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Background and Aims: Chronic hepatitis B virus (HBV) infection patients who do not fulfill the typical treatment indications 
should be followed up. This study aimed to evaluate the risk of liver fibrosis progression (LFP) and assess the role of noninvasive tests 
(NITs) of liver fibrosis in monitoring LFP in these patients.
Methods: A total of 116 patients with active HBV replication, persistently normal or minimally elevated alanine aminotransferase 
(ALT) levels, and no or mild hepatic necroinflammation or fibrosis based on liver biopsy tests at baseline and followed by a repeated 
liver biopsy assessment during follow-up. LFP was defined as increase in METAVIR fibrosis score by 1 score or more.
Results: Among 116 patients, 40 (34.5%) progressed by at least one fibrosis stage, 16 (13.8%) progressed by at least two fibrosis 
stages at a median follow-up interval of 27 months (IQR: 12–36). Multivariate analysis confirmed the significant association of an 
increase in liver stiffness measurement (LSM) value with LFP on histology (p =0.005). The AUROC of LSM value increase rate is 
significantly higher than that of serum-based NITs of liver fibrosis for the prediction of LFP (p < 0.05). An increase in LSM by 20% is 
the optimal cutoff for the prediction of LFP.
Conclusion: LFP is non-negligible in patients with active HBV replication, persistently normal or minimally elevated ALT, and 
initially no or minimal hepatic necroinflammation or fibrosis. Serial LSM tests would be more reliable in identifying LFP than serum- 
based NITs, and easier to obtain than serial liver biopsy tests.
Keywords: liver fibrosis progression, noninvasive tests, transient elastography, liver stiffness measurement, chronic hepatitis B

Introduction
Hepatitis B virus (HBV) infection remains a global public health problem.1 WHO estimates that 296 million people were 
living with chronic HBV infection in 2019, with 1.5 million new infections each year.2 All patients with chronic HBV infection 
are at increased risk of progression to cirrhosis and hepatocellular carcinoma (HCC).1 Between 1990 and 2013, global viral 
hepatitis deaths increased from 0.89 million to 1.45 million, and the number of HBV-related deaths increased by 33%.3

The goal of therapy for chronic HBV infection is to improve survival of the infected person by preventing progression 
of the disease to cirrhosis, HCC and death.4 The indications for antiviral therapy are generally based on the combination 
of HBV DNA levels, alanine aminotransferase (ALT) levels, and severity of liver disease (assessed by liver biopsy). For 
patients with active HBV replication and persistently normal or minimally elevated ALT levels, liver biopsy may be 
needed to assess the necroinflammatory grade and determine the fibrotic stage as a guide for consideration of antiviral 
treatment.4 Treatment should be instituted if moderate-to-severe hepatic necroinflammation or significant fibrosis is 
found. If patients are not considered for treatment (no or mild hepatic necroinflammation and/or fibrosis), they should be 
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followed up regularly at least every 3–6 months. If they do not fulfill any treatment indication within the first 3 years of 
follow-up, they should be consequently followed for life.

Liver biopsy is the reference procedure for liver fibrosis assessment, but its limitation (sampling error, inter-observers 
variability, cost, adverse events) makes it unsuitable as first-line procedure for the follow-up of liver fibrosis state. 
Therefore, non-invasive tests (NITs) of liver fibrosis have been an alternative to follow up the progression of liver 
fibrosis.5 Although previous studies demonstrated that liver stiffness is a promising predictor for prognosis of HBV 
patients, they evaluated the performances of liver stiffness for the diagnosis of liver fibrosis in a cross section, or in 
patients following antiviral therapy.6,7 At present, there is still a lack of the researches on the risk of liver fibrosis 
progression (LFP) in patients with active HBV replication, persistently normal or minimally elevated ALT levels, and 
initially no or minimal hepatic necroinflammation or fibrosis. In addition, there is also a lack of the researches on the role 
of liver stiffness in monitoring LFP in chronic HBV infection patients without antiviral therapy.

In this study, using paired liver biopsies as the “gold standard”, we aimed to evaluate the risk of LFP in chronic HBV 
infection patients with active HBV replication, persistently normal or minimally elevated ALT levels, and initially no or 
minimal hepatic necroinflammation or fibrosis. In addition, we assessed the role of NITs of liver fibrosis such as the liver 
stiffness measurement (LSM), the aspartate aminotransferase-to-platelet ratio index (APRI), the fibrosis index based on 
four factors (FIB-4), and the γ-glutamyl transpeptidase-to-platelet ratio (GPR) in monitoring LFP.

Methods
Patients
From June 2013 to August 2020, we performed liver biopsy tests and NITs of liver fibrosis for 452 untreated chronic 
HBV infection patients with active HBV replication and persistently normal or minimally elevated ALT levels who 
hospitalized at the Department of Liver Disease, Shanghai Public Health Clinical Center, Shanghai, China. The inclusion 
criteria were the following: 1) HBsAg positive >6 months (the cutoff of HBsAg positivity is >0.05 IU/mL), 2) 
persistently normal or minimally elevated ALT levels, which defined as ALT ≤ 2 upper limit of normal (ULN) (the 
ULN of ALT is 40 IU/L), 3) no or minimal hepatic necroinflammation or fibrosis at the first liver biopsy test (METAVIR 
necroinflammation score A0 or A1 and METAVIR fibrosis score F0 or F1), 4) NITs of liver fibrosis were measured 
contemporaneously with their baseline liver biopsy, and had a subsequent liver biopsy and contemporaneous NITs of 
liver fibrosis, 5) no previous antiviral treatment. The exclusion criteria were the following: 1) in addition to HBV 
infection, the patient had other liver diseases, 2) co-infection with human immunodeficiency virus, 3) alcohol consump
tion ≥20g/day for more than 5 years, 4) the absence of simultaneous and interpretable liver biopsy and NITs of liver 
fibrosis, 5) incomplete clinical data. Finally, this retrospective study included 116 chronic HBV infection patients who 
underwent a paired liver biopsy tests and NITs of liver fibrosis at two-points.

Liver Biopsy
Ultrasound-guided percutaneous liver biopsy was performed with 16-G Menghini needle. The biopsy specimens were 
fixed with 10% formalin, embedded in paraffin, and stained with hematoxylin and eosin. A minimum of 15mm of liver 
tissue with at least 6 portal tracts were considered suitable for liver histopathological analysis.8 The staging of hepatic 
necroinflammation and fibrosis refers to the METAVIR scoring system.9 The grade of liver necroinflammatory activity 
is assessed on a 4-point scale (A0 means no necroinflammatory activity, A1 means mild necroinflammatory activity, 
A2 means moderate necroinflammatory activity, A3 means severe necroinflammatory activity).9 The stage of liver 
fibrosis is evaluated on a 5-point scale (F0 means no fibrosis, F1 means portal fibrosis without septa, F2 means few 
septa, F3 means numerous septa without cirrhosis, F4 means cirrhosis).9 No or mild hepatic necroinflammation is 
defined as METAVIR activity score A0 or A1, and significant hepatic necroinflammation is defined as METAVIR 
activity score A2 or A3.4 No or mild liver fibrosis is defined as METAVIR fibrosis score <F2, and significant fibrosis 
means METAVIR fibrosis score ≥F2.4
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Liver Transient Elastography
Liver transient elastography was performed using the FibroScan@ apparatus (Echosens, Paris, France) on a patient lying 
supine.10 The tip of the probe is contacted to the intercostal skin with coupling gel in the 9th to 11th intercostal space. 
The operator locates a liver portion at least 6 cm deep and free of large vascular structures, and then presses the probe 
button to start the measurements. The software determines whether each measurement is successful or not. The final 
result of a transient elastography session can be regarded as valid if the following criteria are fulfilled8: (1 a number of 
valid shots of at least 10, (2 a success rate (the ratio of valid shots to the total number of shots) above 60%, and (3 an 
interquartile range (IQR) less than 30% of the median LSM value (IQR/M ≤0.30%).

Serum-Based NITs of Liver Fibrosis
The APRI, FIB-4 and GPR were evaluated for comparison with LSM.

APRI ¼ AST IU=Lð Þ=ULNð Þ=platelet 109=L
� �

�100 (1) 

FIB � 4 ¼ age yearsð Þ�AST IU=Lð Þð Þ= platelet 109=L
� �

� ALT IU=Lð Þð Þ
1=2

� �
(2) 

GPR ¼ ðγ � GT IU=Lð Þ=ULNÞ=platelet 109=L
� �

�100 (3) 

Definitions
LFP was defined as increase in METAVIR fibrosis score by 1 score or more from baseline at the second assessment of 
liver biopsy. NITs1 means the NITs value synchronized with the first liver biopsy. NITs2 means the NITs value 
synchronized with the second liver biopsy. The increase of NITsvalue ¼ NITs2� NITs1. The increase rate of 
NITsvalue ¼ ðNITs2� NITs1Þ=NIT1�100%. For example, the increase of LSM value = LSM 2-LSM 1, and the increase 
rate of LSMvalue ¼ ðLSM2� LSM1Þ=LSM1�100%.

Statistical Analysis
Quantitative variables were presented as mean ± SD or median [IQR]. Categorical variables were presented as number 
(percentage). The differences between two groups were compared using T-test (for normal distribution variables), Mann– 
Whitney U-test (for non-normal distribution variables), or Chi-square test (for categorical variables). Univariable and 
multivariable analyses were performed to identify the independent predictors of LFP. Receiver operating characteristic 
(ROC) curves were used to assess the performances of NITs. The comparison of the area under ROC curves (AUROCs) 
was performed using the DeLong test.11 p < 0.05 was considered to be statistically significant. All statistical analyses 
were performed using SPSS V 0.19.0 (SPSS Inc., IL, and USA), GraphPad Prism 8.0 (Inc., La Jolla, and CA), and Origin 
2022b (Origin Lab Inc., and USA).

Results
Patients Characteristics at Baseline and Follow-Up Visit
The characteristics of the patients at baseline (the first liver biopsy) and follow-up visit (the second liver biopsy) are 
summarized in Table 1. The median time between the first and the second liver biopsy was 27 months (IQR 12–36). The 
majority of patients were male (79 patients, 68.1%), HBeAg positive (67 patients, 57.7%), and their median age at 
baseline was 36 years (IQR, 31–42). Among 116 patients, 40 (34.5%) progressed by at least one METAVIR fibrosis 
stage, 16 (13.8%) progressed by at least two METAVIR fibrosis stages, and 76 (65.5%) had no LFP. None of the clinical 
parameters, namely HBV DNA (median, 5.0 vs 5.2 log10 copies/mL, p =0.873), platelet, ALT, aspartate transaminase 
(AST), alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (γ-GT), albumin, globulin, and LSM value were 
statistically different between baseline and follow-up visit (all p>0.05).
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Comparison of Patients with and without LFP
Comparison of patients with and without LFP is shown in Table 2. Patients with LFP had significantly higher age 
(median, 37 vs 35 years, p=0.009) compared with those without LFP. The results supported that age is associated with 
liver fibrosis and its progression, and older age is associated with faster fibrosis progression. No significant differences 
were found between patients with LFP and those without LFP in sex, HBeAg positive rate, HBV DNA (median, 5.1 vs 
4.8 log10 copies/mL, p =0.747), platelet, ALT, AST, ALP, γ-GT, albumin, globulin, LSM value, APRI, FIB-4, and GPR 
(all p > 0.05).

Variables Associated with LFP
The variables associated with LFP are shown in Table 3. Univariate analysis showed that age [OR (95% CI): 1.05 (1.00– 
1.11), p=0.035], the increase of LSM value [OR (95% CI): 1.28 (1.07–1.52), p=0.007], the increase rate of LSM value 
[OR (95% CI): 1.03 (1.02–1.05), p < 0.001] were associated with LFP. Multivariate analysis confirmed the significant 
association of the increase rate of LSM with LFP [OR (95% CI): 1.04 (1.01–1.06), p = 0.005].

Correlation Between LSM Value and LFP
At the second liver biopsy, the median LSM value of patients with F1, F2, F3, and F4 was 4.8 kPa (IQR, 4.2–6.2), 7.8 
kPa (IQR, 6.3–8.1), 9.2 kPa (IQR, 8.1–11.4), and 23.9 kPa (IQR, 20.0–31.3), respectively. A significant association of the 
increase rate of LSM value with LFP (r=0.47, p <0.001) is shown in Figure 1. The METAVIR fibrosis score was 
positively correlated with LSM value, resulting in higher median LSM value with increasing METAVIR fibrosis score 
(Figure 2A). Patients in LFP group showed higher LSM increase rate compared with those without LFP (28.6% vs 0.5%, 
p < 0.001) (Figure 2B).

Table 1 Patient Characteristics at Baseline and Follow-Up Visit

Characteristics Baseline (n=116) Follow-Up Visit (n=116) p value

Age (years) 36 (31–42)
Male, n (%) 79 (68.1)

HBeAg positive (n, %) 67 (57.7)

HBV DNA (log10 copies/mL) 5.0 (3.3–7.6) 5.2 (3.4–7.1) 0.873
Platelet (109/L) 188 (153–223) 184 (156–219) 0.813

ALT (IU/L) 32 (21–59) 36 (25–60) 0.249

AST (IU/L) 28 (21–42) 28 (22–43) 0.605
ALP (IU/L) 72 ± 18 71 ± 16 0.811

γ-GT (IU/L) 27 (16–40) 25 (17–42) 0.919
Albumin (g/L) 44.0 ± 3.9 43.0 ± 4.0 0.221

Globulin (g/L) 27.0 ± 5.3 27.8 ± 4.5 0.528

LSM value (kPa) 6.1 (4.8–7.2) 6.5 (4.7–8.1) 0.297
METAVIR inflammation stage

A0-1, n (%) 116 (100) 82 (70.7)

A2, n (%) 28 (24.1)
A3, n (%) 6 (5.2)

A4, n (%) 0

METAVIR fibrosis stage
F0-1, n (%) 116 (100) 76 (65.5)

F2, n (%) 24 (20.7)

F3, n (%) 12 (10.3)
F4, n (%) 4 (3.5)

Notes: Baseline, the time of the first liver biopsy; Follow-up visit, the time of the second liver biopsy. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; γ-GT, γ- 
glutamyl transpeptadase; LSM, liver stiffness measurement.
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Performances of NITs for Assessing LFP
Using repeated liver biopsies as the gold standard, we compared the performance of LSM value and serum-based NITs in 
predicting LFP (Table 4 and Figure 2C). The AUROC of LSM value increase rate is significantly higher than that of 
APRI, FIB-4 and GPR for the prediction of LFP (0.79, 0.67, 0.65, and 0.63, respectively; all p < 0.05) (Table 4). 
Maximizing the Youden index, an increase in LSM by 20% or more is the optimal cutoff value for the prediction of LFP 

Table 3 Variables Associated with Liver Fibrosis Progression

Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value

Age (years) 1.05 (1.00–1.11) 0.035 1.04 (0.98–1.10) 0.152
Male 1.04 (0.36–3.06) 0.939

HBeAg positive 0.92 (0.42–2.00) 0.827

HBV DNA (log10 copies/mL) 1.01 (0.87–1.18) 0.910
Platelet (109/L) 1.00 (0.99–1.06) 0.957

Increase of LSM value 1.28 (1.07–1.52) 0.007 0.91 (0.65–1.29) 0.601

Increase rate of LSM value 1.03 (1.02–1.05) 0.000 1.04 (1.01–1.06) 0.005
ALT (IU/L) 1.00 (0.99–1.01) 0.106

AST (IU/L) 0.99 (0.98–1.01) 0.904

ALP (IU/L) 1.01 (0.99–1.02) 0.186
γ-GT (IU/L) 0.99 (0.98–1.01) 0.399

Albumin (g/L) 1.02 (0.99–1.04) 0.161

Globulin (g/L) 1.02 (0.99–1.05) 0.296
APRI 0.37 (0.11–1.28) 0.115

GPR 1.40 (0.73–2.7) 0.313

FIB-4 0.96 (0.79–1.18) 0.726

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; γ-GT, γ- 
glutamyl transpeptadase; APRI, the aspartate aminotransferase to platelet ratio index; FIB-4, the fibrosis index based on 
four factors; GPR, the γ-glutamyl transpeptidase to platelet ratio.

Table 2 Comparison of Patients with and without Liver Fibrosis Progression

Characteristics LFP Group (n=40) Non-LFP Group (n=76) p value

Age (years) 37 (34–46) 35 (30–41) 0.009
Male, n (%) 29 (72.5) 50 (65.7) 0.461

HBeAg positive (n, %) 23 (57.5) 44 (57.9) 0.967

HBV DNA (log10 copies/mL) 5.1 (2.8–7.7) 4.8 (3.3–7.4) 0.747
Platelet (109/L) 191 (151–221) 188 (157–223) 0.695

ALT (IU/L) 34 (23–57) 32 (21–60) 0.559

AST (IU/L) 30 (21–45) 28 (21–40) 0.518
ALP (IU/L) 77 ± 16 67 ± 19 0.192

γ-GT (IU/L) 28 (20–39) 25 (16–41) 0.463
Albumin (g/L) 45.0 ± 4.5 44.0 ± 3.2 0.537

Globulin (g/L) 27.0 ± 3.8 27.0 ± 6.6 0.994

LSM value (kPa) 6.3 (5.0–8.3) 6.1 (4.7–6.8) 0.257
APRI 0.37 (0.26–0.52) 0.36 (0.26–0.60) 0.469

FIB-4 0.89 (0.64–1.56) 0.91 (0.74–1.29) 0.784

GPR 0.31 (0.20–0.52) 0.29 (0.17–0.47) 0.559
Follow-up period (months) 27 (24–32) 28 (24–35) 0.316

Note: Follow-up period, the interval between the first liver biopsy and the second liver biopsy. 
Abbreviations: LFP, liver fibrosis progression; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, 
alkaline phosphatase; γ-GT, γ-glutamyl transpeptadase; LSM, liver stiffness measurement; APRI, the aspartate aminotransfer
ase to platelet ratio index; FIB-4, the fibrosis index based on four factors; GPR, the γ-glutamyl transpeptidase to platelet ratio.
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(the sensitivity, specificity, positive predictive value, and negative predictive value was 75%, 80%, 67%, and 86%, 
respectively).

Discussion
Estimatation of LFP represents an important surrogate end point that may facilitate treatment decisions by clarifying the 
vulnerability of an individual patient to progression.12 The concept of LFP estimation was first developed and applied to 
patients with chronic hepatitis C.13 However, LFP estimation is equally important for patients with other common liver 
diseases. In this study, using repeated liver biopsies as the gold standard, we observed non-negligible LFP (40/116, 
34.5%) in chronic HBV infection patients with active HBV replication, persistently normal or minimally elevated ALT 
levels, and initially no or minimal hepatic necroinflammation or fibrosis. In addition, we found that serial LSM over time 

Figure 1 Correlation between NITs and LFP. The association of the increase rate of LSM value with LFP (r= 0.47, p<0.001) is significantly higher than that of the increase of 
LSM value (r= 0.24, p= 0.025), APRI (r= 0.29, p= 0.002), FIB-4 (r= 0.23, p= 0.011), and GPR (r= 0.24, p= 0.011). 
Abbreviations: NITs, non-invasive tests; LFP, liver fibrosis progression.

Figure 2 Assessing the role of NITs in predicting LFP. (A) The METAVIR fibrosis score was positively correlated with LSM value, resulting in higher median LSM value with 
increasing METAVIR fibrosis score; (B) The increase rate of LSM value was significantly higher in patients with LFP compared with those without LFP; (C) The AUROC of 
the increase rate of LSM value is significantly higher than that of APRI, FIB-4 and GPR for the prediction of LFP. 
Abbreviations: NITs, non-invasive tests; LFP, liver fibrosis progression; LSM, liver stiffness measurement.
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would be more reliable in identifying LFP than serum-based NITs of liver fibrosis, and easier to obtain than serial liver 
biopsies.

Previous study reported that among 271 untreated patients with chronic hepatitis C who having initial liver biopsy 
showing no or mild liver fibrosis, 75.6% progressed by at least one stage, and 45% progressed by at least two stages in 5 
years.14 A prospective cohort study reported that during an average follow-up period of 35.3 months, cirrhosis occurred 6 
to 64 months after entry in 35 HBeAg-positive and 7 anti-HBe positive patients with a calculated annual incidence of 
2.4% and 1.3%, respectively.15 In this study, 40 patients (34.5%) progressed by at least one stage and 16 patients (13.8%) 
progressed by at least two stages. Our results show that, although there is no typical indications for antiviral therapy 
according to current guidelines,1,4,16 patients with active HBV replication, persistently normal or minimally elevated ALT 
levels, and initially no or minimal hepatic necroinflammation or fibrosis are at an increased risk of LFP.

As liver biopsy has a risk of 3/1000 severe adverse events and 1/10,000 mortality rate, repeated liver biopsies were 
less often performed.12 Using LSM, it is possible to perform repeated liver fibrosis assessments on a large number of 
patients. Previous studies had validated the diagnostic performance of LSM value for assessing the dynamic changes of 
liver fibrosis.17–19 Chon et al reported that annual LSM revealed that fibrosis improvement during treatment in CHB 
patients with advanced fibrosis receiving antiviral treatment, and LSM value <12.0 kPa at baseline was a significant 
predictor for 5-year fibrosis improvement.17 Kim et al reported that LSM can be used to assess liver fibrosis regression 
after antiviral treatment using nucleos(t)ide analogs in patients with CHB.18 Enomoto et al also reported that LSM can be 
useful for monitoring regression of liver fibrosis during entecavir treatment in patients with CHB.19 However, these 
studies only focused on monitoring of liver fibrosis regression in patients following anti-HBV therapy.17–19 As 
a supplement to previous studies, we validated LSM is an accurate and reproducible method to predict LFP in chronic 
HBV infection patients without antiviral therapy. LFP could be predicted using an increase in LSM value by 20% or 
more in patients with active HBV replication AND persistently normal or minimally elevated ALT levels.

Lu et al reported that serum-based NITs of liver fibrosis such as APRI and FIB-4 indicate long-term reduction in liver 
fibrosis in patients with sustained virological response to treatment for HCV infection.20 Al-Mohri et al reported that the 
APRI may be a useful marker for longitudinal evaluation of the progression of liver disease in HIV-HCV coinfection.21 

However, the data derived from a large, well-characterized cohort of 426 CHB patients demonstrate that prediction of 
hepatic fibrosis using APRI and FIB-4 scores are not an adequate replacement for liver biopsy in clinical practice, nor do 
they reflect improvements in liver fibrosis during therapy.7 The present study also evaluated the role of serum-based NITs 
of liver fibrosis in assessing LFP in chronic HBV infection patients. We found that serum-based NITs are not an adequate 
replacement for liver biopsy in assessing LFP (AUROC < 0.68). Therefore, although APRI or FIB-4 scores were reported 
are adequate replacement for liver biopsy for longitudinal evaluation of the progression of liver disease in HCV infection 
patients and patients with HIV-HCV coinfection,20,21 practitioners utilizing APRI or FIB-4 need to be aware of their 
limitations in HBV patients.

Table 4 Performances of Noninvasive Fibrosis Tests for Assessing Liver Fibrosis Progression

IRNITs (%) AUROC 95% CI Cut-offs Se (%) Sp (%) PPV (%) NPV (%)

LSM 0.79 0.71–0.86 20% 75 80 67 86
APRI 0.67 0.56–0.77 33% 80 47 45 84

FIB-4 0.65 0.52–0.71 90% 78 46 41 81

GPR 0.63 0.54–0.72 20% 80 45 45 83

Comparison of AUROC

LSM vs GPR p=0.004

LSM vs FIB-4 p=0.009
LSM vs APRI p=0.029

Notes: IRNITs = (NITs 2-NITs 1)/ NIT1 × 100%. NITs 1 means the NITs value synchronized with the first liver biopsy. NITs 2 

means the NITs value synchronized with the second liver biopsy. 
Abbreviations: IRNITs, increase rate of NITs of liver fibrosis; AUROC, the area under the ROC curve; Se, sensitivity; Sp, 
specificity; PPV, positive predictive value; NPV, negative predictive value.
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In previous study, we found that serum HBV RNA levels were a more accurate noninvasive test than APRI and FIB-4 
for the diagnosis of significant liver fibrosis in treatment-naive patients with chronic HBV infection.22 However, the 
previous study is a cross-sectional study.22 In this study, we performed a follow-up study, and assessed the role of 
noninvasive tests of liver fibrosis in monitoring LFP during follow-up. Certainly, HBV RNA may be a great prognostic 
marker in monitoring LFP. However, HBV RNA is not routinely tested in clinical settings, and the present study was 
a retrospective study which included patients from June 2013 to August 2020. In this retrospective cohort, we could not 
get the serum for HBV RNA tests for all patients. Therefore, HBV RNA not included as a readout in the present study.

According to the Asian-Pacific clinical practice guidelines on the management of hepatitis B, patients with active 
HBV replication and persistently normal or minimally elevated ALT levels, liver biopsy may be needed to assess the 
necroinflammatory grade and determine the fibrotic stage as a guide for consideration of antiviral treatment.4 Therefore, 
liver inflammation and fibrosis stage were evaluated in the participants underwent liver biopsy. In the present study, the 
staging of hepatic necroinflammation and fibrosis refers to the METAVIR scoring system. We provided the information 
about the METAVIR inflammation vs fibrosis score in Table 1. In fact, for untreated patients with CHB, liver fibrosis is 
often accompanied by liver inflammation. However, liver inflammation is not necessarily accompanied by liver fibrosis. 
However, persistent liver inflammation is an important cause of liver fibrosis.

Our study has a few limitations. First, the sample size was small. Although patients with active HBV replication and 
minimally elevated or persistently normal ALT should undergo liver histological evaluation, repeated liver biopsies were 
less often performed because of its invasiveness, explaining the small sample size of the study. Second, this study was 
a retrospective cohort study. Third, this study was a single-center study.

Despite these limitations, we observed non-negligible LFP in more than a third of chronic HBV infection patients 
with active HBV replication, persistently normal or minimally elevated ALT, and initially no or minimal hepatic 
necroinflammation or fibrosis who had no received antiviral therapy. Serial FibroScan tests over time would be more 
reliable in predicting LFP than serum-based NITs of liver fibrosis (APRI, FIB-4, or GPR), and easier to obtain than serial 
liver biopsies.
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