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Combination of Gene Expression Signature and Model for
End-Stage Liver Disease Score Predicts Survival of Patients
With Severe Alcoholic Hepatitis
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BACKGROUND & AIMS: Patients with severe alcoholic hepa-
titis (AH) have a high risk of death within 90 days. Cortico-
steroids, which can cause severe adverse events, are the only
treatment that increases short-term survival. It is a challenge to
predict outcomes of patients with severe AH. Therefore, we
developed a scoring system to predict patient survival, inte-
grating baseline molecular and clinical variables. METHODS:
We obtained fixed liver biopsy samples from 71 consecutive
patients diagnosed with severe AH and treated with cortico-
steroids from July 2006 through December 2013 in Brussels,
Belgium (derivation cohort). Gene expression patterns were
analyzed by microarrays and clinical data were collected for
180 days. We identified gene expression signatures and clinical
data that are associated with survival without liver trans-
plantation at 90 and 180 days after initiation of corticosteroid
therapy. Findings were validated using liver biopsies from 48
consecutive patients with severe AH treated with corticoste-
roids, collected from March 2010 through February 2015 at
hospitals in Belgium and Switzerland (validation cohort 1) and
in liver biopsies from 20 patients (9 received corticosteroid
treatment), collected from January 2012 through May 2015 in
the United States (validation cohort 2). RESULTS: We inte-
grated data on expression patterns of 123 genes and the model
for end-stage liver disease (MELD) scores to assign patients to
groups with poor survival (29% survived 90 days and 26%
survived 180 days) and good survival (76% survived 90 days
and 65% survived 180 days) (P < .001) in the derivation
cohort. We named this assignment system the gene signature–
MELD (gs-MELD) score. In validation cohort 1, the gs-MELD
score discriminated patients with poor survival (43% sur-
vived 90 days) from those with good survival (96% survived 90
days) (P < .001). The gs-MELD score also discriminated be-
tween patients with a poor survival at 180 days (34% survived)
and a good survival at 180 days (84% survived) (P < .001). The
time-dependent area under the receiver operator characteristic
curve for the score was 0.86 (95% confidence interval 0.73–
0.99) for survival at 90 days, and 0.83 (95% confidence interval
0.71–0.96) for survival at 180 days. This score outperformed
other clinical models to predict survival of patients with severe
AH in validation cohort 1. In validation cohort 2, the gs-MELD
discriminated patients with a poor survival at 90 days (12%
survived) from those with a good survival at 90 days (100%)
(P < .001). CONCLUSIONS: We integrated data on baseline
liver gene expression pattern and the MELD score to create the
gs-MELD scoring system, which identifies patients with severe
AH, treated or not with corticosteroids, most and least likely to
survive for 90 and 180 days.
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

Patients with severe alcoholic hepatitis (AH) have a high
risk of death within 90 days. We developed a scoring
system to predict patient survival, integrating baseline
molecular and clinical variables.

NEW FINDINGS

The combination of a baseline gene signature (gs) and the
MELD score (gs-MELD score) discriminates severe AH
patients with poor and good survival at 90 and 180 days.

LIMITATIONS

Calculation of the score requires a liver biopsy which
currently limits its widespread use in clinical practice.

IMPACT

The gs-MELD score identifies severe AH patients with
poor survival using only baseline variables, and may
guide the development of new therapeutic interventions
and non-invasive surrogate biomarkers.
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lcoholic hepatitis (AH) is a syndrome character-
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Abbreviations used in this paper: AH, alcoholic hepatitis; AIC, Akaike’s
Information Criterion; AUC, area under the receiver operating character-
istic curve; CI, confidence interval; FDA, Food and Drug Administration;
FFPE, formalin-fixed, paraffin-embedded; gs-MELD, gene signature–
MELD; HR, hazard ratio; HRS, hepatorenal syndrome; MELD, model for
end-stage liver disease.
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Aized by a recent onset of jaundice in individuals
who chronically abuse alcohol.1 Severe AH is commonly
defined by a Maddrey’s discriminant function of 32 or
higher.2 It is a highly lethal disease with a 90-day
mortality rate of up to 50%.1,3 Corticosteroids have
been the only reproducible medical treatment option
improving the short-term survival of patients with se-
vere AH over the few past decades.4 Nevertheless, a
significant fraction of patients with AH do not respond to
this treatment, and frequently experience severe adverse
effects, such as infection, that often occur within a few
days of treatment initiation.5,6 Furthermore, corticoste-
roid nonresponders have currently no available thera-
peutic options.7,8 Thus, early prognostic prediction
before corticosteroid treatment is critical in the man-
agement of severe AH.

To date, several pretreatment clinical/histological
prognostic scores, have been proposed.2,3,9–11 The perfor-
mance of these static scores at the individual level is
extremely variable between studies and none of these
indices have shown to reproducibly outperformed the
others. Recently, the combination of a pretreatment index,
the model for end-stage liver disease (MELD), and a dy-
namic score, the Lille model,12 calculated 7 days after
initiation of corticosteroid therapy, was suggested as a very
efficient predictive algorithm of short-term survival.13

However, using a dynamic score may expose the nonre-
sponder subgroup to a high risk of infection without any
benefit. This clearly indicates an urgent unmet need for
better pretreatment predictors of survival. To address this
challenge, we aimed to develop and establish a prognostic
score, combining pretreatment clinical variables and a
molecular signature and to implement this score in a Food
and Drug Administration (FDA)-approved platform ready
for clinical deployment.
Methods
Patients

Patients included in the current study had the same
following criteria. All of them were chronic alcohol consumers
(>60 g/d for males and >40 g/d for females), had onset of
jaundice within 90 days of enrollment, a serum bilirubin level
of more than 5 mg/dL, and less than 60 days of abstinence
before the onset of jaundice.7 All patients had a Maddrey’s
discriminant function of 32 or more.2 Histological confirmation
of AH was performed in all patients by transjugular liver
biopsy. Catheterization of the right jugular vein was performed
under ultrasound guidance. An introducer sheath was inserted
according to Seldinger’s technique and advanced to the hepatic
vein under fluoroscopic control. An 18-gauge biopsy needle
was used for tissue sampling.14 Histological criteria included
the presence of steatosis, ballooned hepatocytes, Mallory
bodies, with infiltration of polymorphonuclear neutrophils.7,8

Needle biopsy specimens of the liver were obtained from all
patients before potential corticosteroid therapy and archived as
formalin-fixed, paraffin-embedded (FFPE) tissue blocks.
Patients with viral or autoimmune hepatitis, hemochromatosis,
or co-infection with human immunodeficiency virus were
excluded. The derivation cohort included a total of 73 consec-
utive patients recruited between July 2006 and December 2013
at C.U.B. Hôpital Erasme, Brussels, Belgium (Figure 1A). Vali-
dation cohort 1 included 48 consecutive patients recruited
between March 2010 and February 2015 at Hôpital de Joli-
mont, Haine-Saint-Paul, Belgium (n ¼ 26); Centre Hospitalier
Universitaire Vaudois, University of Lausanne, Lausanne,
Switzerland (n ¼ 12); and University Hospitals of Geneva,
Geneva, Switzerland (n ¼ 10).15 All patients in the derivation
cohort and validation cohort 1 received methylprednisolone
orally at a dose of 32 mg/d, after confirmation of the histo-
logical diagnosis of AH, for a maximum of 28 days.7 Eleven
patients in the derivation cohort had a controlled infection at
baseline that did not preclude the administration of cortico-
steroids; none were infected in the validation cohort 1.16 The
clinical utility of the NanoString assay–based prognostic score
was further validated in another independent validation cohort
2 (n ¼ 20), including clinically high-risk patients with histo-
logically confirmed severe AH who were referred from January
2012 through May 2015, to Mount Sinai Medical Center, New
York, for evaluation of early liver transplantation.17 These pa-
tients either had a contraindication for the use of steroids due
to comorbidities such as hepatorenal syndrome (HRS) and/or
uncontrolled infection (n ¼ 11) or were nonresponders to
corticosteroids after 7 days of treatment according to the Lille
score (n ¼ 9).
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We also included 67 patients with alcoholic cirrhosis and no
histological signs of AH, 13 with nonsevere AH defined as
biopsy-documented AH and a Maddrey’s discriminant function
lower than 32, and 6 with alcoholic steatosis without fibrosis
from C.U.B. Hôpital Erasme, Brussels, Belgium. Written
informed consent was obtained from all individuals, and Ethical
Committees at C.U.B. Hôpital Erasme, Hôpital de Jolimont,
Centre Hospitalier Universitaire Vaudois, University Hospitals
of Geneva, and Mount Sinai Medical Center approved the study.
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Studied Clinical Variables and Endpoints
The following values were collected or calculated at base-

line (day 0, date of corticosteroid therapy initiation) unless
otherwise specified: age, sex, prothrombin time, international
normalized ratio, bilirubin (day 0 and day 7), albumin, serum
creatinine, Maddrey’s discriminant function, and MELD
scores.2,11 The Lille score was calculated at day 7 and a score of
0.45 or greater defines nonresponders to corticosteroids.12

The primary endpoint was to develop an integrative prog-
nostic score of 90- and 180-day survival without death or liver
transplantation defined as event-free survival. This composite
outcome was chosen because liver transplantation is considered
to be a salvage therapy in severe AH and involves patients with
very severe disease.18 These time points were also chosen based
on recommendations from the National Institute on Alcohol
Abuse and Alcoholism Alcoholic Hepatitis Consortia.19 Further-
more, survival before 180 days is mainly driven by liver injury
and not significantly affected by alcohol-relapse.20 Follow-up
time was defined as the period from the first day of initiation
of therapy to 180 days after treatment started in the derivation
cohort and in the validations cohorts. When patients were not
treated (55% of patients in the validation cohort 2), the follow-
up started at the day of liver biopsy. 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 secondary outcome was to
implement this score in an FDA-approved platform ready for
clinical deployment. Finally, we tested whether other gene
signature could be associated with the occurrence of severe
infection (defined as infection causing death) and type 1 HRS.21
Transcriptome Profiling
Using five 10-mm-thick FFPE liver biopsy tissue sections,

total RNA was extracted using the AllPrepDNA/RNA Mini Kit
(Qiagen, Hilden, Germany), 250 ng of total RNA with sufficient
quality (RPL13A quantitative polymerase chain reaction cycle
threshold value <30) was assayed using Affymetrix GeneTitan
Human Genome U219 microarray (Affymetrix, Santa Clara, CA).
Raw scan data were normalized by Robust Multiarray Average
algorithm,22 and poor-quality transcriptome profiles were
determined by inter-sample correlation <0.70.23 Less variable
genes across the samples, based on coefficient of variation
<0.4, were excluded; and a 123-gene prognostic gene signature
was defined in the derivation cohort as previously described.23

A total of 114 genes with the largest absolute Cox scores (to fit
the assay format) were implemented in an nCounter Elements
assay (NanoString, Seattle, WA), and 200 to 500 ng of total RNA
samples were assayed.24 Gene signature-based outcome pre-
diction was performed using the Nearest Template Prediction
algorithm,25 based on a prediction confidence of P < .05
defining the poor-prognosis group, whereas the rest of the
subjects were designated to the good-prognosis group. Prog-
nostic molecular pathways in the derivation cohort were
determined by surveying the Molecular Signature Database
(www.broadinstitute.org/msigdb) using Gene Set Enrichment
Analysis.26 Regulatory gene networks (modules) in the tran-
scriptome profiles of the derivation cohort were determined as
previously described.27,28 All bioinformatics analyses were
performed by using GenePattern (www.broadinstitute.org/
genepattern) and R statistical language (www.r-project.org).
Transcriptome data are available at the National Center for
Biotechnology Information Gene Expression Omnibus (www.
ncbi.nlm.nih.gov/geo, accession number GSE94417) and EBI
ArrayExpress (www.ebi.ac.uk/arrayexpress, E-MTAB-2664) for
the 10 patients from Geneva in validation cohort 1. We also
added liver gene expression data from 21 healthy individuals
from publicly available datasets (n ¼ 7 from GSE28619, and
n ¼ 14 from GSE48452).29,30

Statistical Analysis
Intergroup difference for continuous and categorical vari-

ables was tested using the Wilcoxon rank-sum test and Fisher’s
exact test, respectively. Prognostic associations of the clinical
and molecular variables were assessed using Kaplan-Meier
curves (for the entire follow-up period), Fisher’s exact test
(for each time point), log-rank test, and Cox regression
modeling. Prognostic performance of the scores was assessed
by hazard ratio (HR) and 95% confidence intervals (CIs), area
under the receiver operating characteristic curve (AUC) and
time-dependent AUC with higher values demonstrating
improved diagnostic performance of a given model as a func-
tion of time,31 c-index with higher values indicating better
predictive model ability,32 Akaike’s Information Criterion (AIC),
and Bayesian information criterion, with lower AIC and
Bayesian information criterion values indicating better model
fit.33,34 An integrative clinical and molecular prognostic score
was developed in the derivation cohort based on the regression
coefficient of a multivariable Cox regression model. including
the gene signature and a baseline prognostic indicator, the
MELD score.11 Prognostic performances of the integrative score
were evaluated in validation cohort 1 and compared with its
individual components, the Lille model,12 and the combination
of the MELD and the Lille scores,13 all assessed as continuous
variables. The integrative score was further validated in a
different platform (NanoString) in validation cohort 2. A
2-tailed P < .05 was considered statistically significant. All data
analyses were performed using the R statistical language.
Results
Patients

Among the 73 patients included in the derivation cohort,
2 were excluded due to low-quality transcriptome profiles
(Figure 1A). Clinical demographics of the patients at the
time of enrollment were comparable between the derivation
cohort (n ¼ 71) and validation cohort 1 (n ¼ 48) cohorts
except higher international normalized ratio, and Maddrey’s
discriminant function in the derivation cohort (Table 1).
Conversely, patients in validation cohort 2 (n ¼ 20) had a
worse liver function compared with those in the derivation
cohort (Table 1). All patients were initially hospitalized and

http://www.broadinstitute.org/msigdb
http://www.broadinstitute.org/genepattern
http://www.broadinstitute.org/genepattern
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followed after discharge. At 90 days, no patients in the
derivation cohort, 1 (2.1 %) patient in the validation cohort
1, and no patients in the validation 2 cohort were lost to
follow-up. At 180 days, 1 (1.4%) patient in the derivation
cohort, 2 (4.2%) in the validation cohort 1, and none in the
validation 2 cohort were lost to follow-up.



Table 1.Characteristics of Patients and Clinical Outcomes

Characteristics
Derivation cohort

(n ¼ 71)
Validation cohort 1

(n ¼ 48) Pa
Validation cohort 2

(n ¼ 20) Pb

Age, y 53 (47–60) 53 (46–60) .92 44 (41–48) .001
Male sex, n (%) 44 (62) 25 (52) .35 8 (40) .12
International normalized ratio 1.9 (1.7–2.2) 1.7 (1.5–2.0) .003 2.3 (2.0–2.7) .031
Bilirubin, mg/dL 13 (7.3–24.0) 13 (7.8–18) .54 26.1 (23.5–35.3) <.001
Creatinine, mg/dL 0.8 (0.6–1.0) 0.8 (0.6–0.9) .37 1.7 (1.3–2.6) <.001
Albumin, g/L 27 (23–29) 26 (24–28) .96 28 (26–31) .076
Maddrey score 57.5 (45–82) 50 (41–69) <.001 85 (69–103) .003
MELD score 23 (21–28) 22 (20–25) .074 34 (32–38) <.001
Lille score

- median score 0.32 (0.13–0.67) 0.30 (0.12–0.46)c .54 0.99 (0.93–1.00)d <.001
- nonresponders, n (%) 28 (39) 14 (30) .43 9 (100)d <.001

Death or liver transplantation, d, n (%)
- 90 33 (46) 13 (27) .037 13 (65) .21
- 180 38 (54) 18 (38) .095 15 (75) .12

Continuous variables are presented as median (interquartile range).
aDerivation cohort vs validation cohort 1.
bDerivation cohort vs validation cohort 2.
cLille score could not be calculated in 2 patients in the validation cohort 1 because they died before 7 days of treatment.
dIn validation cohort 2, 9 patients (45%) were treated with corticosteroids.
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Prognostic Gene Signature in Severe AH
In the derivation cohort, a 123-gene prognostic signature

was defined (Supplementary Table 1), designating 28 pa-
tients (39%) as having a poor prognostic signature pattern.
Patients assigned to the poor-prognosis group had a signifi-
cantly lower event-free survival at 90 and 180days compared
with patients with a good prognosis (Supplementary
Figure 1). Molecular pathway analysis revealed association
of inflammatory and oxidative stress response pathwayswith
poor prognosis, and association of cell proliferation and he-
patic stellate cell gene signature,35 presumably reflecting a
fibrogenic wound-healing response, with good prognosis
(Supplementary Table 2). Regulatory gene network analysis
revealed association of lipid, bile acid, and xenobiotic meta-
bolism with better prognosis (Supplementary Figure 2 and
Supplementary Table 3). The poor prognosis signature
pattern was also assessed in other patients with alcoholic
liver disease (Supplementary Table 4, Supplementary
Figure 3A) and individuals with a healthy liver
(Supplementary Figure 3B). The poor-prognosis pattern of
the 123-gene signature was absent in individuals with a
healthy liver and alcoholic steatosis, whereas partial signa-
ture gene dysregulation was observed in 23% of patients
with nonsevere AH and 18% of patients with alcoholic
cirrhosis (Supplementary Table 5). Among the 123 signature
=
Figure 1. Development of the gs-MELD score. (A) Selection of p
the final number of patients in each cohort. (B) Expression patter
blue colors indicate high and low gene expression, respectively.
in the derivation cohort, defined the gs-MELD score. Patients we
the median (2.66) of the gs-MELD score. Thirty-seven (52%) of t
and 34 (48%) patients had a score greater than 2.66 and were c
free survival curves for the gs-MELD score in the derivation coh
groups, 76% and 29% of patients were free of events at 9
poor-prognosis groups, respectively (P < .001).
genes, 51 genes were specifically dysregulated in severe AH
with poor prognosis, whereas 72 genes were also dysregu-
lated in the subsets of patients with alcoholic cirrhosis and
patients with nonsevere AH (Supplementary Figure 3C). Each
gene subset showed inferior prognostic capability compared
with the full 123-gene signature (c-index of 0.65, 0.57, and
0.70 for the 72, 51, and 123-gene signatures, respectively),
indicating that both components are necessary to maintain
the prognostic performance of the signature.

Derivation of an Integrative Clinical and Molecular
Prognostic Score: Gene Signature–MELD Score

A prognostic score, integrating the gene signature and
the MELD score (gene signature–MELD [gs-MELD] score),
was developed by using regression coefficients from the
multivariable Cox regression model in the derivation cohort
as follows:

gs�MELD score ¼ 1:102

x ð1 if poor prognosis 123� gene signature prediction or 0

if non� poor prognosis predictionÞ þ 0:102 x MELD score

Patients with a gs-MELD greater than 2.66 (the median
in the derivation cohort) were considered to have a poor
atients included in the study. The gray background indicates
ns of the 123-gene signature in the derivation cohort. Red and
The level of expression of the 123-genes and the MELD score
re assigned to a good- or poor-prognosis group according to
he patients had a gs-MELD score equal to or lower than 2.66,
lassified as good, and poor prognosis, respectively. (C) Event-
ort. In the good- (green line) and poor-prognosis (orange line)
0 days vs 65% and 26% at 180 days, in the good- and
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prognosis (Figure 1B). This group had an event-free prob-
ability of survival of 29%, and 26% at 90 and 180 days,
respectively (P < .001, Figure 1C). The gs-MELD remained
strongly associated with the occurrence of mortality or liver
transplantation even after exclusion of these 11 infected
patients in the derivation cohort (P < .001, Supplementary
Figure 4).

Validation of the gs-MELD Score
Using the cutoff defined in the derivation cohort, the

prognostic performance of the gs-MELD score was evalu-
ated in the validation cohort 1, similarly profiled by
genome-wide DNA microarray (Figure 2A). Patients
assigned to the poor-prognosis group (gs-MELD score
> 2.66) had a significantly lower event-free probability of
survival compared with those classified as good prognosis
Figure 2. Prognostic performances of the gs-MELD score in the
among the 48 subjects of the validation cohort 1. The cutoff (2.6
represent subjects who experienced death or liver transplantati
sified as good and poor prognosis, respectively. Thirteen (27%)
180 days (P < .001), respectively. (B) Event-free survival curve
prognosis (orange line) groups, 96% and 43% of patients were
the good- and poor-prognosis groups, respectively (P < .001).
the evolution of AUC during follow-up. The horizontal black do
meaningful utility. In the lower part, ROC curves at 90 and 180
at 90 (43% vs 96%, P < .001) and 180 days (34% vs 84%
P < .001, Figure 2B). The gs-MELD score was superior to the
MELD score alone for 90-day (AUC, time-dependent AUC,
and c-index were increased by 0.15, 0.13, and 0.12, and AIC
was decreased by 8) and 180-day prognosis (increased by
0.11, 0.10, and 0.09, and decreased by 3, respectively)
(Table 2). Of note, prognostic association of the score was
superior to a recently published combined model inte-
grating the MELD and Lille scores.13 The prognostic per-
formance of the gs-MELD score remained stable over time
compared with other clinical scores (Figure 2C).

Evaluation of Other Gene Signatures
First, we tested various signatures, including fewer

genes in replication cohort 1 using HRs and their 95% CI as
a surrogate and observed that the number of genes could be
validation cohort 1. (A) The distribution of the gs-MELD score
6) was defined in the derivation cohort. The black vertical bars
on at 90 or 180 days. Twenty-six and 22 patients were clas-
and 18 (38%) died or were transplanted at 90 (P < .001) and
s for the gs-MELD score. In the good- (green line) and poor-
free of events at 90 days vs 84% and 34% at 180 days, in

(C) Upper part shows time-dependent AUC corresponding to
tted line indicates the generally used cutoff (0.70) of clinically
days are displayed.
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reduced to 32 while maintaining the prognostic perfor-
mances (Supplementary Figure 5). Using a similar method
to integrate the gene signature with the MELD score, we
developed a 32-gene signature–MELD (gs32-MELD) score in
the derivation cohort and evaluate the performance in the
validation 1 cohort (Supplementary Figure 6). The prog-
nostic performances of the gs32-MELD were slightly inferior
to the gs-MELD (HR 4.04; 95% CI 1.56–10.46; P ¼ .002 vs
HR 4.19; 95% CI 2.23–7.89; P < .001 for the gs32-MELD and
gs-MELD, respectively) in the validation 1 cohort. In addi-
tion, we developed a gene signature in the derivation cohort
for the occurrence of severe infection (Supplementary
Figure 7A). Patients harboring the poor-prognosis signa-
ture had a significantly higher probability of severe infection
(P ¼ .019) in the validation cohort 1 (Supplementary
Figure 7B). Similarly, we defined a signature for the occur-
rence of HRS in the derivation cohort (Supplementary
Figure 7C). However, the incidence of this outcome did
not differ significantly between the poor- and good-
prognosis signature (P ¼ .81) (Supplementary Figure 7D).
Implementation of the Prognostic Gene
Signature in a Clinical Assay Platform

Subsequently, the prognostic gene signature was
implemented in an FDA-approved clinical diagnostic plat-
form (NanoString) using the 114 top prognostic genes with
the largest absolute Cox scores to fit onto the platform (120-
gene platform, including 6 normalization genes,
Supplementary Table 2). For technical validation of the
assay, 90 patients from the derivation and validation co-
horts with remaining RNA were re-analyzed. The gs-MELD
score-based prognostic prediction was compared between
the original microarray and the NanoString platforms. The
NanoString assay–based score using the predefined cutoff
value yielded highly reproducible prognostic predictions
(accuracy ¼ 89%, P < .001, Supplementary Figure 3) with
retained prognostic association (P < .001, Figure 3A). To
assess whether the gs-MELD score would be useful in very
high-risk subjects, we further evaluated this score in
another independent cohort of 20 patients with severe AH,
referred as potential candidates for early liver trans-
plantation (validation cohort 2) (Table 1). Even in this high-
risk cohort of patients representing more advanced disease,
the gs-MELD score identified a subset of patients with
striking prognostic differences (Figure 3B and C), further
supporting the broad clinical utility of the gs-MELD score
across the whole spectrum of severity of severe AH.
Discussion
This study shows for the first time that a gene expres-

sion signature is associated with survival in biopsied pa-
tients with severe AH treated with corticosteroids or not
due to uncontrolled infection and evaluated for liver
transplantation. It also highlights the high predictive value
of the gs-MELD, a new score combining a gene signature and
the MELD score calculated at baseline in a real-world pop-
ulation of patients with severe AH. In addition, we also



Figure 3. Implementation of the gs-MELD score in an FDA-approved clinical diagnostic platform (NanoString). (A) Event-free
survival curves for the gs-MELD score in these 90 patients. At 90 days, 78% and 35% of patients were free of events vs 67%
and 30% of patients at 180 days in the good- (green line) and poor-prognosis (orange line) groups, respectively (P < .001). (B)
Distribution of the gs-MELD score in validation cohort 2 including very high-risk patients (n ¼ 20). Nine patients (45%) were
treated with corticosteroids. Twelve (60%) and 15 (75%) died or were transplanted at 90 (P < .001) and 180 days (P < .001),
respectively. (C) Survival curves for the gs-MELD score in validation cohort 2. At 90 days, 100% and 24% of patients were free
of events vs 100% and 12% of patients at 180 days in the good- (green line) and poor-prognosis (orange line) groups,
respectively (P < .001).
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demonstrate that this score can be implemented in an assay
platform.

Corticosteroids are the only standard-of-care treatment
that have reproducibly been shown to provide short-term
survival benefits in patients with severe AH.36 However, a
common side effect of this therapy is an increased suscepti-
bility to infection, one of the most frequent causes of mor-
tality in patients with severe AH.16 Although the gs-MELD
cannot be advocated as a predictor of response to cortico-
steroids per se, as the population studied did not receive
corticosteroids based on a predefined protocol like in ran-
domized controlled trials, the score identified a subgroup of
patients with very poor prognosis despite the use of corti-
costeroids. These patients could be selected for alternative
management strategies, including early evaluation for liver
transplantation,18 or inclusion in clinical trials for new
pharmaceutical drugs. Importantly, in the second validation
cohort, the gs-MELD also predicted survival in patients at
very high risk of mortality referred for liver transplantation
evaluation in the context of severe AH, of whom some were
contradicted to receive corticosteroid therapy. This indicates
that the gs-MELD score may be considered as a more general
prognostic predictor of outcome in subjects with severe AH,
and is prognostic in a wide variety of clinical settings, on
different continents and at different stages of severe AH
severity, although future studies will need to further char-
acterize these findings. The score could also improve the
design of future clinical trials by stratifying patients accord-
ing to their prognosis and thus help selecting those suitable
for new therapeutic strategies and/or treatments.

A potential limitation of this study was its relatively
small sample size, compared with others aiming to identify



March 2018 gs-MELD Score in Severe Alcoholic Hepatitis 973

CL
IN
IC
AL

LI
VE

R

gene signatures associated with clinical outcomes in pa-
tients with liver disease.23,37 However, research in the field
of severe AH faces several challenges. First, although severe
AH is one of the most life-threatening liver diseases, it re-
mains a rare complication in heavy drinkers.1 Second, it is
also a heterogeneous disease, and both recruiting and
retaining patients with alcohol use disorders is chal-
lenging.19 Third, many centers rely on clinical criteria and
do not perform transjugular liver biopsy as a routine prac-
tice for patients with decompensated cirrhosis and suspi-
cion of severe AH.7,8 Overall, we believe that the patient
population included in this study represents a unique
cohort in light of the aforementioned issues and to the best
of our knowledge, it is the largest population to date in the
field of gene-based biomarker prognosis prediction in se-
vere AH. The performance of the Lille score in validation
cohort 1 was inferior to the one reported in some ran-
domized controlled trials.38,39 However, it remains unclear
whether this clinical model has similar prognostic perfor-
mance in real-world cohorts, especially in non-French
centers.

Interestingly, we observed that poor-prognosis pattern
of the signature gene expression was partially observed in a
subset of patients with nonsevere AH (23%) and patients
with alcoholic cirrhosis (18%); 72 signature genes were
already dysregulated at the stage of nonsevere AH and
alcoholic cirrhosis, and 51 genes were additionally dysre-
gulated uniquely in severe AH (Supplementary Figure 3C).
This observation suggests that dysregulation of the 72 genes
underlie nonsevere AH– or alcoholic cirrhosis–affected
livers, and additional dysregulation of 51 genes confer
manifestation of lethal severe AH. Of note, each subset of the
gene signature showed inferior prognostic capability
compared with the full 123-gene signature, indicating that
both components of the signature are necessary for prog-
nostic prediction. Histological confirmation of AH may not
be mandatory in many cases with typical presentation.8,19

Nevertheless, European Association for the Study of the
Liver guidelines recommend the use of histologic analysis,
notably in clinical trials, as relying only on clinical criteria is
associated with a significant risk of misclassification.7

Despite considerations regarding diagnosis, we have
shown the added value of liver biopsy in the understanding
of underlying molecular signaling pathways. We have also
confirmed the feasibility of needle biopsy profiling in FFPE
tissue, which generates gene expression data comparable to
their fresh frozen counterpart,40 and the ability of the gs-
MELD to remain predictive when implemented in an inde-
pendent assay platform is a strong sign of its robustness. Of
note, this score can be calculated in 2 days using this FDA-
approved platform, which can accommodate up to 800
genes in a single reaction,41 including 1 day for RNA
extraction and another day for gene signature assay and
score calculation. Nevertheless, we acknowledge that the gs-
MELD may not be available for widespread use in clinical
practice because, as mentioned previously, liver biopsy may
be required only in situations of uncertainty,8,19 some cen-
ters do not have the capacities to perform systematic
transjugular liver biopsy in this setting,7,8 and the gene
signature assay is not routinely available. Therefore, we are
actively pursuing the development of candidate blood sur-
rogates that have already been shown to be effective in
cancer research.42

In conclusion, the gs-MELD, a combined score including
genome-based and biological information, predicts survival
in a real-world population of patients with severe AH
managed according to current standards of care, including
corticosteroid therapy when not contraindicated. Although
these findings should be further validated in independent
prospective cohorts, the gs-MELD could serve as a reference
for the development of serum surrogate biomarkers that
certainly represent the future of prognosis prediction in
severe AH.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2017.10.048.
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