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Abstract
Background: At present, most assessments of liver fibrosis staging mainly focus on non-invasive diagnostic methods. This study aims to construct a noninvasive model to predict liver histology for antiviral therapy in chronic hepatitis B (CHB) with alanine aminotransferase (ALT) < 2 times upper limit of normal (ULN).
Methods: We retrospectively analyzed 577 patients with CHB who received liver biopsy and whose ALT was less than
2 ULN. Then they were randomly divided into a training group and a validation group. Through logistic regression
analysis, a novel predictive model was constructed in the training group to predict significant changes in liver histology [necro-inflammatory activity grade (G) ≥ 2 or fibrosis stage (S) ≥ 2] and then validated in the validation group.
Results: If liver biopsy showed moderate or severe inflammation or significant fibrosis, antiviral treatment was
recommended. Aspartate aminotransferase (AST), anti-hepatitis B virus core antibody (anti-HBC) and glutamine
transpeptidase (GGT) were identified as independent predictors for antiviral therapy, with area under the ROC curve
(AUROC) of 0.649, 0.647 and 0.616, respectively. Our novel model index, which combined AST, anti- HBC and GGT with
AUROC of 0.700 and 0.742 in training set and validation set.
Conclusions: This study established a noninvasive model to predict liver histology for antiviral treatment decision in
patients with CHB with ALT < 2 ULN, which can reduce the clinical needs of liver biopsy.
Keywords: Hepatitis B virus, Liver biopsy, Anti-hepatitis B virus core antibody (anti-HBC), Noninvasive model
Background
Hepatitis B virus (HBV) infection is still a major public
health problem in the world. It is one of the most serious and common health problems, affecting more than 2
billion people [1]. Once HBV chronic infection, the covalently closed circular DNA (ccc-DNA) was difficult to be
removed from hepatocytes.
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Studies have shown that HBV replication and subsequent immune-mediated liver damage are the main
key factors for disease progression. The inevitable progression of HBV infection to persistent or intermittent
liver inflammation and fibrosis greatly increases the risk
of progression to cirrhosis, Hepatocellular carcinoma
(HCC) and end-stage liver disease [2]. Early and timely
antiviral treatment can reverse liver fibrosis and early
cirrhosis, thereby reducing the incidence of HCC [3–5].
Therefore, the main purpose of chronic hepatitis B virus
(CHB) treatment is to inhibit HBV replication, reduce
the occurrence of liver decompensation and prevent the
progress of disease as soon as possible [1]. The recent
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American Association for the Liver Diseases (AASLD)
guidelines recommend antiviral therapy when alanine
aminotransferase (ALT) ≥ 2 upper limit of normal (ULN),
moderate or severe inflammation or significant fibrosis
and HBV-DNA elevation [6]. European Association for
the Study of the Liver (EASL) guidelines recommend that
patients with ALT > ULN, moderate or severe inflammation or obvious fibrosis and HBV-DNA elevation should
receive antiviral treatment [7].
The level of ALT is able to reflect the severity of liver
injury and is an important biochemical index to evaluate
liver injury. However, due to its effectiveness was limited, not all patients with HBV infection will continue to
increase of ALT level [8, 9]. About one fifth of patients
with CHB with normal ALT level may have significant
liver fibrosis [10]. Patients with high ALT level are more
likely to have liver inflammation or fibrosis, but those
with long-term ALT level lower than 2 ULN value of
HBV infection, liver biopsy is recommended. However,
due to the invasive nature of liver biopsy with serious
complications, short-term non-repeatability, sampling
errors and differences between observer and within the
observer, the examination was rejected by some patients
[11, 12]. Therefore, more and more attention has been
paid to the prediction of liver histology by noninvasive
diagnostic methods.
In this study, we aimed to constructed a noninvasive
model based on serum markers to accurately identify
moderate and severe inflammation or significant fibrosis
related to CHB, which is helpful to the decision-making
of antiviral treatment in patients with chronic hepatitis B
with ALT < 2 ULN and to reduce the need for liver biopsy
as much as possible.

Methods
This study retrospectively analyzed 577 patients with
CHB who underwent liver biopsy from October 2008
to November 2019 in the Department of infectious diseases of Zhejiang Provincial People’s Hospital. According to the guidelines of Helsinki declaration in 1975
and the approval of the local research and ethics committee of Zhejiang Provincial People’s Hospital, all
patients were given written informed consent for analysis. HBV infection was defined as HBsAg positive for at
least 6 months [13]. The inclusion criteria include: the
diagnosis of CHB infection, the level of ALT less than
2 ULN (ULN = 40U/L), detectable HBV-DNA with a
level > 102 IU/ml. Exclusion criteria include: such as hepatitis C virus (HCV), hepatitis D virus (HDV), hepatitis
E virus or human immunodeficiency virus (HIV) Coinfection and other causes of liver disease, alcoholic liver
disease, decompensated cirrhosis, HCC, nonalcoholic
fatty liver disease (NAFLD). Autoimmune liver disease,
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insufficient liver biopsy samples and incomplete clinical
data.
Laboratory tests

Before liver biopsy, we collected the patient’s demographic (age and gender) and clinical laboratory parameters, including serological, biochemical and virus
indicators, white blood cell (WBC), platelet (PLT),
albumin (ALB), globulin (GLB), total bilirubin (TBIL),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), glutamyl transpeptidase (GGT), alkaline
phosphatase (ALP). The serum HBV-DNA load was
assessed by a real-time polymerase chain reaction System (ABI7300, Applied Biosystems, Foster City, CA,
USA). HBsAg and HBeAg were determined by automatic
analyzer.
Liver biopsy

All patients received ultrasound-guided percutaneous
liver biopsy. Liver biopsy was performed using an 18G
biopsy needle. The biopsy samples were fixed with formalin and embedded in paraffin. Hematoxylin and eosin
(HE), Masson trichrome staining and reticular fiber
staining were used to evaluate the stages of inflammatory necrosis and fibrosis. The liver biopsy samples were
at least 1.5 cm in length and contained at least 6 complete portal vein bundles. Necrotizing inflammation (G0G4) was histologically graded and hepatic fibrosis (S0-S4)
was staged according to the Scheuer classification system [14]. Liver fibrosis was considered significant when
it spread beyond the portal tract (S2-S4). All sections
were independently evaluated by two pathologists, the
observation results were processed by kappa consistency
test. The two pathologists were not aware of the patient’s
condition. When the results of the two pathologists were
inconsistent, they reevaluated and analyzed the differences and reached a consensus. According to the changes
of liver histology, the patients were divided into mild
group (G < 2 and S < 2) and significant group (G ≥ 2 or
S ≥ 2). According to the related guidelines, patients of the
significant group should be given antiviral treatment.
Statistical analysis

Statistical analyses of the data were performed with
SPSS software (version 21.0, SPSS Inc., IBM, Chicago,
IL, USA). The quantitative variables were expressed as
mean ± standard deviation (SD) or the range of quartiles,
then compared with Student’s t-test or non-parametric
test (Mann–Whitney). The classification variables are
represented by numbers or percentages and compared by
chi-square test. The independent risk factors of necrotic
inflammation and liver fibrosis were predicted by logistic regression. The area under the AUROC curve was
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analyzed and evaluated, and the cut-off value was determined by the ROC at the maximum Jordan index. The
accuracy of diagnosis was evaluated by calculating sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV). Finally, verify in the
verification set. A two-tailed value of P < 0.05 indicated to
statistical significance.

Results
Demographic and clinical characteristics of patients

In this study, 577 patients with HBV infection with ALT
less than 2 ULN were randomly divided into two groups,
including training set (n = 347) and verification set
(n = 230). A total of 179 cases (51.5%) in the training set
and 113 cases (49.1%) in the verification set were identified as moderate or severe inflammation. A total of 181
cases (52.2%) in the training set and 134 cases (58.2%)
in the verification set were identified as obvious fibrosis,
and they were identified as requiring antiviral treatment.
The analysis of demographic and clinical laboratory
indicators of the population included in the liver biopsy
was shown in Table 1. Among all statistical variables,
there was no significant difference between training set
and verification set.
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Independent factors related to antiviral treatment
decisions and their manifestations

In order to study the independent variables of antiviral
treatment decision-making in patients with HBV infection whose ALT is less than 2 ULN, and to identify moderate and severe inflammation or significant fibrosis. We
made statistical analysis on demographic and clinical laboratory indicators, and made logistic regression to analyze the work characteristic curve of subjects.
As shown in the Fig. 1, the subject operating characteristic curve was analyzed to evaluate the diagnostic
performance of the independent variables were used to
identify moderate or severe inflammation or significant
fibrosis. In the training set, the AUROC of AST, anti
HBC and GGT were 0.649, 0.647 and 0.616, respectively.
Nomogram of the incidence of liver fibrosis

We used nomogram to predict the incidence of liver
fibrosis. The consistency index (C index) was used to
determine the prediction accuracy and discrimination
ability of nomogram. In our study, AST, GGT and AntiHBC were considered as variables in the liver fibrosis
nomogram (Fig. 2).

Table 1 Characteristics of patients in the training and validation sets
Variables

Training set
(n = 347)

Validation set
(n = 230)

P value

Age (years)

37.34 ± 9.76

38.62 ± 10.40

0.132

138 (60%)

0.410

5.80 ± 1.48

5.87 ± 1.68

0.597

186.00 (148.00–217.25)

0.882

TBIL (µmol/L)

15.10 (12.30–18.60)

14.30 (11.50–18.50)

0.100

ALB (g/L)

44.90 (42.90–46.90)

44.40 (42.30–45.80)

0.035

GLB (g/L)

29.05 (26.88–32.03)

29.45 (26.65–32.33)

0.799

GGT (U/L)

20.00 (15.00–30.00)

20.50 (15.00–31.25)

0.792

ALP (U/L)

80.00 (65.00–93.00)

79.00 (67.00–96.00)

0.346

ALT (U/L)

33.00 (22.00–50.00)

32.00 (20.00–48.25)

0.213

AST (U/L)

28.00 (23.00–37.00)

28.00 (22.00–36.00)

0.348

HBeAg, Positive N (%)

179 (51.6%)

122 (53.0%)

0.652

Necro-inflammatory active grade G0/G1/
G2/G3/G4

4/164/149/30/0

5/112/89/23/1

0.451

Fibrosis stage S0/S1/S2/S3/S4

21/145/122/26/33

12/83/96/14/24

0.492

Anti-HBC (S/CO)

10.27 (8.70–11.55)

10.02 (8.79–11.22)

0.348

HBV-DNA (IU/mL)

69,500.00(2250.00–23,000,000.00)

95,000.00(2200.00–17,000,000.00)

0.972

G ≥ 2, N (%)

179 (51.5%)

113 (49.1%)

181 (52.2%)

134 (58.2%)

Male gender, n (%)
WBC (× 109/ L)
PLT (× 109/ L)

S ≥ 2, N (%)

220 (63.4%)

187.00 (154.00–214.00)

WBC white blood cell, PLT platelet, TBIL total bilirubin, ALB albumin, GLB globulin, GGTglutamyl transpeptidase, ALP alkaline phosphatase, ALT alanine
aminotransferase, AST aspartate aminotransferase, Anti-HBC anti-hepatitis B virus core antibody, HBeAg hepatitis B e antigen
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Fig. 1 The ROC of independent variables and the AGH model for identifying moderate or severe inflammation or significant fibrosis in the training
set. The AUROC of the AGH model was 0.700, which was higher than that for AST (0.649), GGT (0.616) and Anti-HBC (0.647) alone in the training
set. AST, aspartate aminotransferase; Anti-HBC, anti-hepatitis B virus core antibody; GGT, glutamyl transpeptidase; AUROC, area under the receiver
operating characteristic curve;

Fig. 2 Nomogram of the incidence of liver fibrosis. AST, aspartate aminotransferase; Anti-HBC, anti-hepatitis B virus core antibody; GGT, glutamyl
transpeptidase; For clinical use of the model, the total scores would be calculated according to the score of each variable from individual index, and
the probability of liver fibrosis could be determined
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The combination of AST, anti‑HBC and GGT showed better
diagnostic performance

On the basis of the above independent variables, construct the combination of index and analyze whether the
performance of the combination index can be improved
through logistic regression. Finally, based on the binary
forward stepwise logistic analysis of training set, an AGH
model composed of AST, anti HBC and GGT is proposed (Table 2). The publicity of the combined factors
was: AGH index = 0.033 * AST (U / L) + 0.016 * GGT
(U/L) + 0.193 * anti-HBC (S/CO)—2.745;
In the training set, the AUROC of AGH index was
0.700, higher than that independent variables of AST,
anti-HBC and GGT. In the validation set, the AGH model

Table 2 Multivariate
logistic
regression
analysis
of independent predictors for significant histological
change in training set
Variable

AUC

95% CI

P value

AST (U/L)

0.649

0.589–0.709

< 0.001

GGT (U/L)

0.616

0.556–0.676

< 0.001

Anti-HBC (S/CO)

0.647

0.584–0.709

< 0.001

Joint factor

0.700

0.643–0.757

< 0.001

AST aspartate aminotransferase, Anti-HBC anti-hepatitis B virus core antibody,
GGTglutamyl transpeptidase, AUC area under the curve, CI confidence interval

also showed good performance and the AUROC of AGH
model was 0.742, higher than that independent variables
of AST, GGT and Anti-HBC (Fig. 3).
On the basis of ROC analysis, the cut-off value of
AGH index was calculated. Selecting a high cut-off value
(> 0.215) to determine patients with moderate or severe
inflammation or significant fibrosis and need antiviral treatment. Selecting a low cut-off value (< 0.205) to
determine patients without moderate or severe inflammation or significant fibrosis and can be followed up
regularly. Their diagnostic performance including sensitivity, specificity, positive predictive value and negative
predictive value were calculated (Table 3). According to
the critical value of AGH index is 0.503, it is suggested
that 200 patients should start to antiviral treatment and
38 patients should be followed up regularly.
AGH model shows that a good performance in training set and verification set, and its AUROC is 0.700 and
0.742 respectively. Finally, 404(70.0%) out of among 577
patients with chronic hepatitis B could avoid liver biopsy
according to the critical value.

Discussion
In this study, we established a noninvasive model to
predict liver histology to determine moderate or severe
inflammation or significant fibrosis, and to guide the
decision-making of antiviral treatment in patients

Fig. 3 The ROC of independent variables and the AGH model for identifying moderate or severe inflammation or significant fibrosis in the
validation set. The AUROC of the AGH model was 0.742, which was higher than that for AST (0.724), GGT (0.651) and Anti-HBC (0.609) alone in the
validation set. AST, aspartate aminotransferase; Anti-HBC, anti-hepatitis B virus core antibody; GGT, glutamyl transpeptidase; ROC, the receiver
operating characteristic curve;
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Table 3 Multivariate logistic regression analysis of moderate inflammation or significant fibrosis in the training set
and validation set
Patients

AUROC

Training set

0.700

Validation set

0.742

P value

Cut-off values

95% CI

Sensitivity (%)

Specificity (%)

< 0.001

0.328

0.643–0.757

0.64

0.688

< 0.001

0.417

0.674–0.810

0.732

0.685

AUROC area under the receiver operating characteristic, CI confidence interval

with chronic hepatitis B with ALT < 2 ULN. The results
showed that AST, anti-HBC and GGT were independent risk factors for antiviral therapy. The combination of
AST, anti- HBC and GGT has better diagnostic performance than single variable.
In patients with chronic hepatitis B, persistent liver
inflammation is a major risk factor for the development
of cirrhosis, HCC and end-stage liver disease [1, 12]. The
latest guidelines suggest that early and timely control
of liver inflammation to prevent disease progression to
end-stage liver disease is the primary task of liver fibrosis
detection [15]. The latest EASL guidelines point out that
antiviral therapy should be performed when ALT > ULN
[7]. The AASLD guidelines indicate that patients with
ALT > ULN but < 2 ULN need to consider the severity of
liver histological changes [6]. Therefore, it is very important to evaluate the progress of liver inflammation and
fibrosis in the early stage for the treatment and prognosis in the later stage. However, liver biopsy is an invasive
operation with related complications, and its clinical
application is limited [16]. At present, most assessments
of liver fibrosis staging focus on non-invasive diagnostic
methods, such as transient elastography (TE). But TE
itself has certain limitations, such as TE requires specialized centers, so it is less readily available, limited applicability in obese and ascites patients [17], and the results
of TE are also affected by liver inflammation and activity
[18]. Therefore, our research is to avoid the clinical need
of liver biopsy by establishing noninvasive, repeatable and
rapid indicators of antiviral treatment decision-making.
Serum ALT level is one of the main biochemical
markers to evaluate liver inflammation. A study in a
Korean population showed that some people with high
viral load and ALT < 2 ULN had significant liver necrosis inflammation and fibrosis [19]. About 37% of CHB
patients with normal or near normal ALT level, but had
significant liver histologic changes [20–22]. The results
showed that ALT level was not enough to assess the
severity of liver injury [22]. Some studies have shown
that AST has better diagnostic performance than ALT
in predicting hepatic necrotizing inflammation [19].
As an independent factor to predict significant fibrosis, AST level increased with the aggravation of liver
fibrosis [23]. Some of the delay clearance in AST was
related to ALT level [24], and some of the advanced

liver fibrosis was related to mitochondrial damage [25].
Another study suggested that the increase of AST level
was related to the advanced fibrosis [26]. Our study
shows that AST level can better predict moderate and
severe inflammation and significant fibrosis. Therefore,
we should be closely monitored and evaluated AST
level regularly.
Some studies have suggested that anti-HBC in serum
biomarkers is a sensitive marker in the history of chronic
HBV infection. After the appearance of HBsAg in the
early stage of HBV infection, anti-HBC antibodies will be
detected in serum soon [27, 28]. Serum anti-HBC level is
closely related to the state of HBsAg and the activity of
liver inflammation [28]. In patients with chronic hepatitis
B whose ALT level is less than 2 ULN, the serum antiHBC level has a better diagnostic performance in predicting moderate and severe liver inflammation, even in
patients with normal or slightly elevated ALT level [22,
23]. Li et al. founded that the anti-HBC level increased
with gradually severity of hepatic inflammation and
fibrosis stage. Anti-HBC showed a high diagnostic accuracy for identifying moderate or severe inflammation in
all patients and patients with ALT lower than 64 IU/L
(AUROC = 0.768 and 0.767, respectively) in a study of
469 treatment-naïve CHB patients [22]. In our study,
Anti-HBC is a major predictor of liver fibrosis, which has
good diagnostic performance in predicting liver inflammation and necrosis.
In patients with chronic hepatitis B, GGT as an independent variable has a higher diagnostic performance for
significant fibrosis [29]. GGT is more stable in predicting liver inflammation than ALT and AST. GGT is an
important predictor of noninvasive fibrosis in patients
with HBV infection [30–32]. Therefore, GGT is a reliable
predictor of liver histological changes in routine laboratory indexes. We should regularly monitor the dynamic
changes of this index and give drug treatment when
necessary.
The nomogram not only reflects the predicted value
of each variable, but also reflects the complex interaction with other variables [33]. Through constructing the
model, clinicians can more accurately assess the incidence of liver fibrosis, so as to provide guidance for better monitoring and treatment of patients with chronic
hepatitis B.
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According to logistic analysis, we set up a new combined model, which combines AST, anti-HBC and
GGT. This combined model is simple and easy to use,
and has a good effect on the decision-making of antiviral therapy. Through ROC curve analysis, the combined
index is 0.700 and 0.742 in training set and verification
set respectively, which is higher than AST, anti-HBC
and GGT. If AGH index is higher than the high critical
value, antiviral therapy is recommended; if AGH index
is lower than the low critical value, regular follow-up
is recommended; if AGH index is between the low and
high critical value, liver biopsy is recommended.
The treatment of chronic hepatitis B was mainly
based on serum HBV-DNA level, serum ALT level
and hepatic histological severity [34]. However, in our
study, single-factor and multi-factor logistic regression
analysis showed that HBV-DNA level was not an independent factor influencing antiviral treatment. Therefore, the variable HBV-DNA level was not included
in AGH model. Similarly, through logistic regression
analysis, we found that HBeAg was not an independent factor in antiviral treatment decision. Previous
studies have shown that HBeAg-positive and HBeAgnegative chronic hepatitis B patients have different factors related to liver histology [35]. AST, HBsAg, platelet
(PLT) and albumin (ALB) were independent factors in
HBeAg-positive patients [35]. Age, AST, HBV-DNA
and PLT were independent factors in HBeAg-negative
patients [36].
Our research has its own advantages. AGH model is a
new index, which is composed of clinical routine laboratory tests and easy to obtain. It is suitable for most
patients with chronic hepatitis B virus infection as well
as be used to predict liver histology to avoid the need of
liver biopsy. Our model used only serum markers which
made it suitable for most medical facilities. We further
evaluated the performance of other non-invasive models
in antiviral treatment decision-making. As other models
like Forn’s model, AST/ALT ratio (AAR), AST to PLT
ratio Index (APRI), Fibrosis Index, FIB-4, Hui’s model,
Goteborg University Cirrhosis Index (GUCI) and Zeng’s
model [37–44]. Generally, the diagnostic performance of
most non-invasive models is lower than AGH model, but
not as good as that of APRI and FIB-4, probably because
of the different choices of participants.
This study also has some defects in this model. Firstly,
the number of patients included is small, the clinical application should be included in a large number
of patients for multicenter cohort study. Secondly, we
constructed the model in the training set and randomly
select another group in the same center to verify, but we
insist that the credibility of the model can be enhanced
by the validation in the multicenter study.
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Conclusions
Our study shows that AST, Anti-HBC and GGT are independent variables in the decision-making of antiviral therapy for chronic hepatitis B. AGH model which is a new
combined index, has a good diagnosis performance. It can
provide a noninvasive prediction model for CHB patients
to choose antiviral therapy, liver biopsy or regular followup, and help to reduce the clinical needs of liver biopsy.
Abbreviations
CHB: Chronic hepatitis B; HBV: Hepatitis B virus; WBC: White blood cell; PLT:
Platelet; TBIL: Total bilirubin; ALB: Albumin; GLB: Globulin; GGT: Glutamyl
transpeptidase; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; Anti-HBC: Anti-hepatitis B virus core antibody;
HBeAg: Hepatitis B e antigen; ULN: Upper limit of normal; AUC: Area under
the curve; CI: Confidence interval; AUROC: Area under the receiver operating
characteristic.
Acknowledgements
The study was supported by the National Natural Science Foundation of China
(No. 81672115). The study was supported by the Zhejiang Provincial Department of Health (No. 2016KYA007).
Authors’ contributions
SSC: collect, analysis data and perform manuscript drafting; WH: revised the
manuscript; HJH: design study and revised the manuscript. All authors read
and approved the final manuscript.
Funding
The study is an original research project supported financially by Zhejiang
Province People’s Hospital. No other financial interests were involved in the
design, data collection, analysis, or interpretation of this manuscript.
Availability of data and materials
Liver biopsy and pathology reports from December 2008 to November 2019
were obtained from the electronic medica records of Zhejiang Province
People’s Hospital (Hangzhou, China). The datasets generated and/or analyzed
during this study are not publicly available given our commitment to patient
privacy rights. However, anonymous data may be requested from the corresponding author for valid use.
Ethics approval and consent to participate
Ethics approval and consent to participate. The study received approval from
the Institutional Review Board of Zhejiang Province People’s Hospital (IRB NO.
2020QT322).
Consent for publication
Not applicable.
Competing interests
The authors declare no competing interests with respect to this manuscript.
Author details
1
Department of Infectious Disease, Zhejiang Provincial People’s Hospital,
Hangzhou 310014, Zhejiang, China. 2 Graduate School of Clinical Medicine, Bengbu Medical College, BengbuAnhui 233000, China. 3 Department
of Digestive Disease, Zhejiang Provincial People’s Hospital, Hangzhou 310014,
Zhejiang, China.
Received: 7 September 2020 Accepted: 8 December 2020

References
1. Trépo C, Chan HLY, Lok A. Hepatitis B virus infection. The Lancet.
2014;384(9959):2053–63.

Chen et al. BMC Gastroenterol

2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24.

(2021) 21:4

Wu Z, Dong X, Wang G, et al. Clinical noninvasive markers for antiviral
therapy decision in chronic hepatitis B with alanine aminotransferase less
than two times upper limit of normal. J Viral Hepat. 2019;26(2):287–96.
Su TH, Hu TH, Chen CY, et al. Four-year entecavir therapy reduces hepatocellular carcinoma, cirrhotic events and mortality in chronic hepatitis B
patients. Liver Int. 2016;36(12):1755–64.
Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis during treatment
with tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year openlabel follow-up study. Lancet. 2013;381(9865):468–75.
Liaw YF. Natural history of chronic hepatitis B virus infection and longterm outcome under treatment. Liver Int. 2009;29(Suppl 1):100–7.
Terrault NA, Lok ASF, McMahon BJ, et al. Update on prevention, diagnosis,
and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance.
Hepatology. 2018;67(4):1560–99.
European Association for the Study of the Liver. Electronic address, e.e.e.
and L. European Association for the Study of the, EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus infection. J
Hepatol, 2017. 67(2): 370–98.
Kim WR, Flamm SL, Di Bisceglie AM, et al. Serum activity of alanine
aminotransferase (ALT) as an indicator of health and disease. Hepatology.
2008;47(4):1363–70.
Seto WK, Lai CL, Ip PP, et al. A large population histology study showing
the lack of association between ALT elevation and significant fibrosis in
chronic hepatitis B. PLoS One. 2012;7(2):e32622.
Chao DT, Lim JK, Ayoub WS, et al. Systematic review with meta-analysis:
the proportion of chronic hepatitis B patients with normal alanine
transaminase </= 40 IU/L and significant hepatic fibrosis. Aliment Pharmacol Ther. 2014;39(4):349–58.
Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med.
2001;344(7):495–500.
Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical practice guidelines on the management of hepatitis B: a 2015 update. Hep Int.
2015;10(1):1–98.
Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology. 2007;45(2):507–39.
Zhou K, Gao CF, Zhao YP, et al. Simpler score of routine laboratory tests
predicts liver fibrosis in patients with chronic hepatitis B. J Gastroenterol
Hepatol. 2010;25(9):1569–77.
Terrault NA, Bzowej NH, Chang KM, et al. AASLD guidelines for treatment
of chronic hepatitis B. Hepatology. 2016;63(1):261–83.
Cadranel JF, Rufat P, Degos F. Practices of liver biopsy in France: results
of a prospective nationwide survey: For the Group of Epidemiology of
the French Association for the Study of the Liver (AFEF). Hepatology.
2000;32(3):477–81.
Castera L, Forns X, Alberti A. Non-invasive evaluation of liver fibrosis using
transient elastography. J Hepatol. 2008;48(5):835–47.
Yoshioka K, Kawabe N, Hashimoto S, et al. Transient elastography: applications and limitations. Hepatol Res. 2008;38(11):1063–8.
Cheong JY, Kim DJ, Hwang SG, et al. Serum markers for necroinflammatory activity in patients with chronic viral hepatitis and normal or mildly
elevated aminotransferase levels. Liver Int. 2011;31(9):1352–8.
Lin CL, Liao LY, Liu CJ, et al. Hepatitis B viral factors in HBeAg-negative
carriers with persistently normal serum alanine aminotransferase levels.
Hepatology. 2007;45(5):1193–8.
Kumar M, Sarin SK, Hisar S, et al. Virologic and histologic features of
chronic hepatitis B virus-infected asymptomatic patients with persistently
normal ALT. Gastroenterology. 2008;134:1376–84.
Li J, Zhang TY, Song LW, et al. Role of quantitative hepatitis B core
antibody levels in predicting significant liver inflammation in chronic
hepatitis B patients with normal or near-normal alanine aminotransferase
levels. Hepatol Res. 2018;48(3):E133–45.
Wang H, Yan R, Zhou Y, et al. A scoring system for predicting significant
fibrosis in chronic hepatitis B patients with normal or mildly elevated
alanine aminotransferase levels. J Clin Gastroenterol. 2015;49:69–75.
Y. Kamimoto, S. Horiuchi, S. Tanase, et al. Plasma clearance of intravenously injected aspartate aminotransferase isozymes: evidence for
preferential uptake by sinusoidal liver cells. Hepatology, 1985: 367–375.

Page 8 of 8

25. Okuda M, Li K, Beard MR, et al. Mitochondrial injury, oxidative stress, and
antioxidant gene expression are induced by hepatitis C virus core protein.
Gastroenterology. 2002;122(2):366–75.
26. Dong XQ, Wu Z, Zhao H, et al. Evaluation and comparison of thirty noninvasive models for diagnosing liver fibrosis in chinese hepatitis B patients.
J Viral Hepat. 2019;26(2):297–307.
27. Rehermann B, Nascimbeni M. Immunology of hepatitis B virus and hepatitis C virus infection. Nat Rev Immunol. 2005;5(3):215–29.
28. Song LW, Liu PG, Liu CJ, et al. Quantitative hepatitis B core antibody levels
in the natural history of hepatitis B virus infection. Clin Microbiol Infect.
2015;21(2):197–203.
29. Lemoine M, Shimakawa Y, Nayagam S, et al. The gamma-glutamyl
transpeptidase to platelet ratio (GPR) predicts significant liver fibrosis
and cirrhosis in patients with chronic HBV infection in West Africa. Gut.
2016;65(8):1369–76.
30. Myers RP, Tainturier M-H, Ratziu V, et al. Prediction of liver histological
lesions with biochemical markers in patients with chronic hepatitis B. J
Hepatol. 2003;39(2):222–30.
31. Castera L. Noninvasive methods to assess liver disease in patients with
hepatitis B or C. Gastroenterology. 2012;142(6):1293–302.
32. Zeng MD, Lu LG, Mao YM, et al. Prediction of significant fibrosis in
HBeAg-positive patients with chronic hepatitis B by a noninvasive model.
Hepatology. 2005;42(6):1437–45.
33. Zhang W, Tan Y, Wen T, et al. Prognostic nomogram for hepatocellular
carcinoma in adolescent and young adult patients after hepatectomy.
Oncotarget. 2017;8:11.
34. European Association For The Study of the, L., EASL clinical practice
guidelines: Management of chronic hepatitis B virus infection. J Hepatol,
2012. 57(1): 167–85.
35. Gao S, Fan YC, Zhao J, et al. A noninvasive model to predict liver histology
in HBeAg-positive chronic hepatitis B with alanine aminotransferase </=
2u pper limit of normal. J Gastroenterol Hepatol. 2017;32(1):215–20.
36. Gao S, Fan YC, Zhao J, et al. A model to predict antiviral treatment in
HBeAg negative chronic hepatitis B with alanine aminotransferase</=2
upper limit of normal. Liver Int. 2014;34(7):e229–37.
37. Scheuer PJ. Classification of chronic viral hepatitis: a need for reassessment. J Hepatol. 1991;13(3):372–4.
38. Lok AS, Ghany MG, Goodman ZD, et al. Predicting cirrhosis in patients
with hepatitis C based on standard laboratory tests: results of the HALT-C
cohort. Hepatology. 2005;42(2):282–92.
39. Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive index can
predict both significant fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology. 2003;38(2):518–26.
40. Vallet-Pichard A, Mallet V, Pol S. FIB-4: a simple, inexpensive and accurate
marker of fibrosis in HCV-infected patients. Hepatology, 2006. 44(3): 769;
author reply 769–70.
41. Martinot-Peignoux M, Carvalho-Filho R, Lapaus M, et al. Hepatitis B surface antigen serum level is associated with fibrosis severity in treatmentnaïve, e antigen-positive patients. J Hepatol. 2013;58(6):1089–95.
42. Sterling RK, Lissen E, Clumeck N, et al. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection. Hepatology. 2006;43(6):1317–25.
43. Adinolfi LE, Giordano MG, Andreana A, et al. Hepatic fibrosis plays a
central role in the pathogenesis of thrombocytopenia in patients with
chronic viral hepatitis. Br J Haematol. 2001;113(3):590–5.
44. Hui AY, Friedman SL. Molecular basis of hepatic fibrosis. Expert Rev Mol
Med. 2003;5(5):1–23.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

