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Abstract

AIM: To evaluate the safety and efficacy of granulocyte-colony stimulating factor (G-CSF) therapy in patients with hepatitis B virus (HBV)-associated acute-on-chronic liver failure.

METHODS: Fifty-five patients with HBV-associated acute-on-chronic liver failure were randomized into two groups: the treatment group and the control group. Twenty-seven patients in the treatment group received G-CSF (5 μg/kg per day, six doses) treatment plus standard therapy, and 28 patients in the control group received standard therapy only. The peripheral CD34+ cell count was measured consecutively by flow cytometry. Circulating white blood cell count, biochemical parameters, and other clinical data of these patients were recorded and analyzed. All patients were followed up for a period of 3 mo to evaluate the changes in liver function and survival rate.
RESULTS: The peripheral neutrophil and CD34+ cell counts in the G-CSF group increased on day 3 from the onset of therapy, continued to rise on day 7, and remained elevated on day 15 compared to those of the control group. Child-Turcotte-Pugh score of patients in the treatment group was improved on day 30 from the onset of G-CSF therapy, compared to that in the controls (P = 0.041). Model for End-Stage of Liver Disease score of patients in the treatment group was improved on day 7 (P = 0.004) and remained high on day 30 from the onset of G-CSF therapy (P < 0.001) compared to that in controls. After 3 mo of follow-up observation, the survival rate in the treatment group (48.1%) was significantly higher than that in the control group (21.4%) (P = 0.0181). 
CONCLUSION: G-CSF therapy promoted CD34+ cell mobilization in patients with HBV-associated acute-on-chronic liver failure, and improved the liver function and the survival rate of these patients.
© 2013 Baishideng. All rights reserved.

Key words: Granulocyte-colony stimulating factor; Acute-on-chronic liver failure; Hepatitis B virus 
Duan XZ, Liu FF, Tong JJ, Yang HZ, Chen J, Liu XY, Mao YL, Xin SJ, Hu JH. Granulocyte-colony stimulating factor therapy improved survival in patients with hepatitis B virus-associated acute-on-chronic liver failure

Available from:
DOI:
INTRODUCTION
Hepatitis B virus (HBV) infection is one of the major public health problems. It is estimated that over 350 million individuals are chronically infected with HBV worldwide[1]. Some of these patients develop severe liver diseases such as acute-on-chronic liver failure (ACLF), liver cirrhosis, and hepato-cellular carcinoma[2]. The mortality rate of HBV-associated ACLF varies between 70%-80%[3,4]. Liver transplantation is the only effective treatment currently available, but its application is limited by the shortage of donors and the high cost. 
In order to overcome these problems, alternative approaches have been proposed, such as artificial liver support system[5], liver cell transplantation[6] and stem cell transplantations[7]. In particular, the great potential of stem cells to differentiate into multiple cell lineages raises the exciting hypothesis that these cells can be used in tissue repair and tissue-specific cell regeneration, when tissue-resided stem cells are not sufficient for the regeneration of a failing organ. 
During liver regeneration, bone marrow-derived hematopoietic stem cells (HSC) may mobilize to the liver, and together with hepatocytes and intrahepatic stem cells, contribute to the proliferation of liver cells[8]. Hepatocytes carrying Y chromosome were detected in livers of female recipients who had received bone marrow transplantation from male donors[9]. Granulocyte-colony stimulating factor (G-CSF) can be used to mobilize stem cells to the periphery in patients with advanced liver disease, or to promote adequate numbers of cells for further transplantation. The safety and efficacy of this protocol has investigated[10]. In experimental animal models, G-CSF ameliorated liver injury and improved survival rate in rats with D-galactosamine-induced acute liver failure[11,12]. When administered to patients with severe liver cirrhosis, G-CSF boosted the numbers of peripheral leukocytes and CD34+ bone marrow-derived HSCs[13]. Therefore, G-CSF therapy may be beneficial for the liver regeneration in patients with different kinds of liver injuries.

Our objective in this clinical study was to evaluate the effects of G-CSF therapy on the proliferation of peripheral CD34+ cells and the liver function in patients with HBV-associated ACLF. The parameters of liver functions in these patients were consecutively measured. Child-Turcotte-Pugh (CTP) score, Model for End Stage of Liver Disease (MELD) score and survival rate of these patients were evaluated during a 3-mo follow-up study.
MATERIALS AND METHODS

Patients

A total of 55 patients with HBV-associated ACLF were recruited to our center from June 2009 to May 2011. HBV-associated ACLF, deﬁned by the APASL Working Party[2], is an acute hepatic insult manifested as jaundice (serum bilirubin ≥ 5mg/dL) and coagulopathy [international normalized ratio (INR) ≥ 1.5 or prothrombin activity < 40%], with complications of ascites and/or encephalopathy within 4 wk in patients previously diagnosed or undiagnosed with chronic liver disease. Other inclusion criteria included: (1) the presence of hepatitis B surface antigen (HBsAg) in the serum for at least 6 mo; (2) the evidence of active viral replication as indicated by detectable HBV DNA in the serum (≥ 1 × 104 copies/mL); (3) ﬂares of hepatitis, marked by increased serum alanine aminotransferase (ALT) level to more than 5-fold of the upper limit of normal value; and (4) age between 18 to 65 years.
The exclusion criteria included the following: (1) super-infection or co-infection with hepatitis A, C, D, E, Epstein–Barr virus, cytomegalovirus, or HIV; (2) a previous course of any antiviral, immuno-modulator or cytotoxic/immunosuppressive therapy for chronic hepatitis within the prior 12 mo; (3) evidence of decompensated liver disease prior to the enrollment; (4) hepato-cellular carcinoma diagnosed by computed tomography or magnetic resonance imaging; (5) co-existence of any other serious medical illnesses or other liver diseases such as autoimmune hepatitis, alcoholic liver disease, drug-induced liver injury or Wilson’s disease; (6) any concurrent evidence of sepsis; (7) malignant jaundice induced by obstructive jaundice and hemolytic jaundice; and (8) prolonged prothrombin time due to blood system disease. 
Groups

This was a randomized, controlled, and double-blinded study. The sample size was determined as follows: Based on the hypothesis that G-CSF therapy can improve survival rate by 10% in the treatment group compared to the control group, with a power of 95% and an alpha error of 5%, the number of patients should be 25 in each group. A randomization number code was generated for each patient. Based on this code, each patient was assigned to receive G-CSF therapy plus standard medical therapy (G-CSF group), or standard medical therapy alone (control group). Both the patients and the investigators were blinded to the treatment regimen. The patients in G-CSF treatment group received G-CSF (SL Pharm, Beijing, China) subcutaneously at the dosage of 5 μg/kg per day for six consecutive days, and were monitored with daily physical examination and laboratory tests. All patients received entecavir (0.5 mg/day, Squibb Pharmaceuticals Ltd., Shang Hai, China) and standard therapy (including reduced glutathione, glycyrrhizin, ademetionine, polyene phosphatidylcholine, alprostadil, and human serum albumin) on the day of admission. The white blood cell (WBC) counts were assessed twice per week in the first two weeks. In addition, abdominal ultrasound examination was performed on days 1 and 7 to evaluate the diameters of spleen and the hepatic portal vein.   
Quantification of peripheral CD34+ cells 

CD34+ cells in the peripheral venous blood were measured consecutively twice per week in the first two weeks in all patients. Briefly, small aliquots of peripheral blood were incubated with PE-conjugated anti-CD34 monoclonal-antibody (BD Company, United States) for 30 min on ice. Erythrocytes were lysed with ammonium chloride for 10 min at room temperature. Cells were washed with PBS, and kept on ice till flow cytometric analysis. 
Follow-up scheduling
All patients had daily follow-ups and physical examinations in the first month, and then at least weekly for the next 2 mo. During the 3-mo follow-up period, patients were monitored for the following parameters: the levels of serum bilirubin and albumin, prothrombin time and concentration, INR, the levels of ALT and aspartate aminotransferase (AST), the levels of blood urea and serum creatinine (Cr), complete blood analysis, estimation of the degree of ascites, CTP score, MELD score, and hepatic encephalopathy. The survival rates were evaluated over a period of 3-mo.
Sera from patients were collected and direct polymerase chain reaction (PCR) sequencing was used to screen HBV reverse-transcriptase (RT) domain if serum HBV DNA were positive after patients receive entecavir therapy. The HBV gene fragment (nt 54-1278) encompassing the complete RT gene (nt 130–1161) was amplified by nested PCR. The primers and reaction conditions have been described previously[14]. Substitutions at positions rt180, rt184, rt202, rt204 and rt250 were taken as resistance mutations for analysis.
Ethics

The protocol of our study is in compliance with the ethical guidelines of the 1975 Declaration of Helsinki, and was approved by the Clinical Research Ethics Committee of the Beijing 302 Hospital. All patients or their relatives in the G-CSF treatment group provided written informed consent prior to the enrollment.

Statistical analysis

Data were compiled using Excel XP and processed using Statistical Package for Science and Society (SPSS) version 12.0 (SPSS Inc., Chicago, IL). All quantitative variables were presented as mean ± SD. All qualitative data were described as frequency or percentage. Comparisons between groups for qualitative data were carried out using χ2 test, Fischer’s exact test, or McNemar test when appropriate. Independent sample T test and paired sample T test were used for quantitative variables with normal distribution, whereas non-parametric Mann-Whitney test and Wilcoxon signed-rank test were used for quantitative variables with non-normal distribution. In all tests, P values lower than 0.05 were considered as statistically significant.

RESULTS 

Baseline conditions
Of the 126 patients screened, 71 were excluded and 55 patients enrolled in our study. Among them, 27 were randomized to receive G-CSF therapy, and the other 28 were included as controls (Figure 1). 
The two groups showed no statistical differences in gender, age, the baseline values of peripheral WBC, platelet, and other parameters (Table 1). All patients had history of chronic hepatitis B, and had not received anti-viral therapy prior to the enrollment. 
Peripheral neutrophil counts and CD34-positive cell counts
The baseline of the circulating neutrophil counts was compared between the G-CSF and the control groups (Table 1). No statistical difference was found between the baselines of the two groups (P = 0.443). However, on day 3 from the onset of G-CSF therapy, the peripheral neutrophil count increased to (11.59 ± 6.40) × 109/L, significantly higher than that of the control group (3.29 ± 1.25) × 109/L (P < 0.001). It continued to rise on day 7 to (17.76 ± 10.07) × 109/L in the G-CSF group, significantly higher than (3.82 ± 1.17) × 109/L in the control (P < 0.001). On day 15, the neutrophil count decreased to (5.88 ± 3.69) × 109/L in the G-CSF group, but was still higher than (4.02 ± 1.33) × 109/L in the control (P = 0.032) (Figure 2A). 
Prior to G-CSF therapy, circulating CD34+cell counts were comparable in the two groups-(2.97 ± 1.52) × 106/L in the G-CSF group, and (2.23 ± 1.29) × 106/L in the control group (P = 0.085). On day 3 of treatment, circulating CD34+ cell counts in G-CSF group increased to (8.96 ± 5.97) × 106/L,  compared to (2.09 ± 1.02) × 106/L in the control (P < 0.001). On day 7, the circulating CD34+cell counts continued to rise to (12.05 ± 6.70) × 106/L, compared to (2.97 ± 1.22) × 106/L in the control (P < 0.001). On day 15, the CD34+ cell counts decreased to (4.92 ± 1.63) × 106/L in the G-CSF treatment group, still significantly higher than that in the control (2.11 ± 1.39) (P < 0.001) (Figure 2B). On day 30, the CD34+ cell counts were nearly in the same level between two groups.
In the course of the G-CSF therapy, all patients demonstrated good tolerance. Some patients were affected by minor side effects, such as fever (8 cases), headache (5 cases), and nausea (4 cases), but all the side effects resolved within 5 d after the withdrawal of G-CSF treatment.  

Changes of liver function after G-CSF therapy
Prior to the G-CSF therapy, the CTP score was 12.17 ± 1.47 in the G-CSF group, and 12.25 ± 1.29 in the control group (P = 0.841).The CTP score decreased gradually after the G-CSF therapy, and reached to 11.17 ± 2.76 on day 30 of treatment in the G-CSF group, compared to 12.86 ± 2.63 in the control (P = 0.041) (Figure 3A).

The MELD score demonstrated an early decrease in the G-CSF group (Figure 3B). On day 7 of the therapy, the MELD score decreased to 24.4 ± 3.9 in the G-CSF group, compared to 27.6 ± 4.1 in the control (P = 0.004). On day 15, the MELD score was 23.7 ± 5.8 in the G-CSF group, compared to 28.4 ± 4.5 in the control group (P < 0.001). This trend continued during the 30-d observation period (23.3 ± 6.9 vs 29.8 ± 5.7) (P < 0.001).  
Levels of serum HBV DNA and drug-resistant HBV variant monitoring 
All patients enrolled in our study received entecavir antiviral treatment throughout the course of the study. After 3 mo of treatment, all the survived patients demonstrated effective antiviral results. Of the 19 survived patients, 16 (11 from G-CSF group, and 5 from control group) were detected negative for serum HBV DNA (below 102 copies/mL), 3 (2 from G-CSF group and 1 from control group) were positive, but the concentration of HBV DNA were all below 103 copies/mL. Serum HBV mutations were determined by direct sequencing method and entecavir resistant mutation was not detected in these patients. No serious adverse effects of entecavir were observed in all patients. 

Survival rate 
The patients’ survival rates were evaluated at the end of 3 mo (Figure 4). In the G-CSF group, 13 of 27 patients survived, but only 6 of 28 patients survived in the control group (χ2 value 5.584, P = 0.0181). All the patients had complications of ascites and electro​lyte disturbances. In the treatment group, 4 patients died of encephalopathy, 5 of gastric intestinal bleeding, 2 of hepato-renal syndrome (HRS), and 3 of sepsis. In the control groups, 6 died of encephalopathy, 3 of gastric intestinal bleeding, 6 died from HRS, and 7 of sepsis. More patients in the control group died of sepsis and HRS comparing to those in the G-CSF group (χ2 value 4.863, P = 0.027).
DISCUSSION

In China, HBV-associated ACLF accounts for 85%-95% of all liver failure. Approximately 60% of the patients die from complications in the lack of early liver transplantation[15,16]. Increasing evidence indicates that stem cells contribute to hepatic regeneration, which is essential for the restoration of liver function and thus the survival of the patients. Stem cells have been shown to induce repairing process after acute liver injuries[10,12]. Therefore G-CSF therapy may be a promising approach in clinical treatment of patients with ACLF. 
Some previous findings on the efficacy of G-CSF in patients with liver failure remain controversial. Campli et al[17] investigated the safety and efficacy of G-CSF in patients with ACLF. They found increased number of CD34+ cells in the peripheral blood, down-regulated expression of CXCR4, very late activation of antigen 4 and vascular endothelial growth factor receptor in G-CSF treatment group, but they did not show the effect of G-CSF on the survival rates of those patients. Similarly, Spahr et al[18] investigated the efficacy of G-CSF in patients with alcoholic steatohepatitis, and observed elevated peripheral CD34+ cell count and proliferating hemopoietic cells (HPC) in the liver tissues although they failed to demonstrate the improvement of liver function. Recently Garg[19] also investigated the efficacy of G-CSF in ACLF patients with promising results. Sixteen of the 23 patients in the G-CSF group survived for 60 d, compared to merely 7 of the 24 in the control. The discrepancies between the results by different groups may be attributable to the background of the enrolled patients. For example, Campli enrolled patients with alcohol liver failure, whereas Garg recruited patients with various types of liver diseases, including alcoholic-related liver diseases and HBV-associated ACLF. 
In our current study we selected patients with HBV-associated ACLF for investigation. This is the first report to apply G-CSF therapy to patients with chronic HBV infection. All the patients were positive for serum HBV DNA and received entecavir antiviral treatment after enrollment. The two groups showed no statistically significant differences in gender, WBC count, CTP score and MELD score prior to the onset of the G-CSF therapy. 
We observed that G-CSF therapy increased peripheral neutrophil count and CD34+ cell count in patients with HBV-associated ACLF. In addition, the G-CSF treatment group demonstrated improved liver function compared to the control group, as demonstrated by the CTP and MELD scores. Our finding on survival rate was in consistency with that of Garg’s [19]. 
It is plausible to speculate that CD34+ HSC migrated from the bone marrow to the liver, and contributed to the regeneration of the liver. Future studies such as liver biopsy or autopsy, may provide evidence for the mobilization of the stem cells. In these patients, MELD score improved sooner than CTP score after G-CSF therapy, but the mechanism is yet to be elucidated. 
Currently, there are two classical pathways for stem cells to travel from the bone marrow to the liver. The first is G-CSF mobilization. Second, CD34+ cells can be isolated from bone marrow, purified with magnetic columns, and then re-injected into liver through the hepatic artery or the portal vein[13,20]. But patients with ACLF often have coagulation disorders, therefore it is risky to apply the aforementioned complicated procedures. It is a reasonable argument that, the approach of G-CSF administration is probably easier and less risky to implement than the separation, purification, and autologous transplantation of bone marrow-derived HSC cells to ACLF patients. Furthermore, it was reported that contamination by red blood cells during CD34+ cell isolation can impair the efficacy of autologous HSC therapy[21].
Antiviral therapy was deemed as an important therapy for patients with HBV-associated ACLF[2,22]. Previously Huang et al[16] reported that antiviral therapy decreased the mortality rate in patients with HBV-associated ACLF. But the patients recruited to their study had lower ALT level and higher prothrombin activity (over 30%), which may explain the different results between these two studies. In our study, the mortality rate in control group was higher (78.6%) than those reported in the literature. This may be attributable to several factors. First, the patients in our study had larger MELD scores, of 25 to 29, indicating more serious conditions. Secondly, most patients enrolled in our study had middle-stage (PA is between 20%-30%) or late-stage ACLF (PA below 20%) according to the standards of Chinese classification system[23], which may attribute to an increased mortality rate. Thirdly, antiviral therapy can suppress HBV replication, however, there may not be enough time for HBV suppression and liver function recovery to occur due to the short life expectancy in ACLF patients. Similar phenomenon was also observed by other researchers[24]. We also consider the possibility of HBV viral breakthrough in these patients. Serum HBVDNA mutation was determined by direct sequencing method when serum HBV DNA was positive in those patients, but we did not find any entecavir-resistant mutations. Although we did not find poor compliance in these patients, we could not exclude the possibility. In our study, all the patients received antiviral therapy to help mitigate additional hepatic insult and even liver failure caused by the re-activation of HBV.
Patients treated with G-CSF not only demonstrated a significantly better 90 d survival rate, CTP and MELD scores, but are also less likely to develop HRS and sepsis compared to the controls. This could be explained by increased numbers of neutrophils in these patients. Neutrophil dysfunction has been shown to cause sepsis and further the development of hepato-renal syndrome in patients with ACLF[25]. We did not find correlation between CD34+ cell number and liver function improvement, which means cell numbers, micro-environment of liver tissue and other possible factors may work together to improve liver function. That mechanism need further to be investigated.
In conclusion, this randomized controlled study clearly demonstrated the clinical safety and efficacy of G-CSF therapy in patients with HBV-associated ACLF. The convenience of administration makes G-CSF therapy readily implementable in large-scale, multi-center clinical sites to further verify its benefits in restoring hepatic function and improving survival rate. 
COMMENTS

Background 

Hepatitis B virus associated acute-on-chronic liver failure (HBV-ACLF) is associated with a high mortality. Liver transplantation could significantly improve the survival rate, but is limited by many factors, espe​cially donor shortages. To overcome these problems, alternative approaches have been proposed. Granulocyte-colony stimulating factor (G-CSF) can be used to mobilize stem cells from bone marrow to the periphery, and then to the liver in patients with advanced liver disease, and promote liver regeneration. 
Research frontiers 
In experimental animal models, G-CSF ameliorated liver injury and improved survival rate in rats with D-galactosamine-induced acute liver failure. When administered to patients with severe liver cirrhosis, G-CSF boosted the numbers of peripheral leukocytes and CD34+ bone marrow-derived hematopoietic stem cells. Therefore, G-CSF therapy may be beneficial for the liver regeneration in patients with different kinds of liver injuries. The safety and efficacy of G-CSF protocol has been investigated but the efficacy is still controversial in patients with liver diseases.
Innovations and breakthroughs 
In the current study, the authors selected patients with HBV-associated ACLF for investigation. This is the first randomized trial to apply G-CSF therapy to patients with chronic HBV infection. The authors observed that G-CSF therapy increased peripheral neutrophil count and CD34+ cell count in patients with HBV-associated ACLF. In addition, the G-CSF treatment group demonstrated improved liver function and survival rate compared to the control group.
Applications

HBV-associated ACLF Patients treated with G-CSF not only demonstrated a significantly better 90 d survival rate, improved CTP and MELD scores, but are also less likely to develop HRS and sepsis compared to the controls. The convenience of administration makes G-CSF therapy readily implementable in large-scale, multi-center clinical sites to further verify its benefits in restoring hepatic function and improving survival rate.
Terminology

HBV-associated ACLF, deﬁned by the APASL Working Party, is an acute hepatic insult manifested as jaundice (serum bilirubin ≥ 5 mg/dL) and coagulopathy (international normalized ratio ≥ 1.5 or prothrombin activity < 40%), with complications of ascites and/or encephalopathy within 4 wk in patients previously diagnosed or undiagnosed with chronic liver disease.
Peer review

This is an interesting study in patients with decompensated hepatitis B patients.
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Figure 1 Study design and flow algorithm of patient’s selection. G-CSF: Granulocyte-colony stimulating factor.
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Figure 2 A
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Figure 2 B

Figure 2 Kinetic of peripheral neutrophil count (A) and CD34+ cell count (B) in patients treated with granulocyte-colony stimulating factor and controls. aP value < 0.05,  bP value < 0.001 vs controls. G-CSF: Granulocyte-colony stimulating factor.
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Figure 3 A
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Figure 3 B
Figure 3 Changes in Child-Turcotte-Pugh score (A) and model for end stage of liver disease score (B) in patients treated with granulocyte-colony stimulating factor and control groups. aP value < 0.05, bP value < 0.001 vs controls. G-CSF: Granulocyte-colony stimulating factor.
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Figure 4 Survival rate of patients treated with granulocyte-colony stimulating factor and in controls. G-CSF: Granulocyte-colony stimulating factor.
Table1 Characteristics of patients with hepatitis B virus-associated acute-on-chronic liver failure at the time of admission
	Parameters
	G-CSF group
	Control group
	P value

	Gender (male %)
	22/27(81.5)
	22/28(78.6)
	0.755

	Age (yr)
	43.5(29-63)
	45.9(22-65)
	0.332

	WBC (109/L)
	5.79 ± 1.81
	6.61 ± 1.71
	0.443

	Neutrophil (109/L)
	3.53 ± 1.46
	3.82 ± 1.17
	0.114

	Platelet (109/L)
	182(147-215)
	174(149-175)
	0.680

	ALT(U/L)
	276(197-801)
	252(189-1239)
	0.430

	AST(U/L)
	246(195-788)
	251(187-980)
	0.544

	Total bilirubin (μmol/L)
	336(181-519)
	320.0(174.5-519.8)
	0.605

	Cr (μmol/L)
	83.8 ± 16.9
	85.4 ± 53.87
	0.475

	INR
	2.11 ± 0.28
	2.34 ± 0.34
	0.606

	ALB(g/L)
	29.11 ± 4.05
	28.75 ± 4.63
	0.596

	HBV DNA (log10)
	5.11 ± 1.37
	5.55 ± 1.59
	0.280

	CPT score
	12.17 ± 1.47
	12.25 ± 1.29
	0.349

	MELD score
	25.11 ± 3.30
	26.30 ± 4.12
	0.588


Values are shown as mean ± SD. WBC: White blood cell; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Cr: Creatine; INR: International normalized ratio; ALB: Albumin; CTP: Child-Turcotte-Puch; MELD: Model for end stage of liver disease; HBV: Hepatitis B virus.
