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Abstract

Objective: To evaluate the efficacy and safety of bicyclol in patients with drug-induced liver

injury (DILI) using a nationwide database.

Methods: We retrospectively analyzed the clinical data of DILI patients in the DILI-R database.

Propensity score matching was performed to balance the bicyclol and control groups, and alanine

aminotransferase (ALT) recovery was compared between the two groups. Factors associated

with ALT recovery and safety were identified.

Results: The analysis included the data of 25,927 patients. Eighty-seven cases were included in

the bicyclol group, with 932 cases in the control group. One-to-one propensity score matching

created 86 matched pairs. The ALT normalization rate in the bicyclol group was significantly

higher than that in the control group (50.00% vs. 24.42%), and statistical significance was found in
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the superiority test. After adjustment of baseline ALT levels, baseline total bilirubin levels, sex,

age, acute or chronic liver diseases, and suspected drugs in the multivariate logic regression

analysis, the major influencing factors for ALT recovery included the time interval between

ALT tests (days) and the group factor (bicyclol treatment). There were no differences in the

proportion of renal function impairment or blood abnormalities between the two groups.

Conclusions: Bicyclol is a potential candidate for DILI.

Keywords

Drug-induced liver injury, treatment, bicyclol, propensity score matching, alanine aminotransfer-

ase, liver damage

Date received: 23 February 2021; accepted: 8 March 2021

Introduction

Drug-induced liver injury (DILI) is a major
etiology of liver damage. As an increasing

number of drugs enter the market, those

that are either expectedly or unexpectedly

metabolized into toxic agents in the

human body are becoming more common.

These toxic agents may induce extensive

oxidative stress, inflammation, and apopto-

sis of hepatocytes, leading to liver failure

and even death.1–3 Although the true inci-

dence of DILI may be underestimated

owing to diagnostic difficulties and under-

reporting, studies estimate that the inci-

dence is between 14 and 19 cases per

100,000 people receiving prescription medi-

cation.4,5 Furthermore, DILI is the most
common indication for urgent liver trans-

plantation in the United States and

Europe.6,7 Complementary and alternative

medicines (CAMs) are becoming an

increasingly important contributing factor

to DILI, especially in Asian countries.8

The mainstay treatment of DILI includes

discontinuation of the offending drug(s)

and intensive supportive care. Many

agents, including N-acetylcysteine (NAC),
silymarin, antioxidants, S-adenosine methi-

onine, ursodeoxycholic acid, or a

combination of these, have been used in
patients with DILI and other forms of
liver toxicity.9,10 N-acetylcysteine has been
extensively evaluated in paracetamol-
induced acute liver failure (ALF), and its
potential use has been suggested in non-
paracetamol drug-induced ALF.
Currently, NAC is the only recommended
drug to treat adults with drug-induced,
early-stage acute ALF.3 Nevertheless, a
large proportion of patients do not respond
to these therapies.

Bicyclol, as a liver protector, is approved
by the Chinese Food and Drug
Administration for patients with abnormal
ALT levels caused by various liver diseases.
Previous research suggests that bicyclol can
not only decrease serum ALT levels but
also promote liver tissue repair.11 The
underlying mechanisms of its protective
effects include scavenging reactive oxygen
species, inhibiting lipid peroxidation, pro-
tecting hepatic cell membranes and mito-
chondrial function, and inhibiting
inflammatory cytokines.12–15

The efficacy and safety of bicyclol in the
treatment of DILI have not yet been suffi-
ciently investigated. One randomized con-
trolled trial (RCT) suggested that
bicyclol prevented the occurrence of
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anti-tuberculosis DILI in patients with

underlying liver disease.16 Additionally,

Naiqiong et al.17 reported that

bicyclol was effective for statin-induced

liver injury.
Although RCTs are considered the gold

standard by which novel medications and

interventions are evaluated, they only deter-

mine whether a given medication or inter-

vention is effective in a specific patient

population. For practicing clinicians, it is

more important to know whether it will

work for general patients in their particular

setting. This inherent limitation can only be

resolved by real-world studies.18 Therefore,

the present study uses a nationwide inpa-

tient database (DILI-R)19 to evaluate the

efficacy and safety of oral bicyclol in

patients with DILI.

Materials and methods

Data source

This retrospective study used the DILI-R

database, which includes the data of

25,927 confirmed DILI cases in 308 hospi-

tals in mainland China.19 The database

includes the following data: age, sex, history

of liver disease, suspected drugs, and diag-

nosis. The diagnosis was further confirmed

using the Roussel Uclaf Causality

Assessment Method or by expert opinion

(consistent with the expert opinion method

of causality assessment).20 The inclusion

criteria did not include specific cutoff

levels for liver chemistries. The protocol

for the DILI-R study was reviewed and

approved by the institutional review

board at Renji Hospital of Shanghai

Jiao Tong University, Shanghai,

China (ClinicalTrials.gov Identifier:

NCT02407964). There was no requirement

for informed consent because of the retro-

spective study design.

Group assignment and propensity score

matching

DILI patients who underwent two ALT

tests with their first test showing an ALT

level> the upper limit of normal (ULN)

were included. Those who received only

bicyclol (Beijing Union Pharmaceutical

Factory, Beijing, China) for treatment

after the first ALT test were defined as the

bicyclol group. Those who received only

supportive treatment were defined as the

control group. All patients were evaluated

twice for creatinine, blood urea nitrogen,

hemoglobin, leukocytes, and platelets, and

only those with normal results in the first

test were included.
Given the differences in the baseline

characteristics between patients in the two

groups, propensity score matching (PSM)

was used to identify a cohort of patients

with similar baseline characteristics. PSM

was performed as previously described.21

Covariates included age, sex, the time

interval between ALT tests, the basal ALT

levels, the basal total bilirubin (TBIL)

levels, history of liver disease, acute or

chronic liver injury, and suspected drug cat-

egories. With intervention measures as

dependent variables and the covariates as

the independent variables, we assessed the

propensity score using logistic regression.

Matching was performed using a 1:1 match-

ing protocol without replacement (greedy-

matching algorithm), with a caliper width

equal to 0.2 of the standard deviation of

the logit of the propensity score. Finally,

the intervention effect was evaluated

between the two balanced groups.

Study endpoints22,23

Patients in the bicyclol group were evaluat-

ed for ALT before and after treatment.

Patients in the control group were also

assessed for ALT twice.
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The primary efficacy endpoint was the

ALT normalization rate, and the secondary

efficacy endpoint was the ALT50% reduc-

tion rate. ALT50% reduction refers to the

rate at which serum ALT decreased to

half of the initial serum ALT concentration.

In addition, all potential influencing factors

of ALT were analyzed.
Safety was evaluated by renal function

and blood test abnormalities, which were

defined as values outside of the normal

range.

Statistical analysis

The PSM method was used to match

patients in the two groups (1:1).24 Fisher’s

exact or chi-square tests were used to com-

pare categorical variables, and Student’s

paired t-test (parametric variables) or the

Mann–Whitney U test (for non-parametric

variables) was performed for the compari-

son of continuous variables. Univariate and

multivariate logistic regression analyses

were used to identify the potential influenc-

ing factors for ALT normalization. All tests

were two-sided, and p<0.05 was considered

statistically significant. Furthermore, to

assess the efficacy of treatment, the superi-

ority test of the bicyclol group to the con-

trol group was conducted. The one-sided

97.5% confidence interval (CI) was given,

and p<0.025 was considered statistically

significant. All statistical analyses were per-

formed using SAS version 9.3 (SAS

Institute Inc., Cary, NC, USA).

Results

Propensity score matching

We examined the data of 25,927 available

patients (Figure 1). Of these, 87 patients

were included in the bicyclol group

(received oral bicyclol), and 932 patients

were included in the control group. After

1:1 PSM, 86 pairs of patients with various

types of DILI (mixed type accounted for

more) exhibited balance and comparable

characteristics between the groups

(Table 1). The median daily dose of bicyclol

in the bicyclol group was 75 mg for a dura-

tion of 17.92�16.57 days (median: 12.50).

Figure 1. Data extraction and analysis flowchart.
DILI, drug-induced liver injury; ALT, alanine aminotransferase; ULN, upper limit of normal; PSM, propensity
score matching.
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Table 1. Baseline characteristics before and after propensity score matching.

Overall cohort Matched cohort

Covariates

Statistical

magnitude Bicyclol Control p value Bicyclol Control p value

The time interval

between ALT

tests (days)*

N (Missing) 87 (0) 759 (173) 86 (0) 86 (0)

Median 9.00 10.00 0.9294 9.00 8.50 0.3729

Min–Max 1.00–63.00 1.00–666.00 1.00–63.00 1.00–71.00

ALT (IU/L) N (Missing) 87(0) 932(0) 86(0) 86(0)

Median 98.00 107.00 0.3600 99.00 91.00 0.1763

Min–Max 41.80–1102.00 35.00–2098.70 41.80–1102.00 42.00–1788.00

TBIL (lmol/L) N (Missing) 77(10) 766(166) 76(10) 78(8)

Median 10.60 14.35 <.0001 10.68 9.55 0.4912

Min–Max 2.30–88.90 2.20–1618.00 2.30–88.90 2.40–107.00

Sex N (Missing) 87 (0) 915 (17) 0.1020 86 (0) 86 (0) 0.2205

Male N (%) 52 (59.77%) 463 (50.60%) 51 (59.30%) 43 (50.00%)

Female N (%) 35 (40.23%) 452 (49.40%) 35 (40.70%) 43 (50.00%)

Age, years N (Missing) 87 (0) 927 (5) 0.0453 86 (0) 85 (1) 0.0550

<45 N (%) 31 (35.63%) 434 (46.82%) 31 (36.05%) 43 (50.59%)

�45 N (%) 56 (64.37%) 493 (53.18%) 55 (63.95%) 42 (49.41%)

Liver disease history N (Missing) 87 (0) 932 (0) 0.0011 86 (0) 86 (0) 0.6499

No N (%) 84 (96.55%) 776 (83.26%) 83 (96.51%) 84 (97.67%)

Yes N (%) 3 (3.45%) 156 (16.74%) 3 (3.49%) 2 (2.33%)

Acute or chronic DILI N (Missing) 87 (0) 932 (0) 0.7978 86 (0) 86 (0) 1.0000

Acute N (%) 80 (91.95%) 864 (92.70%) 80 (93.02%) 80 (93.02%)

Chronic N (%) 7 (8.05%) 68 (7.30%) 6 (6.98%) 6 (6.98%)

Suspected drugs

(antituberculosis

drugs)

N (Missing) 87 (0) 932 (0) <0.0001 86 (0) 86 (0) 1.0000

No N (%) 55 (63.22%) 804 (86.27%) 54 (62.79%) 54 (62.79%)

Yes N (%) 32 (36.78%) 128 (13.73%) 32 (37.21%) 32 (37.21%)

Suspected drugs

(Traditional

Chinese Medicines)

N (Missing) 87 (0) 932 (0) 0.1419 86 (0) 86 (0) 0.7132

No N (%) 66 (75.86%) 636 (68.24%) 66 (76.74%) 68 (79.07%)

Yes N (%) 21 (24.14%) 296 (31.76%) 20 (23.26%) 18 (20.93%)

Suspected drugs

(cardiovascular

system medicine)

N (Missing) 87 (0) 932 (0) 0.0003 86 (0) 86 (0) 0.6599

No N (%) 73 (83.91%) 877 (94.10%) 73 (84.88%) 75 (87.21%)

Yes N (%) 14 (16.09%) 55 (5.90%) 13 (15.12%) 11 (12.79%)

Suspected drugs

(anti-tumor and

immunomodulator)

N (Missing) 87 (0) 932 (0) 0.2537 86 (0) 86 (0) 0.5770

No N (%) 79 (90.80%) 806 (86.48%) 78 (90.70%) 80 (93.02%)

Yes N (%) 8 (9.20%) 126 (13.52%) 8 (9.30%) 6 (6.98%)

*The time interval between ALT tests (day)¼last ALT test date�First ALT test date.

ALT, alanine aminotransferase; TBIL, total bilirubin; DILI, drug-induced liver injury.
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ALT normalization rate and ALT50%
reduction rate

The serum ALT levels are shown in Table 2.

In the bicyclol group, the ALT normaliza-

tion rate was 50.00%, which was signifi-

cantly higher than the control group

(24.42%, p¼0.0005). Consistently, the bicy-

clol group exhibited a considerably higher

ALT50% reduction rate (p<0.0001). The

superiority test showed a boundary value

of 9% for the ALT normalization rate

(97.5% CI, 11.65–39.51) and 25% for the

ALT50% reduction rate (97.5% CI, 25.10–

56.30).

Influencing factors of ALT normalization

The potential influencing factors of the

ALT normalization rate are shown in

Table 3. In the univariate logistic regression

analysis, the patients with ALT test inter-

vals longer than 14 days demonstrated a

better ALT normalization rate (odds ratio

[OR], 2.19; 95% CI, 1.10–4.38; p¼0.0263).

As expected, bicyclol treatment significant-

ly increased the ALT normalization rate

(OR, 3.10; 95% CI, 1.62–5.92; p¼0.0006).

In the multivariate logic regression analysis,

similar results were found. The interval

between ALT tests and the grouping

factor (bicyclol treatment) were two essen-

tial influencing factors (OR, 2.71; 95% CI,

1.23–5.97; p¼0.0131 and OR, 3.53; 95% CI,

1.69–7.35; p¼0.0008, respectively). Age was

significantly correlated with ALT normali-

zation in the univariate logistic regression

analysis, but no statistical significance was

found by multivariate logic regression. A

sub-group analysis for the ALT normaliza-

tion rate is shown in Table 4. The ALT

normalization rate of the bicyclol group

was higher than the control group in all

sub-groups (dividing factors: sex, ALT

baseline, and anti-tuberculosis drug as sus-

pected drug or not).

Safety

As Table 5 shows, no differences in creati-
nine, blood urea nitrogen, hemoglobin, leu-
kocytes, and platelet levels were found
between the two groups.

Discussion

DILI-R is a retrospective study with data
from 308 medical centers in major cities
across mainland China conducted to char-
acterize DILI in hospitalized patients from
2012 to 2014, including the implicated
drugs and clinical features, and estimate
the incidence of DILI.19 Using the DILI-
R database with 25,927 patients, the present
retrospective study demonstrates that oral
bicyclol is effective for DILI, as indicated
by an increase in the ALT normalization
rate in patients treated with bicyclol com-
pared with the patients who received only
supportive care. There were no differences
in the proportion of renal function impair-
ment or blood abnormalities between the
two groups.

Throughout mainland China, the annual
incidence of DILI in the general population
was estimated to be 23.80 per 100,000
people,19 which is higher than the estimated
incidences in Iceland (19.1/100,000),4

France (13.9/100,000),5 the United States
(2.7/100,000),25 Spain (3.42/100,000),26

and Sweden (2.4/100,000).27 Although
NAC can reduce mortality in adult patients
with ALF and grade I to II hepatic enceph-
alopathy (including some patients with idi-
osyncratic DILI),28 the efficacy of NAC for
non-ALF DILI patients remains unex-
plored. Therefore, no treatments other
than stopping the offending drug are avail-
able for patients with non-ALF DILI.
However, discontinuation of the offending
drug may sometimes affect the treatment of
the patients’ primary diseases, such as
cancer or tuberculosis. Based on our find-
ings, bicyclol has potential for the treatment
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of DILI patients with elevated ALT caused

by anti-tuberculosis drugs, traditional

Chinese medicine, and others. Although

the current data were obtained in a retro-

spective study, random sampling and base-

line balance between the groups were

achieved after PSM.
The pharmacological mechanisms under-

lying the protective effects of bicyclol on

liver injury are multifaceted. Bicyclol may

inhibit the expression/activity of key

inflammatory regulatory factors, such as

nuclear transcription factor-jB, tumor

necrosis factor-a, interleukin-1b, transform-

ing growth factor-b1, and inducible nitric

oxide synthase. It attenuates inflammatory

injury, oxidative damage, and pathological

apoptosis of hepatocytes caused by reactive

Table 2. Comparison of ALT reduction rates between groups.

ALT reduction between groups Superiority test

Bicyclol

(n¼86)

Control

(n¼86) v2 p value

Rate difference

with 97.5% CI

Boundary

value p value

ALT normalization

rate

50.00% 24.42% 12.0440 0.0005 (11.65–39.51) 9.00% 0.0122

ALT reduction

�50% rate

72.09% 31.40% 28.5231 <0.0001 (25.10–56.30) 25.00% 0.0197

ALT, alanine aminotransferase; CI, confidence interval.

Table 3. Logistic regression analysis of ALT normalization.

Variables

Univariate logistic regression Multivariate logistic regression

Wald

chi-squared

statistic p value

Adjusted OR

(95% CI)

Wald

chi-squared

statistic p value

Adjusted

OR (95% CI)

Time interval between ALT

tests (�14 days vs >14 days)

4.9343 0.0263 2.19 [1.10–4.38] 6.1603 0.0131 2.71 [1.23–5.97]

ALT baseline

1–3 ULN

3 ULN–5 ULN 0.1519 0.6967 1.13 [0.61–2.10] 1.1616 0.2811 0.66 [0.31–1.40]

>5 ULN 2.1789 0.1399 0.45 [0.16–1.30] 2.6299 0.1049 0.34 [0.09–1.25]

TBIL baseline (�ULN vs >ULN) 0.0001 0.9906 1.00 [0.72–1.40] 0.0413 0.8390 0.96 [0.63–1.45]

Sex (male vs female) 0.4106 0.5217 0.82 [0.44–1.52] 0.0526 0.8186 0.92 [0.45–1.89]

Age (<45 vs �45) 4.4985 0.0339 2.01 [1.05–3.83] 2.8471 0.0915 1.87 [0.90–3.87]

DILI classification (chronic vs acute) 0.8843 0.3470 0.57 [0.18–1.84] 0.8430 0.3586 0.54 [0.15–2.01]

Suspected drugs

Anti-tuberculosis drugs

Traditional Chinese Medicines 0.4990 0.4800 1.30 [0.63–2.72] 0.0075 0.9312 0.96 [0.38–2.41]

Anti-tumor drugs and

immunomodulators

1.5478 0.2135 0.43 [0.12–1.62] 2.8062 0.0939 0.27 [0.06–1.25]

Others 2.3147 0.1282 0.59 [0.30–1.16] 2.5410 0.1109 0.51 [0.22–1.17]

Groups (Control vs Bicyclol) 11.6568 0.0006 3.10 [1.62–5.92] 11.3431 0.0008 3.53 [1.69–7.35]

ALT, alanine aminotransferase; ULN, upper limit of normal; TBIL, total bilirubin; DILI, drug-induced liver injury; OR, odds

ratio; CI, confidence interval.
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oxygen species.29–32 Previously, it has been

suggested that bicyclol could safely and

effectively treat DILI induced by multiple

agents, such as anti-tuberculosis drugs,16,33

anti-immunological rejection drugs,34 anti-

rheumatic drugs,35 anti-tumor drugs,36 anti-

psychotic drugs,37 statins,17 and other

drugs. Based on six RCTs, a meta-analysis

demonstrated an efficacy rate of 91.11% in

DILI patients treated with bicyclol, which

was superior to the control (79.19%).38

According to the American College of

Gastroenterology Clinical Guidelines,3

there are very limited therapies to manage

DILI other than the withdrawal of the

offending medication. Thus, bicyclol is a

promising therapy for DILI.

Our results suggest that bicyclol is safe in

terms of adverse events, which is consistent

with the findings of the meta-analysis.38 No

severe adverse events were reported.

However, because of the small sample

sizes in all published reports, we could not

detect the potentially serious adverse events

occurring at a low frequency.
This study has some limitations. First,

because of the retrospective nature of the

present study, the details of many symp-

toms of DILI, such as itching, fever,

nausea, jaundice, severe lethargy, and

anorexia, were not available. It is unclear

whether bicyclol can alleviate these symp-

toms and signs. Second, the retrospective

characteristics of the study design leave it

Table 4. Comparison of ALT normalization rates in the subgroup analysis.

Proportion of ALT normalization (%)

Subgroup Bicyclol Control Statistic p value

Sex Male 50.98% (26/51) 25.58% (11/43) 6.3056 0.0120

Female 48.57% (17/35) 23.26% (10/43) 5.4635 0.0194

ALT baseline �3 ULN 43.33% (13/30) 16.00% (4/25) 4.7706 0.0289

<3 ULN 53.57% (30/56) 27.87% (17/61) 8.0253 0.0046

Anti-tuberculosis drug

as suspected drug

Yes 56.25% (18/32) 31.25% (10/32) 4.0635 0.0438

No 46.30% (25/54) 20.37% (11/54) 8.1667 0.0043

Traditional Chinese

Medicines

Yes 50.00% (10/20) 33.33% (6/18) 1.0795 0.2988

No 50.00% (33/66) 22.06% (15/68) 11.3738 0.0007

Cardiovascular

system medicine

Yes 38.46% (5/13) 18.18% (2/11) 1.1861 0.2761

No 52.05% (38/73) 25.33% (19/75) 11.1545 0.0008

Anti-tumor and

immunomodulator

Yes 25.00% (2/8) 16.67% (1/6) 0.1414 0.7069

No 52.56% (41/78) 25.00% (20/80) 12.6598 0.0004

ALT, alanine aminotransferase; ULN, upper limit of normal.

Table 5. Proportion of adverse events related to renal function and blood test abnormalities.

Parameters Bicyclol, N (%) Control, N (%) Statistic (v2) p value

Creatinine 0 (0.00%) 1 (1.61%) 1.1215 0.2896

Blood urea nitrogen 5 (8.33%) 4 (7.02%) 0.0713 0.7895

Hemoglobin 3 (4.55%) 1 (1.59%) 0.9387 0.3326

Leukocytes 3 (5.45%) 3 (5.26%) 0.0020 0.9641

Platelets 3 (4.41%) 3 (4.41%) 0.0000 1.0000

8 Journal of International Medical Research



open to potential bias and confounding. We

attempted to control this confounding

using propensity score analyses, but we

were unable to control for possible unmeas-

ured variables.

Conclusions

The results of this retrospective study using

a large nationwide database demonstrate

that bicyclol is a potential candidate for

patients with DILI. Because the present

research was based on retrospective data,

large-scale randomized control studies are

still needed to confirm the efficacy and

safety of bicyclol in the treatment of DILI.
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