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Summary
Background In trials conducted in India, recombinant granulocyte colony stimulating factor (GCSF) improved sur-
vival in alcohol-associated hepatitis (AH). The aim of this trial was to determine the safety and efficacy of pegfilgras-
tim, a long-acting recombinant GCSF, in patients with AH in the United States.

Methods This prospective, randomized, open label trial conducted between March 2017 and March 2020 random-
ized patients with a clinical diagnosis of AH and a Maddrey discriminant function score ≥32 to standard of care
(SOC) or SOC+pegfilgrastim (0.6 mg subcutaneously) on Day 1 and Day 8 (clinicaltrials.gov NCT02776059). SOC
was 28 days of either pentoxifylline or prednisolone, as determined by the patient’s primary physician. The second
injection of pegfilgrastim was not administered if the white blood cell count exceeded 30,000/mm3 on Day 8. Pri-
mary outcome was survival at Day 90. Secondary outcomes included the incidence of acute kidney injury (AKI), hep-
atorenal syndrome (HRS), hepatic encephalopathy, or infections.

Findings The study was terminated early due to COVID19 pandemic. Eighteen patients were randomized to SOC
and 16 to SOC+pegfilgrastim. All patients received prednisolone as SOC. Nine patients failed to receive a second
dose of pegfilgrastin due to WBC > 30,000/mm3 on Day 8. Survival at 90 days was similar in both groups (SOC:
0.83 [95% confidence interval [CI]: 0.57−0.94] vs. pegfilgrastim: 0.73 [95% CI: 0.44−0.89]; p > 0.05; CI for differ-
ence: -0.18−0.38). The incidences of AKI, HRS, hepatic encephalopathy, and infections were similar in both treat-
ment arms and there were no serious adverse events attributed to pegfilgrastim.

Interpretation This phase II trial found no survival benefit at 90 days among subjects with AH who received pegfil-
grastim+prednisolone compared with subjects receiving prednisolone alone.
Abbreviations: ACLF, acute on chronic liver failure; AH, alcohol-related hepatitis; AKI, acute kidney injury; CTCAE, common termi-

nology criteria for adverse events; DF, discriminant function; DSMB, data safety monitoring board; FDA, food and drug adminis-

tration; FU, follow-up; GCSF, granulocyte colony stimulating factor; HIV, human immunodeficiency virus; HRS, hepatorenal

syndrome; INR, international normalized ratio; NIAAA, national institute on alcohol abuse and alcoholism; SD, standard devia-

tion; SOC, standard of care; WBC, white blood cell count
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Research in context

Evidence before this study

We searched the PubMed database for clinical trials
published in English between January 1, 2005, and June
30, 2022, using the search terms “granulocyte colony
stimulating factor (GCSF) AND (alcoholic hepatitis OR
acute on chronic liver failure [ACLF]).” Two trials
assessed short-term outcomes of GCSF treatment
among patients with alcohol-related hepatitis (AH)
receiving standard medical management vs. standard
medical therapy+GCSF. The first trial, which enrolled 24
patients with mild AH (only 1 patient died), reported
improvement in liver cell regeneration among patients
receiving GCSF. The second trial of 46 patients with AH
reported approximately 50% reduction in short-term
mortality with GCSF+pentoxifylline vs. pentoxifylline
monotherapy. Another trial of patients with AH who
failed to respond to 7 days of corticosteroids random-
ized patients to GCSF or placebo for another 28 days
reported no difference in 28-day survival but greater
improvement in MELD and fewer infections at 90 days
among patients receiving GCSF. Two trials compared
standard medical therapy vs. SMT+GCSF for patients
with ALCF, many of whom had alcohol-related hepatitis.
A single-center trial of 47 patients with ACLF (>50% of
whom had AH) reported approximately 50% reduction
in 60-day mortality. A multicenter trial that randomized
176 patients with ALCF (»55% alcohol-related) to SMT
or SMT+GCSF for 26 days reported no significant differ-
ence in 90-day survival or adverse events among
patients receiving SMT+GCSF. Adverse events related to
GCSF were minimal. Among these publications, clinical
trials performed in India reported reduction in mortality
with GCSF treatment while studies performed in Europe
reported no improvement in outcomes among patients
with severe alcoholic liver disease who received GCSF.

Added value of this study

This phase 2 trial is the first RCT in the West to compare
corticosteroids (standard medical treatment) to
corticosteroids + GCSF among patients with AH. We ran-
domized 34 patients with a clinical diagnosis of AH and
a Maddrey discriminant function (mDF) score ≥32 to
either prednisolone alone (up to 28 days) or to
prednisolone + pegfilgrastim, a long-acting formulation
of GCSF that is administered subcutaneously once a
week. Survival at Day 90, the primary outcome, was
similar in both groups (prednisolone 0.83 vs. GCSF 0.73);
survival was similar in both cohorts at 24 weeks (72%
vs. 73%, respectively). GCSF did not reduce the inci-
dence of infections, acute kidney injury, or hepatorenal
syndrome, common and serious complications of AH.
Liver function after one month, as assessed by mDF and
the model for end stage liver disease (MELD) score,
improved to a greater extent among patients receiving
GCSF, although the difference in improvements were
not statistically significant between groups. Pegfligras-
tim increased white blood cell count to greater than
30,000/mm3 one week after administration among
more than half of the patients. Adverse event profile
was similar in both treatment groups.

Implications of all the available evidence

GCSF is of interest as a treatment for AH because of its
excellent safety profile in patients with neutropenia and
in patients with AH, its relatively short treatment dura-
tion, its marked improvement in survival in trials from
India, and the lack of effective alternative treatments for
AH. Unlike trials from India, our trial, performed in a
Western population, did not demonstrate improvement
in 90-day survival with pegfilgrastim + prednisolone
among patients with a clinical diagnosis of AH and mDF
≥32. The results of this trial and the results of a trial of
GCSF among Western patients with acute on chronic
liver failure suggest that GCSF does not improve survival
among patients in the West with severe alcohol-related
liver disease. The results of this trial should be consid-
ered by clinicians who are contemplating GCSF treat-
ment for AH and by investigators who are designing
clinical trials evaluating GCSF among patients with AH.
Introduction
Alcohol-related hepatitis (AH) is an uncommon liver
disease that occurs in a minority of subjects who con-
sume large quantities of alcohol for extended periods of
time. AH is characterized by new onset of liver failure
with jaundice, often with ascites, fever, and elevated
WBC.1,2 AASLD and EASL guidelines recommend corti-
costeroid treatment, using prednisolone, for patients
with Maddrey’s discriminant function (DF) ≥32.3,4

Despite these recommendations, use is debated because
of increased risks5 among patients who fail to respond
www.thelancet.com Vol 54 December, 2022
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to prednisolone. Corticosteroids are usually discontin-
ued after 7 days if the Lille score >0.45.6

Recombinant granulocyte colony stimulating factor
(GCSF) has been used to treat AH with excellent safety
but uncertain efficacy.7−11 GCSF injections reduced
mortality by >75% in clinical trials conducted in India,
associated with a reduction in infections or liver-related
complications (eg, encephalopathy, ascites, etc.). The
mechanisms by which GCSF might improve survival in
AH are poorly understood.12 GCSF is hypothesized to
stimulate liver regeneration by repopulating the liver
with bone-marrow derived pluripotent stem cells that
can differentiate into hepatocytes and potentially other
liver cell populations. Receptors for GCSF have been
identified on hepatocytes, raising the possibility of direct
activation of hepatocyte regeneration.13 Finally, it is pos-
tulated that GCSF promotes a neutrophil phenotype
that responds more effectively to bacterial translocation
and infection.14

We conducted a phase II trial to evaluate the safety
and efficacy of pegfilgrastim in the treatment of patients
with severe alcoholic hepatitis, defined by Maddrey’s
discriminant function ≥32. Pegfilgrastim is a long-act-
ing form of filgrastim, a recombinant GCSF, created by
covalently linking polyethylene glycol with filgrastim,
thereby allowing for once-a-week subcutaneous admin-
istration rather the daily administration of filgrastim
that was used in prior GCSF clinical trials. Oncologists
have used pegfilgrastim to treat chemotherapy-related
neutropenia for almost two decades with an excellent
safety profile.15

The trial was designed in 2015, after preliminary tri-
als of GCSF from India reported a marked reduction in
AH mortality. Given the reported effectiveness and the
lack of adverse events, we elected to administer up to
two doses of pegfilgrastim, a week apart, with the sec-
ond dose administered if the WBC did not exceed
30,000/mm3 one week after the initial pegfilgrastim
administration. At the time the trial was designed, pred-
nisolone and pentoxifylline were accepted treatments at
the participating hospitals; prednisolone, if used, was
discontinued among patients with Lille ≥0.45 after one
week.
Methods
This was a prospective, randomized, open-label clinical
trial conducted between March 2017 and March 2020 at
four hospitals in southern California and at the VA
Healthcare System, Albuquerque, New Mexico. The
IRB at each institution approved the study protocol and
all patients provided informed, written consent. All sub-
jects were >18 years of age, had bilirubin >5 mg/dL,
Maddrey’s DF ≥32, and, in retrospect, met the NIAAA
clinical diagnosis of definite or probable AH.16 If liver
biopsy was performed for clinical indications, interpre-
tation by the pathologist at the participating clinical site
www.thelancet.com Vol 54 December, 2022
was required to be consistent with the diagnosis of alco-
holic hepatitis. Exclusion criteria included white blood
cell (WBC) >30,000/mm3, creatinine >2 mg/dL, recent
upper gastrointestinal bleeding, uncontrolled infection,
known HIV infection, pregnancy, AH treatment for
more than 3 days prior to randomization, and a low like-
lihood to return for follow up. Patients with infections
could be enrolled if the infection was controlled with
antibiotics for at least 4 days.

This study was registered with clinicaltrials.gov
(NCT02776059) and the US Food and Drug Adminis-
tration (FDA) approved an Investigational New Drug
application to use pegfilgrastim (IND#131098). A Certif-
icate of Confidentiality was obtained from the NIAAA
(CC-AA-16-046). The study was conducted in accor-
dance with Good Clinical Practices. All authors had
access to the study data and reviewed and approved the
final manuscript.

Patients were randomized to standard of care (SOC)
treatment for 28 days or to SOC + pegfilgrastim (Neu-
lasta�) 0.6 mg subcutaneously on Day 1 and again on
Day 8 if the WBC count was <30,000/mm3 on Day 8.
At the time the trial was conceived both prednisolone
and pentoxifylline were considered acceptable treat-
ments for AH at participating sites. Thus, SOC was
28 days of oral treatment with either prednisolone
40 mg/day or pentoxifylline 400 mg three times a day.
SOC was determined by the subject’s treating physician
and not by the investigators. Lille score was calculated at
Day 8 and all treatment (including pegfilgrastim) was
stopped if Lille score ≥0.45. The study was not blinded
since an elevated WBC in the pegfilgrastim group would
have made blinding difficult to maintain and might
have caused difficulties when assessing for possible
infection.

Study duration was 24 weeks. Clinical assessments
were performed at baseline and at Days 8, 15, 29, and at
Weeks 12 and 24. In addition, outpatient telephone vis-
its were conducted on Day 4 and Week 8. At each clinic
visit, patients were asked about recent alcohol use and
counseled to maintain abstinence. Safety assessments
included clinical and laboratory evaluations. Adverse
events were adjudicated by the site investigator for relat-
edness and for severity using CTCAE v. 4.03. Events of
special interest included infections, acute kidney injury
(AKI), hepatorenal syndrome (HRS),17 hepatic encepha-
lopathy, and variceal bleeding.

This was the first clinical trial of pegfilgrastim in
the United States for patients with AH, prompting
the FDA to request additional assurances of drug
safety. The FDA recommended limiting pegfilgras-
tim use to two injections. To avoid markedly elevated
WBC, pegfilgrastim was not administered if the
WBC >30,000/mm3 at baseline or on Day 8. Finally,
because rare spleen rupture has been reported
among patients with hematologic malignancies18

receiving filgrastim, spleen size (greatest length in
3
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one dimension on ultrasound) was measured at Day
15, Day 29, and Week 24.
Endpoints
Study duration was 24 weeks. Primary outcome was
time to death through Day 90. Secondary outcomes
included adverse events, change in MELD score and
Maddrey’s DF at Day 30, and survival at one month and
at Week 24. The National Death Index was accessed a
year after the study ended to determine survival among
participants who did not return for protocol-defined
study visits. Data collection for events not related to sur-
vival (e.g., adverse events, alcohol use, spleen size, etc.)
ended at Week 24, at the time patient failed to come to
clinic visits, or death.
Randomization
Patients were randomly assigned in a 1:1 ratio to receive
either SOC or SOC+pegfilgrastim; randomization was
stratified by study site. Three sites initially participated
in the clinical trial; two sites were added after »2 years.
The study statistician created a randomization schedule
with permuted blocks of 2 or 4 using a standard soft-
ware randomization program, which was entered into
REDCap database, and concealed from study personnel
(investigators, coordinators, etc.). Randomization
occurred by entering inclusion and exclusion data. After
three years and enrollment of 30 patients, the DSMB
recommended reconsideration of the randomization
scheme. Following their recommendation, the protocol
was modified, and randomization was changed to 2:1
(pegfilgrastim: SOC) with a total enrollment goal of 45
subjects.
Statistical methods
This was a phase II trial. The power analysis for the pri-
mary outcome was based on a one-sided, two sample
proportion Z-test with pooled variance at level of 0.05
using NCSS PASS software (NCSS, Kaysville, Utah,
USA). Survival in the SOC arm was estimated to be
65% at 90 days based on data from more than 100
patients with AH treated with prednisolone at one of
the participating clinical sites. We estimated a 25%
improvement in absolute survival in the pegfilgrastim
arm (assumed survival of 90% at 90 days) based on
reduction in mortality among patients receiving GCSF
in trials from India. With these assumptions, 35 subjects
per treatment group had a power of 81%. A sample size
of 78 was approved for randomization with an antici-
pated lack of survival data on 10% (eight patients) for a
final assessment of 70 patients. Power was not calcu-
lated for secondary outcomes; given the sample size of
this phase II trial, the power for each secondary out-
come was assumed to be <80%. Coded data at each site
was entered into a REDCap database. The intention to
treat survival analysis included all randomized patients
through Week 24 using their known date of death as
obtained from the National Death Index or from medi-
cal records at the participating clinical site. We per-
formed another analysis that censored patients who
failed to complete the trial visits per protocol. The
Kaplan-Meier (KM) survival curves were compared
using a log-rank test. The primary comparison was sur-
vival at Day 90. Secondary survival outcomes included
survival at Week 24 and survival at one month, which
we report as 31-day survival rather than 30-day survival
to account for one patient in the pegfilgrastim group
with HRS who died at Day 31 and one patient in the
SOC group with liver failure who died at Day 30. Sec-
ondary outcomes included all randomized patients and
are reported as means and standard deviations (SD) or
as median. For continuous data, a two-sided, two sam-
ple t-test (after assessing homogeneity of variance) or a
Mann-Whitney U test (if normality assumption is not
tenable; assessed via QQ-plot), whichever was appropri-
ate, were conducted to compare the SOC group and the
SOC+pegfilgrastim group at a significance level of 0.05.
Statistical analyses were performed using the SASTM

(version 9.4) software program. A Data Safety Monitor-
ing Board reviewed the data throughout the study.
Role of funding
This investigation was funded by the National Institutes
of Health and National Institute on Alcohol Abuse and
Alcoholism U01-AA021886 and U01-AA021884. The
funds were used for recruitment of participants, as well
as for support of researcher/nurse time, data and sam-
ple collection, and analyses. We confirm the indepen-
dence of researchers from funders and that all authors,
external and internal, had access to the data in the study
and take responsibility for the integrity of the data and
the accuracy of the data analysis. The funders had no
role in writing the manuscript or the decision to submit
for publication.
Results
Seventy-eight patients were screened and 44 were
excluded; 13 because of DF < 32, nine due to current
AH treatment, 13 for other reasons, and nine patients
who declined. The remaining 34 patients were random-
ized: 18 to SOC and 16 to SOC + pegfilgrastim (hereaf-
ter referred to as the pegfilgrastim group)(Figure 1).
One patient in the pegfilgrastim group withdrew con-
sent on Day 8 and was censored at that time point. The
study was stopped early because of the COVID19 pan-
demic. At baseline, the average age of participants was
approximately 50 years, all were male, >80% were Cau-
casian, 68% were Hispanic, and average MELD was
approximately 25 (Table 1). Standard liver blood tests,
WBC, hemoglobin, sodium, creatinine, and INR are
www.thelancet.com Vol 54 December, 2022
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SOC
(n=18)

Pegfilgrastim
(n=16)

Age (years/SD) 50 (10.9) 49.9 (12.7)

Gender (male:female) 18:0 16:0

Race (n, %)

Caucasian 17 (94.4) 13 (81.3)

Black/AA 0 (0%) 1 (6.3%)

Asian 0 (0%) 1 (6.3%)

Native American 0 (0%) 1 (6.3%)

Refused 1 (5.6%) 0 (0%)

Ethnicity

Hispanic 13 (72.2%) 10 (62.5%)

Non-Hispanic 5 (27.8%) 6 (37.5%)

Bilirubin (mg/dL)

(median (IQR))

12.8 (7.4) 17.7 (11.45)

Albumin (g/dL)

(Mean (SD))

2.3 (0.5) 2.3 (0.4)

AST (IU/L)

(median (IQR))

156 (84) 131.5 (63)

ALT (IU/L)

(median (IQR))

50 (64) 51.5 (25.5)

Creatinine (mg/dL)

(mean (SD))

0.8 (0.2) 0.8 (0.2)

Sodium (mEq/L)

(mean (SD))

133.1 (3.1) 131.8 (2.8)

WBC (x103/µL)

(median (IQR))

9,700 (12,300) 9,600 (9,560)

INR

(median (IQR))

1.8 (1.08) 1.8 (0.48)

Maddrey DF

Mean (SD) 53.7 (23.6) 55.2 (15.9)

Median (IQR) 45.3 (32.98) 55.8 (17.63)

MELD

Mean (SD) 25.6 (3.8) 26.2 (2.2)

Median (IQR) 26 (5) 27 (3)

Days between hospitalization

and randomization

(mean (SD))

3.9 (1.9) 5.7 (2.1)

Table 1: Demographics and baseline laboratory tests.
a

a Data that are not normally distributed as assessed by QQ-plots are

reported as median and interquartile range (IQR). Other data is reported

as mean and standard deviation (SD).
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reported in Table 1. The median Maddrey’s DF was
lower (45.3 v. 55.8, p = 0.32) and the number of days
between hospital admission and randomization was
shorter (3.9 § 1.9 days vs. 5.7 § 2.1 days) in the SOC
group.

All patients in both groups received prednisolone as
SOC. All patients randomized to pegfilgrastim received
pegfilgrastim on Day 1. Ten patients had Lille score
≥0.45 (SOC = 5/16 and pegfilgrastim = 5/14) at Day 8
and therefore stopped prednisolone; Lille score was
>0.60 in 9 of these 10 patients. Lille score was not
obtained for two SOC patients (death [1] and blood tests
not obtained [1]) and for two pegfilgrastim patients
(withdrew consent [1] and blood tests not obtained [1]).
Prednisolone was stopped in three patients because of
adverse events (presumed perforated diverticulum (Day
8), abdominal pain (Day 20), and a “cold” (Day 27)).
Nine patients receiving pegfilgrastim had WBC
>30,000/mm3 on Day 8; the second injection of pegfil-
grastim was not administered in these patients (two of
the nine also had Lille score ≥0.45). Two of these
patients had WBC >60,000/mm3 at Day 8. No patient
had an adverse event related to elevated WBC.

Survival at Week 24 was ascertained for all patients
based on follow-up clinic visits, subsequent visits to the
healthcare system, or the National Death Index. When
all randomized patients (18 to SOC and 16 to pegfilgras-
tim) were included in the Kaplan-Meier estimates, sur-
vival at Day 90 was similar in both groups (SOC: 0.83
[95% confidence interval [CI]: 0.57−0.94] vs. pegfilgras-
tim: 0.73 [95% CI: 0.44−0.89], Figure 2; 95% CI for
the difference: -0.18−0.38). A sensitivity analysis was
conducted using a Cox model to estimate treatment
effect adjusted for site. The effect of site is not signifi-
cant (P = 0.4966) and the effect of treatment groups
(SOC and GCSF arms) on survival remained not signifi-
cant (P = 0.6272), consistent with the primary analysis
results. Survival was similar in both treatment groups at
Day 31 (SOC: 0.89 [95% CI: 0.62−0.97] vs. pegfilgras-
tim: 0.73 [95% CI: 0.44−0.89]; 95% CI for difference:
-0.11−0.42) and at Week 24 (SOC: 0.72 [95% CI:
0.46−0.87] vs. pegfilgrastim: 0.73 [95% CI: 0.44
−0.89]; 95% CI for difference: -0.32−0.29). By Day
90, two pegfilgrastim treated patients with Lille score
<0.45 died and four patients with Lille score ≥0.45
(SOC = 2 vs. pegfilgrastim = 2) died. Lille score was not
available for the SOC patient who died before Day 8.
Kaplan-Meier survival estimates that included all ran-
domized patients categorized according to Lille score,
and for patients who completed protocol-defined visits
through Day 90, are shown in the Supplemental fig-
ures.

Seven patients died by Day 90 (3 SOC and 4 pegfil-
grastim); two additional patients in the SOC group died
between Day 90 and Week 24 (Table 2). Six of the nine
patients died with liver failure without an identifiable
precipitating event (Table 2; Supplemental Table 1). The
three remaining patients died within the first 30 days
following a precipitating event. One SOC patient devel-
oped presumed respiratory infection (cultures negative)
followed by respiratory and liver failure (death at Day
6), a 70-year-old pegfilgrastim treated patient developed
presumed perforated diverticulum at Day 8 followed by
sepsis and renal failure (death at Day 13), and a second
pegfilgrastim treated patient was found unconscious at
home and developed respiratory failure followed by liver
failure and death over 48 hours in the hospital (death at
Day 17). The relationship of the precipitating events to
the administration of prednisolone with or without
www.thelancet.com Vol 54 December, 2022



Figure 2. Kaplan Meier survival estimates for all enrolled subjects through Week 24. Survival was not significantly different between SOC and SOC + GCSF at Day 31 (p = 0.27),
Day 90 (p = 0.48), or Week 24 (p = 0.97)(log-rank test). SOC: standard of care (solid line); pegfilgrastim (dotted line).
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pegfilgrastim is uncertain. Four patients (1 SOC and 3
pegfilgrastim) were hospitalized within the first 31 days
and survived (Table 2). Three additional patients were
hospitalized and survived between Day 32 and Day 90
(1 SOC and 2 pegfilgrastim).

Events of special interest included infections, acute
kidney injury, hepatorenal syndrome, worsening
hepatic encephalopathy, and variceal bleeding. Most of
the events of special interest occurred during the first
30 days. Overall, the incidences of infection, AKI, and
HRS were similar in both groups; no patient developed
variceal bleeding or worsening hepatic encephalopathy
(Table 3; Supplemental Table 2). During the first
30 days, four patients in the SOC group and five
patients in the pegfilgrastim group reported at least one
AE not related to an event of special interest. Two of
these AE’s were assessed as probably or definitely
related to prednisolone: dyspepsia at Day 2 in a SOC
patient and abdominal pain at Day 20 in a pegfilgrastim
treated patient. No AE was assessed as related to pegfil-
grastim.

At Day 30, median Maddrey’s DF improved 10.5
points in the SOC group and 19.5 points in the pegfil-
grastim group; median MELD improved two points and
five points, respectively, in these groups (Supplemental
Table 3; both p > 0.05). MELD improved by three or
more points in 5/13 patients receiving SOC and 7/10
patients receiving pegfilgrastim (Supplemental Table 3).
Two patients in the SOC group and three patients in the
pegfilgrastim group resumed alcohol consumption
within the first 90 days; one additional subject in the
SOC group resumed alcohol use between Day 90 and
Week 24 (Supplemental Table 4). None of these
patients died by Week 24. Compared with baseline,
ultrasound-determined maximal spleen length during
the first month significantly increased in the pegfilgras-
tim group (p < 0.05) but not in SOC group. When com-
pared between groups, maximal change in spleen size
during the first month did not differ (p > 0.05; Supple-
mental Table 5). During the first month, spleen length
increased ≥1.5 cm in three patients receiving SOC and
four patients receiving pegfilgrastim. The pegfilgrastim
treated patient with the largest increase in spleen length
during the first month (3.7 cm at Day 15) had a baseline
spleen measurement performed at an outside hospital
(ultrasound not available for quality assessment); he
was asymptomatic, and no subsequent ultrasounds
were obtained. At Week 24, two patients receiving SOC
and no patients receiving pegfilgrastim had spleen size
increase ≥1.5 cm when compared with baseline.
Discussion
This open-label, prospective, randomized trial found no
survival benefit at 90 days for pegfilgrastim + SOC vs.
SOC alone among patients with AH and DF ≥32.
Although the protocol allowed for treatment with
www.thelancet.com Vol 54 December, 2022



Day 2 through Day 30 Day 2 through Week 12

SOC (N = 18) Pegfilgrastim (N = 16) SOC (N = 18) Pegfilgrastim (N = 16)

Acute kidney injury 2 4 3 4

Hepatorenal syndrome 2 2 2 2

Infections 4 3 5 4

Hepatic encephalopathy (worse than baseline) 0 0 0 0

Variceal bleeding 0 0 0 0

Table 3: Events of special interest through Week 12.

Articles
pentoxifylline, the supervising physicians chose pred-
nisolone 40 mg/day for each patient. We administered
pegfilgrastim, a long-acting form of recombinant GCSF
that has an excellent safety profile when given as a sub-
cutaneous injection for chemotherapy-related neutrope-
nia. Adverse events were similar in the pegfilgrastim
and the SOC groups, including adverse events fre-
quently associated with AH such as acute kidney injury
and infections.

Most deaths in both groups were from liver failure
without an identified precipitating event. The three
patients who did not directly die from progressive liver
failure and/or hepatorenal syndrome had clinical
courses commonly found in patients dying with AH.
Two of these patients had presumed infections that pre-
cipitated renal failure and death; the third patient was
found unconscious at home and subsequently devel-
oped respiratory and renal failure in the hospital. The
relationship of these deaths to study medicines is uncer-
tain. Prednisolone administration in AH has been asso-
ciated with an increased incidence of infections; we
have found no association of increased infections fol-
lowing GCSF administration. Clinical events that result
in poor outcomes in AH, such as infection and acute
kidney injury, were similar among patients receiving
SOC and patients receiving pegfilgrastim. Thus, there
was no evidence that pegfilgrastim treatment either
increased or decreased complications of AH.

GCSF has been used as a treatment for AH or ACLF
(often due to AH) with mixed effectiveness.7 Meta-anal-
ysis of five prospective randomized trials of GCSF from
India reported »75% reduction in 90-day mortality and
»85% reduction in infections among patients with AH8

−11 or ACLF.19 The current study differs from the trials
in India in several ways. First, the mortality in the SOC
arms was approximately 70% in the trials from India,
significantly higher than the »20−30% observed in
this and other trials. Increased mortality could be
related to degree of liver injury in trials from India, with
MELD at entry often »25−30. Second, in India the SOC
for AH consisted of pentoxifylline. Third, the Indian
AH trials administered recombinant GCSF twice a day
for 5 days; the study of ACLF continued to administer
GCSF every third day through day 30.19 Other differen-
ces, such as age of patients, supportive care, and genetic
factors, might also have contributed to differences in
www.thelancet.com Vol 54 December, 2022
survival between the trials in India and this trial. The
outcomes of our trial are similar to two trials from
Europe, in which GCSF administration did not improve
liver function, survival, or reduce infections. However,
the trials from Europe were limited by small size and
less severe AH20 or by enrollment of patients with
ACLF (many with alcohol-related ACLF).21

We did not observe safety concerns with pegfilgras-
tim administration. The FDA requested withholding
the second pegfilgrastim injection among patients with
an elevated WBC, which was set at >30,000/mm3.
Using this criterion, 9 of 14 patients were excluded
from receiving a second injection at Day 8. As a safety
concern in this phase II trial, the FDA also requested
that we monitor spleen size. Compared with baseline,
spleen size increased during the first month among
patients receiving pegfilgrastim although the increase
in spleen size during the first month did not signifi-
cantly differ compared with SOC patients. Several cav-
eats are important. First, relatively few patients received
an ultrasound during the first month. Second, by con-
vention we measured longest spleen length in one
dimension. This technique may fail to adequately assess
changes in spleen volume. Third, spleen size increased
≥1.5 cm within the first 30 days in four patients receiv-
ing pegfilgrastim vs. three patients receiving SOC.
Spleen size at 6 months remained ≥1.5 cm above base-
line length in two patients receiving SOC and in no
patients receiving pegfilgrastim. The question of
whether GCSF causes clinically significant increase in
spleen size was not resolved by this trial.

An increase in WBC is a pharmacological effect of fil-
grastim and a theoretical surrogate marker of therapeutic
effect in AH. Mean WBC in the pegfilgrastim group
increased from »11,000/mm3 at entry to »36,000/
mm3 at Day 8, with 9 of 14 patients having a WBC >
30,000/mm3, two of whom had WBC > 60,000/mm3.
The increase in WBC with pegfilgrastim was similar to,
or greater than, the WBC increase with GCSF in clinical
trials from India, suggesting that pegfilgrastim has simi-
lar or greater biological effect as compared with daily
GCSF administration. The actual mechanism of action
of GCSF in reducing liver injury and improving survival
in AH is not well established and the assumption an
increase in WBC is a surrogate marker of beneficial effect
in AH is unproven.
9
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The trial had limitations and caveats. First, the power
of the study is limited by the relatively small number of
subjects, due, in part, to the COVID19 pandemic. One
of the purposes of a phase II trial is to estimate the
effect size for planning a phase III trial. In this respect,
the outcome of this trial is useful despite premature ter-
mination. Our survival data do not suggest a clinically
significant survival benefit at 90 days or at 24 weeks
among patients receiving pegfilgrastim. However, the
confidence intervals of the KM survival curves are large,
limiting definitive assessments of differences in survival
between the two treatment arms. Second, the mortality
in the SOC group at 90 days was less than predicted
from our preliminary survival data or from older clinical
trials but similar to the survival rates in more recent tri-
als from the UK and France.22,23 Third, prednisolone
was used as standard of care. Although prednisolone is
the most frequently used treatment for AH in the
United States, its effectiveness has been challenged.24

Investigators felt that a clinical trial without a SOC treat-
ment arm for AH was not justified and the patients’
supervising physician chose prednisolone as SOC.
Fourth, four patients in each group failed to complete
the trial visits per protocol. Despite failing to attend all
clinic visits, we ascertained survival status, the primary
outcome, in all patients through Week 24. Fifth, the
study was unblinded. Because of the expected (and
observed) increase in WBC, blinding would have been
difficult and could have led to mismanagement of the
patients, who are at risk of infections. Sixth, liver biopsy
was not required for entry. Seventh, all randomized
patients were male, and steroids may be less effective
among males (although studies of GCSF in India were
among males with AH). Also, the process of randomiza-
tion resulted in a shorter pre-randomization interval as
well as a lower median (but not mean) DF score among
patients randomized to SOC. It is unclear whether the
extra »2 days in the hospital prior to treatment in the
pegfilgrastim treated group was clinically significant for
the primary outcome. All but one patient in each group
was randomized within the first 7 days of hospitaliza-
tion. The lower median DF score in the SOC group
might have contributed to reduced early mortality in
this group. Finally, we note methodological limitations,
including measurement bias inherent in ITT analysis
and potential selection bias in the per-protocol analysis
which censored 6 patients who failed to complete trial
visits per protocol.

In summary, this unblinded, phase II, randomized
clinical trial found no survival benefit at 90 days among
patients with AH who received pegfilgrastim+predniso-
lone as compared with those receiving prednisolone
alone. Treatment with pegfilgrastim increased WBC >
30,000/mm3 during the first week in more than one
half of treated patients, suggesting a significant biologi-
cal effect. Pegfilgrastim treatment was not associated
with a decrease (or increase) in adverse events
commonly associated with AH, such as infections and
renal injury. Spleen size during the first month
increased by ≥1.5 cm in four patients receiving pegfil-
grastim and three patients receiving prednisolone; there
were no complications or symptoms related to the
increased spleen size.
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