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Abstract

Background and Aims: The use of corticosteroids in chronic drug-induced liver in-
jury (DILI) is an important issue. Our previous randomized controlled trial showed
that patients with chronic DILI benefited from a 48-week steroid stepwise reduction
(SSR) regimen. However, it remains unclear whether a shorter course of therapy can
achieve similar efficacy. In this study, we aimed to assess whether a 36-week SSR can
achieve efficacy similar to that of 48-week SSR.

Methods: A randomized open-label trial was performed. Eligible patients were randomly
assigned to the 36- or 48-week (1:1) SSR group. Liver biopsies were performed at baseline
and at the end of treatment. The primary outcome was the proportion of patients with re-
lapse rate (RR). The secondary outcomes were improvement in liver histology and safety.
Results: Of the 90 participants enrolled, 84 (87.5%) completed the trial, and 62 pa-

tients (68.9%) were women. Hepatocellular damage was observed in 53.4% of the

Abbreviations: AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibody; APRI, aspartate aminotransferase-to-platelet ratio
index; AST, aspartate aminotransferase; BL, baseline; BNR, biochemical non-resolution; CTCAE, Common Terminology Criteria for Adverse Events; DI-ALH, drug-induced autoimmune-
like hepatitis; DILI, drug-induced liver injury; FIB-4, fibrosis 4 score; HDS, herbal and dietary supplements; IgG, immunoglobulin G; ITT, intention-to-treat; PLT, platelet; PPS,
per-protocol set; PT, prothrombin time; RR, relapse rate; SD, standard deviation; RUCAM, Roussel Uclaf causality assessment method; SMA, smooth muscle antibody; SSR, steroid
stepwise reduction; TBIL, total bilirubin; TCM, traditional Chinese medicine; ULN, upper limit of normal; W, weeks; WBC, white blood cell.
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1 | INTRODUCTION

The global estimated annual incidence of idiosyncratic drug-
induced liver injury (DILI) is 19.1-23.8 per 100000 individuals
in the general population,! whereas it is 1.4% in hospitalized pa-
tients.?® Many drugs and herbal and dietary supplements (HDS)
have been implicated as causes of DILL.® Most patients with
acute idiosyncratic DILI recover biochemically with the spontane-
ous normalization of liver enzymes upon discontinuation of the
causative agents. However, in some patients, DILI persists even
after stopping the suspected drug. Up to 24% of patients develop
chronic DILI,>* which is typically defined as persistent elevation in
serum liver biochemistry values or the presence of radiological or
histological evidence of ongoing injury at 6-12months after DILI
onset.® Patients with long-term unresolved DILI may develop cir-
rhosis.>” Additionally, the serious consequences of chronic DILI
may cause a loss of working hours and an increase in health care
expenditure owing to repeated hospitalization.” Therefore, devel-
oping therapies to halt the progression of chronicity is necessary if
the patient does not recover from liver injuries after discontinuing
the suspected drug.

In the past, specific therapies, apart from corticosteroid admin-
istration, have been provided for idiosyncratic DILI in patients with
severe hypersensitivity features, drug reaction with eosinophilia and
systemic symptoms, or autoimmune features.>® Corticosteroids have
also been used to treat acute DILI cases, with conflicting results.’ In
a multi-centre propensity score-matched analysis, corticosteroid ad-
ministration was associated with a greater rate of normalization of

1.1° However, the optimal

liver enzymes in patients with serious DIL
dose and duration are unknown because of the lack of controlled
clinical trials. Recently, we completed the first randomized open-
label clinical trial to investigate the efficacy of corticosteroids in the
treatment and management of chronic DILI cases. The study pro-

vided the first clinical evidence that patients with chronic DILI with

cohort. The RR was 7.1% in the 36-week SSR group but 4.8% in the 48-week SSR
group, as determined by per-protocol set analysis (p=1.000). Significant histologi-
cal improvements in histological activity (93.1% vs. 92.9%, p=1.000) and fibrosis
(41.4% vs. 46.4%, p=.701) were observed in both the groups. Biochemical normali-

zation time did not differ between the two groups. No severe adverse events were

Conclusions: Both the 36- and 48-week SSR regimens demonstrated similar biochem-
ical response and histological improvements with good safety, supporting 36-week
SSR as a preferable therapeutic choice (ClinicalTrials.gov, NCT03266146).

corticosteroids, drug-induced liver injury, liver biopsy, randomized controlled trial, Roussel
Uclaf causality assessment method (RUCAM)

Key points

We should pay more attention to chronic drug-induced
liver injury (DILI) patients with relapse or cannot achieve
a sustained biochemical response. Corticosteroid therapy
can be used in patients with chronic DILI meeting one of
the following criteria: (1) evident increase in liver biochem-
istry parameters (e.g. ALT or AST >10xULN, upper limit
normal, or ALT or AST >5xULN and TBIL >2xULN), (2)
histological features of confluent necrosis and bridging
necrosis. Thirty-six-week steroid stepwise reduction (SSR)
regimen may be a rational therapeutic choice for above
chronic DILI patients and can achieve sustained biochemi-
cal response and histological improvements with good
safety.

or without autoimmune features potentially benefit from a 48-week
steroid stepwise reduction (SSR) therapy, with significant biochemi-
cal response, histological improvement and good safety.11

To decrease the risk of possible adverse effects and increase
compliance of patients with DILI during steroid treatment, we ini-
tiated this randomized prospective open-label trial to determine
whether a short-term (36-week) SSR can achieve similar efficacy and
safety to those of the established 48-week SSR regimen for patients
with chronic DILI. Additionally, in our previous clinical trial,11 42.5%
of patients with chronic DILI exhibited autoimmune features, and
the standardization in treatment regimen and timing of withdrawal
remain unclear. While the initial clinical trial explored an effective
steroid treatment regimen for chronic DILI cases. By expanding the
sample size, we aimed to further validate the steroid therapy regi-
men for chronic DILI, especially drug-induced autoimmune-like hep-
atitis (DI-ALH) cases.'?
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2 | PATIENTS AND METHODS

21 | Study design

The study was performed as a randomized open-label trial conducted
at the Fifth Medical Center of Chinese PLA General Hospital. We
aimed to evaluate whether a short-term (36-week) SSR for patients
with chronic DILI can achieve similar efficacy and safety to those of
48-week SSR (Figure 1A). The randomized open-label trial for the par-
ticipants was approved by the Ethics Committee of the Fifth Medical
Center of the General Hospital, Beijing (no. 2017106D). This study
was conducted in accordance with the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all participants.
This study was registered at ClinicalTrials.gov (NCT03266146).

2.2 | Participants

Patients diagnosed with DILI between 7 September 2017 and
28 August 2021 were screened. Chronic DILI was defined as
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the failure to return liver enzyme or bilirubin levels to pre-DILI
baseline (BL) levels, imaging or histology data compatible with
chronicity (irrespective of laboratory data), and/or other signs
or symptoms of ongoing liver disease (e.g. ascites, encephalopa-
thy, portal hypertension and coagulopathy) at 6 months after
DILI onset despite withdrawal of the offending agent (American
College of Gastroenterology [ACG] clinical guidelines for diagnos-
tic criteria of chronic DILI*3).

The detailed inclusion criteria were as follows: (1) diagno-
sis of chronic DILI according to the ACG DILI guidelines; (2) age
of 18-60years; (3) updated Roussel Uclaf causality assessment
method (RUCAM) score 26 points'4; (4) any of the following con-
ditions: alanine aminotransferase (ALT) or aspartate aminotrans-
ferase (AST) level 210 times the upper limit of normal (ULN), ALT
or AST level =5 times the ULN and total bilirubin level (TBIL) >2
times the ULN, or liver histopathological findings of active necrotic
inflammation, including confluent necrosis, bridging necrosis, mul-
tiacinar necrosis and portal inflammation and (5) voluntary partici-
pation with an ability to understand and provide written informed

consent.

FIGURE 1 Flow diagram of the clinical
trial and steroid treatment protocol. (A) The
flow chart of the trial; (B) The protocol of
the 36-week steroid stepwise reduction
(86w-SSR); (C), The protocol of the 48-week
steroid stepwise reduction (48w-SSR).

(A) 296 chronic DILI patients screened
206 excluded

165 not reached the biochemistry or pathology criteria
28 with concurrent autoimmune hepatitis

7 with pregnancy or desire of pregnancy

6 not received consent

| Baseline liver biopsy |
90 chronic DILI patients enrolled
and randomly assigned
45 assigned to the 36 weeks steroid 45 assigned to the 48 weeks steroid
End of treatment at 36 week End of treatment at 48 week
Secondary liver biopsy Secondary liver biopsy
[ ]
[]
| Follow-up for 24 weeks |
3 lost to follow-up 3 lost to follow-up
42 completed trial 42 completed trial
I
v L] v
| Biochemistry assessment | | Histology evaluation | | Safety assessment
(B) s s
36w-SSR 48w-SSR
32 mg 32mg
24mg 24mg
16 mg Treatment Trial 16 mg Treatment Trial
endpoint endpoint endpoint endpoint

Follow-up 24 weeks

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60weeks

First biopsy Second biopsy

First biopsy

2mg

8 mg
4 mg)
Follow-up 24 weeks

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 7T2weeks

Second biopsy
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Patients were excluded if they had any of the following con-
ditions: (1) serious underlying comorbidities (e.g. psychosis, active
peptic ulcer, brittle diabetes and uncontrolled hypertension); (2)
concomitant non-drug aetiologies, including viral hepatitis (hepatitis
A, hepatitis B, hepatitis C, hepatitis E, Epstein-Barr virus infection,
cytomegalovirus infection and herpes virus infection), alcoholic or
non-alcoholic fatty liver disease, Wilson's disease or other inherited
metabolic liver diseases; (3) diagnosis of definite autoimmune hep-
atitis (AlH; >15 points on the International Autoimmune Hepatitis
Group Scoring System before corticosteroid therapy®); (4) steroid
therapy within 6 months before enrollment; (5) malignancy during or
prior to screening; (6) liver histological features of nodular regenera-
tive hyperplasia, moderate to severe fatty liver or peliosis hepatis or

(7) pregnancy or breastfeeding.

2.3 | Randomization and masking

After screening, eligible participants were randomly assigned to
the 36- or 48-week SSR group according to the random num-
bers generated using the PROC PLAN statement (PROC PLAN
seed=20170903) of SAS software (SAS Corp., Cary, NC, USA) by
the statistician (Jing-Feng Bi). The statistician documented the ran-
dom numbers, and the investigators called the statistician to ask for
the assignment of each eligible patient.

The pathologist (Jingmin Zhao), who was blinded to the patients'

group assignments and clinical information, assessed liver histology.

2.4 | Procedures

In both the 36- and 48-week SSR groups, patients were treated with
steroids. The protocol of the 36-week SSR was as follows: induc-
tion phase with oral methylprednisolone administration at a dose of
48mg/day for the first week, 32mg/day for the second week and
24 mg/day for the next 2weeks; maintenance treatment phase with
16 mg/day lasting for 20weeks; and reduction phase using a de-
creasing sequence of doses from 16 to 4 mg/day, with a reduction of
4mg per 4-week period until 36 weeks (Figure 1B). The participants
were monitored by assessing liver function and evaluating adverse
eventsat 2,4, 12, 24 and 36 weeks during treatment and at 60 weeks
during the follow-up period. The protocol of the 48-week SSR was
similar to that of the 36-week SSR, with the key distinction being the
maintenance treatment phase involving a daily dose of 16 mg lasting
for 32weeks (Figure 1C).

Paired liver biopsies were obtained at BL and at the end of steroid
treatment. Inflammatory necrosis grading and fibrosis staging were
determined according to the modified Ishak scoring system,® in ad-
dition to evaluating the typical histological characteristics. To rule
out AIH and immunoglobulin G (IgG)4-related diseases, the rosette
arrangement of hepatocytes and emperipolesis of lymphocytes,
plasma cells and IgG4-positive cells were assessed. Non-invasive as-
sessment of liver fibrosis, including the AST-to-platelet ratio index

(APRI)Y and fibrosis 4 score (FIB-4),'® was performed based on the
following formulae: APRI=([AST/ULN]/platelet [PLT])x100 and
FIB-4=(age x AST)/(PLT x ALT®®) (AST ULN=40U/L).

Our previous study found that AST and TBL, PLTs, prothrom-
bin time (PT), sex and age were associated with biochemical non-
resolution (BNR) and incorporated these parameters to construct
a nomogram model (BNR-6).” We categorized patients into those
having low, medium and high risk of BNR-6 (0-28, 28-50, >50 points

respectively).'?

2.5 | Outcomes

The primary outcome was the relapse rate (RR), defined as an el-
evation in the AST or ALT level by more than fivefold the ULN or
being two times higher than before. The secondary outcomes were
improvement in liver histology, time to normalization of biochemical
parameters and safety. Histological improvement was defined as a
decrease of at least 2 points in necroinflammatory activity or at least
1 point in fibrosis, as per the Ishak scoring system.

Moreover, the efficacies of both 36- and 48-week SSR treat-
ments for chronic DILI cases were assessed and compared between
the DI-ALH and non-DI-ALH subgroups. DI-ALH was defined as a
condition presenting with either positive serum autoantibodies (an-
tinuclear antibody and/or anti-smooth muscle antibody [ANA] and/
or smooth muscle antibody [SMA]) or elevated IgG levels (>1.1x
ULN), while maintaining an international AIH score of <15 points be-
fore corticosteroid therapy.1®121°

The adverse events in each group were evaluated according
to the Common Terminology Criteria for Adverse Events (version
5.0).2° The types of steroid-related adverse effects were based on
the AASLD?Y/EASL22 AIH guidelines. The adverse effects that oc-
curred during both the treatment and follow-up periods were com-

bined for the analyses.

2.6 | Statistical analysis

We hypothesized that the effective rate at 36 weeks of SSR would
be similar to that at 48 weeks of SSR. Based on our previous clini-
cal observations, the RR of patients receiving 48-week SSR was 7%
(2%-13%). Employing SAS software (version 9.4) with a 1:1 alloca-
tion between the groups, the proposed non-inferiority margin was
10%,a=.05, #=.2, and the total sample size was estimated to be 81.
Considering a dropout rate of 10%, the total sample size was de-
termined to be 90 (45 patients each for the 36- and 48-week SSR
groups).

Baseline characteristics, efficacy and safety were evaluated
using the intention-to-treat (ITT) set and per-protocol set (PPS).
All continuous variables conforming to normal distribution are
presented as means+SDs, while non-normally distributed vari-
ables are presented as medians (interquartile ranges). Continuous
variables with normal distribution were compared using unpaired
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Student's t tests (for equal variances) or the Satterthwaite test (for
unequal variances); the Mann-Whitney U test was used for non-
normally distributed variables, and the Wilcoxon rank sum test
was used for comparison between two groups. Comparisons of
categorical variables between the groups were conducted using
Chi square or Fisher's exact tests. The p-values for all analyses
were two-sided, and the significance was set at p<.05. Analyses
and graph plotting were performed using SPSS software (version
25.0; IBM Corp., Armonk, NY, USA) and GraphPad Prism (version
8.4.2; La Jolla, CA, USA).

3 | RESULTS
3.1 | Patient flow and randomization

From 7 September 2017 to 28 August 2021, 296 patients with
chronic DILI were screened. According to the inclusion and exclusion
criteria, 206 patients were excluded (165 patients were ineligible
based on the inclusion criteria, 28 patients had AlIH, seven patients
were pregnant or planning pregnancy and six patients withdrew
informed consent). Ultimately, 90 patients diagnosed with chronic
DILI were enrolled in the ITT population and randomly assigned to
the 36- or 48-week SSR groups in a 1:1 ratio (Figure 1A). Eighty-four
(93.3%) of 90 patients were included in the PPS analysis at the trial

endpoint.

3.2 | Characteristics of participants
3.2.1 | Clinical features

In the ITT population, the median age of patients was 49.5years, and
62 (68.9%) of the 90 patients were women. The leading cause of
chronic DILI was the use of traditional Chinese medicine (TCM) or
HDS (51.1%), followed by synthetic drugs (27.8%). The hepatocellular
type (R = 5) was the main liver injury pattern (48/90, 53.4%). Liver in-
jury at the time of enrollment?® was mild (57.8%), moderate (41.1%),
or severe (2.2%); no patients developed fatal liver injury or received
liver transplantation. In total, 21 (23.3%), 57 (63.3%) and 12 (13.3%)
participants showed high, medium and low risk of BNR?’ at the time
of enrollment respectively. Moreover, although none met the diag-
nostic criteria for AlH, 40 (44.4%) patients had positive autoantibod-
ies (ANA and/or SMA) or elevated 1gG levels (>1.1x ULN).* Liver
ultrasound showed that 94.4% of patients had coarsening of the
liver architecture, and 5.6% displayed a coarsening-nodular pattern.
Liver biopsy results showed that 11.4%, 39.8%, 47.7% and 1.1% of
patients had activity scores of 0-6, 7-9, 10-14 and 15-18 points
respectively. The prevalence rates of fibrosis stages 0-1, 2, 3, 4 and
5-6 were 15.9%, 20.4%, 30.7%, 27.3% and 5.7% respectively.
Clinical characteristics were comparable between the 36- and

48-week SSR groupsin the ITT population or per-protocol population
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(Table 1, Table S1). Moreover, there were no significant differences
between the DI-ALH or non-DI-ALH subgroups (Table S2).

3.2.2 | Implicated agents

Of the 90 patients with chronic DILI, 21 (23.3%) were administered
for healthy purposes, 18 (20.0%) for gastrointestinal diseases, 13
(14.4%) for bone and joint diseases, seven (7.8%) for skin diseases
and four (4.4%) for hyperlipidaemia. In terms of implicated agents,
TCM and HDS were implicated in 46 patients (51.1%), followed by
synthetic drugs (27.8%). Moreover, 19 patients (21.1%) received a
combination of synthetic drugs and TCM/HDS. The major Chinese
herbs associated with chronic DILI in this cohort were Polygonum
multiflorum Thunb. (Heshouwu) (n=12), Corydalis yanhusuo W. T.
Wang (Yanhusuo) (n=7), Psoralea corylifolia L. (Buguzhi) (n=3),
Dictamnus dasycarpus Turcz. (Baixianpi) (n=3) and Cassia obtusifolia
L. (Juemingzi) (h=2). The most implicated synthetic drugs were ibu-
profen (n=6), omeprazole (n=5), clarithromycin (n=4), amoxicillin
(n=3) and atorvastatin (n=3). In this cohort, the single-used impli-
cated agents related to DI-ALH were Shu-shen-ling capsules (con-
taining Polygonum multiflorum Thunb. and 10 other Chinese herbs
without hepatotoxicity reports [n=1]), Ding-kun-dan pill (containing
Corydalis yanhusuo W. T. Wang and 29 other herbs [n=1]) and Niu-
huang-jie-du tablet (containing Rheum palmatum L. and seven other
herbs [n=1]).

Additionally, we analysed the relationship between the effects of
steroid treatment and the implicated agents. Excluding six patients
who were lost to follow-up during the treatment period, there were
five non-responders to steroid therapy in the remaining 84 patients.
Among them, four participants were using TCM/HDS (80.0%), one
was using combined synthetic drugs and TCM/HDS (20.0%), and no
patient was using synthetic drugs only (0.0%). However, 79 patients
responded to steroid treatment, among which 23 (29.1%), 38 (48.1%)
and 18 (22.8%) patients used synthetic drugs, TCM/HDS and a com-
bination of both respectively (Table S3).

3.2.3 | Histological features

Histologically, varying degrees of inflammatory necrosis and fibro-
sis were observed in the BL liver biopsy. Inflammatory activity >10
points occurred in 48.8% of patients, and 63.7% of patients de-
veloped significant or advanced fibrosis (fibrosis scores from 3 to
6 points; Table 1). Confluent necrosis and bridging necrosis were
frequently noted in patients with high activity. Moderate-to-severe
portal inflammation and variable interface hepatitis were histologi-
cal hallmarks. Lobular and portal infiltrates consisted primarily of
mixed inflammatory cells dominated by lymphocytes with only a few
plasma cells. Histological features of AlH, such as predominant lym-
phoplasmacytic infiltrates, the formation of liver cell rosettes and

emperipolesis phenomena, were less common (Figure 2).
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Characteristic
Age (years), n (%)
Female gender, n (%)

From DILI onset to
enrollment, month

Class of implicated drugs, n (%)
TCM or HDS
Synthetic drugs
Combination

R value?, n (%)

R=5 (Hepatocellular)
2 <R<5 (Mixed)
R <2 (Cholestatic)

DILI severity®, n (%)
Mild
Moderate
Severe
Fatal/transplantation

BNR risk®
Low
Medium
High

WBC, x10%/L (3.69-9.16)

HGB, g/L (113-151)

PLT, x10%/L (101-320)

Eosinophils, x10%/L (0.02-0.5)

ALT, U/L (5-35)

AST, U/L (8-40)

TBIL, pmol/L (3.3-20.5)

ALP, U/L (40-150)

GGT, U/L (7-32)

Albumin, g/L (35-55)

Cholinesterase, U/L
(5000-12000)

Prothrombin time, s (10.2-14.3),

Within normal range

INR (0.8-1.2), n (%)
Within normal range

Autoantibodies positive, n (%)
ANA and/or SMA
Others

1gG, g/L (7.23-16.6), n (%)
>2xULN
1.5XULN—2.0xULN
1.0xULN—-1.5xULN
<1.0xULN

HUANG ET AL.
TABLE 1 Demographic, clinical and histological characteristics of the patients at baseline.
All patients (n=90) 36w-SSR group (n=45) 48 w-SSR group (n=45) p value
49.5(41.0, 54.0) 50.0 (41.5, 54.0) 48.0 (40.5, 54.0) .390
62 (68.9) 31 (68.9) 31 (68.9) 1.000
7.0 (6.0, 15.5) 7.0(6.0,17.0) 7.0(6.0, 14.0) 737
46 (51.1) 24 (53.3) 22 (48.9) 914
25(27.8) 12 (26.7) 13 (28.9)
19 (21.1) 9(20.0) 10 (22.2)
48 (53.4) 23(51.1) 25 (55.6) 914
40 (44.4) 21(46.7) 19 (42.2)
2(2.2) 1(2.2) 1(2.2)
52 (57.8) 25 (55.6) 27 (60.0) .831
37 (41.1) 19 (42.2) 18 (40.0)
1(1.1) 1(2.2) 0(0.0)
0(0.0) 0(0.0) 0(0.0)
12 (13.3) 4(8.9) 8(17.8) 417
57 (63.3) 29 (64.4) 28 (62.2)
21(23.3) 12 (26.7) 9(20.0)
4.73+0.95 4.76+0.97 4.70+0.95 775
123.2+14.0 123.7+14.9 122.6+13.1 717
185.2+75.5 183.8+79.2 186.6+72.6 .858
0.08 (0.05, 0.14) 0.08(0.05,0.14) 0.10(0.05, 0.16) 374
187.0 (146.0, 251.0) 200.0(154.3, 270.0) 170.0 (139.0, 235.5) .268
205.0 (141.0, 300.0) 201.0(147.5, 290.3) 205.0(119.0, 364.5) 933
31.4(16.8, 68.3) 30.7 (16.7,76.3) 31.4(16.8, 64.3) 752
126.5(96.8, 170.5) 124.1 (103.0, 180.0) 129.0 (95.0, 164.5) .688
117.0 (59.3, 169.0) 112.0(54.0, 210.0) 122.0 (60.0, 167.0) 933
34.5(32.0, 37.0) 35.0(33.0, 37.0) 34.0(31.5, 38.0) .802
5213.0 (3805.5, 6047.5) 5142.0 (3666.0, 5994.5) 5285.0(3882.0, 6083.0) .900
n (%)
79 (87.8) 38(84.4) 41 (91.1) 266
77 (85.6) 37(82.2) 40 (88.9) .368
35(38.9) 15(33.3) 20 (44.4) .280
0(0.00) 0(0.00) 0(0.00)
0(0.0) 0(0.0) 0(0.0) 155
4(4.4) 3(6.7) 1(22)
17 (18.9) 5(11.1) 12(26.7)
69 (76.7) 37(82.2) 32(71.1)
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TABLE 1 (Continued)
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Characteristic All patients (n=90) 36w-SSR group (n=45) 48 w-SSR group (n=45) p value
Ultrasound
Liver, n (%)
Coarsening pattern 85 (94.4) 43 (95.6) 42 (93.3) 1.000
Coarsening-nodular 5(5.6) 2(4.4) 3(6.7)
pattern
Spleen length (mm) 111.1+18.2 110.1+19.8 112.1+16.7 .618
Portal vein diameter (mm) 11.0(10.0, 11.0) 11.0(10.0, 11.0) 11.0(10.0, 11.0) .882
Liver biopsy, n (%) 88(97.8) 44 (97.8) 44 (97.8) 1.000
Activity score, n (%)
0-6 10 (11.4) 6(13.6) 4(9.1) .829
7-9 35(39.8) 18 (40.9) 17 (38.6)
10-14 42 (47.7) 20 (45.5) 22 (50.0)
15-18 1(1.1) 0(0.0) 1(2.3)
Fibrosis score, n (%)
0-1 14 (15.9) 9(20.4) 5(11.4) 766
2 18(20.4) 8(18.2) 10 (22.7)
3 27 (30.7) 12(27.3) 15(34.1)
4 24 (27.3) 12(27.3) 12(27.3)
5-6 5(5.7) 3(6.8) 2 (4.5)
RUCAM
6-8 79 (87.8) 40 (88.9) 39 (86.7) 748
29 11(12.2) 5(11.1) 6(13.3)
With or without autoimmune-like hepatitis
DI-ALH, n (%) 40 (44.4) 18 (40.0) 22 (48.9) .396
Non-DI-ALH, n (%) 50 (55.6) 27 (60.0) 23(51.1)
AlH score? 8.00(7.00, 9.00) 8.00 (6.25, 9.00) 8.00 (7.00, 9.00) 434

Note: Data reported as mean +SD or median (quartile 1, quartile 3).

Abbreviations: DI-ALH: drug-induced autoimmune-like hepatitis; HGB, hemoglobin; INR, international normalized ratio; PLT, platelet; SSR, steroid

stepwise reduction; WBC, white blood cell.

?R-value was used to define the injury patterns of DILI, which is calculated as the ratio of ALT/ULN between ALP/ULN.

*The severity of DILI was evaluated according to the International DILI Expert Working Group's severity criteria.

23

°BNR (biochemical non-resolution) risk was used to predict the outcome of patients with chronic DILLY

dAccording to the revised original scoring system (-26 to 26 points) of the International Autoimmune Hepatitis Group.*® Not involved the HLA-DR3

and DR in the calculation of AIH score.

3.3 | Efficacy
3.3.1 | Relapse rate

Three patients in each group were lost to follow-up during the treat-
ment period (Table S4). ITT analysis revealed a similar result (6.7% vs.
4.4%; Table 2) for the primary outcome. The between-group differ-
ence was 2.3% (95% confidence interval [Cl], -7.1%-11.7%; p=1.000),
indicating non-inferiority. In the PPS analysis, three (7.1%) and two
(4.8%) of the 42 patients in the 36- and 48-week SSR group, respec-
tively, exhibited relapse, with a between-group difference of 2.3%
(95% Cl, -7.8% to 12.4%; p=1.000; Table 2), indicating non-inferiority.
No difference was observed in the time of liver biochemical normali-
zation between the 36-week (median: ALT, 3.0weeks; AST, 3.0 weeks;
alkaline phosphatase [ALP], 2.0weeks; TBIL, 4.0weeks) and 48-week

SSR groups (median: ALT, 3.0weeks; AST, 2.0weeks; ALP, 2.0 weeks;
TBIL, 2.0weeks; all p>.05; Figure 3, Table S5).

Briefly, during the ITT analysis, the 36-week SSR revealed a com-
parable RR between the DI-ALH (5.6%) and non-DI-ALH (7.4%) sub-
groups; the 48-week SSR also achieved a comparable RR between
the DI-ALH (4.5%) and non-DI-ALH (4.3%) subgroups (Table Sé).

In both the 36- and 48-week SSR, the RR of patients with low-
risk BNR-6 was zero, which was lower than that of patients with me-
dium/high-risk BNR-6 (Table S7).

3.3.2 | Histological changes

Liver biopsies of all participants were obtained at BL, except for
two who withdrew consent for biopsy. At the treatment endpoint,
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FIGURE 2 Histological improvement assessment of pre- and post-treatment in patients with chronic drug-induced liver injury (DILI)
receiving steroid treatment. Patient no. 25 represented in (A), who received a 36-week steroid treatment, initially presented with extensive
lobular necroinflammatory activity, moderate portal inflammatory infiltration and significant fibrosis as indicated by Haematoxylin-eosin
(HE) and Masson trichrome stains (patient no. 25). Post 36-week steroid treatment, the liver biopsy showed mild histological activity and
an absence of fibrosis. Patient no. 17 represented in (B) exhibited confluent necrosis and lobular inflammation before treatment. Notably,
lobular necroinflammation and fibrosis reversal were noted during the liver biopsy of patient no. 17 after the 36-week steroid treatment.
Patient no. 10 represented in (C), who received the 48-week steroid treatment, demonstrated obvious lobular and portal inflammatory
activity with interface hepatitis on HE staining. Masson trichrome stain revealed advanced liver fibrosis and distorted lobular structure at
baseline (patient no. 10). Post-treatment liver biopsy indicated a return to normal lobular structure and mild portal inflammation. Patient
no. 14 represented in (D) also received the 48-week steroid treatment and initially showed a few lobular confluent necrosis and mild portal
inflammatory infiltrate. Masson trichrome stain indicated bridging fibrosis. After 48 weeks of steroid treatment, lobular histological activity
and liver fibrosis were absent in the post-treatment biopsy (patient no. 14). HE stain and Masson trichrome stain, original magnification

x200.

liver biopsies were obtained from 29 (29/42, 69.0%) patients in the
36-week SSR group and 28 (28/42, 66.7%) patients in the 48-week
SSR group. After treatment, 93.1% of patients in the 36-week SSR
group exhibited a decrease in activity score by at least 2 points, and
the frequency in the 48-week SSR was 92.9%. The between-group
difference was 0.2% (95% Cl, -0.7-1.1%; p=1.000), indicating
non-inferiority (Table 2). The proportions of patients with differ-
ent activity scores (0-6, 7-9, 10-14 and 15-18 points) significantly
changed in both the 36- and 48-week SSR groups (Figure 4A), indi-
cating an evident activity improvement in the two groups. Similarly,
41.4% of patients in the 36-week SSR group exhibited a decrease
in fibrosis score by at least one point, and the frequency in the 48-
week SSR group was 46.4%, with a between-group difference of
-5.0% (95% Cl, -8.4% to 1.6%; p=.701), indicating non-inferiority
(Table 2).

Further analysis revealed that the proportion of unfavourable
fibrosis status (S score >3 points) showed a decline from 61.4%
(95% Cl, 47.0%-75.8%) at BL to 44.8% (95% Cl, 32.5%-57.1%) at the

treatment endpoint in the 36-week SSR group, and the proportion
also decreased from 65.9% (95% Cl, 51.0%-80.8%) to 48.3% (95% Cl,
35.5%-61.1%) in the 48-week SSR group (Figure 4B), indicating non-
inferiority (p=.684). There was no difference between the changes
in the activity score (Figure 4C) or fibrosis score (Figure 4D) between
the 36- and 48-week SSR groups. The pre- and post-treatment rep-
resentative liver biopsies from four patients in our cohort are shown
in Figure 2A-D.

Importantly, steroid treatment efficacy for chronic DILI was
comparable between the DI-ALH and non-DI-ALH subgroups in
terms of histological improvements, whether in the 36- or 48-week
SSR group (Table S4).

Fibrosis improvement was also assessed using the APRI and
FIB-4. The scores of both models decreased in the 36- and 48-week
SSR groups (APRI, -2.70 [95% Cl, -3.11 to 1.42] vs. -2.52 [95% Cl,
-4.08 to 0.89], p=.536; FIB-4, -3.23 [95% ClI, -3.24 to 0.39] vs.
-2.655[95% Cl, -2.99 to 0.06], p=.511 respectively), indicating non-
inferiority (Table 2).
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TABLE 2 Therapeutic effects and safety of the corticosteroid treatment.

Items 36w-SSR group (n=45) 48 w-SSR group (n=45) p value
Relapse rate (RR), n (%) 3/45(6.7%, ITT) 2/45 (4.4%,ITT) 1.000(ITT)
3/42(7.1%, PPS) 2/42 (4.8%, PPS) 1.000 (PPS)
Histology improvement
Activity score decreased >2 points®, n (%) 27/29 (93.1) 26/28(92.9) 1.000
Mean decline in activity score 5.6+2.8 55+3.1 .949
Fibrosis score decreased >1 point®, n (%) 12/29 (41.4) 13/28 (46.4) 701
Mean decline in fibrosis score -0.4+0.9 -0.6+1.1 .632
APRI® change -2.7 (-5.5, -1.5) -2.5(-5.1,-0.9) .536
FIB-4¢ change -3.2(-5.4,-1.7) -2.6(-6.7,-0.8) .511
Adverse effects during treatment (Grade | or Il), n (%)
Facial rounding 7/45 (15.6%) 9/45 (20.0%) .581
Weight gain 3/45 (6.7%) 5/45 (11.1%) 714
Impaired glucose tolerance 2/45 (4.4%) 2/45 (4.4%) 1.000
Hypokalaemia 3/45 (6.7%) 4/45 (8.9%) 1.000
Acne 1/45 (2.2%) 4/45 (8.9%) .361
Hypertension 2/45 (4.4%) 2/45 (4.4%) 1.000
Hirsutism 1/45 (2.2%) 3/45 (6.7%) .616
Dorsal hump formation 1/45 (2.2%) 1/45 (2.2%) 1.000
Adverse events during follow-up 0 0

Note: Data reported as mean=+SD or median (range).

Abbreviations: ITT, intention-to-treat; PPS, per-protocol set; SSR, steroid stepwise reduction.
3Ishak score.®

*The formula of APRI calculation is AST/ULN x 100/PLT (x10°/L)."

“The formula of FIB-4 calculation is Age x AST/PLT (x10°/L) x Square root of ALT.'8

Time of ALT normalization Time of AST normalization 3.4 | Safety
104 ns 8- ns
_— We observed corticosteroid-related grade 1 or 2 adverse events,
* 6 including facial rounding, weight gain, impaired glucose tolerance,
% & % o hypokalaemia and acne, in both the groups (Table 2). However, no
3 47 E difference was observed in adverse events during treatment be-
24 29 tween the 36- and 48-week SSR groups. No severe adverse events
0 . . 0 . . were reported in either the 36- or 48-week SSR group. All adverse
36w-SSR  4Bw-SSR 36w-SSR  48w-SSR events resolved within 24 weeks of steroid withdrawal.
Time of ALP normalization Time of TBIL normalization
5 ns "] ns 4 | DISCUSSION
] 10
@ ] Currently, an effective treatment for chronic idiosyncratic DILI cases
§ 1 § is lacking. The prevailing consensus suggests that immunological
2 ] mechanisms play an important role in the pathogenesis of idiosyn-
R cratic DILI.?* Therefore, as immunosuppressant drugs, corticoster-

o

T T T T . . . N
36w-SSR  48w-SSR 36w-SSR  48w-SSR oids might represent an opportunity to confine the damage caused

by inflammatory responses. While corticosteroid therapy is not a
FIGURE 3 Time of liver biochemistry (ALT, AST, ALP and standard treatment for DILI cases, it is commonly used in patients
TBIL) normalization between the 36w-SSR and 48w-SSR groups.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; SSR, Steroid stepwise reduction; TBIL,
total bilirubin.

with idiosyncratic DILI, especially in those exhibiting autoimmune
features.®®25-28 Short-term use of corticosteroids was strongly rec-

ommended for patients with severe DILI with hyperbilirubinaemia
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FIGURE 4 Comparisons of histological features between groups at baseline and the endpoint. Percentages of patients in different
categories of inflammation activity scores. Inflammatory activity (A) and fibrosis (B) at baseline (BL) and at the end of treatment (36 or
48 weeks). Waterfall plots of the changes in activity scores (C) and fibrosis scores (D) from baseline to post-treatment in patients in the two

groups (36-w SSR or 48-w SSR). SSR, steroid stepwise reduction.

in a retrospective study.29 Moreover, rapid responses to corticos-
teroids were reported in two well-characterized patients of DILI
without autoimmune features as observed by serology or histology.8
In contrast, steroid therapy was not associated with an improved re-
covery time or survival in patients with acute severe DILI in another
retrospective study.’® An analysis from the Spanish DILI Registry
indicated that patients receiving corticosteroids had a higher rate
of death/liver transplantation than those who were not treated with
steroids.3! The benefit-risk ratio of corticosteroid administration
is controversial owing to significant differences and mismatches in
DILI characteristics between the steroid and non-steroid groups.

1.1% examined the relationship between corticosteroid ther-

Niu et a
apy and the risk of acute liver failure in patients with idiosyncratic
DILI in a rigorous propensity score-matched analysis. This approach
could remove the effects of confounding factors when estimating
the effects of steroid treatment on idiosyncratic DILI, and corticos-
teroid therapy did not increase the risk of mortality in patients with
idiosyncratic DILI but exhibited a beneficial effect in terms of the
rate of normalization of liver enzymes.

Many studies on the therapeutic effects of steroids have fo-
cused on acute idiosyncratic DILI. The therapeutic effects of ste-
roids on chronic DILI have not been fully evaluated. Retrospective

studies®233

without liver histological evaluation have reported the
role of steroids in the treatment of chronic DILI, which remains con-
troversial. Persistent liver injury, even after withdrawal of the caus-
ative agent following acute DILI remains a clinical challenge.

In our previous study, we showed that a 48-week SSR leads to
significantly decreased necro-inflammatory activity, fibrosis score

and RR, independent of autoimmune features, in patients with

chronic DILI.Y Although corticosteroid-related side effects occur

2134 concerns persist

mostly at doses >20mg daily for >18 months,
regarding severe side effects of steroids during the 48-week SSR
treatment period.

To decrease the risk of potential adverse effects and increase
compliance of patients with DILI during steroid treatment, we per-
formed a randomized prospective open-label trial to investigate the
efficacy of 36-week SSR for patients with chronic DILI. In a well-
characterized cohort of patients with chronic DILI, both 36- and
48-week SSR achieved similar efficacy in biochemical response and
histological improvements with good safety. These data support the
concept that the 36-week SSR was non-inferior to the 48-week SSR
in patients with chronic DILI.

DI-ALH was defined as a liver injury with laboratory and/or his-
tological features that may be indistinguishable from those of AlH.1?
Corticosteroids may be of benefit in selected patients with DI-ALH.
However, the optimal dose and duration are unknown because of
the lack of controlled clinical trials. In our study, >40% of patients
were diagnosed with DI-ALH. Consistent with our previously re-
ported results,'? in this study, both 36- and 48-week SSR achieved
a biochemical response and histological improvements in patients
with DI-ALH. Our research results provide an effective treatment
regimen for patients with DI-ALH, particularly in those where ongo-
ing injury persists beyond 6 months.

We found that similar RRs and histological improvements were
observed in the DI-ALH and non-DI-ALH subgroups, whether in
the 36- or 48-week SSR group, indicating the rationale of corti-
costeroid treatment for chronic DILI independent of autoimmune
features. DI-ALH is considered a liver injury with laboratory and/
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or histological features that may be indistinguishable from those of
AIH.*? Distinguishing DI-ALH from AIH is crucial as patients with
DI-ALH rarely require long-term immunosuppression, and approx-
imately 70% (based on our data) experience spontaneous resolu-
tion after discontinuing the implicated drug. The absence of relapse
during long-term follow-up, such as the 36-week period, without
immunosuppressive therapy is an important feature of DI-ALH. We
believe that DI-ALH is a special type of chronic DILI and may not
conform to the classical definition of AIH. We need to pay more
attention to this situation. We also found that approximately 93%
of enrolled patients who underwent steroid treatment (approxi-
mately 41% with DI-ALH) did not relapse, further confirming that
these patients have chronic DILI rather than AlH. The remaining 7%
of patients might develop classical AIH and may require long-term
follow-up.

Clinical practice guidelines in DILI discourage routine corticoste-
roid use or recommend limiting their use to specific patients with
autoimmune features.®>?¢%?” Niu et al.!® found that corticosteroid
administration was associated with a greater rate of normalization
of liver enzymes in patients with more severe DILI and/or features
suggesting autoimmune hepatitis-like DILI. However, in line with our
previous research findings,'* we found in the current study that sim-
ilar RRs and histological improvements were observed in the DI-ALH
and non-DI-ALH subgroups, whether in the 36- or 48-week SSR
group, indicating the possible rationale of corticosteroid treatment
for chronic DILI independent of autoimmune features. Additionally,
there have been reports of two cases of DILI that improved with
corticosteroid therapy despite the lack of autoimmune features by
serology or histology.® To overcome this issue, a larger multi-centre
and randomized controlled trial should be performed to evaluate
whether corticosteroid-treated patients with DI-ALH would have a
better outcome.

Further, we performed a post hoc analysis, focusing on risk strat-
ification management and thus evaluating the efficacy of steroid
therapy. There is an urgent unmet clinical need to develop tools for
risk assessment and stratification in treating patients with DILI. Our
previous BNR-6 score (consisting of age, sex, AST, TBIL, PLT and PT),
measured on the date of chronic DILI diagnosis, exhibited physician-
friendly performance for predicting the risk of BNR in chronic DILLY
Considering the observed zero RRs in the low-risk category for
BNR-6 (<28 points) in both treatment groups, we had previously sug-
gested that for those with medium/high BNR-6 scores (228 points),
corticosteroid treatment should be considered with an intention to
avoid progression of liver injury. For low risk of BNR-6 (<28 points),
steroid therapy is not required. In the present study, we showed that
steroid therapy could decrease the RRs to 4.9% (36-week) and 5.4%
(48-week) in medium-/high-risk patients respectively. The BNR-6
score might fulfil clinicians' expectations concerning precise identi-
fication for treatment; therefore, we suggest that the BNR-6 score
might be incorporated into future clinical practice to initiate timely
steroid therapy for patients with chronic DILI.

The findings from this study support the use of 36-week SSR in
patients with chronic DILI meeting one of the following criteria: (1)
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evident increase in liver biochemistry parameters (e.g. ALT or AST
>10x ULN, or ALT or AST >5xULN and TBIL >2xULN), (2) histo-
logical features of confluent necrosis and bridging necrosis, or portal
inflammation equal to or more than moderate, even with or with-
out autoimmune features or (3) medium/high BNR risk (BNR-6 228
points).

Corticosteroid-related side effects, especially severe complica-
tions, usually occur in patients with AIH after protracted therapy
with prednisone (20mg daily) for >18months.2*3* In this study,
36- and 48-week treatments were compared. All observed steroid-
related adverse effects were of grade 1 or 2 according to CTCAE 5.0.
Furthermore, all adverse effects disappeared prior to the end of the
24-week follow-up period.

Furthermore, we conducted a subgroup analysis on the impli-
cated agents for patients based on the efficacy of steroid treatment.
Among the patients who did not respond to steroid treatment, the
implicated agents included partially or entirely TCM/HDS. In con-
trast, nearly 30% of the patients who responded to steroid treatment
had implicated agents consisting solely of synthetic drugs. Although
there was no significant difference in the implicated agents between
the two groups, our results indicate that TCM/HDS could be an un-
derlying agent affecting the efficacy of steroid treatment. This also
suggests that more attention should be paid to the clinical assess-
ment and treatment strategies of patients with chronic DILI caused
by TCM/HDS in future clinical practices.

The current study has some limitations. First, this was a single-
centre and open-label study. The findings should be replicated in a
large multi-centre and randomized controlled trial. Second, the pro-
portion of participants in the two groups who underwent a second
biopsy at the treatment endpoint was <70%. To overcome this issue,
we used the APRI and FIB4 scores for non-invasive assessment.

In conclusion, this study provides high-quality evidence that
both 36- and 48-week SSR demonstrate similar efficacy in biochem-
ical response and histological improvements with good safety, sup-
porting 36-week SSR as a preferable therapeutic choice for patients
with chronic DILI with or without autoimmune features. Thus, we
recommend 36-week SSR therapy for the treatment of chronic DILI
cases. A larger multi-centre and randomized controlled clinical trial
should be performed to replicate our results and establish a sub-

group of patients with DILI who would benefit from steroid therapy.
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