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Abstract

Objective In China, polyene phosphatidylcholine (PPC) is widely used to treat alanine amino-
transferase (ALT) elevation associated with various liver diseases. Here, we assessed the efficacy
and safety of PPC in treating drug-induced liver injury (DILI).

Methods Data from a multicenter retrospective cohort study (DILI-R) were analyzed to com-
pare PPC and magnesium isoglycyrrhizinate (MglG) for treatment of DILI. We used the Roussel
Uclaf causality assessment method (RUCAM) to evaluate patients with DILI. Patients with
RUCAM scores >6 were included in the study, while those with RUCAM scores <6 were
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further evaluated by a panel of hepatologists. The primary outcome was the proportion of
patients with ALT normalization at discharge. Propensity score matching was used to identify
83 matched pairs of patients (366 patients in total) from 25,927 patients with DILI.

Results Among the DILI patients, 64 of 183 (34.97%) achieved normal ALT levels after treatment
in both the PPC and the MglG groups.

Conclusion There were no significant differences in safety biomarkers including serum creati-
nine, blood urea nitrogen, white blood cells, platelets, hemoglobin, and albumin between patients
treated with PPC or MglG. The safety and efficacy of these two agents for treatment of DILI were

comparable.
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Introduction

Drug hepatotoxicity, also known as drug-
induced liver injury (DILI), is a major cause
of drug withdrawal from the pharmaceuti-
cal market and failure of investigational
new drugs during development. Very few
regimens have been approved for treatment
of DILI. However, in clinical practice, liver-
protective drugs are widely used in China
and some other countries.

Polyene phosphatidylcholine (PPC) is
extracted from soy and is rich in polyunsat-
urated fatty acids including linoleic acid, lin-
olenic acid, and oleic acid. Previous studies
have suggested that PPC exerts hepatopro-
tective effects through multiple mechanisms
including anti-inflammation, antioxidant,
and immunoregulatory functions.'

In China, PPC is widely used to treat
alanine aminotransferase (ALT) elevation
associated with various liver diseases such
as steatohepatitis and DILI.>> However,
limited evidence supports the application
of PPC in patients with DILI. Thus, we
investigated the effects of PPC in treating
DILI wusing data from a nationwide

retrospective cohort study of patients with
DILI. The efficacy and safety of PPC were
compared with those of magnesium isogly-
cyrrhizinate (MglG), which has received
approval from the Chinese Food and
Drug Administration for treatment of
acute DILI.

Methods

Data from a 3-year retrospective multicen-
tric study (DILI-R) were analyzed to com-
pare the efficacy and safety of PPC and
MglG for treatment of DILI.

Study population

As described in our previous report,® a
3-year (2012-2014) retrospective study of
hospitalized patients was conducted involv-
ing 308 centers in China (trial registration
number: NCT02407964). All patients whose
diagnosis at discharge was DILI were fur-
ther evaluated using the Roussel Uclaf cau-
sality assessment method (RUCAM).””’
Patients with RUCAM scores >6 were
enrolled in the study directly. The medical
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records of patients with RUCAM scores
<6 were further reviewed by a panel of
three hepatologists with DILI expertise
(consistent with the expert opinion method
of causality assessment). The expert panel
evaluated these patients based on the
RUCAM criteria. Patients judged by at
least two of the three hepatologists as prob-
able DILI were enrolled in the study.
A total of 25,927 patients classified as prob-
able DILI and enrolled in the DILI-R study.

In the current study, patients with DILI
participating in the DILI-R study who
received only PPC injections (brand name:
Tianxing) or only magnesium isoglycyrrhi-
zinate (MgIG) injections (brand name:
Ganmei) for DILI therapy were identified.
All patient details were deidentified. The
study was approved by the Renji Hospital
Ethics Committee, Shanghai Jiaotong
University School of Medicine (approval
number [2015]040K). Because this was an
analysis of existing deidentified data, the
requirement for informed consent was
waived. The reporting of this study con-
forms to the STROBE statement.'’

Study design

The study was designed to compare the effi-
cacy and safety of PPC and MgIG for treat-
ment of DILI. Both drugs were
administered according to their labels.
PPC was administered intravenously at a
daily dose of 5 to 10 mL (10-20 mL for seri-
ous DILI or 3040mL for critical DILI).
MglG was administered intravenously at a
daily dose of 20mL or 40mL. A 1:1 pro-
pensity score matching (PSM) was applied
to ensure even distribution of confounders
in the PPC group and the MgIG group.

Data collection

The following parameters were collected for
all enrolled patients: (1) demographic infor-
mation; (2) disease history and alcohol

consumption history; (3) information
regarding drugs that may have caused
liver injury, including time of symptom
onset after starting the drug and the time
of recovery after stopping the drug; (4)
symptoms and signs, including time of
occurrence, time of disappearance, and
detailed records of symptoms at discharge;
(5) serum biochemical parameters before
and during DILI, including Ievels of
serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline
phosphatase, total bilirubin (TBil), direct
bilirubin (DBIl), albumin (ALB), and creat-
inine (Cr), as well as prothrombin time and
the international normalized ratio; and (6)
examinations to exclude other causes of
liver injury. The Hepatox website (www.hep
atox.org), a Chinese nationwide DILI
research network resource, was used as the
data collection platform for the DILI-R
study.

Study endpoint

The primary endpoint was the proportion
of patients with serum ALT normalization
at discharge. The secondary endpoint was
the time required for ALT and AST
normalization.

Statistical analysis

A propensity score for each patient was cal-
culated using multivariable logistic regres-
sion. The covariates included in the
analysis were sex, age, baseline ALT level,
baseline TBiL level, liver disease history,
acute or chronic liver damage, and sus-
pected drug category. We used the caliper
matching algorithm to match patients
treated with PPC or MglG 1:1 without
replacement (i.e., a single patient could
not be selected multiple times)."!

Values were given as medians and inter-
quartile ranges or as percentages where
appropriate. Inter-group differences were
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assessed using either the Mann—Whitney U
test or the Kruskal-Wallis test. Categorical
variables were analyzed using the »* test,
the Cochran-Mantel-Haenszel y° test, or
Fisher’s exact test as appropriate. Two-
sided 95% confidence levels (ClIs) were cal-
culated. To assess the efficacy of treatment,
the proportions of patients with ALT nor-
malization were compared between the two
groups were compared using an overall
Chi-square test. Statistical tests were
interpreted at a two-sided significance
level of 5%.

Noninferiority of the treatment group
compared with the control group was
assessed via the rate of ALT normalization.
The noninferiority margin of the ALT nor-
malization rate was 15%. The one-sided
97.5% CI for the difference in ALT normal-
ization rate was set, and a value of
p <0.025 was considered statistically signif-
icant. If the 97.5% CI fell within the non-
inferiority range, PPC was considered
noninferior to MglG. All statistical analy-
ses were performed using SAS version 9.3
(SAS Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

This study enrolled 232 patients with DILI
treated with PPC and 477 patients with
DILI treated with MglG. After excluding
patients whose ALT levels were not tested
at discharge, 220 patients treated with PPC
and 463 patients treated with MgIG
remained. The final analysis included 183
matched pairs of patients with DILI (366
patients in total). The study flow diagram
is shown in Figure 1.

PSM was used to identify 183 well-
matched pairs of patients (366 patients in
total), one of whom received PPC and the
other of whom received MglG, from 25,927
patients with DILI (Figure 2). The baseline
characteristics of the two groups before and

after PSM, including demographics, are
summarized in Table 1.

Efficacy

Primary endpoint

We first compared the efficacy of PPC and
MglG in treating DILI as measured via
ALT levels at discharge (Table 2). Sixty-
four of 183 (34.97%) DILI patients in
both the PPC and MgIG groups achieved
normal ALT levels at discharge. Thus, there
was no significant difference between the
two groups.

Secondary endpoint

Similar lengths of time were required for
ALT normalization among patients with
DILI treated with PPC and MgIG
(median 5 days vs. 7.5 days, respectively).
There was no statistically significant differ-
ence between the two groups.

We next compared the efficacy of PPC
and MglG in treating DILI as measured via
AST levels at discharge (Table 3). Seventy-
five of 183 (40.98%) patients in the PPC
group achieved normal AST levels after treat-
ment, while 89 of 183 (48.63%) patients in the
MglG group achieved normal AST levels
after treatment. There was no significant dif-
ference between the two groups.

Analyses of efficacy stratified by sex,
age, ALT level, and cessation of the sus-
pected causative drug also showed no sig-
nificant difference between the two groups
(Table 4).

Safety assessment

Complete blood counts and biochemistry
profiles including serum Cr, blood urea
nitrogen, white blood cells, platelets, hemo-
globin, and ALB were compared between
the two groups (Table 5). There was no sig-
nificant difference in any safety parameter
between the two groups.
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| DILI patients from DILI-R (n=27245) ‘

Date outside 1 January 2012 — 31
December 2014 (n=80)

l DILI patients (n=27165) ‘

Missing key lab tests and/or not reporting

causative agent of DILI (n=1238)

[ DILI patients (n=25927) |

PPC Group
(n=232)

MglG Group

(n=477)

Inclusion criteria: ALT> 2 x ULN

PPC Group
(n=220)

MgIG Group
(n=463)

PSM (1:1 matching) by age, gender, history of liver disease, cessation of
causative drug, treatment duration, treatment dose, use of anti-TB drugs,
and use of cardiovascular drugs.

PPC Group
(n=183)

MglG Group
(n=183)

Figure |. Study flow diagram.

DILI, drug induced liver injury; PPC, polyene phosphatidylcholine; MglG, magnesium isoglycyrrhizinate;
ALT, alanine aminotransferase; PSM, propensity score matching; ULN, upper limit of normal;

TB, tuberculosis.

Discussion

DILI can result from both idiosyncratic
and intrinsic mechanisms. Little is known
with certainty regarding the mechanisms
of idiosyncratic DILI. However, there is

growing evidence that idiosyncratic DILI
is primarily immune-mediated and is
caused by reactive metabolites. It is imper-
ative that upon the development of DILI,
the causative drug should be discontinued,
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Figure 2. Characteristics of patients before and after PSM.
PSM, propensity score matching; PPC, polyene phosphatidylcholine; MglG, magnesium isoglycyrrhizinate.

especially in the presence of elevated trans-
aminases and/or jaundice. Stopping the
causative medication is clearly the most
important treatment for patients with
DILI. However, this may put patients
at risk of primary disease progression.
Some medical interventions, including
N-acetylcysteine and corticosteroids, have
shown clinical benefit in selected patients

according to some clinical studies.'” In
this study, ALT normalization and time to
ALT normalization were used to assess the
efficacy of DILI therapy.

There has been substantial interest in
drug treatment of DILI. In addition to
N-acetylcysteine and corticosteroids, liver-
protective drugs such as MglG and PPC
are commonly used in some countries to
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Table 2. Efficacy assessment via ALT levels.

Assessment PPC group MglG group 3}
Overall ALT normalization
N (missing) 183 (0) 183 (0) 1.0000
Yes 64 (34.97%) 64 (34.97%)
No 119 (65.03%) 119 (65.03%)
Time to normalization (days)
N (missing) 61 (3) 60 (4) 0.2246
Mean + SD 6.75+6.17 8.151+6.78
Median 5.00 7.50
IQR 2.00-9.00 2.00-11.00
Range 1.00-27.00 1.00-33.00

ALT, alanine aminotransferase; PPC, polyene phosphatidylcholine; MglG, magnesium isoglycyrrhizinate;

SD, standard deviation; IQR, interquartile range.

Table 3. Efficacy Assessment via AST levels.

Assessment PPC group MglG group P
Overall ALT normalization
N (missing) 183 (0) 183 (0) 0.1411
Yes 75 (40.98%) 89 (48.63%)
No 108 (59.02%) 94 (51.37%)
Time to normalization (days)
N (missing) 55 (20) 61 (28) 0.4996
Mean + SD 7.51 +5.69 7.95+5.68
Median 7.00 7.00
IQR 3.00-9.00 5.00-9.00
Range 1.00-9.00 1.00-33.00

AST, asparagine aminotransferase; PPC, polyene phosphatidylcholine; MglG, magnesium isoglycyrrhizi-

nate; SD, standard deviation; IQR, interquartile range.

counter the hepatotoxicity of antitumor
and antituberculosis drugs. MglG is the
magnesium salt of the saponin isoglycyrrhi-
zinate, a derivative of glycyrrhizic acid with
anti-inflammatory, antioxidant, and hepa-
toprotective properties.'*>'* MgIG has
been shown to reduce ALT and AST
levels,'”” and may prevent or ameliorate
hepatotoxicity through scavenging of free
radicals. PPC, also referred to as phospha-
tidylcholine, is a nontoxic phospholipid
enriched in polyunsaturated fatty acids
that serves as a resource for biomembranes.
PPC has been shown to increase membrane
function and integrity. PPC  has

anti-inflammation, antioxidant, and immu-
noregulatory functions.'®

While discovery of new agents, mecha-
nisms, and risk factors involved in DILI is
ongoing, advances in the treatment of acute
DILI have been slower. A few years ago,
MglG was approved by the Chinese Food
and Drug Administration as a safe and
effective treatment for patients with acute
DILI. This approval provides an opportu-
nity for comparing PPC and other liver-
protection agents with MglG for treatment
of patients with DILI. In this study, PPC
and MglIG were comparable in both effica-
cy and safety.
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Table 4. Frequency of ALT normalization by stratified variables.

Variables

PPC group

MglG group p

Sex: male, n (missing)
Yes
No

Sex: female, n (missing)
Yes
No

Age<65 years, n (missing)
Yes
No

Age>65 years, n (missing)
Yes
No

ALT>3ULN, n (missing)
Yes
No

ALT<3ULN, n (missing)
Yes
No

Stop causative drug, n (missing)
Yes
No

Continue causative drug, n (missing)
Yes
No

97 (0)
39 (40.21%)
58 (59.79%)
77 (0)

24 (31.17%)
53 (68.83%)

151 (0)

57 (37.75%)
94 (62.25%)
27 (0)

5 (18.52%)
22 (81.48%)
96 (0)

20 (20.83%)
76 (79.17%)
87 (0)

44 (50.57%)
43 (49.43%)
44 (0)

14 (31.82%)
30 (68.18%)

139 (0)

50 (35.97%)
89 (64.03%)

96 (0) 0.0538
26 (27.08%)
70 (72.92%)
83 (0) 0.0810
37 (44.58%)
46 (55.42%)

152 (0) 0.4458

51 (33.55%)

101 (66.45%)

29 (0) 0.0630
12 (41.38%)
17 (58.62%)

120 (0) 03190

32 (26.67%)
88 (73.33%)

63 (0) 0.9789
32 (50.79%)
31 (49.21%)
50 (0) 0.3082

21 (42.00%)
29 (58.00%)

133 (0) 0.5269

43 (32.33%)
90 (67.67%)

ALT, alanine aminotransferase; PPC, polyene phosphatidylcholine; MglG, magnesium isoglycyrrhizinate; ULN, upper limit

of normal.

Table 5. Safety assessment of PPC and MglG for treatment of DILI.

PPC group MglG group
Variables N=183 N=183 P
Outcome after treatment, n (missing) 183 (0) 183 (0) >0.05
Cured and fully relieved 162 (88.52%) 153 (83.61%)
Worse 6 (3.28%) 4 (2.19%)
Death 2 (1.09%) I (0.55%)
Unchanged 4 (2.19%) 4 (2.19%)
Unknown 9 (4.92%) 21 (11.48%)
Cr change (normal — abnormal), n (missing) 79 (0) 117 (0) 0.1913
Yes 5 (6.33%) 3 (2.56%)
No 74 (93.67%) 114 (97.44%)
Cr change (abnormal — worse), n (missing) 27 (0) 6 (0) 04916
Yes 2 (7.41%) 0 (0.00%)

No

25 (92.59%)

6 (100.00%)

(continued)
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Table 5. Continued.

PPC group MglG group

Variables N=183 N=183 p

Cr change (normal — abnormal & abnor- 106 (0) 123 (0) 0.1241
mal — worse), n (missing)
Yes 7 (6.60%) 3 (2.44%)
No 99 (93.40%) 120 (97.56%)

BUN change (normal — abnormal), n (missing) 89 (0) 96 (0) 0.5393
Yes 3 (3.37%) 5 (5.21%)
No 86 (96.63%) 91 (94.79%)

BUN change (abnormal — worse), n (missing) 14 (0) 20 (0) 0.3475
Yes 2 (14.29%) | (5.00%)
No 12 (85.71%) 19 (95.00%)

BUN change (normal — abnormal & abnor- 103 (0) 116 (0) 0.9143
mal — worse), n (missing)
Yes 5 (4.85%) 6 (5.17%)
No 98 (95.15%) 110 (94.83%)

WBC change (normal — abnormal), n 130 (0) 125 (0) 0.9233
(missing)
Yes Il (8.46%) Il (8.80%)
No 119 (91.54%) 114 (91.20%)

WABC change (abnormal — worse), n (missing) 50 (0) 47 (0) 0.9272
Yes 4 (8.00%) 4 (8.51%)
No 46 (92.00%) 43 (91.49%)

WBC change (normal — abnormal & abnor- 180 (0) 172 (0) 0.8964
mal — worse), n (missing)
Yes 15 (8.33%) 15 (8.72%)
No 165 (91.67%) 157 (91.28%)

Hb change (normal — abnormal), n (missing) 117 (0) 113 (0) 0.5868
Yes 14 (11.97%) I (9.73%)
No 103 (88.03%) 102 (90.27%)

Hb change (abnormal — worse), n (missing) 63 (0) 56 (0) 0.1303
Yes 0 (0.00%) 2 (3.57%)
No 63 (100.00%) 54 (96.43%)

Hb change (normal — abnormal & abnor- 180 (0) 169 (0) 0.9762
mal — worse), n (missing)
Yes 14 (7.78%) 13 (7.69%)
No 166 (92.22%) 156 (92.31%)

PLT change (normal — abnormal), n (missing) 137 (0) 122 (0) 0.7986
Yes 9 (6.57%) 9 (7.38%)
No 128 (93.43%) 113 (92.62%)

PLT change (abnormal — worse), n (missing) 42 (0) 47 (0) 0.0623
Yes 3 (7.14%) 0 (0.00%)
No 39 (92.86%) 47 (100.00%)

PLT change (normal — abnormal & abnor- 179 (0) 169 (0) 0.5894
mal — worse), n (missing)
Yes 12 (6.70%) 9 (5.33%)
No 167 (93.30%) 160 (94.67%)

(continued)
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Table 5. Continued.
PPC group MglG group
Variables N =183 N=183 P
ALB change (normal — abnormal), n (missing) 91 (0) 100 (0) 0.6105
Yes 8 (8.79%) Il (11.00%)
No 83 (91.21%) 89 (89.00%)
ALB change (abnormal — worse), n (missing) 41 (0) 35 (0)
Yes 41 (100.00%) 35 (100.00%)
ALB change (normal — abnormal & abnor- 132 (0) 135 (0) 0.5071
mal — worse), n (missing)
Yes 8 (6.06%) Il (8.15%)
No 124 (93.94%) 124 (91.85%)

PPC, polyene phosphatidylcholine; MglG, magnesium isoglycyrrhizinate; DILI, drug induced liver injury; Cr, creatinine;
BUN, blood urea nitrogen; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; ALB, albumin.

Randomized controlled trials are viewed
as the most rigorous tools available to study
medical interventions. A propensity score is
defined as the probability of each individual
study patient being assigned to a group of
interest  for  comparison  purposes.
Propensity score adjustment is a method
of ensuring an even distribution of con-
founders between groups, thereby increas-
ing inter-group comparability. Propensity
score analysis is, therefore, increasingly
applied in observational studies.!" In retro-
spective studies like this one, on should
make every effort to recapitulate the rigor
and strength of randomized controlled
trials. However, observational studies may
have inherent indication biases, and the
tools available to address such biases must
be considered. Specifically, we used PSM in
this study. This tool allowed us to group
subjects according to their propensity to be
assigned to a particular treatment group and
thus to account for indication bias.

Conclusion

In this study, two agents used for treatment
of DILI (PPC and MgIG) were comparable
in both efficacy and safety.
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