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Background. Long-term nucleos(t)ide analogue (NA) treatment can reverse liver fibrosis in chronic hepatitis B (CHB), but its
effect on fibrosis regression remains limited. Biejia-Ruangan (BR) has been approved in China as an antifibrotic traditional Chinese
medicine drug in patients with chronic liver diseases. A multicenter randomized controlled trial aims to evaluate the effect of BR on
fibrosis regression in CHB patients treated with NAs.

Methods. CHB patients with histologically confirmed advanced fibrosis or cirrhosis were randomly assigned to receive entecavir
(ETV) (0.5 mg per day) plus BR (2 g 3 times a day) or placebo for 72 weeks. Liver fibrosis regression was defined as a reduction of > 1
point by the Ishak fibrosis stage (IFS).

Results.  Overall, 500 patients were enrolled in each group as the intention-to-treat population. The rate of fibrosis regression
after 72 weeks of treatment was significantly higher in the ETV + BR group (40% vs 31.8%; P = .0069). Among 388 patients with
cirrhosis (ie, IFS > 5) at baseline, the rate of cirrhosis reversal (ie, IFS < 4) was significantly higher in the ETV + BR group (41.5%
vs 30.7%; P = .0103).

Conclusions. Addition of BR to the current standard treatment with NAs in CHB patients with advanced fibrosis or cirrhosis
can improve liver fibrosis regression.

Clinical Trials Registration. NCT01965418.
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Chronic hepatitis B (CHB) can progress to liver cirrhosis,
thereby resulting in the development of hepatocellular
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carcinoma (HCC), liver failure, and liver-related mortality [1,
2]. Historically, liver cirrhosis was considered an irreversible
state [3]. Recently, however, it has been reported that long-term
treatment of hepatitis B virus (HBV) with nucleoside or nucleo-
tide analogues (NAs) can lead to histological improvement and
even regression of liver fibrosis/cirrhosis [4-6]. However, the
effect of NAs alone on reversing fibrosis/cirrhosis is limited [7].
Moreover, it remains unknown whether the additional use of
an antifibrotic agent can further enhance the effect of NAs on
reversing fibrosis/cirrhosis in CHB patients.

Traditional Chinese medicine (TCM) is one of the most an-
cient medical systems worldwide with its well-known unique
principles and comprehensive theory [8]. According to the
TCM theory, liver cirrhosis is a condition secondary to the
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weakened qi and blood (where “qi” refers to the biological sub-
stance or energy that preserves life and “blood” refers to the
transporter for qi) and blockage of meridians, which are the cir-
culation channels for qi, by “blood stasis” [9]. Biejia-Ruangan
(BR) tablet, a quintessence complex of TCM, has been used in
China for the treatment of liver cirrhosis since at least 1967.
With the use of modern pharmacological and toxicological
analysis, the composition of BR has been identified as a formula
of 10 different Chinese herbal medicines, the quality and quan-
tity of each component being strictly maintained via national
standardization. In 1999, based on the results of a randomized,
double-blind, clinical trial on 420 CHB patients, the China
Food and Drug Administration approved BR as the first TCM
antifibrotic regimen for treating liver fibrosis/cirrhosis caused
by CHB [10]. However, NAs, the standard therapy for CHB in
the contemporary era, were not employed in this early trial.

According to chromatographic analysis, BR contains at least
32 antifibrotic compounds [11]. Unlike NAs, BR exerts its
antifibrotic effect in a direct fashion via several different mech-
anisms [12]. BR is able to reduce the expression of the tissue
inhibitor of metalloproteinase and type I and III procollagen
produced by fibroblast cells and also has a strong inhibition
of transforming growth factor-/Smad-induced fibrogenesis
and suppression of hepatic stellate cell proliferation [13-15].
Aside from TCM theory, it is possible that there may be a bona
fide scientific basis for BR’s purported benefit in liver disease
that merits formal clinical study utilizing the accepted meth-
odology of modern medical science. Considering that the po-
tential mechanism of action is different between NAs and BR
in CHB patients, we have hypothesized that an add-on therapy
with BR in CHB patients treated with NAs can result in a syner-
gistic antifibrotic effect. Thus, we conducted a multicenter ran-
domized controlled trial (RCT) to compare the rate of fibrosis
regression in CHB patients treated with NAs alone vs in com-
bination with BR.

PATIENTS AND METHODS

Study Design

This is a multicenter, randomized, double-blind, placebo-
controlled trial conducted in 14 institutions in China. The
study was approved by the institutional review board at all study
sites, and written informed consent was obtained from all study
subjects. The data were collected and reported as recommended
by the Consolidated Standards of Reporting Trials (CONSORT)
guidelines and the CONSORT extension for Chinese herbal
medicine formulas [16, 17]. The study protocol has been pub-
lished [18]. Herein we report the first interim analysis of this
5-year follow-up study, which remains ongoing.

Endpoints
The primary endpoint was regression of liver fibrosis, which is
defined as a reduction of > 1 point by the Ishak fibrosis stage

(IFS) system at treatment week 72 [19]. Secondary endpoints
included histological improvement, which is defined as a re-
duction of > 2 points by the Knodell necroinflammatory score
(KNS) system with no worsening of fibrosis [20], undetectable
serum HBV DNA (< 40 IU/mL), normalization of serum al-
anine aminotransferase (ALT) level (<40 IU/mL), hepatitis B
e antigen (HBeAg) seroconversion in HBeAg-positive CHB
patients, and hepatitis B surface antigen (HBsAg) loss and
seroconversion.

Study Population
Patients who met the following inclusion criteria and agreed to
participate were enrolled: (1) men or women aged 18-65 years
with positive HBsAg for at least 6 months; (2) for HBeAg-
positive CHB, HBV DNA >20 000 IU/mL and ALT >2 times
the upper limit of normal (ULN); for HBeAg-negative CHB,
HBV DNA >2000 IU/mL and ALT > 2 times the ULN; or clin-
ically compensated cirrhosis, regardless of HBeAg status, with
detectable serum HBV DNA at screening before liver biopsy,
with the following criteria: (a) normal ALT and liver stiffness
>9 kPa or elevated ALT <5 times the ULN and liver stiffness
>12 kPa; (b) platelet counts of <100 000/mL and ultrasonog-
raphy findings suggestive of cirrhosis, including a blunted, nod-
ular liver edge accompanied by splenomegaly (length of spleen
>12 c¢m); and (c) clinical signs of portal hypertension, such as
esophageal or gastric varices, in the absence of ascites, variceal
hemorrhage, and hepatic encephalopathy; (3) liver histology
showing an IFS of > 3; and (4) naive to treatment with NAs or
no HBV antiviral or antifibrotic therapy for at least 6 months.
The exclusion criteria were as follows: (1) decompensated
cirrhosis, which is defined by the presence of overt clinical com-
plications of cirrhosis, such as variceal hemorrhage, ascites, or
hepatic encephalopathy; (2) other viral hepatitis, human immu-
nodeficiency virus infection, or other chronic liver diseases; (3)
IES < 3; (4) serious diseases of other organs or mental illness;
(5) pregnancy or lactation; or (6) history of any concurrent ma-
lignancy, including HCC.

Sample Size Calculation

In patients who received entecavir (ETV) monotherapy, the
rates of fibrosis regression were 32% at 48 weeks [4] and 48%
at 72 weeks (our unpublished data). The rate of fibrosis re-
gression was estimated to be 60% at 72 weeks in patients who
received ETV + BR treatment. Using PASS statistical soft-
ware (version 11.0, NCSS), 186 cases would be needed in each
group to achieve a power of 0.80 and a significance level of
.05. Considering a dropout rate of approximately 15%, 223
cases would be needed in each group. Additionally, based on
a prestudy survey in the main study center, we assume that
approximately 45% of the study patients would agree to have
a follow-up liver biopsy. Thus, 500 cases would be needed in
each group for the present study.
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Interventions and Follow-up

After enrollment and pretreatment liver biopsy, patients were
randomized blindly by unsealing opaque envelopes with
random numbers in a 1:1 ratio to the BR or control group. All
patients received ETV 0.5 mg/day + BR 2.0 g 3 times/day (BR
group) or placebo tablets, 2.0 g 3 times/day (control group). The
placebo tablets were made of barley powder and similar to BR
in taste, shape, and color. All agents were administered orally.

All participants were followed every 12 weeks with clin-
ical and safety evaluation, serum ALT, HBV DNA (the Roche
Amplicor COBAS polymerase chain reaction assay), HBV se-
rologic tests (by enzyme immunoassay), and abdominal sonog-
raphy for HCC screening. For patients with new ultrasound
finding of hepatic lesion or elevated alpha-feta protein, the diag-
nosis of HCC was based on standard histological and/or com-
patible radiological findings [21].

All patients were offered a follow-up liver biopsy at treatment
week 72. Ultrasound-guided liver biopsy was performed ac-
cording to a standard protocol. A quick-cut needle or Menghini
needle, 16 G (Allegiance Corporation) was used for biopsy.
A minimum (20 mm) length of the liver tissue and at least 2
pieces of liver tissue were collected to ensure that there were
at least 11 portal tracts for pathological evaluation [22]. All
liver biopsies were reviewed in a central pathology by 2 liver
pathologists blinded to treatment assignment and time for bi-
opsy. Biopsies with inconsistent reports were re-reviewed by
both pathologists together to reach a consensus. Histological
assessment included 2 major parts: (1) fibrosis stage evalu-
ated by the IFS system (ie, 0 indicates no fibrosis and > 5 in-
dicates cirrhosis) [19]; and (2) the inflammation activity
assessed by the KNS system (ie, a score of < 3 indicates mild
or no necroinflammation and a score of > 10 indicates severe
necroinflammation) [20].

The data and safety monitoring board (DSMB) of the present
study consisted of 3 independent hepatologists and a statisti-
cian. The DSMB protected the ethical interests and safety of
each participant by reviewing the safety results every 12 weeks.
Additionally, the DSMB was empowered to recommend study
termination based on safety concerns or as soon as sufficient
evidence indicated that ETV + BR was statistically superior to
ETV alone or that ETV + BR did not provide a significant ad-
vantage over ETV alone. During the study, patients were free to
choose discontinuing the study medicines, but it was advised
that they should be followed for additional 24 weeks to assess
the safety and outcomes.

Safety Analyses

The safety analysis was performed on all participants who re-
ceived even a single dose of study medication. All events related
to the disease itself or study medications were recorded. Adverse
events (AEs) were considered to be serious or life-threatening
in cases of hospitalization, disability, or death by the National

Cancer Institute’s Common Terminology Criteria for Adverse
Events (version 4.0). Analysis included the incidence of AEs,
serious AEs (SAEs), laboratory abnormalities, and discontinu-
ations due to AEs.

Statistical Analysis

Data analyses were performed using SAS version 9.4 soft-
ware (SAS Institute). Categorical data were expressed as fre-
quencies and continuous variables as either mean or median.
Comparisons between groups were conducted by the Student
t test (variance homogeneity), the Satterthwaite test (variance
not homogeneity), or the Wilcoxon rank-sum test (variance not
symmetric) for continuous variables and the x” test for catego-
rical variables. Statistical significance was defined as a 2-sided
P <.05.

RESULTS

Study Population
From October 2013 to October 2014, 1460 CHB patients were
screened for eligibility. In total, 1000 patients were eligible
and randomized (BR: 500; control: 500), and constituted the
intention-to-treat (ITT) population (Figure 1). A total of 946
patients completed the 72-week posttreatment follow-up (BR:
475; control: 471). Among them, 705 patients underwent the
second liver biopsy (BR: 358; control: 347) and constituted the
per-protocol (PP) population. Of the 295 patients who did not
undergo the second liver biopsy, 241 (81.69%) refused the pro-
cedure (BR: 117; control: 124) and 54 (18.31%) discontinued
treatment (BR: 25; control: 29). Reasons for the treatment dis-
continuation included treatment-unrelated death (BR: 1; con-
trol: 3), occurrence of HCC (BR: 4; control: 6), SAE (BR: I;
control: 1), pregnancy (BR: 1; control: 1), occurrence of non-
HCC cancer (BR: 1; control: 2), other reasons (BR: 3; control: 3),
withdrawal of consent (BR: 6; control: 5), and loss to follow-up
(BR: 8; control: 8) (Figure 1).

The characteristics of the ITT and PP populations are shown
in Tables 1 and 2, respectively. Regardless of the ITT or PP popu-
lation, all variables were well comparable between the 2 groups.

Primary Endpoint
The primary endpoint was met in 200 and 159 patients in the
BR and control groups, respectively.

In the ITT analysis of 1000 patients, the BR group had a
significantly higher rate of fibrosis regression than the control
group (40% [200/500] vs 31.8% [159/500]; P =.0069). In the
ITT analysis of 519 patients with liver cirrhosis at baseline, the
BR group had a significantly higher rate of cirrhosis regression
than the control group (41.5% [110/265] vs 30.7% [78/254];
P =.0103).

In the PP analysis of 705 patients, the distribution of IFS
at baseline and treatment week 72 for both groups is shown
in Figure 2A. The BR group had a significantly higher rate of
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Figure 1. Flowchart of patient enrollment. Abbreviations: BR, Biejia-Ruangan; ETV, entecavir; HBV, hepatitis B virus; HCV, hepatitis C virus; ITT, intention-to-treat; PP, per

protocol; SAE, serious adverse events.

fibrosis regression than the control group (55.9% [200/358] vs
45.8% [159/347]; P = .0076). The fibrosis progression rate was
statistically similar between the 2 groups (10.3% [37/358] vs
11.8% [41/347]; P =.531). In the PP analysis of 388 patients
with liver cirrhosis at baseline, the BR group had a signifi-
cantly higher rate of cirrhosis regression than the control group
(53.9% [110/204] vs 42.4% [78/184]; P =.0233). The fibrosis
progression rate was statistically similar between the 2 groups
(6.4% [13/204] vs 4.9% [9/184]; P = .0.529).

Secondary Endpoints

In the PP analysis of 705 patients, the distribution of KNS
at baseline and treatment week 72 for both groups is shown
in Figure 2B. The rate of histologic necroinflammatory im-
provement was not significantly different between the BR

and control groups (69.27% [248/358] vs 67.15% [233/347];
P = .5443).

In the PP analysis of 946 patients who completed the treat-
ment, the rate of undetectable serum HBV DNA at week 72 was
not significantly different between the BR and control groups
(85.89% [408/475] vs 85.14% [401/471]; P = .6620).

In the PP analysis of 628 patients with baseline ALT level
of >40 U/L who completed the treatment, the rate of ALT
normalization at week 72 was not significantly different be-
tween the BR and control groups (84.38% [254/301] vs 82.26%
[269/327]; P = .4763).

In the PP analysis of 543 HBeAg-positive patients who com-
pleted the treatment, the rate of serum HBeAg seroconversion
was significantly higher in the BR group than the control group
(13.87% [38/274] vs 8.18% [22/269]; P = .0341).
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Table 1. Characteristics of the Intention-to-Treat Population

ETV + BR ETV + Placebo

Characteristic (n =500) (n =500) PValue
Age, y, mean £ SD 41.9+9.7 41.7 £ 10.0 .75
Male sex, No. (%) 348 (69.6) 351 (70.2) .84
WBC count, x 10%L, mean + SD 55+ 17 55+ 17 .99
Hemoglobin, g/L, mean + SD 142.7 £ 16.7 144.2 + 16.1 .15
Prothrombin time, sec, mean + SD 12617 127 £1.7 .63
ALT, U/L, median (P25, P75) 54 (32, 89.5) 54 (33, 107.5) .16
Bilirubin, pmol/L, median (P25, P75) 13.6 (10.45, 18.75) 14.0 (11.00, 19.00) 48
Albumin, g/L, median (P25, P75) 42.05 (39, 45) 42 (39, 45) .64
Platelet count, x 10%L, mean = SD 161.7 £ 59.8 162.3 + 60.1 .89
HBV DNA, 1og,, copies/mL, mean + SD 6.9+ 17 6.9+ 16 .87
HBeAg positive, No. (%) 290 (58) 291 (68.2) .95
Knodell necroinflammatory score, No. (%) 77

3-6 225 (45) 214 (42.8)

7-10 238 (47) 249 (49.8)

11-14 37 (7) 37 (7.4)
Ishak fibrosis score, No. (%) .32

3 118 (23.6) 142 (28.4)

4 117 (23.4) 104 (20.8)

5 106 (21.2) 96 (19.2)

6 159 (31.8) 158 (31.6)

Abbreviations: ALT, alanine aminotransferase; BR, Biejia-Ruangan; ETV, entecavir; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; P25, 25th percentile; P75, 75th percentile; SD,

standard deviation; WBC, white blood cell.

No patient developed HBsAg seroconversion in either group.

Safety

the BR and control groups (77.0% [385/500] vs 73.2%
[366/500]; P = .32) (Table 3). Among them, SAEs occurred

in 87 patients and were not significantly different between

All grade AEs occurred in 751 (75.1%) patients during
the treatment and were not significantly different between

the BR and control groups (8.8% [44/500] vs 8.6% [43/500];
P = .88).

Table 2. Characteristics of the Per Protocol Population

ETV + BR ETV + Placebo

Characteristic (n =3568) (n=347) PValue
Age, y, mean + SD 422 +9.8 42.4 £ 10.1 74
Male sex, No. (%) 243 (67.9) 241 (69.5) .65
WBC count, x 10%L, mean = SD 5.4+ 17 55+ 18 .59
Hemoglobin, g/L, mean + SD 142.0 £ 16.9 143.5 + 170 24
Prothrombin time, sec, mean + SD 126 £ 1.7 125+ 1.6 .97
ALT, U/L, median (P25, P75) 53 (30, 87) 53 (33, 117) .16
Bilirubin, pmol/L, median (P25, P75) 13.4 (10.4, 18.0) 14.2 (11.0, 19.0) 15
Albumin, g/L, median (P25, P75) 42.0 (39.0, 44.9) 42.0 (39.0, 45.0) .34
Platelet count x 10%/L, mean = SD 161.7 = 58.9 161.0 + 58.3 87
HBV DNA, 1og,, copies/mL, mean + SD 6.2+16 6.1+16 72
HBeAg positive, No. (%) 202 (56.4) 200 (57.6) 74
Knodell necroinflammatory score .64

3-6 1568 (44.1) 145 (41.8)

7-10 177 (49.5) 174 (50.1)

11-14 23 (6.4) 28 (8.1)
Ishak fibrosis score .59

3 86 (24.0) 99 (28.5)

4 68 (19.0) 64 (18.4)

B 77 (21.5) 70 (20.2)

6 127 (35.5) 114 (32.9)

Abbreviations: ALT, alanine aminotransferase; BR, Biejia-Ruangan; ETV, entecavir; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; P25, 25th percentile; P75, 75th percentile; SD,

standard deviation; WBC, white blood cell.
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Figure 2. Distribution of Ishak fibrosis stage (A) and Knodell necroinflammatory score (B) in the entecavir + Bigjia-Ruangan and entecavir + placebo groups with baseline

and 72-week treatment data. Abbreviations: BR, Biejia-Ruangan; ETV, entecauvir.

AEs with a frequency of > 5% included headache, diarrhea,
and nausea. Two patients discontinued treatment, including 1
patient in the BR group due to esophageal variceal bleeding and
another in the control group due to acute renal injury. Thirty-six
patients experienced on-treatment ALT flares and all of them
developed spontaneous resolution with continued treatment.
Four patients died from treatment-unrelated causes during the
study, including 3 patients due to cardiovascular events (BR: 1;
control: 2) and 1 patient due to motor vehicle accident in the
control group.

DISCUSSION

This is the first large-scale, multicenter, double-blind RCT with
paired liver biopsy and central pathology to assess the potential

synergistic antifibrotic effects of combining ETV with BR for 72
weeks in patients with CHB- or HBV-related compensated cir-
rhosis. The present study demonstrated that a combination of
ETV and BR resulted in a significantly higher rate of regression
of fibrosis/cirrhosis than ETV monotherapy in overall patients
with CHB and those with liver cirrhosis at baseline. This com-
bination therapy also showed an excellent safety profile, even in
compensated cirrhosis.

Numerous clinical studies, including RCTs, have been per-
formed to explore the potential effectiveness of TCM for CHB
patients [23, 24]. However, the quality of many published RCTs
regarding the effectiveness of TCM was poor, including missing
methods of randomization or blinding and unavailable AEs
[25]. By comparison, the present study has many strengths.
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Table 3. Safety of the Intention-to-Treat Population

ETV+BR ETV + Placebo
Events (n =500) (n =500) PValue
Adverse events 385 (77.0) 366 (73.2) .32
Serious adverse events 44 (8.8) 43 (8.6) .88
Discontinuation due to adverse events 1(0.2) 1(0.2) 1.00
ALT >2 times baseline and > 10 times ULN 17 (3.4) 19 (3.8) .52
Death 1(0.2) 3(0.6) .23

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ALT, alanine aminotransferase; BR, Biejia-Ruangan; ETV, entecavir; ULN, upper limit of normal.

First, the study design is rigorous, because we employed the
placebo tablets as the control group and had independent per-
sons responsible for data monitoring. Second, a large number of
HBV-infected patients from multiple Chinese institutions were
enrolled, which made the study population more representative
and the statistical results more stable. Third, liver biopsy, the
gold standard for determining histologic outcomes, not alter-
native noninvasive makers, such as elastography [26] or bio-
markers [27], was employed for follow-up evaluation of changes
in liver histology. Fourth, paired liver biopsy specimens were
available in a large subset of our patients (n = 705). By com-
parison, among the previous studies regarding regression of fi-
brosis or cirrhosis by NAs, paired liver biopsy specimens were
available in 348 patients [5], 57 patients [4], and 21 patients
[28]. Fifth, central pathologists, blinded to the treatment as-
signment, were employed to achieve a consistent interpretation
of histological results. Sixth, patients with advanced fibrosis or
cirrhosis accounted for 74% of the study population. Thus, our
conclusions may be more generalizable in CHB patients with or
without liver cirrhosis.

Several extended follow-up studies based on the large-scale
phase 2 and 3 trials suggested the probability of regressing liver
fibrosis and cirrhosis in CHB patients treated with NAs [4, 6,
28]. The rate of regression of liver fibrosis and cirrhosis seemed
to be higher in these previous studies than the present study.
This can be explained by the following points. First, these pre-
vious studies had a longer follow-up duration. Follow-up biopsy
was performed at week 240 [5], at a median follow-up of 6 years
[4], and at either week 100 or week 148 [28]. Duration of NAs
should be positively associated with treatment efficacy. Second,
potential selection bias should not be neglected, because only
survivors can undergo a second liver biopsy and the patients
who progressed into decompensated cirrhosis during follow-up
are less likely to have received a second liver biopsy. Third, the
number of patients with liver cirrhosis was small among the
previous studies, suggesting that the statistical results might not
be stable.

The present study found no significant difference in HBV
DNA suppression, ALT normalization, or improvement of his-
tological necroinflammation between patients who received
ETV + BR and ETV monotherapy. These findings suggest that

BR may not provide additional benefits to the antiviral effects of
ETV and do not have an appreciable modulatory effect on he-
patic inflammation at the histologic level. On the other hand, it
supports the hypothesis that the improved likelihood of fibrosis
regression of this combination therapy should be attributed to
direct antifibrotic effects of BR. Interestingly, the present study
also found that the combination of ETV with BR resulted in
a significantly higher rate of serum HBeAg seroconversion in
HBeAg-positive patients, as compared to ETV monotherapy. It
has been reported that BR can enhance host immune response
to HBV infection [23, 29]. An increased probability of HBeAg
seroconversion by this combination therapy may be due to
BR-enhanced host immune response.

A major limitation of the present study is that the outcomes
of interest are restricted to observations at treatment week 72.
A longer follow-up of observation will allow us to explore the
long-term safety and efficacy and the risk of HCC development.
In addition, the underlying mechanisms for the benefit of this
combination therapy have not yet been explored, and the spe-
cific medicinal components of BR responsible for the antifibrotic
effects remain unknown. From our experience, however, it is
clear that BR in liver disease has potential benefits, without sig-
nificant toxicity, and is worthy of future clinical study.

In conclusion, adding BR to current standard antiviral treat-
ment may increase the regression of liver fibrosis in CHB
patients and challenges the conventional perspective that re-
gression of liver fibrosis in CHB can only be achieved by long-
term antiviral treatment with NAs. This study suggests that
an antifibrotic agent as a supplement to the current etiology-
targeted treatment can further improve the regression of liver
fibrosis and overall outcomes in various chronic liver diseases.
Further pharmacokinetic and pharmacodynamic studies may
be necessary to elucidate the effect of BR on increasing blood or
intrahepatic levels of entecavir.
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