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Background and Aim: The long-term outcomes of patients with hepatitis B virus-related
acute-on-chronic liver failure (HBV-ACLF) remain not well known. This study aimed to
investigate whether aMAP score can predict re-hospitalization, hepatocellular carcinoma
(HCC) occurrence and long-term mortality in patients with HBV-ACLF.

Methods: A total of 82 patients diagnosed with HBV-ACLF and survived over 6 months were
enrolled. The median follow-up period was 105 (75.9, 134.1) months. The Cox proportional
hazards or logistic regression analysis was used to determine independent risk factors.
Cumulative incidence of HCC and survival rate were evaluated using Kaplan—Meier analysis.
Results: Multivariate analysis identified that the aMAP risk score was an independent predictor
of re-hospitalization (odds ratio [OR] = 1.112, 95% confidence interval [CI]: 1.021-1.211, p =
0.015), hepatocellular carcinoma occurrence (hazards ratio [HR] =2.277, 95% CI: 1.014-5.114,
p = 0.046) and mortality (HR = 1.366, 95% CI: 1.040—1.794, p = 0.025). High-risk aMAP scores
were associated with higher risk of HCC occurrence and mortality.

Conclusion: A higher aMAP score was an independent risk predictor of re-hospitalization,
HCC occurrence and mortality, respectively, in HBV-ACLF patients who survived over 6
months, which can be applicable for early risk stratification and clinical decision.
Keywords: acute-on-chronic liver failure, chronic hepatitis B virus infection, re-
hospitalization, hepatocellular carcinoma, mortality, prognosis

Introduction
Chronic hepatitis B virus (HBV) infection remains a significant threat to public
health, with an estimated 257 million patients and approximately 887,999 deaths
worldwide."! Chronic HBV infection may eventually lead to severe complications,
such as liver cirrhosis, liver failure and hepatocellular carcinoma (HCC).> Acute-on-
chronic liver failure (ACLF) is a complex syndrome characterized by rapid deteriora-
tion of liver function and underlying liver diseases, leading to multi-organ failure and
high short-term mortality (50-90%).> > In Asia-Pacific and Africa regions with high
HBV prevalence, HBV-related ACLF (HBV-ACLF) is a critical issue that has
attracted much attention from researchers.® However, previous researches focused
more on the short-term prognosis of HBV-ACLF patients, and little is known about
their long-term prognosis prediction for those patients who survive over the first 6
months, such as HCC incidence and 10-year survival rate.”®

Numerous risk score models have been reported to predict poor outcomes in patients
with ACLF, such as albumin-bilirubin (ALBI) score, Model for End-Stage Liver Disease
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(MELD) score, and Chinese Group on the Study of Severe
Hepatitis B-Acute-on-chronic Liver Failure score (COSSH-
ACLFs), which predicted for short-term (within 6 months)
mortality.”'* However, there are few comprehensive studies
on the risk model for long-term outcomes. Recently, a new risk
score (aMAP score), consisting of simple and easy-to-obtain
variables (age, male, albumin-bilirubin (ALBI), and platelets),
was reported to predict long-term outcome (HCC occurrence)
in patients with chronic hepatitis.'> Subsequently, it was also
validated in chronic hepatitis C infected patients who achieved
sustained virological response.'® Nevertheless, the predictive
role of aMAP score for long-term outcomes is not well known
in patients with HBV-ACLF.

Therefore, we designed this study aiming to investigate
whether the aMAP score could be applicable for predicting
long-term outcomes—including re-hospitalization, HCC
occurrence and mortality—among patients who were diag-
nosed with HBV-ACLF and survived over 6 months.

Methods

Patients

It was a retrospective study approved by the Ethics
Southern Medical
University. We enrolled consecutive patients hospitalized for
ACLF in our center between May 2002 and July 2012. The
inclusion criteria were: patients survived over 6 months after

Committee of Nanfang Hospital,

diagnosis of ACLF. The exclusion criteria were as follows:
(1) patients without chronic HBV infection; (2) patients who
were younger than 12; (3) patients with cancer when

Inpatients met the ACLF diagnostic
criteria and survived over 6 months
(n=116)

diagnosed; (4) patients with missing data (Figure 1). Finally,
a total of 82 patients meeting standards were included.

Diagnostic Criteria

According to the Asia-Pacific Association for the Study of
Liver (APASL) criteria proposed in 2014, patients were
reassessed and diagnosed as ACLF when meeting the
following conditions: (1) pre-existing chronic liver dis-
eases (diagnosed or undiagnosed); (2) jaundice (serum
total bilirubin >5mg/dL); (3) coagulopathy (international
normalized ratio [INR] >1.5); (4) complicated with ascites
or hepatic encephalopathy.” Diagnosis of cirrhosis was
based on liver biopsy and imaging findings.

Data Collection and Score Calculation
Demographic characteristics, laboratory and radiological
examination results, and treatment data on the first admission
were collected. As described in Fan et al's study, aMAP
score was calculated at diagnosis of ACLF as follows:
((age [year] x 0.06 + gender x 0.89 (male: 1, female: 0) +
0.48 x ((logl0 bilirubin [umol/L] x 0.66) + (albumin [g/
L] x —0.085)) - 0.01 x platelet count [10°/mm?>]) + 7.4)/14.77
x 100."

Follow-Up

All patients were followed up until November 1st, 2019 or
death. The outcome events of readmission, HCC occurrence
and death were collected through outpatient visits or tele-
phone follow-up.

Patients enrolled in the study
(n=82)

Figure | Flow chart of the patient enrollment.
Abbreviations: ACLF, acute on chronic liver failure; HBV, hepatitis B virus.

Excluded (n=34) :
Age under 12 years (n=1)
Without chronic HBV infection (n=5)
Patients with cancer (n=2)
Patients with missing data (n=26)
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Table 1. Comparison of Clinical Characteristics Between Two Groups with and without Re-Hospitalization

Parameters Without Rehospitalization (n=46) | Rehospitalization (n=36) p-value
Age (years), mean (SD) 35.7 (8.2) 39.4 (10.5) 0.087
Male, n (%) 41 (89.1) 32 (88.9) 1.000
Cirrhosis, n (%) 22 (47.8) 21 (58.3) 0.344
HBV DNA (log!0 IU/mL), median (IQR) 53 (2.6) 47 (2.7) 0.325
Creatinine (umol/L), mean (SD) 67.4 (15.6) 745 (20.2) 0.076
INR, median (IQR) 2.1 (0.9) 2.1 (1.0) 0.768
Platelet (10%/L), mean (SD) 135.2 (44.9) 1115 (59.2) 0.042
aMAP score, mean (SD) 57.1 (4.9) 60.5 (6.6) 0.011
Child-Pugh score, median (IQR) 11.0 (2.3) 11.0 (1.0) 0.113
Child-Pugh grade 0.139

A 0 (0) 0 (0)

B 11 (23.9) 4 (11.1)

C 35 (76.1) 32 (88.9)
ALBI score, mean (SD) ~1.12 (0.39) ~1.06 (0.34) 0.469
ALBI grade 0.220

I 0 (0) 0 (0)

2 13 (28.3) 6 (16.7)

3 33 (71.7) 30 (83.3)
MELD score, median (IQR) 22.3 (5.7) 22.7 (8.3) 0.327
COSSH score, mean (SD) 6.5 (0.9) 6.8 (1.0) 0.171

Abbreviation: INR, international normalized ratio.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation or median (interquartile range, IQR) if appropriate,
and were compared with #-test or Mann—Whitney U-test,
respectively. Categorical variables were expressed as fre-
quency (percentage), and compared with the chi-squared or
Fisher’s exact tests. Univariate and multivariate logistic regres-
sion analyses were performed to determine independent risk

factors for re-hospitalization, with results presented as odds

ratio (OR) and 95% confidence interval (CI). Cox proportional
hazard model analysis was performed to identify the indepen-
dent risk factors of HCC or mortality. The incidence of HCC
and the cumulative survival were, respectively, calculated

using the Kaplan-Meier curve analysis and compared with

the Log-rank test. Statistical analyses were performed using
SPSS software version 26.0 (IBM Corp, Armonk, NY, USA).
A two-tailed p-value <0.05 was defined as statistically
significant.

Table 2. Logistic Regression Analysis of Factors Associated with Re-Hospitalization

Parameters Univariable Analysis OR (95% CI) p-value | Multivariable Analysis OR (95% CI) p-value
Age (years) 1.044 (0.995-1.097) 0.081
Gender (male) 0.976 (0.242-3.931) 0.972
Cirrhosis 1.527 (0.634-3.681) 0.345
HBV DNA (logl0 1U/mL) 0.919 (0.779-1.085) 0.321
Creatinine (umol/L) 1.024 (0.997-1.051) 0.082
INR 0.954 (0.803-1.132) 0.587
Platelet (10°/L) 0.991 (0.982-1.000) 0.046
aMAP score 1112 (1.021-1.211) 0.015 1112 (1.021-1.211) 0.015
Child-Pugh score 1.324 (0.954-1.837) 0.093
ALBI score 1.568 (0.470-5.239) 0.464
MELD score 1.034 (0.960-1.113) 0.380
COSSH score 1.403 (0.861-2.286) 0.175
Abbreviation: INR, international normalized ratio.
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Results
Comparison of Clinical Characteristics
Between Two Groups with and without

Re-Hospitalization

A total of 82 patients were eligible for final analysis in the
study, including 46 without re-hospitalization and 36 with
re-hospitalization. The median follow-up period was 105
(75.9, 134.1) months. A total of 43 patients developed
cirrhosis during the follow-up. Demographic characteristics,
physical examination findings and laboratory test results on
the first admission were compared between the two groups
and shown in Table 1. Patients with re-hospitalization had
a significantly lower platelet count level than those without
re-hospitalization. The aMAP score was also higher in
patients with re-hospitalization.

Logistic Regression Analysis to
Determine Risk Factors for

Re-Hospitalization
We conducted univariate and multivariate analyses to identify
the risk factors associated with re-hospitalization. The univari-
ate analysis revealed that lower platelet count and higher
aMAP score were associated with re-hospitalization in patients
with HBV-ACLF. However, on multivariate analysis, only
aMAP score (OR = 1.112, 95%

confidence interval

[CI]: 1.021-1.211, p = 0.015) was an independent predictor
of re-hospitalization (Table 2).

Comparison Between HCC Occurrence
and HCC Free Groups

Among all 82 patients, 4 cases (4.9%) of HCC occurrence
were recorded. Clinical characteristics between the HCC
occurrence and HCC free groups were compared and pre-
sented in Table 3. Patients in the HCC occurrence group
were significantly older than HCC free groups (p = 0.022).
The aMAP score was also significantly higher in patients
with HCC occurrence (p = 0.005).

Cox Proportional Hazard Analysis to
Determine Predictors of HCC

Occurrence

The univariate analysis showed that age (p = 0.039) and
aMAP score (p = 0.046) were predictors of HCC occurrence
in patients with HBV-ACLF (Table 4). Multivariate analysis
revealed that only the aMAP was an independent risk factor
of HCC occurrence (HR = 2.277, 95% CI: 1.014-5.114, p =
0.046). According to the reported definition, 45 (54.9%) and
37 (45.1%) patients were classified into the low (aMAP <50)
to medium (50-60) risk group and the high (>60) risk group,
respectively. As shown in Figure 2, Kaplan—Meier analysis

Table 3. Comparison of Clinical Characteristics Between Two Groups with and without HCC Occurrence

Parameters Without HCC (n=78) HCC (n=4) p-value
Age (years), mean (SD) 36.8 (9.3) 47.8 (3.3) 0.022
Male, n (%) 69 (88.5) 4 (100) 1.000
Cirrhosis, n (%) 40 (51.3) 3 (75.0) 0.680
HBV DNA (logl0 IU/mL), median (IQR) 5.1 (27) 44 (3.0) 0.615
Creatinine (umol/L), mean (SD) 70.2 (18.3) 77.0 (10.2) 0.462
INR, median (IQR) 2.1 (0.9) 1.6 (0.2) 0.055
Platelet (10°/L), mean (SD) 126.9 (52.4) 83.8 (46.7) 0.110
aMAP score, mean (SD) 582 (5.7) 66.6 (1.7) 0.005
Child-Pugh score, median (IQR) 11.0 (2.0) 11.0 (2.3) 0.732
Child-Pugh grade 0.540

A 0 (0) 0 (0)

B 15 (19.2) 0 (0)

C 63 (80.8) 4 (100)
ALBI score, mean (SD) —1.10 (0.37) —1.01 (0.41) 0.633
ALBI grade 0.959

| 0 (0) 0 (0)

2 18 (23.1) 1 (5.3)

3 60 (76.9) 348
MELD score, median (IQR) 22.8 (6.7) 16.3 (8.0) 0.019
COSSH score, mean (SD) 6.6 (0.9) 6.0 (0.6) 0.181

Abbreviation: INR, international normalized ratio.
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Table 4. Cox Regression Analysis of Factors Associated with HCC Occurrence

Parameters Univariable Analysis HR (95% CI) p-value | Multivariable Analysis HR (95% CI) p-value

Age (vears) 1.103 (1.005-1.211) 0.039

Gender (male) 24.064 (0-21,675,141.991) 0.649

Cirrhosis 2.363 (0.244-22.898) 0.458

HBV DNA (logl0 1U/mL) 0.924 (0.646-1.323) 0.666

Creatinine (umol/L) 1.020 (0.973-1.069) 0.412

INR 0.145 (0.009-2.356) 0.175

Platelet (10%/L) 0.981 (0.956-1.006) 0.131

aMAP score 2277 (1.014-5.114) 0.046 2.277 (1.014-5.114) 0.046

Child-Pugh score 1.193 (0.579-2.458) 0.633

ALBI score 2.378 (0.128-44.096) 0.561

MELD score 0.793 (0.621-1.013) 0.064

COSSH score 0.454 (0.125-1.648) 0.230

Abbreviation: INR, international normalized ratio.

confirmed that a high-risk aMAP score was associated with
HCC occurrence (log-rank p = 0.027).

Comparison of Clinical Characteristics
Between Survival and Non-Survival
Groups

During the whole follow-up period, 5 deaths were
recorded. Among 5 patients who died, two died of eso-
phageal variceal rupture hemorrhage, two died of liver
cancer rupture hemorrhage, and one died of end-stage
liver disease. Comparisons of clinical characteristics

between the survival and non-survival groups are shown
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in Table 5. Patients in the non-survival group had
a significantly higher aMAP score than survivors (p =
0.013).

Cox Proportional Hazard Analysis to
Identify Predictors of Long-Term
Mortality

As depicted in Table 6, the univariate analysis showed that
only aMAP score (p = 0.025) was a predictor of long-term
mortality in patients with HBV-ACLF. Multivariate analy-
sis confirmed that only the aMAP was an independent risk
factor of 10-year mortality (HR = 1.366, 95% CI: 1.040-
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Figure 2 Cumulative risk of HCC occurrence with Kaplan-Meier analysis. (A) Cumulative risk of HCC occurrence in all patients with HBV-ACLF; (B) cumulative risk of
HCC occurrence according to the aMAP scores stratification. Kaplan—Meier analysis confirmed that a high-risk aMAP score was associated with HCC occurrence (log-rank

p = 0.027).
Abbreviation: HCC, hepatocellular carcinoma.
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Table 5. Comparison of Clinical Characteristics Between Survival Group and Non-Survival Group

Parameters Survival (n=77) Non-Survival (n=5) p-value
Age(years), mean (SD) 36.8 (9.4) 45.0 (5.9) 0.060
Male, n (%) 69 (89.6) 4 (80.0) 0.450
Cirrhosis, n (%) 38 (49.4) 5 (100) 0.083
HBV DNA (logl0 1U/mL), median (IQR) 5.1 (27) 44 (2.7) 0.580
Creatinine (umol/L), mean (SD) 70.5 (18.5) 70.8 (5.0) 0.969
INR, median (IQR) 2.1 (1.0) 2.1 (0.7) 0.970
Platelet (109/L), mean (SD) 127.5 (52.8) 82.7 (30.8) 0.065
aMAP score, mean (SD) 58.2 (5.8) 64.9 (3.0) 0.013
Child-Pugh score, median (IQR) 11.0 (2.0) 12.0 (2.0) 0.686
Child-Pugh grade 0.485

A 0 (0) 0 (0)

B 15 (19.5) 0 (0)

C 62 (80.5) 5 (100)
ALBI score, mean (SD) —I1.11 (0.36) —0.83 (0.36) 0.095
ALBI grade 0.373

| 0 (0) 0 (0)

2 19 (24.7) 0 (0)

3 58 (75.3) 5 (100)
MELD score, median (IQR) 22.5 (6.1) 18.8 (I1.1) 0.509
COSSH score, mean (SD) 6.6 (1.0) 6.5 (0.9) 0.711

Abbreviation: INR, international normalized ratio.

1.794, p = 0.025). As is shown in Figure 3, Kaplan—Meier
analysis showed that a high-risk aMAP score was asso-
ciated with worse survival (log-rank p = 0.012).

Discussion
Limited previous researches focused on risk score models
for predicting long-term outcomes of HBV-ACLF patients.
In this study, aMAP score was identified as an independent
risk factor of long-term re-hospitalization, HCC occur-
rence and long-term mortality in patients who survived
HBV-ACLF over the first 6 months. The aMAP score
with high risk (>60) was significantly associated with
higher risk of HCC occurrence and long-term mortality.
It was reported by Chen et al that cumulative incidence
rates of hepatocellular carcinoma were up to 14.9%.'7
Compared with previous studies, the HCC occurrence
and mortality rate were lower in this study, which could
be attributed to the following reasons. On the one hand,
most previous studies focused on short-term prognosis,
while ACLF patients have a high risk of mortality at the
early period (with 6 months after diagnosis). However, this
study aimed to investigate the long-term prognosis, so
only patients who can survive over the first 6 months
were included, which led to a lower mortality. On the
other hand, patients in this study started antiviral therapy

before or at the time of diagnosis of HBV-ACLF. Several
studies reported that nucleoside analogs improved the
long-term outcomes of HBV-ACLF patients.'®'?

Due to the dangerous condition and high short-term
mortality of ACLF, many researchers were committed to
improving its short-term prognosis. Currently, there are
few studies on the long-term prognosis of HBV-ACLF.
Baseline data in this study showed that patients who sur-
vived over the first 6 months had a good long-term prog-
nosis. However, because of the poor prognosis and high
treatment cost of liver complications, it is still necessary to
explore simple indicators for risk stratification to adjust the
treatment and improve the prognosis for high-risk patients.
Previous studies have reported several well-established
prognostic models of liver diseases, such as Child-Pugh
score and MELD score, which were mainly applicable for
short-term prognosis evaluation.”® However, this study
focused on the long-term prognosis of ACLF patients
and the prognostic scores above were also included in
the analysis.

The recently reported aMAP score was a long-term
prognostic model aiming to predict the HCC occurrence
in patients with chronic hepatitis. The aMAP score con-
sisted of 4 simple and easy-to-obtain variables: age, male,
ALBI, and platelet. ALBI consisted of albumin and
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Table 6. Cox Regression Analysis of Factors Associated with Mortality

Parameters Univariable Analysis HR (95% CI) p-value | Multivariable Analysis HR (95% CI) p-value

Age (years) 1.082 (0.995-1.177) 0.064

Gender (male) 0.475 (0.053—4.251) 0.505

Cirrhosis 57.729 (0.042-80,017.229) 0.272

HBV DNA (logl0 IU/mL) 0.916 (0.666—1.258) 0.586

Creatinine (umol/L) 1.001 (0.955-1.049) 0.962

INR 0.846 (0.271-2.646) 0.774

Platelet (10°/L) 0.979 (0.956-1.002) 0.074

aMAP score 1.366 (1.040-1.794) 0.025 1.366 (1.040-1.794) 0.025

Child-Pugh score 1.558 (0.756-3.208) 0.229

ALBI score 11.304 (0.664-192.336) 0.094

MELD score 0.952 (0.806—1.124) 0.562

COSSH score 0.865 (0.322-2.324) 0.774

Abbreviation: INR, international normalized ratio.

bilirubin and was initially developed to assess liver func-
tion and predict prognosis in HCC patients.''*' Platelets
also play an essential role in chronic liver diseases. For
example, the platelet count decreased with the progres-
sion of liver fibrosis.?>?> Therefore, aMAP score can
reflect the liver function objectively and be associated
with the outcomes of liver diseases. However, the pre-
dictive value of the score is unknown for patients with
HBV-ACLF. Therefore, we validated whether aMAP
score was applicable for predicting readmission, HCC
occurrence and long-term mortality in HBV-ACLF
patients who survived over the first 6 months. The current
study revealed that aMAP score was an independent
predictor of all outcome events above. Furthermore,
aMAP stratification can further identify patients with
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= 0.44
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high-risk scores (>60) associated with a high HCC occur-
rence and long-term mortality rate. All non-survivors in
the study were confirmed to have high-risk scores.
Therefore, high-risk HBV-ACLF patients could be iden-
tified early through aMAP score and intervened timely
and appropriately.

This was a study with follow-up over 10 years and
confirmed that aMAP score was a risk indicator of long-
term outcomes in patients with HBV-ACLF. Nevertheless,
the study still has limitations because of its retrospective
and single-center design. Moreover, this study was limited
by the small number of HCC cases and deaths. Therefore,
a prospective and multi-center study with larger sample
size was warranted to validate the predictive role of aMAP
score further.
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Figure 3 Cumulative survival rate with Kaplan—Meier analysis. (A) Cumulative survival rate analysis in all patients with HBV-ACLF; (B) cumulative survival rate analysis
according to the aMAP scores stratification. Kaplan—Meier analysis showed that a high-risk aMAP score was associated with worse survival (log-rank p = 0.012).
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Conclusions

In summary, for patients with HBV-ACLF, aMAP score
was an independent risk indicator of re-hospitalization,
HCC occurrence and long-term mortality. High-risk score
patients were associated with a high rate of HCC incidence
and mortality. Clinicians should pay more attention to
patients with high-risk scores and adjust treatments strate-
gies appropriately.
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