology, vascular invasion, intra-
hepatic metastasis (IM), operative time, intraoperative blood loss, 
intraoperative blood transfusion, and postoperative complications. 
Age, BMI, and DM were excluded from the multivariate analysis, 
considering multicollinearity of the relevant clinical variables as-
sociated with the SAFE score.

To overcome the bias caused by different distributions of co-
variates among patients from the high- and low-SAFE score groups, 
propensity score-matched (PSM) analysis was performed using a 
multiple logistic regression model based on the clinicopathological 
variables. PSM analysis was performed according to baseline charac-
teristics, such as sex, liver background, PT, ICG-R15, tumor number, 
tumor histology, intraoperative blood loss, and postoperative com-
plications, which were variables that differed significantly (p-values 
of <0.05). p-values <0.05 were considered statistically significant. 
Calculations were performed using JMP v17 (SAS Institute, Cary, 
NC, USA).

3  |  RESULTS

3.1  |  Characteristics of patients in this study

Among 713 patients with HCC who underwent hepatectomy be-
tween April 2010 and December 2018 at our institute, 407 pa-
tients who underwent initial hepatectomy were enrolled in this 
study, after excluding 306 patients who met the exclusion crite-
ria (Figure  1). Table  1 summarizes the characteristics of the pa-
tients included in this study. The median age of the patients was 
70 years, with more men than women among the patients enrolled. 
The most common liver background was HCV infection (50.9%). 
The median AFP and DCP levels were 9.1 ng/mL and 42.0  mAU/
mL. The median values of each blood-based marker for liver fibro-
sis assessed were relatively high (SAFE score: 167.4, FIB-4 index: 
2.84, APRI: 0.53, NFS: 0.01). Overall, 225 patients (55.3%) expe-
rienced recurrence, with recurrence occurring within 2 years in 
59.1% (133 patients).

3.2  |  Comparison of blood-based markers for liver 
fibrosis

Figure S1 shows the relationship between the degree of liver fibrosis 
and the new Inuyama classification, which was fibrosis classification 
revealed from postoperative pathological diagnosis. Risk categories 
for each liver fibrosis marker were defined based on the two cutoff 
points described in the original publications.14–16,21 For the SAFE 
score, the degree of fibrosis was significantly worse (p = 0.002) in 
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the group of patients with a score exceeding 100, defined as the 
high-risk group in a previous study. The high-risk group was almost 
exclusively composed of patients with liver fibrosis over F2, a trend 
that was similar for other blood-based markers for liver fibrosis. 
Figure  2 presents a comparison of ROC curve analysis for each 
blood-based marker for liver fibrosis with reference to OS after 
surgery. The AUROC value of the SAFE score was 0.6395, which 
was higher than that of the other indices (FIB-4 index, 0.6234; APRI, 
0.6208; NFS, 0.6125).

3.3  |  Comparison of univariate and multivariate 
analyses of prognostic factors for OS and RFS in 
patients with hepatocellular carcinoma following first 
hepatectomy

Table  2 summarizes the results of the univariate and multivari-
ate analyses of prognostic factors for OS. Among the blood-based 
markers for liver fibrosis, the SAFE score, which demonstrated 
most adequate predictive capabilities for prognosis in ROC analy-
sis, was included in the analysis. In univariate analyses, statistically 
significant prognostic factors for poor OS were age (p < 0.001), 
DM (+) (p = 0.036), SAFE score (p < 0.001), PT (p = 0.006), ICG-R15 
(p = 0.017), DCP (p = 0.003), tumor number (p = 0.011), tumor di-
ameter (p < 0.001), portal vein invasion (Vp) (+) (p < 0.001), hepatic 
venous invasion (Vv) (+) (p = 0.002), IM (+) (p = 0.006), operative 
time (p = 0.013), intraoperative blood loss (p < 0.001), intraoperative 
blood transfusion (+) (p < 0.001), and postoperative complications 
(Clavien–Dindo [CD]) ≥ 3 (p < 0.001). In the multivariate analysis, the 
following five factors were identified as prognostic factors for poor 
OS in patients: SAFE score (hazard ratio [HR] = 1.33; 95% confidence 
interval [CI] = 1.19–1.48, p < 0.001), PT (HR = 0.90; 95% CI = 0.81–
0.99, p = 0.031), tumor diameter (HR = 1.10; 95% CI = 1.05–1.15, 
p < 0.001), Vp (+) (HR = 1.95; 95% CI = 1.32–2.88, p < 0.001), and 
postoperative complications: CD ≥3 (HR = 2.31; 95% CI = 1.52–3.51, 
p < 0.001).

Table  3 summarizes the results of the univariate and multivar-
iate analyses of prognostic factors for RFS. In the univariate anal-
ysis, statistically significant prognostic factors for poor RFS were 
age (p = 0.046), SAFE score (p < 0.001), ICG-R15 (p = 0.008), tumor 
number (p = 0.002), tumor diameter (p < 0.001), Vp (+) (p < 0.001), 
Vv (+) (p = 0.005), IM (+) (p = 0.034), operative time (p = 0.002), in-
traoperative blood loss (p < 0.001), intraoperative blood transfusion 
(+) (p = 0.001), and postoperative complications: CD ≥ 3 (p < 0.001). 
In the multivariate analysis, the following seven factors were identi-
fied as prognostic factors for poor RFS in patients: male (HR = 1.40; 
95% CI = 1.02–1.90, p = 0.035), HCV (HR = 1.32; 95% CI = 1.01–1.71, 

TA B L E  1  Patient characteristics in this study.

Characteristics Patients (n = 407)

Male/Female 318/89

Age (years) 70 (64–77)

BMI (kg/m2) 23.1 (21.0–25.1)

Liver background

HCV 203 (49.9%)

HBV 75 (18.4%)

HCV + HBV 4 (1.0%)

NAFLD 30 (7.4%)

Alcohol 42 (10.3%)

Others 53 (13.0%)

DM (+) 136 (33.4%)

T-Bil (mg/dL) 0.8 (0.6–1.0)

PT (%) 86.5 (79–95)

Alb (g/dL) 4.0 (3.7–4.4)

ICG-R15 (%) 13.7 (8.6–19.2)

AFP (ng/mL) 9.1 (4.3–57.8)

DCP (mAU/mL) 42.0 (21.0–349.5)

SAFE score 167.4 (78.7–249.4)

FIB-4 index 2.84 (1.83–4.68)

APRI 0.53 (0.34–0.90)

NFS 0.01 (−0.91–0.95)

Tumor number 1 (1–13)

Tumor diameter (mm) 25 (16–40)

Histology: poorly differentiation /other 42/365

Vascular invasion: Vp (+) 64 (15.8%)

Vascular invasion: Vv (+) 24 (6.0%)

IM (+) 36 (8.9%)

Note: Continuous variables are expressed as medians (interquartile 
ranges: only tumor number is range). Qualitative variables are 
expressed as numbers (%).
Abbreviations: AFP, α-fetoprotein; Alb, albumin; APRI, aspartate 
aminotransferase-to-platelet ratio index; BMI, body mass index; DCP, 
des-gamma-carboxy prothrombin; DM, diabetes mellitus; FIB-4 index, 
fibrosis-4 index; HBV, hepatitis B virus; HCV, hepatitis C virus; ICG-
R15, indocyanine green dye retention rate at 15 min; IM, intrahepatic 
metastasis; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD 
fibrosis score; PT, prothrombin time; SAFE score, steatosis-associated 
fibrosis estimator score; T-Bil, total-bilirubin; Vp, portal vein invasion; 
Vv, hepatic venous invasion.

F I G U R E  2  Comparison of the areas under receiver operating 
characteristic curves for survival prediction among the blood-based 
markers for liver fibrosis.
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p = 0.043), SAFE score (HR = 1.26; 95% CI = 1.14–1.37, p < 0.001), 
tumor number (HR = 1.13; 95% CI = 1.04–1.21, p = 0.003), tumor di-
ameter (HR = 1.10; 95% CI = 1.02–1.11, p = 0.005), Vp (+) (HR = 1.65; 
95% CI = 1.17–2.31, p = 0.004), and intraoperative blood loss 
(HR = 1.23; 95% CI = 1.05–1.41, p = 0.015).

Figure 3 summarizes the Kaplan–Meier analysis showing OS and 
RFS using the SAFE score. The cutoff value of the SAFE score was 
calculated from the ROC curve for OS after surgery using Youden 
index (cutoff value: 150). A high SAFE score was associated with poor 
OS and RFS (OS: p < 0.001; log-rank test; Figure 3A, RFS: p < 0.001; 
log-rank test; Figure  3B). The SAFE score has been reported as a 
liver fibrosis marker, which is designed for detecting fibrosis at F2 
stage in patients with NAFLD.21 However, nearly 70% of the patients 
had viral liver diseases in this study. Therefore, patients were clas-
sified based on the presence or absence of hepatitis virus infection 
to assess the SAFE score's prognostic impact across different liver 
backgrounds. The Kaplan–Meier analysis indicated the OS and RFS 
using the SAFE score in patients with different liver backgrounds 
(Figures  S2 and S3). A high SAFE score was associated with poor 

OS only among patients with a viral liver background (p = 0.203; log-
rank test; Figure S2a, p < 0.001, log-rank test; Figure S2b). For RFS, 
a high SAFE score was associated with poor RFS among patients in 
the viral and non-viral groups (p = 0.032; log-rank test; Figure S3a, 
p < 0.001; log-rank test; Figure S3b).

3.4  |  Comparison of backgrounds by SAFE score

Table 4 summarizes the characteristics of patients in the high- and 
low-SAFE score groups (cutoff value: 150). Compared with the 
low-SAFE score group, the high-SAFE score group included more 
females (p = 0.009), more patients with a liver background positive 
for HCV (p = 0.001), fewer patients with a liver background 
positive for HBV (p < 0.001), lower tumor numbers (p = 0.016), and 
lower numbers of patients with poorly differentiation (p = 0.042). 
ICG-R15 (p < 0.001), intraoperative blood loss (p = 0.017), and 
the number of patients with postoperative complications. CD ≥ 3 
(p = 0.040) were higher in the high-SAFE score group than in the 

TA B L E  2  Univariate and multivariate analyses of prognostic factor for overall survival.

Variables

Univariate Multivariate

HR 95% CI p-Value HR 95% CI p-Value

Male 0.91 0.62–1.31 0.599

Age (year) per increase of 10 1.35 1.13–1.61 <0.001 — — —

BMI (kg/m2) per increase of 10 0.62 0.37–1.01 0.056 — — —

Liver background: HCV 0.93 0.68–1.27 0.667

Liver background: HBV 0.54 0.34–0.86 0.009

DM (+) 1.40 1.02–1.93 0.036 — — —

SAFE score per increase of 100 1.34 1.21–1.47 <0.001 1.33 1.19–1.48 <0.001

T-Bil (mg/dL) 1.22 0.85–1.68 0.273

PT (%) per increase of 10 0.87 0.80–0.96 0.006 0.90 0.81–0.99 0.031

ICG-R15 (%) per increase of 10 1.18 1.03–1.33 0.017

AFP (ng/mL) per increase of 100 1.04 0.94–1.09 0.330

DCP (mAU/mL) per increase of 100 1.11 1.04–1.17 0.003

Tumor number 1.13 1.03–1.21 0.011

Tumor diameter (mm) per increase of 10 1.13 1.08–1.18 <0.001 1.10 1.05–1.15 <0.001

Histology: poorly differentiation 1.52 0.96–2.41 0.072

Vascular invasion: Vp (+) 2.39 1.65–3.46 <0.001 1.95 1.32–2.88 <0.001

Vascular invasion: Vv (+) 2.34 1.37–3.98 0.002

IM (+) 1.88 1.20–2.95 0.006

Operative time (min) per increase of 100 1.20 1.04–1.38 0.013

Intraoperative blood loss (mL) per increase of 1000 1.37 1.17–1.56 <0.001

Intraoperative blood transfusion (+) 2.53 1.53–4.20 <0.001

Postoperative complications CD ≥3 2.86 1.91–4.28 <0.001 2.31 1.52–3.51 <0.001

Note: The variables in bold are statistically significant (p < 0.05).
Abbreviations: AFP, α-fetoprotein; BMI, body mass index; CD, Clavien–Dindo; CI, confidence interval; DCP, des-gamma-carboxy prothrombin; DM, 
diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; ICG-R15, indocyanine green dye retention rate at 15 min; IM, 
intrahepatic metastasis; PT, prothrombin time; SAFE score, steatosis-associated fibrosis estimator score; T-Bil, total-bilirubin; Vp, portal vein invasion; 
Vv, hepatic venous invasion.



    |  183BEKKI et al.

low-SAFE score group. PT (p < 0.001) was lower in the high-SAFE 
score group. No significant differences in tumor markers, vascular 
invasion, and IM were observed between the two groups. Table S1 

summarizes the association between post PHLF and SAFE score. 
There was no significant association between PHLF ≥ grade B 
after curative hepatectomy and the degree of SAFE score (17.8% 

TA B L E  3  Univariate and multivariate analyses of prognostic factor for recurrence-free survival.

Variables

Univariate Multivariate

HR 95% CI p-Value HR 95% CI p-Value

Male 1.15 0.86–1.54 0.358 1.40 1.02–1.90 0.035

Age (year) per increase of 10 1.13 1.00–1.28 0.046 — — —

BMI (kg/m2) per increase of 10 0.87 0.60–1.26 0.467 — — —

Liver background: HCV 1.11 0.88–1.41 0.370 1.32 1.01–1.71 0.043

Liver background: HBV 0.73 0.53–0.99 0.046

DM (+) 1.23 0.96–1.57 0.097 — — —

SAFE score per increase of 100 1.28 1.17–1.39 <0.001 1.26 1.14–1.37 <0.001

T-Bil (mg/dL) 1.10 0.83–1.40 0.505

PT (%) per increase of 10 0.94 0.87–1.02 0.123

ICG-R15 (%) per increase of 10 1.15 1.04–1.26 0.008

AFP (ng/mL) per increase of 100 1.07 0.99–1.11 0.064

DCP (mAU/mL) per increase of 100 1.05 0.99–1.10 0.070

Tumor number 1.13 1.05–1.19 0.002 1.13 1.04–1.21 0.003

Tumor diameter (mm) per increase of 10 1.10 1.05–1.14 <0.001 1.10 1.02–1.11 0.005

Histology: poorly differentiation 1.33 0.92–1.92 0.131

Vascular invasion: Vp (+) 1.96 1.44–2.68 <0.001 1.65 1.17–2.31 0.004

Vascular invasion: Vv (+) 1.97 1.23–3.17 0.005

IM (+) 1.523 1.03–2.26 0.034

Operative time (min) per increase of 100 1.20 1.07–1.34 0.002

Intraoperative blood loss (mL) per increase of 1000 1.35 1.18–1.50 <0.001 1.23 1.05–1.41 0.015

Intraoperative blood transfusion (+) 2.14 1.39–3.30 0.001

Postoperative complications CD ≥3 2.09 1.46–2.98 <0.001

Note: The variables in bold are statistically significant (p < 0.05).
Abbreviations: AFP, α-fetoprotein; BMI, body mass index; CD, Clavien–Dindo; CI, confidence interval; DCP, des-gamma-carboxy prothrombin; DM, 
diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; ICG-R15, indocyanine green dye retention rate at 15 min; IM, 
intrahepatic metastasis; PT, prothrombin time; SAFE score, steatosis-associated fibrosis estimator score; T-Bil, total-bilirubin; Vp, portal vein invasion; 
Vv, hepatic venous invasion.

F I G U R E  3  (A, B) Kaplan–Meier curves for overall survival and recurrence-free survival used to compare the high- and low-SAFE score 
groups.

(A) (B)
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vs. 17.6%; p = 0.959). After PSM analysis, no significant differences 
were found between the two groups. Figure  4 summarizes the 
Kaplan–Meier analysis for OS and RFS using the SAFE score after 

PSM. A high SAFE score was associated with poor OS and RFS 
(OS: p = 0.006; log-rank test; Figure  4A, RFS: p = 0.005; log-rank 
test; Figure 4B).

TA B L E  4  Characteristics of patients according to SAFE score with the whole study series and for propensity score-matched study.

Whole study series Propensity score-matched series

High-SAFE score 
group (n = 225)

Low-SAFE score 
group (n = 182) p-Value

High-SAFE score 
group (n = 108)

Low-SAFE score 
group (n = 108) p-Value

Sex (M/F) 165/60 153/29 0.009 89/19 87/21 0.726

Liver background: HCV 131 (58.2%) 76 (41.8%) 0.001 55 (50.9%) 56 (51.9%) 0.892

Liver background: HBV 17 (7.5%) 62 (34.1%) <0.001 15 (13.9%) 14 (13.0%) 0.842

T-Bil (mg/dL) 0.8 (0.6–1.0) 0.7 (0.6–1.0) 0.103 0.7 (0.6–1.0) 0.7 (0.6–0.9) 0.549

PT (%) 83 (75–91) 90 (84–98) <0.001 87 (79–95) 89 (81–96) 0.489

ICG-R15 (%) 16.5 (11.2–22.8) 9.8 (6.6–15.7) <0.001 13.7 (9.4–18.5) 12.3 (8.3–17.7) 0.192

AFP (ng/mL) 9.7 (4.8–45.1) 7.7 (3.8–84.5) 0.660 9.8 (3.6–70.2) 6.8 (3.7–50.9) 0.573

DCP (mAU/mL) 41.5 (20.0–344) 44.0 (21.0–425) 0.459 46.5 (20.0–408) 51 (22.0–705) 0.497

Tumor number 1 (1–10) 1 (1–13) 0.016 1 (1–5) 1 (1–7) 0.677

Tumor diameter (mm) 24.0 (16.0–35.0) 25.0 (16.8–44.3) 0.347 28.5 (20.0–44.8) 26.0 (19.0–51.0) 0.925

Histology: poorly 
differentiation

17 (7.6%) 25 (13.7%) 0.042 12 (11.1%) 13 (12.0%) 0.832

Vascular invasion: Vp (+) 34 (15.2%) 30 (16.6%) 0.702 20 (18.7%) 15 (14.0%) 0.355

Vascular invasion: Vv (+) 13 (5.9%) 11 (6.1%) 0.926 10 (7.6%) 9 (6.8%) 0.825

IM (+) 16 (7.1%) 20 (11.1%) 0.170 6 (5.6%) 11 (10.3%) 0.206

Operative time (min) 315 (247–391) 301 (245–372) 0.584 329 (266–408) 302 (251–370) 0.086

Intraoperative blood loss (mL) 380 (178–650) 279 (129–551) 0.017 390 (173–648) 311 (133–574) 0.167

Intraoperative blood 
transfusion (+)

20 (8.9%) 8 (4.4%) 0.069 8 (7.4%) 6 (5.6%) 0.580

Postoperative complications 
CD ≥3

30 (13.3%) 13 (7.1%) 0.040 8 (7.4%) 10 (9.3%) 0.623

Note: The variables in bold are statistically significant (p < 0.05). Continuous variables are expressed as medians (interquartile ranges: only tumor 
number is range). Qualitative variables are expressed as numbers (%).
Abbreviations: AFP, α-fetoprotein; CD, Clavien–Dindo; DCP, des-gamma-carboxy prothrombin; F, female; HBV, hepatitis B virus; HCV, hepatitis C 
virus; ICG-R15, indocyanine green dye retention rate at 15 min; IM, intrahepatic metastasis; M, male; PT, prothrombin time; SAFE score, steatosis-
associated fibrosis estimator score; T-Bil, total-bilirubin; Vp, portal vein invasion; Vv, hepatic venous invasion.

F I G U R E  4  (A, B) Kaplan–Meier curves for overall survival and recurrence-free survival after propensity score-matched analysis, used to 
compare the high- and low-SAFE score groups.

(A) (B)
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4  |  DISCUSSION

In this study, a high SAFE score was associated with severe liver 
fibrosis in the new Inuyama classification, and compared to other 
blood-based markers for liver fibrosis, the SAFE score was shown 
to be an accurate prognostic indicator. In addition to tumor factors, 
such as tumor number, tumor diameter, vascular invasion, and post-
operative complications, the preoperative high SAFE score, a liver 
fibrosis marker, was associated with poor long-term prognostic fac-
tors of HCC following first curative hepatectomy, and the impor-
tance of assessing the degree of liver fibrosis was demonstrated. 
While liver histology remains essential for the accurate diagnosis of 
liver fibrosis, various markers and modalities have been identified 
that make it possible to determine liver fibrosis status noninvasively.

As imaging based-markers, ultrasound-based modality 
(vibration-controlled transient elastography, Fibroscan25) and 
magnetic resonance imaging-based modality (magnetic resonance 
elastography, MRE26) are used to evaluate liver fibrosis, which 
are reported to offer greater diagnostic accuracy than blood-
based biomarkers.27,28 However, their applicability is limited due 
to the necessity for specialized expertise and costly apparatus. 
Thus, blood-based markers for liver fibrosis, easily calculated 
from serum data, are clinically significant. Among the blood-based 
markers for liver fibrosis evaluated in this study, the SAFE score 
demonstrated the best predictive capabilities for OS. The reasons 
for the good predictive value of the SAFE score for long-term 
prognosis after initial curative hepatectomy for HCC may be as 
follows. Compared to other markers, the SAFE score is calculated 
from factors associated with liver fibrosis, such as BMI, as an in-
dicator of obesity, DM, and globulin. One of the most significant 
features of the SAFE score is the inclusion of globulin, which has 
been used to predict fibrosis in HBV infection.29 In addition, the 
SAFE score is designed to detect F2 stage fibrosis, unlike other 
blood-based markers for liver fibrosis, which were designed to de-
tect F3 stage fibrosis. Patients with liver fibrosis stage 2 or higher 
have been reported to have increased risks of liver-related mor-
bidity and mortality as compared to patients with lower stages of 
liver fibrosis.30 Accordingly, the SAFE score could more accurately 
identify patients with poor prognosis after curative hepatectomy 
for HCC. Although no previous study has reported that the SAFE 
score can be a prognostic factor after curative hepatectomy for 
HCC, other liver fibrosis markers, such as FIB-4 index and APRI, 
have already been reported as factors affecting postoperative 
outcomes in these patients.17–20

Although the FIB-4 index and the APRI were developed for 
predicting liver fibrosis in patients with HCV infection,14,15 these 
markers have also been reported as prognostic factors after hepa-
tectomy for HCC in liver backgrounds other than HCV.20,31 In this 
study, HCV infection was the most common liver background, 
and only 30 patients (7.4%) had NAFLD. However, the relation-
ship between the degree of liver fibrosis and the SAFE score in 
the new Inuyama classification on pathological examination was 
similar to that of other blood-based markers for liver fibrosis, and 

more than 85% of high-risk patients (SAFE score > 100), as defined 
in the original paper, were identified as stage F2 or above. These 
results suggested that the SAFE score can reflect the degree of 
liver fibrosis in patients with liver backgrounds other than NAFLD 
and can also be used as a prognostic factor after initial curative 
hepatectomy for HCC. While the SAFE score was initially formu-
lated for European and American cohorts, a previous study has 
suggested that it is also efficacious in discriminating liver fibrosis 
among Asian patients.32 Further cases of Asian patients should be 
accumulated in the future.

Liver fibrosis is a wound-healing response to liver damage from 
some etiologies, and the degree of fibrosis affects liver functional re-
serve. Among the blood-based markers for liver fibrosis, FIB4-index 
and APRI have been reported to be associated with PHLF.33,34 In this 
study, there was no significant association between PHLF ≥ grade 
B after curative hepatectomy and the degree of SAFE score. One 
of the reasons for these results may be that an appropriate amount 
of hepatectomies were performed in our institute according to pre-
operative liver functional reserve. The high-SAFE score group was 
selected more for partial hepatectomy (data not shown) than the 
low-SAFE score group. Recently, we developed a volume-associated 
indocyanine green retention rate at 15 min, platelet, and prothrom-
bin time index (VIPP) score, calculated from resection liver rate, 
remnant liver rate, ICG-R15 levels, platelet counts, and the PT, to 
predict the development of severe PHLF and found that a high VIPP 
score was associated with a severe PHLF.35 The VIPP score includes 
platelet counts, one of the indicators of liver fibrosis, which may help 
decide the amount of liver resection according to liver fibrosis to 
prevent the development of PHLF. It is desirable to accumulate cases 
to reveal whether determining the resection liver volume by VIPP 
score leads to improving the postoperative prognosis for patients 
with strong liver fibrosis.

This study had several limitations. This was a retrospective, 
single-center study with a limited sample size, and all common post-
operative prognostic factors for HCC indicated in existing reports 
could not be included in the analysis. Although a report has indicated 
that the SAFE score is useful in assessing the degree of liver fibrosis 
in Asians, this score is an index created from a population with a high 
BMI. As the number of patients with NAFLD and NASH was limited 
in this study, it was challenging to conduct the analysis only for these 
patients. Although a high SAFE score was not associated with poor 
OS among patients with a non-viral liver background, this may be 
influenced by its small sample size. Recently, the number of non-viral 
HCC cases caused by NASH has increased, and further analyses are 
warranted for confirming whether these results are similar to those 
of the present study after assessing biological markers, including 
blood-based markers for liver fibrosis.

5  |  CONCLUSIONS

A high preoperative SAFE score was found to be independently associ-
ated with a poor prognosis in patients with HCC after initial curative 
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hepatectomy. The preoperative SAFE score reflects the degree of liver 
fibrosis and is a useful assessment index for predicting the prognosis of 
patients who have undergone curative hepatectomy of HCC.
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