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Abstract
Background: The gene‐signature‐model for end stage liver disease (gs‐MELD) score 
has been shown to be a strong predictor of 6‐month survival in severe alcoholic hepa‐
titis (AH). Currently, only a few studies have evaluated the long‐term prognosis of 
patients with severe AH.
Aim: To assess the prognostic value of the gs‐MELD score at 5 years in patients with 
severe AH.
Methods: Forty‐eight consecutive patients with AH (25 males, median age 52 years 
[95% IC: 48‐56]) were included.
Results: The median gs‐MELD score was 2.6 (95% CI: 2.2‐3.0). According to the 
gs‐MELD score, 22 patients (46%) were considered to have a poor prognosis. 
During a median follow‐up of 29 months (95% CI: 4‐43), 19 patients (40%) were 
abstinent and 24 patients (50%) died. At 5  years, rates of survival were 61% 
(95% CI: 41‐81) and 26% (95% CI: 11‐55) in patients with low and high gs‐MELD 
scores (P =  .001), and 81% (95% CI: 58‐96) and 22% (95% CI: 10‐47) in abstain‐
ers and in consumers (P < .001) respectively. In multivariable competing risk re‐
gression modelling, gs‐MELD score (subdistribution hazard ratio: 5.78, 95% CI: 
2.17‐15.38, P < .001) and recurrent alcohol consumption (subdistribution hazard 
ratio: 12.18, 95% CI: 3.16‐46.95, P <  .001) were independently associated with 
5‐year mortality.
Conclusions: Both gs‐MELD score and alcohol consumption drive AH long‐term prog‐
nosis. The gs‐MELD score may guide the development of molecularly targeted thera‐
pies in AH.
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1  | INTRODUC TION

Severe alcoholic hepatitis (AH) is defined by a Maddrey's discriminant 
function of 32 or higher1 and is the form of alcoholic liver disease that 
carries the poorest prognosis. Mortality rates as high as 50% have 
been reported at 3 months without treatment.2 Currently, corticos‐
teroid therapy is the only available option that provides a limited (al‐
beit significant) reduction in short‐term mortality.3-5 The Lille score or 
the combination of the Lille and the model for end stage liver disease 
(MELD) scores have been proposed as tools for helping physicians to 
decide whether or not corticosteroids should be maintained after one 
week of treatment according to the probability of improvement in 
survival if corticosteroids are maintained.6,7 However, the incidence 
of infections is increased during corticosteroid treatment, even if ad‐
ministered for only a short period of time, and the negative impact of 
the development of infection during a course of corticosteroids on 
patient prognosis has been well‐demonstrated in this setting.8

Recently, the gene signature‐MELD (gs‐MELD) score, a combina‐
tion of a gene signature obtained from a liver biopsy and the MELD 
score calculated at baseline, has been proposed as a new prognostic 
tool for predicting short‐term survival of AH patients treated with 
corticosteroids. The gs‐MELD score has the advantage over the Lille 
score or the combination of the Lille and the MELD scores of being 
available before any therapeutic intervention. In addition, this score 
outperformed other clinical models for prediction of short‐term sur‐
vival of patients with severe AH in 2 validation cohorts.9

Up to now, most studies on patients with severe AH have fo‐
cused on short‐term survival. As alcoholic liver disease has a deep 
impact on public health and on the liver transplantation waiting list, 
accurate prediction of both short‐ and long‐term prognosis of pa‐
tients with severe AH is mandatory for guiding therapeutic strat‐
egy.6,7 However, only a few studies have evaluated the long‐term 
prognosis of patients with severe AH.10,11 The aim of the present 
study was to assess the long‐term prognostic value of the gs‐MELD 
score among patients with severe AH.

2  | MATERIAL S AND METHODS

2.1 | Patients

Patient characteristics have already been extensively described 
elsewhere.9 Forty‐eight consecutive patients were recruited at four 
European institutions in Belgium and Switzerland. These patients 
were those who constituted the validation cohort for the initial 
study.9 Patients included in the derivation cohort were not consid‐
ered in the primary analysis to avoid a biased estimation of the per‐
formance of the gs‐MELD score as the derivation cohort was the 
one used to derive the gs‐MELD score. However, analyses in the 

derivation cohort were also preformed and results are presented in 
Supplementary Figure 1A and 1B. Briefly, all patients were chronic 
alcohol consumers (>60 g/d for males and >40 g/d for females), had 
recent (<90 days) onset of jaundice (bilirubin level > 5 mg/dL), and 
less than 60 days of abstinence before the onset of jaundice. All pa‐
tients had histologically confirmed AH and a Maddrey's discriminant 
function ≥32.1 Histological criteria included the presence of steato‐
sis, ballooned hepatocytes and Mallory bodies, with infiltration of 
polymorphonuclear neutrophils.12 Needle biopsy specimens of the 
liver were obtained from all patients before corticosteroid therapy 
and archived as formalin‐fixed, paraffin‐embedded (FFPE) tissue 
blocks. Patients with viral or autoimmune hepatitis, hemochroma‐
tosis or co‐infection with human immunodeficiency virus were ex‐
cluded. All received methylprednisolone orally at a dose of 32 mg/d 
for a maximum of 28 days. None had active infection at the start 
of corticosteroids. Written informed consent was obtained from all 
individuals. The Ethical Committees at CUB Hôpital Erasme, Hôpital 
de Jolimont, Centre Hospitalier Universitaire Vaudois, University 
Hospitals of Geneva, and Mount Sinai Medical Center approved the 
study.

2.2 | Data collection and study endpoints

Day 0 was defined as the date of corticosteroid initiation. The 
gs‐MELD score was generated as described previously.9 Briefly, 
using five 10‐micron‐thick FFPE liver biopsy tissue sections, total 
RNA was extracted using the AllPrepDNA/RNA Mini Kit (Qiagen), 
250  ng of total RNA with sufficient quality (RPL13A qPCR Ct 
value < 30) was assayed using the Affymetrix GeneTitan Human 
Genome U219 microarray (Affymetrix). Raw scan data were nor‐
malized using the Robust Multiarray Average algorithm13 and 
poor quality transcriptome profiles were defined by inter‐sam‐
ple correlation <0.70.14 Less variable genes across the samples, 
based on coefficient of variation <0.4, were excluded. A 123‐gene 
prognostic gene signature was defined in the derivation cohort 

Key points
•	 Only a few studies have evaluated the long‐term progno‐
sis of patients with severe alcoholic hepatitis.

•	 The gene‐signature‐model for end stage liver disease 
score has been shown to be a strong predictor of 6‐month 
survival in severe alcoholic hepatitis.

•	 In this study, gs‐model for end stage liver disease score 
and recurrent alcohol consumption were independently 
associated with 5‐year mortality.

•	 The gs‐model for end stage liver disease score may guide 
the development of molecularly targeted therapies in  
alcoholic hepatitis.
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as previously described.14 One hundred fourteen genes with the 
largest absolute Cox scores (to fit the assay format) were imple‐
mented in an nCounter Elements assay (NanoString), and 200 to 
500 ng of total RNA samples was assayed. Gene signature‐based 
outcome prediction was performed using the Nearest Template 
Prediction algorithm, based on a prediction confidence of P < .05 
defining the poor‐prognosis group, while the rest of the subjects 
were designated to the good‐prognosis group. A prognostic score, 
integrating the gene signature and the MELD score, was devel‐
oped by using regression coefficients from the multivariable Cox 
regression model in the derivation cohort as follows:

Patients with a gs‐MELD score >2.66 (the median value of the 
gs‐MELD score in the derivation cohort of the initial study9) were 
considered to have a poor prognosis.

Patients were considered abstinent if they had no alcohol con‐
sumption during follow‐up. As a minimal period of abstinence is 
necessary to have a positive impact on survival,15-17 patients with 
<3 months of follow‐up were considered non‐abstinent. The primary 
endpoint was 5‐year overall mortality.

2.3 | Statistical analysis

Inter‐group differences for continuous and categorical variables 
were tested using the Wilcoxon rank‐sum test and Fisher's exact 

test respectively. Follow‐up time was defined as the period from 
the first day of initiation of therapy to 5  years after treatment 
started. Data for patients who had not died, including those lost 
to follow‐up, were censored at the date of the last follow‐up visit. 
The risk of death was estimated taking into account liver trans‐
plantation as a competing risk. We conducted univariable and 
multivariable Fine and Gray competing risk regression to identify 
factors associated with death.18 Subdistribution hazard ratios 
(SHR) are reported with their 95% confidence intervals (CI). To 
avoid bias related to the effect of collinearity, when Child‐Pugh 
or MELD scores were included in multivariable analysis, their con‐
stituent variables were not considered. A two‐tailed P <  .05 was 
considered statistically significant.

All data analyses were performed using NCSS 2016 software 
(NCSS, Kaysville, UT, USA) and r (R Foundation for Statistical 
Computing, Vienna, Austria).

3  | RESULTS

3.1 | Patients

The clinical demographics of the 48 patients included in the primary 
analyses of the study are described in Table 1. Three (6%), 1 (2%), 
and 1 (2%) patients were lost to follow‐up at 1, 2, and 3 years re‐
spectively. The median gs‐MELD score was 2.6 (95% CI: 2.2‐3.0). 
According to the gs‐MELD score, 22 patients (46%) were considered 
to have a poor prognosis. During a median follow‐up of 29 months 
(95% CI: 4‐43), 19 patients (40%) were abstinent and 24 patients 
(50%) died. Among the 38 non‐abstinent patients, 13 had <3 months 
of follow‐up and were thus considered non‐abstinent, and 16 re‐
turned to alcohol consumption after a median delay of 105  days 
(95% CI: 14‐547 days, range 14‐952 days), most of them within the 

gs- MELD score =1.102×
(

1 if poor prognosis

123- signature prediction or 0

if non- poor prognosis prediction)

+ 0.102 × MELD score

F I G U R E  1  Survival curves according to gs‐model for end stage liver disease (MELD) score and to alcohol consumption. A, According to 
gs‐MELD score. B, According to alcohol consumption
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first 6 months following inclusion. All deaths were liver‐related. Four 
patients underwent a liver transplantation, 2 for hepatocellular car‐
cinoma and 2 for liver failure.

3.2 | Prognostic value of the gs‐MELD score and 
recurrent alcohol use at 5 years

At 5  years, rates of survival were 61% (95% CI: 41‐81) and 26% 
(95% CI: 11‐55) in patients with low and with high gs‐MELD score 
(P = .001, Figure 1A), and 81% (95% CI: 58‐96) and 22% (95% CI: 
10‐47) in abstainers and in consumers (P < .001, Figure 1B) respec‐
tively. In multivariable competing risk regression, the gs‐MELD 
score (SHR: 5.78, 95% CI: 2.17‐15.38, P  <  .001) and recurrent 
alcohol consumption (SHR: 12.18, 95% CI: 3.16‐46.95, P  <  .001) 
were independently associated with 5‐year mortality (Table 2). Of 
note, gs‐MELD score and alcohol consumption were not corre‐
lated (P = .14). Results in the derivation cohort of the initial study9 
are presented in Figure S1A and B. In multivariable competing 
risk regression, the gs‐MELD score (SHR: 2.04, 95% CI: 1.42‐2.93, 
P < .001) and recurrent alcohol consumption (SHR: 2.54, 95% CI: 
1.17‐5.51, P  =  .002) were independently associated with 5‐year 
mortality.

Association between the gs‐MELD prognostic classification and 
the Lille score categorized according to the 0.45 cut‐off.

Table 3 indicates the relationship between the gs‐MELD prog‐
nostic classification and the Lille score. The gs‐MELD prognostic 
classification was not significantly associated with Lille score‐based 
corticosteroid response (P = .9).

TA B L E  1  Characteristics of patients and clinical outcomes

Characteristics n = 48

Age, y 52 (48‐56)

Male gender, n 25 (52%)

INR 1.7 (1.5‐1.8)

Bilirubin, mg/dL 12.8 (11.5‐16.0)

Creatinine, mg/dL 0.8 (0.7‐0.8)

Albumin, g/L 26 (25‐28)

Maddrey discriminant function 50 (45‐58)

Child‐pugh score 11 (10‐12)

MELD score 22 (21‐23)

Lille scorea

Median score 0.30 (0.21‐0.39)

Non‐responders, n 14 (30%)

gs‐MELD

Median score 2.6 (2.2‐3.0)

Poor prognosis, n 22 (46%)

Abstinence, n 19 (40%)

Death, n 24 (50%)b

Liver transplantation, n 4 (8%)c

aLille score could not be calculated in 2 patients since they died before 
7 days of treatment. 
bAll deaths were liver‐related; 
cLiver transplantation was performed for hepatocellular carcinoma and 
for liver failure in 2 and 2 patients respectively. 
Abbreviations: gs‐MELD, gene signature‐MELD; INR: international 
normalized ratio; MELD: model for end‐stage liver disease. 
Note: Continuous variables are presented as median (interquartile range).

TA B L E  2  Risk factors for death at 5 years

Baseline  
characteristics Comparison group

Mortality at 5 years

Univariable Multivariable

SHR (95% CI) P‐value SHR (95% CI) P‐value

Age 1‐year increase 1.04 (1.00‐1.09) .06    

Gender Male vs female 1.93 (0.87‐4.32) .11    

INR 1‐point increase 2.36 (0.83‐6.76) .11    

Bilirubin 1 mg/dL increase 0.96 (0.90‐1.03) .26    

Creatinine 1 mg/dL increase 4.44 (0.95‐20.70) .06    

Albumin 1 g/dL increase 0.94 (0.85‐1.03) .17    

Maddrey score 1‐point increase 1.03 (1.00‐1.05) .03 1.01 (0.98‐1.03) .7

Child‐Pugh score 1‐point increase 1.25 (0.90‐1.74) .18    

MELD score 1‐point increase 1.07 (0.94‐1.22) .28    

Lille score 1‐point increase 2.67 (0.66‐10.80) .17    

gs‐MELD score 1‐point increase 2.29 (1.16‐4.55) .02    

gs‐MELD score Poor vs favorable 3.92 (1.73‐8.87) .001 5.78 (2.17‐15.38) <.001

Alcohol consumption Yes vs no 8.21 (2.64‐25.50) <.001 12.18 (3.16‐46.95) <.001

Abbreviations: CI: confidence interval. Scores are presented as median (interquartile range); gs‐MELD, gene signature‐MELD; MELD: model for end‐
stage liver disease; SHR, subdistribution hazard ratio.
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4  | DISCUSSION

Among patients with AH, an accurate prediction of the risk of death 
is required to guide therapeutic strategy. While many studies have 
focused on short‐term risk of death, few efforts have been made 
to assess long‐term prognosis. In this study, gs‐MELD score and 
alcohol relapse were the 2 factors independently associated with 
the risk of death at 5 years in patients with severe AH treated with 
corticosteroids.

Two studies have already identified alcohol consumption as the 
main driver of long‐term prognosis in AH patients. In these studies, 
the other factor associated with outcome was the Lille score in one 
study,11 and the MELD score in the other.10 The present study has 
the advantage over these 2 studies of using the gs‐MELD score, 
which has shown better predictive value than either the Lille score 
or the MELD score alone for short‐term prognosis assessment,9 as 
highlighted in the last American Association for the Study of the 
Liver guidelines.19 Interestingly, Altamirano and colleagues have 
emphasized the need to investigate whether genetic factors impact 
long‐term outcomes.10 Therefore, the present study was required to 
assess this important issue. Using a cut‐off of 2.66, survival rates 
were more than twice as high in patients with a favourable gs‐MELD 
score compared to those with a poor score. As the gs‐MELD score is 
available at baseline, it may help to guide therapeutic strategy early 
on and may be used as a stratification factor for patient inclusion 
in clinical trials designed to test new pharmaceutical drugs in AH, 
as surrogate markers of outcome are required for these patients.20

From a practical point of view, the gs‐MELD score combines 
a 123‐gene prognostic gene signature and the MELD score. Five 
10‐mm‐thick formalin‐fixed, paraffin‐embedded liver biopsy tissue 
sections, allowing extraction of 250 ng of total RNA with sufficient 
quality, are needed to get the gene signature. Thus, calculation of 
this score requires a liver biopsy and this currently limits its wide‐
spread use in clinical practice. Even if histological confirmation of 
AH may not be mandatory in many cases with typical presenta‐
tion,19 European Association for the Study of the Liver guidelines 
recommend the use of histologic analysis because it has been 
demonstrated that relying only on clinical criteria is associated with 
a significant risk of misclassification.21 Of note, the gs‐MELD score 

remains predictive of outcome when implemented in an indepen‐
dent assay platform and can be calculated in 2 days using this FDA‐
approved platform, which can accommodate up to 800 genes in a 
single reaction.9

In this study, gs‐MELD and Lille scores were not correlated. Even 
if both scores were designed to predict survival, neither of these 
scores can be recommended as a predictor of the response assessed 
by the other. In addition, the Lille score does not predict survival 
perfectly as, in the original study aimed at deriving the Lille score, 
25% of non‐responders were alive and 15% of responders were dead 
at 6 months.7 Lastly, the independent relationship between the Lille 
score and survival has not been well‐established in real‐world co‐
horts, especially in non‐French centres.22

We acknowledge that this study is a post‐hoc analysis and that one 
potential limitation is related to its small sample size. However, severe 
AH remains a rare complication among heavy drinkers.2 Furthermore, 
all patients were consecutively included across 4 European centres 
and all were treated with corticosteroids, as recommended.21 Overall, 
we believe that the patient population represents a valuable cohort 
for the assessment of long‐term prognosis in severe AH.

In conclusion, although these findings should be validated in 
independent prospective cohorts, the gs‐MELD score is a strong 
short‐ and long‐term prognostic tool in patients with severe AH 
treated with corticosteroids. Alcohol consumption is the other fac‐
tor that negatively impacts patient outcomes at 5 years, and this can 
be improved by clinical intervention. The gs‐MELD score may guide 
the development of molecularly targeted therapies to improve long‐
term outcomes.
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TA B L E  3  Association between the gene‐signature‐model for 
end stage liver disease (gs‐MELD) prognostic classification and the 
Lille score categorized according to the 0.45 cut‐off

   

gs‐MELD‐based prognostic 
classification

Good prog‐
nosis (n = 26)

Poor 
prognosis 
(n = 20)

Lille score‐based 
corticosteroid 
response

Response 
(n = 32)

18 14

Non‐response 
(n = 14)

8 6
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