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INTRODUCTION 

Liver failure (LF) is a serious clinical syndrome with 

rapid progression, poor prognosis, and high mortality, 

leading to hepatocyte necrosis and severe liver 

dysfunction or decompensation of its synthesis, 

detoxification, excretion and biotransformation, which 

mainly occurs as coagulation disorder, jaundice, hepatic 

encephalopathy, ascites and other clinical symptoms.1 In 

China, the most common etiology is hepatitis B or C 

virus infection, and the next is drug or hepatotoxic 

substances. The diagnosis of LF should be based on the 

medical history, clinical manifestations, histopathological 

features, and auxiliary inspection index, which is 

classified into four forms: acute liver failure (ALF), 

subacute liver failure (SALF), acute-on-chronic liver 

failure (ACLF) and chronic liver failure (CLF).1-3 At 

present, ACLF and CLF are the most common types of 

LF, which usually accompany with a history of chronic 

liver disease or cirrhosis and a high mortality rate ranging 

up to 50%.4 

ABSTRACT 

 

The aim was to pool the present clinical studies to assess the therapeutic efficacy and safety of mesenchymal stem cell 

transplantation (MSCT) compared with traditional supportive treatment (TST) for patients with liver failure. 

Publications were searched to identify relevant clinical trials in which LF patients accepted mesenchymal stem cell 

transplantation from the online databases of PUBMED, EMBASE, and Cochrane Library up to June 2020. Then, the 

short-term outcomes of 6 months, including models of end-stage liver disease (MELD) score, total bilirubin (TBIL), 

albumin (ALB), prothrombin activity (PTA), alanine aminotransferase (ALT), prothrombin time (PT) and cumulative 

survival rate were enrolled in a meta-analysis. In total, 446 patients, reported on 2 randomized controlled trials 

(RCTs) and 4 non-randomized trials, were included. Compared with TST, MSCT was associated with a faster decline 

of MELD score at 2-, 4-, 12- and 24-week, greater improvement of ALT levels at1-, 4-, 24-week, significant increase 

of ALB levels at 4-,12-week and remarkable raise of PTA levels at 12-, 24-week, while PT levels changed greatly at 

4-week and TBIL levels observably decreased at 4-week. The cumulative survival rate of MSCT was shown 

significant difference at 12-week. There were no serious complications and HCC occurred after MSCT. This study 

suggests MSCT may be a more effective and safe strategy than TST to improve liver function parameters and 

alleviate liver damage in LF patients during the short-term duration of 6 months. However, more multi-center, large-

scale RCTs are needed.  
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Current therapeutic strategies of LF are mainly based on 

integrated therapy, including use of etiological therapy, 

general supportive therapy, artificial liver support 

therapy, and liver transplantation (LT).5-8 However, 

internal therapy is a lack of specific medicine, and 

biological artificial liver exists with some problems due 

to difficulties of obtaining hepatocytes and rejection. LT 

is recognized as the final solution for LF. In China, the 

survival rate after LT for end-stage liver disease has 

approximated 80% at one year, but the low donors, high 

cost, immunological rejection, and complications restrict 

its application.9,10 Therefore, a novel effective and safe 

therapeutic strategy as an alternative to orthotopic liver 

transplantation for LF is urgently required. 

Recently, mesenchymal stem cell transplantation (MSCT) 

has been investigated in detail and holds great 

improvement for LF patients in preclinical and clinical 

trials. MSCs are a kind of stem cells with 

multipotentialities of differentiation and self-renewal, 

which mainly derive from bone marrow, umbilical cord, 

adipose tissue, spleen, and other tissues.11,12 In the 

process of MSCT, firstly, mesenchymal stem cells start 

proliferation in vitro after laboratory collection, 

separation, and culture; and then, the stem cells were 

injected into the human body via different routes after 

several generations of self-renewal. On the one hand, 

MSCs integrate hepatic reparative effects through the 

following items: transdifferentiate into hepatocytes in 

vivo and in vitro, secrete cytokines/growth factors, 

angiogenesis, and inhibit activation of liver astrocytes to 

alleviate liver fibrosis; on the other hand, MSCs have 

abilities of anti-inflammation and immunomodulation by 

upregulation of anti-inflammatory cytokine IL-10, 

downregulation proinflammatory cytokines such as TNF-

α and IL-6, adjusting the proliferation of T-lymphocytes, 

Dendritic cells, Natural killer cells, and improving the 

inflammatory microenvironment in tissue engineering.13-

16,17  

Although MSCT has extensive prospects in liver failure, 

which was mentioned in the clinical guideline because of 

greater potential regeneration and immunomodulatory for 

tissue repair in various diseases, including autoimmune 

diseases, diabetes, myocardial infarction, and graft-

versus-host reaction, cirrhosis, it is not mature enough for 

its clinical application.1,18-22 Therefore, this meta-analysis 

may be the first to systematically assess the therapeutic 

efficacy and safety between MSCT and TST for LF 

patients, with an objective to provide valuable reference 

for its clinical application and explore the optimum 

protocol of MSCT in the future. 

METHODS 

A meta-analysis was conducted in accordance with the 

preferred reporting items for systematic reviews and 

meta-analysis (PRISMA) guidelines supplemental   

(Table 1). 

Literature search and selection criteria 

Online searching was performed through PubMed, 

EMBASE and Cochrane library - Cochrane Central 

Register of Controlled Trials (CENTRAL) until June 

2018. The searching items were as follows: 

“Mesenchymal Stem Cell*”, “MSC*”, “liver failure” and 

“hepatic failure”, in which Boolean operators were used. 

The language or publication time was not restricted. 

Clinical controlled clinical studies comparing MSCs 

group with the control group (traditional supportive 

treatment (TST)) for patients with liver failure were 

included. The trials were enrolled including of at least 

one interested quantitative outcome, such as MELD 

score, TBIL, ALT, ALB, PTA, PT, cumulative survival 

rate, and severe complications during follow-up. The 

diagnosis of LF was according to the guideline, such as 

ACLF (acute onset with a basis of chronic liver disease 

and accompanied with severe fatigue, obvious 

gastrointestinal symptoms, rapid progression of scarlet 

jaundice, serum total bilirubin as 10 times higher than 

normal value or daily increase to 17.1μmol/L, PTA≤40% 

or International Normalized Ratio (INR) ≥1.5 after other 

pathogenesis, with or without hepatic encephalopathy).1 

The studies were excluded if they were irrelevant topics, 

case reports, reviews, animal trials, and abstracts, or lack 

of outcomes.  

Data extraction and quality assessment 

Two authors independently extracted demographic and 

clinical characteristics of LF patients: first author, 

published year, country, study design, sample size, 

duration of follow-up interventions, injection route, 

dosage of MSCs, and liver function parameters (levels of 

TBIL, ALT and MELD score etc.). Discrepancies would 

be resolved by discussion. 

RCTs were assessed by the Cochrane Handbook for 

Systematic Reviews of Interventions, which classified as 

three items: low risk of bias, unclear, and high risk of 

bias. The Newcastle-Ottawa Scale was adopted in non-

randomized clinical trials, including of cohort or case-

control studies, in which scores ranging from 0 to 9 were 

calculated by evaluating patient selection, comparability 

and outcome, and a score of 5 or more were on behalf of 

a high quality. 

Statistical analysis 

Data integration and analysis were performed with 

Review Manager 5.3 software. Dichotomous data were 

calculated with odds ratio (OR) and 95% confidence 

intervals (CI), while continuous variables were calculated 

with weighted mean difference (WMD) and 95% 

confidence interval (CI). There was a statistically 

significant difference when P value <0.05. The median 

and variance were calculated through formulas reported 
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by Hozo et al or extracted from the curve by a software 

(Engauge Digitizer 4.1) if not reported.23  

Cochran’s-Q test and I2 test were used to assess 

heterogeneity. The random-effect model was adopted if P 

value <0.10 or I2 >50%, which was on behalf of high 

heterogeneity; otherwise, fixed-effect model was used. 

Sensitivity analysis was conducted when heterogeneity 

was significant. 

 

Figure 1: PRISMA flowchart for the selection of eligible studies. 

RESULTS 

Studies selection 

As shown in Table 1, we identified a total of 682 eligible 

publications by initial searching from the database, of 

which 209 duplications were removed. Then after 

screening titles and abstracts, 451 articles were excluded 

as the following reasons: animal trials, case reports, 

reviews, or irrelevant studies. Therefore, the full-text 

versions of 22 studies were screened in detail. Of these 7 

conference abstracts, 6 unfinished clinical trials, and 3 

trials of liver cirrhosis were removed. At last, 6 eligible 

studies, comprising of 2 RCTs and 4 clinical controlled 

studies, were ultimately identified. 
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Characteristics and quality of selected studies  

Demographic and clinical characteristics of LF patients 

from six studies were summarized in Table 2. Among 

them, five studies were conducted in China and 1 study in 

Egypt. In total, 446 patients were included, involving of 

189 patients (MSCT group) and 257 patients (controlled 

group). The types of MSCs were BM-MSCs (n=3) and 

UC-MSCs (n=3). MSCs were administered via the 

peripheral vein (n=3), hepatic artery (n=3), splenic route 

(n=1), and derived from an autologous source (n=2), 

allogeneic source(n=4). The etiologies of liver failure 

were mainly hepatitis B (n=5) and hepatitis C (n=1). The 

varieties of liver failure were composed of ACLF (n=3) 

and CLF (n=3) with a history of cirrhosis. The duration of 

analysis was from baseline to 24 weeks. 

Table 3 was presented the quality assessment of studies. 

All of the 6 trials, composed of 2RCTs and 4 non-

randomized controlled trials, were open label. Thereinto, 

one RCT was unclear risk of bias and another was low 

risk of bias, while 4 non-randomized controlled trials 

were determined as relatively high quality with a score of 

5 or more.  

Therapeutic efficacy assessment through subgroups of 

time points after MSCT  

To evaluate the therapeutic efficacy of MSCT, the liver 

parameters reported by six studies, such as the levels of 

TBIL, ALT, PTA, PT, ALB, and MELD score, were 

analysed from baseline to week 24 between the MSCT 

group and control group.  

In LF patients, TBIL and ALT levels are the key factors 

to evaluate the severity of liver damage. The percentage 

of PTA and PT levels can reflect liver coagulation 

functions, where most of the coagulation factors and a 

variety of anti-thrombin synthesis were produced, while 

ALB levels are used to integrate liver synthesis functions. 

MELD score is an objective assessment of the prognosis 

of end-stage liver disease.30 The Child-Turcotte-Pugh 

(CTP) score is a clinical classification standard for 

assessing the order of severity for liver diseases, whereas 

it was not included for the lack of enough data.30 

MELD score 

Five subgroup analysis reported the MELD scores in this 

section, and the results were shown in Fig 2. After 

MSCT, MELD scores significantly reduced at 2-, 4-, 12- 

and 24-week in a random-effects model (2-week: WMD:-

1.25, 95%CI: -2.07 to -1.03, p<0.00001; 4-week: WMD:-

2.44, 95%CI: -4.55 to -0.33, p=0.02; 12-week: WMD:-

3.87, 95%CI: -7.04 to -0.70, p=0.02; 24-week: WMD:-

2.92, 95%CI: -5.06 to -0.78, p=0.007 ).However, there 

existed significant heterogeneity at most time points(1-

week:chi-square=19.60, df=1, p<0.00001,I2=95%;  4-

week: chi-square=34.94, df=4, p<0.00001,I2=89%; 12-

week: chi-square=41.66, df=4, p<0.00001,I2=90%; 24-

week: chi-square=27.12, df=4, p<0.00001,I2=85%;). 

Sensitivity analyses demonstrated that Lin et al affected 

the heterogeneity mostly.27 The heterogeneity observably 

decreased without this study at 4-week (I2=74%); at 12-

week (I2=44%); at 24-week (I2=58%). Publication bias 

was assessed. The reason the resulted high heterogeneity 

might be that ACLF was a life-threatening disease with 

rapid progression and high mortality, some patients died, 

and clinical outcomes dropped during the follow-up. And 

then, Lin et al used the delta value of liver function to 

partially solve this problem.27 

 

Figure 2: Forest plot of subgroup analysis between 

MSCT and TST on MELD score at different time 

points. 

TBIL level 

Figure 3 summarized that the TBIL levels showed a 

statistic difference at 4-week (WMD: -36.67, 95%CI: -

67.81 to -5.54, p=0.02) in a random-effects model. High 

heterogeneity was in subgroups at 2-week (chi-

square=16.07, df=3, p=0.001, I2 =81%); at 4-week (chi-

square=7.75, df=3, p=0.05, I2=61%); at 12-week (chi-

square=13.96, df=4, p=0.007, I2=71%) and at 24-week 

(chi-square=22.38, df=4, p=0.0002, I2=82%). Sensitivity 

analysis suggested that heterogeneity decreased at 2-week 

(I2=0%), 4-week (I2=51%), 12-week (I2=0%), and 24-

week (I2=63%) after excluding Lin et al and 

heterogeneity decreased at 4-week (I2=18%) by 

excluding Zhang et al.28,29 Respectively, the heterogeneity 

decreased at the above time points by excluding the 

studies.  
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Table 2: Characteristics of included studies. 

First author, 

year 
Country 

Study 

design 

No. of patients 

(MSCs/TST, n) 

Diagnosis, 

Etiology  

No. of 

male/female 

(n) 

Cell type 
 Route of 

injection 

Frequency 

of injection 

(n) 

Dosage of 

MSCs(ml) 

NO. of 

MSCs(n) 

follow-up 

time 

(week) 

Amer et al19 

2011 
 Egypt RCT BM-MSCs:20 CLF, HCV 16/4 

Autologous 

BM-MSCs 

Intrasplenic 

and                                           

Intrahepatic  

Once 5 ml NR 24 

   TST:20  17/3       

Peng et al20 

2011 
China CCT BM-MSCs:53 CLF, HBV 50/3 

Autologous 

BM-MSCs 
HA Once 10 ml 1×10^7 192  

   TST:105  99/6       

Shi et al21 

2012 
China CCT UC-MSCs:24 

ACLF, 

HBV 
20/4 

Allogeneic 

UC-MSCs 

 

PV 
Thrice NR 

0.5 ×10^6 

/kg 
48  

   TST:19  15/4       

Li et al22 2016 China  CCT UC-MSCs:11 
ACLF, 

HBV 
8/3 

Allogeneic 

UC-MSCs 
HA Once 60 ml 1 × 10^8 96 

   TST:34  26/8       

Lin et al23 

2017 
China  RCT  BM-MSCs:56 

ACLF, 

HBV 
51/5 

Allogeneic   

BM-MSCs 
PV Once 10 ml  

1.0-

10×10^5/kg 
24 

   TST:54  53/1       

Zhang et al24 

2017 
China CCT UC-MSCs:25 CLF, HBV 18/7 

Allogeneic 

UC-MSCs 
PV Thrice 100 ml 

1.4-2.3）

×10^6/kg 
24 

      TST:25   19/6             

MSCs: Mesenchymal stem cells; TST: traditional supportive treatment; HBV: hepatitis B virus; HCV: hepatitis C virus; BM-MSCs: Bone Marrow-Derived Mesenchymal Stem Cells; UC-

MSCs: Umbilical Cord-Derived Mesenchymal Stem Cells; ACLF: acute-on-chronic liver failure; CLF: chronic liver failure; PV: peripheral vein; hepatic artery; RCT: randomized controlled 

trial; CCT: clinical controlled trial; NR: not reported. 
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Table 3: Quality assessment of included studies. 

Cohort studies Newcastle-Ottawa scale 

First author, 

year 

Selection 

(Max 4★) 

Comparability 

(Max 2★) 

Outcome 

(Max 3★) 
Total (Max 9★) 

Peng et al20 2011 ★★★ ★★ ★★★ ★★★★★★★★ 

Shi et al21 2012 ★★★ ★★ ★★★ ★★★★★★★★ 

Li et al22 2016 ★★★ ★★ ★★ ★★★★★★★ 

Zhang et al24 

2017 
★★ ★★ ★★★ ★★★★★★★ 

Randomized controlled studies Cochrane handbook for systematic reviews of interventions 

First author, 

year 

Random sequence 

generation 
Allocation concealment 

Blinding of participants 

and personnel 

Blinding of 

outcome 

assessment 

Incomplete 

outcome data  

Selective 

outcome 

reporting 

Amer et al19 2011 Low risk Low risk Unclear risk Low risk Unclear risk High risk 

Lin et al23 2017 Low risk Low risk Unclear risk Low risk High risk Low risk 
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Only at 12-week, the difference changed significantly. 

However, the stabilities of other results were still reliable 

when each parameter was excluded or included in 

sequence. 

 

Figure 3: Forest plot of subgroup analysis between 

MSCT and TST on TBIL level at different time points. 

ALT level 

In the random effect model, the results indicated that ALT 

levels expressed a greater decline after MSCT at 1-week 

(WMD: -13.03, 95%CI: -25.78 to -0.28, p=0.05); at 4-

week (WMD: -8.91, 95%CI: -15.75 to -2.07, p=0.01); at 

24-week (WMD: -3.38, 95%CI: -6.36 to -0.40, p=0.03). 

High heterogeneity was observed in one subgroup at 4-

week chi-square=8.68, df=3, p=0.03, I2 =65%) 

 

Figure 4: Forest plot of subgroup analysis between 

MSCT and TST with ALT level at different time 

points. 

Sensitivity analyses are shown by Li et al and Lin et al 

studies affected the heterogeneity mostly at 2-week, and 

Peng et al affected mostly at 4-week.27,28,25 When 

excluded over the studies, the I2 changed to 0% at 2-

week and 48% at 4 weeks. The stability of the results was 

reliable when the above studies were excluded. 

ALB level 

In Figure 5, it was reported that serum albumin 

significantly increased at 4-week (WMD: 1.43, 95%CI: 

0.01 to 2.86, p=0.05); at 12-week (WMD: 2.84, 95%CI: 

0.36 to 5.33, p=0.03). Simultaneously, High 

heterogeneity existed as follows: at 1-week (chi-square= 

39.94, df=1, p<0.00001, I2=97%), at 2-week (chi-

square=12.54, df=3, p=0.006, I2=76%), at 4-week (chi-

square=21.16, df=3, p<0.0001, I2=86%); at 12-week 

(chi-square=30.63, df=4, p<0.00001, I2=87%) and at 24-

week (chi-square=48.75, df=4, p<0.00001, I2=92%). 

Ultimately, Li et al affected the heterogeneity mostly at 2-

week and Lin et al affected mostly at 4-, 12-, and 24 

weeks sensitivity analyses.27,28 The results were shown a 

decline at 2 weeks (I2=0%); at 4-, 12-, and 24-week 

(I2=8%; I2=30%; I2=17%) when studies were excluded. 

Especially, the difference changed significantly at 24-

week (p<0.00001). 

 

Figure 5: Forest plot of subgroup analysis between 

MSCT and TST on ALB level at different time points. 

PTA level 

Results with significant difference were shown in figure 6 

with a fixed-effect model at 12-week (WMD: 11.62, 95% 

CI: 7.54 to 15.70, p<0.00001); at 24-week (WMD: 10.77, 

95% CI: 6.78 to 14.76, p<0.00001). There was no high 

heterogeneity. 
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Figure 6: Forest plot of subgroup analysis between 

MSCT and TST on PTA level at different time points. 

PT level 

A random model was adopted in this section, which 

indicated a great increase of PT at 4-week (WMD: -2.44, 

95%CI: -3.64 to -1.24, p<0.00001). There was high 

heterogeneity at 2-week (chi-square=9.81, df=1, p=0.002, 

I2=90%) and at 12-week (chi-square=4.32, df=1, p=0.04, 

I2=77%). Because of the inadequate number of studies, 

we didn’t conduct the sensitivity analysis. 

 

Figure 7: Forest plot of subgroup analysis between 

MSCT and TST on PT level at different time points. 

Safety assessment of MSCT 

Adverse events or side effects 

The incidence of adverse events or side effects was 

assessed during the MSCs administration, we got that 

there were no serious complications and adverse events 

occurring after MSCs treatment, which was a 100% 

success rate of infection. Fever was the most common 

adverse effect, which usually subsided naturally within 

24 hours.  

Cumulative survival rate at 12-week  

There were four studies involved in figure 8 to analyze 

the cumulative survival rate at 12-week with significant 

statistical difference (OR: 3.12, 95%CI: 1.77 to 5.52, 

p<0.0001) in a fixed-effect model. and no heterogeneity 

was identified. 

 

Figure 8: Forest plot of cumulative survival rate at 12-

week between MSCT and TST. 

DISCUSSION 

Mesenchymal stem cell transplantation (MSCT) has been 

a promising alternative to orthotopic liver transplantation 

for the treatment of liver failure, with the following 

advantages for application: ease of isolation and 

cultivation, high expansion potential, a stable phenotype, 

low immunogenicity, mild side effects and great 

improvement of liver function after transplantation.31  

In this study, the above analysis of forest plots proved the 

statistic differences between MSCs group and control 

group, associated with a rapid decline of MELD score, 

the level of TBIL, ALT, PT; a rise level of ALB, PTA at 

most time points; and an increase of cumulative survival 

rate at 12-week, which suggested MSCT was more 

effective to improve the coagulation and synthesis 

function of liver, and alleviate the liver damage of LF 

patients after transfusion. There were no serious 

complications and hepatocellular carcinoma (HCC) 

during the follow-up.  

This study demonstrated that the TBIL levels 

significantly decreased at 4-week (p=0.02), while the 

ALT levels developed a better improvement at1-, 4-, and 

24-week (p=0.05; p=0.01; p=0.03). However, the TBIL 

levels didn’t show satisfactory advantage than TST group 

at 2-, 12-, and 24-week. We considered that the slow 

decline of TBIL levels might attribute to many factors 

(the long metabolic cycle, severity of disease, 

inflammatory response, etc.). Although there was no 

satisfactory advantage on the decreased levels of TBIL 

after MSCT, it also indicated that MSCT could alleviate 

liver damage in the short-term. The long-term outcomes 

still need further focus for the lack of enough RCTs. 
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The levels of ALB remarkably increased at 4-(p=0.05), 
12-week (p=0.03), which showed a statistic difference 
after transplantation. We considered that extraneous 
transfusion of ALB might result in a brief rise. 

The PTA levels raised greatly at 12-, 24-week and PT 
improved greatly at 4-week (p<0.00001). Among the 
forest plot analysis of PTA, no heterogeneity was 
revealed. However, there existed high heterogeneity in 
the subgroup analysis of PT at 2-week and 12-week. The 
reason might be that LF patients received plasma 
exchange (PE) before admission, which could improve 
hepatic function by providing an environment conducive 
to hepatic regeneration and eliminate accumulated 
intrahepatic toxins.  

Our study suggested that MELD score significantly 
declined at 2-, 4-, 12- and 24-week, which indicated that 
the stem cell transplantation was effective to improve the 
prognosis of the LF patients, compared with the control 
group. Yet, heterogeneity was inevitable at a high level.  

Furthermore, after infusion, we analyzed the cumulative 
survival rate at 12-week with significant difference 
(p<0.0001), and no high heterogeneity existed (I2=0%). 
In addition, there were no serious side effects during the 
duration. Fever was the highest incidence among adverse 
effects after MSCT, which was lasted less than 24 hours. 
Peng et al and Shi et al reported that MSCT improved 
serum α-fetoprotein (AFP) levels in participants after 
infusion, potentially as a kind of biomarker for predicting 
hepatocyte proliferation.25,26 No supporting evidence of 
hepatocellular carcinoma (HCC) was found during the 
period. It was suggested that MSCT was a safe 
therapeutic strategy for LF patients. 

As mentioned above, the heterogeneity was considerable 
at different time points between MSCT and TST groups. 
By conducting sensitivity analyses, the heterogeneity 
indeed decreased at some time points after excluding the 
studies of Li et al and Lin et al.27,28 In two studies, we 
considered that the causes of high heterogeneity were as 
follows: firstly, there were diverse protocols which might 
affect the stability of outcomes, such as different etiology, 
type of MSCs, isolation of MSCs, delivery route and the 
number of stem cells; secondly, cirrhosis is a hostile 
microenvironment, which may inhibit the trans-
differentiation of MSCs or the viability of hepatocytes; 
thirdly, LF patients had already received related 
supportive treatment, including antiviral therapy, 
symptomatic treatment and plasma exchange (PE), which 
could eliminate accumulated toxins in the bloodstream of 
patients and improved hepatic function by providing an 
environment conducive to hepatic regeneration; fourthly, 
marked variation in the study characteristics and the stage 
of progression of liver disease might also be sources of 
heterogeneity among the included studies; fifthly, due to 
the death of participants, the incomplete information 
resulted in a bias, even if used the delta value of liver 
functions could partially solve this problem; Besides, 
Publication bias states that studies reporting unfavorable 

or uninteresting results are less likely to be published.32,33 
These discrepancies might explain some heterogeneity in 
these studies. As a result, better experimental designs and 
large-scale RCTs are urgently needed. 

It is not a coincidence that some previous studies have 
reported that MSCT was beneficial to improve the liver 
function parameters, alleviate liver damage, promote liver 
regeneration, and increase the survival rate for the 
treatment of liver diseases.24-29,34-35 Liu et al transplanted 
autologous mesenchymal adipose cell precursors 
(ADSCs) following a repeat partial hepatectomy in rats, 
which significantly promoted an increase in liver-to-body 
weight ration and found that the liver essentially fully 
recovered from hepatocellular damage due to 
hepatectomy at 168h postoperatively.37 It was suggested 
that MSCT might represent a new therapeutic option to 
treat acute liver failure after hepatectomy. However, 
regardless of the fact that hepatocyte-like cells derived 
from MSCs have many characteristics of mature liver 
cells and can engraft in vivo, the extent of functional liver 
repopulation has, to date, been limited.38 

This meta-analysis exists with some limitations. Although 
pre-clinical and clinical investigations have demonstrated 
that MSCT was beneficial to alleviate liver damage and 
regenerate hepatocytes, there is still no uniform criteria 
on the application of MSCT (e.g., type of MSCs, the 
infusion route, and the number of MSCs). Significant 
heterogeneity was inevitable in this study. However, the 
data extracted from these studies were not enough to 
conduct more subgroup analysis. Additionally, there are 
no dynamic monitors on the histological changes and 
immunological status of patients in the liver after MSCT, 
such as the ratio of stem cells trans-differentiation, the 
function of hepatocyte-like cells derived from MSCSS, 
the expression of cytokines/growth factors, the change of 
intrahepatic microenvironment and the survival rate of 
liver cells. In addition, publication bias was inevitable 
among these studies. Finally, multicenter RCTs with 
long-term follow-up are required for further studies. 

CONCLUSION 

This meta-analysis suggested that MSCT might be an 
alternative therapeutic strategy for orthotopic liver 
transplantation in patients with liver failure, with a more 
safe and effective therapeutic effect than TST, which 
clearly improved the liver function parameters in the 
short-term and didn’t discover serious complications, 
death or HCC related with MSCT. However, there are 
many problems to be solved, such as the unclear long-
term outcomes of MSCT, no uniform criteria of stem cell 
transplantation, and the unclear histological changes in 
vivo. Further focus is necessary on more studies. 
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