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Background. Hepatitis C virus (HCV) is a common cause of progressive hepatic fibrosis, cirrhosis, and hepatocellular carcinoma
worldwide. Despite the availability of effective direct-acting antivirals, patients often have significant hepatic fibrosis at the time of
diagnosis due to delay in diagnosis and comorbidities which promote fibrogenesis. Thus, antifibrotic agents represent an attractive
adjunctive therapy. Fuzheng Huayu (FZHY), a traditional Chinese medicine botanical formulation, has been used as an
antifibrotic agent in chronic HBV infection. Our aim was to assess FZHY in patients with HCV infection and active viremia.
Method. We randomized 118 patients with active viremia from 8 liver centers in the U.S. to receive oral FZHY (n =59) or placebo
(n=59) for 48 weeks. Efficacy was assessed by histopathologic changes at the end of therapy. A subset of biopsies was further
analyzed using qFibrosis to detect subtle changes in fibrosis in different zones of the hepatic lobules. Results. FZHY was well
tolerated and safe. Patients with baseline Ishak fibrosis stages F3 and F4 had better response rates to FZHY than patients with
baseline FO-F2 (p = 0.03). qFibrosis zonal analysis showed significant improvement in fibrosis in all zones in patients with
regression of the fibrosis stage. Conclusions. FZHY produced antifibrotic effects in patients with baseline Ishak F3 and F4 fibrosis
stages. Reduction in fibrosis severity was zonal and correlated with the severity of inflammation. Based on its tolerability, safety,
and efficacy, FZHY should be further investigated as a therapy in chronic liver diseases because of its dual anti-inflammatory and
antiibrotic properties. Lay Summary. This is the first US-based, multicenter and placebo-controlled clinical trial that shows
statistically significant reduction in fibrosis in patients with active HCV using an antifibrotic botanical formula. This has important
implications as there is an immediate need for effective antifibrotic agents in treating many chronic diseases including NASH that
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lead to scarring of the liver. With artificial intelligence-based methodology, qFibrosis, we may provide a more reliable way to assess
the FZHY as a therapy in chronic liver diseases because of its dual anti-inflammatory and antifibrotic properties.

1. Introduction

Hepatitis C virus (HCV) infection is one of the major health
problems worldwide with an estimated 185 million or more
individuals being infected with HCV around the globe [1-3].
Untreated chronic hepatitis C (CHC) can result in progressive
necroinflammation, leading to the development of hepatic
fibrosis which can progress to cirrhosis and complications of
portal hypertension, hepatocellular carcinoma (HCC), and
liver failure [2, 4, 5]. The prevalence of HCV infection is
expected to decline with worldwide efforts to eliminate HCV
infections via the use of interferon (IFN)-free, direct-acting
antiviral agents (DAAs). Despite these efforts, the incidences
of the morbid HCV outcomes, including hepatic fibrosis,
cirrhosis, HCC, and liver failure are projected to rise during
the next 20 years [2, 6-8].

Antifibrotic agents are currently in development as
adjunctive therapies to retard or stop the progression of
hepatic fibrosis and its complications after curative therapy
for HCV [9, 10]. Fuzheng Huayu (FZHY), a traditional
Chinese medicine (TCM), combining six ingredients in a
botanical formula, has been shown to be effective in the
treatment of hepatic fibrosis and cirrhosis caused by several
underlying liver diseases, especially chronic hepatitis B virus
(HBV) infection [11-14]. Multiple studies in experimental
animals and isolated liver cells have proven that FZHY can
reduce hepatic fibrosis. Studies on human subjects with
chronic hepatitis B (CHB) and fibrosis in China have
demonstrated efficacy in preventing the progression of
chronic liver injury and hepatic fibrosis [12, 13, 15, 16].

In animal models, FZHY substantially inhibited the
development of hepatic fibrosis induced by either CCL4 or
bile duct ligation (BDL) [17]. FZHY downregulated mRNA
transcripts for a-SMA, collagen- «l, tissue inhibitor of the
matrix metalloproteinase-1 (TIMP-1), TGF-f1 and its re-
ceptor TGF-BR1, and platelet-derived growth factor-f
(PDGF-f) [18]. These combined effects inhibit the trans-
formation of stellate cells to fibrogenic myofibroblasts and
their proliferation. FZHY also decreased the recruitment of
F4/80+ inflammatory macrophages to the injured liver, and
downregulated mRNA expression of monocyte chemo-
attractant protein-1 (MCP-1) and macrophage inflamma-
tory protein-1 (MIP-1) [19]. In addition, FZHY effectively
blocked the production of reactive oxygen species (ROS) in
animal models of liver injury [20].

In humans, FZHY has been used in patients with CHB-
related fibrosis since the late 1990s. Previous clinical studies
demonstrated its ability to decrease liver inflammation and
caused regression of the fibrosis stages. These effects were
attributed to multiple mechanisms of action of FZHY that
affect multiple fibrosis pathways [12]. Furthermore, FZHY
has been shown to enhance degradation of hepatic fibrosis,
improve serum aminotransferase and serum albumin levels,

and protect hepatocytes from injury and death [12, 13].
Clinical studies have also shown that FZHY was well tol-
erated and had a good safety profile.

The aim of the current study was to assess the safety,
tolerability, and efficacy of FZHY in the treatment of a group
of U.S. adults with hepatic fibrosis due to chronic hepatitis C
(CHC) and viremia who had failed prior anti-HCV IEN-
based therapy. Histopathology was assessed using the Ishak
scoring system to quantify hepatic inflammation and the
fibrosis stage. In addition, fibrosis and inflammation were
assessed using the sensitive qFibrosis system [21-23] to
enhance the detection of meaningful changes in fibrosis
during the study period of only 48 weeks [24].

2. Materials and Methods

2.1. Patients and Study Design. This was a phase 2b, ran-
domized, placebo-controlled, double-blinded, multicenter
study (NCT00854087). Of a total of 249 HCV-infected
patients screened in 8 US. centers, 118 were randomized to
receive either FZHY (n=59) or placebo (n=59). The key
inclusion criteria included the following: [1] active CHC
based on documentation of a positive serum anti-HCV
antibody test and HCV RNA >50 IU/mL; [2] previous failure
of IFN-based anti-HCV therapy or intolerance to or refusal
of such therapy; [3] liver histology showing Ishak fibrosis
score of 2, 3, or 4 in a liver biopsy performed within one year
of screening. The principal exclusion criteria included the
following: [1] history of human immunodeficiency virus
(HIV) infection; [2] CHB; [3] uncontrolled diabetes or
thyroid disease; [4] history of hepatic decompensation; [5]
another comorbid chronic liver disease; [6] IFN-based an-
tiviral treatment for HCV infection within six months of
screening; or [7] treatment with investigational antiviral
agents within 28 days prior to screening. A full list of in-
clusion and exclusion criteria is provided in the supple-
mentary section.

Study subjects were randomized using an interactive
web-based response system (IWRS) to receive either 48
weeks of oral treatment with FZHY or the matching placebo.
All subjects were observed for an additional 12 weeks of
treatment-free follow-up. All participants provided written
informed consent before enrolment. This study was in ac-
cord with the Declaration of Helsinki and was consistent
with the International Conference on Harmonization (ICH)
Good Clinical Practice (GCP) and applicable regulatory
requirements. The institutional review board (IRB) of each
study site approved the study.

2.2. Treatment and Follow-Up. All randomized patients
received treatment with FZHY 800 mg tablets at a dose of
two tablets, three times a day (4.8 grams daily), or a matching
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placebo for 48 weeks. Further information on the formu-
lation and quality of control of FZHY tablets and placebo are
provided in the supplementary section. After completion of
the 48-week treatment phase, patients entered the 12 weeks
of treatment-free follow-up phase. Safety, tolerability, and
efficacy assessments were conducted throughout the study.
Histopathological evaluation was performed independently
by three experienced pathologists in a blinded manner. A
data safety and monitoring committee monitored safety
throughout the study.

2.3. Histological Assessment. The primary efficacy endpoint
was the change in the Ishak hepatic fibrosis stage from the
baseline biopsy to the posttreatment biopsy [25]. “Fibrosis
improved” was defined as an improvement in fibrosis by at
least one stage, from baseline. “Fibrosis did not change” was
defined as having the same Ishak score pretreatment and
posttreatment. “Fibrosis worsened” was defined as an in-
crease of at least one stage from baseline. Inflammation
changes between baseline and posttreatment biopsies were
also assessed in a similar manner.

Histopathological examinations at the start of the study
were conducted by local pathologists to determine eligibility
for entry into the study (Ishak stage 2, 3, and 4). At the end of
the study, histopathologic examinations of baseline and
posttreatment biopsies were performed by three hep-
atopathologists, who determined the Ishak fibrosis score and
inflammation grade in each biopsy while blinded to whether
the patients received FZHY or placebo and whether the
biopsy was baseline or posttreatment. All three pathologists
resolved differences in their grading and staging through
consensus. After finalizing the grade and stage, the data was
used to conduct paired analyses of the inflammation grade
and the fibrosis stage using the baseline and posttreatment
biopsies from each subject. The efficacy endpoints included
[1] proportion of subjects regressing, >1 point on the Ishak
fibrosis score at week 48, [2] change from the baseline fi-
brosis stage, and [3] ranked histological assessment of the
paired biopsies for each patient (baseline vs. posttherapy at
week 48).

2.4. gFibrosis Assessment. Unstained tissues of 74 paired
liver biopsy samples were imaged using the Genesis®200
system of second harmonic generation (SHG) microscopy to
visualize collagen, and two-photon excited fluorescence
(TPEF) microscopy was used to visualize other cell struc-
tures. Images were acquired at 20x magnification with
512 x 512 pixels resolution, and each image tile had a di-
mension of 200 x 200 ym. Multiple adjacent image tiles were
captured to encompass the entire tissue area on each slide.

qFibrosis analyses were conducted using the method-
ology [23] previously reported in multiple studies
[21-24, 26]. Since the fibrosis may vary within different
zones of the hepatic lobule based on the etiology of the liver
disease, qFibrosis staging was performed in all three hepatic
zones as shown in Figure 1. Specifically, fibrosis was auto-
matically detected and quantified in zone 1 (portal-peri-
portal), zone 2 (sinusoidal), and zone 3 (central venous)

Zone 2
Zone 3

FIGURE 1: Schematic illustration of zones 1, 2, and 3 as applied in
zonal analysis.

< >

Perisinusoidal fibrosis

[27-29]. A total of 100 morphological collagen parameters
were quantified from each slide, including the percentages of
different collagen patterns (all collagen, aggregated collagen,
and distributed collagen) and collagen string features (such
as the number of strings, numbers of short/long/thick/thin
strings, and numbers of short/long/thick/thin aggregated/
distributed strings).

All baseline biopsies were used to train the qFibrosis
model. A sequential feature selection method was used to
select a subset of quantified features [30]. All baseline
samples were used to find the most significant collagen
features (fifteen features) related with the Ishak fibrosis
staging. The process is summarized in the flow chart shown
in Figure 2.

2.5. Assessment of Safety and Tolerability. Safety and toler-
ability of FZHY were assessed in study subjects from baseline
through Week 60. Safety was evaluated through the changes
in vital signs, physical examinations, adverse events (AEs),
concomitant medications, and laboratory tests. AEs during
the study were documented with dates of onset and reso-
lution, severity, and outcome.

2.6. Sample Size Calculation. Based on previous studies of
FZHY in patients with CHB (12), a total of 50 subjects in
each arm was needed to detect a moderate effect size. A total
of 100 subjects would achieve an 85% power with an alpha
level of 0.05. We assumed a 25% difference in the proportion
of subjects having a 1-point improvement according to Ishak
fibrosis between the two groups as well as a 10% drop-out
rate.

2.7. Randomization and Blinding. Eligible patients were
randomized by an independent statistician in a 1:1 ratio to
either receive treatment with FZHY or placebo. Randomi-
zation was centralized and a randomized schedule was
generated prior to the initiation of the study. We used the
identical placebo tablets to blind the investigator, and study
staff and patients throughout the study. However, the
pharmacist at each site was unblinded for safety reasons.

2.8. Statistical Analysis. Ratios for progressive, no change,
and regressive fibrosis after treatment were calculated based
on the change of the consensus fibrosis stage between
baseline and end-of-treatment biopsies. The chi-squared test
was used to compare regressive ratios between different
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FIGURE 2: Workflow of the qFibrosis model used to assess pathologists’ quantification consistency.

groups. The qFibrosis model was trained on 74 baseline
specimens and validated using the leave-one-out method
[31]. Spearman’s correlation was calculated to evaluate the
models. Zonal analysis calculated the average change of
collagen morphological parameters in zone 1, zone 2, and
zone 3. The differences between FZHY and placebo treat-
ments were assessed using the two-sample f-test method.
The significance level was set at 0.05.

3. Results

3.1. Clinical Trial Population. Of the 249 patients who were
screened, 118 were ultimately randomized: 59 patients were
allocated to the FZHY treatment group and 59 to the placebo
group. Among the 118 patients randomized, 82 patients (39
in the treatment group and 43 in the placebo group) had
consensus Ishak fibrosis scores for both their baseline and
posttreatment biopsies (Figure 3).

The demographics of the randomized patients are shown
in Table 1, with no statistically significant difference between
the FZHY and placebo groups.

3.2. Histological Assessment. The paired biopsy samples
(PBS) from 82 patients were assessed independently by three
pathologists from the U.S. and China, who were blinded as
to whether the biopsies were baseline or posttreatment. To
overcome interobserver variability among the three pa-
thologists, a consensus reading was required to resolve any
differences in the grading and staging. To achieve consensus,
the three pathologists reassessed the biopsies in real time and
reached a consensus for the grading and staging. The results
are summarized in Table 1 of the supplementary section. The
consensus fibrosis response at the end of treatment is shown
in Figure 4 for both the FZHY and placebo groups.

The results indicated that patients treated with FZHY
had a superior fibrosis response than those receiving pla-
cebo. The terms used to describe the patients’ fibrosis re-
sponses i.e., progressive (P), no change (N), and regressive
(R) [P/N/R] were defined as Ishak fibrosis stages increasing

by >1 stage, Ishak fibrosis stages remaining the same, and
Ishak fibrosis stages decreasing by >1 stage between baseline
and week 48, respectively.

The fibrosis responses of patients receiving FZHY and
placebo were also categorically analyzed based on their
baseline fibrosis stages, as shown in Figure 4(b). The
treatment group with baseline Ishak fibrosis stages F3 and F4
had a better response than patients with baseline Ishak fi-
brosis stages FO-F2 (p = 0.03). Out of 14 patients with
baseline F3 or F4, eight (57%) showed fibrosis regression and
2 (14%) showed fibrosis progression. In contrast, 19 patients
with baseline FO, F1, or F2; four (21%) showed fibrosis
regression; 11 (58%) showed fibrosis progression. In the
placebo group, 37% of patients with baseline F3 or F4
showed fibrosis regression, compared to 29% of patients
with baseline F0, F1, or F2. Fibrosis progressed in 37% of
patients with baseline F3 or F4 and in 46% of patients with
baseline FO0, F1, or F2 (p = N§).

Subsequently, the P/N/R analysis was carried out on the
subset of patients with baseline F3 and F4 fibrosis to evaluate
their responses (Figure 4(c)). FZHY-treated patients with F3
or F4 showed a numerical improvement in fibrosis response
compared with patients receiving placebo, but the im-
provement was not statistically significant (p = 0.24).

3.3. qFibrosis Consistency Measurement. As mentioned
earlier, independent fibrosis assessments by three patholo-
gists showed significant interobserver variability with a
measured kappa value of 0.376. This kappa value is con-
siderably lower than that typically reported in studies of
fibrosis (0.67-0.82) [32]. Since systematic discrepancies in
grading and staging liver biopsies are common among ex-
pert pathologists, recent clinical trials have used a single
pathologist to minimize interobserver variability in trial
results [33, 34]

As shown in Figure 5, qFibrosis analysis was employed to
evaluate the consistency of the fibrosis assessments using the
Ishak scores from the three pathologists with the respective
R-values for each data set corresponding to the three
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Adult CHC patients with liver fibrosis in 8 centers,
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FIGURE 3: Flowchart of the patients enrolled in the FZHY clinical trial. The full-analysis set (FAS) 43/46 for patients who meet the inclusion
criteria. The per-protocol set (PPS) 82 (39/43 with paired slides pretreatment and posttreatment in the FZHY and placebo groups) for
primary endpoint assessment. The safety set (SS) 59/59 for all randomized patients for safety assessment.

TaBLE 1: Demographic and baseline characteristics of randomized patients.

FZHY (N=59) Placebo (N=59) p value

Age (years) 55.4+6.72 55.1+8.6 0.849
Gender (% male) 57.6% 61.6% 0.708
Ethnicity 0.206

Caucasian 79.7% 78.0%

African American 15.3% 11.9%

Others 5.0% 10.1%
HCV genotype 0.619

1 81.4% 88.1%

2 6.8% 1.7%

3 10.2% 8.5%

Others 1.7% 1.7%
History of IFN use 0.822

Yes 79.7% 78.0%

No 20.3% 22.0%

pathologists. R-values were used to identify the pathologist
with the highest R value, indicating who was comparatively
the most consistent among the three. Pathologist B dem-
onstrated an overall higher R-value for both the training and
validation sets. Based on this finding, further analyses used
only the grading and staging of pathologist B. It should be
noted that for the qFibrosis assessment, only 74 patients with

paired unstained slides were included for the analysis be-
cause there were no spare unstained slides available for eight
patients.

Having established from the consensus results shown in
Figure 4(b) that baseline F3 and F4 patients were responsive
to FZHY treatment compared to other fibrosis stages; we
conducted an in-depth analysis of the regressive and
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FIGURE 4: Fibrosis response (progressive/regressive/no change) obtained from the consensus reading of 3 pathologists. (a) Overall fibrosis

response for all patients (n=82) with the FZHY-treated group

showing a slight improvement over the placebo group, in which the

progressive group (P) is defined as fibrosis stage increased by >1 stage after treatment, no change group (N) as no change in fibrosis stages,

and regressive group (R) as fibrosis stage decreased by >1 stage; (b)

a closer look into the fibrosis response by categorizing according to the

patients’ baseline fibrosis staging. For patients in the FZHY group, those with baseline Ishak fibrosis F3 and F4 were observed to be more
responsive toward treatment as compared to patients with baseline FO-2 (p = 0.03). The chi-squared test was performed by comparing the

number of responsive patients (R) with nonresponsive patients (P
baseline fibrosis F3 and F4, the FZHY-treated group showed a more
reading.

progressive patient subsets. Specifically, qFibrosis zonal
analysis was conducted in patients who had been staged as
F3 and F4 fibrosis by pathologist B (Figure 6).

Data in Figure 4(c) shows that in patients with F3 or F4
fibrosis at baseline, FZHY treatment resulted in more fi-
brosis regression than that observed in the placebo group.
This was corroborated by qFibrosis zonal analysis as shown
in Figure 6(b). Patients with regressive fibrosis showed re-
duction across all three hepatic zones in both the placebo
and treatment groups. However, patients treated with FZHY
showed significantly greater fibrosis reduction when com-
pared to the patients receiving placebo.

In the subset of patients with progressive fibrosis, sig-
nificant differences were observed between patients treated
with FZHY vs. placebo in zones 1 and 3. However, placebo-

) and (N) between F0-2 and F3-4 groups; (c) focusing on patients with
significant improvement over the placebo group based on the consensus

treated patients showed a greater degree of progressive fi-
brosis in zone 3 fibrosis compared with FZHY-treated pa-
tients. Among patients with progressive fibrosis, FZHY-
treated patients had a greater increase in zone 1 fibrosis than
the placebo-treated patients. This zone 1 difference may be
explained, in part, by a higher level of baseline fibrosis in
patients randomized to receive FZHY vs. placebo.

3.4. Correlation between Fibrosis and Inflammation in Zone 1.
In the initial assessment of the consensus scores for the grade
of inflammation, no statistically significant differences were
noted between patients treated with FZHY or placebo (refer
to the supplementary section, Tables 4.1 and 4.2). After
identifying differences in qFibrosis zonal fibrosis responses,
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FIGURE 6: Zonal analysis was conducted on the progressive and regressive patient subsets with baseline qFibrosis stages of F3 and F4 with
statistical significance shown across zones 1, 2, and 3. FZHY-treated patients in the regressive subset showed significant fibrosis reduction as
compared to the placebo group consistently across all zones. FZHY-treated patients in the progressive subset showed considerable fibrosis

increment over the placebo group, particularly in zone 1.

the inflammation grades were reassessed in patients with
baseline F3 or F4 fibrosis who had shown progressive or
regressive qFibrosis (Figure 7).

The grade of inflammation in zone 1 was higher in
patients with progressive fibrosis who had been treated with
FZHY than in patients receiving placebo or patients with
regressive fibrosis. This affirmed the direct correlation be-
tween inflammation and fibrosis. However, there was no
statistically significant difference between the placebo and

treatment groups, which may reflect the small number of
patients analyzed for portal inflammation.

3.5. Safety and Tolerability Assessment of FZHY in the
Treatment of HCV-Associated Hepatic Fibrosis. Safety and
tolerability were assessed in 98 patients who were >80%
compliant with the treatment regimens (Figure 8 and
supplementary Table 5). A total of 17 serious AEs occurred,
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drug.

but none were adjudicated to have been related to FZHY.
There was no significant difference in adherence, AEs, se-
rious AEs, or any of the laboratory parameters between the
FZHY and placebo groups. AEs associated with FZHY or
placebo were mild to moderate in intensity in 99.6% of
patients.

Among the AEs, gastrointestinal complaints were the
most common even though their frequency was not sig-
nificantly different between patients receiving FZHY (66.1%)

or placebo (50.8%). AEs involving general health, infections,
and skin disease were more frequent in the FZHY group
(45.8%, 40.7%, and 23.7%, respectively) compared with those
in the placebo group (35.6%, 33.9%, and 22%, respectively). In
contrast (Table 6 in the supplementary section), the frequencies
of AEs involving the respiratory and nervous system, as well as
procedural complications were increased in the placebo group
vs. the FZHY group (40.7% vs.33.9%, 35.6% vs. 33.9%, and
20.3% vs. 16.9%, respectively). Alanine aminotransferase (ALT)



Evidence-Based Complementary and Alternative Medicine

and aspartate aminotransferase (AST) levels decreased during
treatment with FZHY and increased after cessation. The HCV
viral load did not change in FZHY-treated patients. Additional
details are present in supplementary Table 7.

4. Discussion

This is the first clinical trial in the U.S. to investigate the
tolerability, safety, and efficacy of FZHY, a botanical formula
with antifibrotic activity that has been well established in
China as a traditional Chinese medicine (TCM). The for-
mula includes Radix Salviae miltiorrhizae and Salvianolic
acid B, which have proven antifibrotic mechanisms of action.
The FZHY used in this study was produced under strict good
manufacturing practices to guarantee a uniform quality. The
randomized, placebo-controlled, double-blind study
addressed the unmet need to retard or reverse hepatic fi-
brosis in patients who failed or could not tolerate IFN-based
antiviral therapy. The study confirmed the tolerability and
safety of FZHY observed in China in U.S. patients with
viremic CHC. Although FZHY was only given for 48 weeks,
its antifibrotic effects were observed by comparing liver
biopsies at baseline with those obtained at the end of the
treatment. Fibrosis was assessed using both the established
Ishak fibrosis scoring system and the newer qFibrosis
method which can detect and quantify subtle changes in
fibrosis in all three zones of the hepatic lobules.

CHC patients who enrolled in this study had failed to
achieve a sustained virologic response (SVR) using IFN-
based therapy. Thus, these persistently viremic patients were
at risk of fibrosis progression. The results showed that the
anti-fibrotic effects of FZHY were prominent in patients
with baseline Ishak F3 and F4 fibrosis, despite a duration of
therapy of only 48 weeks. Among patients with regression in
fibrosis on their posttreatment liver biopsies, evidence of
regression was observed in all three zones of the hepatic
lobule. In the subset of patients who showed progression of
fibrosis, the severity was more prominent in zone 1 than in
either zone 2 and 3.

The study findings also confirmed that this subset of
patients had prominent inflammation in their portal tracts,
likely indicative of the immune response induced by HCV
replication. These results in patients with viremic CHC are in
contrast to the significant improvement in fibrosis severity
observed after FZHY treatment of patients with CHB and
suppression of HBV replication using nucleoside/tide ana-
logues vs. controls (52% vs. 23.3%, respectively) [12]. Our
results raise the possibility that viremic CHC patients treated
with FZHY may exhibit regressive fibrosis in some hepatic
zones and progressive fibrosis in other zones in the same
biopsy sample.

In this study, progressive and regressive features of fi-
brosis coexisted within the same biopsy slides. The results of
the qFibrosis zonal analysis support the view that fibrosis in
the hepatic lobule is a dynamic process in which the degree
of fibrosis may vary in different zones at the same time. This
poses a challenge to the current method of histopathological
assessments of liver biopsies. This was also corroborated by
the poor kappa value among the three expert pathologists

whose differences in grading and staging could only be
resolved by reaching a realtime consensus reading while
blinded with respect to the treatment, and whether the
biopsy was obtained at baseline or posttreatment. The
consensus readings revealed that the antifibrotic effects of
FZHY worked best for patients with baseline Ishak F3 and
F4. The relative change in fibrosis within the F3/F4 patient
cohort was zonal and most prominent in zone 1 in the
presence of severe inflammatory infiltrates. Since all patients
in the study had viremic CHC after failing IFN-based
therapy, severe portal inflammation was present in both the
FZHY and placebo groups.

The limitation of this study included the involvement of
more than one pathologist from different countries, which
required consensus readings for most aspects of inflam-
mation and fibrosis severity, and underscored the impor-
tance of automation in the assessment of histopathology.
Similar to other studies, the variability in the size of the liver
tissue on the biopsy slides could play a role in the histologic
interpretation done by each pathologist. The approach of
requiring consensus reading minimized that limitation.

Another limitation of this study is its small sample size; a
larger study with a longer treatment duration and the in-
clusion of more F3 and F4 subjects would be needed to fully
assess the efficacy of FZHY on liver fibrosis.

5. Conclusions

This phase 2 clinical trial showed that FZHY was well tol-
erated and safe in patients with viremic CHC and fibrosis
stages 2, 3, and 4. Comparative analyses of fibrosis in
baseline and posttreatment biopsies using Ishak staging and
qFibrosis methods indicated that FZHY had antifibrotic
effects in patients with CHC. The antifibrotic effects of FZHY
were most prominent in CHC patients with baseline Ishak
stages F3 and F4 fibrosis. The qFibrosis analyses confirmed
the efficacy of FZHY by demonstrating fibrosis regression in
all the three zones of the hepatic lobule, despite active vi-
remia and persistent inflammation. Thus, FZHY should be
studied further as an antifibrotic agent in patients with
chronic fibrotic liver diseases.
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Supplementary Materials

Table 1: Fuzheng Huayu (FZHY) formulation (g/daily dose).
Figure 1. General manufacturing protocol for FZHY tablet.
Table 2: component markers standard for FZHY. Figure 2.
The chromatographic profile of FZHY extracts (stationary
phase: CNW Athena C18-WP (4.6 mm x 150 mm, 3 um),
flow rate: 1 mL/min)). Peak No: (1) danshensu; (2) roto-
catechuic aldehyde; (3) rosmarinic acid; (4) salvianolic acid
B; (5) schizandrol A; (6) schizandrol B; (7) schizandrin A; (8)
uridine (9) guanosine; (10) adenosine. Table 3: Ishak fibrosis
staging based on consensus reading by 3 pathologists. Ta-
ble 4.1: paired assessment of liver Ishak HAI (histological
per-protocol population). Table 4.2: paired assessment of
liver Ishak portal inflammation (qFibrosis analysis pop-
ulation). Table 5: summary of treatment emergent adverse
events and serious adverse events (histological per-protocol
population). Table 6: summary of treatment emergent ad-
verse events by system organ class (histological per-protocol
population). Table 7: summary of treatment emergent
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adverse events by severity (histological per-protocol pop-
ulation). Figure 3. The change of ALT and AST levels be-
tween FZHY (n=39) and placebo (n=43) groups during
treatment and follow-up. ALT and AST levels decreased in
the FZHY group during treatment, but increased after the
end of treatment. ALT: alanine transaminase; AST: aspartate
transaminase. (Supplementary Materials)

References

[1] K. Mohd Hanafiah, J. Groeger, A. D. Flaxman, and

S. T. Wiersma, “Global epidemiology of hepatitis C virus

infection: new estimates of age-specific antibody to HCV

seroprevalence,” Hepatology, vol. 57, no. 4, pp. 1333-1342,

2013.

A. Petruzziello, S. Marigliano, G. Loquercio, A. Cozzolino,

and C. Cacciapuoti, “Global epidemiology of hepatitis C virus

infection: an up-date of the distribution and circulation of
hepatitis C virus genotypes,” World Journal of Gastroenter-

ology, vol. 22, no. 34, pp. 7824-7840, 2016.

[3] G.S.Cooke, M. Lemoine, M. Thursz et al., “Viral hepatitis and
the global burden of disease: a need to regroup,” Journal of
Viral Hepatitis, vol. 20, no. 9, pp. 600-601, 2013.

[4] G. M. Lauer and B. D. Walker, “Hepatitis C virus infection,”
New England Journal of Medicine, vol. 345, no. 1, pp. 41-52,
2001.

[5] G.]. Dore, A. Hatzakis, F. Negro, and I. Waked, “Estimating
HCV disease burden-volume 4 (editorial),” Journal of Viral
Hepatitis, vol. 24, no. 2, pp. 4-7, 2017.

[6] H.Razavi, A. C. ElIKhoury, E. Elbasha et al., “Chronic hepatitis
C virus (HCV) disease burden and cost in the United States,”
Hepatology, vol. 57, no. 6, pp. 2164-2170, 2013.

[7] M. L. Shiffman and Y. Benhamou, “Cure of HCV related liver
disease,” Liver International, vol. 35, pp. 71-77, 2015.

[8] T. Suwanthawornkul, T. Anothaisintawee, A. Sobhonslidsuk,
A. Thakkinstian, and Y. Teerawattananon, “Efficacy of second
generation direct-acting antiviral agents for treatment naive
hepatitis C genotype 1: a systematic review and network meta-
analysis,” PLoS One, vol. 10, no. 12, Article ID e0145953, 2015.

[9] N. K. Martin, M. Hickman, S. J. Hutchinson, D. J. Goldberg,
and P. Vickerman, “Combination interventions to prevent
HCV transmission among people who inject drugs: modeling
the impact of antiviral treatment, needle and syringe pro-
grams, and opiate substitution therapy,” Clinical Infectious
Diseases: An Official Publication of the Infectious Diseases
Society of America, vol. 57, no. 2, pp. $39-545, 2013.

[10] H. Wedemeyer, A. S. Duberg, M. Buti et al., “Strategies to
manage hepatitis C virus (HCV) disease burden,” Journal of
Viral Hepatitis, vol. 21, no. 1, pp. 60-89, 2014.

[11] R. Yang, Q. Li, and W. Chen, “Efficacy and safety of Fuz-
henghuayu capsule for treating liver fibrosis in patients with
chronic hepatitis B: a meta-analysis,” Chinese Journal of
Hepatology, vol. 23, no. 4, pp. 295-296, 2015.

[12] P. Liu, Y. Y. Hu, C. Liu et al., “Multicenter clinical study on
Fuzhenghuayu capsule against liver fibrosis due to chronic
hepatitis B,” World Journal of Gastroenterology, vol. 11, no. 19,
pp. 2892-2899, 2005.

[13] C. Luo, Z. X. Chen, X. H. Tan et al., “Therapeutic effects of
Fuzhenghuayu decoction in a CCl4-induced liver cirrhosis rat
model and on hepatic stellate cell activation,” Chinese Journal
of Hepatology, vol. 21, no. 9, pp. 668-673, 2013.

[14] D. Xiao, J. Gu, H. Cai et al., “A randomized placebo-con-
trolled multicentre study of Fuzhenghuayu capsule for

[2


https://downloads.hindawi.com/journals/ecam/2022/4494099.f1.pdf

Evidence-Based Complementary and Alternative Medicine

prevention of oesophageal variceal bleeding in patients with
liver cirrhosis,” Chinese Journal of Hepatology, vol. 22, no. 8,
pp. 594-599, 2014.

[15] Z.G. Zhang, X. B. Lu, L. Xiao et al., “Antioxidant effects of the
Uygur herb, Foeniculum Vulgare Mill, in a rat model of
hepatic fibrosis,” Chinese Journal of Hepatology, vol. 20, no. 3,
pp. 221-226, 2012.

[16] J. Chen, W. Gao, P. Zhou et al., “Enhancement of hepatocyte
differentiation from human embryonic stem cells by Chinese
medicine fuzhenghuayu,” Scientific Reports, vol. 6, no. 1,
Article ID 18841, 2016.

[17] C. Jiang, K. Iwaisako, M. Cong et al., “Traditional Chinese

medicine Fuzheng Huayu prevents development of liver fi-

brosis in mice,” Archives of Clinical and Biomedical Research,

vol. 4, no. 5, pp. 561-580, 2020.

K. F. Cheung, D. W. Ye, Z. F. Yang et al., “Therapeutic efficacy

of traditional Chinese medicine 319 recipe on hepatic fibrosis

induced by carbon tetrachloride in rats,” Journal of Ethno-

pharmacology, vol. 124, no. 1, pp. 142-150, 2009.

M. Zhang, H.-L. Liu, K. Huang et al., “Fuzheng Huayu recipe

prevented and treated CCL4-induced mice liver fibrosis

through regulating polarization and chemotaxis of intra-
hepatic macrophages via CCL2 and CX3CL1,” Evidence-Based

Complementary and Alternative Medicine, vol. 2020, pp. 1-12,

Article ID 8591892, 2020.

Y.Y.Tao, X. C.Yan, T. Zhou, L. Shen, Z. L. Liu, and C. H. Liu,

“Fuzheng Huayu recipe alleviates hepatic fibrosis via inhib-

iting TNF-« induced hepatocyte apoptosis,” BMC Comple-

mentary and Alternative Medicine, vol. 14, no. 1, p. 449, 2014.

Y. Wang, G. L. Wong, F. P. He et al., “Quantifying and

monitoring fibrosis in non-alcoholic fatty liver disease using

dual-photon microscopy,” Gut, vol. 69, no. 6, pp. 1116-1126,

2020.

Y. Wang, R. Vincent, J. Yang et al., “Dual-photon microscopy-

based quantitation of fibrosis-related parameters (q-FP) to

model disease progression in steatohepatitis,” Hepatology,

vol. 65, no. 6, pp. 1891-1903, 2017.

[23] S. Xu, Y. Wang, D. Tai et al., “qFibrosis: a fully-quantitative
innovative method incorporating histological features to fa-
cilitate accurate fibrosis scoring in animal model and chronic
hepatitis B patients,” Journal of Hepatology, vol. 61, no. 2,
pp. 260-269, 2014

[24] F. Liu, G. B. Goh, D. Tiniakos et al., “qFIBS: an automated

technique for quantitative evaluation of fibrosis, inflamma-

tion, ballooning, and steatosis in patients with nonalcoholic

steatohepatitis,” Hepatology, vol. 71, no. 6, pp. 1953-1966,

2020.

K. Ishak, A. Baptista, L. Bianchi et al., “Histological grading

and staging of chronic hepatitis,” Journal of Hepatology,

vol. 22, no. 6, pp. 696-699, 1995.

[26] P.E.Chang, G. B. B. Goh, W. Q. Leow, L. Shen, K. H. Lim, and
C. K. Tan, “Second harmonic generation microscopy provides
accurate automated staging of liver fibrosis in patients with
non-alcoholic fatty liver disease,” PLoS One, vol. 13, no. 6,
Article ID 0199166, 2018.

[27] A. M. Rappaport, “The microcirculatory acinar concept of
normal and pathological hepatic structure,” Beitrdge zur
Pathologie, vol. 157, no. 3, pp. 215-243, 1976.

[28] W. H. Lamers, A. Hilberts, E. Furt et al., “Hepatic enzymic
zonation: a reevaluation of the concept of the liver acinus,”
Hepatology, vol. 10, no. 1, pp. 72-76, 1989.

[29] J. Junge, M. Vyberg, T. Horn, and P. Christoffersen, “Peri-
venous and perisinusoidal collagen content in the acinar zone

[18

(19

[20

[21

[22

[25

11

3 in the “normal” liver. A light microscopical study,” Liver,
vol. 8, no. 6, pp. 325-329, 1988.

[30] T. Riickstie8, C. Osendorfer, and P. van der Smagt, “Se-
quential feature selection for classification,” Advances in
Artificial Intelligence, vol. 7106, 2011.

[31] M. Kearns and D. Ron, “Algorithmic stability and sanity-
check bounds for leave-one-out cross-validation,” Neural
Computation, vol. 11, no. 6, pp. 1427-1453, 1999.

[32] D. E. Kleiner, E. M. Brunt, L. A. Wilson et al., “Nonalcoholic
steatohepatitis clinical research network association of his-
tologic disease activity with progression of nonalcoholic fatty
liver disease,” JAMA Network Open, vol. 2, no. 10, Article ID
e1912565, 2019.

[33] S. A. Harrison, M. R. Bashir, C. D. Guy et al., “Resmetirom
(MGL-3196) for the treatment of non-alcoholic steatohepa-
titis: a multicentre, randomised, double-blind, placebo-con-
trolled, phase 2 trial,” The Lancet, vol. 394, pp. 2012-2024,
Article ID 10213, 2019.

[34] S. A. Harrison, N. Alkhouri, B. A. Davison et al., “Insulin
sensitizer MSDC-0602K in non-alcoholic steatohepatitis: a
randomized, double-blind, placebo-controlled phase IIb
study,” Journal of Hepatology, vol. 72, no. 4, pp. 613-626,
2020.



