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Summary
Background: The use of corticosteroids to treat patients with idiosyncratic drug-
induced liver injury (DILI) relies on empirical clinical decisions.
Aim: To investigate the relationship between corticosteroids and risk of acute liver 
failure (ALF) in patients with DILI and to assess if corticosteroid therapy was associ-
ated with improved outcomes in DILI patients.
Methods: We analysed bona fide  idiosyncratic DILI cases from the Spanish DILI 
Registry and Indiana University School of Medicine. Patients treated with corticos-
teroids were compared to those who did not receive any treatment. Nearest neigh-
bour propensity score matching analyses were conducted.
Results: We enrolled 724 patients, 106 under corticosteroid therapy, in whom there 
was over-representation of more severe injury and autoimmune features, and 618 
who did not receive any treatment. In an analysis of 80 pairs of propensity score-
matched patients, corticosteroid administration was not associated with an increased 
risk of developing ALF (odds ratio = 0.65; 95% confidence interval [CI]: 0.18–2.40; 
p  =  0.518). Furthermore, in an additional analysis, a Cox regression model that  
included 41 propensity score-matched pairs showed that patients receiving corticos-
teroids had a significantly higher normalisation rate of liver enzymes than untreated 
patients (hazard ratio [HR] = 1.84; 95% CI: 1.02–3.32; p = 0.043), particularly in pa-
tients with serious injury who did not resolve within 30 days (HR = 2.79; 95% CI: 
1.20–6.50; p = 0.018).
Conclusion: Corticosteroid therapy did not worsen outcome in DILI patients. Indeed, 
corticosteroid administration was associated with a greater rate of normalisation of 
liver enzymes in patients with serious DILI.
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1  | INTRODUC TION

Idiosyncratic drug-induced liver injury (DILI) is an unexpected and 
potentially severe adverse drug reaction to the use of conventional 
medications, herbal products or dietary supplements that jeop-
ardises patient safety. The majority of DILI episodes recover spon-
taneously, but some may present with or progress to acute liver 
failure (ALF) that may require liver transplantation or lead to death.1 
Indeed, idiosyncratic DILI accounted for almost 11% of ALF in adults 
in the United States.2

The hallmark of management of DILI consists of a high level 
of suspicion and immediate discontinuation of the offending drug 
to prevent persistent damage, as well as supportive treatment if 
needed. Whereas majority of patients recover spontaneously, a 
small fraction continues to worsen despite discontinuation of the of-
fending drug. Currently, there is no therapy with proven efficacy for 
these more serious cases of DILI.3,4

Corticosteroids are empirically prescribed, particularly to pa-
tients with immunoalergic features, although no properly designed 
clinical trials have established their safety and efficacy. The admin-
istration of corticosteroids to treat severe DILI remains controver-
sial due to conflicting assessment of their risk–benefit balance. In 
a retrospective study including 15 patients, Wree et al5 reported 
that patients treated with a combination of prednisone and ursode-
oxycholic acid achieved a rapid reduction in bilirubin, liver enzymes 
and International Normalised Ratio (INR) levels. Likewise, in a ret-
rospective study with 203 patients, a beneficial effect of cortico-
steroid therapy by decreasing mortality rate and shortening time 
to recovery in severe DILI patients was described.6 Additionally, a 
positive response to treatment with budesonide, alone or in combi-
nation with ursodeoxycholic acid, was recently reported in two DILI 
cases without autoimmune features.7 On the other hand, another 
retrospective study reported that corticosteroid administration was 
not associated with improvements in survival rate in 131 patients 
with DILI-related ALF. In fact, a deleterious effect was described in 
those patients with worse condition.8 Moreover, in a cohort of 90 
severe DILI patients, prednisone administration was not beneficial 
in reducing DILI severity, and high doses of corticosteroids (>40 mg/
day) may have been detrimental.9

More recently, the role of corticosteroid therapy has been de-
scribed in prospective DILI registries. Preliminary results from the 
Drug-Induced Liver Injury Network (DILIN) in the USA showed that 
patients who received systemic corticosteroids had higher mortality 
rates than those who were not treated with steroids.10 In a recent 
analysis from the Spanish DILI Registry, patients who received cor-
ticosteroids had more serious liver injury, and they experienced a 
higher incidence of ALF, suggesting that patients with DILI who re-
ceived corticosteroids may be exposed to a higher risk of ALF com-
pared to those who did not receive corticosteroids.11 However, the 
characteristics of DILI between these two groups were significantly 
different and were not matched.

In observational studies, treatment selection might be influ-
enced by patient's characteristics. The propensity score was defined 

as the probability of treatment assignment conditional on observed 
baseline covariates. Thus, propensity scores matching consists of 
forming matched sets of treated and untreated patients who share 
similar propensity scores to remove the effect of confounding when 
estimating the effects of treatment on outcomes.12,13

Therefore, we examined the relationship between corticosteroid 
therapy and the risk of ALF in patients with DILI in a rigorous pro-
pensity score-matched analysis. A secondary objective of this analy-
sis was to assess if corticosteroid therapy was associated with better 
outcomes in patients with DILI.

2  | MATERIAL S AND METHODS

2.1 | Study population

This is an international collaborative observational study in which 
data were gathered from two prospective DILI registries. Information 
from 979 DILI cases enrolled from 1994 to November 2020 in the 
Spanish DILI Registry, a network of Spanish clinical centres, was col-
lected. Details of the functioning of the Spanish DILI registry have 
been described elsewhere.11 In addition, data from 195 DILI cases 
from the Indiana University School of Medicine, enrolled in the US 
DILIN between 2003 and 2018, were retrieved. The aims and de-
sign of the DILIN registry have been previously described.14 Registry 
acquired data was supplemented by chart review to describe clini-
cal phenotypes and outcomes, including corticosteroid therapy as 
described below. Study protocols were approved by the Institutional 
Review Board (IRB) of the Hospital Universitario Virgen de la Victoria 
and Indiana University. All subjects included in the study gave their 
informed consent.

2.2 | Case definition

In the Spanish DILI Registry, DILI was initially defined according to 
the criteria by the Council for International Organisations of Medical 
Sciences (CIOMS),15 and later adapted to those criteria set in 201116: 
alanine aminotransferase (ALT) ≥5 times the upper limit of normal 
(ULN), alkaline phosphatase (ALP) ≥2 times the ULN, or ALT ≥3 times 
the ULN and a simultaneous elevation of twofold the ULN of total 
bilirubin (TBL). DILI cases enrolled in the Indiana University cohort 
fulfilled the following criteria: elevations of ALT or aspartate ami-
notransferase (AST) >5 times the ULN, or ALP > 2 times ULN. Patients 
who developed jaundice (serum bilirubin ≥2.5 mg/dl) or coagulopathy 
(INR > 1.5), with any elevations in ALT, AST or ALP, were eligible.14

Case ascertainment in the Spanish DILI Registry was performed 
by three independent experts. Only cases who were scored at least 
“possible” when applying the Roussel Uclaf Causality Assessment 
Method (RUCAM) were included. Likewise, in Indiana University, the 
causal relationship between the suspected causative agent and liver 
injury was evaluated by three causality committee members. Those 
cases who were classified at least “possible” (25%–49% likelihood) 
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were included.11,14 Of note, over 85% of cases were scored as 
“Probable” or “Definite”.

The pattern of liver injury was classified using the R ratio, that 
is, (ALT/ULN) ÷ (ALP/ULN), into hepatocellular (R ≥ 5), cholestatic 
(R ≤ 2), or mixed injury (R > 2 and R < 5).16 Severity of liver injury was 
graded according to the criteria defined by Aithal et al16 into mild 
(TBL < 2 times ULN), moderate (TBL ≥ 2 times ULN), severe (TBL ≥ 2 
times ULN, and either INR ≥ 1.5, ascites and/or encephalopathy or 
other organ failures due to DILI), or fatal or transplantation (death 
or transplantation due to DILI). The Hy's law (R ≥ 5 and TBL > 2 times 
ULN), the nR-based Hy's law (nR: ALT/ULN or AST/ULN, whichever 
highest ÷ ALP/ULN),17 and the Model for End-stage Liver Disease 
(MELD) score18 were calculated. Drug-induced autoimmune-like 
hepatitis (DI-AILH) was defined as a liver injury with laboratory and/
or histological evidence of autoimmunity,19 plus a comprehensive 
review of each case conducted by independent hepatologists. The 
Charlson Comorbidity Index (CCI) was calculated as a measure of the 
comorbidity burden.20

Corticosteroid treatment was defined as receiving corticoste-
roids, either alone or in combination with other treatments, for 
treating DILI. Decision to administer corticosteroids relied on the 
patient's attending physician. Timing, route of administration and 
dosing of corticosteroids were at the discretion of each responsible 
physician. Patients who received corticosteroids prior to the DILI 
episode for any reason or after DILI for non-liver-related indications 
were excluded. In addition, only patients who did not receive any 
treatment for DILI, as specified in their clinical history, were included 
and classified as the no treatment control group.

2.3 | Outcome

To study the association between corticosteroid use and risk of ALF, 
the primary outcome of the study was defined as liver-related death 
or liver transplantation within a maximum of 6 months since DILI 
onset.17,21 For the secondary objective of this study, to assess if cor-
ticosteroid therapy was associated with better outcomes in patients 
with DILI, the outcome was defined as the normalisation of liver pro-
file (ALT, AST, ALP and TBL below the ULN).

2.4 | Statistical analysis

Demographic and clinical data for subjects included in the study 
were examined using descriptive statistics. For quantitative data, 
mean and standard deviation (SD), or median and interquartile range 
(IQR) were calculated, while qualitative variables were presented 
using frequency distributions. Differences between groups were 
assessed with the Student's t test or Mann–Whitney U test, as ap-
propriate, while qualitative variables were compared using the chi-
square test or Fisher's exact test, as appropriate. Percentages were 
calculated based on available data. Patients with missing data were 
excluded from analyses.

For each analysis, independent propensity scores (PS) to deter-
mine the predicted probability of receiving corticosteroids to treat 
DILI were estimated using a multivariable logistic regression model, 
in which treatment status (corticosteroid therapy vs. no treatment) 
was regressed on observed baseline characteristics. Covariates were 
selected on the basis of sizeable differences in characteristics that 
could potentially affect the decision to use corticosteroids. In the pri-
mary propensity score-matched analysis to examine the relationship 
between corticosteroid therapy and risk of ALF, we matched on the 
following potential confounders: sex, jaundice, AST and TBL levels at 
DILI recognition, positive autoantibody titres and MELD score. In the 
ancillary propensity score-matched analysis to evaluate the effect of 
corticosteroid therapy on the normalisation of liver enzymes, after 
excluding those patients lost to follow-up, PS were re-estimated and 
patients were matched by jaundice, AST, ALP and TBL levels at DILI 
recognition, positive autoantibody titres and MELD score. A near-
est neighbour one-to-one PS matching without replacement, using 
a calliper width equal to 0.2 of the standard deviation of the logit of 
the propensity score,22 was conducted to reduce the influence of po-
tential confounding factors. Balance between treatment groups was 
evaluated by standardised differences of all baseline covariates.

In the primary propensity score-matched analysis, within the 
matched sample, logistic regression models were fitted to evaluate 
the effect of corticosteroids on the risk of ALF. In the secondary pro-
pensity score-matched analysis to evaluate the effect of corticoste-
roid therapy on the normalisation of liver enzymes, Cox regression 
models were fitted with date of normalisation or date of ALF as exit 
time. Hazards proportionality assumption was assessed using the 
test based on the Schoenfeld residuals. Nelson–Aalen curves were 
used to depict the cumulative hazard function for normalisation of 
liver enzymes and the log-rank test to test for differences between 
groups. Unconditional analyses were used based on the rationale 
that the matching process has been considered sufficient, and the 
matched groups were considered as a whole in the analyses rather 
than as individual matched pairs.23 Robust variance estimators were 
used in all regression models.

Statistical analyses were performed using STATA version 17 
(Stata Corporation) and a two-sided p-value lower than 0.05 was 
deemed as statistically significant.

3  | RESULTS

3.1 | Baseline characteristics of the study 
population

A total of 724 eligible subjects were included in the present study 
(547 from the Spanish DILI Registry and 177 from Indiana University) 
(Figure  S1). Among them, 106 cases were under corticosteroid 
therapy, of whom four were concomitantly treated with ursode-
oxycholic acid, and one also needed from the Molecular Adsorbent 
Recirculating System (MARS). The remaining 618 patients did not 
receive any treatment.
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Baseline characteristics of the whole study population and 
each cohort separately are shown in Table  S1. Half of the cohort 
were women, and mean age of patients was 53 years, being Indiana 
University patients younger than Spanish cases (50 ± 16 vs. 54 ± 18; 
p = 0.017). Hepatocellular damage was more common in the Spanish 
DILI Registry, 63% compared to 51% in the Indiana University co-
hort, while cholestatic injury was more frequent (27%) in Indiana 
cases compared to Spanish cases (19%) (p = 0.012). Most of the pa-
tients developed jaundice (70%), and 53% were hospitalised.

One-third of the patients in the whole cohort had positive au-
toantibody titres, and 6.4% of patients were diagnosed as DI-AILH 
cases. Indiana University patients had a significantly higher preva-
lence of positive autoantibody titres compared to Spanish patients 
(52% vs. 26%; p < 0.001) and were more likely to be diagnosed as 
DI-AILH cases (17% vs. 3.5%, respectively; p < 0.001). Conversely, 
treatment characteristics were similar across cohorts. Overall, 15% 
of patients were treated with corticosteroids (mainly prednisone). 
Data on the initial dose and duration of corticosteroids adminis-
tration was available in 40% of patients. The median initial dose of 
corticosteroids was 40 mg per day, and the median duration of treat-
ment was 59 days.

Most of the cases (60%) had a moderate damage, while 7.6% of 
patients developed a severe liver injury, and 2.9% of the whole co-
hort died or underwent a liver transplant. Liver-related death and 
liver transplantation rates were comparable between the two co-
horts (p = 1.000 and p = 0.097, respectively).

3.2 | Baseline characteristics of treatment groups

A total of 106 patients were treated with corticosteroids and 618 
did not receive any treatment (Table 1). Patients from both groups 
showed a similar age distribution (p = 0.306), whilst females were 
more likely to receive corticosteroid treatment (64%, compared to 
48% who did not; p = 0.002). The pattern of liver injury was similar in 
both groups, being predominantly hepatocellular in the corticoster-
oid and the untreated group (64% and 59%, respectively; p = 0.493). 
Interestingly, the vast majority of patients who received corticos-
teroids had jaundice (85%) and were hospitalised (80%), compared 
to the 68% and 49% who were not treated, respectively (p < 0.001 
for both).

According to World Health Organisation Anatomic Therapeutic 
Classification (ATC), the most frequent groups of drugs which 
caused DILI in either patients who were treated with corticosteroids 
or those who did not receive any treatment were anti-infectives 
(systemic administration) (42% and 41%, respectively), cardiovas-
cular (13% and 12%, respectively), nervous system (8.5% and 9.7%, 
respectively), herbal and dietary supplements, including anabolic an-
drogenic steroids (8.5% and 9.1%, respectively) and musculoskeletal 
system agents (9.4% and 8.7%, respectively) (Table  S2). No differ-
ences were observed in ATC groups (p = 0.948), in relation to the du-
ration of therapy or the time to DILI recognition (latency) (p = 0.944 
and p = 0.839, respectively).

Compared to those who were not treated, patients receiving 
corticosteroid therapy presented with higher median AST and TBL 
levels (p  =  0.010 and p  < 0.001, respectively). Furthermore, as it 
might be expected, patients with positive autoantibody titres and 
those diagnosed as DI-AILH cases were more likely to be treated 
with corticosteroids. Characteristics of DI-AILH cases are presented 
in Table S3.

Also, patients who received corticosteroids developed more 
frequently severe liver injury (19%, compared to 5.7% in untreated 
patients), and fatal injury (6.6% vs. 2.3%, respectively; p < 0.001). 
Moreover, most of patients who fulfilled either the classic or the nR-
based Hy's law, as well as those who had a higher MELD score, were 
more likely to be treated with corticosteroids. Overall, liver-related 
mortality rate was significantly higher (p = 0.020) in patients who 
received corticosteroids (5.7%) compared to untreated cases (1.6%). 
However, liver transplantation rates were similar across treatment 
groups (0.9% in patients treated vs. 0.7% in those with no treatment; 
p = 0.548). In addition, time until resolution of DILI was significantly 
longer in patients under corticosteroid therapy than in those with no 
treatment (median 147 and 103 days, respectively; p = 0.039).

3.3 | Corticosteroid therapy and risk of ALF

The incidence of ALF was higher among patients treated with 
corticosteroids compared to those untreated (6.6% vs. 2.3%, re-
spectively). Before PS matching, a univariate analysis showed that 
corticosteroids administration was associated with an increased risk 
of developing ALF (odds ratio [OR] = 3.05; 95% confidence interval 
[CI]: 1.20–7.75; p = 0.019).

After matching by propensity scores based on abovementioned 
potential confounding factors, 80 pairs were matched. Except for 
hospitalisation (standardised bias  =  0.380) and DI-AILH diagnosis 
(standardised bias  =  0.641), treatment groups were well-balanced 
after PS matching (Table  2). Overall, these two groups were well-
balanced, that is, had similar probabilities of being treated with cor-
ticosteroids (Figure 1).

The logistic regression model built to evaluate the effect of 
corticosteroid therapy on the incidence of ALF indicated that cor-
ticosteroid administration was not associated with a higher risk of 
developing ALF (OR = 0.65; 95% CI: 0.18–2.40; p = 0.518).

3.4 | Corticosteroid therapy and normalisation 
rate of liver enzymes

The efficacy of corticosteroid therapy in the normalisation of liver 
enzymes was evaluated through an additional PS matching analy-
sis. A total of 41 pairs of DILI patients were matched in this ancil-
lary analysis. Except for predominance of female sex (standardised 
bias = 0.348) and prevalence of DI-AILH (standardised bias = 0.823), 
higher in the corticosteroid group, there were no differences in clini-
cal characteristics between the two groups (Table 3).
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TA B L E  1   Baseline demographics, clinical characteristics and outcome of unmatched patients with idiosyncratic drug-induced liver injury 
treated with corticosteroids and with no treatment

Corticosteroids treatment 
(n = 106) No treatment (n = 618) Standardised bias p value

Age (years), mean ± SD 55 ± 19 53 ± 18 0.106 0.306

Female, n (%) 68 (64) 297 (48) 0.328 0.002

Body mass index (kg/m2), mean ± SD 26 ± 5.4 26 ± 4.7 −0.023 0.842

Diabetes, n (%) 11 (10) 76 (12) −0.060 0.574

Hypertension, n (%) 27 (25) 159 (26) −0.006 0.955

Charlson comorbidity index, median 
(IQR)

0 (0–1) 0 (0–1) 0.018 0.862

Type of liver injury, n (%)

Hepatocellular 65 (64) 350 (59) −0.127 0.493

Cholestatic 21 (21) 123 (21)

Mixed 15 (15) 116 (20)

Jaundice, n (%) 90 (85) 417 (68) 0.408 <0.001

Hospitalisation, n (%) 84 (80) 300 (49) 0.690 <0.001

Rash, n (%) 12 (12) 48 (8.3) 0.133 0.245

Eosinophilia, n (%) 28 (28) 116 (19) 0.207 0.045

Most frequent culprit drugs, n (%) Amoxicillin-clavulanate 16 (15) Amoxicillin-clavulanate 135 (22)

Nitrofurantoin 9 (8.5) HDS 19 (3.1)

Anti-TBC drugs 5 (4.7) Atorvastatin, flutamide, 
isoniazid 15 (2.4)

Duration of therapy (days),  
median (IQR)

27 (8–78) 29 (8–72) 0.195 0.944

Time to DILI onset (days), median (IQR) 29 (8–75) 30 (11–67) 0.165 0.839

Liver parameters, median (IQR)

Aspartate aminotransferase  
(AST), IU/L

439 (157–1055) 241 (112–758) 0.138 0.010

Alanine aminotransferase (ALT), IU/L 643 (224–1232) 438 (210–1019) 0.073 0.129

Alkaline phosphatase (ALP), IU/L 253 (167–406) 237 (146–377) 0.153 0.242

Total bilirubin, mg/dl 8.2 (2.9–13) 4.6 (1.3–9.6) 0.395 <0.001

Positive autoantibodies titres, n (%) 43 (44) 162 (31) 0.281 0.009

Drug-induced autoimmune-like 
hepatitis, n (%)

25 (24) 19 (3.3) 0.628 <0.001

Severity, n (%)

Mild 16 (15) 197 (32) 0.547 <0.001

Moderate 63 (59) 372 (60)

Severe 20 (19) 35 (5.7)

Fatal/liver transplantation 7 (6.6) 14 (2.3)

Hy's law, n (%) 53 (54) 200 (35) 0.385 <0.001

nR-based Hy's law, n (%) 55 (56) 204 (35) 0.426 <0.001

MELD score, mean ± SD 18 ± 6.7 15 ± 6.5 0.507 <0.001

Acute liver failure, n (%) 7 (6.6) 14 (2.3) 0.211 0.024

Liver-related death, n (%) 6 (5.7) 10 (1.6) 0.216 0.020

Liver transplantation, n (%) 1 (0.9) 4 (0.7) 0.033 0.548

Time to resolution (days), median (IQR) 147 (81–218) 103 (54–203) 0.144 0.039

Abbreviations: SD, standard deviation; IQR, interquartile range; ULN, upper limit of normal; DILI, drug-induced liver injury; HDS, herbal and dietary 
supplements; Anti-TBC drugs, rifampicin, isoniazid and pyrazinamide; MELD, Model for End-stage Liver Disease.
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The Cox regression model, which fulfilled the proportional 
hazards assumption (p  =  0.704), showed that patients with 
DILI undergoing corticosteroid treatment had a significantly 
increased normalisation rate compared to those patients who 
were not treated (hazard ratio [HR] = 1.84; 95% CI: 1.02–3.32; 
p  =  0.043) (Figure  2, Table  S4). Indeed, benefits of corticoste-
roid use were more evident in the subgroup of patients with a 
serious injury who fulfilled the nR-based Hy's law and did not 

resolve within 30 days (HR = 2.79; 95% CI 1.20–6.50; p = 0.018) 
(Figure 3, Table S5).

4  | DISCUSSION

In this international collaborative study that encompasses more 
than 700 well-vetted DILI cases enrolled in two prospective 

TA B L E  2   Baseline demographics, clinical characteristics and outcome of 160 matched patients with idiosyncratic drug-induced liver 
injury by treatment groups

Corticosteroids treatment 
(n = 80) No treatment (n = 80) Standardised bias p value

Age (years), mean ± SD 55 ± 18 55 ± 18 0.011 0.945

Female, n (%) 53 (66) 53 (66) 0.000 1.000

Body mass index (kg/m2), mean ± SD 27 ± 5.9 27 ± 5.4 −0.014 0.944

Diabetes, n (%) 8 (10) 10 (13) −0.079 0.803

Hypertension, n (%) 22 (28) 22 (28) 0.000 1.000

Charlson comorbidity index, median (IQR) 0 (0–1) 0 (0–1) −0.213 0.295

Type of liver injury, n (%)

Hepatocellular 52 (68) 46 (58) −0.181 0.485

Cholestatic 13 (17) 17 (22)

Mixed 12 (16) 16 (20)

Jaundice, n (%) 67 (84) 67 (84) 0.000 1.000

Hospitalisation, n (%) 64 (81) 51 (64) 0.380 0.015

Rash, n (%) 11 (15) 8 (10) 0.151 0.391

Eosinophilia, n (%) 23 (30) 16 (21) 0.220 0.180

Duration of therapy (days), median (IQR) 28 (9–94) 30 (9–76) 0.327 0.926

Time to DILI onset (days), median (IQR) 29 (11–86) 35 (16–71) 0.270 0.681

Liver parameters, median (IQR)

Aspartate aminotransferase (AST), IU/L 592 (161–1030) 271 (130–1192) −0.005 0.582

Alanine aminotransferase (ALT), IU/L 648 (241–1105) 461 (204–1318) −0.026 0.613

Alkaline phosphatase (ALP), IU/L 243 (171–346) 240 (160–345) 0.099 0.890

Total bilirubin, mg/dl 8.9 (3.1–13) 9.7 (4.5–14) −0.046 0.478

Positive autoantibodies titres, n (%) 38 (48) 35 (44) 0.078 0.634

Drug-induced autoimmune-like hepatitis, n (%) 23 (29) 6 (8.1) 0.641 0.001

Severity, n (%)

Mild 11 (14) 8 (10) 0.035 0.143

Moderate 49 (61) 59 (74)

Severe 16 (20) 7 (8.8)

Fatal/liver transplantation 4 (5.0) 6 (7.5)

Hy's law, n (%) 44 (57) 41 (52) 0.107 0.511

nR-based Hy's law, n (%) 45 (58) 41 (51) 0.147 0.365

MELD score, mean ± SD 18 ± 6.6 19 ± 7.1 −0.054 0.797

Acute liver failure, n (%) 4 (5.0) 6 (7.5) −0.122 0.746

Liver-related death, n (%) 3 (3.8) 5 (6.3) −0.134 0.719

Liver transplantation, n (%) 1 (1.3) 1 (1.3) 0.000 1.000

Time to resolution (days), median (IQR) 170 (81–247) 155 (69–273) −0.347 0.732

Abbreviations: SD, standard deviation; IQR, interquartile range; ULN, upper limit of normal; DILI, drug-induced liver injury; MELD, Model for End-
stage Liver Disease.
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registries, and using methodologically rigorous propensity score 
analyses, we provide robust evidence that corticosteroid use was 
not only not harmful, but that DILI patients undergoing corticos-
teroid therapy exhibited a benefit in terms of higher normalisation 
rate of liver enzymes compared with untreated patients. Indeed, 
the benefit was more evident in severe cases who fulfilled the nR-
based Hy's law and had no biochemical resolution within 30 days. 
Although MELD has been shown to have the highest predictive 
value for mortality after DILI,21 given the limited number of pa-
tients with MELD scores over 25 points, an ancillary analysis to 
study the clinical benefit of corticosteroids in this subgroup could 
not be conducted. Nevertheless, the nR-based Hy's law has also 
been validated for predicting serious outcome in DILI patients.17,21 
Initiation of corticosteroids therapy, dosage and tapering were at 
discretion of the attending physician at local sites. Our analysis 
shows that patients who received corticosteroids had more se-
vere DILI at presentation and/or features suggesting autoimmune 
hepatitis-like DILI. Unfortunately, the limited number of DI-AILH 
patients in the untreated group precluded our ability to perform 
PS-matched analyses to evaluate if corticosteroid treated patients 
with DILI and autoimmune phenotype would have a different out-
come compared with untreated ones.

The rationale for using corticosteroids in the treatment of DILI 
relies on the role of the immune system in the pathophysiology of 
the condition.24 The reactive metabolites, presumably produced 
in many cases of DILI, can bind to cellular proteins, forming drug-
protein adducts, which would act as immunogenic haptens that 
are presented by the major histocompatibility complex, activat-
ing the adaptative immune response. In addition, reactive metab-
olites induction of oxidative stress is associated with the release 
of damage-associated molecular patterns, that trigger the innate 
immune response.1 Corticosteroids have anti-inflammatory and 
immunosuppressive properties, and their effects are exerted by 

multiple pathways, that is, by upregulating the transcription of anti-
inflammatory genes, downregulating the transcription of genes 
related to the production of enzymes involved in the initiation or 
maintenance of the host inflammatory response, and by blocking 
the activation of T cells.25

Intriguingly, in an unadjusted analysis, patients who were 
treated with corticosteroids showed threefold odds of develop-
ing ALF compared with non-treated patients. It can be hypothe-
sized that these preliminary results were confounded by a reverse 
causality bias.26 This means that exposure to corticosteroids was 
not the cause of worsening the clinical condition of DILI patients 
and the subsequent development of ALF. Instead, patients with 
pre-existing severe liver injury or rapidly deteriorating condition, 
who presumably would have evolved to ALF independently of the 
therapeutic option chosen, were more likely to be treated with 
corticosteroids.

Indeed, differences between treatment groups in prognostic 
factors that predict a fatal outcome were observed. For instance, 
ALF has been described to have a higher incidence in women.27,28 
Furthermore, increased bilirubin levels have been described in na-
tionwide studies as an independent prognostic marker of mortality 
in DILI patients,29 while the use of AST over ALT has gained rele-
vance in the prediction of ALF in the past years.17 Also, the MELD 
score has been reported as one of the best-performing predictors 
of mortality in DILI patients.21 Thus, when reverse causality bias 
was controlled by matching DILI patients by these confounders, 
it was evident that corticosteroid therapy does not pose an addi-
tional risk in terms of aggravating the clinical condition towards 
ALF.

The benefit–risk ratio of corticosteroid administration remains 
controversial due to the scarcity of high-quality evidence. Despite 
the uncontrolled differences in clinical practice, the proportion of 
patients treated in both cohorts was similar, probably due to the 

F I G U R E  1   Propensity scores before 
and after matching
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fact that the use of corticosteroids was founded or guided on the 
recommendations provided by the European and American clinical 
guidelines. Recommendations in these clinical practice guidelines in 
DILI discourage the routine use of corticosteroids or limit their use 
to a subset of patients who exhibit autoimmune features,3,4 whereas 
clinical guidelines in oncology support the initiation of corticosteroid 
therapy in patients with DILI due to immune-checkpoint inhibitors 
who present marked elevations of transaminases.30

Remarkably, an additional PS-matched analysis highlighted that 
corticosteroid use was associated with an increased recovery rate 
in DILI patients. Hu et al31 suggested, based on retrospective na-
ture evidence, that corticosteroids should be used in patients with 
severe DILI, especially those with hyperbilirubinemia, who are 
prone to develop ALF. Recently, in a single-centre open-label trial, 
corticosteroid plus glycyrrhizin administration was observed to be 
more effective in achieving a sustained biochemical response in 

TA B L E  3   Baseline demographics, clinical characteristics and outcome of 82 matched patients with idiosyncratic drug-induced liver injury 
by treatment groups

Corticosteroids treatment 
(n = 41) No treatment (n = 41) Standardised bias p value

Age (years), mean ± SD 55 ± 19 54 ± 16 0.091 0.674

Female, n (%) 29 (71) 22 (54) 0.348 0.171

Body mass index (kg/m2), mean ± SD 27 ± 5.3 26 ± 4.8 0.169 0.485

Diabetes, n (%) 2 (4.9) 5 (12) −0.230 0.432

Hypertension, n (%) 9 (22) 8 (20) 0.056 1.000

Charlson comorbidity index, median (IQR) 0 (0–1) 0 (0–1) −0.216 0.265

Type of liver injury, n (%)

Hepatocellular 28 (68) 25 (61) −0.095 0.725

Cholestatic 5 (12) 8 (20)

Mixed 8 (20) 8 (20)

Jaundice, n (%) 34 (83) 35 (85) −0.059 1.000

Hospitalisation, n (%) 31 (78) 30 (73) 0.095 0.798

Rash, n (%) 6 (16) 4 (10) 0.182 0.517

Eosinophilia, n (%) 14 (34) 10 (24) 0.229 0.467

Duration of therapy (days), median (IQR) 27 (9–94) 10 (7–76) 0.161 0.143

Time to DILI onset (days), median (IQR) 27 (19–86) 27 (8–47) 0.171 0.245

Liver parameters, median (IQR)

Aspartate aminotransferase (AST), IU/L 695 (228–1174) 353 (157–1122) 0.037 0.538

Alanine aminotransferase (ALT), IU/L 680 (350–1111) 751 (220–1130) −0.054 0.991

Alkaline phosphatase (ALP), IU/L 251 (151–344) 200 (134–426) 0.058 0.402

Total bilirubin, mg/dl 9.0 (3.3–13) 9.1 (4.7–12) −0.074 0.969

Positive autoantibodies titres, n (%) 26 (63) 24 (59) 0.101 0.651

Drug-induced autoimmune-like hepatitis, n (%) 15 (38) 4 (11) 0.823 0.008

Severity, n (%)

Mild 7 (17) 6 (15) 0.103 0.144

Moderate 24 (59) 30 (73)

Severe 7 (17) 1 (2.4)

Fatal/liver transplantation 3 (7.3) 4 (9.8)

Hy's law, n (%) 23 (56) 19 (46) 0.199 0.377

nR-based Hy's law, n (%) 24 (59) 20 (49) 0.200 0.376

MELD score, mean ± SD 18 ± 6.2 18 ± 5.9 −0.081 0.588

Acute liver failure, n (%) 3 (7.3) 4 (9.8) −0.119 1.000

Liver-related death, n (%) 2 (4.9) 3 (7.3) −0.131 1.000

Liver transplantation, n (%) 1 (2.4) 1 (2.4) 0.000 1.000

Time to resolution (days), median (IQR) 170 (81–247) 119 (69–260) 0.012 0.403

Abbreviations: SD, standard deviation; IQR, interquartile range; ULN, upper limit of normal; DILI, drug-induced liver injury; MELD, Model for End-
stage Liver Disease.
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mild-to-moderate chronic DILI patients than glycyrrhizin monother-
apy.32 Our findings, based on non-experimental data from a large 
cohort of patients with DILI, a relatively rare condition, provide ev-
idence supporting the safety of using corticosteroids in the treat-
ment of severe DILI.

Prospective registries are the most valuable source of data for 
idiosyncratic DILI research as they provide high-quality information 
from a large number of patients enrolled using a standardised proto-
col. Albeit DILI criteria slightly differed between registries, this may 
reflect the variability of DILI definitions in real world. Nonetheless, 
one of the strengths of the current study is the inclusion of bona fide 
DILI cases from the Spanish DILI Registry and the Indiana University 
cohort (using DILIN methodology) in an international collaborative 

effort. Furthermore, analyses were performed applying a rigorous 
statistical methodology based on PS. Altogether, both the internal 
and external validity of our findings are ensured. However, some 
limitations should be acknowledged. For instance, the lack of infor-
mation about the dose of corticosteroids in some patients, along 
with the low number of ALF events, precluded conducting subgroup 
analyses.

In conclusion, this study provides robust evidence that cortico-
steroid therapy does not increase the risk of mortality in patients 
with DILI but exhibits a beneficial effect in terms of rate of normal-
isation of liver enzymes in patients with well-characterised DILI 
due to a variety of drugs. Although our analysis does not allow an 
incontrovertible recommendation for the use of corticosteroids in 
patients with severe DILI, the results of this study are encouraging 
enough to carry out prospective, well-designed randomised clinical 
trials to evaluate this therapeutic option in subjects with more seri-
ous hepatotoxicity.
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F I G U R E  2   Nelson–Aalen curves of cumulative hazard function 
for normalisation of liver enzymes in patients treated with 
corticosteroids and patients with no treatment. Analysis time refers 
to origin of time-scale, and starts when the first DILI patient was 
enrolled.

F I G U R E  3   Nelson–Aalen curves of cumulative hazard function 
for normalisation of liver enzymes in patients who fulfilled the 
nR-based Hy's law and did not resolve within 30 days. Analysis time 
refers to origin of time-scale, and starts when the first DILI patient 
was enrolled.
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