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Abstract

Background and objectives

The safety and efficacy of granulocyte-colony stimulating factor (G-CSF) for the treatment

of acute-on-chronic liver failure (ACLF) remain controversial. This meta-analysis aimed to

evaluate the effectiveness and safety of G-CSF in treating ACLF.

Methods

The estimated pooled risk ratio (RR) and 95% confidence interval (CI) assessed the treat-

ment effects of G-CSF. Mean differences (MD) and 95% confidence intervals were used to

analyze continuous data. Heterogeneity was explored by sensitivity analysis. Potential pub-

lication bias was assessed using Egger’s test.

Results

Ten studies, comprising a total of 603 participants, were included in the analysis. The G-

CSF group showed significantly lower MELD scores at 7-day (MD = -2.39, 95%CI: -3.95 to

-0.82), CTP scores at 7-day (MD = -0.77, 95%CI: -1.41 to -0.14), and MELD scores at 30-

day (MD = -3.01, 95%CI: -5.36 to -0.67) compared to the control group. Furthermore, the G-

CSF group was associated with a reduced risk of sepsis (RR = 0.53, 95%CI: 0.35–0.80).

The 30-day survival (RR = 1.26, 95%CI:1.10–1.43), 60-day survival (RR = 1.47, 95%

CI:1.17–1.84, and 90-day survival (RR = 1.73, 95%CI: 1.27–2.35) of patients with ACLF

treated with G-CSF were significantly higher than those of the control group.

Conclusions

Our meta-analysis suggests that G-CSF therapy may be a promising treatment for ACLF,

with significant improvements in liver function and survival rates, however, further studies

are needed to verify this conclusion.
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Introduction

Acute-on-chronic liver failure (ACLF) is a severe and life-threatening condition characterized

by an acute deterioration of liver function in patients with pre-existing chronic liver disease

[1]. ACLF can result from various etiologies, including viral hepatitis, alcohol-related liver dis-

ease, non-alcoholic fatty liver disease, and autoimmune liver disease [2]. It is characterized by

severe systemic inflammation, organ failure, and poor prognosis [3,4]. The mortality exceeded

30% at 28 days and 63% at 90 days [5,6]. The only recommended treatment option is liver

transplantation, but the scarcity and high cost of donor organs limit its use.

To overcome the challenges of treating advanced liver disease, researchers have proposed

alternative methods such as bone marrow stem cell (BMSC) therapy and mobilization of gran-

ulocyte colony-stimulating factor (G-CSF). BMSCs are an important source of liver stem cells

that possess the ability to differentiate into multiple cell types and self-renew. Studies have

demonstrated that BMSCs can promote hepatocyte proliferation and liver regeneration, as

well as regulate immune function [7,8]. G-CSF mobilizes hematopoietic stem cells in patients

with advanced liver disease. It improves liver function and survival in ACLF patients. Com-

pared to bone marrow stem cell transplantation, mobilization of autologous bone marrow

stem cells to the damaged area of the liver is a simple, safe, effective, and non-invasive proce-

dure that avoids the immune response associated with stem cell transplantation. This approach

does not require stem cell extraction and expansion and has promising applications. G-CSF

mobilizes hematopoietic stem cells and has been shown to improve liver function and increase

hepatocyte regeneration in both animal models and clinical studies [9–11].

However, the effectiveness and safety of G-CSF treatment in ACLF are still being debated.

A meta-analysis suggested that G-CSF treatment may only reduce short-term overall mortality

but not mortality secondary to gastrointestinal bleeding [12]. Another meta-analysis showed

no significant beneficial effects of G-CSF in ACLF [13]. Moreover, some studies had small

sample sizes and insufficient statistical power to predict the outcomes of a comprehensive

study [14,15]. Thus, the efficacy and safety of G-CSF in liver failure remain controversial. To

address this issue, we conducted a large sample analysis in this meta-analysis to evaluate the

safety and effectiveness of G-CSF in the treatment of ACLF.

Method

Literature search strategy

Two independent investigators (B. Q and JX. L) conducted a comprehensive search of the

PubMed, Cochrane Library, and Embase to identify relevant studies published up to March

2023. The search strategy involved using MeSH terms and keywords, including (“granulocyte-

colony stimulating factor” or “G-CSF”) and (“acute-on-chronic liver failure” or “ACLF" or

“liver failure” or “Hepatic failure” or “severe hepatitis” or “Fulminant hepatitis”). No restric-

tions were placed on article type or additional filters during the search. A manual search was

also conducted by reviewing the references of original articles and relevant review articles. The

results were collected independently by the two investigators.

Inclusion and exclusion criteria

Studies were considered suitable for this meta-analysis if they met the following inclusion cri-

teria: (1) Randomized clinical trials (RCT); (2) The experimental group received G-CSF ther-

apy while the control group received conventional treatment; (3) Availability of clinical

outcomes. Exclusion criteria were (1) Non-therapeutic use of G-CSF; (2) Animal studies; (3)

Non-randomized controlled studies.
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Data extraction

Two reviewers (B. Q and JX. L) independently extracted uniformly reported data elements for

each study meeting the inclusion criteria, which were then cross-verified by a third reviewer

(Romero Gomez M). In cases where the same population was reported in multiple articles,

only the most informative or complete study was retained to prevent duplication. The follow-

ing information was extracted from each study: first author, year of publication, country, sam-

ple size, etiology, route and dosage of G-CSF administration, survival rates, and complications.

The Cochrane risk of bias tool was used to assess each trial, with standard criteria including

the following domains: random sequence generation, allocation concealment, blinding of par-

ticipants and personnel, blinding of outcome assessment, incomplete outcome data, selective

reporting, and other biases [16].

Statistical analysis

Pooled risk ratios (RR) and their corresponding 95% confidence intervals (CIs) were used to

evaluate the therapeutic effect of G-CSF. Mean differences (MD) and 95% confidence intervals

were used for continuous data analysis.

Heterogeneity between trials was quantified using the I2 test, with I2� 50% indicating sig-

nificant heterogeneity. A fixed-effects model was used when heterogeneity was not significant.

Obvious clinical heterogeneity was evaluated by removing a single study and repeating the

meta-analysis [17].

We evaluated potential publication bias using Egger’s test, with a P value greater than 0.05

indicating no publication bias. All statistical analyses were performed using RevMan 5.4 (The

Cochrane Collaboration, Oxford, UK) and Stata version 15 (Stata Corp, College Station,

Texas, USA).

Results

Characteristics of the included studies

Out of the 563 articles identified through searches of the Cochrane Library, PubMed, Embase,

and references, 10 studies including a total of 603 participants were ultimately included in our

meta-analysis [10,11,14,15,18–23]. A flowchart detailing the study identification and selection

process is presented in Fig 1. Of the 10 studies analyzed, five were conducted in India

[11,15,20–22], two in China [10,23], two in Bangladesh [14,19], and one in Germany [18]. The

main characteristics of each study are summarized in Table 1. Prior to data analysis and syn-

thesis, the quality of the studies was evaluated using the Cochrane risk of bias tool, as shown in

Fig 2.

Changes in liver function after G-CSF therapy

MELD and CTP score. Six studies provided detailed post-treatment scores for the Model

for End-Stage Liver Disease (MELD) and Child-Turcotte-Pugh (CTP) [10,14,15,19,20,22]. The

results of the meta-analysis indicate that, compared to the control group, the experimental

group showed a significant improvement in MELD scores (MD = -2.39, 95%CI: -3.95 to -0.82,

P<0.05) and CTP scores (MD = -0.77, 95%CI: -1.41 to -0.14, P<0.05) after 7 days of treatment,

and a significant improvement in 30-day post-treatment MELD score (MD = -3.01, 95%CI:

-5.36 to -0.67, P<0.05). However, there was no significant difference in the 30-day post-treat-

ment CTP score between the control and experimental groups (Fig 3A and 3B).

Laboratory results. Three studies that compared G-CSF with control therapy provided

data on liver function parameters [15,21,22]. The meta-analysis results showed that G-CSF
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treatment did not result in a significant improvement in serum albumin (MD = 0.07, 95%CI:

-0.16 to 0.31, P = 0.54, I2 = 0%) and total bilirubin (MD = -1.53, 95%CI: -5.47 to 2.40, P = 0.44,

I2 = 0%), but international normalized ratio (INR) was slightly improved (MD = -0.25, 95%CI:

-0.47 to -0.04, P<0.05, I2 = 12%) within one month.

Prevention of serious complications and improvement of survival

Survival rates. The intervention methods used in the ten eligible studies were roughly

commensurate, but there was heterogeneity between the articles (P = 0.05). Therefore, a ran-

dom effects model was used to evaluate the 90-day survival rates. The results indicate that

G-CSF therapy was associated with a reduced risk of death for patients with ACLF, with

pooled RR (95% CI, P) values of 1.26 (1.10–1.43, P<0.05) for 30-day survival, 1.47 (1.17–1.84,

P<0.05) for 60-day survival, and 1.73 (1.27–2.35, P<0.05) for 90-day survival (Fig 4A–4C).

We conducted a subgroup analysis to compare the effect of different doses (5 μg/kg/day vs.

10 μg/kg/day) of G-CSF in treating ACLF. The findings demonstrated that both doses

improved the survival rates of ACLF patients at 30, 60, and 90 days (Table 2).

Development of complications and analysis of the cause of death

Sepsis was reported in 6 studies involving 554 ACLF patients, 224 were in the G-CSF treatment

group and 230 were in the control group. The meta-analysis showed that patients treated with

G-CSF had a significantly lower risk of sepsis compared to those treated with standard medical

therapy (SMT) alone (RR = 0.53, 95% CI: 0.35–0.80, P<0.05, I2 = 0%).

Fig 1. Study identification and selection flowchart.

https://doi.org/10.1371/journal.pone.0294818.g001
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Table 1. Study characteristics.

Author

(year)

Country Sample

size

Etiology Drug route/dose CTP score at

baseline

MELD score

at baseline

Survival

(%) at 30

days

Survival

(%) at 60

days

Survival

(%) at 90

days

Complications

Duan (2013)

[10]

China 55

G-CSF:27

Control:28

Hepatitis

B

5 μg/kg/day

subcutaneously for 6

consecutive days

G-CSF:

12.17 ± 1.47

Control:

12.25 ± 1.29

G-CSF:

25.11 ± 3.30

Control:

26.30 ± 4.12

———— ————

G-CSF:

13

(48.1%)

Control: 6

(21.4%)

Hepatorenal

syndrome, hepatic

encephalopathy,

sepsis, hemorrhages

Engelmann

(2021) [18]

Germany 176

G-CSF:88

Control:88

SAH 5 μg/kg/day

subcutaneously for 5

consecutive days

followed by every

third day until 1

month

————

G-CSF:

24.4 ± 6.3

Control:

24.5 ± 6.1

G-CSF: 42

(47.7%)

Control:

43 (48.9%)

G-CSF: 29

(33.0%)

Control:

31(35.2%)

G-CSF:

27

(30.7%)

Control:

26

(29.5%)

Hemorrhages,

sepsis, organ failures

Garg (2012)

[11]

India 47

G-CSF:23

Control:24

Mixed* 5 μg/kg/day

subcutaneously for 5

consecutive days

followed by every

third day until 1

month

G-CSF: 12

(11–14)

Control: 12

(10–14)

G-CSF: 29

(21–40)

Control:

31.5 (20–40)

G-CSF: 18

(78.3%)

Control:

11 (45.8%)

G-CSF: 16

(69%)

Control: 7

(29%)

————

Hepatorenal

syndrome, hepatic

encephalopathy,

sepsis, organ failures

Haque

(2020) [19]

Bangladesh 39

G-CSF:22

Control:17

Mixed 5 μg/kg/day

subcutaneously for 6

consecutive days

G-CSF:

11.77 ± 1.11

Control:

11.65 ± 1.36

G-CSF:

27.64 ± 4.60

Control:

29.47 ± 5.53

G-CSF: 14

(63.6%)

Control:

10 (58.8%)

G-CSF: 11

(50%)

Control: 5

(29.4%)

G-CSF: 8

(36.4%)

Control: 5

(29.4%)

Hepatorenal

syndrome,

hemorrhages,

hepatic

encephalopathy

Saha (2017)

[14]

Bangladesh 32

G-CSF:16

Control:16

Mixed 5 μg/kg/day

subcutaneously for 6

consecutive days

G-CSF: 12

(10–13)

Control: 12

(10–14)

G-CSF: 24.5

(21–32)

Control:

25.5 (21–35)

G-CSF: 14

(87.5%)

Control:

13 (81.3%)

G-CSF: 14

(87.5%)

Control:

13 (81.3%)

G-CSF:

14

(87.5%)

Control: 8

(50%)

Hepatorenal

syndrome,

electrolytic

imbalance

Sharma

(2019) [20]

India 31

G-CSF:15

Control:16

Mixed 5 μg/kg/day

subcutaneously for 5

consecutive days

G-CSF:

12 ± 1.4

Control:

12.75 ± 0.85

————

G-CSF: 10

(66.7%)

Control: 6

(37.5%)

G-CSF: 8

(53.3%)

Control: 6

(37.5%)

————

None

Shasthry

(2019) [15]

India 28

G-CSF:14

Control:14

SAH 5 μg/kg/day to a

maximum of 300 μg

per day for 5 doses

followed by every

third day until 4

weeks

G-CSF:

10.9 ± 1.3

Control:

10.7 ± 1.2

G-CSF:

24.6 ± 3.9

Control:

27.6 ± 4.4

G-CSF:11

(78.6%)

Control:

10 (71.4%)

G-CSF: 10

(71.4%)

Control: 5

(35.7%)

G-CSF: 9

(64.3%)

Control: 4

(28.6%)

Hemorrhages, sepsis

Singh (2014)

[21]

India 46

G-CSF:23

Control:23

SAH 5 μg/kg

subcutaneously every

12 h for 5 consecutive

days

G-CSF: 12

Control: 12

G-CSF: 27

Control: 30

G-CSF: 18

(78.3%)

Control:

10 (43.5%)

G-CSF:18

(78.3%)

Control: 9

(39.1%)

G-CSF:

18

(78.3%)

Control: 5

(21.7%)

Hepatorenal

syndrome,

hemorrhages,

hepatic

encephalopathy

Singh (2018)

[22]

India, 38

G-CSF:18

Control:20

SAH 5 μg/kg

subcutaneously every

12 h for 5 consecutive

days

G-CSF: 11

(8–13)

Control: 10

(8–14)

G-CSF: 26

(19–37)

Control:

27.5 (19–41)

G-CSF: 16

(88.9%)

Control:

11 (55%)

G-CSF: 16

(88.9%)

Control: 8

(40%)

G-CSF:

16

(88.9%)

Control: 6

(30%)

Sepsis, hemorrhages,

organ failures

Tong (2022)

[23]

China 111

G-CSF:54

Control:57

Hepatitis

B

5 μg/kg/day

subcutaneously for 6

consecutive days

————

G-CSF: 22.8

(20.7–26.0)

Control:

24.1 (21.6–

27.1)

G-CSF: 46

(85.2%)

Control:

38 (66.7%)

G-CSF: 39

(72.2%)

Control:

31 (54.4%)

G-CSF:

36

(66.7%)

Control:

30

(52.6%)

Sepsis, hepatic

encephalopathy,

acute kidney injury

NOTE. Data are presented as mean ± SD, n (%), or median (range).

Mixed

*: Viral hepatitis and alcoholic hepatitis related acute and chronic liver failure; SAH, severe alcoholic hepatitis; G-CSF, granulocyte colony-stimulating factor.

https://doi.org/10.1371/journal.pone.0294818.t001
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Fig 2. a. Risk of bias graph; b. Risk of bias summary.

https://doi.org/10.1371/journal.pone.0294818.g002
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Three studies involving 205 ACLF patients reported hepatic encephalopathy (HE), with

103 patients in the G-CSF treatment group and 102 in the control group. The meta-analysis

indicated that there was no significant difference in the risk of HE between patients treated with

G-CSF and those treated with SMT alone (RR = 0.64, 95% CI: 0.27–1.50, P = 0.30, I2 = 0%).

Bleeding was reported in 8 studies involving 461 ACLF patients, 231 were in the G-CSF

treatment group and 230 were in the control group. The meta-analysis showed that compared

with SMT, patients receiving G-CSF did not have a significantly reduced risk of bleeding

(RR = 1.04, 95% CI: 0.58–1.87, P = 0.90, I2 = 0%).

Fig 3. Meta-analysis of MELD and CTP scores between G-CSF and control therapy. a). MELD scores, b) CTP scores.

https://doi.org/10.1371/journal.pone.0294818.g003
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Five studies involving 283 ACLF patients reported Hepatorenal syndrome (HRS), with 142

patients in the G-CSF treatment group and 141 in the control group. The meta-analysis indicated

that there was no significant difference in the risk of HRS between patients treated with G-CSF

and those treated with SMT alone (RR = 0.58, 95% CI: 0.31–1.07, P = 0.08, I2 = 0%). (S1 Fig).

Fig 4. Survival rate between patients with ACLF, G-CSF groups vs. control group. a). 30-day, b) 60-day, c) 90-day.

https://doi.org/10.1371/journal.pone.0294818.g004
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Sensitivity analysis

We performed a sensitivity analysis in which one study was removed at a time and the pooled

estimates were recalculated for the remaining studies. The results showed that the overall find-

ings were not substantially influenced by any individual study (S2 Fig).

Publication bias

Asymmetry was observed in the visual inspection of the funnel plot, indicating the possibility

of publication bias. Therefore, sensitivity analysis was conducted using the Egger’s test and

trim and fill method [24]. The difference between the original effect size estimate and the cor-

rected effect size estimate was not substantial, indicating that publication bias did not have a

significant impact on the results (S1 Table).

Discussion

Acute-on-chronic liver failure (ACLF) is a severe and potentially fatal condition that occurs in

patients with pre-existing chronic liver disease. It is characterized by acute decompensation

and organ failure, which significantly increases morbidity and mortality rates. The treatment

of ACLF remains a major challenge, and current therapeutic options are limited. In recent

years, granulocyte colony-stimulating factor (G-CSF) has been proposed as a potential therapy

for ACLF. G-CSF is a cytokine that stimulates the production and differentiation of neutro-

phils and has been shown to have immunomodulatory and anti-inflammatory effects [25]. In

this meta-analysis, we evaluated the efficacy and safety of G-CSF therapy in the treatment of

ACLF.

According to our study, the Child-Turcotte-Pugh (CTP) and Model for End-Stage Liver

Disease (MELD) scores were utilized to predict disease severity and mortality at 3 months

among patients diagnosed with end-stage liver disease [26]. Our results indicate that treatment

with G-CSF was significantly associated with improved liver function, as evidenced by

improvements in both MELD and CTP scores. This improvement was observed after only 7

days of treatment and persisted for up to 30 days post-treatment. Despite these positive find-

ings, there were no significant differences observed in serum albumin and total bilirubin levels

between the G-CSF and control groups. However, there was a slight improvement in Interna-

tional Normalized Ratio (INR) levels within one month of treatment. These results suggest

that G-CSF therapy may have a beneficial effect on liver function in patients with ACLF.

Recently, several definitions and prognostic scores have been developed specifically for ACLF.

In particular, the CLIF-C ACLF score and the COSH-ACLF score provide higher predictive

performance for patients with ACLF. However, these scores were rarely used in the articles

included so far. It is expected that more studies will use prognostic scoring systems with higher

sensitivity and specificity, which will lead to more valuable results.

Table 2. Subgroup analysis based on dose for assessment of survival rate.

Category Subgroups RR 95%Cl P I2

30-day survival rate 5 μg/kg/day 1.19 1.03–1.36 <0.05 0%

10 μg/kg/day 1.71 1.22–2.38 <0.05 0%

60-day survival rate 5 μg/kg/day 1.31 1.09–1.57 <0.05 31%

10 μg/kg/day 2.10 1.42–3.12 <0.05 0%

90-day survival rate 5 μg/kg/day 1.37 1.11–1.70 <0.05 3%

10 μg/kg/day 3.22 1.91–5.43 <0.05 0%

https://doi.org/10.1371/journal.pone.0294818.t002
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Our analysis investigated the development of complications and causes of death in patients

with ACLF, a serious condition with high mortality rates [27]. We found that G-CSF therapy,

compared to standard medical therapy, was associated with a lower risk of sepsis in these

patients. G-CSF is able to inhibit the activation of Kupffer cells by lipopolysaccharide (LPS)

and significantly attenuate LPS-induced inflammatory response, decreasing the elevation of

the pro-inflammatory factor tumor necrosis factor-alpha (TNF-alpha) and increasing the

activity of the inflammation inhibitor interleukin-6 (IL-6). Sarin SK et al. [28] reported a sig-

nificant increase in peripheral blood and intrahepatic dendritic cells and a decrease in gamma-

interferon (IFN-γ)-secreting CD8+ T cells in patients with ACLF treated with G-CSF. Myeloid

dendritic cells are a key part of the host’s anti-microbial response, and administration of

G-CSF increases circulating and intrahepatic myeloid dendritic cells, contributing to the

achievement of immunomodulation. The decrease in IFN-γ also played an important role in

reducing liver injury. This immunomodulatory effect of G-CSF promotes healing and func-

tional recovery of liver tissue and reduces the number of patients who develop serious compli-

cations such as sepsis. These findings appear to be compatible with our results. However, we

did not find any significant differences in the risk of hepatic encephalopathy, bleeding, or

hepatorenal syndrome between the G-CSF and control groups. These findings suggest that

G-CSF therapy may have a protective effect against infections, which are a major challenge in

the treatment of ACLF. ACLF is characterized by marked pathophysiological features, includ-

ing immune dysfunction and susceptibility to infections [29,30]. G-CSF is an immunomodula-

tory glycoprotein that exerts anti-inflammatory and immunomodulatory effects, which may

help reduce the occurrence of bacteremia and infections, particularly in patients with ACLF

[25].

Our meta-analysis also demonstrated that G-CSF therapy was associated with a significant

improvement in survival rates in ACLF patients, with reduced risks of death at 30, 60, and 90

days. Moreover, both doses of G-CSF (5 μg/kg/day and 10 μg/kg/day) improved survival rates,

suggesting that G-CSF may be effective at different doses.

Several studies have demonstrated the safety and efficacy of G-CSF in mobilizing bone mar-

row stem cells and improving the clinical, biochemical, and histological status of patients with

end-stage liver disease (ESLD) [31,32]. G-CSF can stimulate the bone marrow to release stem

cells (CD34+), which can migrate to the liver and differentiate into mature hepatocytes. Addi-

tionally, G-CSF can reduce the production of interferon-gamma, improve the local microenvi-

ronment of the liver, promote liver repair, and improve liver injury, resulting in improved

liver function, reduced risk of complications, decreased risk of infections, and improved sur-

vival [33]. For example, Spahr et al. [34] found that G-CSF administration in ACLF patients

improved liver function by increasing the number of CD34+ cells in the peripheral blood and

promoting the proliferation of hematopoietic stem cells in liver tissue. Duan et al. [10] and

Garg et al. [11] further suggested that G-CSF application could effectively improve the progno-

sis of patients with ACLF by promoting hepatocyte regeneration through mobilization of

CD34+ cells in vivo. Taken together, our findings suggest that G-CSF therapy has potential

therapeutic benefits for patients with ACLF, especially those at high risk of infections, and war-

rants further investigation in clinical trials.

The pathogenic factors of ACLF are complicated, and the morbidity and mortality rates are

still as high as 50%-90% under comprehensive internal medicine treatment. Because of the dif-

ferent etiologic and pathogenic factors of ACLF between the East and the West, there are

many controversies between scholars from both sides on the definition, diagnostic criteria,

pathogenesis and other aspects of ACLF. Currently, the definition and diagnostic criteria of

ACLF commonly used in the international arena include European Association for the Study

of the Liver-Chronic Liver Failure (EASL-CLIF), Chinese Group on the Study of Severe
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Hepatitis criteria (COSSH-ACLF), Asian Pacific Association for the Study of the Liver-ACLF

(APASL-ACLF), and North American Consortium for the Study of End-stage Liver Disease

(NACSELD) criteria. Controversies about the type of acute injury induced (intrahepatic or

extrahepatic factors), the stage of chronic liver disease (with or without cirrhosis), and whether

to include extrahepatic organ failure are the main reasons for the lack of uniformity in the

diagnostic criteria for ACLF worldwide. Engelmann et al [18] conducted a multicenter study

with European subjects and found no significant benefit of G-CSF in ACLF patients. Whether

this result is related to potential ethnic differences and non-uniform diagnostic criteria

remains to be further investigated. A global, multicenter, prospective study is urgently needed

to establish uniform diagnostic criteria and prognostic scores for ACLF.

The present study has several limitations that should be noted. Firstly, the majority of the

studies included in this analysis were conducted in Asian countries, which may limit the gen-

eralizability of the findings to other populations. Secondly, the total sample size is relatively

small, which may affect the reliability and clinical relevance of the analysis results. Lastly, het-

erogeneity was observed in the results, which may be due to differences in study populations,

diagnostic criteria, G-CSF dosage and treatment duration across trials, as well as limited data

availability for some studies, resulting in a relatively weak level of evidence. Therefore, addi-

tional randomized, double-blind controlled trials with larger sample sizes and more standard-

ized protocols are needed to confirm the efficacy and safety of G-CSF in the treatment of

ESLD.

In conclusion, our meta-analysis indicates that G-CSF therapy is associated with significant

improvements in liver function and survival rates in ACLF patients. Our findings suggest that

G-CSF may be a promising therapy for ACLF and warrants further investigation. However,

the potential risks and benefits of G-CSF therapy should be carefully weighed before imple-

mentation in clinical practice. Future studies should focus on identifying the optimal dose and

duration of G-CSF therapy and determining the long-term safety and efficacy of this

treatment.
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hepática aguda sobre crónica. Gastroenterologia y hepatologia, 41(1), 43–53.

4. Arroyo V., Moreau R., & Jalan R. (2020). Acute-on-Chronic Liver Failure. The New England journal of

medicine, 382(22), 2137–2145. https://doi.org/10.1056/NEJMra1914900 PMID: 32459924

5. Moreau R, Jalan R, Gines P, et al; CANONIC Study Investigators of the EASL–CLIF Consortium.

Acute-on-chronic liver failure is a distinct syndrome that develops in patients with acute decompensa-

tion of cirrhosis. Gastroenterology. 2013 Jun; 144(7):1426–37, 1437.e1-9.

6. Garg H, Kumar A, Garg V, et al. Clinical profile and predictors of mortality in patients of acute-on-chronic

liver failure. Dig Liver Dis. 2012 Feb; 44(2):166–71. https://doi.org/10.1016/j.dld.2011.08.029 PMID:

21978580

7. Vassilopoulos G, Wang PR, Russell DW. Transplanted bone marrow regenerates liver by cell fusion.

Nature. 2003 Apr 24; 422(6934):901–4. https://doi.org/10.1038/nature01539 PMID: 12665833

8. Li N, Zhang L, Li H, Fang B. Human CD34+ cells mobilized by granulocyte colony-stimulating factor

ameliorate radiation-induced liver damage in mice. Stem Cell Res Ther. 2010 Jul 15; 1(3):22. https://

doi.org/10.1186/scrt22 PMID: 20633298

9. Yannaki E, Athanasiou E, Xagorari A, et al. G-CSF-primed hematopoietic stem cells or G-CSF per se

accelerate recovery and improve survival after liver injury, predominantly by promoting endogenous

repair programs. Exp Hematol. 2005 Jan; 33(1):108–19. https://doi.org/10.1016/j.exphem.2004.09.005

PMID: 15661404

10. Duan XZ, Liu FF, Tong JJ, et al. Granulocyte-colony stimulating factor therapy improves survival in

patients with hepatitis B virus-associated acute-on-chronic liver failure. World J Gastroenterol 2013;

19:1104–1110. https://doi.org/10.3748/wjg.v19.i7.1104 PMID: 23467275

11. Garg V, Garg H, Khan A, T et al. Granulocyte colony-stimulating factor mobilizes CD34(+) cells and

improves survival of patients with acute-on-chronic liver failure. Gastroenterology 2012; 142:505–512

e501. https://doi.org/10.1053/j.gastro.2011.11.027 PMID: 22119930

12. Chavez-Tapia NC, Mendiola-Pastrana I, Ornelas-Arroyo VJ, et al Granulocyte-colony stimulating factor

for acute-on-chronic liver failure: systematic review and meta-analysis. Ann Hepatol. 2015 Sep-Oct; 14

(5):631–41. PMID: 26256891

13. Hou X, Li Y, Yuan H, et al. Therapeutic Effect and Safety of Granulocyte Colony-Stimulating Factor

Therapy for Acute-On-Chronic Liver Failure: A Systematic Review and Meta-Analysis of Randomized

Controlled Trials. Front Med (Lausanne). 2021 Nov 16; 8:784240. https://doi.org/10.3389/fmed.2021.

784240 PMID: 34869505

PLOS ONE G-CSF and acute-on-chronic liver failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0294818 November 30, 2023 12 / 14

https://doi.org/10.1007/s12072-008-9106-x
https://doi.org/10.1007/s12072-008-9106-x
http://www.ncbi.nlm.nih.gov/pubmed/19669378
https://doi.org/10.3748/wjg.v21.i42.12125
https://doi.org/10.3748/wjg.v21.i42.12125
http://www.ncbi.nlm.nih.gov/pubmed/26576097
https://doi.org/10.1056/NEJMra1914900
http://www.ncbi.nlm.nih.gov/pubmed/32459924
https://doi.org/10.1016/j.dld.2011.08.029
http://www.ncbi.nlm.nih.gov/pubmed/21978580
https://doi.org/10.1038/nature01539
http://www.ncbi.nlm.nih.gov/pubmed/12665833
https://doi.org/10.1186/scrt22
https://doi.org/10.1186/scrt22
http://www.ncbi.nlm.nih.gov/pubmed/20633298
https://doi.org/10.1016/j.exphem.2004.09.005
http://www.ncbi.nlm.nih.gov/pubmed/15661404
https://doi.org/10.3748/wjg.v19.i7.1104
http://www.ncbi.nlm.nih.gov/pubmed/23467275
https://doi.org/10.1053/j.gastro.2011.11.027
http://www.ncbi.nlm.nih.gov/pubmed/22119930
http://www.ncbi.nlm.nih.gov/pubmed/26256891
https://doi.org/10.3389/fmed.2021.784240
https://doi.org/10.3389/fmed.2021.784240
http://www.ncbi.nlm.nih.gov/pubmed/34869505
https://doi.org/10.1371/journal.pone.0294818


14. Saha BK, Mahtab MA, Akbar SMF, et al. Therapeutic implications of granulocyte colony stimulating fac-

tor in patients with acute-on-chronic liver failure: increased survival and containment of liver damage.

Hepatol Int. 2017 Nov; 11(6):540–546. https://doi.org/10.1007/s12072-017-9814-1 PMID: 28840583

15. Shasthry SM, Sharma MK, Shasthry V, et al. Efficacy of Granulocyte Colony-stimulating Factor in the

Management of Steroid-Nonresponsive Severe Alcoholic Hepatitis: A Double-Blind Randomized Con-

trolled Trial. Hepatology. 2019 Sep; 70(3):802–811. https://doi.org/10.1002/hep.30516 PMID:

30664267

16. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk of

bias in randomised trials. BMJ. 2011; 343:d5928. https://doi.org/10.1136/bmj.d5928 PMID: 22008217

17. Copas JB, Shi JQ. A sensitivity analysis for publication bias in systematic reviews. Stat Methods Med

Res. 2001; 10(4):251–265. https://doi.org/10.1177/096228020101000402 PMID: 11491412

18. Engelmann C, Herber A, Franke A, et al. Granulocyte-colony stimulating factor (G-CSF) to treat acute-

on-chronic liver failure: A multicenter randomized trial (GRAFT study). J Hepatol. 2021 Dec; 75

(6):1346–1354. https://doi.org/10.1016/j.jhep.2021.07.033 PMID: 34364917

19. Haque MN, Al-Mahtab M, Das DC, et al. Effect of Granulocyte Colony-stimulating Factor and Erythro-

poietin on Patients with Acute-on-chronic Liver Failure. Euroasian J Hepatogastroenterol. 2020 Jul-

Dec; 10(2):64–67. https://doi.org/10.5005/jp-journals-10018-1330 PMID: 33511067

20. Sharma S, Lal SB, Sachdeva M, et al. Role of Granulocyte Colony Stimulating Factor on the Short-

Term Outcome of Children with Acute on Chronic Liver Failure. J Clin Exp Hepatol. 2020 May-Jun; 10

(3):201–210. https://doi.org/10.1016/j.jceh.2019.10.001 PMID: 32405176

21. Singh V, Sharma AK, Narasimhan RL, et al. Granulocyte colony-stimulating factor in severe alcoholic

hepatitis: a randomized pilot study. Am J Gastroenterol. 2014 Sep; 109(9):1417–23. https://doi.org/10.

1038/ajg.2014.154 PMID: 24935272

22. Singh V, Sharma AK, Bhalla A, et al. Efficacy of Granulocyte Colony-Stimulating Factor and N-Acetyl-

cysteine Therapies in Patients With Severe Alcoholic Hepatitis. Clin Gastroenterol Hepatol. 2018 Oct;

16(10):1650–1656.e2.

23. Tong J, Wang H, Xu X, et al. Granulocyte Colony-Stimulating Factor Accelerates the Recovery of Hepa-

titis B Virus-Related Acute-on-Chronic Liver Failure by Promoting M2-Like Transition of Monocytes.

Front Immunol. 2022 May 16; 13:885829. https://doi.org/10.3389/fimmu.2022.885829 PMID: 35651610

24. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and adjusting for publi-

cation bias in meta-analysis. Biometrics. 2000 Jun; 56(2):455–63. https://doi.org/10.1111/j.0006-341x.

2000.00455.x PMID: 10877304

25. Martins A, Han J, Kim SO. The multifaceted effects of granulocyte colony-stimulating factor in immuno-

modulation and potential roles in intestinal immune homeostasis. IUBMB Life. 2010; 62(8):611–617.

https://doi.org/10.1002/iub.361 PMID: 20681025

26. Acharya G, Kaushik RM, Gupta R, et al. Child-Turcotte-Pugh Score, MELD Score and MELD-Na Score

as Predictors of Short-Term Mortality among Patients with End-Stage Liver Disease in Northern India.

Inflamm Intest Dis. 2020; 5(1):1–10. https://doi.org/10.1159/000503921 PMID: 32232049

27. Jalan R, Gines P, Olson JC, et al. Acute-on chronic liver failure. J Hepatol. 2012 Dec; 57(6):1336–48.

https://doi.org/10.1016/j.jhep.2012.06.026 PMID: 22750750

28. Sarin SK, Kedarisetty CK, Abbas Z, et al; APASL ACLF Working Party. Acute-on-chronic liver failure:

consensus recommendations of the Asian Pacific Association for the Study of the Liver (APASL) 2014.

Hepatol Int. 2014 Oct; 8(4):453–71. https://doi.org/10.1007/s12072-014-9580-2 PMID: 26202751

29. Bernal W, Jalan R, Quaglia A, et al. Acute-on-chronic liver failure. Lancet. 2015 Oct 17; 386

(10003):1576–87. https://doi.org/10.1016/S0140-6736(15)00309-8 PMID: 26423181

30. Zhang Q, Li Y, Han T, et al. Comparison of current diagnostic criteria for acute-on-chronic liver failure.

PLoS One. 2015 Mar 18; 10(3):e0122158. https://doi.org/10.1371/journal.pone.0122158 PMID:

25785855

31. Gianni AM, Siena S, Bregni M, Tarella C, et al. Granulocytemacrophage colony-stimulating factor to

harvest circulating haemopoietic stem cells for autotransplantation. Lancet. 1989; 2(8663):580–5.

https://doi.org/10.1016/s0140-6736(89)90711-3 PMID: 2570283

32. Gaia S, Smedile A, Omedè P, et al. Feasibility and safety of G-CSF administration to induce bone mar-

row-derived cells mobilization in patients with end stage liver disease. J Hepatol. 2006 Jul; 45(1):13–9.

https://doi.org/10.1016/j.jhep.2006.02.018 PMID: 16635534

33. Rathi S, Hussaini T, Yoshida EM. Granulocyte colony stimulating factor: A potential therapeutic rescue

in severe alcoholic hepatitis and decompensated cirrhosis. Ann Hepatol. 2021 Jan-Feb; 20:100211.

https://doi.org/10.1016/j.aohep.2020.04.011 PMID: 32533952

PLOS ONE G-CSF and acute-on-chronic liver failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0294818 November 30, 2023 13 / 14

https://doi.org/10.1007/s12072-017-9814-1
http://www.ncbi.nlm.nih.gov/pubmed/28840583
https://doi.org/10.1002/hep.30516
http://www.ncbi.nlm.nih.gov/pubmed/30664267
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1177/096228020101000402
http://www.ncbi.nlm.nih.gov/pubmed/11491412
https://doi.org/10.1016/j.jhep.2021.07.033
http://www.ncbi.nlm.nih.gov/pubmed/34364917
https://doi.org/10.5005/jp-journals-10018-1330
http://www.ncbi.nlm.nih.gov/pubmed/33511067
https://doi.org/10.1016/j.jceh.2019.10.001
http://www.ncbi.nlm.nih.gov/pubmed/32405176
https://doi.org/10.1038/ajg.2014.154
https://doi.org/10.1038/ajg.2014.154
http://www.ncbi.nlm.nih.gov/pubmed/24935272
https://doi.org/10.3389/fimmu.2022.885829
http://www.ncbi.nlm.nih.gov/pubmed/35651610
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1111/j.0006-341x.2000.00455.x
http://www.ncbi.nlm.nih.gov/pubmed/10877304
https://doi.org/10.1002/iub.361
http://www.ncbi.nlm.nih.gov/pubmed/20681025
https://doi.org/10.1159/000503921
http://www.ncbi.nlm.nih.gov/pubmed/32232049
https://doi.org/10.1016/j.jhep.2012.06.026
http://www.ncbi.nlm.nih.gov/pubmed/22750750
https://doi.org/10.1007/s12072-014-9580-2
http://www.ncbi.nlm.nih.gov/pubmed/26202751
https://doi.org/10.1016/S0140-6736%2815%2900309-8
http://www.ncbi.nlm.nih.gov/pubmed/26423181
https://doi.org/10.1371/journal.pone.0122158
http://www.ncbi.nlm.nih.gov/pubmed/25785855
https://doi.org/10.1016/s0140-6736%2889%2990711-3
http://www.ncbi.nlm.nih.gov/pubmed/2570283
https://doi.org/10.1016/j.jhep.2006.02.018
http://www.ncbi.nlm.nih.gov/pubmed/16635534
https://doi.org/10.1016/j.aohep.2020.04.011
http://www.ncbi.nlm.nih.gov/pubmed/32533952
https://doi.org/10.1371/journal.pone.0294818


34. Spahr L, Lambert JF, Rubbia-Brandt L, et al. Granulocyte-colony stimulating factor induces proliferation

of hepatic progenitors in alcoholic steatohepatitis: a randomized trial. Hepatology. 2008 Jul; 48(1):221–

9. https://doi.org/10.1002/hep.22317 PMID: 18537187

PLOS ONE G-CSF and acute-on-chronic liver failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0294818 November 30, 2023 14 / 14

https://doi.org/10.1002/hep.22317
http://www.ncbi.nlm.nih.gov/pubmed/18537187
https://doi.org/10.1371/journal.pone.0294818

