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 Abstract 
  Background/Aim:  Recently, albumin-bilirubin (ALBI) scoring/grading, consisting of only albu-
min and total bilirubin, has been proposed. We examined the efficacy of this grading sys-
tem for determining hepatic function in patients with hepatocellular carcinoma (HCC).  Meth-
ods/Materials:  The prognoses of 46,681 HCC patients based on results obtained from a 
nationwide survey conducted in Japan from 2001 to 2007 were evaluated using (1) Japan 
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Integrated Staging (JIS), consisting of Child-Pugh classification and TNM staging (TNM), (2) 
modified JIS (m-JIS), consisting of liver damage grading and TNM, and (3) ALBI-TNM (ALBI-T), 
consisting of ALBI grading and TNM, and the results were compared. A subanalysis was also 
performed to define a cutoff value for ALBI scores for a more detailed stratification of he-
patic function.  Results:  ALBI-T, JIS, and m-JIS each showed good capacity for the stratification 
of prognoses. Although the Akaike information criterion for ALBI-T was nearly equal to that 
for JIS and m-JIS, the Kaplan-Meier curves and median survival times obtained with ALBI-T 
were always superior to the corresponding scores. When the indocyanine green retention test 
(<30%) was used as an additional cutoff value for ALBI score (–2.270, area under the curve 
0.828) to divide ALBI grade into 4 levels (modified ALBI [mALBI] grade), mALBI grade was able 
to stratify the prognosis of patients at any TNM stage in order of grade. Modified ALBI-T 
(mALBI-T), using mALBI grading and TNM, produced a more detailed stratification for prog-
nosis.  Conclusion:  The predictive value for prognosis of ALBI-T was found to be equal to that 
of JIS and m-JIS. In addition, mALBI grading and mALBI-T, as proposed in the present study, 
might provide a more detailed assessment of the hepatic function and prognosis of HCC 
patients.  © 2017 S. Karger AG, Basel 

 Introduction 

 The Child-Pugh classification  [1]  is used worldwide as a standard assessment tool for 
hepatic function in hepatocellular carcinoma (HCC) patients, while it is also a part of the 
Evidence-Based Clinical Practice Guidelines for HCC of the Japan Society of Hepatology (JSH) 
as well as liver damage grading  [2, 3] . Recently, a new assessment tool for hepatic function, 
albumin-bilirubin (ALBI) grading, which consists of only albumin and total bilirubin, has been 
proposed  [4] . As compared to other assessment methods, ALBI grade, simply based on 2 
common serological factors and determined by serial ALBI scoring, is thought to be advanta-
geous, because the score can also be arbitrarily divided into more detailed grades when 
necessary.

  As a total staging system for HCC, the Japan Integrated staging (JIS) system has also been 
proposed  [5] , which consists of the Child-Pugh classification and TNM staging of the Liver 
Cancer Study Group of Japan (LCSGJ)  [6, 7] ; JIS has been shown to have a better ability to 
predict prognosis than the Cancer of the Liver Italian Program (CLIP) scoring system  [8, 9] . 
On the other hand, the usefulness of modified JIS (m-JIS) for grading liver damage as compared 
to JIS has been proposed for patients who undergo an indocyanine green retention test (ICG-
r15)  [10] . However, some issues regarding the analysis of hepatic function with the ICG-r15 
have been reported, including problems related to the requirement of injection, the risk of 
anaphylactic shock, and difficulties with obtaining accurate results for patients with marked 
constitutional jaundice or a portosystemic shunt  [11] . As a result, data for the ICG-r15 obtained 
from a retrospective cohort are often lacking. Recently, ALBI-TNM scoring (ALBI-T), which is 
composed of JIS used with ALBI grading, was reported to have good prognostic value in 2,584 
Japanese HCC patients treated at 2 different institutions  [12] .

  To evaluate whether ALBI grading can be used for hepatic functional assessment instead 
of Child-Pugh classification and liver damage grading, and to establish a more useful method 
for the assessment of hepatic function, we compared ALBI grading, Child-Pugh classification, 
and liver damage grading in the present study. In addition, we examined ALBI scoring/
grading for its ability to provide a more detailed evaluation of hepatic function and predict 
prognosis in Japanese HCC patients using data from a nationwide survey.
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  Subjects and Methods 

 Patients 
 From January 2001 to December 2007, details regarding 64,928 treatment-naïve patients with HCC in 

Japan were recorded using a nationwide survey system. Of these patients, we analyzed 46,681 in the present 
study, after exclusion of cases lacking serological (albumin, total bilirubin, and prothrombin time) or clinical 
data (information about ascites or hepatic coma) for Child-Pugh classification or LCSGJ TNM staging. In 
patients positive for anti-hepatitis C virus (HCV) or hepatitis B surface antigen, HCC was considered to be due 
to HCV or hepatitis B virus (HBV), respectively. Those negative for both anti-HCV and hepatitis B surface 
antigen were judged as having nonviral (nonBnonC) HCC.

  Assessment Methods for Hepatic Function and Prognosis 
 Child-Pugh classification, liver damage grading, and ALBI grading were used for assessment of hepatic 

function. ALBI score and ALBI grade were defined as follows: (log 10  bilirubin [μmol/L] × 0.66) + (albumin 
[g/L] × –0.085) (grade 1, 2, and 3 =  ≤ –2.60, >–2.60 to –1.39, and >–1.39, respectively)  [4] . The prognoses of 
the 46,681 patients with HCC (total group) were assessed using ALBI-T and JIS, while those of the 31,011 
patients after excluding those without ICG-r15 results (ICG group) were evaluated using ALBI-T, JIS, and 
m-JIS. In addition, we compared the potential for predicting prognosis of each score (ALBI-T, JIS, and m-JIS) 
in HCC patients within the Milan criteria (single lesion  ≤ 5 cm, or 2 or 3 lesions each 3 cm in size)  [13]  who 
were treated with curative therapy (surgical resection, ablative treatment) in both groups. Percutaneous 
ethanol injection  [14, 15]  and mainly radiofrequency ablation  [16–18]  were performed as ablative therapy 
methods.

  As an additional analytic technique, we evaluated the cutoff value for ALBI score by dividing ALBI grade 
2 into subgrades (2a and 2b) obtained with the ICG-r15 to produce a modified ALBI grade (mALBI grade) 
divided into 4 subgrades, because ALBI score is serial and ALBI grade 2 is thought to have a wide range. To 
evaluate mALBI grading for its ability to assess hepatic function, the prognostic predictive value of modified 
ALBI-T (mALBI-T), calculated using mALBI grade and LCSGJ TNM stage (mALBI grade 1, 2a, 2b, and 3 = score 
0, 1, 2, and 3, respectively; LCSGJ TNM stage I, II, III, and IV = score 0, 1, 2, and 3, respectively), was examined 
in both groups.

  Statistical Analysis 
 Prognosis was analyzed using a log-rank test with the Kaplan-Meier method. The discriminatory abilities 

of the scoring models were assessed using the Akaike information criterion (AIC)  [19] . Pearson test, receiver 
operating characteristic, and area under the curve (AUC) values were calculated for comparisons between 
ALBI score and the ICG-r15. For multiple comparisons, Holm’s method was used. All statistical analyses were 
performed using Easy R (EZR) version 1.29 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) 
 [20] , a graphical user interface for the R statistical Computing Environment (R Foundation, Vienna, Austria). 
All  p  values were derived from two-tailed tests, with  p  < 0.05 accepted as statistically significant.

  Results 

 The clinical features of the patients in the total group ( n  = 46,681) are shown in  Table 1 . 
The median age was 68 years (interquartile range: 61–74); 33,316 were male and 13,365 
were female (HCV, HBV, HBV and HCV, nonBnonC, and unknown:  n  = 30,478, 6,124, 821, 
8,743, and 515, respectively; Child-Pugh class A, B, and C:  n  = 34,829, 10,111, and 1,741, 
respectively; LCSGJ TNM stage I, II, III, and IV:  n  = 7,783, 21,018, 12,843, and 5,037, respec-
tively [IVa and IVb:  n  = 2,927 and 2,110, respectively]; ALBI grade 1, 2, and 3:  n  = 15,968, 
27,771, and 2,942, respectively). Surgical resection was performed on 14,551 patients as the 
initial treatment, while it was ablative therapy for 13,359, transcatheter arterial chemoem-
bolization  [21]  for 13,995, and other treatments or none for 4,776. The number of patients 
within the Milan criteria was 25,814 (55.3%).

  The distribution of ALBI grades for each Child-Pugh score is shown in  Figure 1 a. The 
patients classified as Child-Pugh class A consisted of 15,744 with ALBI grade 1 and 19,085 
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Median age (IQR), years 68 (61–74)
Gender

Male
Female

33,316
13,365

Etiology
HCV
HBV
HBV and HCV
nonBnonC
Unknown

30,478
6,124

821
8,743

515
Child-Pugh class

A
B
C

34,829
10,111

1,741
ALBI grade

1
2
3

15,968
27,771

2,942
Liver damage grade

A
B
C
No data

16,365
12,939

1,707
15,670

Median albumin (IQR), g/dL 3.7 (3.3–4.0)
Median total bilirubin (IQR), mg/dL 9 (0.6–1.2)
Median prothrombin time (IQR), % 82 (71–93)
Median platelet count (IQR), ×104/μL 11.6 (8.0–16.4)
Median ICG-r15 rate (IQR)1, % 19 (12–29)
Median tumor size (IQR), cm 3 (2.0–5.0)
Tumor number

Single
Multiple
No data

26,106
20,402

173
Vascular invasion of tumor present, n (%) 6,368 (13.6)
Extrahepatic metastasis present, n (%) 2,110 (4.5)
LCSGJ TNM stage

I
II
III
IVa
IVb

7,783
21,018
12,843

2,927
2,110

Treatment
Resection
Ablative therapies
TACE
Others
None

14,551
13,359
13,995

2,341
2,435

 IQR, interquartile range; HCV, hepatitis C virus; HBV, hepatitis B 
virus; nonBnonC, negative for both HBV and HCV; ALBI, albumin-bili-
rubin; ICG-r15, indocyanine green retention test; LCSGJ, Liver Cancer 
Study Group of Japan; TACE, transcatheter arterial chemoembolization. 
1 n = 31,011 (ICG group).

 Table 1.  Clinical  features of the 
patients (n = 46,681; total group)
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14,418

1,326
196

24 3 1 1

7,680

2,633

462

82 23 6

1,059

7,713

4,995

1,948

772

265

99
27

6

272

668

666

580

400
213

100
34 9

Child
5

Child
6

Child
7

Child
8

Child
9

Child
10

Child
11

Child
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Child
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Child
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10,164

1,484

6

4,899

2,669

16

1,286
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  Fig. 1.   a  Distribution of albumin-bilirubin (ALBI) grade for each Child-Pugh score in the total group.  b  Dis-
tribution of ALBI grades for each liver damage grade in the ICG group. 
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  Fig. 2.  Kaplan-Meier curves for 
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with ALBI grade 2, while those classified as Child-Pugh class B were composed of 223 with 
ALBI grade 1, 8,282 with ALBI grade 2, and 1,606 with ALBI grade 3; the patients classified 
as Child-Pugh class C contained 1 with ALBI grade 1, 404 with ALBI grade 2, and 1,336 with 
ALBI grade 3. Even among the Child-Pugh class B patients, the rate of ALBI grade 3 was not 
small.

  The Kaplan-Meier curves for JIS and ALBI-T of the total group ( n  = 46,681) are shown in 
 Figure 2 . The AIC value for ALBI-T for the total group was 256,952.4, while that for JIS was 
256,356.7, and the Kaplan-Meier curves and median survival time (MST) for each ALBI-T 
score were superior to those for JIS ( Fig. 2 ;  Table 2 ).

  The subanalysis of 31,011 of the patients in the total group with data for the ICG-r15 (ICG 
group) showed that the ICG-r15 had a good correlation with ALBI score ( r  = 0.563; 95% CI: 
0.550–0.570;  p  < 0.0001). Among the 31,011 patients with results for the ICG-r15, surgical 
resection was performed on 13,487, while it was ablative therapy for 7,669, transcatheter 
arterial chemoembolization for 7,761, and other treatments or non for 2,094. The number of 
patients within the Milan criteria was 17,188 (55.4%). The cutoff value for ALBI score for the 
ICG-r15 (<30%), an indicator for performance of a subsegmentectomy in the Makuuchi 
criteria  [22, 23] , was –2.270 (AUC 0.828; 95% CI: 0.823–0.833) ( Fig. 3 a). The distribution of 
ALBI grades among the grades for liver damage is shown in  Figure 1 b. ALBI grade 3 was 
mainly included in liver damage grade C, while the frequency of ALBI grade 3 was very low 
among the patients with liver damage grade B. When ALBI grade 2 was divided into 2 
subgroups (ALBI grades 2a and 2b) according to the cutoff value for the ICG-r15 (<30%) 
(ALBI score: –2.270), thus conducting a division into 4 ALBI grades (mALBI grade), the ratio 
of the better subgroup (ALBI grade 2a: score <–2.270) became lower when the Child-Pugh 

 Table 2. Comparison of MST between ALBI-T, JIS, and mALBI-T among Japanese hepatocellular carcinoma 
patients (n = 46,681; total group) and those within the Milan criteria treated curatively (n = 18,886)

Score  ALBI-T JIS mALBI-T

MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n

All patients (n = 46,681)
0 NA NA–NA 2,625 NA 8.0–NA 5,908 NA NA–NA 2,625
1 NA 8.0–NA 12,824 7.4 7.1–8.0 18,242 NA NA–NA 10,289
2 5.4 5.2–5.6 16,435 4.4 4.2–4.5 13,531 6.0 5.8–5.6 12,354
3 3.2 3.0–3.3 10,096 1.8 11.7–2.0 6,430 4.2 4.0–4.4 11,334
4 0.9 0.9–1.0 4,017 0.6 0.5–0.06 2,036 2.5 2.4–2.6 6,543
5 0.3 0.2–0.3 684 0.2 0.2–0.2 534 0.8 0.7–0.9 2,852
6 – – – – – – 0.3 0.2–0.3 684
AIC 256,952.4 256,356.7 256,955.5

Patients within the Milan criteria treated curatively (n = 18,886)
0 NA NA–NA 2,178 NA NA–NA 4,818 NA NA–NA 2,178
1 NA 8–NA 8,465 NA 7.8–NA 10,637 NA NA–NA 6,568
2 6.1 5.8–6.5 6,958 5.3 4.9–5.8 2,959 7.1 6.5–NA 5,568
3 4.7 4.4–5.6 1,223 3.8 3.3–4.5 453 5.2 5.0–5.7 3,707
4 3.3 2.2–NA 62 NA 1.2–NA 19 4.2 3.7–4.6 803
5 – – – – – – 3.3 2.2–NA 62
AIC 57,365.5 57,416.3 57,133.3

ALBI-T, albumin-bilirubin grading and TNM staging; JIS, Japan Integrated Staging; mALBI-T, modified 
ALBI-T; MST, median survival time; NA, not available; AIC, Akaike information criterion.
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score became larger ( Fig. 1 a). In each TNM stage, a good ability to stratify prognosis according 
to the newly established subgroups for ALBI grade (mALBI grades 1, 2a, 2b, and 3) was 
observed, and there was a statistically significant difference between each mALBI grade in all 
stages for prognosis ( p  < 0.01, Holm’s method) ( Fig. 3 b). When an analysis was performed 
with mALBI grade in the same manner as with ALBI-T and JIS, patient prognosis could be 
stratified with the additional grades provided by mALBI-T ( Fig. 4 ). In addition to a greater 
number of scores for stratification, use of mALBI-T also resulted in a better MST for each 
score as compared to the corresponding scores for ALBI-T and JIS in the total group ( Table 2 ).

  For the 31,011 patients in the ICG group, the AIC value for ALBI-T was similar to that for 
JIS and m-JIS (157,696.4, 157,591.4, and 157,630.9, respectively), while that for mALBI-T was 
157,668.7. mALBI-T showed a better MST for each score as compared to the corresponding 
scores for ALBI-T, JIS, and m-JIS in the ICG group ( Table 3 ). In the ICG group, those for ALBI-T, 
JIS, m-JIS, and mALBI-T for the HCC patients within the Milan criteria ( n  = 17,188) were 
60,213.2, 60,258.3, 60,279.7, and 59,971.2, respectively (data not shown), while those for the 
patients treated curatively ( n  = 21,156) were 83,595.4, 83,637.2, 83,611.8, and 83,500.6, 
respectively (data not shown), and those for the patients within the Milan criteria and treated 
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  Fig. 3.   a  A good relationship ( r  = 0.563; 95% CI: 0.550–0.570;  p  < 0.0001) was observed between indocyanine 
green retention test (ICG-r15) and albumin-bilirubin (ALBI) score results. The cutoff value for ALBI score for 
the ICG-r15 (<30%) was –2.270 (AUC 0.828; 95% CI: 0.823–0.833).  b  For each Liver Cancer Study Group of 
Japan (LCSGJ) TNM stage, good stratification for prognosis of patients with each modified ALBI (mALBI) 
grade was shown. There were significant differences between each mALBI grade for each LCSGJ TNM stage, 
as shown by multiple comparisons with Holm’s method ( p  < 0.01). 
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curatively ( n  = 13,404) were 41,054.6, 41,107.9, 41,094.1, and 40,887.7, respectively ( Table 3 ). 
For the 18,886 patients within the Milan criteria treated curatively in the total group, those 
for ALBI-T, JIS, and mALBI-T were 57,365.5, 57,416.3, and 57,133.3, respectively ( Table 2 ).

  Discussion 

 For treatment of HCC patients, use of a total staging system which integrates both liver 
function stage and tumor burden stage has become important for accurate prediction of prog-
nosis, as it provides good information for decision-making regarding therapy. Various staging 
systems have been reported, such as those investigated in the Okuda  [24] , CLIP  [8] , Tokyo  [25] , 
BALAD  [26] , and BALAD2  [27, 28]  studies. Kudo proposed JIS as a useful prognostic staging 
system, and showed its consistency with Child-Pugh classification and the TNM staging of the 
LCSGJ  [5, 9] . However, there are some issues, including the fact that the Child-Pugh classifi-
cation has subjective (ascites, hepatic coma) and confounding factors (albumin, ascites) and 
was not constructed in a statistical manner. Moreover, albumin, total bilirubin, and prothrombin 
time are treated as semiquantitative factors in that classification. On the other hand, ALBI-T, 
which consists of ALBI grading and TNM staging, has been proposed as a new total staging 
system for HCC  [12] , and validation studies have already been reported  [29, 30] .

  In the present cohort, ALBI-T showed an almost similar AIC to that of JIS for the total 
group, as well as for those within the Milan criteria and treated curatively. However, the MST 
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  Fig. 4.   a  Scores for each factor (modified albumin-bilirubin [mALBI] grades 1, 2a, 2b, and 3 = scores 0, 1, 2, 
and 3; Liver Cancer Study Group of Japan TNM stages I, II, III, and IV = scores 0, 1, 2, and 3), mALBI grade, and 
TNM stage. Those were summed to calculate the mALBI-T score (scores 0–6).  b  Kaplan-Meier curves for 
mALBI-T showing good stratification for prognosis, as shown by each mALBI-T score in the total group ( n  = 
46,681). 
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for each ALBI-T score was superior to that for the corresponding JIS score. Although ALBI 
grade is calculated with only those 2 factors, ALBI-T compared favorably with not only JIS but 
also m-JIS in the ICG group. In addition, several patients in the present cohort were excluded 
due to a lack of data for Child-Pugh class (e.g., ascites, hepatic coma) or liver damage grade 
(ICG-r15). Thus, the simply calculated ALBI grade is thought to be useful for retrospective 
analysis as well as for predicting prognosis, especially for patients scheduled to undergo 
curative treatment such as resection or ablative therapy.

  In Japan, HCC is often diagnosed at an earlier stage than in Western countries. Kudo et al. 
 [31]  recently reported that the number of cases of small-sized HCC has increased because 
recognition of the importance of surveillance for high-risk patients with chronic liver diseases 
has varied widely in Japan. Nevertheless, the prognosis for Japanese patients with HCC has 
improved  [31] . Minagawa et al.  [6]  reported that LCSGJ TNM staging was more appropriate 
for early-stage HCC cases, while JIS has been proposed as a better total staging system than 
CLIP scoring  [5, 9, 32] . On the other hand, the recent trend for HCC etiology in Japan has 
rapidly changed  [33, 34] . The main etiology of HCC in Japanese patients has been reported to 
be HCV infection  [33, 35] . Development of direct-acting antiviral drug therapy for HCV  [36, 
37]  has led to an extremely high rate of HCV elimination, allowing for maintenance of hepatic 
function without progression of hepatic fibrosis after sustained virologic response (SVR). 
However, treatment of HCC after SVR with direct-acting antiviral drug therapy remains 
controversial, because the incidence of HCC after SVR in a group of interferon-free patients 
was reported to be >2-fold higher than that in an interferon-based therapy group (7.29 vs. 
3.09% and 6.23 vs. 3.01%)  [38] . In addition, the number of nonBnonC HCC cases has been 
increasing  [33, 34]  in association with the aging of society.

 Table 3. Comparison of MST between ALBI-T, JIS, m-JIS, and mALBI-T (n = 31,011; ICG group) and those within the Milan criteria 
treated curatively (n = 13,404) among hepatocellular carcinoma patients in whom the ICG-r15 was examined

Score ALBI-T JIS m-JIS mALBI-T

MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n

Patients in whom the ICG-r15 was examined (n = 31,011)
0 NA NA–NA 1,615 NA NA–NA 3,584 NA NA–NA 2,208 NA NA–NA 1,615
1 NA NA–NA 8,962 8.0 7.4–NA 13,206 7.8 7.3–NA 14,387 NA NA–NA 7,532
2 5.6 5.4–5.8 11,520 4.5 4.4–4.7 9,412 4.8 4.6–5.0 7,152 6.2 6.0–6.5 8,685
3 3.5 3.3–3.6 6,677 2.0 1.9–2.2 3,842 3.2 3.0–3.4 5,302 4.4 4.2–4.5 7,574
4 1.1 1.0–1.2 2,042 0.7 0.6–0.8 872 1.1 1.0–1.2 1,734 2.7 2.5–2.9 4,073
5 0.5 0.4–0.7 195 0.4 0.2–0.7 95 0.4 0.3–0.5 228 1.0 0.9–1.1 1,337
6 – – – – – – – – – 0.5 0.4–0.7 195
AIC 157,696.4 157,591.4 157,630.9 157,668.7

Patients within the Milan criteria treated curatively in whom the ICG-r15 was examined (n = 13,404)
0 NA NA–NA 1,390 NA NA–NA 3,034 NA NA–NA 1,916 NA NA–NA 1,390
1 NA NA–NA 6,041 NA NA–NA 8,041 NA NA–NA 9,025 NA NA–NA 4,946
2 6.2 5.9–6.8 5,118 5.2 4.9–5.8 2,049 5.5 4.9–5.8 1,868 7.3 6.7–NA 3,931
3 4.7 4.4–5.2 819 3.5 2.8–4.2 274 4.6 4.2–5.2 541 5.2 4.9–5.6 2,591
4 2.6 1.9–4.0 36 2.5 1.2–NA 6 2.5 1.9–4.5 54 4.2 3.5–4.6 510
5 – – – – – – – – – 2.6 1.9–4.0 36
AIC 41,054.6 41,107.9 41,094.1 40,887.7

ICG-r15, indocyanine green retention test; ALBI-T, albumin-bilirubin grading and TNM staging; JIS, Japan Integrated Staging; 
m-JIS, modified JIS; mALBI-T, modified ALBI-T; MST, median survival time; NA, not available; AIC, Akaike information criterion.
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  Based on these dynamic changes, it is expected that the frequency of HCC among Japanese 
patients with better hepatic function will increase. In addition, because of the progress in 
techniques used for imaging, and therapeutic assistant modalities for the diagnosis and 
treatment of HCC (virtual ultrasonography  [39] , artificial effusion  [40] , contrast-enhanced 
ultrasonography  [41, 42] , and Gd-EOB-DTPA-enhanced MRI  [43, 44] ), the frequencies of 
resection and ablative therapies including radiofrequency ablation will increase; thus, a more 
suitable hepatic function assessment tool for the recent trend in Japanese HCC is needed. In 
addition to the usefulness of ALBI-T for Japanese patients, that of modified CLIP scoring  [45] , 
modified BCLC (Barcelona Clinic Liver Cancer) staging  [46] , and BCLC-B substaging using 
ALBI grading instead of the Child-Pugh classification/scoring system  [47]  has recently been 
reported. Thus, the simply calculated ALBI grade can play an important role in the assessment 
of hepatic function not only in the recent trend of Japanese HCC but also worldwide.

  A previous report noted that liver damage grading is now recognized to be superior as a 
hepatic functional assessment tool, and that the prognosis prediction value of m-JIS is better 
than that of JIS  [10] . Although the prognostic stratification ability (MST of each score) of m-JIS 
is thought to be superior to that of JIS, the AIC value was similar to that of JIS and ALBI-T. Liver 
damage grading is used for the assessment of hepatic function in the Evidence-Based Clinical 
Practice Guidelines for HCC of the JSH  [2, 3] , though data for the ICG-r15 are frequently lacking 
because ICG injection is required. In fact, the ICG-r15 was examined in only 66.4% of the patients 
of the total group. ALBI-T may have a noninferior predictive value, not only as compared to that 
of JIS but also to that of m-JIS even in patients who undergo ICG testing, while ALBI-T might 
show a better MST value than JIS and m-JIS. Moreover, the advantages of the ALBI grade are that 
it is calculated using only 2 common factors (albumin and total bilirubin) and determined based 
on serial ALBI scores as compared with other methods. In our previous study, there was a good 
correlation between ICG-r15 rate and ALBI score ( r  = 0.616;  p  < 0.001), and the cutoff value for 
ALBI score for the ICG-r15 (<30%) was –2.222 (AUC 0.843; sensitivity 0.823; specificity 0.708; 
95% CI: 0.827–0.859)  [48] . In the present analysis, a similar correlation between ALBI score 
and ICG-r15 rate was noted, as well as for the cutoff value for ALBI score (–2.270; AUC 0.828) 
for the ICG-r15 (<30%), which is a cutoff indicator for subsegmental cases in the Makuuchi 
criteria  [22, 23] . Because subsegmentectomy has been thought to be the minimal anatomical 
surgical resection for HCC, we used the ICG-r15 (<30%) for the cutoff indicator of subgrading 
for ALBI grade 2. Thus, we consider that a division into 4 ALBI grades can be conducted by 
making 2 subgrades for ALBI grade 2 (2a and 2b) based on the cutoff value (ALBI score –2.270) 
(mALBI grade). For each TNM stage, a good prognostic stratification ability according to mALBI 
grade was observed. As a result, mALBI-T showed a more detailed stratification among all of 
our HCC patients, as well as the best value for the AIC among the 4 tested scoring systems for 
early-stage HCC (Milan criteria) among patients treated curatively. mALBI and mALBI-T might 
provide more important information for decision-making regarding therapy.

  In conclusion, we evaluated the prognostic significance of ALBI grading/ALBI-T for 
patients with HCC in Japan using data from a nationwide follow-up survey, and confirmed that 
they were applicable as well as the Child-Pugh classification/JIS and liver damage grading/
m-JIS. Moreover, ALBI scoring might have potential for a division into additional grades for a 
more detailed assessment of hepatic function and prognosis, such as the present proposed 
mALBI grading and mALBI-T. Prospective examinations are needed for confirmation.
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