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ABSTRACT
Several dynamic models predict mortality and corticosteroid response in alcohol-associated hepatitis (AH), yet no consensus 
exists on the most effective model. This study aimed to assess predictive models for corticosteroid response and short-term mor-
tality in severe AH within a global cohort. We conducted a multi-national study of patients with severe AH treated with corticos-
teroids for at least 7 days, enrolled between 2009 and 2019. Dynamic models—Lille-4, Lille-7, trajectory of serum bilirubin (TSB), 
and neutrophil-to-lymphocyte ratio (NLR)—were used to estimate 30- and 90-day mortality. Lille-7 demonstrated the highest 
accuracy for both 30- and 90-day mortality.

1   |   Introduction

Alcohol-associated liver disease (ALD) is a leading cause of chronic 
liver disease and death globally [1]. Severe alcohol-associated hep-
atitis (AH) is an acute entity characterised by high short-term 
mortality, up to 30%–50% at 6 months [2]. Corticosteroids are the 
current treatment for severe AH, improving survival at 30 days, 
but they also carry significant risks [3–5]. Various dynamic mod-
els, such as the Lille day 7 score, Lille day 4 score, change in the 
neutrophil-to-lymphocyte ratio (NLR), and the trajectory of serum 
bilirubin (TSB), are used to identify patients who are benefiting 
or not from corticosteroids. Still, there are no studies assessing 
a head-to-head comparison [6–8]. This study aimed to evaluate 
and compare dynamic scores to predict response to corticosteroid 
treatment and short-term survival in patients with severe AH.

2   |   Material and Methods

2.1   |   Study Design and Participants

We conducted a multinational cohort study that included pa-
tients admitted with severe AH, defined according to the clinical 
criteria established by the National Institute on Alcohol Abuse 
and Alcoholism (NIAAA) [9]. Eligible patients met the NIAAA 
criteria, received steroid treatment within 30 days of admission, 
and had a MELD score ≥ 20 at admission.

We excluded participants who deceased within 7 days after admis-
sion, patients under 18 years old, pregnant individuals, those with 
aspartate aminotransferase (AST) and/or alanine aminotrans-
ferase (ALT) levels above 400 IU/mL, patients with prolonged 
alcohol abstinence (> 60 days) before presentation, individuals 
with drug-induced liver injury, ischaemic hepatitis, biliary duct 
obstruction, viral hepatitis, autoimmune hepatitis, or Wilson dis-
ease. Additionally, patients with hepatocellular carcinoma beyond 
Milan criteria, extrahepatic neoplasia with a life expectancy of 
fewer than 6 months, or a history of severe extrahepatic disease 
leading to a survival of fewer than 6 months were excluded.

We obtained clinical data from the patients and laboratory tests. 
The Lille Score was calculated using the original formula, and a 
score ≥ 0.45 on Day 7 indicated unresponsiveness, leading to the 
discontinuation of corticosteroid treatment [6]. The Lille Score 
on Day 4 was also calculated using the same formula but with 
Day 4 bilirubin instead of Day 7 bilirubin [7]. For TSB, patients 
categorised as “fast fallers” (bilirubin < 0.8 × admission value at 
day 7) were considered to have no benefit from corticosteroid 
treatment [8]. While an NLR value between 5 and 8 at baseline 

was considered indicative of patients likely to benefit from corti-
costeroid therapy [10]. The diagnosis of cirrhosis was determined 
based on medical history and imaging methods, including ultra-
sound, transient elastography, computed tomography, and mag-
netic resonance imaging. Only the research team had access 
to the data, and we requested a waiver of informed consent in 
each participating centre. The study was approved by the Ethics 
Committee of Pontificia Universidad Católica de Chile.

2.2   |   Statistical Analysis

This study aimed to evaluate and compare dynamic scores to pre-
dict response to corticosteroid treatment. The primary and sec-
ondary outcomes were defined as 30-day and 90-day mortality, 
respectively, considering that the different models were designed 
to define mortality as the outcome. Categorical variables were 
analysed with Chi-squared, continuous variables with Student's 
t-test or non-parametric tests, and discrimination ability was as-
sessed using the area under the receiver operating characteristic 
(AUC, also called the c-statistic), compared with an extension of 
the DeLong method [11]. Youden's J index was provided for each 
ROC curve. The Lille-7 score served as the gold standard. Multiple 
imputation was used for missing data for sensitivity analyses. 
Analyses were adjusted using Dunnett-type (many-to-one) simul-
taneous confidence intervals with the MOVER method [12], which 
is suitable for comparing several correlated areas under the curve 
(AUCs). As the AUC is meaningfully interpreted as a probability, 
its differences are in units of percentage points.

3   |   Results

3.1   |   Baseline Characteristics of the Cohort

We included a total of 289 patients with sAH from 18 centres 
(8 countries on three continents). The mean age was 48.3 [IQR: 
41.0–56.0] years, and 34.3% (99) were women. The most fre-
quent ethnicities were Non-Hispanic White 73% (211), Mestizo 
8% (23), Hispanic or Latino 7.3% (21), and Black 3.5% (100). The 
77.5% (221) had a prior history of cirrhosis. The median MELD 
on admission was 28.0 [26.0–30.0]. Of the total cohort, 54.2% 
were responders to corticosteroids according to Lille-4, 51.7% ac-
cording to Lille-7, 44.4% according to TSB, and 22.9% according 
to Delta NLR. At admission, patients presented with a median 
bilirubin of 16.1 [10–25.3] mg/dL, an International Normalized 
Ratio (INR) of 2.1 [1.6–2.2], and albumin 2.6 [2.0–3.0] g/dL. The 
median creatinine at admission was 1.2 [0.7–1.2] mg/dL. In the 
cohort, 39% (61 patients) had documented infections; however, 
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data on infections were missing for 133 patients, and median ste-
roid use was 21 (IQR: 7–31). The mortality at 30 days and 90 days 
was 13.5% and 25.3%, respectively. Only 5.5% (16) of patients un-
derwent liver transplantation during the follow-up period, with 
3.11% [9] receiving an early transplant. No patients in the co-
hort received plasma exchange. The main causes of death were 
multi-organ failure (46.4%, 58), infections 14.4% (18), gastroin-
testinal bleeding 10.4% [13], and acute kidney injury 7.2% [9].

3.2   |   Performance of Score for Predicting 30-Day 
Mortality

In evaluating the performance of different scores, the Lille-7 
score demonstrated the highest predictive accuracy for 30-day 
mortality (AUC = 0.724, 95% CI: 0.633–0.815). The TSB score 
also exhibited good predictive value (AUC = 0.703, 95% CI: 
0.626–0.780), while the Lille-4 score had a slightly lower AUC 
(0.674, 95% CI: 0.579–0.770). In contrast, the Delta NLR showed 
limited predictive ability (AUC = 0.527, 95% CI: 0.428–0.626), 
suggesting it may be less effective as a mortality predictor in this 
cohort (Table 1) (Figure 1).

The differences in AUC between the scores, both unadjusted 
and adjusted for multiple comparisons, did not reach statistical 
significance. The unadjusted difference between the TSB and 
Lille-7 scores was −0.02 (95% CI: −0.073–0.032, p = 0.443), and 
the difference between Lille-4 and Lille-7 scores was −0.048 
(95% CI: −0.11–0.014, p = 0.128). After adjustment for multiple 
comparisons, the adjusted AUC difference between the TSB and 
Lille-7 scores was −0.020 (95% CI: −0.080–0.050), while the ad-
justed difference between Lille-4 and Lille-7 scores was −0.048 
(95% CI: −0.125–0.028).

3.3   |   Performance of Score for Predicting 90-Day 
Mortality

In the analysis of risk scores predicting 90-day mortality, the 
Lille-7 score again exhibited the highest predictive accuracy 
(AUC = 0.710, 95% CI: 0.635–0.784), followed closely by the 
Lille-4 score (AUC = 0.698, 95% CI: 0.622–0.774). The TSB score 
demonstrated moderate predictive value (AUC = 0.650, 95% 
CI: 0.579–0.722), while the Delta NLR continued to show lim-
ited predictive capability (AUC = 0.546, 95% CI: 0.467–0.626), 

FIGURE 1    |    ROC curves of risk scores to predict mortality by 30 days and 90 days. The figure displays the performance of different risk scores in 
predicting mortality, with panel (A) representing the 30-day mortality predictions and panel (B) illustrating the 90-day mortality predictions. Lille-4, 
Lille at day 4; Lille-7, Lille at day 7; NLR, delta neutrophil-to-lymphocyte ratio; TSB, trajectory serum bilirubin.

TABLE 1    |    Individual estimation of the AUC of risk scores to predict mortality by 30 days and 90 days.

Mortality 30 day Mortality 90 day

Score AUC 95% CI p Youden's J AUC 95% CI p Youden's J

TSB 0.703 (0.626–0.780) < 0.0001 0.92 0.650 (0.579–0.722) < 0.0001 0.85

Lille-4 0.674 (0.579–0.770) < 0.0001 0.60 0.698 (0.622–0.774) < 0.0001 0.73

Lille-7 0.724 (0.633–0.815) < 0.0001 0.64 0.710 (0.635–0.784) < 0.0001 0.64

NLR 0.527 (0.428–0.626) 0.284 5.23 0.546 (0.467–0.626) 0.023 4.13

Note: Youden's J is defined as the value of the score variable that maximises the sum of sensitivity and specificity.
Abbreviations: Lille-4, Lille at Day 4; Lille-7, Lille at Day 7; NLR, delta neutrophil-to-lymphocyte ratio; TSB, trajectory serum bilirubin.
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consistent with the findings for 30-day mortality (Table  1) 
(Figure 1).

The unadjusted AUC difference between the TSB and Lille-7 
scores was statistically significant (Δ = −0.059, 95% CI: −0.108 
to −0.010, p = 0.017), whereas the difference between Lille-4 and 
Lille-7 scores was not significant (Δ = −0.014, 95% CI: −0.058 to 
0.031, p = 0.542). After adjusting for multiple comparisons, the 
adjusted AUC difference between the TSB and Lille-7 scores re-
mained −0.059 (95% CI: −0.117 to 0.001), and the adjusted dif-
ference between Lille-4 and Lille-7 scores was −0.014 (95% CI: 
−0.069 to 0.041). Sensitivity analyses showed similar results to 
those reported.

4   |   Discussion

Severe AH is associated with high short-term mortality, and 
corticosteroids are the only therapy shown to reduce 30-day 
mortality in this condition. Still, they carry significant risks 
of adverse effects, including infections, gastrointestinal bleed-
ing, hyperglycaemia, and psychological disorders [13, 14]. 
Predictive models, including Lille-7, Lille-4, and TSB, help 
identify patients who may not benefit from corticosteroid 
therapy, reducing unnecessary exposure. Delta NLR demon-
strated poor discriminatory ability, and its use is not clinically 
justified based on this work. This study confirms the utility 
of Lille-7, Lille-4, and TSB models in predicting corticosteroid 
response and mortality in severe AH. Lille-7 exhibited the 
highest predictive accuracy for both 30-day and 90-day mor-
tality, but the differences between the models were not statis-
tically significant. For predicting 90-day mortality, all models 
showed reduced predictive performance.

Despite advancements, the current models for predicting corti-
costeroid response are imperfect, achieving adequate discrimi-
nation with AUC values greater than 0.70. NLR, however, lacks 
the discriminatory power required for clinical decision-making. 
The use of Lille-4 models is clinically relevant as they help re-
duce corticosteroid exposure, potentially improving patient 
outcomes by minimising unnecessary risks. This is particularly 
important for patients with poorly controlled comorbidities or a 
high infection risk.

Our study has strengths, including a large, global cohort from 
23 countries, providing a representative sample. It is the first 
to compare multiple risk models for corticosteroid response 
and mortality directly, adding significant value to the exist-
ing literature. However, its retrospective design limits control 
over data recording and co-interventions, introducing poten-
tial bias. Additionally, reasons for corticosteroid discontin-
uation and the presence of concomitant infections were not 
systematically captured. In conclusion, this multi-national 
cohort study demonstrates that Lille-7, Lille-4, and TSB mod-
els predict 30-day mortality effectively, with Lille-7 show-
ing the highest accuracy. The use of Lille-4 models reduces 
corticosteroid exposure, particularly in high-risk patients.  
However, none of the models demonstrate optimal perfor-
mance, highlighting the need for improved strategies for risk 
stratification.
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