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Abstract 

Background: Stem cell therapy has been applied in the treatment of acute-on-chronic liver failure (ACLF). However, 
its clinical efficiency is still debatable. The aim of this systematic review and meta-analysis is to evaluate the clinical 
efficiency of stem cell therapy in the treatment of ACLF.

Methods: The Cochrane Library, OVID, EMBASE, and PUBMED were searched to December 2017. Both randomized 
and non-randomized studies, assessing stem cell therapy in patients with ACLF, were included. The outcome meas-
ures were total bilirubin (TBIL), alanine transaminase (ALT), international normalized ratio (INR), albumin (ALB), and the 
model for end-stage liver disease (MELD) score. The quality of evidence was assessed by GRADEpro.

Results: Four randomized controlled trials and six non-randomized controlled trials were included. The TBIL levels 
significantly decreased at 1-, 3-, 12-month after the stem cell therapy (p = 0.0008; p = 0.04; p = 0.007). The ALT levels 
decreased significantly compared with the control group in the short-term (p < 0.00001). There was no obvious 
change in the INR level compared with the control groups (p = 0.64). The ALB levels increased markedly as compared 
with the control groups (p < 0.0001). The significant difference can be found in MELD score between stem cell therapy 
and control groups (p = 0.008). Further subgroup analysis for 3-month clinical performance according to the stem cell 
types have also been performed.

Conclusion: This study suggests that the clinical outcomes of stem cell therapy were satisfied in patients with ACLF 
in the short-term. MSCs may be better than BM-MNCs in the stem cells transplantation of ACLF. However, more atten-
tion should focus on clinical trials in large-volume centers.
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Background
Acute-on-chronic liver failure (ACLF) is a global medi-
cal problem, with high prevalence and being serious, 
life-threatening in risk populations [1, 2]. ACLF occurs 
in patients with undiagnosed or previously diagnosed 
chronic liver disease (CLD) and was distinguished from 
acute hepatic damages such as coagulopathy and jaun-
dice and complicated within 4  weeks because of sites 
and/or encephalopathy [3]. ACLF is usually accompanied 

by multiple organ failure, rapid progression and low sur-
vival rate. Liver transplantation is the sole solution that 
has proven beneficial, but the rapid disease progression 
and lack of donors limit its application [4]. Therefore, it 
is urgent to find a safe and effective therapeutic approach 
to ACLF.

Nowadays, a novel therapeutic strategy, stem cell ther-
apy, is beginning to apply in the treatment of ACLF. Stem 
cells are a kind of undifferentiated cells, which capable of 
unlimited proliferation [5]. Cells such as hematopoietic 
stem cells (HSCs), mesenchymal stem cells (MSCs) and 
unsorted bone marrow cells (BMCs) have all been used 
in the stem cell therapy for liver diseases.
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Several clinical researches have studied the conse-
quences of stem cell therapy in patients with ACLF [6–8]. 
Ranged from early conceptual studies [9] to larger ran-
dom controlled trials (RCTs), the results of those studies 
showed that stem cell therapy is safe and has beneficial 
effects on ACLF. However, these studies have several 
deficiencies such as the small size of the samples and the 
lacking of the control groups. Meanwhile, some studies 
have provided conflicting results about the effect of stem 
cell therapy [5, 10]. Therefore, it is still debatable for the 
effect of stem cell therapy in the treatment of ACLF. The 
purpose of this review is to evaluate the clinical efficiency 
of stem cell therapy in the treatment of patients with 
ACLF.

Methods
This meta-analysis was adhered to the guidelines of Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).

Literature search strategies and selection
We performed our data selection through four databases 
(PUBMED, EMBASE, Cochrane Library, and OVID) 
to Dec. 2017. The following medical subject heading 
(MeSH) terms were used: “hematopoietic stem cells”, 
“mesenchymal stromal cells”, “bone marrow”, “stem cells”, 
or “stem cell therapy”; “end stage liver disease”, “liver cir-
rhosis”, or “acute-on-chronic liver failure”. All literatures 
used in this study were published on humans and in 
English.

Two reviewers checked the abstract and title of publi-
cation independently. If the two reviewers identified the 
information relevant, we acquired the full text for a total 
review. Should any disagreements exist, we will discuss it 
with a third reviewer until there is a final conclusion.

Data extraction and conversion
Data extraction
The picked articles were managed through EndNote X7 
(Thomson Reuters, USA). Two independent investiga-
tors assessed the qualification of studies by the sequence 
of title, abstract, and full text. The following data were 
recorded from the articles: title, first author, journal, year 
of publication, characteristics of patients (i.e. age, sex), 
timing of detection (baseline, ongoing/post treatment), 
and accuracy of in vitro test (sensitivity and specificity).

Inclusion criteria and outcome assessment
The inclusion criteria were as bellows: (1) specific report-
ing the indications for stem cell therapy; (2) compared 
one of the following outcomes at least: alanine transami-
nase (ALT), total bilirubin (TBIL), albumin (ALB), 

international normalized ratio (INR), model for end-
stage liver disease (MELD) score.

Exclusion criteria
The following trials were excluded: (1) it was difficult to 
extract or reasonably evaluate the data from the reliably 
articles; (2) those without clear outcomes; (3) abstracts, 
expert opinions, editorials, case reports, letters, and 
studies without control groups.

Statistical analysis
The quality of evidence was assessed by GRADEpro 
[11, 12]. It is preferred that the data showed as changes. 
When changes were not available, but could be man-
aged through the calculation of the data, they will be 
calculated through appropriate methods [13]. We per-
formed the Meta-analysis by Review Manager (version 
5.3). We use a random-effects model to evaluate the 
heterogeneity and  I2 > 50% with p < 0.10 was statistically 
significant. The analysis of continuous variables was 
preceded by the mean difference (MD) as the summary 
statistic through the Inverse-Variance method, and the 
result was shown with a 95% confidential interval (CI). 
It was considered to be significant when p < 0.05.

Results
Literature search and characteristics
A total of 541 potentially eligible studies were identi-
fied and reviewed. 458 of records, of which titles or 
abstracts were screened, were excluded. 79 studies 
remained were evaluated in detail. And 69 of these 
studies were excluded, 7 of which with no comparative 
studies, 10 of which were reviews and meta-analysis, 
23 of which were excluded for undesired treatment or 
unexpected inclusion of participants, 12 of which were 
involved patients not only ACLF, 15 of which did not 
report the outcome interested, and 2 of which were 
unpublished by English.

As a result, 10 of the records were included in this 
meta-analysis, including five RCTs, five non-rand-
omized controlled trial. A detailed flow chart of the 
study selection and the literature search is shown in 
Fig.  1. Although the authors were contacted, we were 
unable to obtain additional information to include in 
the analysis. The characteristics of the included studies 
are presented in Table 1. 

Stem cell therapy improved liver function and reduced 
liver injury
In advanced liver disease, the level of the serum ALB, 
which is a major protein produced by the liver, is 
reduced. INR reflects the coagulation function. The liver 
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is the place where most of coagulation factors and variety 
of anti-thrombin synthesis were produced [2]. Advanced 
liver disease can significantly reduce the synthesis of 
coagulation factors, and affect the coagulation function.

We analyzed the ALB and INR levels to investigate 
the impact of stem cell therapy on liver synthesis func-
tions. Compared with the control groups, the ALB lev-
els increased dramatically after the stem cell therapy 
(p < 0.0001). But heterogeneity should be considered 
about ALB level (p < 0.00001; with  I2 = 87%). The sub-
group analysis showed that the ALB levels increased 
significantly 9, 12, 24 months after the stem cell therapy 
(Fig. 2).

The INR levels didn’t show any significant change 
compared with the control groups (p = 0.64). However, 
heterogeneity was especially high among these stud-
ies, although subgroup analysis was done  (I2:  82–95%) 
(Fig. 3).

ALT is an enzyme in liver cells; it leaks into the general 
circulation when liver cells are damaged. It is considered 
to be a particular indicator of liver inflammation. The 
TBIL level can increase in biliary tract or liver diseases.

In this research, the effects of the stem cell therapy on 
reducing liver damage were also evaluated through ana-
lyzing TBIL and ALT levels. The TBIL level significantly 
decreased 1, 3, 12  month after the stem cell therapy 
(p = 0.0008; p = 0.04; p = 0.007). Compared with the con-
trol group, no significant difference was found at 1 week, 
6, 9 and 24 months time points (Fig. 4). No heterogeneity 
was detected regarding the TBIL level, except for 3, 6 and 
9 months. But it could be explained by only one or two 
studies.

Compared with the control group, the ALT lev-
els decreased significantly after stem cell therapy 
(p < 0.00001) (Fig.  5). The subgroup analysis showed 
that the ALT level in the stem cell therapy group also 
decreased, and was lower than baseline and the corre-
sponding control group at the 1  week, 1 and 6  months 
time points. There were no significant differences in 
ALT level at 9, 12 and 24 months after stem cell therapy. 
No heterogeneity was found regarding the ALT level at 
1 week, 6 and 9 months. However, heterogeneity should 
be taken into consideration for the ALT level at 1, 3 and 

Fig. 1 Flow diagram of the article selection process
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Fig. 2 Forest plot of the ALB level during follow up
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Fig. 3 Forest plot of the INR level during follow up
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Fig. 4 Forest plot of the TBIL level during follow up
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Fig. 5 Forest plot of the ALT level during follow up
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12 months. But it could be explained by only one or two 
studies.

Stem cell therapy reduced the MELD score in ACLF patients
The MELD score is mostly used to assess the prognosis 
of end-stage liver diseases [14]. We observed that the 
MELD scores were both decreased in the stem cell ther-
apy and control groups. Significant differences can be 
found between the stem cell therapy and control groups 
(p = 0.008) (Fig.  6). Moreover, heterogeneity was high 
within these studies, although subgroup analysis was 
done  (I2:   62–100%). But it could be also explained by 
only one or two studies.

Further subgroup analysis for 3-month clinical 
performance according to the stem cell types
Due to the high heterogeneity, we continued to perform 
subgroup analyses on the effects of stem cell type at 
3  months after stem cell therapy (Fig.  7). For ALB, het-
erogeneity was still obvious in BM-MSCs and BM-MNCs 
 (I2: 91–97%), not much high in UC-MSCs  (I2 = 65%). It 
was shown that no heterogeneity was found for INR in 
BM-MSCs group  (I2 =  0%). And INR had a significant 
change compared with the control groups (p = 0.004). 
However, it is the meta-analysis result of 2 studies. The 
credibility of the result is not high. As for TBIL, there 
were no differences for heterogeneity in UC-MSCs and 
BM-MNCs  (I2 = 0%;  I2 = 56%). It seems that UC-MSCs 
had a better effect on reducing the TBIL than BM-MNCs 
(p = 0.01). After the subgroup analysis on the effects of 
stem cell type at 3  months of follow-up for ALT, it was 
shown that no heterogeneity was found  (I2 =  20%). 
Stem cell therapy can significantly reduce liver injury at 
3 months of follow-up (p < 0.00001). BM-MSCs can obvi-
ously reduce the ALT level, which is better than other 
stem cell type (p < 0.00001). For MELD score, after sub-
group analysis on the effects of stem cell type, there was 
still a high heterogeneity  (I2= 87%), mainly in BM-MSCs 
group. It is indicated that UC-MSCs can significantly 
decrease the MELD score, which is better than BM-
MNCs at 3 months of follow-up (p < 0.001).

Methodological quality of the included studies
The quality assessment of each study is found in Table 1. 
The evaluation items were as follows: performance bias, 
detection bias, selection bias (random sequence genera-
tion, allocation concealment), attrition bias, reporting 
bias and other bias.

Discussion
ACLF is a serious life-threatening disease with high 
prevalence. Due to the rapid progression and low sur-
vival rate of ACLF, it is urgent to find a safe and effective 

therapeutic approach to ACLF [1–3]. In this study, 
we found that stem cell therapy was able to improve 
liver function and alleviate liver damage. Meanwhile, 
stem cell therapy can also reduce the MELD score for 
ACLF patients. These results suggested that stem cell 
therapy can be considered to be a potential supplemen-
tary therapeutic approach to improve liver function in 
patients with ACLF.

The immunomodulatory and reparative functions of 
stem cells have been demonstrated to be therapeutically 
valuable for treating various diseases, including auto-
immune diseases, diabetes, myocardial infarction, and 
organ therapy rejection [15–17]. The present systematic 
review and meta-analysis underlines the feasibility of 
stem cell treatment for patients with ACLF. In the pro-
cess of transplantation, stem cells, especially MSCs, can 
not only differentiate into corresponding tissue cells, 
but also have strong immunoregulatory effects in vari-
ous organs, such as inhibiting the proliferation of T cells 
in the recipient, altering the proportion of T cell subsets 
and the function of B cells, inhibiting dendritic cell differ-
entiation and NK cell proliferation, reducing the number 
of inflammatory cytokines, increasing anti-inflammatory 
cytokines quantity, adjusting immune abnormalities and 
disorders, and improving the inflammatory environment 
around the damaged area [18, 19]. However, regardless 
of substantial clinical data, which proved the safety of 
stem cell therapy, there were no considerable supporting 
reports to confirm the immunological status of patients. 
As the immune profile of patients is the key to foresee the 
short and long-term graft clinical outcome, subsequent 
studies need to focus on monitoring of both clinical as 
well as immunological parameters [20]. Immunological 
parameters include T cells, regulatory T cells, B cells, NK 
cells, dendritic cell and intracellular cytokine expression.

As for the clinical monitoring, this study demon-
strated that stem cell therapy improved the liver syn-
thesis functions. ALB levels increased significantly 9, 
12, 24  months after the stem cell therapy. But hetero-
geneity was still high among these studies during the 9, 
12  months of follow-up, and could not be explained by 
only one or two studies. As for the heterogeneity of ALB 
level data, we considered that ALB transfusion may affect 
the serum ALB levels during the treatment of ACLF. 
Meanwhile, there existed heterogeneity at the baseline of 
ALB level in this study. In fact, ACLF is a dynamic pro-
cess in which the variables at the time of hospitalization 
are predicted to vary over time, so the clinical processes 
and outcomes change accordingly [21–23]. Therefore, 
the change of ALB level between stem cell therapy and 
control group may be better for the assessment of liver 
function improvement than the assessment based on 
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Fig. 6 Forest plot of the MELD score during follow up
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static baseline variables. However, there were not enough 
ΔALB data for this systematic review and meta-analysis 
now.

The INR levels did not show any obvious change 
compared with the control groups (p = 0.64). The rea-
son may be that patients received plasma after admis-
sion. However, heterogeneity was high in these studies, 
although subgroup analysis was done  (I2= 82–95%). 
More RCTs are urgently needed.

Stem cell therapy significantly decreased the 
TBIL levels at 1, 3, 12  months (p = 0.0008; p = 0.04; 
p = 0.007). The ALT level in the stem cell therapy group 
also gradually decreased and was lower than baseline 
and the corresponding controls at the 1 week, 1 month 
and 6 months time points. However, there were no sig-
nificant differences in ALT level at 9, 12 and 24 months 
after stem cell therapy. Meanwhile, no significant dif-
ference was found in TBIL level compared with the 
control group at 9 and 24 months time points. It is indi-
cated that stem cell therapy can alleviate liver damage 
in patients with ACLF in the short-term, but the long-
term outcome for ACLF patients is not remarkable.

The MELD scores have been used to predict mortal-
ity of cirrhosis patients awaiting liver therapy, as well as 
prioritize liver allocation [24–27]. In this study, a sig-
nificant difference can be found between the stem cell 
therapy and control groups (p = 0.008). It is suggested 
that stem cell therapy can reduce the MELD score and 
improve the prognosis of ACLF patients, so as to relieve 
the social burden for lack of liver donors.

There are some limitations in this study. We pooled 
different stem cell types in the publications, leading to 
a high heterogeneity degree. However, it was impossi-
ble to conduct all subgroup analyses according to the 
stem cell type. Because there were no enough data for 
us to do the subgroup analysis. Thus, we only selected 
3  months for the subgroup analysis. It seems that the 
subgroup analysis can better reduce the heterogene-
ity in some degree. Compared with other types of 
stem cells, UC-MSCs had a better effect on increas-
ing the ALB (p = 0.006). After the subgroup analyses 
on the effects of stem cell type at 3  months of follow-
up for ALT  and INR, BM-MSCs can obviously reduce 
the ALT level and INR, which is better than other 
stem cell types (p < 0.00001; p = 0.004). As for TBIL, it 
seems that UC-MSCs had a better effect on reducing 

the TBIL than BM-MNCs and BM-MSCs (p = 0.01). 
It is suggested that UC-MSCs and BM-MNCs can sig-
nificantly decrease the MELD score, which is better 
than BM-MNCs at 3 months of follow-up (p < 0.00001; 
p < 0.0001). Above all, in our study, MSCs may be bet-
ter than BM-MNCs in the stem cells transplantation of 
ACLF. However, more clinical trials with different stem 
cell types are needed to verify the clinical outcomes.

Conclusions
This study suggests that the clinical outcomes of stem 
cell therapy were satisfactory in patients with ACLF in 
the short-term. Meanwhile, MSCs may be better than 
BM-MNCs in the stem cells transplantation of ACLF. 
Nevertheless, more attention should focus on large 
multicenter clinical trials and further basic research. 
Moreover, well-designed RCTs are needed to verify the 
clinical effectiveness of the long-term outcomes.
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