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Abstract

Background & Aims: Corticosteroids are the only effective therapy for severe alcohol-
associated hepatitis (AH), defined by a model for end-stage liver disease (MELD) score >20.
However, there are patients who may be too sick to benefit from therapy. Herein, we aimed to
identify the range of MELD scores within which steroids are effective for AH.

Methods: We performed a retrospective, international multicenter cohort study across 4
continents, including 3,380 adults with a clinical and/or histological diagnosis of AH. The main
outcome was mortality at 30 days. We used a discrete-time survival analysis model, and MELD
cut-offs were established using the transform-the-endpoints method.

Results: In our cohort, median age was 49 (40-56) years, 76.5% were male, and 79% had
underlying cirrhosis. Median MELD at admission was 24 (19-29). Survival was 88% (87-89) at
30 days, 77% (76-78) at 90 days, and 72% (72-74) at 180 days. A total of 1,225 patients received
corticosteroids. In an adjusted-survival-model, corticosteroid use decreased 30-day mortality by
41% (hazard ratio [HR] 0.59; 0.47-0.74; p <0.001). Steroids only improved survival in patients
with MELD scores between 21 (HR 0.61; 0.39-0.95; p=0.027) and 51 (HR 0.72; 0.52-0.99;

p = 0.041). The maximum effect of corticosteroid treatment (21-30% survival benefit) was
observed with MELD scores between 25 (HR 0.58; 0.42-0.77; p<0.001) and 39 (HR 0.57;
0.41-0.79; p<0.001). No corticosteroid benefit was seen in patients with MELD >51. The type
of corticosteroids used (prednisone, prednisolone, or methylprednisolone) was not associated with
survival benefit (p=0.247).

Conclusion: Corticosteroids improve 30-day survival only among patients with severe AH,
especially with MELD scores between 25 and 39.
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The therapeutic window for corticosteroids in
alcohol-associated hepatitis
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Lay summary:

Alcohol-associated hepatitis is a condition where the liver is severely inflamed as a result of
excess alcohol use. It is associated with high mortality and it is not clear whether the most
commonly used treatments (corticosteroids) are effective, particularly in patients with very severe
liver disease. In this worldwide study, the use of corticosteroids was associated with increased
30-day, but not 90- or 180-day, survival. The maximal benefit was observed in patients with an
MELD score (a marker of severity of liver disease; higher scores signify worse disease) between
25-39. However, this benefit was lost in patients with the most severe liver disease (MELD score
higher than 51).
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Introduction

Alcohol use disorder (AUD) is one of the leading risk factors for disability and death
worldwide! and constitutes the seventh leading risk factor for premature death and
disability.? Every year, 2.8 million people die as a result of alcohol consumption. Although
excessive alcohol consumption is frequent, AUD is usually underdiagnosed. A total of 5.1%
of adults have AUD, affecting 8.6% of men and 1.7% of women.3 Alcohol consumption
explains half of the cirrhosis cases worldwide, and approximately 35% of patients with
AUD will develop chronic liver disease.* Alcohol-associated hepatitis (AH) constitutes an
acute and severe form of alcohol-associated liver disease (ALD) and its global incidence is
increasing. Evidence from the Caucasian and Hispanic population suggests an AH incidence
from 10% to 35% in patients with ALD.5-8 The mortality rate associated with an AH
episode is approximately 30-40% at 90 days.> Consequently, several efforts have been
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made to predict disease severity and identify patients who will benefit from corticosteroids.
The current models used to predict short-term mortality include the Maddrey’s modified
discriminant function (mDF),° the model for end-stage liver disease (MELD) score,10-12 the
ABIC score,13 and the Glasgow AH score.1* The Lille score helps to reassess prognosis
and identify corticosteroid non-responders.1> The use of the MELD score at baseline along
with the Lille score on day 7 has demonstrated the best performance to predict 2-month

and 6-month mortality.16 However, the best predictor of survival at 90 days is the ability to
maintain alcohol abstinence.1” There is currently no model that can be used to determine
futility of treatment, /.e. the characteristics of a patient in whom the outcome will be poor
despite treatment.

Several pharmacological treatments have been assessed for severe AH during the last
decades. Despite conflicting evidence, corticosteroids are considered the first-line of
pharmacological therapy® and are recommended by clinical guidelines.18-20 One of

the largest randomized clinical trials (STOPAH, 2015)21 demonstrated a non-significant
reduction in 30-day mortality in patients with severe AH. However, this benefit was shown
in patients predominantly with MELD scores <30 and was lost at 90-day and 1-year follow-
up.2! Those results have been consistently observed in 2 systematic reviews.2223 As a
limitation, most of these studies have included only 1 country or region, and ALD is known
to be modulated by genetic and environmental factors.18 Studies including multinational
cohorts, which could be applicable worldwide, are lacking.

Additionally, corticosteroids have been associated with a higher risk of complications,
including bacterial, viral, and fungal infections, gastrointestinal bleeding, and metabolic
complications, among others. Currently, more centers are performing early liver
transplantation for severe AH and severe infections secondary to the use of corticosteroids
may preclude some patients from this possibility. Thus, it becomes even more relevant to
define the specific subgroup of patients who will benefit from corticosteroids and those for
whom the intervention will not improve outcomes. Moreover, it remains unclear whether
there is a ceiling beyond which corticosteroids will cease to confer a benefit. Therefore,
we aimed to evaluate the range of MELD scores associated with therapeutic benefit in a
multinational cohort of patients with severe AH.

Materials and methods

Study design and participants

We conducted a retrospective registry-based study of patients admitted to the hospital with
severe AH. We defined severe AH using the National Institute on Alcohol Abuse and
Alcoholism clinical criteria as: i) increase of total bilirubin levels >3 mg/dl (>50 pmol/L),
aspartate aminotransferase (AST) >50 IU/ml but <400 IU/L, AST/alanine aminotransferase
(ALT) ratio >1.5; ii) absence of other causes of liver disease; iii) consumption of >2

drinks per day (40 g) in women and >3 drinks per day (50-60 g) in men; iv) excessive
alcohol consumption for more than 5 years continuously or interrupted; and v) <60 days of
abstinence before the onset of jaundice.2 Liver biopsy was obtained when the diagnosis of
AH was in question (possible AH) and according to local practice in centers with access to
and experience with transjugular liver biopsy. We included all patients meeting the above
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criteria, clinical (probable AH) or histological (definite AH), independent of the use of
steroids during the course of disease. We excluded patients aged <18 year-old, pregnant
women and those with AST and/or ALT levels above 400 1U/ml. Patients meeting any

of the following criteria were also excluded: i) alcohol abstinence for >60 days before
clinical presentation; ii) presence of drug-induced liver injury, ischemic hepatitis, biliary
duct obstruction, viral hepatitis, autoimmune hepatitis, or Wilson disease; iii) hepatocellular
carcinoma beyond Milan criteria; iv) extrahepatic neoplasia with a life expectancy of less
than 6 months; or v) history of severe extrahepatic disease (e.g., chronic kidney failure
requiring hemodialysis, heart disease [NYHA class >3], and lung disease [NMRC class >3]
conferring a life expectancy of less than 6 months). We included a total of 53 centers from
17 countries on 4 continents. The median number of patients included per center was 34
[13-80].

Data collection

We retrospectively collected data from the collaborators of each center. We performed a
retrospective review of the records of patients hospitalized with the diagnosis of severe
AH (from January 2009 to January 2019). The centers were invited through the Engage
Platform from ALD special interest group from the American Association for the Study
of Liver Diseases. We collected laboratory results at admission, as well as the type of
steroids and length of use. We recorded the MELD and mDF scores at admission and during
hospitalization, mortality and causes of death at 30 days. The data collected was recorded
in a confidential electronic case report form. The electronic database was managed by the
main researchers of the study through the RedCap platform. We requested an informed
consent waiver at each participating center or leveraging from previous consortia (InTeam,
GLOBAL), and de-identified data was analyzed.

Statistical analysis

The primary outcome was 30-day mortality in patients with severe AH, treated or not with
corticosteroids, and the MELD therapeutic window that correlates with treatment benefit.
The secondary outcomes were complications resulting from the use of corticosteroids in
patients with severe AH, and the clinical differences between the steroids used. Categorical
variables were summarized using frequencies and percentages. We assessed normality
distribution in continuous data using the Kolmogorov-Smirnov test. Continuous variables
with normal distribution were described with mean and standard deviation. Variables
without a normal distribution were summarized using the median and interquartile ranges.
Analyses were completed using the chi-square test for categorical variables, the Student’s
ttest for normally distributed continuous variables and non-parametric tests in the case of
continuous variables that are not normally distributed.

We used discrete-time survival models specified in terms of discrete-time hazard to estimate
the risk of death at 30 days. In this model, the beginning and the end of each time analysis
interval are the same for all patients.2> This survival model can be estimated through
dichotomous response regressions once the database structure has been transformed into a
person-period type.28 The estimation of the discrete-time hazard was performed via logistic
regression models, obtaining hazards as predicted probabilities. A multivariable logistic
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regression model was used to adjust for baseline differences in socio-demographics and
clinical variables and for potential confounders. To relax a constant effect assumption of
the regression models, we added an interaction term between the time and MELD score.
Wald’s test was applied to assess the statistical significance of the interaction term added
to the logistic regression model. Furthermore, a post-estimation analysis was performed
to obtain the predicted probabilities of mortality at 30 days for different MELD scores
according to steroid use. Regarding the comparisons between steroid use groups, the
hazard ratio (HR) was estimated for different MELD scores, establishing their cut-offs.
The transform-the-endpoints method was used for estimation since it produces asymmetric
confidence intervals at 95% and guaranteed that they were entirely positive.2” STATA
software reports transformed confidence intervals based on the transform-the-enapoints
method for standard parametric and semi-parametric survival models.28 All analyses were
performed with STATA software version 16 (StataCorp, College Station, Texas).

Baseline characteristics of the cohort

We included 3,380 patients from 53 centers in 17 countries on 4 continents. The median age
in our cohort was 49 (40-56) years old and 76.5% were male. The most frequent ethnicities
were Caucasian (45.3%), Hispanic or Latino (17.1%), Asian (14.3%), and Indian (13.4%).
Seventy-nine percent of patients had a prior history of cirrhosis. The median MELD score
and mDF at admission were 24 (19-29) and 54 (37-81), respectively. At admission, patients
presented with median bilirubin of 12.2 (5.9-22.6) mg/dl, International normalized ratio

of 2.0 (1.5-2.0), and albumin 2.6 (2.0-3.0) g/dl. The median creatinine at admission was
0.9 (0.6-1.3) mg/dl and 3.3% of patients required dialysis during hospitalization. Table

1 summarizes the main characteristics of the global cohort, and differences in patients
according to use of steroids.

Among patients in whom follow-up information was available, the estimated survival was
88.1% (95% CI 87.2-88.9) at 30 days, 77% (95% CIl 75.9-78.1) at 90 days, and 72.4%
(95% CI1 71.6-73.7) at 180 days. Only 56 of patients underwent liver transplantation during
the follow-up period. The main attributed causes of death were multi-organ failure (25.6%),
infections (17.4%), liver failure (11.4%), acute kidney injury (9.7%), and gastrointestinal
bleeding (9.7%) (Fig. S1), although the majority had more than 1 cause of death.

Use of corticosteroids among the cohort

A total of 1,225 patients were treated with corticosteroids (43.5% of the global cohort when
patients with missing data were excluded). The median MELD score, mDF, and bilirubin

at the onset of corticosteroid treatment were 25 (21-29), 62 (46-85), and 15.2 (8.4-23.9)
mg/dl, respectively. The median MELD scores at 30, 90 and 180 days were 20 (15-26),

16 (11-22), and 14 (10-20), respectively. There were no significant differences in MELD
score between steroid-treated and untreated groups at 30-, 90-, and 180-day follow-up

(Fig. 1A and Fig. S2A). Serum bilirubin was significantly higher in patients treated with
corticosteroids; the decrease in serum bilirubin at day 7 was also higher in the steroid-
treated group (Fig. 1B and Fig. S2B). The most frequent corticosteroids administered were
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prednisone (53.2%), prednisolone (31.3%), and methylprednisolone (11.9%). The median
time of use of corticosteroids was 20.1 (7-28) days.

Impact of corticosteroid use on survival and identification of the optimal therapeutic
window

Thirty-day mortality was 10.1% (95% CI 8.9-11.4) in the corticosteroids group vs. 12.8%
(11.6-14.1) in the untreated group (p = 0.238). The 90-day mortality was 21.0% (95% CI
19.1-23.1) in the corticosteroids group and 20.1% (95% CI 18.4-21.9) in the untreated
group; 180-day mortality was 24.5% (95% CI 22.1-27.1) in the corticosteroids group and
26.4% (95% CI 23.7-29.4) in the untreated group. Due to the baseline differences between
both groups, we analyzed the data adjusting for age, gender, ethnicity, cirrhosis, dialysis, and
MELD score. On adjusted analysis, the use of corticosteroids decreased the relative risk of
30-day mortality by 41% (HR 0.59; 95% CI 0.47-0.74; p<0.001)(Fig. 2); however, there
were no significant differences at 90 (HR 0.92; 95% ClI 0.33-2.56; p=0.871) or 180 days
(HR 0.14; 95% CI 0.01-1.48; p=0.102) (Fig. S3). Additionally, the therapeutic benefit

in reducing 30-day mortality was only observed when steroids were used in patients with
MELD scores between 21 (HR 0.61; 95% CI 0.39-0.95; p=0.027) and 51 (HR 0.72; 95%
Cl1 0.52-0.99; p=0.041) (Fig. 2). Importantly, considering the upper limit of the 95% CI
of the HR, the maximum effect of corticosteroids (21-30% survival benefit) was observed
in patients with MELD scores between 25 (HR 0.58; 95% CI 0.42-0.77; p <0.001) and

39 (HR 0.57; 95% CI 0.41-0.79; p<0.001). Moderate benefit (11-20% survival benefit)
was observed with MELD between 22-24 and 40-44 (Fig. 2). There was no significant
association between survival and the type of corticosteroid used (prednisone, prednisolone,
or methylprednisolone) (p = 0.247). Different MELD cut-offs and 95% Cls for 30-day
patient mortality are described in Fig. 3.

We evaluated the response to treatment with the Lille model at day 7 (according to the
validated cut-off value <0.45). We stratified patients into 3 groups according to MELD
score at admission (less than 25, between 25-39, and 40 or more)(Fig. S4). In patients
with MELD scores of 25 or less, 70.9% of the group without corticosteroids had response
criteria, compared to 62.8% of treated patients from the corticosteroids group (o = 0.006).
Inversely, in patients with MELD scores over 40, the treatment response was higher in the
corticosteroids group (44.2% vs. 21.8%, p = 0.018). There were no differences in response
to treatment in patients with MELD scores between 25-39 (36.4% in the group without
corticosteroids and 39% in the corticosteroids group; p = 0.482).

Complications of corticosteroid use

The most frequent reason for discontinuing corticosteroid treatment was non-variceal
gastrointestinal bleeding (78%), infections (15.7%), variceal bleeding (3.4%), and acute
kidney injury (3%). At the end of follow-up, there were no differences in mortality rate due
to documented infections between corticosteroids and untreated groups (18.4% vs. 19.5%,
respectively; p=0.709). The observed mortality due to acute kidney injury was higher in the
untreated group than the corticosteroids group (14.2% vs. 5.4%, respectively; p <0.001)(Fig.
4).
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Discussion

Severe AH is a life-threatening condition, with high short-term mortality.1® Corticosteroids
constitute the first-line therapy for patients with severe AH (MELD >20), despite conflicting
data on their benefit.18-20 However, it is unclear whether there is an upper limit of MELD
score beyond which corticosteroids will cease to confer a benefit. In this large retrospective,
multicenter cohort study, we demonstrated that: i) the use of corticosteroids decreases
30-day mortality in severe AH by 41%, but does not reduce mortality at 90 or 180 days; ii)
using an MELD score >20 to initiate treatment with corticosteroids for severe AH is valid,;
iii) steroid therapy is beneficial in patients with severe AH with MELD scores between

21 and 51 points. Interestingly, corticosteroids confer their maximum survival benefit (of

at least 20-30%) in patients with MELD scores between =25 and 39; and vi) there is a
moderate benefit (10-20% survival benefit) with steroid therapy in patients with MELD
scores between 22-24 and 40-44.

One of the main strengths of our study is its global nature. We included 3,380 patients

from 17 countries and 4 continents, including 7 different ethnicities (especially Caucasian,
Hispanic, Asian-Pacific Islander, and South Asian). This is arguably the largest and
ethnically most heterogenous cohort in this field. Nearly half of the cohort included in

the multivariable analysis (43.5%) were treated with corticosteroids; treated patients had
more severe liver disease at baseline, evidenced by a higher MELD score and mDF.

Thus, only after appropriate adjustment for disease severity and baseline characteristics
could the real benefit of corticosteroids be assessed. Prednisone was the most frequently
used therapy, and the median time of therapy was 3 weeks (20.1 days). Our cohort

is quite different from previous studies. First, a large percentage of prior studies were
carried out in the 70s and 80s, most had a low number of patients, and the intensive

care support for patients with severe AH was not what we currently have today.%29-38 |n
these studies, there were important differences in corticosteroid dosage, with doses up to 3
grams of methylprednisolone in 1 study.3¢ Therefore, most of the initial systematic reviews
yielded contradictory conclusions.3%-42 Three prior studies with 131, 101, and 61 patients
demonstrated a short-term benefit with corticosteroid use.*344 In 2015, the STOPAH study
demonstrated that the use of prednisolone in patients with severe AH was associated with

a non-significant decrease in mortality at 28 days; however, there was no significant effect
on mortality at 90-day or 1-year follow-up. That study included 1,103 patients from the
UK, with a mean MELD lower than our cohort (21.2 + 6.2).21 These results have also been
supported by recent systematic reviews.224% In 2019, a Cochrane systematic review that
included 16 studies (from 1977 to 2015) with a total of 1,884 participants concluded that
corticosteroids confer no clear benefit over placebo with respect to all-cause mortality at 3
months in patients with severe AH. However, there is great heterogeneity in the included
studies (severity of AH, corticosteroid dose, presence of cirrhosis), many of them with a
high-risk of bias or unclear risk of bias.23 Although the STOPAH trial suggested short-term
benefits, it raised concerns regarding the benefit of corticosteroids in the most severe stages
of AH and in different ethnicities. That is, it is unclear from current studies whether there is
a level of disease severity beyond which steroids are ineffective or futile in patients with AH.

J Hepatol. Author manuscript; available in PMC 2024 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Arab et al.

Page 8

Based on previous data, there is no robust evidence of a possible disease severity window in
which steroids are most effective. In fact, the STOPAH study suggested a narrow therapeutic
window (mean MELD score of 21.2 + 6.2).21 In the current study, we demonstrated the
short-term benefit of corticosteroids even with higher MELD scores, and the highest effect
was observed in patients with MELD scores between 25 (HR 0.58; 95% CI 0.42-0.77; p
<0.001) and 39 (HR 0.57; 95% CI 0.41-0.79; p <0.001), expanding the therapeutic window
suggested by the STOPAH study. Different preparations of corticosteroids are used in
various countries, depending on availability. We demonstrated in this study that prednisone
was as effective as prednisolone, confirming its benefit in patients with severe AH.

Corticosteroid therapy has several adverse effects, including an increased risk of severe
infections, upper gastrointestinal bleeding, hyperglycemia, or decompensation of diabetes
mellitus, psychological disturbances, and adrenal insufficiency, among others.#6 All of these
conditions increase morbidity, mortality, length of hospital stay, and healthcare costs. Thus,
it becomes even more relevant to abstain or suspend corticosteroid treatment when the risks
outweigh the benefits. Infections are the most important adverse effect in severe AH. Two
previous studies reported a higher risk of severe infections with the use of prednisolone.21:46
A recent systematic review showed that corticosteroid use does not increase mortality from
bacterial infections, but it can increase the risk of fungal infections.?” Other systematic
reviews did not show that corticosteroids increase severe adverse effects; however, the
evidence is not strong.#8 In our study, even with prolonged use of corticosteroids, only
17.4% of the cohort died due to infections, with no differences in the infection rate between
treated and untreated patients.

Our retrospective cohort study includes a vast number of patients, ethnicities, and centers.
However, our study suffers from the limitations of any retrospective cohort study, including
the extensive variability regarding the indication of steroid use and the absence of all

the desired variables for all patients. Further, of the 3,380 patients included, only 45%
completed follow-up to 180 days, reducing the sample size for long-term outcome analysis.
Also, identifying cut-offs based on repeated confidence intervals has limitations since this
could disadvantage groups with smaller sample size. The causes of death and the numbers
of organ failures could not be clearly ascertained from the data. It was also unclear whether
all infections were captured in the database, given the lower prevalence than in other studies.
Based on these limitations, the indication for steroids in patients with high MELD (over 40)
must be analyzed individually, balancing the benefit and the risk of infections.

In conclusion, our study confirms that corticosteroid use increases 30-day, but not 90-

or 180-day, survival in patients with severe AH. The maximum benefit of corticosteroid
therapy was observed in patients with MELD scores between 25 and 39; futility of
corticosteroid treatment was observed in patients with MELD scores >51. The benefit of
multiple investigational agents is currently being investigated in clinical trials. Until the
benefit of these agents is demonstrated, it seems reasonable to use corticosteroids in patients
with severe AH and MELD scores between 21-51 in the absence of contraindications.
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Highlights

We validated the use of corticosteroids for patients with severe alcohol-
associated hepatitis defined by an MELD score >20.

The use of corticosteroids was associated with increased 30-day survival.

The maximum benefit of corticosteroids was seen in patients with MELD
scores between 25-39.

A MELD score >51 can be used to define futility of corticosteroid treatment
in patients with severe AH.

The survival benefit was not sustained at 90 or 180 days.
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Fig. 1. Impact of steroid use in terms of severity at 30, 90 and 180 days.
(A), Changes in MELD score between admission and 30, 90 and 180 days according to

steroid use. (B), Change in serum bilirubin between admission and by day 7 according to
steroid use. The groups were compared with the Mann-Whitney U'test, and a p value <0.05
was considered significant. MELD, model for end-stage liver disease; n.s., not significant.

J Hepatol. Author manuscript; available in PMC 2024 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Arab et al.

Page 18

—— Untreated group ——@—— Steroids group

100+
L 80-
»
>
©
©
o 604
(32]
—
©
[}
—
S 40-
>
=
g
§ 204 Bl Highly efficacy (21-30%)

[ Moderately efficacy (11-20%)
[ Marginally efficacy (1-10%)
0 [ No efficacy (<1%)

15 20 25 30 35 40 45 50 55
MELD score at admission

Fig. 2. Predictive model of 30-day survival adjusted by age, gender, ethnicity, cirrhosis, dialysis,
and MELD score.

The curves represent mortality per use of steroids and severity (MELD score). A discrete-
time hazard was estimated at 30 days using an adjusted multivariable logistic regression.
We added an interaction term between the time and the MELD score. Efficacy was defined
based on the upper limit of the 95% CI of the hazard ratio. The hazard ratio was 0.59, 95%
Cl1 0.47-0.74, p<0.001. MELD, model for end-stage liver disease.
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Fig. 3. Forest plot of the predictive model of 30-day survival adjusted by age, gender, ethnicity,
cirrhosis, dialysis, and MELD score.
A hazard ratio less than 1 represents a survival benefit with corticosteroids treatment. The

transform-the-endpoints method was used to estimate the hazard ratio for different MELD
scores. A pvalue <0.05 was considered statistically significant. MELD, model for end-stage

liver disease.
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Fig. 4. Principal causes of death according to corticosteroid use at 180 days of follow-up.
Comparisons were performed using the chi-square test. A pvalue <0.05 was considered

statistically significant. AKI, acute kidney injury; Gl bleeding, gastrointestinal bleeding;
MOF, multiple organ failure.
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