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Abstract

Background Liver transplant, the definitive treatment of decompensated cirrhosis (DC), is constrained by donor shortage and
long-term complications. Granulocyte colony-stimulating factor (G-CSF) has been explored as an alternative option in open-
label studies. This double-blind, randomized, placebo-controlled trial was designed to elucidate the efficacy of G-CSF in DC.
Methods Seventy patients were randomized to either G-CSF plus standard medical therapy (group A, n=35) or placebo
plus standard medical therapy (group B, n=35). Primary outcome was 12-month overall survival in patients who received
at least one cycle of intervention. Secondary outcomes were mobilization of CD34+-cells at day 6, improvement in Child—
Turcotte—Pugh (CTP), and model for end-stage liver disease (MELD), liver stiffness measurement, quality of life, nutrition,
hepatic decompensation, infection, hospitalization, and acute kidney injury.

Results Survival in group A was higher than that in Group B although the difference was not statistically significant (87.9%
vs 66.7%; p=0.053). CD34+ cells at day 6 were significantly higher in group A as compared to baseline (p <0.001). Ascites
control (p =0.03) and CTP score improvement (p =0.02) were better in group A at 12-months. Encephalopathy episodes
(»=0.005), infections (p =0.005) were fewer in group A than group B at 12 months. Other secondary outcomes did not
improve post-therapy. There were no treatment-related discontinuations or severe adverse events.

Conclusions G-CSF therapy is safe. The improvement in survival at 12 months is not statistically significant. Better control
of ascites, improvement of CTP score, fewer encephalopathy episodes and decreased rate of infections were observed with
G-CSF therapy (NCT03911037).

Trials Registration NCT03911037

Keywords Chronic liver disease - End-stage liver disease - G-CSF - Growth factors - Liver regeneration - Portal
hypertension - Hematopoietic stem cells - Cirrhosis - Ascites - Hepatic encephalopathy - Variceal bleed

Introduction

Decompensated cirrhosis (DC) is riddled with complications
Aswath Venkitaraman and Virendra Singh are joint first authors like refractory ascites, variceal bleeding, hepatic encepha-
lopathy, and recurrent infections [1]. High mortality, mor-
bidity, and complications leave the patients struggling with
a poor quality of life [2]. Once decompensation occurs, the
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of granulocyte colony-stimulating factor (G-CSF) [5-8].
However, Newsome et al. reported no improvement in
model for end-stage liver disease (MELD) score after
a single session of G-CSF therapy [9]. The open-label
nature of these previous studies prevents us from draw-
ing firm conclusions. To resolve these discrepancies, a
double-blind, randomized, placebo-controlled, adequately
powered trial was conducted to evaluate the efficacy of
multiple cycles of G-CSF in DC.

Materials and methods

This single-center, double-blind, randomized, placebo-
controlled trial was conducted from May 2019 to June
2020. Institutional Ethical approval was obtained (INT/
IEC/2019/000727) and the trial was registered at clinical-
trials.gov (NCT03911037). The study was compliant with
the Declaration of Helsinki and has been reported accord-
ing to CONSORT guidelines. Written informed consent was
obtained from all patients. Consort diagram of the study is
shown in Fig. 1.

Patients assessed for
eligibility (N= 376)

4 N

Excluded (306)

Group A (N = 35)
G-CSF + SMT

Excluded prior to treatment
allocation
Variceal bleed 2

b Compensated cirrhosis 185, Acute on
chronic liver failure 15, Sepsis 14,
Hepatocellular carcinoma 21, Portal vein
thrombosis 11, Spleen size > 18 = 6,
Ongoing alcohol use 29, Uncontrolled

Diabetes 6, Acute kidney injury 19.

\

Fulfilling exclusion criteria

Group B (N = 35)
Placebo + SMT

Excluded prior to treatment
allocation
Acute on chronic liver failure 1
Variceal bleed 1

Vo{

Monthly follow up for 12 months

Group A (N = 33)
Died 3

Group B (N = 33)

Died 9

N

Drop out 1
Survived 29

Fig. 1 Consort diagram of the study
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Eligibility criteria

Adults between 18 and 80 years of age with DC were
included, irrespective of etiology. Decompensations included
ascites, hepatic encephalopathy, and variceal bleeding. Cir-
rhosis was diagnosed by history, clinical examination, labo-
ratory investigations, radiology, and endoscopy. Patients
with acute-on-chronic liver failure (APASL or CANONIC
criteria), the diameter of spleen> 18 cm, co-existent hepa-
tocellular carcinoma or any other malignant tumor, variceal
bleed in the last seven days, portal vein thrombosis, uncon-
trolled diabetes (HbAlc>9 or retinopathy), renal dysfunc-
tion (serum creatinine > 1.5 mg/dl), severe cardio-pulmonary
derangement, infection, disseminated intravascular coagula-
tion, alcohol use in the previous 3 months, prior hypersen-
sitivity episode to G-CSF, HIV coinfection and pregnancy
were excluded. Eligibility in the trial was evaluated by 2
independent clinicians. All patients with chronic viral hepa-
titis had undetectable viral load at inclusion.

Groups and therapy

Study participants were randomized into group A (G-CSF
group) or Group B (placebo group) by computer-generated
random number tables. Allocation concealment was done by
serially numbered opaque sealed envelopes. Dispensing of
drugs according to code generated was done by an independ-
ent research fellow (BL), who was not involved in patient
care. The specific intervention was initiated within one week
of randomization.

Group A received G-CSF (5 pg/kg subcutaneously Q 12
hourly for 5 consecutive days, a total of 4 cycles, once every
3 months) and standard medical treatment (SMT). Group
B received normal saline in vials identical to G-CSF and
SMT. All patients were administered the interventional drug
under supervision in the hospital. SMT included nutrition
(salt restriction, calories 35—40 kcal/kg/day, protein 1.5 g/
kg/day, and alcohol abstinence), rifaximin and lactulose for
hepatic encephalopathy, diuretics and large-volume para-
centesis for ascites, prophylaxis with norfloxacin for past
spontaneous bacterial peritonitis (SBP) and beta-blockers
for variceal bleed prophylaxis. All patients with Hepatitis B
were on treatment with tenofovir disoproxil fumarate.

Patient monitoring

Patients were admitted for G-CSF or placebo injection.
Complete hemogram, liver, and renal function tests, serum
electrolytes, and prothrombin time were assessed at base-
line and monthly intervals. CD 344 cells were measured
on day O and day 6 of G-CSF administration by flow
cytometry. Total leukocyte counts and splenic size on

ultrasound were also measured on day 6 of each G-CSF
cycle. Reports of day 6 blood counts, splenic size, and
CD34+ cell count were placed in concealed envelopes by
an independent research fellow (BL), such that the treating
physicians were blinded. These concealed envelopes were
only opened at the end of the trial.

Lipid profile, HbAlc, and alpha-fetoprotein levels were
assessed at baseline and 3-monthly intervals. Computed
tomography abdomen was done at the baseline and after
every 3 months. Liver Stiffness Measurement (LSM) was
done by transient elastography using FibroScan (Echosens,
Paris) at 0 and 12 months. Nutritional status[measurement
of body mass index (BMI), handgrip strength (HGS), and
skeletal muscle index (SMI)] and quality of life (QOL)
using SF-36v2 questionnaire were assessed at baseline
and 12 months. A careful watch was kept for any possible
adverse effects which were graded according to Common
Terminology Criteria for Adverse Events version 5. Data
were entered into a pre-specified proforma.

End points

The primary endpoint was overall survival at 1 year from
the beginning of therapy. Secondary endpoints included
mobilization of CD34+ cells in peripheral blood at day 6,
improvement in MELD and Child-Turcotte—Pugh (CTP)
scores, ascites control at the end of therapy, effect on other
decompensation events like hepatic encephalopathy and
variceal bleeding, improvement in nutritional status (BMI,
SMI, and HGS), quality of life, number of acute kidney
injury episodes, hospitalizations, infections, change in
LSM and adverse events. Complete control of ascites was
defined as the absence of ascites while partial control was
defined as persistent ascites not requiring large-volume
paracentesis. Acute kidney injury was defined as increase
in serum creatinine by > 0.3 mg/dl within 48 h or increase
in serum creatinine to > 1.5 X baseline, which is known or
presumed to have occurred within the prior 7 days or urine
volume < 0.5 ml/kg/h for 6 h.

Sample size calculation

One-year survival in DC is estimated to be around 60%
[3]. Verma et al. previously reported 1-year survival of
91.3% in DC patients treated with G-CSF [6]. To assess
similar survival proportions in the two groups with a
power of 80%, a error of 0.05, and beta error of 0.2, the
minimum required sample size in each group was calcu-
lated as 29. Keeping 20% as dropouts, a total of 35 patients
were planned for inclusion in each group.
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Statistical analysis

Data were analyzed using Statistical Package for Social
Sciences (IBM SPSS Statistics for windows, version 22.0).
Quantitative variables were expressed as mean =+ standard
deviation or median (range), whereas qualitative variables
were shown as number (frequency or proportion). Kol-
mogorov—Smirnov and Shapiro—Wilk tests were used to
check normality. To compare between 2 groups, student
t-test was used for normally distributed data, Mann—Whit-
ney U test for unpaired skewed data, and Wilcoxon signed-
rank tests for paired skewed data. For categorical data,
chi-square test and McNemar tests were used for unpaired
and paired data, respectively. The analysis was originally
planned on the intention-to-treat principle. As 4 patients
did not receive the allocated intervention, a modified inten-
tion-to-treat analysis was performed including patients
who received at least one cycle of intervention. We used
the last available parameters for secondary outcome analy-
sis especially when a particular patient’s data were miss-
ing due to death or dropout. Kaplan—Meier method with
cox-proportional hazard analysis was performed for sur-
vival analysis with inter-group comparisons using log-rank
test. Patients lost to follow-up were considered as events
assuming worst case scenario. Patients undergoing LT
were censored. Sensitivity analysis was also performed by
evaluating survival using a right-hand censoring approach
where in patients lost to follow-up were censored. All sta-
tistical analyses were performed as two sided and p < 0.05
was considered statistically significant.

Results

Out of the 70 patients who were initially included in the
study, 3 patients (2 in group A and 1 in group B) devel-
oped variceal bleed and one patient in group B developed
acute-on-chronic liver failure, after randomization but
before treatment initiation. These 4 patients (2 each in
groups A and B) were neither given G-CSF nor placebo.
They were excluded in the modified intention-to-treat
analysis which was performed in the study.

Thirty-three patients each (total of 66), were included
for analysis in groups A and group B. These patients were
followed up for 1 year or till their death. All except one
patient in group A were abstinent from alcohol intake
during the follow-up. Both groups were well matched for
their baseline characteristics. Alcoholic liver disease was
the most common etiology of cirrhosis in these patients
followed by non-alcoholic steatohepatitis. Baseline char-
acteristics of the study population are shown in Table 1.

@ Springer

Endpoints
Primary endpoint

In group A, out of the 33 patients who were followed up
for 12 months, 29 patients survived, three patients died,
and 1 patient dropped out of therapy due to COVID-19
related mobility restrictions. All deaths were due to sep-
sis and related multi-organ dysfunction. In group B, out of
the 33 patients who were followed up for 12 months, 22
patients survived, 9 patients died, and 2 patients dropped
out of therapy due to COVID-19 related mobility restric-
tions. One patient died of intracranial hemorrhage and raised
intracranial pressure, whereas the rest of the patients died
of sepsis and multi-organ dysfunction. None of the patients
underwent LT.

Overall survival at 12 months using worst case sce-
nario approach in group A was better (87.9%) as compared
to group B (66.7%) with a hazard ratio of 0.34 (95% CI
0.11-1.08). However, the difference in survival was not
statistically significant (p =0.053). Kaplan—Meier curve for
survival is shown in Fig. 2. On sensitivity analysis using a
right-hand censoring approach too, the difference in survival
was not significant (p =0.071).

Secondary endpoints

After G-CSF therapy, there was a marked increase in total
leukocyte counts, CD34+ cell count, and spleen size on day
6 as compared to day O in Group A patients. Similar changes
were not seen in Group B patients at day 6 (Supplementary
table 1).

The CTP scores were significantly reduced in group A
[baseline vs 12 months: 8 (5-10) vs. 6 (5-12), p=0.02],
while they worsened in group B [baseline vs 12 months: 8
(5-12) vs. 8(6—-14), p=0.03]. Also, the percentage change
in CTP at the end of therapy was significantly higher in
group A as compared to group B [%ACTP: —12.5 (-33.3
to 40) vs. 0 (=20 to 44.4), p=0.002] (Table 2). Overall, CTP
improved in 18 (54.5%) patients of group A and 9 (27.3%)
patients in group B, p=0.04.

There were no significant changes in median MELD
scores in both groups at 12 months, as compared to baseline
(p>0.05) (Table 2). Median percentage change in MELD at
the end of therapy was not statistically significant between
groups A and B [%AMELD:0 (—35.3 t0 90.9) vs. 0 (—37.50
to 58.3), p=0.54]. MELD score improvement was seen in
13 (39.4%) patients of group A and 14 (42.4%) patients of
group B (p=0.80).

Ascites control was better in group A as compared to
group B (p=0.03) as shown in Table 3. No patient devel-
oped new-onset ascites in either group. During follow-up,
1 (3.4%) patient in group A and 4 (18.2%) patients in group
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Table 1 Baseline characteristics

) Baseline characteristics Group A (n=35) Group B (n=35) p value
of the study population
Age (years) 49 (25-74) 48 (32-79) 0.85
Gender
Male 29 (82.9%) 28 (80%) 0.76
Female 6 (17.1%) 7 (20%)
Etiology
Autoimmune hepatitis 1(3.03%) 0
Hepatitis B 1(3.03%) 2 (3.03%)
Hepatitis C 3(9.09%) 1 (3.03%) 0.49
NASH 7 (18.18%) 11 (30.3%)
Alcohol 23 (63.63%) 20 (60.6%)
Alcohol + hepatitis B 0 1 (3.03%)
Ascites 31 (88.6%) 33 (94.28%) 0.39
Duration (Months) 3(1-8) 3(1-6) 0.43
Grade of ascites
Grade 1 6 (17.1%) 5(14.3%)
Grade 2 13 (37.1%) 17 (48.6%) 0.74
Grade 3 12 (34.3%) 11 (31.4%)
Need for LVP 12 (34.3%) 11 (31.4%) 0.79
Past SBP 12 (34.3%) 15 (42.9%) 0.46
Hepatic Encephalopathy 9 (25.7%) 9(25.7%) >0.9
Variceal Bleed 13 (37.1%) 14 (40%) 0.8
Receiving Betablockers 18 (51.4%) 16 (45.7%) 0.63
Receiving Norfloxacin 12 (34.3%) 15 (42.9%) 0.46
Receiving Rifaximin 9 (25.7%) 9 (25.7%) >0.9
Hemoglobin (g/dl) 10.21 (2.05) 10.25(1.67) 0.92
Platelet, x 10/L 72 (21-198) 82(29-217) 0.59
TLC 4.5 (1.5-9.8) 4.1(1.9-9.9) 0.33
Neutrophils 75 (40-82) 72 (43-82) .64
Lymphocytes 29.5 (2040) 30.5 (20-40) >.99
Monocytes 4 (2-8) 4 (2-10) 0.06
Eosinophils 2 (1-6) 2 (1-6) 0.24
Basophils 1(0-2) 1(1-2) 0.22
Na (mEq/L) 138 (129-150) 138(128-144) 0.87
Serum creatinine (mg/dl) 0.88 (0.5-1.34) 0.8(0.56-1.3) 0.72
Bilirubin (mg/dl) 1.7 (0.67-4.76) 1.7(0.5-3.2) 0.39
Albumin (g/dl) 3.1(2.36-4.7) 3.14(2.34-3.85) 0.67
INR 1.34 (1-2.27) 1.3(1.1-2) 0.89
MELD 12 (6-22) 13(8-23) 0.14
CTP 7(5-11) 7(5-12) 0.35
Body mass index (kg/m?) 24.21 (20.57- 34.97) 24.25 (18.75- 32.44) 0.69
LSM (kPa) 56 (15-75) 60 (22-75) 0.87
Hand-grip strength (Kg) 32 (24.5-42.6) 30 (25.4-45.6) 0.12
Skeletal muscle index (cm?/m?) 39.9 (29.5-55.6) 39.2 (29.2-45.2) 0.99
Physical Component Summary score 42.47 (6.43) 44.26 (6.47) 0.21
Mental Component Summary score 41.55 (7.75) 42.85 (8.47) 0.70

INR, International Normalized Ratio; MELD, Model for End-Stage Liver Disease; CTP, Child—Turcotte—
Pugh; LSM, liver stiffness measurement
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Fig.2 Kaplan—Meier curve showing overall survival at 12 months in groups A and B

Table 2 Disease severity scores of the study population

Outcome Group A Group B p value between
B : the groups at
Baseline (n=33) 12 months (n=33) p value Baseline (n=33) 12 months (n=33) p value 12 months
within the within the
group group
CTP 8 (5-10) 6 (5-12) 0.020 8 (5-12) 8(6-14) 0.03 0.002
Median % —12.5 (-33.3 t0 40) - 0(—20to44.4) - 0.002
A change
in CTP
(0-12)
MELD 12(6-18) 12(7-22) 0.47 13(8-23) 13(7-22) 0.73 0.33
Median % 0(-35.3t090.9) - 0(=37.50to 58.3) - 0.54
A change
in MELD
0-12)

MELD, Model for End-Stage Liver Disease; CTP, Child—-Turcotte—Pugh
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Table} Ascites. coptrql, Outcomes Group A (n=33) Group B (n=33) p value
infections, hospitalizations and between the
acute ki'dney injury in the study groups
population
No. of patients with infections 6 (18.2%) 17 (51.5%) 0.005
Types of infections
Acute gastroenteritis 1 0
SBP+Blood Stream Infection 1 4
Cellulitis 0 1
Pneumonia 0 1
Cellulitis + Blood Stream 0 1
Infection+ SBP 3 7
SBP 0 1
SBP+SBE 1 2
Urinary tract infection
No. of patients requiring hospitalization 8 (24.24%) 15 (45.5%) 0.07
No. of patients who developed AKI 8 (24.24%) 11 (33.3%) 0.42
Ascites control n=29 n=31
Complete 18 (62.1%) 9 (29%)
Partial 4 (13.8%) 10 (32.3%) 0.03
None 7 (24.1%) 12 (38.7%)

SBP, Spontaneous Bacterial peritonitis; SBE, Spontaneous Bacterial Empyema; AKI, Acute Kidney Injury

B had variceal bleed (p =0.08). Gastric variceal bleed
occurred in 1 patient each of groups A and B. Three patients
in group B had an esophageal variceal bleed. Five patients
(17.2%) in group A and 12 (54.5%) patients in group B had
hepatic encephalopathy during the 12 months of follow-up
(p=0.005).

The number of patients with infections was significantly
lower in group A (n=06, 18.2%) as compared to group B
(n=17,51.5%), with a relative risk of 0.35 (p =0.005) with
a number needed to treat of 3. SBP episodes were signifi-
cantly higher in group B (n=13, 39.4%) as compared to
group A (n=4,12.1%) (p=0.01). However, non-SBP infec-
tions were not significantly different between the groups
(p=0.23) (Table 3).

Although, there was a decreased need for hospitalization
in group A (24.24%) as compared to group B (45.5%), this
difference was not statistically significant (p =0.07). There
was no difference in the number of acute kidney injury epi-
sodes (group A vs B: 24.24% vs 33.3%, p=0.42) between
the groups during follow-up (Table 3).

There was no improvement in median LSM scores in
either group at 12 months as compared to baseline (p > 0.05,
Table 4). QOL assessment revealed no significant improve-
ment in the physical or mental component summary scores
at 12 months in either group (p >0.05).Similarly, we did
not observe any significant improvement in nutritional
parameters (BMI, HGS, and SMI) in both groups A and B
at 12 months, as compared to baseline (p > 0.05, Table 4).
However, it is pertinent to note that the analysis of LSM,

QOL, and nutritional parameters was restricted only to sur-
vivors, as the data for non-survivors and dropouts were not
available.

Safety of G-CSF therapy

Treatment-related adverse events were seen in 23 (69.7%)
patients of group A (Supplementary table 2). All adverse
effects were mild (grade I and II) and transient. No grade III
or IV adverse effects were noted in the study population. The
most frequent adverse effects noted were body ache (24.2%),
backache (45.5%), headache (15.2%), fever (15.2%), and
pain abdomen (6%). Vomiting (3%), loose stools (3%), and
pain in the sole of the foot (3%) were seen less frequently.
Overall, G-CSF was well tolerated and there were no adverse
effect-related treatment discontinuations.

Discussion

There has been much controversy about the use of G-CSF
as an alternative therapy in patients with DC. We evalu-
ated the use of multiple sessions of G-CSF in DC in a
double-blind randomized controlled trial. One-year sur-
vival in the G-CSF group was 87.9% as compared to 66.7%
in the placebo group. Although, a statistical significance
was not reached, the difference in survival was clinically
meaningful suggestive of a plausible biological effect.
Indeed, this is supported by the fact that G-CSF led to
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Table 4 Quality of life, nutritional parameters, and liver stiffness in the study population

Outcome Group A p value Group B p value p value between
— - within the — - within the  the groups at
Baseline (n=33) 12 months group Baseline (n=33) 12 months group 12 months
(n=29) (n=22)
Physical compo-  42.78 (27.84— 47.50 (25.71- 0.11 43.75 (35.19- 46.22 (31.79- 0.69 0.49
nent summary  59.49) 59.84) 57.53) 55.48)
of QOL score
Mental compo- 41.89 (19.71- 52.17 (17.85- 0.23 42.06 (29.55- 41.17 (25.76— 0.63 0.15
nent summary  59.52) 63.87) 62.34) 57.25)
of QOL score
Body mass index  24.79 (20.57- 24.21 (21.48- 0.92 24.07 (18.75- 24.95 (19.50- 0.24 0.64
(kg/m?) 34.97) 37.00) 32.44) 33.58)
Skeletal muscle 40.2 (29.5-55.6)  40.5 (27-53.5) 0.08 39.2 (29.2-45.2)  38.1 (27.2-56.6) 0.72 0.52
index (cm*m?)
Hand-grip 32 (24.5-42.6) 34 (24-42) 0.92 30 (25.4-38) 32 (25-40) 0.19 0.71
strength (Kg)
LSM (kPa) 56 (15-75) 60 (17-75) 0.65 60 (22-75) 55 (22-75) 0.96 0.74

QOL, quality of life (as assessed by SF36v2); LSM, Liver Stiffness Measurement

statistically significant improvement in CTP score, ascites
control, reduction in infections and HE, which are all fac-
tors that are predictive of improved survival. Survival
benefit with G-CSF in DC has been documented in previ-
ous open-label studies [5-8]. Our observed survival of
87.9% in patients treated with G-CSF is comparable to that
reported in previous studies that have used multiple cycles
of G-CSF [5-7]. However, survival in the control group
(66.7%) was substantially higher than what was observed
by Verma et al. and De et al. [5, 6] The patients in our
study had lower CTP and MELD scores as compared to
these prior studies which may explain a higher survival in
the control group. On post-hoc analysis, the power of our
study was 53.9% which was mainly due to the mortality
being unexpectedly lower in the control arm than what was
anticipated during calculation of sample size. It is possible
that a larger sample size may have resulted in translation
of this perceived clinical benefit into statistically signifi-
cant differences in survival.

G-CSF administration mobilizes hematopoietic stem cells
from the bone marrow along a gradient of stromal-derived
factor 1 (SDF-1) and its receptor CXCR-4 [10]. Consistent
mobilization of these stem cells has been demonstrated in
severe alcoholic hepatitis [11, 12] and DC [13] post-G-CSF
administration. Similarly, we too observed an increase in
CD34+cells at day 6 in peripheral blood. Our regimen of
multiple cycles of G-CSF was designed with the purpose of
attaining sustained homing of CD34+ cells to the liver. An
intriguing observation in our study was that there is a delay
of a few months before the survival curves begin to sepa-
rate out, similar to what has previously been reported with
multiple cycles of G-CSF [5, 6]. This suggests that a single
cycle of G-CSF may be inadequate.

@ Springer

Improvement in disease severity scores (CTP and
MELD), improved control of ascites, decreased incidence
of other decompensations and a decreased need for hospi-
talization have been reported in previous studies with the
use of G-CSF [5, 6, 8, 14]. Intriguingly, while CTP scores
significantly improved in the G-CSF group in the current
study, MELD scores did not. It seems that the improvement
in CTP was predominantly due to improvement in ascites
control and encephalopathy episodes which were signifi-
cantly better in G-CSF arm. The median MELD score in
patients of this study was lower than that in the studies by De
et al. and Verma et al. which may also have accounted for the
discrepancy [5, 6]. Although the need for hospitalization was
less in patients treated with G-CSF, the difference was not
significant which might have been due to the small sample
size of the current study.

Cirrhosis is associated with innate and acquired immune
dysfunction which is termed cirrhosis-associated immune
dysfunction [15]. Theoretically, G-CSF may be beneficial in
countering this immunoparetic state by improving neutro-
phil oxidative burst, intensifying dendritic cell multiplica-
tion, antigen presentation, and modulating T-cells [16—18].
Previous studies showed a decreased rate of infections in
patients receiving G-CSF [5, 6, 8]. G-CSF has also been
reported to have an antifibrotic effect over a period [19]. In
our study, the number of overall infections, as well as, SBP
was lower among those who received G-CSF. Verma et al.
had previously reported improved nutrition using subjective
global assessment and anthropometric measurements (often
unreliable in DC) with the use of G-CSF [6]. However, in
the larger study by De et al., where nutritional assessment
was done using hand grip strength and the gold standard of
skeletal muscle index, we did not observe any improvement
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in nutrition which was corroborated by the findings of this
study [5]. Unlike previous studies [5, 6], we did not observe
any improvement in QOL after G-CSF therapy. However,
this analysis was restricted only to survivors. We also
acknowledge that the previous trials were open label and a
placebo effect cannot be ruled out.

Our study has strengths worth mentioning. This was
the first study using G-CSF in DC in a double-blind, ran-
domized, placebo-controlled manner. Both groups were
well matched at baseline. The main limitation of our study
was the lack of a histologic endpoint. Further, stem cell
fate tracking would have helped in confirming homing of
CD34+cells to the liver. COVID-19-imposed restrictions
led to the premature loss to follow-up of 3 patients. Mortal-
ity was unexpectedly lower in the control arm than what
was anticipated. Finally, this was a single-center study and
further multi-centric, multi-ethnic, double-blind, placebo-
controlled studies are needed.

Conclusion

G-CSF therapy is safe in DC, mobilizes CD 34+ cells, and
is associated with a reduction in 1-year mortality that did
not reach statistical significance. There were better ascites
control, improvement in CTP score, and fewer episodes of
encephalopathy and infection in patients treated with G-CSF.
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