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Abstract
To evaluate the performance of aspartate transaminase-to-platelet ratio index (APRI) and fibrosis index based on four factors (FIB-4)
to predict significant fibrosis and cirrhosis in hepatitis B virus e antigen (HBeAg)-negative chronic hepatitis B (CHB) patients with
alanine transaminase (ALT)� twice the upper limit of normal (2 ULN).
Histologic and laboratory data of 236 HBeAg-negative CHB patients with ALT�2 ULN were analyzed. Predicted fibrosis stage,

based on established scales and cut-offs for APRI and FIB-4, was compared with METAVIR scores obtained from liver biopsy.
In this study, the areas under the receiver operating characteristic curves (AUROCs) of APRI were lower than that of FIB-4 (0.62 vs

0.69; P=0.019) for diagnosing significant fibrosis; however APRI and FIB-4 were comparable for diagnosing cirrhosis (0.77 vs 0.81;
P=0.374). When the cut-off proposed by WHO HBV guideline for APRI (>2.0) was used, no cirrhotic patients were correctly
predicted. For FIB-4, theWHOproposed cut-off of 3.25 correctly identified significant fibrosis 83% of the time; but for APRI, theWHO
proposed cut-off of 1.5 identified significant fibrosis 56%. In ruling out significant fibrosis, the WHO proposed APRI cut-off of 0.5 had
a predictive value of 39%, and the FIB-4 cut-off of 1.45 correctly identified lack of significant fibrosis in 47% of the patients. In this
study, based on ROC analysis, the optimal cut-offs were 0.46 and 0.65 for APRI, and 1.05 and 1.29 for FIB-4, for diagnosing
significant fibrosis and cirrhosis, respectively. When the new cut-off of APRI (>0.65) was used, 82% of the cirrhotic patients were
correctly predicted. In ruling out significant fibrosis, the newAPRI cut-off (<0.46) had a predictive value of 80%, and new FIB-4 cut-off
(<1.05) correctly identified lack of significant fibrosis in 84% of the patients.
The WHO guidelines proposed cut-offs might be higher for HBeAg-negative CHB patients with ALT �2 ULN, and might

underestimate the proportion of significant fibrosis and cirrhosis. A new set of cut-offs should be used to predict significant fibrosis
and cirrhosis in this specific population.

Abbreviations: ALT = alanine transaminase, APRI = aspartate transaminase-to-platelet ratio index, AST = aspartate
transaminase, AUROC = area under the receiver operating characteristic curve, CHB = chronic hepatitis B, CI = confidence interval,
FIB-4 = fibrosis index based on the 4 factors, HBeAg = hepatitis B virus e antigen, HBsAg = hepatitis B virus surface antigen, HBV =
hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, HDV = hepatitis D virus, NAFLD = nonalcoholic fatty liver
disease, NPV = negative predictive value, PPV = positive predictive value, ROC curve = receiver operating characteristic curve, ULN
= upper limit of normal.
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Figure 1. Flow diagram of the study population. ALT=alanine aminotransfer-
ase, CHB=chronic hepatitis B, HBeAg=hepatitis B e antigen, HCV=hepatitis
C virus, HDV=hepatitis D virus, HIV=human immunodeficiency virus,
NAFLD=nonalcoholic fatty liver disease, ULN=upper limit of normal.
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1. Introduction

Infection with hepatitis B virus (HBV) is a public health problem
worldwide, and 240 million people estimated to experience
persistent HBV infection.[1] In China,HBV infection ismoderately
endemic, and chronic hepatitis B (CHB) is the main cause of
cirrhosis and hepatocellular carcinoma (HCC).[2] Among CHB
patients, those with significant fibrosis and cirrhosis are at
increased risk for liver decompensation, HCC, and death.[3]

Antiviral treatment can suppress HBV replication and prevent
progression of CHB to cirrhosis, HCC, and death. The indications
for antiviral treatment mainly based on the combination of
hepatitis B virus e antigen (HBeAg) status, HBV DNA levels,
alanine transaminase (ALT) levels, and severity of liver histological
changes.[4–6] According to CHB guidelines,[4–6] HBeAg-negative
patients with HBV DNA≥2000IU/mL (104copies/mL) and
ALT> twice the upper limit of normal (2 ULN) should be
considered for antiviral treatment. Among HBeAg-negative
patients who have ALT�2 ULN, liver fibrosis assessment can
assist the decision of antiviral therapy. Patients with significant
fibrosis should be considered for antiviral therapy even if their
ALT�2 ULN. AmongHBeAg-negative patients who have ALT>
2 ULN and HBV DNA>2000IU/mL, guidelines recommend
commencement of antiviral therapy and liver fibrosis assessment
may not be necessary. Thus, HBeAg-negative CHB patients with
ALT�2 ULN have more needs for liver fibrosis assessment than
the general CHB patients.
Liver biopsy is the gold standard for the detection of liver

fibrosis, but has limitations such as invasive procedure, high cost,
risk of rare but potentially life-threatening complications, and so
on.[7–9] These limitations of liver biopsy promote the develop-
ment of noninvasive means for assessments of liver fibrosis.
FibroScan, which measures liver stiffness, is increasingly being
recognized as an excellent tool for the diagnosis of liver fibrosis
because of its high diagnostic performance.[10–12] However, the
FibroScan device is expensive (€34,000 for the portable
machine), and often only accessible in several hospitals in great
cities in developing country. Besides FibroScan, serum fibrosis
model based on routine laboratory tests might be another
noninvasive method for the detection of liver fibrosis. Among
serum fibrosis models, aspartate transaminase (AST)-to-platelet
ratio index (APRI) and fibrosis index based on four factors (FIB-
4) are commonly used for identifying liver fibrosis and cirrhosis in
patients with chronic hepatitis C virus (HCV) infection.[13,14] The
APRI score was developed in the study of 192 patients with
chronic HCV infection, in which APRI got a PPV of 51% for
diagnosing significant fibrosis, and 81% for the diagnosis of
cirrhosis.[13] The FIB-4 was developed in a study of 592 HCV
patients, in which FIB-4 gave a PPV of 82% for prediction of
severe fibrosis.[15] APRI and FIB-4 have successfully predicted
liver fibrosis in large cohorts of patients with HCV.[15,16]

A number of studies have also described that APRI and FIB-4
are suitable markers for detecting significant fibrosis and cirrhosis
in CHB patients.[17,18] Indeed, the recent WHO HBV guidelines
recommend APRI as the preferred noninvasive test to assess for
the presence of cirrhosis in resource-limited settings.[19] However,
recent study by Kim et al[20] found that APRI and FIB-4 scores are
not suitable for use in clinical practice in CHB patients for
assessment of hepatic fibrosis according to Ishak stage, especially
in gauging improvements in liver fibrosis following therapy. Yin
et al[21] also found that the cut-offs (>3.25) proposed by WHO
HBV guidelines might be higher for CHB patients, and FIB-4 has
relatively high diagnostic value for detecting liver fibrosis in CHB
2

patients when the diagnostic threshold value is more than 2.0. In
conclusion, the diagnostic performances and cut-offs of APRI
and FIB-4 for the diagnosis of significant fibrosis and cirrhosis
were controversial, although they have been recommended by the
recent WHO HBV guidelines.[19]

At present, there is a lack of data about the performances of
APRI and FIB-4 for the diagnosis of significant fibrosis and
cirrhosis in HBeAg-negative CHB patients with ALT�2 ULN. It
is unclear whether the cut-offs proposed by the WHO HBV
guidelines, which derived from HCV studies, applied to HBeAg-
negative CHB patients with ALT�2 ULN. We evaluated the
performances of APRI and FIB-4 in 236 HBeAg-negative CHB
patients with ALT�2 ULN, and verified whether the WHO
proposed cut-offs applied to this specific CHB population.
2. Materials and methods

2.1. Study design and patients

Fifteen hundred twenty-one consecutive CHB patients who
underwent liver biopsies and routine laboratory tests in Shanghai
Public Health Clinical Center between May 2008 and January
2016 were retrospectively screened. CHB was defined as the
persistent presence of hepatitis B surface antigen (HBsAg) for
more than 6 months.[5] Inclusion criteria were HBeAg-negative,
HBV DNA≥500copies/mL, no anti-HBV treatment, and ALT�
2 ULN (ULN is 40 IU/L).[5] Patients with the following conditions
were excluded: alcohol consumption>20g/day (n=132); accom-
panied by nonalcoholic fatty liver disease (NAFLD) (n=136);
coinfection with HCV, hepatitis D virus (HDV), or HIV
(n=106); accompanied by autoimmune liver disease (n=54).
Finally, 236 treatment-naïve HBeAg-negative CHB patients with



Table 1

Baseline characteristics of the study population.

Characteristics Total (n=236)

Age, y 36±8
Male gender, n (%) 154 (65.3%)
HBV DNA, log10 copies/mL 3.8 (3.3–4.7)
ALT, IU/L 32 (23–47)
AST, IU/L 27 (22–34)
Platelet count, 109/L 173±58
APRI 0.39 (0.29–0.61)
FIB-4 1.00 (0.70–1.40)
METAVIR fibrosis stage
F0 29 (12.3%)
F1 143 (60.6%)
F2 35 (14.8%)
F3 12 (5.1%)
F4 17 (7.2%)

ALT= alanine aminotransferase, APRI=AST-to-platelet ratio index, AST= aspartate aminotransfer-
ase, FIB-4=fibrosis index based on the 4 factors, HBV=hepatitis B virus.

Table 2

Correlation of APRI and FIB-4 scores with METAVIR scores.

Variables Spearman r P

APRI 0.16 0.012
FIB-4 0.28 <0.001

APRI= aspartate aminotransferase to platelet ratio index, FIB-4= fibrosis index based on the 4
factors, Spearman r= correlation coefficient.
The bold values mean “statistically significant”.
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ALT�2 ULN were included. Figure 1 summarizes the flow
diagram of the study population.
All the patients signed the informed consent before liver

biopsy, and all clinical procedures were in accordance with the
Helsinki declaration of 1975, as revised in 1983. The study
protocol was permitted by the ethics committee of Shanghai
Public Health Clinical Center.
2.2. Liver histological score

A minimum of 15mm of liver tissue with at least 6 portal tracts is
considered sufficient for histological scoring, and the METAVIR
scoring system was adopted as the histological standard of liver
fibrosis.[22] Liver fibrosis was classified into 5 stages: F0, no
fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with
rare septa; F3, numerous septa without cirrhosis; and F4, cirrhosis
(formation of false lobule).[22] Significant fibrosis was defined as
fibrosis stage≥F2, and cirrhosis was defined as fibrosis stage=F4.
2.3. APRI and FIB-4 scores

APRI and FIB-4 scores were calculated using laboratory data
based on the following formulas:

APRI ¼ ðAST=ULNof ASTÞ=platelet count � 100; ð1Þ
Figure 2. Association betweenMETAVIR scores and (A) APRI and (B) FIB-4 scores
based on the 4 factors; the box represents the interquartile range and the line a

3

FIB� 4 ¼ ðage � ASTÞ=ðplatelet count � ðALTÞ1=2Þ: ð2Þ

Note: ULN of AST=40IU/L.
2.4. Statistical analysis

NormalitytestsofalldatawereperformedbyKolmogorov–Smirnov
test. Thebaseline characteristics of patients arepresented as follows:
normal distribution data as mean± standard deviation, nonnormal
distribution continuous data as median (interquartile range), and
categorical variables as number (percentage). The correlations
betweennoninvasivefibrosis scores (APRIorFIB-4) andMETAVIR
fibrosis scores were analyzed using Spearman test. ROC curve
analysiswas performed forAPRI andFIB-4, respectively, to identify
significant fibrosis and cirrhosis in HBeAg-negative CHB patients
withALT�2ULN.Three setsof cut-offswerecalculatedas follows:
obtaining a sensitivity of at least 90%, obtaining a specificity of at
least 90%, or maximizing Youden index (sensitivity+specificity�
1). All significance tests were 2-tailed, and P<0.05 was considered
statistically significant. All statistical analyseswere carried out using
the SPSS statistical software version 15.0 (SPSS, Inc., Chicago, IL)
andMedCalc Statistical Software version 16.1 (MedCalc Software
bvba, Ostend, Belgium).
3. Results

3.1. Baseline data

Baseline characteristics of the study population are presented in
Table 1. The average age was 36 years, andmostly male (65.3%).
Median HBV DNA, ALT, and AST was 3.8 log10copies/mL
(IQR=3.3–4.7), 32 IU/L (IQR=23–47), and 27IU/L (IQR=
22–34), respectively. Median APRI and FIB-4 was 0.39 (IQR=
0.29–0.61) and 1.00 (IQR=0.70–1.40), respectively. Among
236 enrolled patients, 64 (27.1%) had significant fibrosis, and 17
(7.2%) had cirrhosis.
. APRI=aspartate aminotransferase to platelet ratio index, FIB-4=fibrosis index
cross the box indicates the median value.
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Table 3

Diagnostic performance of APRI and FIB-4 for significant fibrosis and cirrhosis at cut-off values proposed by the WHO HBV guidelines.

Criteria Score Cut-off value Predicted METAVIR fibrosis stage Sensitivity, % Specificity, % PPV, % NPV, %

Significant fibrosis APRI >1.50 F2–F4 8 98 56 74
<0.50 F0–F1 48 72 39 79

FIB-4 >3.25 F2–F4 16 99 83 76
<1.45 F0–F1 42 83 47 79

Cirrhosis APRI >2.00 F4 0 1 0 7
<1.00 F0–F3 35 94 32 95

APRI= aspartate aminotransferase to platelet ratio index, FIB-4= fibrosis index based on the 4 factors, HBV=hepatitis B virus, NPV=negative predictive value, PPV=positive predictive value.
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3.2. Correlation of APRI and FIB-4 scores with METAVIR
fibrosis stages

The METAVIR fibrosis stages obtained from liver biopsy
correlated with APRI (Spearman r=0.16, P=0.012) and FIB-4
(Spearman r=0.28, P<0.001) (Table 2), resulting in higher
median APRI and FIB-4 scores with increasing METAVIR
fibrosis stages (Fig. 2). It is important to note, however, the
correlation coefficients of APRI and FIB-4 were all less than 0.8,
which means week correlation despite P-value.

3.3. Diagnostic performances of APRI and FIB-4 for
significant fibrosis and cirrhosis at cut-offs proposed
by WHO HBV guidelines

Table 3 presents the summary sensitivities, specificities, positive
predictive values (PPVs), and negative predictive values (NPVs)
of APRI and FIB-4 for significant fibrosis and cirrhosis at the
WHO guideline proposed cut-offs. When APRI>2.0 was used
for the prediction of cirrhosis, no patients were correctly
predicted. When the WHO proposed cut-off for FIB-4 (3.25)
was used, significant fibrosis could be correctly predicted in 83%
of patients; but for APRI, the WHO proposed cut-off of 1.5 just
correctly identified significant fibrosis in 56% of patients. In
addition, when theWHO proposed cut-offs were used in HBeAg-
negative CHB patients with ALT�2 ULN, many patients with
significant fibrosis or cirrhosis would be missed. For example, in
this study, all patients with cirrhosis (17/17) had APRI�2 and
similarly, most patients with significant fibrosis (54/64) had FIB-
4�3.25, and the majority of patients with significant fibrosis (58/
64) had APRI�1.5. In ruling out significant fibrosis, APRI�0.5
only had a predictive value of 39%, and FIB-4�1.45 only had a
Figure 3. ROC curves of APRI and FIB-4 for significant fibrosis (A) and cirrhosis (B)
based on the 4 factors, ROC curves= receiver operating characteristic curves.
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predictive value of 47%. That is to say, APRI�0.5 correctly
identified nonsignificant fibrosis in 39% of the patients, and FIB-
4�1.45 correctly identified nonsignificant fibrosis in 47% of the
patients. Again, both scores would miss a large proportion of
patients without significant fibrosis when the WHO proposed
cut-offs were used.
3.4. New cut-offs for APRI and FIB-4 for the diagnosis
of significant fibrosis and cirrhosis

We performed a ROC analysis (Fig. 3) to evaluate whether
significant fibrosis and cirrhosis could be detected with high
sensitivity and specificity using new sets of cut-offs than the
WHO proposed cut-offs.[19] The areas under the receiver
operating characteristic curves (AUROCs) of APRI were lower
than that of FIB-4 (0.62 vs 0.69; P=0.019) for diagnosing
significant fibrosis; however APRI and FIB-4 AUROCs were
comparable for diagnosing cirrhosis (0.77 vs 0.81; P=0.374)
(Table 4).
Table 5 presents the new cut-offs of APRI and FIB-4 for the

diagnosis of significant fibrosis and cirrhosis in HBeAg-negative
CHB patients with ALT�2 ULN. When cut-offs maximized
sensitivity (≥90%), specificity was unsatisfactorily low
(11–63%). Cut-offs that maximized specificity (≥90%) were
associated with unacceptably low sensitivity (25–38%). Cut-offs
that maximized Youden index with a compromise between
sensitivity (56–100%) and specificity (62–66%) performed
modestly well. According to maximizing Youden index, the
optimal cut-offs of APRI were 0.46 and 0.65, respectively, for
diagnosing significant fibrosis (the corresponding sensitivity,
specificity, PPV, and NPVwere 56%, 66%, 38%, and 80%), and
cirrhosis (the corresponding sensitivity, specificity, PPV, and
. APRI=aspartate aminotransferase to platelet ratio index, FIB-4=fibrosis index



Table 4

The AUROCs of APRI and FIB-4 for diagnosing significant fibrosis
and cirrhosis.

Significant liver fibrosis Cirrhosis

AUROC (95% CI) AUROC (95% CI)

APRI 0.62 (0.56–0.69) 0.77 (0.71–0.82)
FIB-4 0.69 (0.62–0.74) 0.81 (0.75–0.85)
Comparison of AUROC
APRI and FIB-4 P=0.019 P=0.374

APRI= aspartate aminotransferase to platelet ratio index, AUROC= areas under the receiver operating
characteristic curves, CI=confidence interval, FIB-4= fibrosis index based on the 4 factors.
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NPV were 82%, 65%, 15%, and 98%). The optimal cut-offs of
FIB-4 were 1.05 and 1.29, respectively, for diagnosing significant
fibrosis (the corresponding sensitivity, specificity, PPV and NPV
were 67%, 62%, 40%, and 84%), and cirrhosis (the corre-
sponding sensitivity, specificity, PPV andNPVwere 100%, 62%,
17%, and 100%).
4. Discussion

In this study based on 236 HBeAg-negative CHB patients with
ALT�2 ULN, commonly used scores (APRI and FIB-4) to
estimate fibrosis in patients with hepatitis C showed the value for
diagnosing significant fibrosis and cirrhosis. Previously, some
small-scale studies suggest that APRI and FIB-4 scores are higher
in CHB patients with significant fibrosis,[23,24] which we also
observed in this study. In this study, the AUROC of FIB-4 was
higher than that of APRI (0.69 vs 0.62; P=0.019) for diagnosing
significant fibrosis, which indicated FIB-4 might be more reliable
than APRI as an indicator of significant fibrosis in HBeAg-
negative CHB patients with ALT�2 ULN. Although the APRI
and FIB-4 AUROCs were comparable (0.77 vs 0.81; P=0.374)
for diagnosing cirrhosis, APRI might be superior to FIB-4 as an
indicator of cirrhosis in this specific CHB population, considering
the more simple calculation.
The cut-offs of APRI (>1.50) and FIB-4 (>3.25) proposed by

WHOHBV guidelines provided high specificity (98–99%) for the
diagnosis of significant fibrosis, at a cost of very low sensitivity
(8–16%) in HBeAg-negative CHB patients with ALT�2 ULN.
This implies that 84% to 92% of patients who had significant
fibrosis would be erroneously categorized as patients without
Table 5

Feasibility of determining new cut-off values of APRI and FIB-4 for H

Score Classification Youden index Cut-off value

APRI Significant fibrosis 0.02 0.22
0.15 0.77
0.23 0.46

Cirrhosis 0.37 0.34
0.25 0.83
0.47 0.65

FIB-4 Significant fibrosis 0.11 0.64
0.28 1.83
0.29 1.05

Cirrhosis 0.57 1.10
0.26 2.11
0.62 1.29

ALT= alanine aminotransferase, APRI= aspartate aminotransferase to platelet ratio index, CHB= chronic h
predictive value, ULN=upper limit of normal.
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significant fibrosis, by the WHO proposed cut-offs. This limits
the usefulness of APRI and FIB-4 as screening tests for significant
fibrosis and cirrhosis, and selection of candidates for liver biopsy.
For the diagnosis of cirrhosis, theWHOproposed cut-off of APRI
(>2.0) provided very low sensitivity (0) and specificity (1%) in
HBeAg-negative CHB patients with ALT�2 ULN. All patients
with cirrhosis (17/17) had an APRI score of 2 or less, and would
be misdiagnosed as patients without cirrhosis, by the WHO
proposed cut-off of APRI (>2.0).
To propose a new set of cut-offs with high specificity and

sensitivity for use in clinical practice, we evaluated new cut-offs of
APRI and FIB-4 specifically for HBeAg-negative CHB patients
with ALT�2 ULN. Based on ROC analysis, the optimal cut-offs
were 0.46 and 0.65 for APRI, and 1.05 and 1.29 for FIB-4, for
diagnosing significant fibrosis and cirrhosis, respectively, in this
study. Compared with the WHO proposed cut-off (APRI>2.0),
the new cut-off of APRI (>0.65) provided higher sensitivity (82%
vs 0%) and specificity (65% vs 1%) for diagnosing cirrhosis in
HBeAg-negative CHB patients with ALT�2 ULN. When the
new cut-off of APRI (>0.65) was used, 14/17 (82%) cirrhotic
patients were correctly predicted in this study. Compared with
theWHOproposed cut-off (FIB-4>3.25), the new cut-off of FIB-
4 (>1.05) provided higher sensitivity (67% vs 16%) but lower
specificity (62% vs 99%) for diagnosing significant fibrosis.
Obviously, the new cut-off of FIB-4 (>1.05) is more appropriate
for screening significant fibrosis and selection of candidates for
liver biopsy, and the WHO cut-off (FIB-4>3.25) is more
appropriate for diagnosing significant fibrosis and avoiding liver
biopsy. In ruling out significant fibrosis, the new APRI cut-off
(<0.46) had a predictive value of 80%, and new FIB-4 cut-off
(<1.05) correctly identified lack of significant fibrosis in 84% of
the patients.
The new APRI and FIB-4 cut-offs obtained in this study were

lower than the WHO proposed cut-off values, which deriving
from HCV studies. Compared with HCV patients, the different
magnitude of inflammation and related ALT levels observed in
CHB patients, that might render the different cut off values. Two
recent studies, showing different pathogenesis and different
patterns of fibrosis according to different causes of chronic liver
diseases, also justify the need for different cut-points of systems
for assessment of fibrosis from different causes.[25,26] In addition,
the WHO proposed cut-offs were mainly for general CHB
patients including patients with ALT>2 ULN, and the new cut-
offs were especially for HBeAg-negative CHB patients with
BeAg-negative CHB patients with ALT�2 ULN.

Sensitivity, % Specificity,% PPV,% NPV, %

91 11 28 76
25 90 48 76
56 66 38 80
94 43 38 95
35 90 22 95
82 65 15 98
90 20 30 85
38 90 59 80
67 62 40 84
94 63 16 99
35 90 22 95
100 62 17 100

epatitis B, FIB-4= fibrosis index based on the 4 factors, NPV=negative predictive value, PPV=positive
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ALT�2 ULN, whose AST and ALT levels (components of APRI
and FIB-4) were lower than general CHB population.
APRI and FIB-4 were used mainly in resource-limited areas to

predict liver fibrosis and cirrhosis.[27] Indeed, theWHO guidelines
on the treatment ofCHB recommendedAPRI as a noninvasive tool
to detect cirrhosis in resource-limited settings, based on the
following advantages: comprising only inexpensive laboratory
tests; available in primary care; and noninvasive procedure.[19]

However, our data suggested that the WHO guidelines proposed
cut-offs might be higher for HBeAg-negative CHB patients with
ALT�2 ULN. The WHO proposed cut-offs performed poorly in
identifying significant fibrosis in HBeAg-negative CHB patients
with ALT�2 ULN in that most patients (84–92%) had lower
scores thanWHOproposed higher cut-offs. In addition, APRI and
FIB-4 were also limited by the WHO proposed cut-offs in making
treatment decisionsby identifying significantfibrosis,because52%
to 58% of patients without significant fibrosis would have higher
scores than WHO proposed lower cut-offs, in HBeAg-negative
CHB patients with ALT�2 ULN. This could result in large
numbers of patients receiving unnecessary antiviral therapy.
Therefore, the new cut-offs obtained in this study were necessary
for the diagnosis of significant fibrosis and cirrhosis in HBeAg-
negative CHB patients with ALT�2 ULN.
It is important to note, however, the rates of PPV of new APRI

or FIB-4 cut-off for predicting significant fibrosis or cirrhosis were
very low and the rates of specificity were not high. This is an
important issue to be discussed. Note that the low PPV was a
common problem with serum fibrosis models. According to the
WHO HBV guideline, the PPV was low (less than 50%) for all
noninvasive tests for the diagnosis of liver fibrosis and cirrhosis,
and FibroScan had a relatively higher PPV (42%) than APRI
using either a high or low cut-off (26% and 22%).[19] In this
study, the rates of specificity were not high (62–66%) when cut-
offs obtained bymaximizing the sum of sensitivity and specificity.
To overcome this, a set of cut-offs were established by obtaining a
specificity of at least 90% for APRI and FIB-4, for the diagnosis of
significant fibrosis and cirrhosis, respectively. In the clinical work,
the cut-offs with high specificity (i.e., fewer false-positive results)
could be used to diagnose persons with significant fibrosis and
cirrhosis, and the cut-offs with high sensitivity (i.e., fewer false-
negative results) could be used to rule out the presence of
significant fibrosis and cirrhosis.
This study has limitations. First, the retrospective design of this

study might have caused selective bias resulting in under-
estimated sensitivity and overestimated specificity of APRI and
FIB-4.[28] Second, in this study, the case number of cirrhosis was
limited (17, 7.2%), which could have resulted in statistical bias
when we evaluated and compared the performances of APRI and
FIB-4 for the diagnosis of cirrhosis. Therefore, larger sample,
prospective, multicentre studies will be necessary to validate the
new cut-offs of APRI and FIB-4.
In summary, these data derived from 236 HBeAg-negative

CHB patients with ALT�2 ULN demonstrate that the WHO
HBV guidelines proposed cut-offs might be higher for this specific
CHB population, and might underestimate the proportion of
significant fibrosis and cirrhosis. A new set of cut-offs should be
used to predict significant fibrosis and cirrhosis in HBeAg-
negative CHB patients with ALT�2 ULN.
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