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Highlights Lay summary

� This meta-analysis reports pooled data from 7

studies on the use of G-CSF in patients with alco-
holic hepatitis.

� The favourable effect of G-CSF was only encoun-
tered in Asian not European studies.

� Additional data are needed to clarify the usefulness
of G-CSF in severe alcoholic hepatitis, particularly
in Europe.
https://doi.org/10.1016/j.jhepr.2020.100139
The main finding of this meta-analysis is that the use
of granulocyte colony-stimulating factor (G-CSF) is
associated with a mortality reduction of more than
70% at 3 months amongst patients with alcoholic
hepatitis (AH) compared with controls who did not
receive this therapy. However, owing to the high
heterogeneity observed in the overall analysis caused
by conflicting results between the Asian and European
studies, G-CSF cannot currently be recommended for
patients with AH, particularly in Europe. Whether
these differences can be explained by ethnic differ-
ences or disparities in patient selection and disease
severity remains unclear.
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Background & Aims: Granulocyte colony-stimulating factor (G-CSF) treatment has been proposed as a therapeutic option for
patients with severe alcoholic hepatitis (AH). The aim of this study was to synthesise available evidence on the efficacy of
G-CSF in AH.
Methods: This is a meta-analysis of randomised controlled trials evaluating the risk of death at 90 days and the risk of
infection.
Results: Seven studies were included. Of a total of 396 patients, 336 had AH, 197 patients were treated with G-CSF, and 199
received placebo or pentoxifylline. In overall meta-analysis, G-CSF therapy was associated with a reduced risk of death at 90
days (odds ratio [OR] 0.28; 95% CI 0.09–0.88; p = 0.03). There was high heterogeneity between studies (p <0.001; I2 = 80%).
Five studies were performed in Asia and 2 in Europe. In the subgroup analysis of studies performed in Asia, G-CSF was
associated with a reduced risk of death (OR 0.15; 95% CI 0.08–0.28; p <0.001; heterogeneity: p = 0.5, I2 = 0%). In European
studies, G-CSF tended to increase mortality compared with controls, although the difference was not significant (OR 1.89; 95%
CI 0.90–3.98; p = 0.09; heterogeneity: p = 0.8, I2 = 0%). In Asian studies, occurrence of infection was less frequent in G-CSF
patients than in controls (OR 0.12; 95% CI 0.06–0.23; p <0.001; heterogeneity: p = 0.7, I2 = 0%), whilst in European studies, this
occurrence was not statistically different (OR 0.92; 95% CI 0.50–1.68; p = 0.78; heterogeneity: p = 0.5, I2 = 0%). In sensitivity
analyses, excluding studies that included patients with acute-on-chronic liver failure (ACLF) other than AH, patients with less
severe AH, or patients with non-response to corticosteroids, results were similar to those of overall analyses, both for mor-
tality and occurrence of infection.
Conclusions: Granulocyte colony-stimulating factor therapy may improve the prognosis of patients with severe AH. However,
owing to the high heterogeneity observed in the overall analysis caused by conflicting results between the Asian and
European studies, G-CSF cannot currently be recommended for AH, particularly in Europe. Whether these differences can be
explained by ethnic differences or disparities in patient selection and disease severity remains unclear.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Alcoholic hepatitis (AH) is a severe disease characterised by
recent onset of jaundice in individuals with chronic alcohol
abuse.1,2 Severe AH is commonly defined by a Maddrey’s
discriminant function (MDF) of 32 or higher,3,4 and is the form of
alcoholic liver disease that carries the poorest prognosis. In this
case, mortality rates as high as 50% have been reported at 3
months without treatment.2 Corticosteroids (prednisolone 40
mg/day given orally) are the most widely recommended treat-
ment for severe AH.1,5,6 Although meta-analyses and recent trials
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have shown that corticosteroids reduced the risk of death at 1
month, the magnitude of this effect is limited. In addition, cor-
ticosteroids do not improve survival beyond 1 month.7–9 More-
over, the applicability of corticosteroid therapy is restricted by
concerns about the risk of sepsis.10

Aside from liver transplantation in highly selected patients,
no other therapeutic options are currently available in non-
responders to medical therapy.1,5,11 Granulocyte colony-
stimulating factor (G-CSF) has been proposed as a treatment in
this setting.12,13 G-CSF is a glycoprotein that stimulates the bone
marrow to produce and release neutrophils and stem cells
(CD34+) into the bloodstream. In animal models, administration
of G-CSF has been shown to mobilise the haematopoietic stem
cells, induce liver regeneration, and improve survival.14 In
humans, recent studies have reported encouraging results con-
cerning the use of G-CSF in patients with acute-on-chronic liver
failure (ACLF),15–21 with chronic liver disease at different stages
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of severity22–24 and with AH.9,12,17,25,26 However, other studies
have failed to demonstrate a survival benefit associated with
G-CSF treatment in both advanced liver disease and in AH.13,27–29

Meta-analysis is a quantitative technique that enables pooling
data from trials to decrease random errors. It also allows for
assessment of a particular factor’s magnitude of impact. In this
study, we performed a meta-analysis of randomised controlled
trials (RCTs) evaluating the usefulness of G-CSF in AH. Our pri-
mary objective was to assess the 90-day risk of death in AH
patients treated with G-CSF compared with controls not treated
with G-CSF. Our secondary objective was to assess the occur-
rence of infections.

Materials and methods
Literature search
Medline (PubMed), Embase, Cochrane Library, and manual
searches were combined and last performed on January 6, 2020.
Key search terms were ‘G-CSF’ or ‘GCSF’ or ‘Granulocyte Colony-
Stimulating Factor’ and ‘alcoholic hepatitis’ and ‘acute-on-
chronic liver failure’. Terms were combined within each database
(see supplementary appendix 1). General reviews and references
from published trials were also used. Two observers (AM and
AKS) also screened all abstracts presented between 2015 and
2019 at the Liver Meeting of the American Association for the
Study of Liver Diseases (AASLD) and the International Liver
Congress of the European Association for the Study of the Liver
(EASL).

Criteria for inclusion and exclusion of studies
All RCTs were included. To reduce the risk of bias, strict inclusion
and exclusion criteria were defined before the literature search.
To be considered, a study had to:

� include patients with AH defined clinically or proven by liver
biopsy1,5,6;

� compare G-CSF to placebo or pentoxifylline (as this therapy
has no impact on survival in AH8);

� be prospective and randomised;
� provide data on survival or on the occurrence of infections.

When several publications were found that covered the same
study population, only the most recent was taken into account.

Endpoints and criteria for combinability
Endpoints were defined before the beginning of the meta-
analysis. The main endpoint was 90-day mortality. The second-
ary endpoint was the occurrence of infections.

Data extraction
Data extraction was performed independently by 2 investigators
(AM and AKS) using standardised data collection forms. Dis-
crepancies in data interpretationwere resolved by discussion, re-
review of the studies, and consultation with one other author
(PD) when necessary.

Quality score
The methodological quality of the studies was assessed using the
Jadad score.30,31 Studies were scored according to the presence of
3 key methodological features of clinical trials, including ran-
domisation, masking, accountability of all patients, and
withdrawals.
JHEP Reports 2020
Statistical analysis
We used a random effects model to obtain a summary estimate
of 90-day mortality amongst patients treated with G-CSF and
controls. The random model was chosen because it takes into
account the possibility of heterogeneity between studies.32 Data
on all patients were extracted to allow intention-to-treat ana-
lyses. The overall treatment effect was expressed as event rates, a
measure of how often a particular statistical event occurs within
a group included in an experiment, with 95% CI.

As a first step, an overall meta-analysis was performed. This
analysis included studies performed in Asia and others per-
formed in Europe. In a second step, subgroup analyses with the
Asian studies and the European studies were performed.

Heterogeneity was assessed by Cochran’s Q test33 and the I2.
More specifically, the I2 statistic was used to estimate inconsis-
tency in meta-analyses, representing the percentage of the
between-study variability caused by heterogeneity rather than
chance.34 A significant Cochran’s Q-statistic (below 0.10) was
chosen as a threshold for significant heterogeneity across
studies. The following cut-offs were used to quantify heteroge-
neity with the I2 statistic: 0–25% (low), 25–50% (moderate), and
>50% (high) heterogeneity.34 In cases of moderate or high
heterogeneity, the methodological section of each study was re-
reviewed to determine whether any discrepancy could be iden-
tified, and sensitivity analyses, excluding the discrepant study,
were performed. To assess the extent of publication bias, the
Egger test and the Begg and Mazumdar test were used.33,35 A
p value <0.05 was considered statistically significant. All
statistical analyses were performed using Comprehensive
Meta-Analysis (Biostat, Englewood, NJ, USA).
Results
Study population
Figure 1 is a flow chart of the selection of studies for inclusion in
the meta-analysis. We screened 420 references; 234 were
selected for full-text retrieval. Of these, 7 were included in the
analysis.12,13,17,25,26,28,36 Two studies also included patients with
ACLF other than AH.17,28 Five studies were performed in
Asia12,17,25,26,36 and 2 in Europe.13,28

Table 1 is a summary of the main characteristics of the studies
included in the meta-analysis. Overall, 336 patients had AH (85%)
and 60 patients had ACLF other than AH. A total of 197 patients
were treated with G-CSF, and 199 received placebo or pentox-
ifylline and served as controls. In 6 studies,12,17,25,26,28,36 AH was
diagnosed clinically in accordance with the EASL1, AASLD5, or
American College of Gastroenterology6 guidelines. In 2 studies,
AH was also confirmed by liver biopsy.13,25

Study quality
The quality of the included studies is detailed in Table S1.

Methodological assessment of studies
Five studies have been published12,13,17,25,36 and 2 were available
only in abstract form,26,28 one of which is an interim report of an
ongoing trial.28 All trials were prospective and randomised
(Table 1). Aside from geographic origin, the methodological
analysis of each study identified several potential discrepancies
amongst the included studies:

� 2 studies included patients with ACLF other than AH.17,28

� 1 study included patients with less severe AH.13
2vol. 2 j 100139



Records identified through database searching
(n = 259)

• PubMed database (n = 81)
• Embase database (n = 125) 
• Cochrane library database (n = 53)
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Fig. 1. Flow chart of the selection of studies for inclusion in the meta-analysis. AH, alcoholic hepatitis; G-CSF, granulocyte colony-stimulating factor; RCT,
randomised controlled trial.
� 1 study included patients with non-response to
corticosteroids.25

Hence, 3 sensitivity analyses were performed in case of
moderate or high heterogeneity.

Outcomes
Primary outcome: 90-day mortality
In overall meta-analysis, G-CSF therapy was associated with a
reduced risk of death at 90 days compared with controls (odds
ratio [OR] 0.28; 95% CI 0.09–0.88; p = 0.03; Fig. 2A and Table 2).
There was high heterogeneity between studies (p <0.001;
I2 = 80%). In the subgroup analysis of studies performed in Asia,
G-CSF was associated with a reduced risk of death compared
with controls (OR 0.15; 95% CI 0.08–0.28; p <0.001; Fig. 2B) with
no heterogeneity between the studies (p = 0.5; I2 = 0%). In Eu-
ropean studies, G-CSF tended to increase mortality compared
with controls, although the difference was not significant (OR
1.89; 95% CI 0.90–3.98; p = 0.09; Fig. 2C), with no heterogeneity
between studies (p = 0.8; I2 = 0%).

No publication bias was detected by the Egger test (p = 0.2) or
by the Begg and Mazumdar test (p = 0.7).

Results of sensitivity analyses, excluding studies that included
patients with ACLF other than AH,17,28 patients with less severe
AH,13 or patients with non-response to corticosteroids,25 are
reported in the supplementary material. Results of sensitivity
analyses were similar to those of overall analyses.

Secondary outcome: occurrence of infections
In overall meta-analysis, G-CSF therapy was associated with a
reduced risk of developing infections compared with controls
(OR 0.21; 95% CI 0.08–0.55; p = 0.001; Fig. 3A and Table 2). There
was high heterogeneity between studies (p = 0.01; I2 = 73%). In
JHEP Reports 2020
Asian studies, occurrence of infection was less frequent in G-CSF
patients than in controls (OR 0.12; 95% CI 0.06–0.23; p <0.001;
Fig. 3B) with no heterogeneity between studies (p = 0.7; I2 = 0%),
whilst in European studies, this occurrence was not statistically
different (OR 0.92; 95% CI 0.50–1.68; p = 0.78; Fig. 3C) with no
heterogeneity between studies (p = 0.5; I2 = 0%).

No publication bias was detected by the Begg and Mazumdar
test (p = 0.9), but a publication bias was detected by the Egger
test (p = 0.02).

Results of sensitivity analyses, excluding studies that included
patients with ACLF other than AH,17,28 patients with less severe
AH,13 or patients with non-response to corticosteroids,25 are
reported in the supplementary material. Results of sensitivity
analyses were similar to those of overall analyses.
Discussion
In its severe form, AH is characterised by mortality rates as high
as 50% at 3 months without treatment. A number of reports have
provided encouraging results for patients treated with G-CSF.
These individual publications address only a restricted number
of patients. As enough data have accumulated in the literature
for an initial meta-analytic assessment of the effects of G-CSF in
AH, a meta-analysis was required to synthesise available data on
the efficacy of G-CSF in this setting. The main finding of this
meta-analysis is that the use of G-CSF is associated with a
mortality reduction of more than 70% at 3 months amongst pa-
tients with AH compared with controls who did not receive this
therapy. However, there was high heterogeneity between studies
caused by conflicting results between the Asian and European
studies. The favourable effect of G-CSF was only encountered in
Asian studies and not in European studies. In fact, no significant
increase in infection rates was observed in patients treated in
3vol. 2 j 100139



Table 1. Characteristics of the 7 included studies.

Authors Location of
the study

Aetiology Group of patients/
study design

No. of
patients

G-CSF
doses

Age
(years,
range)

Sex ratio
(No. of

males, %)

MELD score
at baseline*

Maddrey’s
discriminant
function at
baseline*

Spahr et al.
(2008)13

Geneva,
Switzerland,
Europe

AH (alcoholic
steatohepatitis)

Patients randomly assigned to receive standard
care + G-CSFc (5 patients received steroids)

13 10 lg/kg/day
(5 days)

53 (34–69)* 11 (85%) 15 (13–22) 34 (25–60)

Patients randomly assigned to receive standard
care + placeboc (7 patients received steroids)

11 54 (42–61)* 6 (54%) 16 (11–20) 38.7 (21–59)

Garg et al.
(2012)17

New Delhi,
India, Asia

ACLFad Patients randomly assigned to receive G-CSF
(no patient received steroids)c

23 5 lg/kg/day
(5 days) and
every 3 days

(1 month)

40 (30–65)* 20 (87%) 29 (21–40) NA

Patients randomly assigned to receive placebo or
pentoxifylline (no patient received steroids)c

24 40 (19–55)* 21 (87%) 31.5 (20–40) NA

Singh et al.
(2014)36

Chandigarh,
India, Asia

Severe AH Patients randomly assigned to receive G-CSF +
pentoxifylline (no patient received steroids)

23 10 lg/kg/day
(5 days)

41.7 ± 7.5** 23 (100%) 27 85.5

Patients randomly assigned to receive
pentoxifylline (no patient received steroids)

23 44.3 ± 13** 23 (100%) 30 79.2

Sharma et al.
(2017)26

Jaipur,
India, Asia

Severe AH Patients randomly assigned to receive G-CSF
(no patient received steroids)

25 5 lg/kg/day
(5 days)

49.4 ± 11.5** 25 (100%) 25.40 ± 9.07** 84.54 ± 59.2**

Patients randomly assigned to receive placebo
(no patient received steroids)

25 48.6 ± 14.4** 25 (100%) 30.25 ± 10.42** 124.78 ± 90.7**

Singh et al.
(2018)12

Chandigarh,
India, Asia

Severe AH Patients randomly assigned to receive G-CSF +
pentoxifylline (no patient received steroids)

18 10 lg/kg/day
(5 days)

41.6 ± 8.1** 18 (100%) 26 (19–37) 84 (56–185)

Patients randomly assigned to receive
pentoxifylline (no patient received steroids)

20 44.7 ± 9.4** 20 (100%) 27.5 (19–41) 77.4 (37–235)

Shasthry et al.
(2019)25

New Delhi,
India, Asia

Severe AH with
no responsiveness
to steroids

Patients randomly assigned to receive G-CSF
(all patients were non-responders to steroids)

14 5 lg/kg/day
(5 days) and
every 3 days

(1 month)

39.6 ± 9.0** 27 (96%) 24.6 ± 3.9** 74.8 ± 22.8**

Patients randomly assigned to receive placebo
(all patients were non-responders to steroids)

14 40.7 ± 11.7** 27.6 ± 4.4** 87.5 ± 28.7**

Engelmann et al.
(2019)28

Multicentric,
Europe

ACLFbd Patients randomly assigned to receive G-CSF 81e 5 lg/kg/day
(5 days) and
every 3 days

(1 month)

54.2 ± 10.1** 46 (57%) 24.5 ± 6** NA

Patients randomly assigned to receive placebo 82e 56.9 ± 9.6** 56 (68%) 23.9 ± 5.6** NA

ACLF, acute-on-chronic liver failure; AH, alcoholic hepatitis; EASL-CLIF, European Association for the Study of the Liver-chronic liver failure; G-CSF, granulocyte colony-stimulating factor; NA, not available; RCT, randomised controlled
trial.
* Expressed as median.
** Expressed as mean ± SD.
a ACLF was defined according to the Asian Pacific Association for the Study of the Liver criteria, as an acute hepatic insult manifesting as jaundice (serum bilirubin level >−5 mg/dl) and coagulopathy (international normalised ratio
>−1.5), complicated within 4 weeks by ascites and/or encephalopathy in a patient with previously diagnosed or undiagnosed chronic liver disease.
b ACLF according to the EASL-CLIF criteria.
c 65% of the patients had ACLF caused by AH in the G-CSF group and 50% of the patients had ACLF caused by AH in the control group. Patients with reactivation of hepatitis B and AH were treated with tenofovir and pentoxifylline,
respectively.
d 69.2% of the patients had ACLF caused by AH in the G-CSF group and 69.4% of the patients had ACLF caused by AH in the control group.
e Eighty-one patients were randomised in the G-CSF group, but 60 patients ended the study, and 82 patients were randomised in the control group, but 52 patients ended the study (interim analysis).
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Study name Subgroup
within study

Outcome Statistics for each study Events/Total
G-CSF
group

Control
group

Odds
ratio

 Lower
limit

 Upper
limit

 Z-Value p value 

Engelmann 2019 Europe 

Garg 2012 Asia

Shasthry 2019 Asia

Singh 2014 Asia

Singh 2018 Asia

Spahr 2008 Europe

Sharma 2017 Asia

Deaths 1.852 0.862 3.977 1.580 0.114 40/60

Deaths 0.180 0.052 0.629 -2.687 0.007 7/23

Deaths 0.222 0.045 1.094 -1.850 0.064 5/14

Deaths 0.077 0.019 0.313 -3.583 0.000 5/23

Deaths 0.054 0.009 0.309 -3.271 0.001 2/18

Deaths 2.760 0.102 74.777 0.603 0.546 1/13

Deaths 0.265 0.082 0.854 -2.223 0.026 8/25

0.275 0.086 0.876 -2.183 0.029 
0.01 0.1 1 10 100

Favours G-CSF Favours controls

Pool estimate rate

27/52
17/24

10/14
18/23

14/20
0/11

16/25

Odds ratio and 95% CI

Garg 2012 Asia Deaths 0.180 0.052 0.629 -2.687 0.007 7 /23 17 /24

Shasthry 2019 Asia Deaths 0.222 0.045 1.094 -1.850 0.064 5 /14 10 /14

Singh 2014 Asia Deaths 0.077 0.019 0.313 -3.583 0.000 5 /23 18 /23

Singh 2018 Asia Deaths 0.054 0.009 0.309 -3.271 0.001 2 /18 14 /20

Sharma 2017 Asia Deaths 0.265 0.082 0.854 -2.223 0.026 8 /25 16 /25

0.151 0.081 0.280 -5.976 0.000

0.01 0.1 1 10 100

Pool estimate rate

Study name Subgroup
within study

Outcome Statistics for each study Events/Total
G-CSF
group

Control
group

Odds
ratio

 Lower
limit

 Upper
limit

 Z-Value p value 

Odds ratio and 95% CI

Engelmann 2019

Spahr  2008

Deaths 1.852 0.862 1.580 0.114 40/60 27/52 

Deaths 2.760 0.102 74.777 0.603 0.546 1/13 0/11

1.890 0.898 3.979 1.676 0.094

0.01 0.1 1 10 100

Pool estimate rate

Study name Subgroup
within study

Outcome Statistics for each study Events/Total
G-CSF
group

Control
group

Odds
ratio

 Lower
limit

 Upper
limit

Z-Value p value 

Europe

Europe 3.977

Favours G-CSF Favours controls

Odds ratio and 95% CI

A

B

C

Favours G-CSF Favours controls

Fig. 2. Pooled estimate rate for death at Day 90 between patients with alcoholic hepatitis. Treated by (A) G-CSF and controls, (B) G-CSF and controls in Asian
studies, and (C) G-CSF and controls in European studies. G-CSF, granulocyte colony-stimulating factor.
Europe compared with a lower risk of infections in G-CSF-treated
patients in Asia. Although the difference was not significant, in
the European studies, survival of patients treated with G-CSF
tended to be worse than that of untreated patients. Hence, the
usefulness of G-CSF in AH remains a subject of debate, and
currently, G-CSF cannot be recommended in Europe.

The precise mechanism of action by which G-CSF may pro-
mote clinical benefit remains unclear. Granulocyte colony-
stimulating factor could have dual mechanisms of action. First,
it has been shown that G-CSF stimulates liver regeneration. Both
anti-inflammatory and liver regeneration mechanisms partici-
pate in the repair of liver damage in AH. Although a decrease in
proinflammatory cytokines (the main mechanism of action of
corticosteroids in AH) is likely to be helpful, hepatocyte regen-
eration also plays a crucial role in restoring liver function.37 After
JHEP Reports 2020
liver injury, bone-marrow-derived circulating pluripotent cells
contribute to hepatocyte regeneration by providing cytokines
and growth factors that promote liver repair.38 It has been shown
that G-CSF stimulates the bone marrow to release stem cells
(CD34+) and their differentiation into mature hepatocytes, as
well as the proliferation of hepatocyte progenitor cells in chol-
angiocytes.13,39 These effects are associated with increased
markers of hepatic regeneration and neutrophilia along with
increased neutrophil density on liver tissue. This translates into
improved liver function, decreased risk of complications of liver
disease, reduced risk of infections, and improved survival. The
effect of G-CSF on liver regeneration may explain, at least in part,
why a survival benefit was observed in Asian studies and not in
European studies. Indeed, the Asian population seemed to have
more severe disease with MELD scores of 25–31 and/or MDF
5vol. 2 j 100139



Table 2. Outcomes in the 7 included studies.

Authors Group of patients/study design 90-day mortality Number of infections

Spahr et al. (2008)13 Patients randomly assigned to receive standard care + G-CSF 1/13 (7.7) 3/13 (23.1)
Patients randomly assigned to receive standard care + placebo 0/11 (0) 4/11 (36.4)

Garg et al. (2012)17 Patients randomly assigned to receive G-CSF 7/23 (30.4)a 3/23 (13.0)
Patients randomly assigned to receive placebo 17/24 (70.8)a 10/24 (41.6)

Singh et al. (2014)36 Patients randomly assigned to receive G-CSF + pentoxifylline 5/23 (21.7) 5/23 (21.7)
Patients randomly assigned to receive pentoxifylline 18/23 (78.3) 18/23 (78.3)

Sharma et al. (2017)26 Patients randomly assigned to receive G-CSF 8/25 (32.0) 6/25 (24.0)
Patients randomly assigned to receive placebo 16/25 (64.0) 17/25 (68)

Singh et al. (2018)12 Patients randomly assigned to receive G-CSF + pentoxifylline 2/18 (11.1) 2/18 (11.1)
Patients randomly assigned to receive pentoxifylline 14/20 (70.0) 14/20 (70.0)

Shasthry et al. (2019)25 Patients randomly assigned to receive G-CSF 5/14 (35.7) 4/14 (28.6)
Patients randomly assigned to receive placebo 10/14 (71.4) 10/14 (71.4)

Engelmann et al. (2019)28 Patients randomly assigned to receive G-CSF 40/60 (66.7)b 32/74 (43.2)
Patients randomly assigned to receive placebo 27/52 (51.9)b 34/78 (43.6)

Data are presented as n/N (%).
G-CSF, granulocyte colony-stimulating factor.
a Data for mortality at 60 days (data at 90 days not available).
b Data for death or transplantation.

Research article
scores of 32–235,12,17,25,26,36 which makes liver regeneration
even more important. By comparison, the Western population
had lower MELD scores at 15–24 and/or MDF scores of
21–60.13,28 However, differences in the severity of liver disease
reflected by the MELD score do not seem to explain all of the
differences in treatment effects observed between Asian and
European patients, as the median MELD score of the Engelmann
et al. study28 was close to that of the Asian studies.12,17,25,26,36 As
a consequence, other parameters that could influence study re-
sults may also differ across studies. The second mechanism of
action of G-CSF is related to improved antibacterial pathways
related to stimulation of neutrophil function and restoration of
immune function.38,39 This additional benefit of G-CSF may be
particularly important in patients with AH given the high risk of
infection. In this meta-analysis, the occurrence of infections
differed between Asian and European studies, which made def-
inite conclusions difficult to drawn. Nevertheless, the absence of
evidence of increased risk of infection with the use of G-CSF in
AH may represent an advantage over corticosteroids, the use of
which is often restricted by concerns about the risk of sepsis.

Granulocyte colony-stimulating factor has an excellent safety
profile with most studies reporting minor adverse effects, mainly
associated with bone pain, rash, and increase in spleen
size.9,12,13,17,25 In this meta-analysis, no major safety issues and
no deaths were attributable to treatment. This favourable safety
profile is in accordance with that observed in patients with
cancer inwhom G-CSF has been used for a long time.40 One other
consideration, however, is the fact that G-CSF is an off-label drug
in patients with severe AH and might be expensive if used in
daily clinical practice.

Despite the overall positive effect on short-term survival
observed in this meta-analysis, we cannot yet recommend using
G-CSF in patients with severe AH. As Engelmann et al.28 reported
a trend towards poorer survival amongst G-CSF-treated patients,
the benefit of G-CSF in AH is currently unsettled amongst Eu-
ropean patients. Therefore, a firm conclusion on the effectiveness
of G-CSF in AH cannot be made without additional data, partic-
ularly in Europe, where G-CSF therapy is not currently recom-
mended. Hence, further larger, prospective, multicentre,
well-designed studies are needed to precisely determine the
therapeutic role of G-CSF in patients with AH, particularly in the
severe form of this disease, where therapeutic options are
JHEP Reports 2020
urgently needed. Also, trials performed outside India are needed
to assess the usefulness of G-CSF in patients with severe AH. This
should include determinations regarding schedules of adminis-
tration, dosing of G-CSF, and the selection of patients. In this
context, the results of an ongoing clinical trial from the National
Institute on Alcohol Abuse and Alcoholism (ClinicalTrials.gov
NCT04072822), evaluating the efficacy of G-CSF in patients
with severe AH, as well as the results of the GraCiAH trial eval-
uating the efficacy of G-CSF in patients with severe alcoholic
hepatitis with partial or null respons to steroids (ClinicalTrials.
gov NCT02442180)41 would be of interest.

We acknowledge that this meta-analysis has several limi-
tations. First, a liver biopsy was not systematically performed.
However, according to current guidelines, diagnosis of AH is
probable without a liver biopsy in cases of typical clinical and
biological presentation and no other confounding variables.42

Another set of limitations is related to the fact that there is
an imbalance between the regions of the included studies, as
the majority of them came from India1.2,17,25,26,36 Regarding the
European studies, the Swiss study published more than 10
years ago was not designed for assessing clinical outcomes,13

and only an interim analysis was available for the multicentre
European study presented in abstract form at the past AASLD
meeting.28 However, this study is the largest randomised study
on 160 patients with ACLF, the majority of whom had AH as the
aetiology. Another study was also only available in abstract
form.26 Pooling of abstracts and full papers enables analysis of
the most recent ongoing studies, or those that have been
terminated but not yet published, as already done in several
systematic reviews.43–48 This strategy may reduce publication
bias that is caused by the probability of less frequently
reporting negative studies as full papers. Lastly, owing to a lack
of individual data, we were not able to evaluate the pooled
evolution of liver function and Child-Pugh score or MELD score
during therapy.

In summary, this meta-analysis is the first to report pooled
data from 7 studies on the use of G-CSF in patients with AH. Even
though a survival benefit was observed in G-CSF-treated pa-
tients, definite conclusions regarding the usefulness of G-CSF in
AH cannot be made, as high heterogeneity was observed in the
overall analysis caused by conflicting results between the Asian
and European studies. Whether these differences can be
6vol. 2 j 100139
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Fig. 3. Pooled estimate rate for infection between patients with alcoholic hepatitis. Treated by (A) G-CSF and controls, (B) G-CSF and controls in Asian studies,
and (C) G-CSF and controls in European studies. G-CSF, granulocyte colony-stimulating factor.
explained by ethnic differences or disparities in patient selection
and disease severity remains unclear. Additional data are needed
to clarify the usefulness of G-CSF in severe AH, particularly in
JHEP Reports 2020
Europe. In this regard, the results of 2 ongoing clinical trials are
awaited. These studies may help to identify patients with severe
AH who would benefit from this exciting therapy.
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