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BACKGROUND AND AIMS: Nonalcoholic fatty liver diseases
(NAFLD) and nonalcoholic steatohepatitis (NASH) can cause
hepatocellular carcinoma (HCC). We examined histological
features and reported noninvasive markers/models for
stratifying the risk of HCC development in patients with
biopsy-proven NAFLD or NASH. METHODS: A total of 1389
patients who had a histological diagnosis of NAFLD or NASH
based on liver biopsy and underwent regular surveillance for
HCC were included. The ability to predict HCC development
was compared between histological features including liver
fibrosis and NAFLD activity score, and noninvasive markers/
models including aMAP (age, male, albumin–bilirubin, and
Abbreviations used in this paper: CI, confidence interval; FLIP, the fatty
liver inhibition of progression; HCC, hepatocellular carcinoma; HR, hazard
ratio; IQR, interquartile range; NAFLD, nonalcoholic fatty liver disease;
NAS, NAFLD activity score; NASH, nonalcoholic steatohepatitis.

Most current article
platelet) score, FIB-4 (Fibrosis-4) index, and ALBI (albumin-
bilirubin) score calculated at the time of biopsy. RESULTS: The
C index of aMAP score was 0.887, which was consistent with
the original report, comparable to FIB-4 index (0.878), and
higher than those of ALBI score (0.789), histological liver
fibrosis (0.723), and NAFLD activity score (0.589). The hazard
ratios for HCC development in the aMAP intermediate and high-
risk groups were 21.0 (95% confidence interval [CI], 3.6–402.0)
and 110.3 (95% CI, 16.3–2251.4), respectively, in comparison
to the aMAP score low-risk group. Those in the FIB-4 index
moderate- and high-fibrosis groups were 10.3 (95% CI,
1.7–199.8) and 93.1 (95% CI, 16.3–1773.8), respectively, in
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comparison to the FIB-4 index mild-fibrosis group. No patients
in the aMAP score low-risk group developed HCC during the
study period. CONCLUSION: For stratifying the risk of HCC
development in patients with biopsy-proven NAFLD or NASH,
both aMAP score and FIB-4 index showed high discriminative
ability as noninvasive markers, which were superior histolog-
ical features.
Keywords: Nonalcoholic Fatty Liver Disease; Hepatocellular
Carcinoma; aMAP Score; FIB-4 Index; ALBI Score.
Introduction

Nonalcoholic fatty liver disease (NAFLD) is
currently the most prevalent liver disease

worldwide.1 It can progress to nonalcoholic steatohepati-
tis (NASH) that has histological features of steatosis,
inflammation, and fibrosis, and can cause cirrhosis, he-
patocellular carcinoma (HCC), or end-stage liver disease.2,3

Previous studies have shown that patients with NASH,
especially those with fibrosis, have an increased risk of
liver-related complications including cirrhosis and HCC,
liver-related mortality,4–8 and cardiovascular disease.5,9

Although several previous studies have reported that the
main causes of mortality in patients with NAFLD or
NASH are not liver-related, our recent study on Japanese
patients with biopsy-proven NAFLD revealed that the
main causes of mortality are liver-related, not related to
other metabolic comorbidities.10 In the majority of these
patients, the cause of this liver-related mortality was HCC.

In this context, surveillance for HCC in patients with
NAFLD is important for early detection and diagnosis, which
enables the use of curative treatment and can improve
survival. Ultimately, this can result in the reduction of liver-
related mortality in patients with NAFLD. However, it is
unpractical and difficult to perform HCC surveillance for all
patients with NAFLD. Therefore, stratifying by HCC risk is
necessary. In particular, identifying patients with low like-
lihood of developing HCC for whom surveillance for HCC can
be omitted is urgently required.

Liver fibrosis is the factor that closely associated
with the development of HCC.11 In this context, liver
fibrosis markers such as FIB-4 (Fibrosis-4) index were
reportedly associated with the risk of HCC.12 In addi-
tion, aMAP (age, male, albumin–bilirubin, and platelet)
score was recently reported as a risk model for HCC
development in patients with liver disease of various
etiologies.13 The original study found that the score is
especially useful for identifying patients with liver dis-
eases at low risk of developing HCC. However, whether
the score can be accurate in patients with NAFLD re-
mains to be confirmed. In this study, we validated these
noninvasive markers/models for stratifying the risk of
HCC in patients with biopsy-proven NAFLD and
compared its ability to assess HCC risk with other
markers or histological features.
Patients and Methods
Patients and Follow-up

This study was conducted using the database of the Japan
Study Group of NAFLD, which contains information on patients
with biopsy-proven NAFLD. This database contains data from
15 academic liver centers in Japan. We identified all patients
diagnosed with biopsy-proven NAFLD between December 1,
1994, and December 31, 2020. NALFD was diagnosed histo-
logically for all patients. The absence of chronic liver diseases
other than NAFLD among patients in the dataset was
confirmed, including excessive alcohol intake (>30 g/day in
men and >20 g/day in women) and liver disease of other eti-
ologies, including viral hepatitis, autoimmune hepatitis, drug-
induced liver disease, primary biliary cholangitis, or primary
sclerosing cholangitis.

This registry-based, multicenter historical cohort study was
approved by the Institutional Review Board of Saga University
Hospital (approval no. 2020-04-R-02; June 30, 2020) and by
the institutional review board of each participating institution.
Written informed consent was waived because the study used
preexisting data.

Baseline data on patient demographics, laboratory values,
and past medical history on the date of liver biopsy were
extracted. Diabetes mellitus, hypertension, and dyslipidemia
were diagnosed according to standard criteria.14–16 Patients
were followed every 6–12 months, typically every 6 months
with ultrasonography and laboratory testing, including alpha-
fetoprotein testing performed at every visit. If a hepatic
nodule was detected with ultrasonography or a tumor marker
was elevated, additional cross-sectional imaging studies
(computed tomography, magnetic resonance imaging, or both)
were performed. The diagnosis of HCC was based on appro-
priate imaging characteristics (arterial enhancement and
delayed washout) or compatible histology. The follow-up
period started on the date of biopsy and continued until
March 31, 2021.
Histological Assessment and Definition of NAFLD
Histological assessments were performed based on liver

specimens obtained by ultrasonography-guided fine-needle liver
biopsy, with hematoxylin and eosion stain and Azan stain. Digital
images of biopsy samples were obtained using a batch slide
scanner (NanoZoomer 3.2.15; Hamamatsu Photonics, Hama-
matsu, Japan). The images were transmitted for central reading
and scoring by an experienced pathologist (S.A.), who was blin-
ded to the patients’ clinical and laboratory data. NAFLD was
defined as the presence of�5%hepatic steatosis, as described by
Kleiner et al.17 Grading and stagingwere performed as described
by Brunt et al18 and Kleiner et al.17 NAFLD activity scores (NASs)
were assigned, as previously reported.19 NASH was diagnosed
according to the FLIP (fatty liver inhibition of progression) al-
gorithm.20Wedefined activeNASH asNASHwith significant liver
fibrosis (stage �F2) and an elevated NAS (�4).21,22
Calculation of aMAP Score and Other Laboratory
Markers

Laboratory markers were calculated based on the labora-
tory values obtained on the day of liver biopsy. The aMAP score
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was calculated for each patient using the original formula13:

aMAP score ¼ ��
0:06� age½years� þ 0:89�

sexðMale : 1; Female : 0Þ þ 0:48�
½ðlog10 total bilirubin½mmol=L� � 0:66Þ
þ ðalbumin½g=L� � �0:085Þ� � 0:01�
platelets count

�
109

�
L
��þ 7:4

��
14:77� 100:

Patients were categorized into low-risk (score 0–50), medium-
risk (score 50–60), or high-risk (score 60–100) groups ac-
cording to the original report.13

The laboratory liver fibrosis marker, FIB-4 index, was
calculated with the formula23:

FIB� 4 index ¼AST½IU=L� � age½years�=
platelet count

�
109

�
L
�� ALT½IU=L�1=2:

Patients were categorized as having mild fibrosis (<1.30),
moderate fibrosis (1.30–2.67), and severe fibrosis or cirrhosis
(>2.67) according to a previous report.24

ALBI (albumin-bilirubin) score, a laboratory measure of
liver function, was calculated with the following formula25:

ALBI score ¼ ðlog10 total bilirubin½mmol=L� � 0:66Þ
þ ðalbumin½g=L� � �0:085Þ:

Patients were categorized into ALBI grade 1 (score � �2.60),
grade 2 (score > �2.60 and � �1.39), and grade 3 (score
> �1.39) according to the original report.25
Table 1. Baseline Characteristics of the Study Patients (n ¼ 1,
Demographics

Age (y)
Sex (male/female)
Body mass index (kg/m2)
Diabetes mellitus (no/yes)
Hypertension (no/yes)
Dyslipidemia (no/yes)

Laboratory values
Platelet count (103/mL)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Gamma-gultamyl transpeptidase (IU/L)
Albumin (g/dL)
Total bilirubin (mg/dL)
aMAP score

aMAP score (0–50/50–60/60–100)
FIB-4 index

FIB-4 index (<1.30/1.30–2.67/>2.67)
ALBI score

ALBI grade (� �2.60 / > �2.60 and � �1.39 / > �1.39)

Histology
Steatosis (0/1/2/3)
Inflammation (0/1/2/3)
Ballooning (0/1/2)
NAS score
NAS score (1–2/3–4/5–8)
Fibrosis stage (0/1/2/3/4)
NASH (no/yes)

Data are expressed as medians (interquartile range) or n (%).
Statistical Analysis
Continuous variables are expressed as medians with inter-

quartile range (IQR). They were compared using the Mann-
Whitney U test. Categorical variables are expressed as
numbers and percentages. They were compared using the chi-
square test or Fisher exact test.

The discriminative ability of each model was first assessed
visually by plotting the Kaplan-Meier estimate of the incidence
of HCC for each group and compared with the log-rank test.
Second, we calculated the discriminative ability quantitatively
using the concordance-index. We used the standard Harrell’s
C-index. For the C-index, higher values indicate better
discrimination. A C-index of 0.50 indicates no discrimination,
whereas a C-index of 1.0 indicates perfect discrimination.

Cox proportional hazards models were used in multivariate
analyses to adjust for factors potentially associated with the
development of HCC, including age, sex, and diabetes mellitus.
Data analysis was performed using JMP statistical software,
version 11.0.0 (Macintosh version; SAS Institute, Cary, NC) and
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria).
Results
Patient Characteristics

A total of 1398 patients underwent liver biopsy and
were diagnosed with NAFLD during the study period.
Among them, 9 patients who had a history of HCC at the
389)

57 (45–65)
594 (42.8)/795 (57.2)
27.4 (24.8–30.6)
887 (63.9)/502 (36.1)
807 (58.1)/581 (41.9)
589 (42.4)/800 (57.6)

215 (175–263)
73 (47–110)
51 (35–74)
60 (40–99)
4.4 (4.1–4.6)
0.8 (0.6–1.0)

51.3 (44.2–56.9)
620 (45.3)/545 (39.8)/203 (14.8)
1.55 (0.90–2.62)
589 (42.4)/469 (33.8)/330 (23.8)

�2.96 (�3.18 to �2.70)
1126 (83.2)/226 (16.7)/2 (0.1)

8 (0.6)/974 (70.1)/271 (19.5)/136 (9.8)
67 (4.8)/879 (63.3)/364 (26.2)/79 (5.7)

452 (32.5)/611 (44.0)/326 (23.5)
4 (3–5)

280 (20.2)/747 (53.8)/362 (26.1)
240 (17.3)/536 (38.6)/394 (28.4)/195 (14.0)/24 (1.7)
459 (33.0)/930 (67.0)
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time of biopsy were excluded. The remaining 1389 patients
were included. Table 1 shows patient characteristics on the
day of liver biopsy. Patients consisted of 594 (42.8%) males
and 795 (57.2%) females, with a median age of 57 (IQR,
45–65) years. Among the 1389 patients, 502 (36.1%) had
diabetes mellitus, 581 (41.9%) had hypertension, and 600
(57.6%) had dyslipidemia. Based on histological examina-
tion of based liver biopsy specimens, the NAS score was 1–2
in 280 patients (20.2%), 3–4 in 747 patients (53.8%), and
5–8 in 362 patients (26.1%). The degree of liver fibrosis was
F0–1 in 776 patients (55.9%), F2 in 394 patients (28.4%),
and F3–4 in 219 patients (15.7%), including 24 patients
(1.7%) with cirrhosis.
Incidence of Hepatocellular Carcinoma by aMAP
Score, FIB-4 Index, ALBI Score, and Liver Histology

Patients were followed after biopsy for a median of 4.61
years (IQR, 2.52–10.20 years). During follow-up, 15.0% of
patients dropped out. The rate of patients who dropped out
was higher in patients with lower aMAP score or lower FIB-
4 index (Table A1). HCC developed in 37 patients (2.7%).
Table A2 shows the characteristics of these HCCs. Owing to
rigorous surveillance after biopsy, HCCs were diagnosed at
early stage (BCLC [Barcelona Clinic Liver Cancer] class 0 or
A) in most patients and were BCLC class 0 (single nodular
HCC with �2 cm in diameter) in more than a half of patients.

Based on laboratory values at biopsy, aMAP score, FIB-4
index, and ALBI score were calculated. Patients were cate-
gorized into groups based the aMAP score. There were 620
(45.3%) in the low-risk group, 545 (39.8%) in the
intermediate-risk group, and 203 (14.8%) in the high-risk
group. They were categorized into fibrosis groups based on
the FIB-4 index. There were 589 (42.4%) in the mild-fibrosis
group, 469 (33.8%) in the moderate-fibrosis group, and 330
(23.8%) in the advanced-fibrosis group. Patients were also
categorized by ALBI score into grades 1–3. There were 1126
(83.2%) patients with ALBI grade 1, 226 (16.7%) with ALBI
grade 2, and 2 (0.1%) with ALBI grade 3. Table A3 shows
prevalence of aMAP, FIB-4 index, and ALBI score categories
based on the histological liver fibrosis. There were trends to
the higher values of the respective markers with the increase
in the degree of histological liver fibrosis.

Figure 1 and Table 2 show the incidence of HCC in cate-
gories based on aMAP score, FIB-4 index, and ALBI score, and
histological degree of liver fibrosis and NAS score. aMAP score
and FIB-4 index had high discriminatory abilities for the inci-
dence of HCC, followed by ALBI score, histological liver
fibrosis, andNAS score in this order. It is noted that nopatients
in the aMAP score low-risk group developed HCC during the
study period. TheHarrel’s C-indexwas 0.887 (95%confidence
interval [CI], 0.848–0.926) for aMAP score, 0.878 (95% CI,
0.829–0.927) for FIB-4 index, 0.760 (95%CI, 0.680–0.840) for
ABLI score, 0.709 (95% CI, 0.611–0.807) for histological liver
fibrosis, and 0.589 (95% CI, 0.516–0.662) for NAS score.

When adjusted for patient age, gender, and diabetes
mellitus (Table A4), the hazard ratios (HRs) for HCC
development in patients of the aMAP intermediate and high-
risk groups were 20.98 (95% CI, 3.64–402.02) and 110.25
(95% CI, 16.34–2251.41), respectively, when compared to
patients in the aMAP low-risk group. The HRs for HCC
development in patients with moderate fibrosis and severe
fibrosis or cirrhosis based on the FIB-4 index were 10.31
(95% CI, 1.67–199.84) and 93.07 (95% CI, 16.33–1773.76),
respectively, in comparison to those with mild fibrosis. The
HR for HCC development in patients with ALBI grade 2 or 3
was 4.27 (95% CI, 2.08–8.64) in comparison to those with
ALBI grade 1. Regarding histological assessment, the HRs for
HCC development in patientswithfibrosis stage of F2, F3, and
F4were 2.06 (95%CI, 0.84–5.19), 6.70 (95%CI, 2.88–16.44),
and 13.07 (95% CI, 1.95–53.21), respectively, in comparison
to those with F0 or F1 liver fibrosis. The HRs for HCC devel-
opment in patients with NAS scores of 3–4 and 5–8were 4.18
(95% CI, 1.24–26.05) and 4.14 (95% CI, 1.09–26.99),
respectively, in comparison to those with NAS score of 1–2.

Incidence of Hepatocellular Carcinoma by aMAP
Score, FIB-4 Index, and ALBI Score in Patients
With Mild to Moderate Liver Fibrosis

The predictive ability of aMAP score, FIB-4 index, and ALBI
score for HCC development were compared by dividing pa-
tients into 2 groups: patients with mild (F0 or F1, n¼ 776) to
moderate (F2, n ¼ 394) liver fibrosis and patients with
advanced fibrosis (F3, n ¼ 195) or cirrhosis (F4, n ¼ 24).
Figure 2 and Table 3 show the incidence of HCC based on the
categories according to aMAP score, FIB-4 index, and ALBI
score in patients with F0–F2 fibrosis. The aMAP score and
FIB-4 index had best discriminatory ability for HCC. The Har-
rel’s C-indexwas 0.908 (95%CI, 0.859–0.957) for aMAP score,
0.896 (0.841–0.951) for FIB-4 index, 0.760 (0.680–0.840) for
ALBI score, 0.581 (0.459–0.703) for histological liver fibrosis,
and 0.676 (0.623–0.729) for NAS score, respectively.

Incidence of Hepatocellular Carcinoma by aMAP
Score, FIB-4 Index, and ALBI Score in Patients
With Advanced Liver Fibrosis

In patients with advanced liver fibrosis (F3) or cirrhosis
(F4), the aMAP score and FIB-4 index remained the best
marker that stratified the incidence of HCC (Figure 3 and
Table 4). The Harrel’s C-index was 0.754 (95% CI,
0.648–0.860) for aMAP score, 0.714 (0.551–0.877) for FIB-4
index, 0.530 (0.378–0.682) for ABLI score, 0.535
(0.427–0.643) for histological liver fibrosis, and 0.505
(0.370–0.640) for NAS score.
Discussion
In Japan, an HCC surveillance program has been estab-

lished since the 1990s. The cost for HCC surveillance has
been covered by the national insurance system for all pa-
tients with liver disease, including those at minimal risk for
HCC. Consequently, the survival rates of patients with HCC
have increased more than in other regions due to the



Figure 1. Incidence of hepatocellular carcinoma stratified by baseline laboratory markers or histological characteristics in the
overall study population with biopsy-proven nonalcoholic fatty liver disease. (A) aMAP score, (B) Fib-4 index, (C) ALBI score,
(D) histological liver fibrosis, and (E) histological NAS score.
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Table 2. Incidence of Hepatocellular Carcinoma (%) After Liver Biopsy in Patients With Biopsy-proven Nonalcoholic Fatty
Liver Disease (n ¼ 1389)

Marker Category Number of patients (%) 1 y 3 y 5 y 10 y 15 y

aMAP score 0–50 620 (45.3) 0 0 0 0 0
50–60 545 (39.8) 0 0.7 1.6 5.7 8.8
60–100 203 (14.8) 0.5 3.5 9.5 21.9 24.7

FIB-4 index <1.30 589 (42.4) 0 0 0 0 0.6
1.30–2.67 469 (33.8) 0 0.5 0.8 1.6 5.1
>2.67 330 (23.8) 0.3 2.6 7.5 21.8 23.4

ALBI score � �2.60 1126 (83.2) 0 0.7 1.1 3.3 4.2
> �2.60 228 (16.8) 0.5 1.7 7.6 15.2 24.7

Histological fibrosis F0–1 776 (55.9) 0.1 0.1 1.2 1.8 2.3
F2 394 (28.4) 0 1.0 1.5 5.7 8.5
F3 195 (14.0) 0 2.5 5.5 17.3 25.8
F4 24 (1.7) 0 5.6 5.6 24.4 24.4

NAS score 1–2 280 (20.2) 0 0 0.6 0.6 3.4
3–4 747 (53.8) 0.1 1.0 2.2 6.1 6.6
5–8 362 (26.1) 0 1.2 2.5 5.9 9.5

Figure 2. Incidence of hepatocellular carcinoma stratified by baseline laboratory markers in patients with F0, F1, or F2 liver
fibrosis based on liver biopsy results. (A) aMAP score, (B) Fib-4 index, and (C) ALBI score.
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Table 3. Incidence of Hepatocellular Carcinoma (%) After Liver Biopsy in Patients With Biopsy-proven Nonalcoholic Fatty
Liver Disease

Marker Category Number of patients (%) 1 y 3 y 5 y 10 y 15 y

aMAP score 0–50 583 (50.7) 0 0 0 0 0
50–60 438 (38.1) 0 0.3 1.0 4.0 6.2
60–100 130 (11.3) 0.8 2.7 8.5 16.0 16.0

FIB-4 index <1.30 575 (49.2) 0 0 0 0 0.6
1.30–2.67 399 (34.1) 0 0.3 0.7 1.5 3.9
>2.67 195 (16.7) 0.6 1.9 6.9 17.4 17.4

ALBI score � �2.60 985 (86.6) 0 0.1 0.4 1.9 2.7
> �2.60 153 (13.4) 0.7 2.5 8.3 11.3 11.3

Patients With F0–F2 Liver Fibrosis (n ¼ 1170).
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detection of early-stage HCC.26,27 At liver centers, all pa-
tients with liver disease usually undergo regular HCC sur-
veillance regardless of the degree of liver fibrosis, typically
every 6 months. This is not an exception for patients with
NAFLD. However, given in the rapid increase in the number
of patients with NAFLD in recent decades globally, it is
impossible to include all patients with NAFLD in HCC
Figure 3. Incidence of hepatocellular carcinoma stratified by bas
based on liver biopsy results. (A) aMAP score, (B) Fib-4 index,
surveillance systems. Therefore, risk stratification for HCC
development is urgently needed to classify patients with
NAFLD into those at high risk of developing HCC, who
should undergo surveillance, and those with a low likeli-
hood of HCC for whom surveillance will not be necessary.

Among factors based on histological evaluation, NAS
score had modest predictive ability for HCC in comparison
eline laboratory markers in patients with F3 or F4 liver fibrosis
and (C) ALBI score.



Table 4. Incidence of Hepatocellular Carcinoma (%) After Liver Biopsy in Patients With Biopsy-proven Nonalcoholic Fatty
Liver Disease

Marker Category Number of patients (%) 1 y 3 y 5 y 10 y 15 y

aMAP score 0–50 37 (17.1) 0 0 0 0 0
50–60 107 (49.3) 0 2.3 4.3 13.5 22.2
60–100 73 (33.6) 0 5.1 11.4 39.7 49.7

FIB-4 index <1.30 14 (6.4) 0 0 0 0 0
1.30–2.67 70 (32.0) 0 1.7 1.7 1.7 21.4
>2.67 135 (61.6) 0 3.6 8.3 29.9 34.6

ALBI score � �2.60 141 (65.3) 0 4.2 5.8 16.1 16.1
> �2.60 75 (34.7) 0 0 6.1 24.1 50.2

Patients With F3, F4 Liver Fibrosis (n ¼ 219).
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to histological liver fibrosis. Several previous studies have
reported that liver fibrosis is the main risk factor for HCC
development and steatosis is not associated with NAFLD
outcomes.11 Although histological liver fibrosis stratified the
incidence of HCC, FIB-4 index, a laboratory marker of liver
fibrosis, had higher predictive ability for HCC than histo-
logical liver fibrosis; the noninvasive marker showed su-
perior ability to liver histology in assessing the risk of HCC.
This might have been partly due to sampling error during
needle liver biopsy for liver fibrosis due to heterogenous
distribution of fibrosis within the liver.

The recently developed aMAP score appears to accurately
stratify the risk of HCC development.13 Notably, recognizing the
difficulty in accurate and consistent diagnosis of cirrhosis,28 the
model was developed in patients with chronic hepatitis without
specific reference to the presence or absence of cirrhosis. In
addition, the aMAP score can reportedly identify patients at low
risk of HCC development for whom HCC surveillance can be
omitted. Although the original report included 720 of 17,374
patients (4.1%) with nonviral HCC, the etiology of underlying
liver diseases in these patients was not accurately defined13 and
could have included patients with nonviral and non-NAFLD
etiology. By contrast, all patients in the present study were
confirmed to have NAFLD histologically. They were also
confirmed to not have viral hepatitis or liver diseases of other
etiologies. Therefore, the study patients were appropriate for
the validation of aMAP score in patients with NAFLD. Whereas
previous study validated aMAP score in patients with nonviral
alcoholic liver disease,29 this is the first study to confirm the
excellent performance of aMAP score to assess the risk of HCC
development in nonviral NAFLD patients. In particular, no pa-
tients in the aMAP score low-risk group (< 50), which included
more than 45% of patients, developed HCC. A recent meta-
analysis reported that NAFLD-related HCC is more common
in patients without cirrhosis, when compared to patients with
HCC by other etiologies.30 In this context, aMAP score will be
useful clinically, because this study indicated that the number of
patients with NAFLD who need HCC surveillance can be sub-
stantially reduced based on their aMAP score.

Although ALBI score has been reported to be a measure of
liver dysfunction,25 recent studies have reported ALBI score
as an indicator of being at high risk for HCC development.31,32

The results of this study were consistent with results of
previous studies. The present study confirmed that ALBI
score can stratify the risk of HCC in patients with NAFLD.
However, the discriminatory ability of ALBI score for HCC
risk was inferior to that of other serum markers.

This study had several limitations. This was a hospital-
based study limited to patients who underwent liver
biopsy. Therefore, the predictive ability of the markers
studied in patients with NAFLD for HCC development should
be verified further with a community-based study. The rates
of patients who dropped out during follow-up after biopsy
decreased in patients with increased risk of aMAP score and
fibrosis degree of FIB-4 index. This might have influenced the
incidences of HCC by groups; the lower drop-out rate may
have been associated with the increased incidence of HCC.
The number of patients with cirrhosis, for whom surveillance
for HCC is recommended in Western countries, was very
small (24 patients, 1.7%). This is partly because of the risk
associated with needle liver biopsy for patients with cirrhosis
due to decreased platelet count. Therefore, we analyzed pa-
tients with advanced liver fibrosis and cirrhosis together.
However, as noted in the American Association for Study of
the Liver Diseases guidelines, the discrimination between
severe fibrosis and compensated cirrhosis is often unclear,
since fibrosis can be heterogenously distributed within the
liver. In addition, many cases of NAFLD-related HCC report-
edly develop in patients with F3 fibrosis.30 In this context,
our study confirmed the predictive ability of noninvasive
markers such as aMAP score or FIB-4 index in patients with
advanced liver fibrosis or cirrhosis.
Conclusion
Our study showed that aMAP score and FIB-4 index have

high discriminatory ability of HCC risk in patients with
biopsy-proven NAFLD. These noninvasive markers can
identify patients at high risk of HCC for whom surveillance
will be necessary and, in particular, those at low risk of HCC
for whom surveillance can be omitted.
Supplementary Materials
Material associated with this article can be found in the

online version at https://doi.org/10.1016/j.gastha.2023.07.
018.
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