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ABSTRACT

Introduction: Non-invasive tests (NITs) have
been alternative methods of liver biopsy for the
cross-sectional assessment of liver fibrosis in
patients with chronic hepatitis B (CHB). How-
ever, there are limited data on the longitudinal
association between NITs and histological
changes of liver fibrosis. This study aimed to
evaluate whether NITs can be used to assess
liver fibrosis regression (LFR) during anti-HBV
treatment.
Methods: This retrospective study included 337
patients with CHB who underwent contempo-
raneous NITs, such as liver stiffness measure-
ment (LSM), the aspartate aminotransferase to
platelet ratio index (APRI), the fibrosis index
based on four factors (FIB-4), and the c-glutamyl

transpeptidase to platelet ratio (GPR), and liver
biopsy at baseline and followed by a repeated
liver biopsy and NITs assessment. The LFR was
defined as fibrosis regression by at least one
stage assessed by METAVIR scoring system.
Results: The median interval between the two
paired liver biopsy assessment was 31 months
(IQR 24–45). At the first liver biopsy, the fibrosis
stage was F2 in 159 (47.2%), F3 in 68 (20.2%),
and F4 in 110 (32.6%) patients. At the second
liver biopsy, the number of patients with fibro-
sis stages F0–1, F2, F3, and F4 was 102 (30.3%),
106 (31.5%), 63 (18.7%), and 66 (19.6%),
respectively. At follow-up liver biopsy, 169
patients (50.1%) had LFR, 128 patients (38.0%)
had no change in fibrosis stage, and 40 patients
(11.9%) had liver fibrosis progression on his-
tology. A decrease in liver stiffness measure-
ment (LSM) by 25% is the optimal cutoff for
predicting LFR. Patients with a 25% or larger
decrease in LSM value had more LFR than those
with a less than 25% decrease in LSM value
(78.1% vs 22.9%, p\ 0.001).
Conclusion: LSM might be used to monitor
regression of liver fibrosis during antiviral
treatment using nucleos(t)ide analogues (NUCs)
in patients with CHB.
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Key Summary Points

For patients with CHB, anti-HBV therapy
using NUCs was associated with a decrease
in LSM value, and LSM might be used to
monitor regression of liver fibrosis during
anti-HBV therapy.

Using repeated liver biopsy as the gold
standard, we found that a 25% decrease in
LSM value is associated with regression of
liver fibrosis on histology.

Patients with a 25% or larger decrease in
LSM value had more liver fibrosis
regression than those with a less than 25%
decrease in LSM value (78.1% vs 22.9%,
p\0.001).

Serum-based NITs of liver fibrosis
including APRI, FIB-4, and GPR did not
appear to be useful in detecting liver
fibrosis regression during anti-HBV
treatment.

INTRODUCTION

In recent decades, chronic hepatitis B virus
(HBV) infection remains a global public health
problem. Patients with chronic HBV infection
have a significantly increased risk of progression
to hepatic fibrosis, cirrhosis, liver failure, and
hepatocellular carcinoma (HCC) [1]. According
to the European Association for the Study of the
Liver (EASL) 2017 clinical practice guidelines on
the management of HBV infection, the induc-
tion of long-term suppression of HBV replica-
tion is the main endpoint of current anti-HBV
treatment strategies, including peg-interferon
(Peg-IFN) and nucleos(t)ide analogues (NUCs)
[1]. Regression of liver fibrosis and cirrhosis can
be regarded as a further endpoint of long-term
antiviral therapy in patients with chronic hep-
atitis B (CHB) who have established liver fibrosis
or cirrhosis, because it reduces the risk of liver
decompensation, and HCC [1].

Currently, there are two main treatment
options for patients with CHB: treatment with
NUCs or with Peg-IFN. The main advantage of
Peg-IFN is the potential for immune-mediated
control of HBV infection with a chance of
HBsAg loss [1]. The main disadvantages of Peg-
IFN treatment are the high variability of
response and its unfavorable safety profile
making a significant number of patients ineli-
gible or unwilling for this type of treatment [1].
NUCs can significantly inhibit viral replication
and alleviate liver injury, although most
patients require long-term or even life-long
therapy. In addition, the standard duration of
Peg-IFN therapy is 48 weeks. By contrast, long-
term (at least 3 years) or even life-long therapy
is recommended for patients with CHB to
inhibit HBV replication [1].

Indeed, until 2001, liver fibrosis was consid-
ered to be irreversible [2]. However, in the last
two decades, it has been reported that long-
term suppression of HBV using NUCs can lead
to liver fibrosis regression (LFR) [3, 4]. Therefore,
in addition to estimation of the degree of liver
fibrosis before starting anti-HBV therapy, it is
important to monitor the dynamic changes in
the degree of liver fibrosis after treatment, as
mortality associated with CHB mainly results
from the development of liver fibrosis and the
subsequent occurrence of cirrhosis, liver
decompensation, and HCC [5].

Liver biopsy has been considered the gold
standard for determining liver fibrosis stage.
However, because the procedure of liver biopsy
is invasive and associated with a risk of life-
threatening complications, repeated liver
biopsy is rarely performed [6, 7]. In contrast to
liver biopsy, non-invasive tests (NITs) of liver
fibrosis are safe and reproducible, and are
potential alternative methods for monitoring
the dynamic changes in the degree of liver
fibrosis [8]. Imaging-based NITs of liver fibrosis,
most commonly transient elastography (TE)
and magnetic resonance elastography (MRE),
measure liver stiffness, which correlates with
liver fibrosis severity [9]. The aspartate amino-
transferase to platelet ratio index (APRI), the
fibrosis index based on four factors (FIB-4), and
the c-glutamyl transpeptidase to platelet ratio
(GPR) are the most commonly studied serum-
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based NITs of liver fibrosis in patients with CHB
[10, 11].

Although several longitudinal investigations
reported that the clinical utility of the dynamic
changes in liver stiffness measurement (LSM)
can predict LFR in patients with CHB and long-
term suppression of HBV replication using
NUCs, paired liver biopsy data were not avail-
able, and they did not compare the changes in
NITs of liver fibrosis with the histological
changes of liver fibrosis on repeated liver biop-
sies [4, 12]. In this study, we retrospectively
collected data from patients with repeated liver
biopsies and NITs assessment. Utilizing the
cohort, we evaluated the association between
the dynamic changes in NITs of liver fibrosis
and LFR on repeated liver biopsies. We aimed to
answer whether NITs can be used to assess the
dynamic changes in the degree of liver fibrosis
after treatment using NUCs in patients with
CHB.

METHODS

Patients

This retrospective study included 337 patients
with CHB who underwent paired liver biopsy
and NITs of liver fibrosis at two points between
2013 and 2020 in the Department of Liver Dis-
ease, Shanghai Public Health Clinical Center,
Shanghai, China. The inclusion criteria were (1)
HBsAg positive for more than 6 months; (2)
NITs of liver fibrosis were measured contempo-
raneously with their baseline liver biopsy, and
had a subsequent liver biopsy and contempo-
raneous NITs assessment; (3) initially significant
hepatic fibrosis which mean METAVIR fibrosis
score of at least F2 on liver histology; (4)
detectable serum HBV DNA before anti-HBV
treatment; (5) anti-HBV therapy using NUCs.
The exclusion criteria were (1) underlying
chronic liver disease other than CHB including
chronic hepatitis C (CHC), hepatitis D, non-al-
coholic fatty liver disease (NAFLD), autoim-
mune liver disease, hemochromatosis, Wilson’s
disease, and cholestatic or vascular liver disease;
(2) coinfection with human immunodeficiency
virus (HIV); (3) alcohol consumption of

20 g/day or higher for more than 5 years; (4)
unreliable LSM value or LSM failure (no valid
shots); (5) lack of one or more lab value which is
necessary for the study.

The study was approved by the Clinical
Research Ethics Committee of Shanghai Public
Health Clinical Center (No. 2022-Y051-01).
Although this is a retrospective study, all
patients provided verbal consent that their
clinical data might be used for further medical
study. The procedure was documented in the
files we submitted to the Clinical Research
Ethics Committee. The procedures were in
accordance with the ethical standards of
the Helsinki Declaration (1964, amended most
recently in 2008) of the World Medical
Association.

Indication for Liver Biopsy After
Treatment

Marcellin et al. [3] found that long-term sup-
pression of HBV can lead to regression of fibrosis
and cirrhosis in 51% of patients with chronic
HBV infection. Although there is no guideline
to recommend repeated liver biopsy after long-
term anti-HBV treatment, monitoring response
to treatment and evaluating fibrosis regression
are of irreplaceable importance for patients with
CHB. In fact, some patients are eager to know if
they have regression of fibrosis and cirrhosis
after long-term NUCs therapy. In this study, the
second liver biopsy were performed according
to the wishes of patients after a long-term anti-
HBV therapy of at least 2 years. Therefore, in
this study, the liver biopsy interval is variable
rather than a specific duration.

Liver Histologic Evaluation

All patients underwent a baseline liver biopsy,
followed by a second liver biopsy for assessment
of the histological changes of liver fibrosis. The
median interval between the two paired assess-
ment was 31 months (IQR 24–45). The biopsy
specimens were fixed with 10% formalin,
embedded in paraffin, and stained with hema-
toxylin and eosin [13]. A minimum of 15 mm of
liver tissue with at least six portal tracts was
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considered suitable for liver histopathological
analysis [13]. The METAVIR scoring system was
used to assess the stage of liver fibrosis and the
grade of necroinflammatory activity [14]. 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) [14]. 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 necroinflamma-
tory activity, A3 means severe necroinflamma-
tory activity) [14]. Significant liver fibrosis
means a METAVIR fibrosis score of at least F2
and significant hepatic necroinflammation
means a METAVIR necroinflammatory activity
score of at least A2.

Liver Stiffness Measurement

Liver stiffness measurement using FibroScan
was performed following the standard of prac-
tice and the company’s instruction [8]. Briefly,
the tip of the probe is placed in contact with the
intercostal skin using 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 [15]. The
software determines whether each measure-
ment is successful or not. The final result of a TE
session can be regarded as valid if the following
criteria are fulfilled [8]: (1) the number of valid
shots is 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
B 0.30%). LSM scores are expressed as kilopas-
cals (kPa).

Variables Extracted from Medical Records

The age, sex, HBV serological markers, HBV
DNA levels, routine blood results including
platelet, serum biochemical parameters includ-
ing ALT, AST, and GGT, the results of liver

biopsy, and NITs were extracted from the elec-
tronic medical records.

Serum-Based NITs of Liver Fibrosis

The APRI, FIB-4, and GPR were evaluated for
comparison with LSM [10].

1. APRI = [AST (IU/L)/ULN]/platelet (109/L)
9 100 [10]

2. FIB-4 = [age (years) 9 AST (IU/L)]/{platelet
(109/L) 9 [ALT (IU/L)]1/2} [10]

3. GPR = [c-GT (IU/L)/ULN]/platelet (109/L)
9 100 [10]

Definitions

LFR is defined as at least one stage improvement
from baseline histologic assessment to follow-
up histologic assessment. NITs 1 means the NITs
value synchronized with the first liver biopsy.
NITs 2 means the NITs value synchronized with
the second liver biopsy. The decrease rate of
NITs value = (NITs1 - NITs2)/NIT1 9 100%. For
example, the decrease rate of LSM value = (
LSM1 - LSM2)/LSM1 9 100%.

Statistical Analysis

Variables were expressed as mean ± SD or
median (IQR) for numerical variables and as
frequency and percentage for categorical vari-
ables. The Student’s t test was used for compar-
isons between normal distribution continuous
variables, the Mann–Whitney U test was used
for comparisons between non-normal distribu-
tion continuous variables, and the chi-squared
test was used for comparisons between cate-
gorical variables [15]. Receiver operating char-
acteristic (ROC) curves and the areas under the
ROC curves (AUROC) were used to evaluate the
performances of NITs for the prediction of LFR.
The comparison of AUROCs was performed
using the DeLong test [16]. A two-sided p\0.05
was considered to be statistically significant. All
statistical analysis were performed using SPSS V
0.19.0 (SPSS Inc., IL, and USA), and Graphpad
Prism 8.0 (GraphPad Software Inc., La Jolla, and
CA).
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RESULTS

Characteristics of Study Population

Patient characteristics are presented in Table 1.
The median interval between the first and the

second liver biopsy was 31 months (IQR 24–45).
Patients were aged 35 years (IQR 30–42) at the
first liver biopsy, and 210 patients (62.3%) were
male. Serum HBV DNA was detectable in all
patients, and HBeAg was detected in 242
patients (71.8%) before starting anti-HBV

Table 1 Patient characteristics at baseline and follow-up

Characteristics Baseline (n = 337) Follow-up (n = 337) p value

Age (years) 35 (30–42) 38 (33–44) 0.080

Male, n (%) 210 (62.3%) – –

HBeAg positive, n (%) 242 (71.8%) 157 (46.6%) \ 0.001

HBsAg positive, n (%) 337 (100%) 336 (99.7%) 0.317

HBV DNA positive, n (%) 337 (100%) 171 (50.7%) \ 0.001

HBV DNA (log10 IU/ml) 4.93 (2.93–6.69) 1.30 (1.30–4.48) \ 0.001

HBsAg (log10 IU/ml) 3.50 (3.15–4.02) 3.41 (3.00–3.69) \ 0.001

Platelet (109/L) 142 (107–182) 167 (128–202) \ 0.001

ALT (IU/L) 63 (33–202) 29 (19–54) \ 0.001

AST (IU/L) 48 (28–108) 26 (20–37) \ 0.001

c-GT (IU/L) 41 (22–84) 22 (15–37) \ 0.001

APRI 0.97 (0.50–2.21) 0.56 (0.30–1.29) \ 0.001

FIB-4 1.66 (0.96–2.88) 1.18 (0.85–1.91) \ 0.001

GPR 0.64 (0.29–1.36) 0.38 (0.20–0.95) \ 0.001

LSM value (kPa) 10.0 (7.0–16.6) 7.8 (5.4–11.8) \ 0.001

METAVIR necroinflammatory activity, n (%) \ 0.001

A0–1 63 (18.7%) 145 (43.0%)

A2 176 (52.2%) 149 (44.2%)

A3 89 (26.4%) 40 (11.9%)

A4 9 (2.7%) 3 (0.9%)

METAVIR fibrosis stage, n (%) \ 0.001

F0–1 0 102 (30.3%)

F2 159 (47.2%) 106 (31.5%)

F3 68 (20.2%) 63 (18.7%)

F4 110 (32.6%) 66 (19.6%)

Baseline, the time of the first liver biopsy; Follow-up, the time of the second liver biopsy
ALT alanine aminotransferase, AST aspartate aminotransferase, c-GT c-glutamyl transpeptidase, LSM liver stiffness
measurement
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treatment. At baseline, the median HBV DNA
was 4.93 log10 IU/ml (IQR 2.93–6.69), the
median HBsAg was 3.50 log10 IU/ml (IQR
3.15–4.02), and the median ALT was 63 IU/L
(IQR 33–202). NUCs used for antiviral treatment
included lamivudine (17 patients, 5%), adefovir
(10 patients, 3%), entecavir (235 patients,
69.7%), and tenofovir (75 patients, 22.3%). The
selection of NUCs was made after considering
the availability of national insurance coverage,
drug prices, patient demand, and the decision
of the clinician. This is a retrospective study
including patients between 2013 and 2020; a
small number of patients (27 patients, 8%)
chose second-line drugs because of their cheap
prices.

Changes in NITs of Liver Fibrosis
and Histological Liver Fibrosis Stage

Changes in NITs of liver fibrosis and histological
liver fibrosis stage are presented in Table 1. At
the first liver biopsy, the fibrosis stage was F2 in
159 (47.2%), F3 in 68 (20.2%), and F4 in 110
(32.6%) patients. At the second liver biopsy, the
number of patients with fibrosis stages F0–1, F2,
F3, and F4 was 102 (30.3%), 106 (31.5%), 63
(18.7%), and 66 (19.6%), respectively. At follow-
up liver biopsy, 169 patients (50.1%) had LFR,
128 patients (38.0%) had no change in fibrosis
stage, and 40 patients (11.9%) had fibrosis pro-
gression on histology. The median baseline LSM
value of the patients was 10.0 kPa. However, it
decreased significantly to 7.8 kPa after antiviral
treatment (p\ 0.001). The median baseline
APRI, FIB-4, and GPR values of the patients were
0.97, 1.66, and 0.64, respectively. However,
they decreased significantly to 0.56, 1.18, and
0.38, respectively, after antiviral treatment (all
p\0.001).

Comparison of Patients with and Without
LFR

Comparison of patients with and without LFR
at baseline is shown in Table 2. The median
time between liver biopsies did not vary
between patients with and without LFR (32 vs
29 months, p = 0.234). Patients with LFR had

significantly higher age (median, 37 vs 34 years,
p = 0.047) and LSM value (median, 11.3 vs
9.0 kPa, p = 0.026) compared to those without

Table 2 Comparison of patients with and without LFR at
baseline characteristics

Characteristics LFR group
(n = 169)

Non-LFR
group
(n = 168)

p value

Age (years) 37 (30–43) 34 (30–41) 0.047

Male, n (%) 101 (59.8%) 109 (64.9%) 0.332

HBeAg

positive

n (%)

119 (70.4%) 123 (73.2%) 0.568

HBV DNA

(log10 IU/

ml)

4.74

(2.93–6.63)

5.35

(2.93–6.81)

0.545

HBsAg (log10
IU/ml)

3.47

(3.15–3.94)

3.49

(3.12–4.13)

0.288

Platelet (109/

L)

141

(103–180)

146

(108–182)

0.425

ALT (IU/L) 62 (32–191) 63 (33–210) 0.778

AST (IU/L) 46 (28–107) 49 (28–113) 0.877

c-GT (IU/L) 48 (23–85) 39 (22–79) 0.183

LSM value

(kPa)

11.3

(7.2–18.3)

9.0 (6.9–13.9) 0.026

APRI 0.97

(0.49–2.19)

0.97

(0.50–2.27)

0.787

FIB-4 1.72

(0.93–3.58)

1.58

(0.97–2.40)

0.089

GPR 0.66

(0.30–1.51)

0.55

(0.28–1.20)

0.173

Follow-up

period

(months)

32 (24–48) 29 (23–41) 0.234

Follow-up period, the interval between the first liver biopsy
and the second liver biopsy
LFR liver fibrosis regression, ALT alanine aminotrans-
ferase, AST aspartate aminotransferase, c-GT c-glutamyl
transpeptidase, LSM liver stiffness measurement
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LFR. No significant differences were found in
baseline characteristics between patients with
and without LFR in sex, HBeAg positive rate,
HBV DNA, HBsAg, platelet, ALT, AST, c-GT,
APRI, FIB-4, and GPR (p[ 0.05).

Variables Associated with LFR

Variables associated with LFR are shown in
Table 3. Univariate analysis showed that age
(p = 0.044) and the decrease rate of LSM value
(p\ 0.001) and GPR (p = 0.047) were associated
with LFR. Figure 1 shows that the decrease rate
of LSM value (41.3% vs - 2.9%, p\0.001) and
the decrease rate of GPR (26.9% vs - 15.0%,
p = 0.016) were significantly higher in patients
with LFR compared with those without LFR

(Fig. 1a, c). Variables which were significant in
univariate analysis were entered into a multi-
variate analysis; the latter showed that only the
decrease rate of LSM value was associated with
LFR [OR (95% CI) 1.023 (1.016–1.029),
p\0.001] (Table 3). Changes in APRI, FIB-4, or
GPR are not associated with LFR on multivariate
analysis (all p[0.05).

Clinical Utility of a Decrease in LSM
in Predicting LFR

Using paired liver biopsies as the gold standard,
we compared the performances of LSM value
and serum-based NITs of liver fibrosis for the
prediction of LFR (Table 4 and Fig. 2). The
AUROC of the decrease rate of LSM value is

Table 3 Variables associated with LFR at baseline

Univariate analysis Multivariate analysis

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

Age (years) 1.019 (1.001–1.039) 0.044 1.018 (0.998–1.039) 0.081

Male 1.244 (0.8–1.934) 0.333

HBeAg positive 1.158 (0.720–1.863) 0.545

HBV DNA (log10 IU/ml) 1.019 (0.926–1.120) 0.704

HBsAg (log10 IU/ml) 0.911 (0.766–1.083) 0.289

Platelet (109/L) 0.998 (0.994–1.002) 0.409

ALT (IU/L) 1.000 (0.999–1.001) 0.927

AST (IU/L) 1.001 (0.999–1.002) 0.362

c-GT (IU/L) 1.001 (0.997–1.004) 0.713

Follow-up period (months) 1.010 (0.998–1.022) 0.114

Decrease rate of NITs (%)

LSM 1.023 (1.016–1.029) \ 0.001 1.023 (1.016–1.029) \ 0.001

APRI 1.002 (1.000–1.004) 0.074

FIB-4 1.001 (0.999–1.004) 0.363

GPR 1.004 (1.002–1.007) 0.047 1.000 (0.998–1.002) 0.993

Decrease rate of NITs = (NITs1 - NITs2)/NIT1 9 100%. NITs1 means the NITs value synchronized with the first liver
biopsy. NITs2 means the NITs value synchronized with the second liver biopsy. Follow-up period, the interval between the
first liver biopsy and the second liver biopsy
LFR liver fibrosis regression, ALT alanine aminotransferase, AST aspartate aminotransferase, c-GT c-glutamyl transpep-
tidase, NITs Non-invasive tests of liver fibrosis, LSM liver stiffness measurement
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significantly higher than that of APRI, FIB-4,
and GPR for the prediction of LFR (0.78, 0.56,
0.55, and 0.57, respectively; all p\0.001).
Maximizing the Youden index (sensitiv-
ity ? specificity - 1), a decrease in LSM value
by 25% is the optimal cutoff value for the pre-
diction of LFR (the corresponding sensitivity,
specificity, positive predictive value, and nega-
tive predictive value were 68%, 81%, 78%, and
71%, respectively). In this study, of 337 patients
with significant fibrosis at baseline, 146 (43.3%)

had a 25% or larger decrease in LSM value dur-
ing anti-HBV therapy. Patients with a 25% or
larger decrease in LSM value had more LFR than
those with a less than 25% decrease in LSM
value (78.1% vs 22.9%, p\ 0.001).

DISCUSSION

Because the severity of liver fibrosis is one of the
key prognostic factors in patients with CHB,

Fig. 1 Changes in NITs of liver fibrosis between patients
with and without LFR. NITs, non-invasive tests; LFR,
liver fibrosis regression. The decrease rate of LSM value
(41.3% vs - 2.9%, p\ 0.001) and the decrease rate of
GPR (26.9% vs - 15.0%, p = 0.016) were significantly

higher in patients with LFR compared with those without
LFR (a, c). No significant differences were found in the
decrease rate of APRI (p = 0.076) and FIB-4 (p = 0.096)
between patients with LFR and those without LFR (b, d)
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serial assessment of the severity of liver fibrosis
is of irreplaceable importance before, during,
and after antiviral treatment [17]. Liver biopsy is
still the gold standard for the diagnosis of liver
fibrosis and cirrhosis, and frequently performed
as a baseline assessment of liver fibrosis or cir-
rhosis before antiviral therapy in patients with
CHB. However, the poor compliance and safety
concerns have precluded liver biopsy for serial
follow-up of the severity of liver fibrosis [6, 18].
In the real world, liver biopsy is rarely per-
formed to monitor the dynamic changes of the

severity of liver fibrosis during anti-HBV ther-
apy, except in a few clinical trials that investi-
gated LFR during anti-HBV treatment [3, 19].
Therefore, NITs of liver fibrosis to assess LFR
would be highly useful to help clinicians ree-
valuating prognosis, treatment, and follow-up
strategy in patients with CHB. Regression in
liver fibrosis may indicate the possibility of
reducing the frequency of screening for HCC.

TE is a rapid, non-invasive, and reproducible
tool for assessing the degree of liver fibrosis by
LSM [20]. In previous studies, the utility of TE
for the evaluation of the dynamic changes in
liver fibrosis during and after antiviral treat-
ment has been reported in patients with CHC
[21, 22]. Although Enomoto et al. reported that
the LSM value of patients with CHB signifi-
cantly decreased from 11.2 to 7.8 kPa during
12 months of treatment of entecavir, paired
liver biopsies were lacking for demonstrating
the reversal of liver fibrosis [23]. For patients
with CHB, the association between the changes
in LSM and the histological changes of liver
fibrosis remains unclear. In this study, using a
longitudinal cohort of 337 patients with CHB
who had repeated liver biopsies and LSM mea-
surements, we demonstrated that a 25%
decrease in LSM was associated with histologic
LFR. We suggested that LSM might be used to
monitor regression of liver fibrosis during
antiviral treatment using NUCs in patients with
CHB.

Currently, serum-based NITs of liver fibrosis
such as APRI, FIB-4, and GPR are available for
the diagnosis of liver fibrosis and cirrhosis. A
large study of 4731 patients with HCV infection

Table 4 Performance of noninvasive fibrosis tests for assessing liver fibrosis regression

DRNIT (%) AUROC 95% CI Cutoffs Se (%) Sp (%) PPV (%) NPV (%)

LSM 0.78 0.73–0.82 25 68 81 78 71

APRI 0.56 0.50–0.61 3.5 68 43 55 58

FIB-4 0.55 0.49–0.60 5.0 67 45 55 57

GPR 0.57 0.52–0.63 - 1.2 75 39 55 61

DRNIT = (NITs1 - NITs2)/NIT1 9 100%. NITs1 means the NITs value synchronized with the first liver biopsy. NITs2
means the NITs value synchronized with the second liver biopsy
AUROC the area under the ROC curve, Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive
value, DRNIT decrease rate of NITs of liver fibrosis

Fig. 2 ROC curves of NITs for the prediction of LFR.
LSM, liver stiffness measurement; LFR, liver fibrosis
regression. The AUROC of the decrease rate of LSM
value is significantly higher than that of APRI, FIB-4, and
GPR for the prediction of LFR (0.78, 0.56, 0.55, and 0.57,
respectively; all p\ 0.001)
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has reported that anti-HCV therapy induced
long-term regression of fibrosis based on FIB-4
scores [24]. Another study reported that the
APRI may be a useful marker for longitudinal
evaluation of the progression of liver disease in
patients with HIV-HCV coinfection [25].
Although APRI or FIB-4 scores have been
reported as the replacement of liver biopsy for
longitudinal evaluation of the dynamic changes
of liver fibrosis in patients with HCV infection
or HIV-HCV coinfection [24, 25], the ability of
serum-based NITs to predict LFR has not been
investigated in patients with CHB. According to
our results, serum-based NITs of liver fibrosis
including APRI, FIB-4, and GPR did not appear
to be useful in detecting LFR during anti-HBV
treatment when compared with LSM. This can
be explained by the confounding effects of
extrahepatic conditions during long-term anti-
HBV therapy, and the superior performance of
LSM in predicting liver fibrosis [9, 26]. Consis-
tent with our results, Kim et al. also reported
that APRI and FIB-4 scores are not suitable for
use in patients with CHB for assessment of
hepatic fibrosis, especially in gauging improve-
ments in liver fibrosis following therapy [27].
Therefore, different from patients with HCV
infection or HIV-HCV coinfection, when uti-
lizing APRI or FIB-4 one needs to be aware of
their limitations in patients with HBV for lon-
gitudinal evaluation of the dynamic changes of
liver fibrosis.

In this retrospective cohort study of 337
patients with CHB, 48 patients (14.2%) had
NAFLD. In 2020, we assessed the accuracy of
FibroScan and found that it provides high value
for the diagnosis of liver fibrosis and cirrhosis in
patients with concomitant CHB and NAFLD,
compared to APRI and FIB-4 [28].

Although this study provides a rigorous
evaluation of the association between longitu-
dinal changes in NITs of liver fibrosis and liver
histology among patients with CHB, several
limitations exist. As a result of the retrospective
design, patients were not randomized. Further-
more, this was a single-center study. Therefore,
prospective, multicenter, large-scale, random-
ized studies with long-term follow-up will be
needed to validate our conclusions.

CONCLUSIONS

For patients with CHB, anti-HBV therapy using
NUCs was associated with a decrease in LSM
value, and LSM might be used to monitor
regression of liver fibrosis during anti-HBV
therapy. Using repeated liver biopsy as the gold
standard, we found that a 25% decrease in LSM
value is associated with regression of liver
fibrosis on histology. However, it is worth not-
ing that the ALT level effects LSM value and
when the ALT decreases early with HBV treat-
ment that this can effect and overestimate
changes in LSM as well as APRI and FIB-4.
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