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OBJECTIVES: Severe acute exacerbation (SAE) of chronic hepatitis B (CHB) may progress to liver failure with high potential
mortality despite the prompt treatment with nucleos(t)ide analogs. This study aimed to evaluate the efficacy and safety of
glycyrrhizin in the treatment of CHB with SAE.
METHODS: Sixty patients with SAE of CHB were randomly treated with tenofovir plus intravenous glycyrrhizin (group A, n= 30) or
with tenofovir alone (group B, n= 30). Primary end points were the improvement of serum levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) and model for end-stage liver disease (MELD) score. Secondary end point was overall
mortality or receipt of liver transplantation by week 24.
RESULTS: Patients in group A had significant reductions of serum AST and ALT levels from baseline at days 3, 5, 8, and 15 than
those in group B (all Po0.05). The MELD score significantly decreased since week 1 in the group A patients, whereas there were
no changes relative to baseline in group B patients at weeks 1 and 2. By week 24, one (3.3%) of group A patients and four (13.3%) of
group B patients died (n= 3) or received liver transplantation (n= 1) (P= 0.177). Multivariate analysis identified baseline MELD
score (P= 0.021) as an independent factor for mortality or receipt of liver transplantation. There were no differences in the rates of
grade 3 hypertension, hypokalemia and ascites between two groups.
CONCLUSIONS: Early introduction of glycyrrhizin can be safe and helpful for patients with SAE of CHB.
Clinical and Translational Gastroenterology (2017) 8, e104; doi:10.1038/ctg.2017.29; published online 29 June 2017
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INTRODUCTION

Chronic hepatitis B virus (CHB) infection is a major health
problem leading to nearly one million deaths annually
worldwide.1 A wide spectrum of clinical manifestations has
been established for chronic hepatitis B virus (HBV) infection,
ranging from inactive carrier, through persistent chronic
hepatitis, and eventually to end-stage liver diseases including
decompensated cirrhosis and hepatocellular carcinoma.2,3 In
some patients, severe acute exacerbation (SAE) of CHB
characterized by high serum alanine aminotransferase (ALT)
level and jaundice may occur spontaneously, during or
after anti-viral therapy and in the setting of immunosuppres-
sion and/or chemotherapy.4–6 These exacerbations may
progress to acute-on-chronic liver failure with significant
mortality.6–8

Most guidelines recommend oral nucleos(t)ide analog
(NUC) therapy in patients with SAE of CHB as soon as
possible.9–11 Of the five NUCs approved for the treatment of
CHB, tenofovir and entecavir are the first-line therapies,9–11

which produce similar treatment response and clinical
outcomes in patients with SAE of CHB.12 However, a recent

meta-analysis demonstrated that NUC therapy had no
obvious impact on short-term survival in patients with SAE of
CHB as compared with the untreated controls, despite better
biochemical and virological responses.13 In particular, there
were no benefits with respect to survival rate and prevention of
disease deterioration if NUC therapy was given too late (after
serum bilirubin level rise of 420 mg/dl or a model for
end-stage liver disease (MELD) score of 430).7,14 Liver
transplantation is the last resort of treatment with a 5-year
survival rate exceeding 90%.15 Moreover, this is neither
readily available nor feasible in many parts of the world where
HBV is highly endemic.5

Glycyrrhizin, an aqueous extract of licorice root, is
hepatoprotective in vitro, probably by preventing changes in
cell membrane permeability and providing membrane
stabilization.16,17 A recent European randomized controlled
trial has demonstrated that glycyrrhizin reduces ALT and
improves hepatic necroinflammation and fibrosis in chronic
hepatitis C patients who did not respond to or tolerate previous
interferon-based therapies.18 Glycyrrhizin has been reported
to be safe and efficacious in lowering or normalizing ALT levels
among Chinese patients with CHB.19 Recently, some reports
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have shown that glycyrrhizin can improve serum transami-
nases rapidly and may prevent the progression to severe and
fulminant disease in patients with acute chronic hepatitis.20,21

Whether glycyrrhizin is helpful for CHB with SAE is of great
interest.
In this study, we determined the efficacy and safety of

tenofovir monotherapy or the combination of tenofovir plus
glycyrrhizin in patients with SAE of CHB to explore treatment
options for this difficult-to-manage population.

METHODS

Study patients. From April 2013 to June 2015, patients who
were over 20 years, with reactive hepatitis B surface antigen
for more than 6 months, elevation of serum aspartate
aminotransferase (AST) and/or ALT level more than 10 times
the upper limit of normal,10 and raised serum bilirubin level
≥2 mg/ml or prolonged prothrombin time (PT) ≥3 s at
baseline, were prospectively enrolled.7,12 Patients were
excluded for coinfection with human immunodeficiency virus,
hepatitis A virus, hepatitis C virus, hepatitis D virus or
hepatitis E virus by serological assays, and hepatocellular
carcinoma or biliary obstruction by imaging studies. Also,
patients who had evidence of hepatic encephalopathy and
ascites at baseline were excluded. Cirrhosis was diagnosed
by ultrasound findings as coarse liver parenchyma with
nodularity and small liver size and the presence of features of
portal hypertension.22

Study design. This was a single-center, prospective, open-
label, randomized, parallel-group trial. Patients who fulfilled
the inclusion and exclusion criteria were screened for
eligibility. After screening, all patients were recruited and
randomized to one of the following treatment arms in a 1:1
ratio. One arm of patients received tenofovir 300 mg per day
combined with 10 days of intravenous glycyrrhizin (Stronger
Neo-Minophagen C; SNMC, Minophagen Pharmaceutical,
Tokyo, Japan)) (group A) and the other arm received tenofovir
monotherapy 300 mg per day (group B) (Supplementary
Figure 1). All patients were followed for at least 24 weeks
since treatment. The treatment dose in each group could be
adjusted based on physician’s clinical judgment.
We consulted the liver transplantation team if any patients

who had progressive evident symptoms/signs of hepatic
failure showed willingness to receive liver transplantation.
These patients were considered withdrawn from the study if
they discontinued the observational treatment. This study
protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the ethical
committees of Chang Gung Memorial Hospital (IRB no.
102-2700C). Written informed consent was obtained from all
participants.
Conventional biochemical tests including serum ASL, ALT,

total bilirubin, albumin, creatinine, lactate, and ammonia, and
blood tests (complete blood count, PT, and international
normalized ratio (INR)) were assessed at baseline (day 1), day
3, day 5, day 8, day 15, week 4, week 12, and week 24. Serum
HBV-DNA levels were checked at baseline, week 4, week 12,
and week 24.

Study objectives. The primary study objectives were to
evaluate and compare the reduction of serum levels of AST
and ALT and the improvement of MELD score between two
groups. Secondary objective was overall mortality or receipt
of liver transplantation by week 24. The intent-to treat
population including all randomized patients who took at
least one study medication and had at least one postbaseline
measurement was conducted for the primary and secondary
efficacy evaluation.

Laboratory assays. MELD score was calculated using the
following formula: MELD= 3.78 × ln [serum bilirubin
(mg/dl)]+11.2 × ln [INR]+9.57 × ln [serum creatinine (mg/dl)]
+6.43. Hepatitis B surface antigen, hepatitis B e antigen
(HBeAg), anti-hepatitis C virus antibody, and anti-hepatitis D
virus antibody were assessed using commercially available
kits (hepatitis B surface antigen enzyme immunoassay
(Abbott, North Chicago, IL); HBeAg enzyme immunoassay
(Abbott); anti-hepatitis C virus, enzyme immunoassay 3.0
(Abbott); anti-hepatitis D virus, radioimmunoassay (Abbott)).
Serum HBV-DNA levels were measured using the COBAS
AmpliPrep-COBAS TaqMan HBV test (CAP-CTM; Roche
Molecular Systems, Branchburg, NJ), with a detection limit of
15 international units (IU)/ml.

Statistical analysis. Continuous data are expressed as
mean± s.d., and categorical data are expressed as
number (percentage). Comparisons of differences in the
categorical data between groups were performed using the
χ2 test or Fisher's exact test. Distributions of continuous
variables were analyzed by the Student’s t-test or
Mann–Whitney U-test where appropriate. Paired t-test was
performed to compare the MELD score in serial

Table 1 Baseline demographics and disease characteristics

Group A (n=30),
tenofovir+glycyrrhizin

Group B (n= 30),
tenofovir

Age (years) 49.1±12.8 45.3±13.3
Male gender, n (%) 23 (77) 23 (77)
DM, n (%) 2 (7) 5 (17)
Hypertension, n (%) 7 (23) 5 (17)
NUC-naïve, n (%) 24 (80) 28 (93)
Cirrhosis, n (%) 2 (7) 4 (13)
Liver stiffness (kPa) 28.7±20.4 30.6±15.5
AST (U/l) 1,033±932 848±588
ALT (U/l) 1,446±999 1,292±796
Total bilirubin
(mg/dl)

7.8±6.0 9.4±8.3

Creatinine (mg/dl) 0.7±0.2 0.8±0.3
Sodium (mmol/l) 137.4±3.1 137.2±3.4
Albumin (g/dl) 3.6±0.6 3.6±0.5
INR 1.5±0.6 1.5±0.6
MELD score 16.7±6.0 17.4±6.1
Platelet (109/l) 160±91 162±68
Lactate (mg/dl) 13.7±6.2 21.5±33.3
HBeAg positive, n (%) 10 (33) 12 (40)
Log HBV-DNA (IU/ml) 5.9±1.7 6.2±1.5

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes
mellitus; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; INR, international
normalized ratio of prothrombin time; MELD, model for end-stage liver disease;
NUC, nucleos(t)ide analogs.
Data are expressed as mean± s.d. or number (percentage).
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measurements. Cumulative incidences of mortality or receipt
of liver transplantation were analyzed by the Kaplan–Meier
method with a log-rank test. Univariate and multivariate
analyses were carried out to identify independent factors
using the Cox-proportional hazards regression models. All
analyses were carried out using the SPSS Software,
version 15.0 (SPSS, Chicago, IL). All statistical tests were
two-tailed, and a P value o0.05 was considered statistically
significant.
A linear relationship between themean decrease in ALTand

treatment was assumed in the power analysis of the
randomized part of this study. This analysis was based on a
two-tailed comparison with an α of 0.05 and a power of 0.80,
showing that at least 23 patients per group were needed to
detect a correlation of r≥ 0.40.

RESULTS

Baseline characteristics. Sixty-two patients were screened
(excluded 1 with acute hepatitis B and 1 with hepatocellular
carcinoma) and 60 patients who fulfilled the inclusion criteria
received tenofovir disoproxil fumarate plus intravenous
glycyrrhizin (group A, n=30) or tenofovir monotherapy (group
B, n=30). As shown in Table 1, the baseline demographic
and virological as well as laboratory characteristics were
similarly distributed between these two groups. The mean
baseline MELD score was 16.7±6.0 vs. 17.4±6.1. A total of
13 patients had MELD score 420 at screening.

Biochemical response. Figure 1a shows the serial serum
ALT levels for the individual patients. For the first primary end

Figure 1 (a) Serial serum alanine aminotransferase (ALT) levels for the individual patients (solid line: group A; dotted line: group B). (b) Serial mean levels and mean changes
from baseline in serum aspartate aminotransferase (AST) and ALT during the first 4 week of treatment.
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point, serum ASL levels significantly lowered from baseline in
the group A patients compared with the group B patients,
especially within 1 week of therapy (Figure 1b). Similarly, the

decline rates of serum ALT levels were significantly higher in
the group A patients than those in the group B patients until
day 15 (Figure 1b). Among patients who survived by week 24,
24 of 29 (82.8%) group A patients had ALT normalization,
compared with 17 of 26 (65.4%) group B patients (P=0.215).
Figure 2 shows the comparison of serial changes in MELD

score between these two groups. The mean of MELD score
significantly decreased from baseline since week 1 in the
group A patients, whereas there were no changes relative to
baseline in group B patients at weeks 1 and 2 (Figure 2b). As
limited to subjects with MELD score420 at screening, MELD
score still decreased significantly from baseline since week 1
in the group A patients. In contrast, there were no changes
from baseline in MELD score until week 12 in group B patients
(Figure 2c).

Virological response. The HBV-DNA levels (mean± s.d.) in
groups A and B were 2.57± 0.79 and 2.85± 1.19 log IU/ml at
week 4 (P=0.301), 1.65± 0.50 and 1.85±0.74 log IU/ml at
week 12 (P= 0.355), and 1.57±0.75 and 1.56±0.48 log IU/
ml at week 24 (P= 0.959), respectively (Figure 3). The
number of patients with undetectable HBV-DNA was compar-
able between these two groups at week 4, week 12, and
week 24 (Figure 3).
Six of 10 group A patients with reactive HBeAg at baseline

had lost HBeAg compared with 7 of 12 group B patients at
week 24 of therapy (P=0.730). None of them lost hepatitis B
surface antigen by week 24.

Overall mortality or receipt of liver transplantation by
week 24. By week 24, 1 (3.3%) of group A patients and 4
(13.3%) of group B patients died (n=3) or received liver
transplantation (n=1). All of the deaths were liver-related,
and were considered unrelated to the study drug. The
cumulative rate of overall mortality or receipt of liver
transplantation was not significantly different between two
groups (P=0.177) (Figure 4).
Table 2 shows the factors associated with overall mortality

or receipt of liver transplantation by week 24 of treatment. By
univariate analyses, hypertension, cirrhosis, and higher levels
of ASL, lactate, bilirubin, INR, creatinine, and MELD score
were significant variables. Based on stepwise Cox-
proportional hazard model of five significant variables in the
univariate analysis (hypertension, cirrhosis, AST, lactate, and

Figure 2 (a) Serial model for end-stage liver disease (MELD) scores for the
individual patients (solid line: group A; dotted line: group B). (b) Serial changes in
mean MELD score at week 1, week 2, week 4 and week 12 in total cases. (c) Serial
changes in mean MELD score in patients with baseline MELD score 420.

Figure 3 Left: Serial mean hepatitis B virus (HBV) DNA levels at week 4, week 12, and week 24. Right: Virological response (HBV-DNAo20 IU/ml) at week 4, week 12, and
week 24.
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MELD score), baseline MELD score (hazard ratio (HR): 1.98,
P= 0.021) was the only independent factor.

Safety. The expected side effects of intravenous glycyrrhizin
treatment were pseudoaldosteronism with hypokalemia,
sodium retention, and elevated blood pressure.18,23,24

Table 3 presents a summary of adverse effects possibly
related to glycyrrhizin. There were no significant differences
in hypertension and ascites or leg edema between these two
groups. Patients in group A had a higher percentage of
hypokalemia (o3.5 mmol/l) than those in group B (50 vs.
20%, P=0.029). However, most patients had a mild degree
of hypokalemia (3–3.5 mmol/l) without symptoms. None of
the patients dropped out early because of the side effects of
glycyrrhizin.

DISCUSSION

These results provide the first report of the safety and efficacy
of glycyrrhizin in the treatment of CHB with SAE. Combined
glycyrrhizin and tenofovir therapy can significantly lower
serum transaminases rapidly than tenofovir alone in first
2 weeks. Despite no statistical significance in mortality/
transplantation-free rate, our data provide the first evidence

that glycyrrhizin can significantly improveMELD score, even in
more severe caseswith higher baselineMELD score (420). In
general, glycyrrhizin was safe and well tolerated in these
patients. Although glycyrrhizin could induce hypokalemia
(o3.5 mmol/l), most patients had a mild degree without
clinical symptoms.

Figure 4 Cumulative rate of overall mortality or receipt of liver transplantation by
week 24.

Table 3 Summary of adverse effects

Group A (n=30), tenofovir+glycyrrhizin Group B (n=30), tenofovir P value

Hypertension (grade 2/3)a 16 (53%) 14 (47%) 0.797
Grade 2 13 (43%) 10 (33%) 0.596
Grade 3 3 (10%) 4 (13%) 1.000

Hypokalemia (o3.5 mmol/l) 15 (50%) 6 (20%) 0.029
3–3.5 mmol/l 12 (40%) 4 (13.3%) 0.039
o3 mmol/l 3 (10%) 2 (6.7%) 1.000

Ascites/leg edema 2 (6.7) 3 (10) 1.000

aCTCAE 4.03.

Table 2 Univariate and multivariate analyses of factors associated with mortality or liver transplantation by week 24 of treatment

Comparison Univariate analyses Stepwise multivariate analyses

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age per 1 year increase 1.06 (0.99–1.13) 0.105 — —
Sex Male vs. female 0.82 (0.09–7.28) 0.853 — —
DM Yes vs. no 0.53 (0.06–4.77) 0.574 — —
Hypertension Yes vs. no 6.91 (1.15–41.52) 0.035 — —
Cirrhosis Yes vs. no 7.13 (1.19–42.96) 0.032 — —
Glycyrrhizin Yes vs. no 0.25 (0.03–2.22) 0.212 — —
NUC-naïve Yes vs. no 25.01 (0.00–1,810,741) 0.572 — —
HBV-DNA per log10 IU/ml increase 1.45 (0.77–2.75) 0.254 — —
AST per 1 U/l increase 1.00 (1.00–1.00) 0.009 — —
ALT per 1 U/l increase 1.00 (1.00–1.00) 0.115 — —
Albumin per 1 g/dl increase 0.27 (0.04–1.72) 0.164 — —
Lactate per 1 mg/dl increase 1.02 (1.01–1.03) 0.002 — —
MELD score per score 1.46 (1.18–1.80) o0.001 1.98 (1.11–3.53) 0.021
Total bilirubin per 1 mg/dl increase 1.28 (1.09–1.49) 0.002 — —
INR Increase in ratio 7.82 (3.01–20.29) o0.001 — —
Creatinine per 1 mg/dl increase 9.18 (1.09–77.64) 0.042 — —
Sodium per 1 mmol/l increase 0.89 (0.70–1.14) 0.352 — —

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI; confidence interval; DM, diabetes mellitus; HBV, hepatitis B virus; INR, international normalized
ratio of prothrombin time; MELD, model for end-stage liver disease; NUC, nucleos(t)ide analogs.
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HBV itself is non-cytopathic under the usual circumstances,
with damage to the liver mainly caused by immune-mediated
processes involving both innate and adaptive immune
responses.6,25,26 NUCs, which have profound effect in
suppression of HBV, can potentially calm down the immune
activity and are recommended as the treatment of choice in
CHB with SAE.9–11,27 However, in up to 20% of patients, there
were no benefits of NUC therapy on either improvement of
short-term survival or protection against rapid progression of
the disease because of liver failure.7,8,12 The high mortality
rate despite NUC treatment could be partially related to the
delayed beginning of NUCs and viral suppression.7,14 More
importantly, NUC therapy did not directly inhibit the ongoing
necroinflammation or promote regeneration of decreased
hepatic parenchyma after massive or submassive hepatic
necrosis. In this study, although no additional anti-viral effects
have been attributed to glycyrrhizin, we showed that glycyr-
rhizin could significantly lower serum levels of AST and ALT,
which weremarkers of biochemical necroinflammatory activity
of the liver. In particular, rapid decline of serum ASTand ALT
levels in the early course of CHB with SAE accompanied with
significant decrease of MELD score, which was the most
important factor predicting overall mortality or receipt of liver
transplantation.
Recently, the protective effects of glycyrrhizin in acute liver

disease have been well investigated in animal models.28,29 It
has been suggested that glycyrrhizin possibly acts as a radical
scavenger in the cytoplasm of hepatocytes and decreases cell
membrane permeability.17 A previous report has shown that
intravenous glycyrrhizin can effectively protect liver against
fulminant hepatic failure induced by lipopolysaccharide/D-
galactosamine in mice, and that glycyrrhizin prevents hepa-
tocytes' apoptosis by inhibiting inflammatory reaction and
stabilizing mitochondria membrane to suppress the release of
cytochrome C and sequential activation of caspase-3.28 In
addition, Ikeda et al.29 have reported that glycyrrhizin inhibits
the apoptosis of liver cells through the prevention of an
interleukin-18- mediated inflammatory response in a caspase-
independent manner in lipopolysaccharide/D-galactosamine-
induced mouse liver injury.
There is some research being undertaken to improve the

poor outcome of CHB with SAE. The use of bioartificial liver
support system seems to be safe and well tolerated in patients
with acute-on-chronic liver failure,30 but results of a rando-
mized controlled study failed to identify benefit in survival.31

Another randomized placebo-controlled trial found the admin-
istration of granulocyte-colony-stimulating factor improved
survival after 2 months.32 Since this study included a small
portion of HBV patients, thus granulocyte-colony-stimulating
factor cannot be recommended for routine clinical practice at
this juncture. Corticosteroids, based on their anti-inflammatory
activity, have been used in CHB with SAE. In a recent small
study, corticosteroid treatment in combination with nucleotide
analog has sufficient virological effect against SAE of CHB,
and a rapid decline of HBV-DNA is conspicuous in survived
patient.33 However, the increased risk of infectious complica-
tions after corticosteroid treatment should be a serious
concern, particularly because sepsis is one of the most
important causes of death in CHBwith SAE.34 By contrast, our
study medication “glycyrrhizin” appears to be safe and the

expected side effects associated with pseudoaldosteronism
are usually minor and reversible.
The present study has some limitations. First, the number of

patients was relatively small, thus a larger sample size will be
needed to reach statistical significance in mortality/transplan-
tation-free rate. However, SAE of CHB is an uncommon but
potentially life-threatening condition. Our study has been the
largest trial of this condition to date. In addition, longer follow-
up of patients will be necessary to investigate if the potential
beneficial effects on disease activity have also a long-term
impact on progression of liver disease.
In summary, our study demonstrated that the early

introduction of glycyrrhizin therapy in combination with NUCs
might be beneficial for patients with clinically SAE of CHB.
Glycyrrhizin can be administered safely and be well tolerated
in these patients. Further studies with more cases are worthy
to investigate the survival benefit of glycyrrhizin in CHB with
SAE based on our pilot findings.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE
✓ Severe acute exacerbation (SAE) of chronic hepatitis B

(CHB) may progress to liver failure with high potential
mortality despite nucleos(t)ide analog (NUC) treatment.

✓ Glycyrrhizin can lower serum levels of transaminases and
improve liver histology in chronic active hepatitis, but limited
data are available in acute hepatitis.

WHAT IS NEW HERE
✓ Combined glycyrrhizin and tenofovir therapy can

significantly lower serum transaminases rapidly than
tenofovir alone in the first 2 weeks.

✓ Our data provide the first evidence that glycyrrhizin can
significantly improve model for end-stage liver disease
(MELD) score in CHB with SAE.
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