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prognosis in patients with chronic hepatitis C
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Aim: Albumin–bilirubin (ALBI) grade was investigated to pre-
dict prognosis of patients with cirrhosis. It was defined using
the ALBI score calculated based on serum total bilirubin and al-
bumin, which represent liver function. The diagnostic accuracy
for liver fibrosis staging in patients with chronic hepatitis using
the ALBI score has not been investigated well. This study aimed
to evaluate the diagnostic abilities of the ALBI score for liver fi-
brosis staging in chronic hepatitis and cirrhosis in Japanese pa-
tients with hepatitis C virus (HCV) infection.

Methods: Japanese patients with HCV infection who
underwent liver biopsy examinations were enrolled in a retro-
spective study. Fibrosis staging and activity grading were
assessed using the modified METAVIR score. The ALBI score
was calculated according to the following equation: Log10 total
bilirubin (μmol/L) × 0.66+ albumin (g/L) × (�0.085).

Results: A total of 382 patients were enrolled in this study. The
ALBI score differentiated fibrosis stage 4 from 3 and stage 3 from
2 (P< 0.05).When anALBI score of�2.125was adopted as a cut-
off value, the sensitivity and specificity were 73.2% and 87.1%, re-
spectively, with a positive likelihood ratio of 5.67 to differentiate
stage 4 from stages 1–3. Kaplan–Meier analysis showed that
smaller ALBI scores at baseline correlatedwith better hepatocel-
lular carcinoma (HCC)-free and overall survival (P< 0.05).

Conclusions: The ALBI score indicates liver fibrosis staging in
Japanese patients with HCV infection. Furthermore, smaller ALBI
scores predict better HCC-free survival and overall survival. The
ALBI score has the potential to expand its application from cir-
rhosis to chronic hepatitis.

Key words: hepatitis C, chronic, hepatocellular carcinoma, liver
cirrhosis, prognosis

INTRODUCTION

LIVER BIOPSY EXAMINATION is the gold standard for
determining fibrosis stage and for stratifying risk of he-

patocellular carcinoma (HCC), decompensated hepatic
failure, and liver-related death.1 However, the volume of
biopsy samples obtained in daily practice could be

insufficient for accurate staging of liver fibrosis.2 The diag-
nostic accuracy of this technique is also decreased by intra-
and interobserver variability in pathological assessment.3

Serious complications, such as bleeding, are also
recognized.4

Therefore, several indices and serum biomarkers have
been developed as non-invasive methods using blood
samples to determine liver fibrosis stage. The Fibrosis-4
(Fib-4) index and aspartate aminotransferase (AST) to
platelet ratio index (APRI) enable liver fibrosis staging
using a routine blood examination for AST, alanine ami-
notransferase (ALT), and platelet count (Plt).5–7 To date,
a non-invasive strategy of liver fibrosis staging has been
proposed to minimize the application of liver biopsy.8

However, the Fib-4 index and APRI include Plt in their
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equation. Estimating liver fibrosis stage is difficult in pa-
tients with thrombocytopenia caused by diseases other
than liver fibrosis, such as idiopathic thrombocytopenia
and drug-induced thrombocytopenia.
Albumin–bilirubin (ALBI) grade was investigated to

predict prognosis of patients with cirrhosis with or with-
out HCC.9 The ALBI grade is defined by using the ALBI
score calculated based on serum total bilirubin and al-
bumin, which represent liver function in cirrhosis. How-
ever, the diagnostic accuracy for liver fibrosis staging in
patients with chronic hepatitis using the ALBI score
has not been investigated well. The purpose of this
study was to evaluate the diagnostic abilities of the ALBI
score for liver fibrosis staging in chronic hepatitis and
cirrhosis in Japanese patients with hepatitis C virus
(HCV) infection.

METHODS

Ethics

THIS STUDY WAS carried out in accordance with the
ethical principles of the Declaration of Helsinki and

was approved by the Institutional Review Board of Kagawa
University, Faculty of Medicine (Heisei-30-151) (Miki,
Japan).10 Informed consent was obtained to analyze the
clinical data for the current study. For patients who died
and had no relatives listed in their clinical records, we pro-
vided opt-out methods for the relatives of the dead partic-
ipants by publishing a summary of this study on our
university website.11,12

Patients
Japanese patients withHCV infection, who underwent per-
cutaneous liver biopsy examinations in a clinical setting
between January 1, 1989 andDecember 31, 2002, were en-
rolled. Patients who had hepatocellular carcinoma when
the liver biopsy examinations were carried out were
excluded.

Clinical data
The following clinical data were extracted from the par-
ticipants’ medical records: age, gender, Plt, AST, ALT, to-
tal bilirubin (T-Bil), and serum albumin (Alb). Total
bilirubin (mg/dL) was converted to T-Bil (μmol/L) ac-
cording to the following equation: T-Bil (mg/
dL)×17.1. The ALBI score was calculated according to
its original report: Log10 T-Bil (μmol/L)×0.66+Alb (g/
L)× (�0.085).9 The Fib-4 index was calculated using
the following equation: age × AST (U/L) / (Plt [109/
L] ×√ALT [U/L]).13 The APRI was calculated using the
following equation: 100× (AST [U/L] / upper limit of

normal AST values [U/L]) / Plt (109/L).7 In our hospital,
35 U/L was applied as the upper limit of the normal
AST values. Hepatitis C virus infection was suspected
by positive HCV antibody II or III in sera and confirmed
by polymerase chain reaction, combined reverse
transcription–polymerase chain reaction, or branched
chain DNA probe assay. For interferon (IFN) therapy,
non-pegylated IFNs, including natural IFN-α and -β,
and recombinant IFN-α2a, -α2b, and -β, were used.
Sustained virologic response (SVR) was defined as nega-
tive HCV-RNA in sera 6 months or later after IFN ther-
apy was completed. Patients who failed to achieve SVR
were regarded no viral response (NR).

Histopathological analysis
The extent of fibrosis was assessed using the modified
METAVIR score as follows: stage 1, portal or central fibro-
sis; stage 2, some septa; stage 3, many septa; and stage 4,
cirrhosis.3 TheMETAVIR grading systemwas used to assess
hepatic inflammatory activity.14 Staging fibrosis and grad-
ing activity were undertaken by an experienced pathologist
who specialized in liver pathology.

Statistical analysis
Continuous or discrete variables are presented as the
median and interquartile range (IQR) and analyzed
using the Mann–Whitney U-test, Wilcoxon’s matched-
pairs signed rank test, or Spearman’s rank correlation co-
efficient. Kaplan–Meier curves were analyzed using the
log–rank (Mantel–Cox) test. Statistical analyses men-
tioned above were carried out using GraphPad Prism 5
(GraphPad Software, La Jolla, CA, USA). Area under re-
ceiver operating characteristic curves (AUROCs) were
statistically compared using DeLong’s test.15 DeLong’s
test was carried out using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical
user interface for R software (The R Foundation, Vienna,
Austria).16,17 P-values less than 0.05 were considered
statistically significant.

RESULTS

Patients’ characteristics

ATOTAL OF 382 patients comprising 259 men and
123 women were enrolled in this study (Table 1).

Based on the liver biopsy examinations, 92 patients
had stage 1 fibrosis, 169 had stage 2, 80 had stage 3,
and 41 had stage 4. Among them, 125 patients were
followed up for 1 year or more. The longest follow-up
period was 28 years for four patients. In our hospital,
85 patients underwent subsequent non-pegylated IFN
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therapy. Patients with stage 4 fibrosis were classified
using Child–Pugh score. Among them, 11 patients could
not be determined by Child–Pugh classification because
data on prothrombin time at the initial liver biopsy ex-
aminations were not available. Hepatocellular carci-
noma was diagnosed in 39 patients: 2 patients were
complicated with HCC within 1 year after liver biopsy
examinations, and 37 patients later than 1 year. Other
clinical data at the time of liver biopsy, including
age, albumin, AST, ALT, and T-Bil, are presented in
Table 1.
Among the 382 patients, Plt during the initial liver bi-

opsy examinations was available for 198 patients.

Clinical data including Plt for the 198 patients are sum-
marized in Table 2.

Diagnostic ability of liver fibrosis staging
Differences in median values between two fibrosis stages
were analyzed using Mann–Whitney U-test (Fig. 1). As a
result, ALBI score differentiated fibrosis stage 3 from 2
and stage 4 from 3 (P<0.05). The median value of ALBI
score for stage 2 was not significantly different from that
for stage 1 (P>0.05).
Receiver operating characteristic analysis was carried

out to assess the ability of ALBI score to distinguish ad-
vanced fibrosis (F3–4) from non-advanced fibrosis (F1–

Figure 1 Albumin–bilirubin (ALBI) score
in each fibrosis stage among 382 patients
with chronic hepatitis C. Difference in the
median ALBI scores between two fibrosis
stages. The median ALBI score distin-
guished stage 4 from 3 and stage 3 from
2 (P<0.05). The median value for stage
2 was not significantly different from that
for stage 1 (P> 0.05). Data were analyzed
using the Mann–Whitney U-test. P-values
<0.05 were considered statistically
significant.

Table 2 Baseline characteristics of Japanese patients with Hepatitis C virus infection, limited to 198 patients with available baseline
platelet count

Fibrosis staging Total F1 F2 F3 F4

Patient number 198 42 71 56 29
Age, years 53 (42–60) 47 (35–59) 48 (40–58) 54 (44–60) 62 (56–65)
Gender, male/female 117/81 24/18 45/26 35/21 13/16
Albumin, g/L 38 (35–41) 40 (36–42) 40 (38–42) 36 (33–39) 33 (28–37)
AST, U/L 63 (44–96) 46 (28–71) 56 (41–83) 88 (53–105) 76 (49–105)
ALT, U/L 95 (53–139) 60 (36–103) 103 (52–140) 111 (77–158) 70 (41–104)
Total bilirubin, μmol/L 13.7 (10.3–20.5) 12.0 (10.3–15.4) 12.0 (10.3–17.1) 18.8 (12.0–22.2) 18.8 (13.7–29.1)
Platelet count, 109/L 162.5 (122.5–203.3) 189.5 (162.5–239.0) 189.0 (150.0–223.0) 134.5 (110.0–161.0) 92.0 (67.5–127.0)

Continuous variables are presented as the median (interquartile range).
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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2) and cirrhosis (F4) from non-cirrhotic stages (F1–3).
The AUROC to distinguish advanced fibrosis from
non-advanced fibrosis was 0.786 (Fig. 2a). The AUROC
to detect cirrhosis differentially from non-cirrhotic stages
was 0.815 (Fig. 2b).
When an ALBI score of �2.561 was adopted as a cut-off

value, the sensitivity and specificity were 79.3% and
62.5%, respectively, with a positive likelihood ratio of
2.11 to differentiate advanced fibrosis from non-advanced
fibrosis (Fig. 2a). When a cut-off value of�2.125 was used
for differential diagnosis of cirrhosis from non-cirrhotic
stages, cirrhosis was detected with a sensitivity of 73.2%
and a specificity of 87.1%, with a positive likelihood ratio
of 5.67 (Fig. 2b).
When patients with stage 4 fibrosis were divided into

Child–Pugh A (16 patients), B (12 patients), or C (2 pa-
tients), the ALBI score of the Child–Pugh A group was sig-
nificantly smaller than that of the Child Pugh B or C group
(14 patients) (P<0.05, Fig. 3a). Using the cut-off value of
�2.125, the ROC analysis (AUROC 0.801) proved that the
ALBI score distinguished the Child–Pugh A group from
the non-cirrhotic stages (F1–3) with a specificity of
87.1% identical to that of differentiating cirrhosis (F4)
from non-cirrhotic stages (F1–3). The sensitivity and

positive likelihood ratio decreased to 56.3% and 4.36, re-
spectively (Fig. 3b).

Comparison between ALBI score and
conventional fibrosis indices
Diagnostic ability of the ALBI score for liver fibrosis
staging was compared to that of conventional fibrosis
indices, Fib-4 index and APRI, based on a cohort of
198 patients (Table 2). Fibrosis-4 index was able to dis-
tinguish stage 3 from 2 and stage 4 from 3, similar to
the ALBI score (P<0.05, Fig. 4a). The APRI was able
to differentiate stage 3 from 2 (P<0.05) but failed to
distinguish stage 2 from 1 or stage 4 from 3 (P>0.05,
Fig. 4b).
Receiver operating characteristic analysis showed that

Fib-4 index was able to distinguish advanced fibrosis
(F3–4) from non-advanced fibrosis (F1–2) and cirrhosis
(F4) from non-cirrhotic stages (F1–3) with AUROCs of
0.842 and 0.859, respectively (Fig. 5a,b). The AUROCs of
APRI were 0.804 in the classification of advanced fibrosis
(F3–4) from non-advanced fibrosis (F1–2) and 0.724 in
distinguishing cirrhosis (F4) from non-cirrhotic stages
(F1–3) (Fig. 5c,d).

Figure 2 Diagnostic ability of liver fibrosis staging. (a) Receiver operating characteristic (ROC) analysis to assess the ability of al-
bumin–bilirubin (ALBI) score to differentiate advanced liver fibrosis (F3–4) from non-advanced fibrosis (F1–2) showed an area
under the ROC curve (AUROC) of 0.786. (b) The AUROC to diagnose cirrhosis (F4) from non-cirrhotic stages (F1–3) was
0.815. When an ALBI score of �2.561 was adopted as a cut-off value, the sensitivity, specificity, and positive likelihood ratio to
differentiate advanced fibrosis from non-advanced fibrosis were 79.3%, 62.5%, and 2.11 (a). When a cut-off value of �2.125
was used for differential diagnosis of cirrhosis from non-cirrhotic stages, cirrhosis was detected with a sensitivity of 73.2% and
a specificity of 87.1%, with a positive likelihood ratio of 5.67 (b). P-values <0.05 were considered statistically significant. CI, con-
fidence interval.
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Limited to 198 patients in Table 2, AUROCs of ALBI
scores were calculated and compared to those of Fib-4
index and APRI using DeLong’s test. As presented in
Table 3, a significant difference was detected in a single

pair, between Fib-4 index and APRI in distinguishing
cirrhosis (F4) from non-cirrhotic stages (F1–3) with
the greater AUROC value for Fib-4 index than for APRI.
The AUROCs of ALBI scores were not different

Figure 3 Differential diagnosis of Child–Pugh A liver cirrhosis from non-cirrhotic stages. (a) When patients with stage 4 fibrosis were
divided into Child–Pugh A (16 patients), B (12 patients), or C (2 patients), albumin–bilirubin (ALBI) score of the Child–Pugh A group
was significantly smaller than that of the Child–Pugh B or C group (14 patients) (P<0.05). (b) Using the cut-off value of�2.125, the
receiver operating characteristic analysis (area under the ROC curve [AUROC] 0.801) proved that the ALBI score distinguished the
Child–Pugh A group from the non-cirrhotic group (F1–3) with a specificity of 87.1%, identical to that of differentiating cirrhosis (F4)
from non-cirrhotic stages (F1–3). The sensitivity and positive likelihood ratio decreased to 56.3% and 4.36, respectively. P-values
<0.05 were considered statistically significant. CI, confidence interval.

Figure 4 Conventional liver fibrosis indices in each fibrosis stage. The diagnostic ability of two conventional fibrosis indices, Fibrosis-4
index and aspartate aminotransferase (AST) to platelet ratio index (APRI), in differentiating liver fibrosis stage were evaluated based on a
cohort of 198 patients, whose baseline platelet counts were available. (a) Fibrosis-4 index was able to distinguish stage 3 from 2 and
stage 4 from3, similar to albumin–bilirubin ALBI score (P<0.05). (b) APRIwas able to differentiate stage 3 from2 (P<0.05) but failed
to distinguish stage 2 from 1 or stage 4 from 3 (P> 0.05). P-values <0.05 were considered statistically significant.
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compared to the two conventional indices in differenti-
ation between non-advanced fibrosis (F1–2) and ad-
vanced fibrosis (F3–4) or non-cirrhotic stages (F1–3)
and cirrhosis (F4).

Influence of hepatitis activity on ALBI score
Values of serum fibrosis biomarkers have been reported to
fluctuate depending on not only fibrosis stage but also ac-
tivity grade of hepatitis.18 To assess the variability of ALBI
score and the other two indices to histopathological

activity grade in liver biopsy specimens, 56 patients with fi-
brosis stage 3 were divided into 15 patients of activity
grade 1, 29 patients of grade 2, and 12 patients of grade
3 based on the modified METAVIR score.
The ALBI scores for the grade 2 group were significantly

different from those for the grade 1 group using theMann–
Whitney U-test (P<0.05, Fig. 6). The data indicated that
the values of the ALBI score were variables of activity grade.
This result suggests that fibrosis staging using ALBI scores
has the potential to overestimate or underestimate it.

Figure 5 Receiver operating characteristic (ROC) analysis of conventional liver fibrosis indices. (a) ROC analysis indicated that Fibrosis-
4 index was able to distinguish advanced fibrosis (F3–4) from non-advanced fibrosis (F1–2) (area under the ROC curve [AUROC],
0.842). (b) Cirrhosis (F4) was differentiated from non-cirrhotic stages (F1–3) using Fibrosis-4 index (AUROC, 0.859). (c,d) AUROCs
of aspartate aminotransferase (AST) to platelet ratio index were 0.804 in the classification of advanced fibrosis (F3–4) from non-ad-
vanced fibrosis (F1–2) (c) and 0.724 in distinguishing cirrhosis (F4) from non-cirrhotic stages (F1–3) (d).

Table 3 DeLong’s test to determine difference of two area under receiver operating characteristic curves (AUROCs)

P-value ALBI score vs. Fibrosis-4 index ALBI score vs. APRI Fibrosis-4 index vs. APRI

F1–2 vs. F3–4 0.4640 0.7230 0.0767
F1–3 vs. F4 0.3680 0.1640 0.0003* (Fibrosis-4 index > APRI)

*AUROC of Fibrosis-4 index is significantly greater than that of APRI in comparison between non-cirrhotic status (F1–3) and cirrhosis (F4). P-
values <0.05 were considered statistically significant.
APRI, aspartate aminotransferase to platelet ratio index.
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Change of ALBI score after IFN therapy
In the current cohort, 85 patients underwent non-
pegylated IFN therapy after the liver biopsy examina-
tions. The viral response was determined when the

median 6.5 years (IQR, 2.5–10.5 years) passed after
the completion of IFN therapy. As a result, 31 patients
achieved SVR and 54 patients failed.
The median value of ALBI score presented the smaller

value after SVR was confirmed compared with baseline,
but it was not statistically significant using Wilcoxon’s
matched-pairs signed rank test (P>0.05, Fig. 7a). Among
the patients who failed to achieve SVR, ALBI score signifi-
cantly increased after NR was confirmed compared with
baseline (P<0.05, Fig. 7b). The ALBI scores increased fol-
lowing progression of fibrosis and activity.

Prevalence of HCC and overall survival
In the current cohort, 39 patients were diagnosed with
HCC during follow-up. Limiting to 125 patients who were
observed 1 year or more, 37 patients were diagnosed with
HCC during the observation periods. The median period
between the time of liver biopsy and HCC diagnosis was
9.0 years (IQR, 6.0–17.0 years). In 88 patients, those ob-
servations were censored with no incidence of HCC; ALBI
scores at censoring were not significantly greater than that
at baseline liver biopsy examinations (P>0.05, Fig. 8a). In
contrast, ALBI scores at the time of HCC diagnosis were
significantly greater compared with baseline at the time
of liver biopsy examinations (baseline) in 37 patients with
HCC incidence (P<0.05, Fig. 8b). Smaller ALBI scores at
baseline inversely correlated with the length of time be-
tween liver biopsy and HCC diagnosis (r=�0.4017;
95% confidence interval [CI], –0.6480 to �0.0795,
P<0.05; Fig. 8c).
Using the 25th percentile value (Q1; ALBI

score=�2.773) and 75th percentile value (Q3; ALBI
score=�2.215) at baseline as cut-off values, 125 patients

Figure 6 Influence of hepatitis activity on albumin–bilirubin
(ALBI) score. In 80 patients with fibrosis stage 3, the median ALBI
score of the activity grade 2 group was significantly different from
that of the grade 1 group (P<0.05). The median ALBI score for
the hepatitis grade 3 group was not statistically significant from
that of the grade 2 group. The value of ALBI score was a variable
of activity grade, suggesting that fibrosis staging using the ALBI
score has the potential to overestimate or underestimate it. Data
were analyzed using the Mann–Whitney U-test. P-values <0.05
were considered statistically significant.

Figure 7 Change of albumin–bilirubin (ALBI) score after inter-
feron (IFN) therapy. In the current cohort, 85 patients underwent
subsequent non-pegylated IFN therapy after liver biopsy exami-
nations. As a result, 31 patients achieved sustained virologic re-
sponse (SVR) and 54 patients failed (no viral response, NR).
The viral response was determined the median 6.5 years (inter-
quartile range, 2.5–10.5 years) after the completion of IFN ther-
apy. (a) Median value of the ALBI score presented the smaller
value after SVR was confirmed compared with baseline, but it
was not statistically significant using Wilcoxon’s matched-pairs
signed rank test (P> 0.05). (b) Among the patients who failed
to achieve SVR, ALBI score significantly increased after NR was
confirmed compared with baseline (P<0.05). ALBI score in-
creased following progression of fibrosis and activity in the NR
group. Data were analyzed using Wilcoxon’s matched-pairs
signed rank test. P-values <0.05 were considered statistically
significant.

738 K. Fujita et al. Hepatology Research 2019; 49: 731–742

© 2019 The Authors.
Hepatology Research published by John Wiley & Sons Australia, Ltd on behalf of Japan Society of Hepatology



were divided into three groups: the smaller ALBI
score<Q1 group, the greater ALBI score>Q3 group, and
the middle ALBI score group between Q1 and Q3.
Kaplan–Meier analysis revealed that HCC-free survival
was significantly poorer in the greater ALBI score group
compared with the middle ALBI score group (P<0.05,
Fig. 8d). For overall survival, smaller ALBI scores correlated
with better survival among the three groups (P<0.05,
Fig. 8e).
Differences of HCC prevalence and overall survival de-

pending on ALBI scores were also evaluated under stratifi-
cation of the cohort by baseline liver fibrosis stage. The 125
patients were divided into two smaller cohorts: 67 patients
with non-advanced fibrosis (F1–2) and 58 patients with
advanced fibrosis (F3–4). Using the quantile values above
(Q1=�2.773 and Q3=�2.215), 25 patients with smaller
ALBI scores resulted in longer HCC-free survival (Fig. 9a)

and overall survival (Fig. 9b) than 34 patients in the mid-
dle ALBI score group in the non-advanced fibrosis stage
(F1–2) cohort (P<0.05). Hepatocellular carcinoma-free
survival of eight patients in the greater ALBI score group
did not significantly differ from those of other two groups
(P>0.05, Fig. 9a). Overall survival curve for the greater
ALBI score group overlapped with that of the smaller ALBI
score group, yielding no significant difference with other
groups either (P>0.05, Fig. 9b).
In the advanced fibrosis stage (F3–4) cohort, 31 patients

in the middle ALBI score group finished the observation
with longerHCC-free survival (Fig. 9c) and overall survival
(Fig. 9d) than the 24 patients in the greater ALBI score
group (P<0.05). The smaller ALBI score group consisted
of three patients and its HCC-free curve and overall sur-
vival curve were not significantly different from those of
other groups (P>0.05, Fig. 9c,d).

Figure 8 Hepatocellular carcinoma (HCC) prevalence and overall survival. In the current cohort, 39 patients were diagnosed with HCC
during follow-up. Limiting to 125 patients whowere observed 1 year ormore, 37 patients were diagnosedwithHCC in their observation
periods. (a) In 88 patients, those observations were censored with no incidence of HCC, albumin–bilirubin (ALBI) score at censoring
was not significantly greater than that at baseline liver biopsy examinations (P> 0.05). (b) In contrast, ALBI score at the time of HCC
diagnosis was significantly greater compared with baseline at the time of liver biopsy examinations (baseline) in 37 patients with
HCC (P< 0.05). (c) Smaller ALBI scores at baseline inversely correlated with the length of time between liver biopsy andHCC diagnosis
(r=�0.4017; 95% confidence interval [CI], –0.6480 to�0.0795; P< 0.05). (d) Using 25th percentile value (Q1; ALBI score =�2.773)
and 75th percentile value (Q3; ALBI score =�2.215) at baseline as cut-off values, 125 patients were divided into three groups: smaller
ALBI score<Q1 group, greater ALBI score>Q3 group, and middle ALBI score group between Q1 and Q3. Kaplan–Meier analysis re-
vealed that HCC-free survival was significantly poor in the greater ALBI score group compared with the middle ALBI score group
(P<0.05). (e) For overall survival, smaller ALBI scores correlated with better survival among the three groups (P<0.05). Data were an-
alyzed using the log–rank (Mantel–Cox) test. P-values <0.05 were considered statistically significant.
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DISCUSSION

THECURRENT STUDY obtained the following results.
First, the ALBI score is able to diagnose fibrosis

stage, particularly advanced liver fibrosis and cirrhosis.
Second, smaller ALBI scores correlate with better HCC-
free survival and overall survival. Finally, ALBI score
has the potential to expand its application from cirrho-
sis to chronic hepatitis.
Several serum biomarkers to evaluate liver fibrosis stage

are able to differentiate advanced fibrosis from non-
advanced fibrosis.19 The diagnostic accuracy of blood tests
is evaluated using AUROC. An AUROC of 0.9–1.0 is classi-
fied as excellent, 0.8–0.9 as good, and 0.7–0.8 as fair.20,21

Values of serum biomarkers fluctuate depending not only
on fibrosis progression but also hepatitis activity.18,22

The ALBI score has a moderate diagnostic ability to dis-
tinguish cirrhosis from non-cirrhotic stages when the
AUROC is between 0.8 and 0.9, which might be compara-
ble to conventional indirect biomarkers, Fib-4 index and
APRI.19 The AUROC of the ALBI score to diagnose ad-
vanced fibrosis is between 0.7 and 0.8, which might be
smaller than those of the Fib-4 index and APRI as reported
in the past studies.6,23 However, our data indicate that the
ALBI score shares comparable accuracy to diagnose ad-
vanced fibrosis and cirrhosis with current indirect fibrosis
biomarkers.
The ALBI score was originally established to classify

patients with cirrhosis according to their prognosis.9 The
preoperative ALBI score has a long-term impact on liver
function after curative therapy for HCC.24 Accumulating
evidence indicated that the ALBI score predicted prognosis

Figure 9 Prevalence of hepatocellular carcinoma (HCC) and overall survival stratified by baseline liver fibrosis staging. Differences
in HCC prevalence and overall survival depending on albumin–bilirubin (ALBI) score were also evaluated under stratification by
baseline liver fibrosis stage. The 125 patients were divided into two smaller cohorts: 67 patients with non-advanced fibrosis (F1–2)
and 58 patients with advanced fibrosis (F3–4). (a,b) Using the quantile values Q1 =�2.773 and Q3=�2.215, 25 patients in the
smaller ALBI score group experienced longer HCC-free survival (a) and overall survival (b) than the 34 patients in the middle ALBI
score group in the non-advanced fibrosis stage (F1–2) cohort (P<0.05). HCC-free survival of eight patients in the greater ALBI
score group did not significantly differ from those of other two groups (P> 0.05) (a). Overall survival curve for the greater ALBI
score group was overlapped with that of the smaller ALBI score group, yielding no significant difference with other groups either
(P> 0.05) (b). (c,d)In the advanced fibrosis stage (F3–4) cohort, 31 patients from the middle ALBI score group finished the ob-
servation with longer HCC-free survival (c) and overall survival (d) compared to the 24 patients in the greater ALBI score group
(P<0.05). The smaller ALBI score group consisted of three patients and its HCC-free curve and overall survival curve were not
significantly different from those of other groups (c,d). Data were analyzed using the log–rank (Mantel–Cox) test. P-values
<0.05 were considered statistically significant.
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of patients with HCC who underwent oral chemotherapy
using sorafenib, radioembolization, and drug-eluting em-
bolic chemoembolization.25–27 The ALBI score also corre-
lated with recurrence of HCC after curative treatments,
surgical resection, or ablative therapy.28 A risk of post-
hepatectomy liver failure and long-term survival is strati-
fied using the simple score.29 An ALBI score of <�2.600
indicates better prognosis, classified as grade 1,
�2.600<ALBI score<�1.390 indicates moderate progno-
sis, classified as grade 2, and�1.390<ALBI score indicates
worse prognosis, classified as grade 3. Application of the
ALBI score is limited in patients with cirrhosis similar to
Child–Pugh score. Accuracy of the ALBI score might sur-
pass that of the Child–Pugh score in predicting the occur-
rence of severe post-hepatectomy complications. 30

Combined with the tumor–node–metastasis classification,
prognosis prediction for recurrence-free survival using the
ALBI score improved its accuracy in a large cohort of
post-hepatectomy patients.31

In contrast to past studies, our cohort includes 89.3%
(341 of 382) of patients with chronic hepatitis and
10.7% (41 of 382) of patients with cirrhosis. In the current
study, ALBI score increased when non-pegylated IFN ther-
apy failed. It also increased whenHCCwas identified com-
pared with that when the liver biopsy examination was
carried out at baseline. Furthermore, smaller ALBI scores
at baseline inversely correlated with the period of time be-
tween liver biopsy and HCC diagnosis. Our data showed
that ALBI scores in patients with chronic hepatitis, includ-
ing smaller proportions of patients with cirrhosis, stratified
the HCC-free survival and overall survival.
Stratification of patients’ prognosis using the ALBI

score in our study could depend on the development
of more effective antiviral therapy than non-pegylated
IFN. Patients with smaller ALBI scores should have lon-
ger follow-up periods until HCC develops and more
chances to undergo next-generation antiviral therapies,
such as pegylated IFN therapy, combination therapy
with pegylated IFN and telaprevir or simeprevir, and
then IFN-free oral treatments.32–35

Our data suggest that the ALBI score has the potential
to expand its application from cirrhosis to chronic
hepatitis. For example, a patient with an ALBI
score>�2.125 is diagnosed with cirrhosis with 87.1%
of specificity according to our data. The patient is classi-
fied into the moderate or poor prognosis group of cir-
rhosis based on the original study of the score.9

The strength of the ALBI score is that it does not include
Plt. The diagnostic accuracy of the ALBI score for liver fi-
brosis staging is preserved in thrombocytopenic patients
caused by diseases not related to liver fibrosis, such as

idiopathic thrombocytopenia, drug-induced thrombocy-
topenia, and Helicobacter pylori infection. Additionally, Plt
increases in iron deficiency anemia. Aweakness of the ALBI
score is that it depends on serum albumin in its equation.
Viral hepatitis currently complicates with albuminuria and
decreases in serumalbumin caused by glomerulonephritis.
Diabetic nephropathy with albuminuria and
oligoalbuminemia could be observed more frequently in
daily practice.
The limitations of the current study are as follows. First,

the diagnostic accuracy of the ALBI score for advanced liver
fibrosis was not compared with that of shear wave
elastography or magnetic resonance elastography.36,37 Sec-
ond, two direct serum biomarkers, enhanced liver fibrosis
score and Wisteria floribunda agglutinin-positive Mac-2
binding protein, were not included in the assessment.38,39

Finally, the HCV genotype was not determined in most
patients.
In conclusion, the ALBI score indicates liver fibrosis stag-

ing in Japanese patients with HCV infection. The diagnos-
tic accuracy of the ALBI score to differentiate cirrhosis from
non-cirrhotic stages is comparable to those of the Fib-4 in-
dex and APRI. Furthermore, smaller ALBI scores predict
better HCC-free survival and overall survival. The clinical
application of the ALBI score has the potential to expand
its application from cirrhosis to chronic hepatitis.
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