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Background: The albumin-bilirubin (ALBI) grade has been validated as a significant prognostic predictor for hepato-
cellular carcinoma (HCC). However, there is little information about the ALBI grade in patients with non-B non-C HCC

Aim: This study aimed to evaluate the prognostic significance of the ALBI grade in patients with NBNC-HCC after

Method: From January 2010 to April 2016, 2137 patients with HCC who received hepatectomy were screened for
study eligibility. Finally, a total of 168 NBNC-HCC patients who received primary curative resection were analyzed.
The impacts of the ALBI grade on disease-free survival (DFS) and overall survival (OS) were analyzed by multivariate

Results: There were 66 (39.3%), 98 (58.3%), and 4 (2.4%) patients with an ALBI grade of |, II, and Ill, respectively.
Patients with an ALBI grade II/Ill were older (p=0.002), more likely to have hypoalbuminemia (p <0.001), and more
commonly had Child-Pugh class B (p =0.009) than patients with an ALBI grade I. After a median follow-up of

76 months, 74 (44%) patients experienced recurrence, and 72 (42.9%) patients died. Multivariate analysis revealed
that alpha-fetoprotein (AFP)>200 ng/mL (p=0.021), number of tumors (p=0.001), and tumor stage (p =0.007) were
independent prognostic factors for DFS. Additionally, AFP>200 ng/mL (p =0.002), ALBI grade II/lll (p=0.002), and
tumor stage (p<0.001) were independent risk factors for poor OS.

Conclusion: The preoperative ALBI grade can be used to predict mortality in patients with NBNC-HCC after primary
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Introduction
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer worldwide and the second most frequent

*Correspondence: tony0779@gmail.com

! Division of Hepato-Gastroenterology, Department of Internal Medicine,
Kaohsiung Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, 123 Ta Pei Road, Kaohsiung 83301, Taiwan

Full list of author information is available at the end of the article

B BMC

cause of cancer-related death [1, 2]. Hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection are the
main causes of HCC [3]. In Taiwan, the major cause of
HCC is HBV infection, followed by HCV infection,
which is similar to what has been observed in many
other Asian countries [4—6]. With the introduction of a
universal HBV vaccination program for newborns and
infants, development of antiviral therapy for HBV and
HCV infection, and changes in lifestyle, the incidence of
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virus-related HCC has decreased over the last decade.
However, the number of HCC patients with neither HBV
nor HCV infection, also known as non-B, non-C HCC
(NBNC-HCC), has been increasing annually and cur-
rently accounts for 11% of all HCC cases in Taiwan [7].
This has also been observed in South Korea and Japan
[8, 9], which are HCV-endemic countries. Therefore,
NBNC-HCC is becoming a significant subgroup of HCC
in areas of East Asia, despite this area being endemic for
chronic hepatitis B (CHB) and CHC and having a high
incidence of viral-related HCC.

The clinicopathologic characteristics and prognosis
are quite different from HCC caused by viral hepatitis
and non-viral hepatitis (NBNC-HCC) [10, 11]. Based
on the study by Xue et al. [10], HBV and HCV related-
HCC has a higher proportion of vascular invasion, and
patients with HBV-HCC were significantly younger than
NBNC-HCC. Besides, the prognosis of HBV-HCC was
also worse than that of NBNC-HCC. According to a Japa-
nese national registry data from the study by Utsunomiya
et al. [11], liver function in the HCV-HCC group was sig-
nificantly worse than that in the HBV- and NBNC-HCC
groups. Multivariate analysis revealed a significantly bet-
ter RES in the NBNC-HCC group. They concluded that
patients with NBNC HCC had a significantly lower risk
of tumor recurrence than those with HBV and HCV
derived HCC. Although some studies have compared
NBNC-HCC patients with virus-related HCC patients
with inconsistent results, possibly due to differences
in demographic and tumor factors, and the number of
patients in the cohort may be insufficient.

Curative resection is the most effective treatment for
HCC; it can contribute to survival benefit for patients
with early-stage disease when liver transplantation is
not immediately accessible [12]. However, hepatic func-
tional reserve is critical due to cirrhosis progression [13].
Child—Pugh grade is the most widely used assessment
method for hepatic functional reserve. The Child—Pugh
grade takes into account albumin, PT/INR, ascites, and
hepatic encephalopathy, but some of these factors are
highly subjective, such as the severity of ascites and
degree of hepatic encephalopathy, which may affect
assessment ability [14, 15]. Many recent studies have
demonstrated the utility of the albumin—bilirubin (ALBI)
grade, which was first described in 2015 by Johnson et al.
[16], for evaluating hepatic function and predicting the
prognosis of patients with HCC following liver resec-
tion [17-20]. However, most studies enrolled patients
with viral-related HCC, and there was little information
regarding the impact of the ALBI grade in patients with
NBNC-HCC after curative resection. Because the prev-
alence of nonviral HCC is increasing in Taiwan, it is a
good time to evaluate the effect of the preoperative ALBI
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grade in predicting the outcome of patients with NBNC-
HCC after primary curative hepatectomy. This study
aimed to evaluate the prognostic relevance of the ALBI
grade in patients with NBNC-HCC after primary cura-
tive resection.

Patients and methods

Ethics statement

This study complies with the standards of the Decla-
ration of Helsinki and current ethical guidelines, and
approval was obtained from the Ethics Committee of
Chang Gung Memorial Hospital (IRB approval number:
201901103B0). The requirement for informed consent for
this study was waived by the Institutional Review Board,
and all the data were analyzed anonymously.

Patients and methods
We reviewed a total of 2137 HCC patients who received
surgical resection between January 2001 and April 2016
at the Kaohsiung Chang Gung Memorial Hospital.
This hospital is a tertiary referral center that covers the
southern part of Taiwan. The exclusion criteria were as
follows: (a) serum hepatitis B surface antigen (HBsAg)
positivity; (b) serum antibody hepatitis C (anti-HCV)
positivity; (c) both serum HBsAg and anti-HCV positiv-
ity; (d) prior HCC treatment before surgical resection; (e)
liver transplantation; (f) Barcelona Clinic Liver Cancer
(BCLC) stage C; and (g) multiple HCCs in BCLC stage B.
Finally, we enrolled 168 patients in this study (Fig. 1). The
HCC diagnosis was based on the criteria of the Ameri-
can Association for the Study of Liver Disease (AASLD)
and the European Association for the Study of the Liver
(EASL) [21, 22] or confirmed by the histology results if
they were available.

Information on patient demographics, serum biochem-
istry, and tumor burden was obtained through review
of the medical records, and the diagnosis of cirrhosis

HCC resection between Jan. 2001 and Jun. 2016 at KCGMH
(n=2137)

Exclude:

1.CHB (n=1134); CHC (n=543); B+C (n=97)

2.Prior HCC treatment before resection (n=76)
3.Post liver transplantation (n=20)

4.BCLC stage B* or C (n=99)

NBNC-HCC patients received curative resection
(n=168)

* Exclude multiple HCCs in BCLC stage B
KCGMH, Kaohsiung Chang Gung Memorial Hospital; CHB, chronic hepatitis B; CHC, chronic hepatitis C;
B+C, chronic hepatitis 8 and C; NBNC, non-8 non-C

Fig. 1 Schematic flowchart of the enrolment process
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was documented by the resected non-tumor patho-
logic report. Blood tests were performed within 1 week
before resection. The ALBI score was calculated from the
formula: ALBI score=(log,;, bilirubin x 0.66)+ (albu-
min x —0.085), where the units of bilirubin and albumin
were pumol/L and g/L, respectively. Patients were then
stratified into three grades based on the ALBI score, as
reported previously [16]: grade I, score < —2.60; grade
II, score —2.60 to < —1.39; and grade III, score> —1.39.
Disease-free survival (DFS) was defined as the period
from tumor removal by resection until the detection of
recurrence. Overall survival (OS) was defined as the
period from tumor removal by resection to death, last
contact, or December 31, 2018.

Statistical analysis

Statistical analyses were performed using SPSS 23.0 sta-
tistical package (SPSS, Inc., Chicago, IL, USA). We used
the chi-square test and Fisher’s exact test for categorical
variables. The t-test or Mann—Whitney U test were used
for continuous variables. The relationships of DFS and
OS with the ALBI grade were analyzed using Kaplan—
Meier survival curves and the log-rank test, and p<0.05
was considered statistically significant. Factors that
were significant in the univariate analysis (p <0.05) were
included in a multivariate analysis by using a Cox for-
ward stepwise variable selection process of the estimated
OS and DFS.

Results

Characteristics of the study population

Patient characteristics are shown in Table 1. There were
131 (78%) men and 37 (22%) women, with a mean age
of 66 years at enrollment. 58 patients (34.5%) had diabe-
tes mellitus (DM). The etiologies for NBNC-HCC were
alcohol (19%), nonalcoholic fatty liver disease (NAFLD)
(29.2%), followed by autoimmune hepatitis (AIH)
(8.3%). The greater majority of patients (43.5%) has an
unclassified etiology. Liver cirrhosis was observed in 38
patients (22.6%), and high preoperative alpha-fetoprotein
(AFP) levels (>200 ng/mL) were observed in 25 (15.3%)
patients. The mean tumor size was 5.3+3.7 cm, and
four patients had multiple tumors. 66, 98, and 4 patients
had ALBI grade I, I, and III, respectively. Because of the
small number of patients in the ALBI grade III group,
we combined patients with ALBI grades II and III for
further analysis. Compared to patients with ALBI grade
I, patients with ALBI grades II and III were signifi-
cantly older (p=0.002), had lower serum albumin levels
(p<0.001), and had a higher percentage of patients with
Child-Pugh grade B (p=0.009). There were no differ-
ences in the serum bilirubin level or tumor characteris-
tics between the two groups.
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Survival analysis

After a median follow-up of 76 months, 74 patients
(44%) developed recurrence, and 72 (42.9%) died. The 1-,
3-, and 5-year DFS rates were 80.4%, 66.3%, and 56.8%,
respectively (Fig. 2A). There was no significant difference
in the DFS between the ALBI grade I and ALBI grade II/
III groups (p=0.831, Fig. 2B). The 1-, 3-, and 5-year OS
rates were 93.4%, 79.2%, and 72.0%, respectively (Fig. 2C).
The ALBI grade I group had better OS than the ALBI
grades II/III group (p=0.001) (Fig. 2D). We further strat-
ified by cirrhotic status (Fig. 3). NBNC-HCC patients
with no cirrhosis and ALBI grade I had better OS than
those with ALBI grades II/III (»=0.006) (Fig. 3A). How-
ever, there was no significant difference in OS based on
the ALBI grade among patients with cirrhosis (Fig. 3B).

Independent factors for DFS and OS of NBNC-HCC patients
after curative resection

Based on the multivariate Cox proportion hazards
model, AFP >200 ng/mL (hazard ratio [HR], 2.070, 95%
CI 1.114-3.848, p=0.021), number of tumors (HR,
10.770, 95% CI 2.513-46.153, p=0.001) and pTNM stage
(HR, 1.962, 95% CI 1.199-3.210, p=0.007) were inde-
pendent risk factors for HCC recurrence (Table 2). In
OS analysis, the multivariate Cox proportional hazards
model revealed that AFP>200 ng/mL (HR, 2.729, 95%
CI 1.452-5.130, p=0.002), ALBI grade II/III (HR, 2.432,
95% CI 1.392-4.250, p=0.002), and pTNM stage (HR,
4.902, 95% CI 2.036-11.803, p <0.001) were independent
risk factors for OS (Table 3). Child—Pugh grade was not
an independent risk factor for OS after adjusting other
factors in the multivariate analysis.

Discussion

To the best of our knowledge, this is the first study to
identify the preoperative ALBI grade as a useful prognos-
tic marker of NBNC-HCC after curative resection. The
OS rate at 5 years after curative resection in the ALBI
grade I group was 87.2%, whereas it was only 62.4% in the
ALBI grade II/III group. In the era of preventable strate-
gies for HBV infection and curative treatments for HCV
infection, the outcomes of NBNC-HCC deserve more
attention. This study was a large-scale cohort study and
demonstrated that a higher preoperative ALBI grade
correlated with poor OS, but not with HCC recurrence,
among NBNC-HCC patients after resection.

The Child-Pugh grading system is traditionally used
for liver function assessment in patients with liver dis-
ease. It was created in the early 1970s as a method for
prognostication of chronic liver disease [23]. Many HCC
staging systems, such as the BCLC staging system, Can-
cer of the Liver Italian Program, and Japan integrated
staging system, also integrate the Child—Pugh grade.
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Table 1 Comparison of clinical and pathological characteristics between patients with pre-operative ALBI grades I and I
Total (n=168) ALBI grade | (n=66) ALBI grade II/lll p value
(n=102)*
Age (years; mean £ SD) 652+122 589+118 648+12 0.002
Male, n (%) 131 (78%) 56 (84.8%) 75 (73.5%) 0.084
Diabetes mellitus, n (%) 58 (34.5%) 22 (33.3%) 36 (35.3%) 0.794
Hypertension, n (%) 90 (58.1%) 37 (60.7%) 53 (56.4%) 0.598
Etiology 0.066
Alcohol®, n (%) 32 (19.0%) 16 (24.2%) 16 (15.7%)
NAFLD, n (%) 49 (29.2%) 24 (36.4%) 25 (24.5%)
AlH, n (%) 14 (8.3%) 3(4.5%) 11 (10.8%)
Unclassified, n (%) 73 (43.5%) 23 (34.8%) 50 (49.0%)
Current alcohol intake®, n (%) 32 (24.2%) 16 (32.7%) 16 (19.3%) 0.083
AST (U/L; mean £ SD) 416744 3474193 46.1 +94.1 0.333
ALT (U/L; mean £ SD) 441 £1094 3954233 47241393 0.658
Total bilirubin (mg/dL; mean £ SD) 08+03 08=£03 08+04 0.132
Albumin (g/dL; mean=+SD) 37+06 42403 34404 <0.001
Platelet (< 150,000 u/L), n (%) 38 (22.9%) 14 (21.5%) 24 (23.8%) 0.739
AFP (>200 ng/mL), n (%) 25 (15.3%) 11 (16.9%) 14 (14.3%) 0.647
Liver cirrhosis, n (%) 38 (22.6%) 13 (19.7%) 25 (24.5%) 0.466
Tumor size (cm; mean +SD) 53437 45+29 59441 0.09
Tumor number (single:multiple) 164:4 65:1 99:3 0.554
Child-Pugh grade (A:B) 158:10 66:0 92:10 0.009
BCLC stage (0:A:B) 17:87:64 10:35:21 7:52:43 0.144
Pathological features
Fat content (%) in nontumor tissue, n (%)** 0.064
>30% 24 (17.5%) 15 (26.3%) 9(11.3%)
5-30% 37 (27.0%) 15 (26.3%) 22 (27.5%)
<5% 76 (55.5%) 27 (47 4%) 49 (61.3%)
Microvascular invasion, n (%) 55 (35%) 19 (29.7%) 36 (38.7%) 0.224
pTNM stage (l1:11T) 101:58:8 41:23:1 60:3 5:7 0.289
Histological grade (well:moderate:poor) 31:125:11 14:50:2 17:75:9 0.365

NAFLD nonalcoholic fatty liver disease, AIH autoimmune hepatitis, AST Aspartate aminotransferase, ALT Alanine aminotransferase, AFP a-fetoprotein, BCLC Barcelona
Clinic Liver Cancer, ALBI albumin-bilirubin, pTNM pathological tumor-node-metastasis

*4 cases are ALBI grade Ill
$ >80 g ethanol per day
**137 cases had available data

However, ascites and hepatic encephalopathy, two of
the five parameters in the Child—Pugh scoring evalu-
ation, are dependent on physical examination and can
be modified by medication. Recently, the ALBI score
has been established for evaluating hepatic functional
reserve. Multiple studies have proven the correlation of
the ALBI score and prognosis after hepatectomy, radi-
ofrequency ablation (RFA), transarterial chemoemboliza-
tion (TACE), radiotherapy, and systemic therapy [24]. In
contrast to the Child—Pugh grade, the ALBI grade uses
only two objective serological markers, albumin and bili-
rubin, and subjective factors such as ascites and encepha-
lopathy are not included. A growing number of clinical

investigations suggested that the ALBI grade can more
accurately predict the incidence of postoperative liver
failure and OS than the Child—Pugh grade. In the pre-
sent study, we also compared the areas under the curve
(AUCs) for the Child—Pugh score and ALBI grade in
predicting postoperative survival, and the result showed
that the ALBI grade had a higher AUC than the Child-
Pugh score (0.641 vs. 0.494) (Additional file 1: Figure S1).
This result might be because that patients in the same
Child-Pugh classification could be separated into dif-
ferent ALBI grade and have survival difference with the
wide range of hepatic reserve within a single Child—Pugh
classification. Furthermore, the evaluation of ascites
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and encephalopathy is highly subjective and may greatly
reduce the accuracy of the assessment. In the present
study, the majority (94%) of patients were classified into
Child-Pugh class A. In contrast, patients with Child—
Pugh class A could further divided 66 (41.8%) into ALBI
grade I and 92 (58.2%) into ALBI grade II, which were
significant different in OS (p=0.001).

Although HBV and HCV are still the leading causes of
HCC, the incidence of NBNC-HCC has been increasing
in Taiwan [21]; consequently, the rates of resected NBNC-
HCC also increased in our cohort over time. The recruit-
ment also increased over time, with 13% of patients being
recruited in 2001-2005, 29% in 2006—2010, and 58% in
2011-2016. Our data imply that NBNC-HCC should not
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Table 2 Univariate and multivariate analysis of prognostics factors for recurrence in NBNC-HCC patients after curative resection

Variable Comparison Univariate Multivariate
HR (95%Cl) p value HR (95%Cl) p value

Age (years) >60vs =60 1.316 (0.815-2.125) 0216

Sex Male vs. Female 1.220 (0.698-2.131) 0.485

DM history Yes vs. no 1.286 (0.800-2.068) 0.299

Hypertension Yes vs. no 1.184 (0.694-2.020) 0.536

Alcoholic history Yes vs. no 1.353(0.748-2.446) 0318

AFP (ng/ml) >200 vs. =200 2.065 (1.149-3.710) 0.015 2.070(1.114-3.848) 0.021
Platelet (10%/L) <150 vs.>150 1.264 (0.754-2.119) 0375

Albumin (g/dL) <3vs.>3 1.358 (0.833-2.215) 0.220

Liver cirrhosis Yes vs. no 0.950 (0.552-1.635) 0.853

Child-Pugh grade Bvs. A 1.216 (0.682-2.168) 0.508

ALBI grade /1 vs. | 1.052 (0.662-1.671) 0.831

Tumor size (cm) >5vs. 25 1.024 (0.634-1.653) 0.923

Tumor no Multiple vs. single 2.847 (0.892-9.084) 0.077 10.770 (2.513-46.153) 0.001
BCLC stage Bvs. 0/A 1.004 (0.625-1.615) 0.985

Liver fat content (%) >30vs. 230 1472 (0.811-2.673) 0.204

Microvascular invasion Yes vs. no 0.798 (0.479-1.329) 0.386

pTNM stages H4111vs. | 2.084 (1.302-3.336) 0.002 1.962 (1.199-3.210) 0.007
Histology stages Poor vs. well/moderate 1.699 (0.682-4.232) 0.255

DM diabetes mellitus, AST aspartate aminotransferase, ALBI albumin-bilirubin, BCLC Barcelona Clinic Liver Cancer, pTNM pathological tumor-node-metastasis

Table 3 Univariate and multivariate analysis of prognostics factors for overall survival in NBNC-HCC patients after curative resection

Variable Comparison Univariate Multivariate
HR (95%Cl) p value HR (95%Cl) p value
Age (years) >60vs £ 60 1.971 (1.161-3.348) 0.012
Sex Male vs. Female 0.996 (0.569-1.641) 0.899
DM Yes vs. no 1.439(0.894-2.315) 0.134
Hypertension Yes vs. no 1.099 (0.655-1.842) 0.721
Alcoholic history Yes vs. no 1452 (0.785-2.687) 0.235
AFP (ng/mL) >200 vs. £ 200 2.303 (1.248-4.251) 0.008 2.729 (1.452-5.130) 0.002
Platelet (10%/L) <150vs.>150 1.031 (0.596-1.785) 0912
Albumin(g/dL) <3vs.>3 2369 (1.338-4.193) 0.003
Liver cirrhosis Yes vs. no 1.537(0.919-2.568) 0.101
Child-Pugh grade Bvs. A 1.545 (0.621-3.888) 0.346
ALBI grade I/ vs. | 3.395 (1.420-4.038) 0.001 2432 (1.392-4.250) 0.002
Tumor size (cm) >5vs. 25 1481 (0.924-2.375) 0.103
Tumor no Multiple vs. Single 2.029 (0.636-6.475) 0.232
BCLC stage Bvs. 0/A 1.456 (0.910-2.329) 0.117
Liver fat content (%) >30vs. 230 0.802 (0.376-1.711) 0.569
Microvascular invasion Yes vs. no 0.667 (0.389-1.145) 0.142
pTNM stages vs. 141l 5.669 (2.543-12.640) <0.001 4.902 (2.036-11.803) <0.001
Histology stages Poor vs. well/moderate 2.085 (0.832-5.230) 0.117

DM diabetes mellitus, AST aspartate aminotransferase, ALBI albumin-bilirubin, BCLC Barcelona Clinic Liver Cancer, pTNM pathological tumor-node-metastasis

be overlooked, although the present study did not have a Patients with NBNC-HCC in this study had a higher
control arm for patients with viral hepatitis. proportion of DM than cohorts in our previous studies
[19, 25]. This result was similar to that in a large cohort
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study in Taiwan, which enrolled 3843 patients with HCC
from The Taiwan Liver Cancer Network [7]. Huang et al.
investigated 411 patients with NBNC-HCC, 420 matched
patients with HBV-HCC, and 420 matched patients with
HCV-HCC, and the highest prevalence (33%) of DM
was found in the NBNC-HCC cohort. In addition, the
degrees of fatty change in the liver tissue in our cohort
were similar to those in Huang’s study, and fatty liver was
significantly more common in patients with NBNC-HCC
than in patients with HBV-HCC or HCV-HCC. Our
results confirmed that metabolic risk factors were associ-
ated with patients with NBNC-HCC.

In addition to the ALBI grade, we also found that
serum AFP, number of tumors, and pTNM stage were
independent risk factors for HCC recurrence. Further-
more, age, AFP, multiple tumors, and pTNM stage were
risk factors for OS. These results were similar to those
of previous studies [19, 26, 27] but not identical, which
may be because of differences in the HCC population. In
the present study, we focused on NBNC-HCC patients
after curative resection, whereas previous studies focused
on HCC related to HBV, HCV, or both. The underlying
mechanism of HCC from non-viral hepatitis may be dif-
ferent from that of HCC from viral hepatitis. However,
we believe that the preoperative ALBI grade is a useful
marker for predicting the outcomes of HCC patients
after curative resection, regardless of whether patients
have HBV-, HCV-, or NBNC-related HCC.

We did not have data regarding occult hepatitis B
infection (OBI). Several epidemiological and molecu-
lar studies have reported that OBI plays an important
role in the progression of cirrhosis and the development
of HCC. OBI is defined as the presence of replication-
competent HBV DNA in the liver and/or HBV DNA in
the blood in an individual with serum HBsAg negativ-
ity assessed by currently available assays [28]. OBI is the
combined result of host immune control and different
genomic expressions of the virus. It leads to a virologi-
cal quiescent state; hence, the vast majority of OBI cases
have low levels of HBV DNA [29]. The prevalence of OBI
varies regionally worldwide and across patient popula-
tions, and higher rates have been reported in Asia than
elsewhere [30]. In Taiwan, the prevalences are 0.11% in
blood donors [31] and 10.9% in HBV-vaccinated chil-
dren [32], and in patients with HBsAg-negative HCC,
the prevalence of OBI may be higher. A meta-analysis
showed an increased risk of HCC in patients with OBI in
both retrospective (OR 6.06) and prospective studies (OR
2.86) [33]. Although most patients in our study did not
have serum HBV DNA data to evaluate OBI, the result of
the ALBI grade predicting the outcomes of NBNC-HCC
after resection was unchanged.
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In the present study, 74 patients developed recurrence.
To treat that recurrence, 5 patients received hepatec-
tomy, 25 received RFA, 34 underwent TACE, 2 received
percutaneous ethanol injection, 4 received systemic
treatment (targeted therapy or palliative chemotherapy),
and 4 chose hospice care. In terms of OS, patients who
received resection or RFA had better outcomes than
patients who received TACE, followed by those who
received systemic treatment or hospice care. Treatment
of recurrence is based on age, performance status, tumor
size, tumor number, lymph node involvement, and liver
function reserve at recurrence. Therefore, regular follow-
up and earlier detection of recurrence to ensure patients
have preserved liver function can improve treatment and
outcomes.

Some recent studies have demonstrated that postop-
erative markers, including the ALBI and platelet—albu-
min-bilirubin score, can predict the outcomes of HCC
after resection [19, 34, 35]. This is because the postopera-
tive ALBI grade can reflect the remnant liver, whereas the
preoperative ALBI grade is affected by the tumor burden.
We also tried to collect postoperative data, including
albumin and bilirubin levels, to calculate the postopera-
tive ALBI grade and albumin-bilirubin change; however,
most data were missing or at different time points, mak-
ing analysis difficult. In the future, a prospective study is
needed to assess serial serum data, including platelets,
albumin, and bilirubin, in order to evaluate the best time
point of the ALBI grade to predict HCC outcomes.

We acknowledge the following limitations. First, this
study was a single-center retrospective study. We did not
collect data on intraoperative blood loss, amount of fluid
received, blood transfusion, and the volume of the rem-
nant liver, although a previous study showed that these
data were not statistically significant [36]. Second, this
was retrospective data from medical records and some
data were missing, such as the postoperative albumin and
bilirubin levels, which could have improved our outcome
prediction. Therefore, a prospective study is needed
for further assessment on the precise time to assess the
ALBI grade to best predict prognosis. Although all of
our patients were HBsAg-negative, we could not collect
data on hepatitis core antibodies (anti-HBc) to exclude
possible occult or past HBV infections. Occult hepatitis
viral infection should be considered because Taiwan is
an endemic area for HBV infection, and the prevalence
of anti-HBc may be high for those born before universal
vaccination was instituted. In the future, the complete
analysis, including the anti-HBc, hepatitis B surface anti-
body, and HBV DNA statuses, was noteworthy to clarify
the role of OBI in these special populations.
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Conclusions

In conclusion, the ALBI grade may predict OS in NBNC-
HCC patients after curative resection. Although there
was no significant difference in HCC recurrence based
on the ALBI grade, we still observed that patients with
ALBI grade II/III had poorer DFS than those with ALBI
grade 1. Hence, we believe that the ALBI grade is a prom-
ising noninvasive marker for predicting the outcomes of
NBNC-related HCC patients after curative resection.

Abbreviations

NBNC: Non-B non-C; HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic
Liver Cancer; OS: Overall survival; DFS: Disease-free survival; HR: Hazard ratio;
HBV: Hepatitis B virus; AFP: Alpha-fetoprotein; HBsAg: Hepatitis B surface anti-
gen; anti-HBc: Hepatitis B core antibodies; ALBI: Albumin-bilirubin; OBI: Occult
hepatitis B infection.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-021-01944-w.

Additional file 1: Figure S1. Comparisons of the areas under the curve
(AUC) between ALBI grade and Child-Pugh class for outcome predictions
in NBNC-HCC patients after operations.

Acknowledgements

This study was supported by Grants CMRPG8F0661 and CMRPG890161 from
Chang Gung Memorial Hospital, Taiwan. The authors would like to thank all of
the patients and their providers who participated in this study. We appreci-
ated the Biostatistics Center, Kaohsiung Chang Gung Memorial Hospital for
statistics work.

Authors’ contributions

Conception and design: Ming-Chao Tsai; Manuscript writing: Yu-Chieh Tsai;
Collection and assembly of data: Fai-Meng Sou, Yueh-Wei Liu, Yi-Ju Wu,
Chee-Chien Yong, Kuang-Den Chen, Pao-Yuan Huang, Wei-Ru Cho, Ching-Hui
Chuang, Chang-Chun Hsiao, Tsung-Hui Hu; Data analysis and interpretation:
Ching-Hui Chuang, Chang-Chun Hsiao. All authors read and approved the
final manuscript.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Availability of data and material
All analyzed data are included in this published article. The original data are
available upon reasonable request to the corresponding author.

Declarations

Ethics approval and consent to participate

This study complies with the standards of the Declaration of Helsinki and cur-
rent ethical guidelines, and approval was obtained from the Ethics Committee
of Chang Gung Memorial Hospital (IRB Approval Number: 201901103B0). The
requirement for informed consent for this study was waived by the Institu-
tional Review Board, and all the data were analyzed anonymously.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 8 of 9

Author details

'Division of Hepato-Gastroenterology, Department of Internal Medicine,
Kaohsiung Chang Gung Memorial Hospital and Chang Gung University Col-
lege of Medicine, 123 Ta Pei Road, Kaohsiung 83301, Taiwan. 2Liver Transplan-
tation Center and Department of Surgery, Kaohsiung Chang Gung Memorial
Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwan.
3Center for Translational Research in Biomedical Sciences, Liver Transplanta-
tion Program and Department of Surgery, Kaohsiung Chang Gung Memorial
Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwan.
“Department of Nursing, Meiho University, Pingtung, Taiwan. >Graduate Insti-
tute of Clinical Medical Sciences, College of Medicine, Chang Gung University,
Division of Pulmonary and Critical Care Medicine, Kaohsiung Chang Gung
Memorial Hospital, Kaohsiung, Taiwan. ®Graduate Institute of Clinical Medical
Sciences, Chang Gung University College of Medicine, Kaohsiung, Taiwan.

Received: 30 March 2021 Accepted: 27 September 2021
Published online: 19 October 2021

References

1. JMLlovet J Zucman-Rossi E Pikarsky B Sangro M Schwartz M Sherman G
Gores 2016 Hepatocellular carcinoma Nat Rev Dis Primers 2 16018

2. LATorre F Bray RL Siegel J Ferlay J Lortet-Tieulent A Jemal 2015 Global
cancer statistics, 2012 CA Cancer J Clin 65 2 87 108

3. JDYang P Hainaut GJ Gores A Amadou A Plymoth LR Roberts 2019 A
global view of hepatocellular carcinoma: trends, risk, prevention and
management Nat Rev Gastroenterol Hepatol 16 10 589 604

4. YF Liaw DITai CM Chu DY Lin IS Sheen TJ Chen CC Pao 1986 Early detec-
tion of hepatocellular carcinoma in patients with chronic type B hepatitis.
A prospective study Gastroenterology 90 2 263 267

5. DS Chen 1993 From hepatitis to hepatoma: lessons from type B viral
hepatitis Science 262 5132 369 370

6. SN LuWW Su SSYang TT Chang KS Cheng JC Wu HH Lin SSWu CM Lee
CS Changchien 2006 Secular trends and geographic variations of hepa-
titis B virus and hepatitis C virus-associated hepatocellular carcinoma in
Taiwan Int J Cancer 119 8 1946 1952

7. SFHuang IC Chang CC Hong TC Yen CL Chen CC Wu CC Tsai MC Ho WC
Lee HCYu 2018 Metabolic risk factors are associated with non-hepatitis B
non-hepatitis C hepatocellular carcinoma in Taiwan, an endemic area of
chronic hepatitis B Hepatol Commun 2 6 747 759

8. SBlee KM Kim JAn D Lee JH Shim YS Lim HC Lee YH Chung YS Lee 2016
Clinical characteristics and potential aetiologies of non-B non-C hepato-
cellular carcinoma in hepatitis B virus endemic area Liver Int 36 9 1351
1361

9. RTateishi K Uchino N Fujiwara T Takehara T Okanoue M Seike H Yoshiji H
Yatsuhashi M Shimizu T Torimura 2019 A nationwide survey on non-B,
non-C hepatocellular carcinoma in Japan: 2011-2015 update J Gastroen-
terol 54 4 367 376

10. X Xue W Liao Y Xing 2020 Comparison of clinical features and outcomes
between HBV-related and non-B non-C hepatocellular carcinoma Infect
Agent Cancer 15 11

11. N Kokudo N Takemura T Kanto R Tateishi T Igari K Hasegawa 2019 Hepato-
cellular carcinoma with non-B and non-C hepatitis origin: epidemiology
in Japan and surgical outcome Glob Health Med 11 23 29

12. HB El-Serag 2011 Hepatocellular carcinoma N Engl J Med 365 12 1118
1127

13. F Durand D Valla 2005 Assessment of the prognosis of cirrhosis: Child—
Pugh versus MELD J Hepatol 42 Suppl 1 5100 107

14. AFleck G Raines F Hawker J Trotter Pl Wallace IM Ledingham KC Calman
1985 Increased vascular permeability: a major cause of hypoalbuminae-
mia in disease and injury Lancet 1 8432 781 784

15. JH Henriksen HH Parving L Christiansen KWinkler NA Lassen 1981
Increased transvascular escape rate of albumin during experimental
portal and hepatic venous hypertension in the pig. Relation to findings in
patients with cirrhosis of the liver Scand J Clin Lab Invest 41 3 289 299

16. PJ Johnson S Berhane C Kagebayashi S Satomura M Teng HL Reeves J
O'Beirne R Fox A Skowronska D Palmer 2015 Assessment of liver func-
tion in patients with hepatocellular carcinoma: a new evidence-based
approach-the ALBI grade J Clin Oncol 33 6 550 558


https://doi.org/10.1186/s12876-021-01944-w
https://doi.org/10.1186/s12876-021-01944-w

Tsai et al. BMC Gastroenterol (2021) 21:386

20.

21

22.

23.

24.

25.

26.

27.

HM Luo SZ Zhao C Li LP Chen 2018 Preoperative platelet-albumin-biliru-
bin grades predict the prognosis of patients with hepatitis B virus-related
hepatocellular carcinoma after liver resection: a retrospective study
Medicine (Baltimore) 97 12 e0226

R Liao CY Du JP Gong F Luo 2018 HBV-DNA load-related peritumoral
inflammation and ALBI scores predict HBV associated hepatocellular
carcinoma prognosis after curative resection J Oncol 2018 9289421

WR Cho CH Hung CH Chen CC Lin CC Wang YW Liu YJ Wu CC Yong KD
Chen YCTsai 2020 Ability of the post-operative ALBI grade to predict the
outcomes of hepatocellular carcinoma after curative surgery Sci Rep 10 1
7290

CY Lin CC Lin CCWang CL Chen TH Hu CH Hung PY Huang MC Tsai 2020
The ALBI grade is a good predictive model for very late recurrence in
patients with hepatocellular carcinoma undergoing primary resection
World J Surg 44 1 247 257

JBruix M Sherman 2005 Practice Guidelines Committee AAftSoLD: man-
agement of hepatocellular carcinoma Hepatology 42 5 1208 1236
European Association For The Study Of The L, European Organisation For
R, Treatment Of C 2012 EASL-EORTC clinical practice guidelines: manage-
ment of hepatocellular carcinoma J Hepatol 56 4 908 943

RN Pugh IM Murray-Lyon JL Dawson MC Pietroni R Williams 1973 Transec-
tion of the oesophagus for bleeding oesophageal varices Br J Surg 60 8
646 649

M Deng SWY Ng ST Cheung CCN Chong 2020 Clinical application of
albumin-bilirubin (ALBI) score: the current status Surgeon 18 3 178 186
PY Huang CC Wang CC Lin SN Lu JHWang CH Hung KM Kee CH Chen KD
Chen TH Hu 2019 Predictive effects of inflammatory scores in patients
with BCLC 0-A hepatocellular carcinoma after hepatectomy J Clin Med 8
101676

JCWu YH Huang GY Chau CW Su CR Lai PC Lee TI Huo IJ Sheen SD

Lee WY Lui 2009 Risk factors for early and late recurrence in hepatitis
B-related hepatocellular carcinoma J Hepatol 51 5 890 897

P Tabrizian G Jibara B Shrager M Schwartz S Roayaie 2015 Recurrence of
hepatocellular cancer after resection: patterns, treatments, and prognosis
Ann Surg 261 5 947 955

Page 9 of 9

28. G Raimondo S Locarnini T Pollicino M Levrero F Zoulim AS Lok 2019
Taormina workshop on occult HBVIFM: update of the statements on biol-
ogy and clinical impact of occult hepatitis B virus infection J Hepatol 71 2
397 408

29. M Makvandi 2016 Update on occult hepatitis B virus infection World J
Gastroenterol 22 39 8720 8734

30. MTorbenson DL Thomas 2002 Occult hepatitis B Lancet Infect Dis 2 8 479
486

31. TH Su PJ ChenTC Chen HR Cheng L Li KS Lin JH Kao DS Chen CJ Liu 2011
The clinical significance of occult hepatitis B transfusion in Taiwan—a
look-back study Transfus Med 21 1 33 41

32. SCMu YM Lin GM Jow BF Chen 2009 Occult hepatitis B virus infection in
hepatitis B vaccinated children in Taiwan J Hepatol 50 2 264 272

33, Y ShiYHWuW WuWJ Zhang J Yang Z Chen 2012 Association between
occult hepatitis B infection and the risk of hepatocellular carcinoma: a
meta-analysis Liver Int 32 2 231 240

34. ZXWang W Peng XY Zhang TF Wen C Li 2021 Prognostic significance of
postoperative change of PALBI grade for patients with hepatocellular
carcinoma after hepatectomy Medicine (Baltimore) 100 11 e24476

35. LYeRLiangJ Zhang C Chen X ChenY Zhang G Wang Y Yang G Chen
2019 Postoperative albumin-bilirubin grade and albumin-bilirubin
change predict the outcomes of hepatocellular carcinoma after hepatec-
tomy AnnTransl Med 7 16 367

36. AM Fagenson EM Gleeson HA Pitt KN Lau 2020 Albumin-bilirubin score
vs model for end-stage liver disease in predicting post-hepatectomy
outcomes J Am Coll Surg 230 4 637 645

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Preoperative ALBI grade predicts the outcomes in non-B non-C HCC patients undergoing primary curative resection
	Abstract 
	Background: 
	Aim: 
	Method: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Ethics statement
	Patients and methods
	Statistical analysis

	Results
	Characteristics of the study population
	Survival analysis
	Independent factors for DFS and OS of NBNC-HCC patients after curative resection

	Discussion
	Conclusions
	Acknowledgements
	References


