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Abstract

According to guidelines, antiviral therapy for adults with immune-active chronic hepatitis B (CHB) should be adopted to
decrease the risk of liver-related complications. Fibrosis assessment during antiviral treatment is a key step in antiviral therapy
evaluation. Liver biopsy is the gold standard for assessing the degree of liver necroinflammation and fibrosis. However,
because of its cost and the risk of life-threatening complications, performing a liver biopsy more than once after long-term
effective treatment is difficult. In this study, we aimed to evaluate changes in liver fibrosis during 5 years of entecavir (ETV)
treatment using noninvasive fibrosis markers in hepatitis B e-antigen (HBeAg)-negative treatment-naive CHB patients who
require antiviral therapy. A total of 303 HBeAg-negative treatment-naive patients were enrolled in this study. Liver biopsy
was performed before initiation of antiviral therapy. The diagnosis of CHB was made according to Chinese guidelines for the
management of CHB. Patients requiring antiviral therapy (liver fibrosis stage > F2, METAVIR scoring system) were treated
with ETV for at least 5 years. These patients were followed up at 6-month intervals. A clinical and virological evaluation
was performed at baseline and again at 12, 24, 36, 48, and 60 months during ETV treatment. Aspartate Aminotransferase to
Platelet Ratio Index (APRI) and Fibrosis-4 (FIB-4) index were used to assess dynamic changes in liver fibrosis in HBeAg-
negative CHB patients after 1, 2, 3, 4, and 5 years of ETV treatment. All enrolled patients underwent liver biopsy at baseline.
Using the METAVIR fibrosis stages, there were 107, 125, 54, and 17 patients in F1, F2, F3, and F4 stages, respectively.
The APRI and FIB-4 indexes enabled the correct identification of patients with severe fibrosis (METAVIR F3-F4), with
an area under the receiver operating characteristic curve of 0.77 (95% confidence interval [CI] 0.72-0.83) and 0.76 (95%
CI 0.70-0.82), respectively. The APRI values decreased significantly in F2 and F3 patients after 1 year of ETV therapy
(P<0.01). However, for F4 patients, APRI values decreased significantly at year 3 (P <0.05). The FIB-4 values of F2, F3,
and F4 patients who received ETV treatment were significantly decreased after 1, 3, and 5 years of ETV therapy, respectively
(P<0.05). APRI and FIB-4 values decreased significantly during 5-year ETV treatment in HBeAg-negative CHB patients,
indicating that these noninvasive fibrosis tests might be useful for monitoring improvement in liver fibrosis and assessing
treatment efficacy during long-term ETV treatment.
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Introduction

It is estimated that the global prevalence of hepatitis B sur-
face antigen (HBsAg) is 3.9%, corresponding to 291,992,000
infections [1], and in China, the prevalence is 7.20% [1].
Chronic hepatitis B virus (HBV) infection can lead to
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a long-term longitudinal study, progression to cirrhosis was
found to be positively associated with baseline HBV-DNA
level in treatment-naive patients with chronic hepatitis B
(CHB) [2]. The risk of cirrhosis was independently increased
with increasing HBV-DNA levels [4]. A high viral load
has been reported to induce the progression of fibrosis and
cirrhosis in CHB patients [5]. One study also showed that
the cumulative incidence of HCC increased from 1.3% in
patients with HBV-DNA < 300 copies/mL to 15% in patients
with HBV-DNA > 10° copies/mL [6]. Reports showed that
antiviral agents can be used to suppress HBV replication,
retard disease progression, and improve disease outcomes
in patients with CHB [7, 8]. Entecavir (ETV), along with
tenofovir disoproxil fumarate and peginterferon, was the
preferred antivirals [9, 10].

According to the guidelines for the management of CHB,
the prognosis and treatment decisions of CHB patients
depend on the degree of liver histological lesions [9].
Patients with significant liver histological lesions should be
considered for immediate antiviral therapy [9]. Patients with
significant liver histological lesions defined as inflammatory
grade > A2 and/or fibrosis stage > F2 (METAVIR scoring
systems) are at increased risk of developing cirrhosis and
HCC [11]. During long-term antiviral therapy, it is impor-
tant to monitor the dynamic changes in the severity of liver
fibrosis. Liver biopsy is the best choice for assessing the
degree of liver necroinflammation and fibrosis. However,
it has some limitations, including high costs, bleeding risk,
and patient discomfort [12]. In CHB patients who cannot or
are reluctant to undergo liver biopsy, noninvasive fibrosis
tests may be needed for prognosis and treatment decisions.

Several noninvasive fibrosis tests based on serum indi-
ces (such as Aspartate Aminotransferase to Platelet Ratio
Index [APRI] and Fibrosis-4 [FIB-4]) are now available and
increasingly used for evaluating the severity of liver fibrosis
[9], and they reduce the need for liver biopsy. According to
the World Health Organization’s guidelines for the manage-
ment of CHB, for the diagnosis of significant fibrosis (fibro-
sis stages > F2), the summary sensitivity of APRI was 78%,
while the summary specificity of APRI was 92% [12]. For
the diagnosis of cirrhosis, the summary sensitivity of APRI
was 65%, while the summary specificity of APRI was 89%
[12]. A cutoff value of FIB-4 > 1.45 differentiated moder-
ate fibrosis from severe fibrosis with a sensitivity of 71%
and a specificity of 73% [13]. FIB-4 cutoffs of 1.6 and 3.6
provided 93% negative predictive value and 90% positive
predictive value for detection of cirrhosis, respectively [14].
The use of noninvasive fibrosis tests could predict signifi-
cant fibrosis and cirrhosis and help with the optimal selec-
tion of patients for anti-HBV therapy. However, few studies
have evaluated the changes in APRI and FIB-4 values dur-
ing long-term antiviral treatment in hepatitis B e-antigen
(HBeAg)-negative CHB patients.
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In this study, we enrolled 303 HBeAg-negative CHB
patients. All patients underwent liver biopsy. A total of 196
of 303 patients with significant liver histological lesions at
baseline were treated with ETV, and the dynamic changes in
APRI and FIB-4 values were evaluated during 5-year ETV
treatment. We aimed to investigate the influence of long-
term antiviral treatment on noninvasive fibrosis tests and
evaluate the roles of APRI and FIB-4 indexes in monitoring
long-term prognoses in HBeAg-negative CHB patients.

Methods
Patients

A total of 303 HBeAg-negative treatment-naive patients
were enrolled in this retrospective study from September
2008 to May 2015 at Beijing Ditan Hospital, Beijing, China.
All patients were positive for HBsAg for more than 6 months
at treatment commencement. Liver biopsies were performed
at the baseline of all patients. Patients whose liver fibrosis
stages were determined as F2, F3, and F4 (METAVIR scor-
ing system) received 0.5 mg of ETV daily. The exclusion
criteria adopted were (1) coinfection with hepatitis C, D, and
human immunodeficiency virus; (2) HCC development after
ETV commencement during the study period; and (3) lack
of compliance with ETV treatment for more than 3 months.
Finally, 196 treatment-naive HBeAg-negative patients were
enrolled. In this study, virological response was defined as
HBV-DNA level undetectable by quantitative polymerase
chain reaction assay with a lower limit detection of 20 IU/
mL during the 5-year ETV therapy. This study was approved
by the Institutional Review Board of Beijing Ditan Hospital,
and informed consent was waived.

Laboratory data

Biochemical tests including liver enzymes, total bilirubin
(TBIL), and HBV-DNA were performed at baseline and after
1,2, 3,4, and 5 years of ETV treatment and were measured
using standard laboratory procedures. The upper limits of
normal alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) were defined as 50 U/L and 40 U/L
(male) and 40 U/L and 35 U/L (female), respectively. The
upper limit of normal TBIL was defined as 18.8 pmol/L.
Serum HBV-DNA levels were checked by real-time poly-
merase chain reaction at our hospitals. The lowest detection
limit of serum HBV-DNA among our hospitals was 20 TU/
mL (COBAS TagMan HBV Test v2.0, Roche Diagnostics,
Branchburg, NJ, USA). Therefore, a serum HBV-DNA level
of <20 IU/mL was defined as the limit of detectability.
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Liver histological assessment

Percutaneous liver biopsy was performed, and paraffin sec-
tions were made according to a previous study [15]. The
biopsy samples were assessed by two independent patholo-
gists who were blinded to the results of the noninvasive
fibrosis tests. Discordant cases were reviewed by a third
highly experienced pathologist. The METAVIR scoring
system was adopted as the pathological diagnosis standard
of liver inflammation and fibrosis. Liver fibrosis was divided
into five stages: FO, no fibrosis; F1, portal fibrosis without
septa; F2, portal fibrosis with rare septa; F3, numerous septa
without cirrhosis; and F4, cirrhosis [16].

Noninvasive fibrosis models

APRI and FIB-4 models were used to quantify the degrees of
liver fibrosis. These indices were calculated using the follow-
ing formulae: APRI=[(AST/upper limit of normal)/platelet
count (10°/L)] x 100; FIB-4 = age (years) X AST[U/L]/(plate-
let count (10%/L) x (ALT [U/L])1/2). These models of liver
fibrosis were calculated at entry and after 1, 2, 3, 4, and
5 years of ETV treatment.

Statistical analyses

Results are presented as follows: normal distribution data
as mean + SD, nonnormal distribution continuous data as
median (interquartile range; IQR), and categorical vari-
ables as number (percentage). ¢ test or Mann—Whitney test
was performed between different groups. The FIB-4 results
were compared with the METAVIR scores with areas
under the receiver operating characteristic (ROC) curve.
One-way analysis of variance (ANOVA) was used to

compare continuous variables at entry and after 1, 2, 3, 4,
and 5 years of ETV treatment. Statistical significance was
accepted for P-values of <0.05 (*P <0.05, **P <0.01).
The analyses were performed using SPSS version 22.0
(SPSS, Chicago, IL, USA).

Results
Baseline characteristics of patients

The baseline characteristics of 303 study subjects are
shown in Table 1. A total of 201 (66.34%) patients were
male, and 102 patients were women (33.66%). According
to the METAVIR scoring system, the number patients in
each METAVIR fibrosis stage was as follows: F1 =107
(35.3%), F2=125 (41.3%), F3=54 (17.8%), and F4=17
(5.6%), respectively. Baseline median serum ALT (U/L),
AST (U/L), mean platelet counts (10°/L), mean serum
TBIL (pmol/L), HBV-DNA, median APRI values and
FIB-4 value levels in F1, F2, F3, and F4 groups are
shown in Table 1. Among the entire sample, the median
APRI value increased from 0.41 (IQR 0.3-0.59) in the
F1 group to 0.7 (IQR 0.43-1.58) in the F4 group. The
median FIB-4 value increased as a function of the fibrosis
score, from 1.01 (IQR 0.73-1.30) in the F1 group to 1.97
(IQR 0.96-3.34) in the F4 group (Table 1). The differences
were statistically significant (P < 0.05) only when groups
with severe fibrosis (F3 or F4) were compared with groups
with moderate fibrosis (F1) or intermediate fibrosis (F2)
(Table 1). Indeed, because of the rather large overlapping
of the results, the APRI and FIB-4 indexes could not sig-
nificantly discriminate the F1 group from the F2 group
(P>0.05; Table 1).

Table 1 Baseline characteristics of HBeAg-negative, treatment-naive CHB patients

Characteristic METAVIR stage

F1 F2 F3 F4
Age (year) 40.07+10.21 40.59+9.62 42.35+9.62 39.94+11.40
Patient numbers [n (%)] 107 (35.3%) 125 (41.3%) 54 (17.8%) 17 (5.6%)
Gender (male/female) 64/43 84/41 40/14 13/4

ALT [U/L (median)]
AST [U/L (median)]

42.65 (22.1-57.45)
27.85 (21.6-37.9)

TBIL [pmol/L (mean + SD)] 14.16+5.67
Platelet count (X 10°/L) (mean + SD) 192.31+51.46
HBV-DNA (mean+SD) (log10 IU/mL) 3.67+1.59

APRI value
FIB-4 value

0.41 (0.3-0.59)
1.01 (0.73-1.30)

38.3 (28.25-52.05)
28.6 (24.3-38.6)
15.38+7.69
178.55+62.91
3.98+1.73

0.46 (0.31-0.60)
1.08 (0.77-1.56)

41.5 (28.55-62.75)
31.8 (26.6-44.2)
16.32+5.92
146.04 +34.82
431+1.81

0.62 (0.42-1.05)**
1.48 (1.13-1.97)**

47.9 (30.7-79.3)
30.4 (25.9-61.35)
18.77+14.9
147.86 +62.74
3.11+1.82

0.70 (0.43-1.58)**
1.97 (0.96-3.34)**

**Compared with the F1 or F2 group, P<0.01
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Fig.1 ROC of the APRI index for the diagnosis of severe fibrosis (F3-F4, a) and ROC of the FIB-4 index for the diagnosis of severe fibrosis

(F3-F4, b)

Table 2 Suggested negative predictive value of APRI for the predic-
tion of severe fibrosis

Table 3 Suggested positive predictive value of APRI for the predic-

tion of severe fibrosis

APRI index Liver biopsy (METAVIR) Total APRI index Liver biopsy (METAVIR) Total
F1-F2 F3-F4 F3-F4 F1-F2

<0.544 90.5% (n=171) 9.5% (n=18) 189 >1.30 94.4% (n=17) 5.6% (n=1) 18

>0.544 54.4% (n=062) 45.6% (n=52) 114 <1.30 18.6% (n=53) 81.4% (n=232) 285

Total 233 70 303 Total 70 233 303

Comparison of APRI and FIB-4 indexes and liver
biopsy results

The APRI index enabled the effective identification of
patients with severe fibrosis (METAVIR F3-F4) with an
area under the ROC curve of 0.77 (95% confidence interval
[CI], 0.72-0.83; Fig. 1a). An APRI value lower than 0.544
had a negative predictive value of 90.5% to exclude any
severe fibrosis (F3—-F4), with a sensitivity of 72.9% and a
specificity of 71.7% (Table 2). An APRI value > 1.30 had a
positive predictive value of 94.4% to predict severe fibrosis
(F3-F4), with a sensitivity of 22.9% and a specificity of
94.3% (Table 3). The FIB-4 index enabled the effective
identification of patients with severe fibrosis with an area
under the ROC curve of 0.76 (95% CI 0.70-0.82; Fig. 1b).
A FIB-4 index lower than 1.33 had a negative predictive
value of 89.3% to exclude any severe fibrosis (F3-F4),
with a sensitivity of 70% and a specificity of 70.1%
(Table 4). A FIB-4 index >2.04 had a positive predictive
value of 91.3% to predict severe fibrosis (F3-F4), with a
sensitivity of 31.4% and a specificity of 91.3% (Table 5).

@ Springer

Table 4 Suggested negative predictive value of FIB-4 for the predic-

tion of severe fibrosis

FIB-4 index Liver biopsy (METAVIR) Total
F1-F2 F3-F4

<1.33 89.3% (n=167) 10.7% (n=20) 187

>1.33 56.9% (n=1066) 43.1% (n=50) 116

Total 233 70 303

Table 5 Suggested positive predictive value of FIB-4 for the predic-

tion of severe fibrosis

FIB-4 index Liver biopsy (METAVIR) Total
F3-F4 F1-F2

>2.04 91.3% (n=21) 8.7% (n=2) 23

<2.04 17.5% (n=49) 82.5% (n=231) 280

Total 70 233 303
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Biochemical improvements after 1, 2, 3, 4,
and 5 years of ETV treatment

Patients with fibrosis stage > F2 were treated with ETV.
During 5 years of ETV therapy, ALT and AST decreased
significantly (P <0.05; Figs. 2 and 3).The ALT normali-
zation rates after 1, 2, 3, 4, and 5 years of ETV therapy
were 80.1% (157/196), 85.7% (168/196), 89.8% (176/196),
93.9% (184/196), and 94.4% (185/196), respectively
(Table 6). The AST normalization rates at years 1, 2, 3,
4, and 5 were 85.7% (168/196), 93.4% (183/196), 95.4%
(187/196), 97.4% (191/196), and 99% (194/196), respec-
tively (Table 6). TBIL decreased significantly at year 3 in
the F3 group (Fig. 4, P <0.05). In the F2 and F4 groups,
TBIL showed a decreasing trend. However, compared with
baseline, there were no significant differences (Fig. 4).
Along with the duration of antiviral therapy, platelet
counts showed a decreasing trend in CHB patients in the
F2, F3, and F4 groups, but there were no significant dif-
ferences (Fig. 5, P> 0.05).
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Virological improvement after 1, 2, 3, 4, and 5 years
of ETV treatment

Patients with fibrosis stage > F2 were treated with ETV. The
undetectable HBV-DNA rates were 75.5% (148/196), 84.2%
(165/196), 91.3% (179/196), 96.9% (190/196), and 98.5%
(193/196) after 1, 2, 3, 4, and 5 years of ETV treatment,
respectively (Table 6). At year 5, the HBV-DNA levels of
three patients with nonvirological response were 5.97, 2.45,
and 2.64 IU/mL(log10 IU/mL), respectively. The HBV-
DNA levels in the patients with virological response were
all undetectable (<20 IU/mL).

Improvements in APRI value after 1, 2, 3, 4,
and 5 years of ETV treatment

Improvements in APRI values during ETV treatment are
shown in Table 6. Compared with baseline, the APRI value
decreased significantly after 1 year of ETV treatment in
F2 and F3 groups (Fig. 6; P <0.01). For the F4 group, the
median APRI values showed a decreasing trend during ETV

Dynamic changes of ALT in F3 stage patients
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Fig.2 Dynamic changes of ALT in patients of different fibrosis stages. ALT decreased significantly after 1, 2, 3, 4, and 5 years of ETV therapy
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Fig. 3 Dynamic changes of AST in patients of different fibrosis stages. AST decreased significantly after 1, 2, 3, 4, and 5 years of ETV therapy

Table 6 Dynamic changes of ALT, AST, TBIL, HBV-DNA, APRI, and FIB-4 at 1-5 years of ETV therapy

Characteristic Antiviral therapy duration (year)

1 2 3 4 5
ALT normal/total [n (%)] 128/196 (65.3%) 157/196 (80.1%) 168/196 (85.7%) 176/196 (89.8%) 184/196 (93.9%) 185/196 (94.4%)
AST normal/total [n (%)] 147/196 (75%) 168/196 (85.7%) 183/196 (93.4%) 187/196 (95.4%) 191/196 (97.4%) 194/196 (99%)
TBIL normal/total [n (%)] 143/196 (73%) 168/196 (85.7%) 180/196 (91.8%) 179/196 (91.3%) 184/196 (93.9%) 188/196 (95.9%)
HBV-DNA negative [n (%)] 0/196 (0%) 148/196 (75.5%) 165/196 (84.2%) 179/196 (91.3%) 190/196 (96.9%) 193/196 (98.5%)

F2 group
APRI value
FIB-4 value

F3 group
APRI value
FIB-4 value

F4 group
APRI value
FIB-4 value

0.46 (0.31-0.60)
1.08 (0.77-1.56)

0.62 (0.42-1.05)
1.48 (1.13-1.97)

0.70 (0.43-1.58)
1.97 (0.96-3.34)

0.37 (0.29-0.49)
1.11 (0.85-1.44)

0.47 (0.33-0.70)
1.42 (1.07-1.99)

0.58 (0.42-0.90)
1.69 (0.92-2.25)

0.35(0.24-0.45)
0.97 (0.78-1.37)

0.38 (0.24-0.49)
1.32 (0.90-1.98)

0.48 (0.31-0.89)
1.18 (0.93-1.97)

0.30 (0.23-0.44)
1.08 (0.84-1.40)

0.32 (0.26-0.47)
1.21 (0.86-1.58)

0.51 (0.34-0.84)
1.38 (1.05-1.95)

0.26 (0.21-0.40)
1.01 (0.71-1.28)

0.39 (0.25-0.54)
1.12 (0.88-1.75)

0.34 (0.29-0.74)
1.26 (0.95-1.61)

0.25 (0.18-0.38)
0.94 (0.77-1.29)

0.38 (0.24-0.43)
0.93 (0.83-1.13)

0.26 (0.23-0.41)
0.87 (0.79-1.33)

therapy. Compared with baseline, APRI values significantly
decreased after 3 years of ETV treatment (Fig. 6; P <0.05).
The number of patients whose APRI value <0.544 had been
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increasing while the number of patients whose APRI>1.30
had been decreasing year by year during 5 years of ETV
treatment (Table 7).
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Dynamic changes of TBIL in F2 stage patients
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Fig.4 Dynamic changes of TBIL in patients of different fibrosis stages. TBIL decreased significantly after 3 years of ETV therapy in the F3

group

Improvements in FIB-4 value after 1, 2, 3, 4,
and 5 years of ETV treatment

Improvements in FIB-4 values are shown in Table 6 dur-
ing ETV therapy. Compared with baseline, the FIB-4 value
decreased significantly after 1 year of ETV treatment in F2
group (Fig. 7; P <0.05). Median FIB-4 values of the F3 group
after 1, 2, 3, 4, and 5 years of ETV treatment are also shown
in Table 4. It decreased significantly at 3 years of ETV treat-
ment compared with baseline (Fig. 7; P <0.05), while for the
F4 group, compared with baseline, the FIB-4 value decreased
significantly after 5 years of antiviral therapy (Fig. 7; P <0.05).
The number of patients whose FIB-4 value < 1.33 had
been increasing while the number of patients whose FIB-4
value >?2.04 had been decreasing year by year during 5 years
of ETV therapy (Table 7).

Discussion

Liver fibrosis is correlated with the risk of developing cir-
rhosis and liver-related complications [17]. Assessing the
severity of liver fibrosis will help determine the treatment
decision and prognosis in patients with CHB. Liver biopsy
has traditionally been considered the reference method for
evaluation of liver fibrosis, but it provides only a snapshot
and not an insight into the dynamic changes during the pro-
cess of fibrogenesis (progression, static, or regression) [15].
In addition, liver biopsy is a costly and invasive procedure
carrying a risk of life-threatening complications; this limits
the use of liver biopsy for mass screening and follow-up
evaluation. Noninvasive fibrosis tests, using either FibroScan
or serum fibrosis models, are adequate for the diagnosis of
significant fibrosis/cirrhosis in patients with CHB and can
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Fig.5 Dynamic changes of platelet count in patients of different fibrosis stages. There was no difference during 5 years of ETV therapy

be used to prioritize patients for antiviral therapy based on
the severity of liver fibrosis [9]. However, few studies have
evaluated the value of noninvasive fibrosis tests in monitor-
ing treatment response and disease progression during long-
term antiviral therapy.

Several studies have reported that long-term suppression
of HBV replication using nucleos(t)ide analogues (NUCs)
can improve liver fibrosis in CHB patients [17-21]. Moni-
toring the fibrotic burden in CHB patients receiving NUCs
treatment is clinically relevant in identifying subpopula-
tions with different clinical prognoses. Previous studies
have investigated the influence of antiviral treatment on
liver stiffness measurement (LSM) values using FibroScan
[22-24]. These studies showed that 1-year antiviral therapy
was associated with the decrease in LSM values; however,
data on changes in liver fibrosis during long-term antiviral
therapy are still lacking. Recently, Li et al. reported that
LSM, APRI, and FIB-4 values decreased significantly after
3 years of ETV treatment in 104 CHB patients with signifi-
cant liver histological lesions. This study mentioned that the
changes in APRI and FIB-4 values in HBeAg-negative CHB
patients during long-term antiviral therapy still need to be
studied. In this study, we found that APRI and FIB-4 values
decreased significantly after 5 years of ETV treatment in 196
HBeAg-negative CHB patients.
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Our present study reported the 5-year efficacy of ETV in
treatment-naive HBeAg-negative CHB patients in the real-
world Chinese scenario. Compared with liver biopsy results,
our data showed the APRI and FIB-4 indexes enabled the
correct identification of patients with severe fibrosis (META-
VIR F3-F4) with an area under the ROC curve of 0.77 (95%
CI 0.72-0.83) and 0.76 (95% CI 0.70-0.82), respectively.
These results were consistent with previous studies [13, 25].
These data showed that the changes in APRI and FIB-4 val-
ues probably could reflect liver histological improvements
during ETV treatment.

In our study, the APRI and FIB-4 values began to
decrease significantly after at least 1 year of therapy. These
results were consistent with previous studies [17]. Li et al.
reported that after 3 years of ETV therapy, the APRI and
FIB-4 values significantly decreased in the F2-F4 group
and the F4 group according to METAVIR fibrosis stages
[17]. This study enrolled 104 CHB patients, 76 of whom
were HBeAg-positive and 28 of whom were HBeAg-neg-
ative. In our study, the APRI and FIB-4 values of the F2
group decreased significantly at 1 year of antiviral therapy
(P<0.01, P<0.05, respectively). For patients with F3,
the APRI value decreased significantly at 1 year of ETV
therapy (P <0.01). Compared with the APRI value, the
FIB-4 value significantly decreased 2 years later in the F3
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Dynamic changes of APRI score during ETV
therapy in F2 stage patients
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Dynamic changes of APRI score during ETV
therapy in F4 stage patients
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Fig.6 Dynamic changes of APRI values during ETV therapy in
patients of different fibrosis stages. APRI values decreased signifi-
cantly after 1 year of ETV treatment in the F2 and F3 stage patients.
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Dynamic changes of APRI score during ETV
therapy in F3 stage patients

2.0

APRI score

In F4 stage patients, the APRI value decreased significantly after

3 years of ETV therapy

Table7 Dynamic changes of the proportion of patients whose APRI and FIB-4 values below negative predictive values or more than positive

predictive values at 1 to 5 years of ETV therapy

Characteristics

Antiviral therapy duration (year)

2 3 4 5

0 1
APRI<0.544 [F2-F4 groups, n (%)] 111 (56.6%) 145 (74%)
APRI>1.30 [F2-F4 groups, n (%)] 18 (9.2%) 14(7.1%)
FIB-4 < 1.33 [F2-F4 groups, n (%)] 104 (53.1%) 110 (56.1%)
FIB-4 >2.04 [F2-F4 groups, n (%)] 23 (11.7%) 17 (8.7%)

160 (81.6%) 167 (85.2%) 171 (87.2%) 176 (89.8%)

11 (5.6%) 9 (4.6%) 5(2.6%) 4 (2.0%)
127 (64.8%) 130 (66.3%) 143 (73%) 150 (76.5%)
13 (6.6%) 10 (5.1%) 7 (3.6%) 5(2.6%)

group (P <0.05). For the F4 group, APRI and FIB-4 val-
ues decreased significantly at year 3 (P <0.05) and year
5 (P <0.05), respectively. Compared with Li’s report, our
results showed that FIB-4 values decreased significantly at
year 5. Sample size and patient type might have led to this
difference. There were only 17 F4 stage patients in our study.
Furthermore, the enrolled patients were all HBeAg-negative.

In our study, the undetectable HBV-DNA rates were
75.5,84.2,91.3,96.9, and 98.5% after 1, 2, 3, 4, and 5 years
of ETV treatment, respectively. A recent European field

practice study of patients treated with ETV (n=744) showed
that the 5-year cumulative probability of a viral response
(HBV-DNA\80 IU/mL) was 97%, and the patients’ ethnicity
was classified as Caucasian, Asian (including China, Hong
Kong, and Thailand), or other (including sub-Saharan Afri-
cans) [26]. Most recently, a Japanese study reported that
after 1 to 5 years of ETV treatment, serum HBV-DNA levels
were undetectable in 81, 89, 91, 94, and 96% of patients,
respectively [27]. Our results were similar to those of previ-
ous reports [2, 26, 27].
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Dynamic changes of FIB-4 score during ETV
therapy in F2 stage patients
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Dynamic changes of FIB-4 score during ETV

g therapy in F4 stage patients
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Dynamic changes of FIB-4 score during ETV
therapy in F3 stage patients
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Fig. 7 Dynamic changes of FIB-4 values during ETV therapy in patients of different fibrosis stages. FIB-4 values decreased significantly after 1,

3, and 5 years of ETV treatment in F2, F3, and F4 stage patients

Our data showed that ALT normalization rates after 1,
2,3, 4, and 5 years of ETV therapy were 80.1, 85.7, 89.8,
93.9, and 94.4%, respectively. A previous study reported that
ALT normalization occurred in 66, 72, 75, 78, and 77% of
treatment-naive CHB patients at 1-5 years of ETV treatment
[27]. Our normalization rates of ALT were higher than this
report. The reason for this might be that the enrolled patients
in these two studies were different. Compared with CHB and
cirrhosis patients in the previous study, our patients were
HBeAg-negative. Our data also showed that TBIL normali-
zation rates after 1, 2, 3, 4, and 5 years of ETV therapy
were 85.7% (168/196), 91.8% (180/196), 91.3% (179/196),
93.9% (184/196), and 95.9% (188/196), respectively. The
dynamic changes were consistent with the ALT. The TBIL
values decreased significantly in the F3 group after 3 years
of ETV treatment. Compared with baseline, TBIL showed a
decreasing trend in the F4 group, but there were no signifi-
cant differences. The sample size of the F4 group (n=17)
might lead to these results.

This study also has limitations. First, patients in this
study underwent liver biopsy only before ETV therapy,
and paired biopsy data were not available after 5 years of

@ Springer

ETV therapy. Thus, we could not compare the changes
in METAVIR fibrosis values after 5-year ETV treatment.
However, in the real world, it is difficult to perform a sec-
ond liver biopsy after long-term effective treatment due to
cost and the risk of life-threatening complications; thus, a
well-designed study with paired liver biopsy is required to
confirm whether noninvasive fibrosis tests can be used to
monitor the dynamic changes in the severity of liver fibro-
sis. Second, the sample size of the F4 stage CHB patients
in our study was too small and should be enlarged to evalu-
ate the efficacy of ETV treatment more precisely.

In conclusion, we found that APRI and FIB-4 values
decreased significantly after 5-year ETV treatment in
CHB patients with significant liver histological injury
at baseline. Our results indicated that APRI and FIB-4
might be useful for monitoring regression of liver fibrosis
and assessing treatment efficacy during long-term ETV
treatment. The accurate rate of the negative and positive
predictive values of APRI index was all higher than FIB-4
index. It indicated that APRI might be more accurate
than FIB-4, while FIB-4 might be more useful because
the patients’ age is increasing during antiviral therapy,
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because when we calculate FIB-4, the age was taken into
account.

Funding This study was supported by Beijing Municipal Administra-
tion of Hospitals Incubating Program (PX2018060), Youth Programme
from Beijing Municipal Administration of Hospitals (QML20181803),
and Seedling Cultivation Programme of Beijing Ditan Hospital
(DTYM201609).

Conflict of interest The authors declare no competing financial inter-
ests.

Ethical approval and informed consent All patients signed the
informed consent before liver biopsy, and all clinical procedures were
in accordance with the Declaration of Helsinki in 1983. The study
protocol was permitted by the Institutional Review Board of Beijing
Ditan Hospital.

References

1. Polaris Observatory C. Global prevalence, treatment, and preven-
tion of hepatitis B virus infection in 2016: a modelling study. The
Lancet: Gastroenterol Hepatol. 2018;3(6):383—-403.

2. Shin SK, Kim JH, Park H, et al. Improvement of liver function
and non-invasive fibrosis markers in hepatitis B virus-associated
cirrhosis: 2 years of entecavir treatment. J Gastroenterol Hepatol.
2015;30(12):1775-81.

3. Wang J, Shen T, Huang X, et al. Serum hepatitis B virus
RNA is encapsidated pregenome RNA that may be associ-
ated with persistence of viral infection and rebound. J Hepatol.
2016;65(4):700-10.

4. Tloeje UH, Yang HI, Su J, et al. Predicting cirrhosis risk based on
the level of circulating hepatitis B viral load. Gastroenterology.
2006;130(3):678-86.

5. Fattovich G, Brollo L, Giustina G, et al. Natural history and prog-
nostic factors for chronic hepatitis type B. Gut. 1991;32(3):294-8.

6. Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma
across a biological gradient of serum hepatitis B virus DNA level.
JAMA. 2006;295(1):65-73.

7. Liaw YF, Sung JJ, Chow WC, et al. Lamivudine for patients with
chronic hepatitis B and advanced liver disease. N Engl J] Med.
2004;351(15):1521-31.

8. Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et al. Adefo-
vir dipivoxil for the treatment of hepatitis B e antigen-negative
chronic hepatitis B. N Engl ] Med. 2003;348(9):800-7.

9. 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.

10. European Association for the Study of the Liver. Electronic
address eee, European Association for the Study of the L. EASL
2017 Clinical Practice Guidelines on the management of hepatitis
B virus infection. J Hepatol. 2017;67(2):370-98.

11. Mohamadnejad M, Tavangar SM, Sotoudeh M, et al. Histopatho-
logical Study of Chronic Hepatitis B: a Comparative Study of
Ishak and METAVIR Scoring Systems. Int J Organ Transpl Med.
2010;1(4):171-6.

12.  WHO. Guidelines for the prevention, care and treatment of per-
sons with Chronic Hepatitis B infection. Geneva: WHO; 2015.

13. Mallet V, Dhalluin-Venier V, Roussin C, et al. The accuracy of the
FIB-4 index for the diagnosis of mild fibrosis in chronic hepatitis
B. Aliment Pharmacol Ther. 2009;29(4):409-15.

14. Kim BK, Kim DY, Park JY, et al. Validation of FIB-4 and com-
parison with other simple noninvasive indices for predicting liver
fibrosis and cirrhosis in hepatitis B virus-infected patients. Liver
Int. 2010;30(4):546-53.

15. European Association for Study of L, Asociacion Latinoamericana
para el Estudio del H. EASL-ALEH Clinical Practice Guidelines:
non-invasive tests for evaluation of liver disease severity and prog-
nosis. J Hepatol. 2015;63(1):237-64.

16. Bedossa P, Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology. 1996;24(2):289-93.

17. Li Q, Chen L, Zhou Y. Changes of FibroScan, APRI, and FIB-4
in chronic hepatitis B patients with significant liver histologi-
cal changes receiving 3-year entecavir therapy. Clin Exp Med.
2018;18(2):273-82.

18. Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis dur-
ing treatment with tenofovir disoproxil fumarate for chronic
hepatitis B: a 5-year open-label follow-up study. Lancet.
2013;381(9865):468-75.

19. Ellis EL, Mann DA. Clinical evidence for the regression of liver
fibrosis. J Hepatol. 2012;56(5):1171-80.

20. Dienstag JL, Goldin RD, Heathcote EJ, et al. Histological out-
come during long-term lamivudine therapy. Gastroenterology.
2003;124(1):105-17.

21. Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et al. Long-term
therapy with adefovir dipivoxil for HBeAg-negative chronic hepa-
titis B for up to 5 years. Gastroenterology. 2006;131(6):1743-51.

22. Enomoto M, Mori M, Ogawa T, et al. Usefulness of transient
elastography for assessment of liver fibrosis in chronic hepatitis
B: regression of liver stiffness during entecavir therapy. Hepatol
Res. 2010;40(9):853-61.

23. Wong GL, Wong VW, Choi PC, et al. On-treatment monitoring
of liver fibrosis with transient elastography in chronic hepatitis B
patients. Antivir Ther. 2011;16(2):165-72.

24. Kim MN, Kim SU, Park JY, et al. Risk assessment of liver-related
events using transient elastography in patients with chronic hepati-
tis B receiving entecavir. J Clin Gastroenterol. 2014;48(3):272-8.

25. Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpensive
and accurate marker of fibrosis in HCV infection: comparison
with liver biopsy and fibrotest. Hepatology. 2007;46(1):32—-6.

26. Arends P, Sonneveld MJ, Zoutendijk R, et al. Entecavir treat-
ment does not eliminate the risk of hepatocellular carcinoma in
chronic hepatitis B: limited role for risk scores in Caucasians. Gut.
2015;64(8):1289-95.

27. Suzuki F, Hosaka T, Suzuki Y, et al. Long-term outcome of ente-
cavir treatment of nucleos(t)ide analogue-naive chronic hepatitis
B patients in Japan. J Gastroenterol. 2019;54:182-93.

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

@ Springer



320 Clinical and Experimental Medicine (2019) 19:309-320

Affiliations

Ruyu Liu'® - Jiang Guo? - Yao Lu' - Lu Zhang' - Ge Shen’ - Shuling Wu' - Mi Chang’ - Leiping Hu' - Hongxiao Hao' -
Minghui Li' - Yao Xie'

Minghui Li 2 Tumor Interventional Department, Beijing Ditan
wuhm2000@sina.com Hospital, Capital Medical University, No. 8 Jingshun
East Street, Chaoyang District, Beijing 100015,

Yao Xie People’s Republic of China

xieyao00120184 @sina.com
Liver Diseases Center, Beijing Ditan Hospital, Capital

Medical University, No. 8 Jingshun East Street, Chaoyang
District, Beijing 100015, People’s Republic of China

@ Springer


http://orcid.org/0000-0001-7561-9439

	Changes in APRI and FIB-4 in HBeAg-negative treatment-naive chronic hepatitis B patients with significant liver histological lesions receiving 5-year entecavir therapy
	Abstract
	Introduction
	Methods
	Patients
	Laboratory data
	Liver histological assessment
	Noninvasive fibrosis models
	Statistical analyses

	Results
	Baseline characteristics of patients
	Comparison of APRI and FIB-4 indexes and liver biopsy results
	Biochemical improvements after 1, 2, 3, 4, and 5 years of ETV treatment
	Virological improvement after 1, 2, 3, 4, and 5 years of ETV treatment
	Improvements in APRI value after 1, 2, 3, 4, and 5 years of ETV treatment
	Improvements in FIB-4 value after 1, 2, 3, 4, and 5 years of ETV treatment

	Discussion
	References




