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Abstract

Background: Mesenchymal stem cells (MSCs) therapy is showing potential therapeutic effects on liver function
improvement in patients with chronic liver disease; however, the consensus on efficacy and safety of MSCs has not
been reached.

Methods: We performed this systematic review and meta-analysis of randomized controlled trials (RCTs) to evalu-
ate the efficacy and safety of MSCs therapy for patients with chronic liver disease. A detailed search of the Cochrane
Library, MEDLINE, Web of Science, and EMBASE databases was conducted to find studies published prior to Septem-
ber 15, 2021.The outcome measures were survival rate, model of end-stage liver disease (MELD) score, albumin, total
bilirubin, coagulation function, and aminotransferase.

Results: A literature search resulted in 892 citations. Of these, 12 studies met the inclusion criteria. It was found that
compared with conventional treatment, MSCs therapy was associated with improved liver function including the
MELD score, albumin levels, and coagulation function. However, it had no obvious beneficial effects on survival rate
and aminotransferase levels. Subgroup analyses indicated that MSCs therapy had therapeutic effects on patients
with both acute on chronic liver failure (ACLF) and cirrhosis. BM-MSCs and UC-MSCs treatment had similar efficacy
to improve liver function. The effectiveness varied slightly between the peripheral intravenous injection and hepatic
arterial injection. Five studies reported that the only adverse event of the MSCs therapy was fever, and no serious
adverse events and side effects were reported. Analysis on clinical symptoms showed that encephalopathy and gas-
trointestinal hemorrhage events were reduced after MSCs therapy.

Conclusions: In conclusion, this study suggested that MSCs therapy could be a potential therapeutic alternative for
patients with chronic liver disease in clinical practice.

Keywords: Mesenchymal stem cells, Liver disease, Efficacy, Safety, Meta-analysis

Introduction

In recent decades, mesenchymal stem cells (MSCs) have
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ous cell types including hepatocytes [1]. MSCs can work
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as seed cells to repair or replace impaired and diseased
tissues and organs, which can provide a novel therapeu-
tic approach for various refractory diseases. Studies from
animal models have shown that MSCs treatment can
ameliorate liver fibrosis [2, 3], improve liver function,
alleviate liver injury [4, 5] and reverse fulminant hepatic
failure [6, 7]. Some clinical studies also suggested that the
infusion of MSCs can improve liver function and allevi-
ate related complications in patients with liver cirrhosis
and liver failure [8—10]. Therefore, MSCs have attracted
increased attention in the treatment of liver diseases.

MSCs are mostly derived from bone marrow which
can also be isolated from other tissues and organs such
as umbilical cord, peripheral blood and adipose tissue.
In the initial clinical practice, autologous bone marrow-
derived MSCs (BM-MSCs) were the most frequently
investigated for the treatment of liver disease. In clinical
trials, autologous BM-MSC infusion has been confirmed
to be safe and effective in the short term, but long-term
outcomes remain unsatisfactory [11]. Possible reasons
might be impaired function of autologous MSCs due to
advanced age [12, 13] and self-disease condition [14].
Allogeneic BM-MSCs treatment has potential advantages
and might be free from the limitations of autologous
MSC treatment. For example, the preparation period of
allogeneic BM-MSC:s is shorter and the treatment delays
can be avoided compared with autologous BM-MSCs.
Moreover, allogeneic BM-MSCs could be obtained from
young, healthy donors and have advantages in prolif-
eration, differentiation, cytokine production, or other
desired properties. Clinical studies have found that
allogeneic BM-MSCs are safe and feasible for treat-
ment of patients with liver cirrhosis [15] and acute on
chronic liver failure (ACLF) [10]. Recently, accumulated
researches have indicated that umbilical cord-derived
MSCs (UC-MSCs) transplantation is an ideal therapy
alternative in different liver diseases. UC-MSCs can be
obtained in large quantities from the discarded umbili-
cal cord to achieve mass production, and the application
of UC-MSCs has no additional invasive operation for
both donors and recipients. Another distinct advantage
is the decreased alloreactivity due to a low expression of
class I and class I human leukocyte antigen [16]. Clinical
studies have shown that UC-MSCs infusion significantly
improved liver function in patients with decompensated
liver cirrhosis [17] and increased the survival rates of
patients with ACLF [8, 13, 18, 19].

Although a large number of researches including ran-
domized controlled clinical trials (RCT) have been car-
ried out to explore the effect of MSCs treatment on liver
diseases, the research schemes and evaluation indexes of
different studies were inconsistent. Moreover, although
there have been several meta-analyses of stem cell
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therapy for chronic liver disease, few have investigated
MSCs therapy based on RCTs and analyzed the influence
of different factors on the therapeutic effects in detail.
Thus, we conducted this systematical review and meta-
analysis of all currently available RCTs to assess the ther-
apeutic efficacy and safety of MSCs treatment on chronic
liver disease.

Methods

Search strategy

This study was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-anal-
yses statement. The Cochrane Library, MEDLINE (Pub-
Med), Web of Science, and Ovid EMBASE were searched
in detail to find studies published prior to September 15,
2021. The research focus comprised the terms (“mes-
enchymal Stem Cell” OR “mesenchymal stromal cell”)
AND (“liver disease” OR “cirrhosis” OR “liver failure” OR
“hepatic disease”). Mesh terms and free words were com-
bined to search in each database. Manual searches were
performed based on electronic searches as a supplement.

Eligibility criteria

Two authors (YL and YD) independently assessed studies
for inclusion by screening title and abstract. The inclu-
sion criteria were: (1) study design: RCTs; (2) study popu-
lation: patients diagnosed with chronic liver disease; (3)
experiment group: patients received mesenchymal stem
cells therapy; and (4) control group: patients received
conventional therapy. The exclusion criteria included: (1)
studies that did not provide clinical data or were impos-
sible to estimate the clinical data; and (2) review articles,
case reports, letters, editorials, nonhuman studies and
duplicate studies.

Data extraction

Two researchers (YL and YD), respectively, screened the
whole text and extracted data from each study title. Any
disagreements were resolved through discussion with a
third reviewer (XW). The following data were collected
when available: (1) study characteristic: publication year,
first author, research area; (2) study patient characteris-
tics: number of enrolled patients, type of liver disease,
cause of liver disease, follow-up time; (3) mesenchy-
mal stem cells: cell type, cell dosage, times of treatment,
administration route; (4) study outcomes: the result of
survival rate, adverse events and clinical symptoms,
model for end-stage liver disease (MELD) score, albumin
(ALB), total bilirubin (TBIL), coagulation function (pro-
thrombin activity (PTA) and international normalized
ratio (INR)) and transaminase (alanine aminotransferase
(ALT) and aspartate aminotransferase(AST)) at differ-
ent follow-up time point. For the articles that did not
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show the data directly, we tried to digitize the graphs and
extract the data points using Engauge Digitizer software
(version 5.1, http://digitizer.sourceforge.net).

Quality assessment

Quality assessment was performed using Review Man-
ager (version 5.3) according to the recommendations
from the Cochrane Collaboration [20]. The bias risk
assessment tool recommended by Cochrane was used
to assess the quality of all enrolled studies. Each item of
studies was judged as high, low or unclear risk of bias.
Two researchers (YL and YD) independently evaluated
the quality of the articles and the risk of bias, and a third
author (XW) settled any subsequent disagreements.

Statistical analysis

Based on the enrolled studies, standardized mean dif-
ference (SMD) or odds ratio (OR) with 95% confidence
interval (CI) values was calculated using different effect
models according to heterogeneity. The heterogeneity
was calculated using Cochrane Q test (P heterogeneity)
and P statistic, in which P<0.1 in the Q statistic or I sta-
tistic >50% was used to indicate at least moderate statis-
tical heterogeneity. Sensitivity analyses were conducted
by moving one study at a time to determine potential
sources of heterogeneity. Subgroup analyses were con-
ducted to explore the potential influence factors. Funnel
plot, Egger’s and Begg’s tests were conducted to examine
the existence of publication bias. All statistical analyses
were performed using STATA software (version 15.0). A
P value <0.05 was considered statistically significant.

Results

Search results

Figure 1 illustrates the flowchart of the literature retrieval
and screening procedures. Initial retrieve produced 892
articles. Two hundred and eighty-eight articles were
excluded due to duplication. One hundred and seventy-
six articles about the animal experiment, 8 case reports
or letters, 67 reviews or meta-analyses, and 81 meeting
abstracts were excluded. Two hundred and thirty-eight
articles were excluded after reviewing their titles and
abstracts, and 34 studies were further reviewed. Twenty-
two studies were not included for the following reasons:
(1) Sufficient data were not available; (2) the study did not
use an RCT design. Finally, 12 studies [8-11, 19, 21-27]
were included in the present meta-analysis.

Study characteristics

The characteristics of thel2 included studies are pre-
sented in Table 1. These studies were published between
2011 and 2021 from China (n=7), Egypt (n=2), South
Korea (n=1), Brazil (n=1) and Iran (n=1). A total of
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846 patients were included, with 411 patients receiving
MSCs therapy and 435 patients undergoing traditional
supportive therapy. The studies included patients with
cirrhosis (n=6) and ACLF (n=6). MSCs were derived
from the bone marrow (BM-MSCs; n=28) and umbilical
cord (UC-MSCs; n=4), 6 of which involve autologous
transplants and 6 involve allogeneic transplants. MSCs
were delivered through intravenous injection (n=9)
and hepatic arterial injection (n=3). A single cell injec-
tion was adopted in 5studies, multiple cell injections in
6 studies, and both (single and multiple injections) in 1
study.

Quality assessment of included studies

Figure 2 presents the outcome of the quality assessment.
There were 3 high-quality studies, 7 moderate-quality
studies and 2 low-quality studies. The bias mainly came
from a lack of random sequence generation, alloca-
tion concealment and blinding description. Two studies
[11, 24] were considered to be high risk in attrition bias
because of the data loss of patients during follow-up.

Survival rate

We analysis the survival rate of patients at 4 weeks,
8 weeks, 12 weeks, 24 weeks and 48 weeks. There were
no significant statistical heterogeneities at any time point;
therefore, the fixed effects model was used. Compared
with the control group, MSCs therapy did not show sig-
nificant differences at all the time points. However, it
showed a trend of a higher survival rate at each stage
of treatment, and the pooled OR indicated a significant
increase in the survival rate in patients with MSCs ther-
apy (OR 1.29, 95% CI 1.03-1.60; P=0.023) (Fig. 3). Due
to the insufficient number of included studies, we did not
perform subgroup analysis.

MELD score

Eight studies were included in the analysis of the MELD
score (Fig. 4). Before treatment, no significant difference
was observed between the experiment group and con-
trol group (SMD 0.02, 95% CI —0.13 to 0.17; P=0.791).
The MELD score significantly decreased at 4 weeks
(SMD—-0.32, 95% CI —0.55 to —0.10; P=0.005),
12 weeks (SMD-—-042, 95% CI—-0.82 to —0.02;
P=0.037) and 24 weeks (SMD —0.091, 95% CI—1.20
to —0.61; P<0.001) after MSCs therapy. No significant
difference was found compared to the control group
after 48 weeks. Then, we conducted a subgroup analysis
to explore the effects of MSCs therapy on MELD score
by other factors such as different liver diseases back-
ground, administration routes, different cell types and
times of treatment (Additional file 1: Table S1). MSCs
therapy was associated with decreased MELD score at
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Fig. 1 Flowchart of search strategy and study selection

4 weeks, 12 weeks and 24 weeks in the ACLF subgroup
and at 24 weeks in the cirrhosis without ACLF subgroup.
MELD score decreased significantly after MSCs therapy
at 4 weeks in the intravenous injection subgroup and
at 24 weeks in the hepatic arterial injection subgroup.
MELD score decreased significantly after BM-MSCs
therapy at 4 weeks and 24 weeks. In the UC-MSCs sub-
group, comparison between the two groups could not be
made due to a limited number of included studies. As for
times of treatment, MSCs therapy was associated with
decreased MELD score at 24 weeks in the single treat-
ment subgroup and at 4 weeks and 24 weeks in the mul-
tiple treatment subgroup. As for etiology, MSCs therapy
was associated with decreased MELD score at 4 weeks

and 24 weeks in patients with liver disease caused by
HBV.

We found substantial heterogeneity at 24 weeks
(> =70.3%). By excluding the results of Lin et al.[10], sen-
sitivity analyses showed lowered heterogeneity among
the remaining studies (Additional file 1: Table S2). Pub-
lication bias was evaluated at 24 weeks. The funnel plot,
Egger’s test and Begg’s test indicated no evident publica-
tion bias (Additional file 2: Fig. S1).

ALB level

Ten studies were included in the analysis of ALB lev-
els (Fig. 5). Before treatment, no significant differ-
ence was observed between the two groups (SMD 0.15,
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Fig. 2 Risk of bias assessment. A Graph of the risk of bias for the included studies, B graph of the risk of bias summary for the included studies

95% CI 0.00-0.31; P=0.057). After MSCs treatment,
the ALB levels increased significantly compared to
the control group at 2 weeks (SMD 0.81, 95% CI 0.50—
1.11; P<0.001), 4 weeks (SMD 0.72; 95% CI 0.39-1.04;
P<0.001) and 24 weeks (SMD 0.83, 95% CI 0.38-1.29;
P<0.001).We also conduct a subgroup analysis to explore
whether other factors influence ALB levels after differ-
ent therapy (Additional file 1: Table S3). MSCs therapy
was associated with increased ALB level at 4 weeks and
24 weeks in the ACLF subgroup, while only at 24 weeks
in the cirrhosis without ACLF subgroup. No significant
difference was observed between the MSCs group and
the control group in the hepatic arterial injection sub-
group. In the intravenous injection subgroup, the com-
parison between the two groups could not be made due
to the difference in baseline results. MSCs therapy was
associated with increased ALB levels at 2 weeks, 4 weeks
and 24 weeks in the BM-MSCs subgroup and at 4 weeks,
24 weeks and 48 weeks in the UC-MSCs subgroup.
MSCs therapy was associated with increased ALB levels

at 2 weeks, 4 weeks and 24 weeks in the single treat-
ment subgroup. In the multiple treatment subgroup, the
comparison between the two groups could not be made
due to the difference in baseline results. As for etiology,
MSCs therapy was associated with increased ALB levels
at 4 weeks, 24 weeks and 48 weeks in patients with liver
disease caused by HBV.

We found substantial heterogeneity at most of the
time points (I>=74-89%). However, sensitivity analyses
did not show reduced heterogeneity (Additional file 1:
Table S4). Publication bias was evaluated at 12, 24 and
48 weeks. The funnel plot, Egger’s test and Begg’s test
indicated no evident publication bias (Additional file 2:
Fig. S1).

TBIL level

Ten studies were included in the analysis of TBIL levels
(Fig. 6). Before treatment, no significant difference was
observed between the experiment group and control
group (SMD 0.16, 95% CI—0.31 to —0.63; P=0.497).
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Experiment Control
Year Author Events Total Events Total OR (95% CI) Weight %
Survival rate at 4week
2021 Schacher FC 1 4 2 5 - 0.63 (0.04,9.65) 0.93
2019 Xu WX 26 30 19 30 —— 1.37(0.63,2.98) 7.56
2017 Lin BL 56 56 42 54 — 1.29 (0.74,2.22) 15.76
Subtotal (I-squared = 0.0%, p = 0.864) S 1.29 (0.83,2.00) 24.25
Test for overall effect (Z =1.12, p = 0.264)
Survival rate at 8week R
2021 Schacher FC 1 4 1 5 v 1.25 (0.06, 26.87) 0.51
2019 Xu WX 16 30 15 30 ] 1.07 (0.45,2.54) 6.89
2017 Lin BL 47 56 35 54 1.29 (0.73,2.30) 1422
_ .
2012 ShiM 21 24 8 19 2.08 (0.75,5.72) 3.72
Subtotal (I-squared = 0.0%, p = 0.801) — 1.35 (0.88,2.06) 25.34
Test for overall effect (Z=1.37,p =0.172)
rvival
g(:lz IVIS‘:; l‘hatert 112we§k 1 5 * 1.25 (0.06, 26.87) 0.51
2019 X ?;Xer 15 30 15 30 1.00(0.42,240) 697
! : : — - 131(0.73,236) 13.70
2017 Lin BL 45 56 33 54
2012 ShiM 19 24 8 19 1.88 (0.68,522) 3.82
1.31 (0.85,2.02) 24.99
Subtotal (I-squared = 0.0%, p = 0.838) <® ( )
Test for overall effect (Z = 1.23, p=0.219)
Survival rate at 24week [
2019 Xu WX 14 30 13 30 B 1.08 (0.43,2.67) 625
2017 Lin BL 41 56 30 54 <:> 1.32(0.72,2.40) 12.93
Subtotal (I-squared = 0.0%, p =0.717) 1.24 (0.75,2.05) 19.18
Test for overall effect (Z = 0.84, p = 0.401)
Survival rate at 48week —
1. . . 6.25
2019 Xu WX 14 30 13 30 e 08 (0.43,2.67)
Overall (I-squared = 0.0%, p = 0.999) <> 1.29 (1.03, 1.60) 100.00
Test for overall effect (Z =2.27, p = 0.023)
Fig. 3 Forest plot of the comparison of the effect of MSCs therapy versus conventional treatment on survival rate

However, no significant changes were found after both
MSCs therapy and conventional treatment at all time
points. Then, we conducted a subgroup analysis to
explore whether the effects of MSCs therapy on TBIL
levels by other factors (Additional file 1: Table S5).
MSCs therapy was associated with decreased TBIL
levels at 24 weeks in the BM-MSCs subgroup (SMD
—0.86, 95% CI—1.41 to —0.32; P=0.002). TBIL lev-
els also decreased after MSCs therapy compared with
the control group in the single treatment subgroup
at 12 weeks (SMD —0.86, 95% CI—1.41 to —0.32;
P=0.002) and 24 weeks (SMD —0.62, 95% CI—1.17 to
—0.08; P=0.025).

We found substantial heterogeneity at 4 weeks
(*=95.9%) and 24 weeks (I*=74.7%). By excluding the
results of Salama et al.[9] at 24 weeks, sensitivity analy-
ses showed lowered heterogeneity among the remain-
ing studies (Additional file 1: Table S6). Publication
bias was evaluated at 4 and 24 weeks. The funnel plot,
Egger’s test and Begg’s test indicated no evident publi-
cation bias (Additional file 2: Fig. S1).

Coagulation function (PTA and INR)

Three studies and five studies were included in the analy-
sis of the PTA level and INR level, respectively (Fig. 7).
Before treatment, no significant difference in PTA level
was observed between the experiment group and control
group (SMD —0.18, 95% CI—0.53 to —0.17; P=0.431).
After MSCs treatment, the PTA level increased signifi-
cantly compared to the control group at 12 weeks (SMD
0.35, 95% CI —0.04 to 0.75; P<0.001), 24 weeks (SMD
0.31; 95% CI —0.52 to 1.14; P<0.001) and 48 weeks
(SMD 0.38, 95% CI —0.14 to 0.36; P<0.001). As for INR
level, the comparison between the two groups could not
be made due to the difference before treatment (SMD
—0.33, 95% CI—0.61 to —0.06; P=0.019). Due to the
insufficient number of included studies, we did not per-
form subgroup analysis.

Transaminase level (ALT and AST)

Eight studies and five studies were included in the anal-
ysis of ALT level and AST level, respectively (Fig. 8).
There were no significant statistical heterogeneities at
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Experiment Control
Year Author Mean SD Cases Mean SD Cases SMD (95% CI) Weight %
Baseline
2021Shi M 114 6 108 10 42 111 —o— 0.27 (0.00, 0.54) 14.60
2021Schacher FC 38 113 4 388 29 5 g —0.10 (—1.42,1.21) 0.60
2019Xu WX 26.7 42 30 287 49 30 — —0.44 (-0.95, 0.07) 394
2017Lin BL 25.1 38 56 255 35 54 —— —0.11 (—0.48, 0.26) 7.39
2016Suk KT 4.5 34 18 7.1 42 18 * —0.68 (—-1.35,-0.01) 228
2016Suk KT 45 39 19 71 42 18 - —0.64 (—1.30, 0.02) 236
2014Xu L 14.3 35 20 139 27 19 * 0.13 (-0.50, 0.76) 2.62
2013Mohamadnejad M 15.4 5.4 14 145 3.7 11 + 0.19 (—0.60, 0.98) 1.65
2011Peng L 30 4 53 292 37 105 ——— 0.21 (-0.12, 0.54) 9.43
Subtotal (I-squared = 51.7%, p = 0.035) <> 0.02 (-0.13, 0.17) 44.87
Test for overall effect (Z=0.27, p = 0.791)
2 week ——
2011Peng L 244 49 53 255 49 105 =t ~022(°036,0.1) 943
4 week
2019Xu WX 27.1 72 30 26.7 88 30 —— 0.05 (—0.46, 0.56) 4.04
2017Lin BL 0.4 55 56 31 43 54 —— —0.55 (—0.93, -0.16) 7.13
2011Peng L 19.1 6.3 53 21.1 6.5 105 —— —0.31 (—0.64, 0.02) 9.38
Subtotal (I-squared =41.2%, p =0.182) < —0.32 (-0.55,-0.10) 20.54
Test for overall effect (Z =2.81, p = 0.005)
8 week i _
2019Xu WX 214 73 30 242 74 30 J—— 0.38 (-0.89,0.13) 3.96
12 week
2019Xu WX 20.8 6.7 30 241 93 30
2013Mohamadnejad M 153 82 14 147 51 11 — —0.41 (-0.92, 0.10) 3.95
2011Peng L 153 23 6 197 35 15 - 0.09 (-0.70, 0.88) 1.66
Subtotal (I-squared = 57.7%, p = 0.094) g —1.36 (-2.40,-0.32) 0.95
Test for overall effect (Z =2.08, p = 0.037) e —0.42 (-0.82,-0.02) 6.56
24 week
2017Lin BL 4.7 96 56 94 77 54 —— —0.54 (—0.92, —0.16) 7.14
2016Suk KT 4.1 .6 18 6.4 1.7 18 —— —1.80 (-2.59, -1.02) 1.69
2016Suk KT 4.7 9 19 6.4 1.7 18 —_— —1.26 (-1.97,-0.55) 2.06
2011Peng L 14.7 29 6 184 29 15 + -1.28 (-2.31,-0.25) 0.97
Subtotal (I-squared = 70.3%, p =0.018) _ —— -0.91 (-1.20,-0.61) 11.86
Test for overall effect (Z=6.01, p < 0.001)
48 week *> 0.38 (—0.41, 1.18) 1.63
2013Mohamadnejad M 14 3.6 14 125 43 11 . g —0.23 (-1.18,0.71) 1.15
2011Peng L 174 27 6 18 25 15 D 0.13 (-0.48, 0.74) 2.77
Subtotal (I-squared = 0.0%, p = 0.329)
Test for overall effect (Z =0.41, p = 0.683) <> —0.22(-0.33,-0.12) 100.00
Overall (I-squared = 68.3%, p <0.001)
| |
-3 0 3
Fig. 4 Forest plot of the comparison of the effect of MSCs therapy versus conventional treatment on MELD score

any time point; therefore, the fixed effects model was
used. Before treatment, no significant difference was
observed between the experiment group and control
group of ALT level (SMD —0.12, 95% CI—0.27 to —0.03;
P=0.114) and AST level (SMD —0.05, 95% CI —0.25 to
—0.15; P=0.974). However, no significant changes were
found after both MSCs therapy and conventional treat-
ment at all time points. Due to the insufficient number of
included studies, we did not perform subgroup analysis.

Adverse events and clinical symptoms assessment

Seven studies reported that there were no statistically
significant side effects or complications related to cell
infusion, while five studies reported that the only adverse
event of the MSCs therapy was fever. Analysis on clini-
cal symptoms showed that encephalopathy and gastro-
intestinal hemorrhage events were significantly reduced
in patients after MSCs therapy, while no significant

difference was observed of rash, itching and edema rate
between the MSCs therapy group and the control group
(Table 2).

Discussion

In recent years, stem cells therapy for different liver dis-
eases has been thoroughly investigated. It is proven to
improve liver function, reverse fibrosis, relieve clinical
symptoms and reduce mortality in both animal models
and clinical trials [28-31]. Several meta-analysis stud-
ies [32-34] also demonstrated that stem cell therapy is
a safe and effective treatment for patients with chronic
liver disease. MSCs are a kind of multipotent stem cells
and have been considered the most promising cells for
regeneration, transplantation and cell therapy. The main
objective of our study was to assess the efficacy and
safety of MSCs therapy in patients with chronic liver dis-
ease. Our results indicated that MSCs treatment could
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Experiment Control Random effect analysis

Year  Author Mean SD Cases Mean SD Cases SMD (95% CI) Weight%
Basline
2021 Shi M 30.9 59 108 30.5 6.2 111 —— 0.07 (=0.20,0.33) 3.18
2021 Schacher F C 30 10 4 24 3 5 * 0.87 (-0.52,2.26) 1.11
2019 Xu WX 34.6 4.2 30 32.7 3.8 30 - 0.47 (-0.04,0.99) 2.66
2017  LinBL 35.9 4.3 56 347 4.4 54 4o 0.28 (—0.10, 0.65) 2.97
2016 Suk KT 37 7 18 34 6 18 e 0.46 (-0.20,1.12) 2.32
2016 Suk KT 36 8 19 34 6 18 —— 0.28 (-0.37,0.93) 236
2014 Xu L 30.7 5.2 20 31.0 6.5 19 R L 0.10 (-0.53,0.73) 2.40
2014 Salama H 25.9 2.8 20 26.2 3.7 20 —— —0.09 (-0.71,0.53) 2.42
2013 Mohamadnejad M 33 6 14 35 6 11 — 1 —0.33 (-1.13, 0.46) 2.03
2012 Zhang Z 28.4 4.4 30 27.6 4.5 15 — 0.18 (—0.44,0.80) 2.42
2012 Shi M 30.9 3.1 24 285 4.1 19 ———— 0.67(0.05,1.29) 242
2011 Peng L 29.2 3.1 53 289 3.9 105 — —0.16 (-0.50,0.17)  3.06
Subtotal (I-squared = 12.5%, p=0.323 K>
Test for overall effect (Z=1.90,p =0.057) 0.15(=0.00,0.31)  29.34
2 week
2014  Salama H 30.3 4.4 20 23.6 27 20 R — 1.10(0.43,1.76)  2.31
2011 Peng L 33.8 2.4 53 32 2.5 105 —— 0.73 (0.39, 1.07) 3.04
Subtotal (I-squared = 0.0%, p = 0.338) <>
Test for overall effect (Z=5.21,p <0.001) 0.81(0.50, 1.11) 5.35
4 week
2019 Xu WX 339 4 30 378 2.6 30 41— 0.44 (—0.07,0.96)  2.66
2014 Salama H 30.5 4.1 20 26.3 1.4 20 — 1.37 (0.68, 2.06) 2.26
2012 ShiM 31.3 5.1 24 29 2.6 19 L 0.55 (-0.06,1.16) 2.43
2011 Peng L 35.5 1.7 53 338 2.7 105 —— 0.70 (0.37,1.04)  3.04
Subtotal (I-squared =37.4%, p=0.187) <
Test for overall effect (Z =4.34, p < 0.001) 0.72(0.39,1.04)  10.39
8 week
2019 Xu WX 38.2 4.7 30 38.5 4.3 30 — —0.07 (-0.57,0.44) 2.68
2012 ShiM 32.9 5.8 24 295 2 19 — 0.75(0.13,1.37) 241
Subtotal (I-squared = 74.7%, p = 0.047) e — 032 (—0.48,1.12) 5.09
Test for overall effect (Z=0.79, p =0.432)
12 week
2021  ShiM 329 6 108 317 5.6 111 ™ 902 i 6(—(0-82,6 0-61;)5) ;ég
2014 Salama H 29 26 20 263 3 2 —— 128 (0.60.197) 238
2013 Mohamadnejad M 33 7 14 38 5 ) S a— ~0.81 (~1.63,0.02) 1.98
2012 ZhangZ 33 5.1 30 305 4.7 15 — 016 (-0.46,0.78)  2.42

‘ ———— 1.61(0.91,2.30)  2.25
2012 ShiM 35.4 5.6 24 28.6 0.9 19 >
2011 PengL 36.8 23 6 339 2 15 +: 1.39(0.35,2.44)  1.57
Subtotal (I-squared = 83.5%, p < 0.001) 0.49 (-0.05,1.04) 16.35
Test for overall effect (Z=1.77,p =0.077)
24 week ——
2021 ShiM 36.2 5.7 108 33.1 5.8 111 ——— 0.54 (0.27,0.81) 3.17
2016 Suk KT 38 6 18 35 7 18 —1— 0.46 (-0.20,1.12) 2.32
2016  Suk KT 36 7 19 35 7 18 ————— 0.14 (0.50,0.79) 236
2014 Salama H 30.6 3.6 20 243 3.6 20 ——— 1.75 (1.02, 2.48) 2.16
2012 Zhang Z 33 47 30 31 43 15 ——— 0.37(-0.25,1.00) 241
2012 ShiM 38.4 3.5 24 33 2 19 e 1.84 (1.12,2.56) 2.19
2011  PengL 36.9 24 6 34, 2.6 15 g 1.02 (0.02, 2.02) 1.65
Subtotal (I-squared = 74.5%, p=0.001)
Test for overall effect (Z=3.59, p <0.001) 0.83(0.38,1.29) 1626

+

36 week [N
2012 Zhang Z 343 49 30 30.8 4.9 15 R P 0.71 (0.08, 1.35) 2.38
2012 ShiM 42.4 3 24 311 4.5 19 ——————  3.03(2.14,3.92) 1.85
2011 PengL 37.5 23 6 36.2 2 15 0.62 (-0.34,1.59) 1.17
Subtotal (I-squared = 89.8%, p <0.001) 1.45 (—0.04,2.93) 5.93
Test for overall effect (Z=1.90, p=0.057) ——
48 week
2021 ShiM 36.7 6.4 108 339 6.7 111 —— 0.43 (0.16,0.70)  3.17
2013 Mohamadnejad M 31 8 14 39 3 11 —¢—— -1.26(-2.13,-0.39)1.89
2012 Zhang Z 36.5 44 30 325 4.3 15 —_— 0.92(0.27,1.57) 235
2012 ShiM 41.5 5 24 317 4.4 19 —_ — 2.06 (1.32,2.81) 2.13
2011 PengL 36.8 2.2 6 36.7 2.7 15 0.04 (-0.91,099) 1.74
Subtotal (I-squared = 88.7%, p <0.001) < 0.46 (—0.37,1.30) 11.28
Test for overall effect (Z=1.09, p=10.277)
Overall (I-squared = 78.1%, p <0.001) 0.55 (0.37,0.73) 100.00
Test for overall effect (Z=6.06, p <0.001)

Fig. 5 Forest plot of the comparison of the effect of MSCs therapy versus conventional treatment on albumin (ALB) level
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Experiment Control Random effect analysis
Year Author Mean SD Cases Mean SD Cases SMD (95% CI) Weight %
Baseline
ShiM 76 127.9 108 332 29.8 111 —— 0.46 (0.20, 0.73) 3.70
2021 Schacher FC 124 11.5 4 10.9 10.6 lo—— 0.14 (—1.18, 1.45) 1.64
2019 Xu WX 36849 1365.6 30 468.4 139.4 30 ———— 331(2.53,4.10) 2.62
2017 Lin BL 4952 164.4 56 457.3 114.6 54 +o— 0.27 (-0.11, 0.64) 3.51
2016 Suk KT 29.1 18.8 18 479 41 18 ——+t —0.59 (—1.26, 0.08 2.88
2016 Suk KT 29.1 1.5 19 479 41 18 —— —0.66 (—1.32,0.01 2.90
2014 XulL 55.7 48.7 20 492 44.1 19 —l— 0.14 (—0.49, 0.77) 297
2014 Salama H 322 18 20 429 16.1 20 ——— —0.63 (—1.26, 0.01 2.96
2013 Mohamadnejad M 56.4 10.3 14 59.9 10.3 11 —1— —0.34 (—1.14, 0.46 2.60
2012 Zhang Z 41.7 21.3 30 46.7 273 15 —1— —0.21 (—0.83, 0.41 2.99
2011 Peng 198.4 105 53 194.9 67.5 105 —— 0.04 (—0.29, 0.37 3.60
Subtotal (I-squared = 88.5%, p < 0.001) B 0.16 (—0.31, 0.63 32.36
Test for overall effect (Z =0.68, p = 0.497)
2 week
209 20 491 257 20 ~0.70 (-1.34,-0.06) 2.95
2014 Salama H 328 {54 53 1555 852 105 —o ~0.13 (-0.46,0.20)  3.60
2011 Peng 429 —— -0.34(-0.88,0.19)  6.55
Subtotal (I-squared = 57.8%, p =0.124) B - o -
Test for overall effect (Z =1.26, p=0.209)
govfgekx WX 42376 1679.8 30 —— 33 }2‘45’ P 284
u . - —— 0.45(0.07, 0.83 3.51
2017 LinBL 1512 1587 56 86 22 30 o 2079 (~143,-0.14) 294
2014 Salama H 323 233 20 S64 1385 54 — o -0.15 E—0.48, 0.18)" 3.60
2011 PengL 1049 1418 53 126 366 20 <§ 0.65 (-0.54,1.84)  12.68
Subtotal (I-squared = 95.9%, p <0.001) 136.3 105
Test for overall effect (Z = 1.08, p = 0.282)
8 week —; 001(-0.49,052) 325
2019 Xu WX 3142 2146 30 311.1 202.8 30 pa
%2‘7%5';1' M 30.9 37.2 108 30.9
i . - - 48.1 111 0.00 (-0.26, 0.26 3.70
2019 Xu WX 2403 2565 30 236 1197 30 __':__ 0.02 @0‘48’ 0_53; 325
2014 Salama H 31.1 222 20 68.7 56.3 20 —e—— ~0.88 (—1.53 -023) 292
2012 Zhang Z 29.6 133 30 36.6 207 15 —— ~0.44 (—1.06, 0.19 2.98
2011 Peng 271 64 6 42.5 212 15———o—+ —0.83 (-1.82,0.15) 221
Subtotal (I-squared =56.1%, p = 0.058) e —0.31 (-0.68, 0.06, 15.06
Test for overall effect (Z =1.67, p = 0.096)
24 week
2014 Salama H 352 21.6 20 72.5 424 20 —o— —1.11 (-1.78,-0.44) 2.88
2012 Zhang Z 27.1 11.1 30 313 14.7 15 ——1— -0.34 }*0.96, 0.28) .
2011 Peng L 222 4.6 6 25.7 10.5 15 —_— —0.38(—1.33,0.58) 2.26
2021 Shi 343 333 108 255 21.6 111 —— 0.31 (0.05, 0.58§ 3.70
2017 Lin BL 313.8 2338 56 198.6 2234 54 —— 0.50(0.12, 0.88 3.51
2016 Suk KT 274 17.1 18 325 17.1 18 —1— —0.30 (-0.96,0.36) 291
2016 Suk KT 37.6 30.8 19 325 17.1 18 — 0.20 (—0.44, 0.85) 293
Subtotal (I-squared = 74.7%, p = 0.001) <:; —0.09 (—0.49,0.31)  21.18
Test for overall effect (Z = 0.45, p = 0.649)
48 week 245 284 111 —'}— 0.04 (—0.22, 0.31) 3.70
2021 ShiM 255 167 108 287 8.8 15 —— —0.63 (-1.26,0.01)  2.96
2012 Zhang Z 225 104 30 23.9 6.9 15 —1 0.44 (-0.52, 1.39) 226
2011 Pen 268 5.8 6 <:> —0.09 (-0.59,0.42) 892
Subtotal (I-squared = 56.5%, p =0.100)
Test for overall effect (Z =0.34, p=0.736) <> 0.01 (-0.21, 0.23) 100.00
Overall (I-squared = 85.2%, p < 0.001)
Test for overall effect (Z=0.10, p=0.917)
| |
3 0 3
Fig. 6 Forest plot of the comparison of the effect of MSCs therapy versus conventional treatment on total bilirubin (TBIL) level

improve liver function which was mainly reflected by the
level of ALB, TBIL, MELD score and coagulation func-
tion but did not alter the ALT and AST compared with
the conventional treatment group. No significant change
in survival rate was shown after MSCs therapy; however,
there was a slightly positive trend, and a pooled OR indi-
cated the increase in survival rate in patients with MSCs
therapy.

ALB and coagulation factors are mainly synthesized in
the liver. They can appropriately reflect the liver reserve
function in patients with cirrhosis and liver failure. We
demonstrated that the ALB levels and PTA increased
after MSCs therapy. That indicated MSCs could con-
tribute to liver regeneration. TBIL and transaminase are
parameters to show the severity of the liver injury. Our

results showed that the TBIL levels in the MSCs group
decreased in the BM-MSCs subgroup. However, no sig-
nificant difference in ALT and AST levels was found after
MSCs therapy. In clinical practice, we found that ALT
elevated earlier than TBIL in patients with end-stage liver
disease. When hepatocytes are destroyed to some extent,
ALT and AST levels start to decline, while TBIL levels
persistently elevate. That may be one of the main rea-
sons why no difference in ALT levels was seen between
the two study groups. This also confirmed the results
[10, 11, 21, 25] of several clinical studies and matched
the opinion of Lin et al. [10]. In addition, the difference
in disease types and disease etiology, as well as the lim-
ited number of patients, might be the cause of insignifi-
cance in the improvements in ALT and AST in our study.



Liu et al. Stem Cell Research & Therapy (2022) 13:204

Page 11 of 16

A Experiment Control Random effect analysis
Year Author Mean SD  Cases Mean SD Cases SMD (95% CI) Weight %
Basline
2021 ShiM 63.3 16.5 108 62.4 16.3 111 —— 0.05(—0.21, 0.32) 10.39
2019 Xu WX 27.57 6.95 30 30.13 7.26 30 — —0.36 (—0.87, 0.15) 7.88
2012 Zhang Z 57.8 13.6 30 64.4 13.8 15 —— —0.48 (—1.11,0.15) 6.73
Subtotal (I-squared =46.4 %, p =0.155) > —0.18 (—0.53,0.17) 25.00
Test for overall effect (Z =0.79, p=0.431)

4 week
2019 Xu WX 29.53 14.8 30 36.28 17.31 30 —— —0.42 (—0.93, 0.09) 7.86
. -

8 week
2019 Xu WX 3493 15.63 30 37.25 19.39 30 —0.13 (-0.64, 0.37) 7.92
12 week - =
2021 ShiM 743 13.4 108 66.9 14.4 111 0.53 (0.26, 0.80) 1035
2019 Xu WX 37.11 12.7 30 38.57 21.89 30 ~0.08 (~0.59, 0.42) 792
2012 Zhang Z 74.4 14.7 30 66.3 14.1 15 —— 0.56 (-0.07, 1.19) 670
Subtotal (I-squared = 56.6 %, p =0.100) — 0.35 (~0.04, 0.75) 2497
Test for overall effect (Z =3.67, p < 0.001) e : e .
24 week —
2021 Shi M 79.6 14.8 108 69 158 111 0.69 (0.42, 0.96) 10.32
2012 Zhang Z 7 18.9 30 73.8 143 15 —0.16 (-0.78, 0.46) 6.80
_?_ubt(;lal (I*sclllua;;d = 8Z3,f :/o3 g = 0%0014(1))0 1 0.31(-0.52, 1.14) 17.12

est for overall effect (Z =4.35, p<0.001) <:—>
48 week
2021 ShiM 80.6 15.2 108 70.4 17.2 111 0.63 (0.36, 0.90) 1033
2012 Zhang Z 71.6 15.5 30 71.5 12.5 15 * 0.01 (—0.61, 0.63) 6.81
Subtotal (I-squared = 69.1 %, p =0.072) — 0.38 (—0.21, 0.98) 17.14
Test for overall effect (Z =4.16, p<0.001) —_ —
Overall (I-squared = 77.1%, p < 0.001) 0.11 (~0.14, 0.36 100.00

B Test for overall effect ( Z =4.78, p <0.001) = (F0.14,0.36) i

Experiment Control Random effect analysis
Year Author Mean SD Cases Mean SD Cases SMD (95% CI) Weight %
Basline
2021 Schacher FC 2.30 0.70 4 2.40 0.70 S 2 2 —0.14 (—1.46, 1.17) 2.00
2019 Xu WX 2.80 0.83 30 2.82 1.17 30 ——— —0.02 (-0.53, 0.49) 7.87
2016 Suk KT 1.26 0.16 18 1.39 0.24 18 —— —0.64 (-1.31,0.03) 5.68
2016 Suk KT 127 0.20 19 1.39 0.24 18 —— —0.54 (-1.20,0.11) 5.83
e -0.48 (1. . .
2014 Salama 153 019 20 1.66 0.33 20 Bty do oL
2013Mohamadnejad M 150 0.70 14 1.60 0.20 1 — o ( o 0{; o8
Subtotal (I-squared = 0.0 %, p = 0.685) = -3 (=0.61, ~0.06) :
Test for overall effect (Z =2.35, p=0.019)
2 week R —0.44 (-1.06, 0.19) 6.18
2014 Salama 1.47 0.29 20 1.62 0.39 20 —_—
4 week
2019Xu WX 3.01 1.6 30 2.63 1.07 30 — 0.28 (—0.23,0.79) 7.83
2014 Salama 1.44 0.28 20 1.76 0.40 20 ———o— —0.93 (—1.58,-0.27) 5.87
Subtotal (I-squared = 87.7 %, p = 0.004) e —0.31 (—1.49, 0.88) 13.70
Test for overall effect (Z=0.51, p=10.612)
8 week
2019Xu WX 225 0.59 30 2.61 117 30 T ~0.39(-0.90,0.12) .79
—_— —F

12 week
2019Xu WX 2.10 0.57 30 2.68 1.44 30
2014Salama 1.47 0. 23 20 1.73 0'40 20 — | —0.53 (—1.04, -0.01) 7.73
2013Mohamadnejad M 1.80 05 14 1.60 0.40 1 — —0.80 (—1.44,-0.15) 597
Subtotal (I-squared = 66.0 %, p = 0. 053) ’ — e 044(-0.36,124) 4.47
Test for overall effect (Z =1.06, p=0.289) _ —0.35 (—0.98, 0.29) 18.17
24 week
T o 0.12 . 1.30 0.15 18 S ~0.44 (-1.10,022) 5.78
2014501 5 0.16 2 1.30 0.15 18 R E— ~0.19 (~0.84, 0.45) 5.96

aama : 0.36 . 039 20 —o—— —0.85 (—1.50, -0.20) 593
Subtotal (I-squared = 1.5 %, p =0.362) _ —0.50 (—0.88, —0.12) 17.67
Test for overall effect (Z =2.56, p=0.010)
48 week
2013 Mohamadnejad M~ 1.50 0.30 14 1.30 0.40 11 ———&——— 0.58(-0.23,1.38) 441

e

Overall (I-squared =37.7%, p = 0.058)
Test for overall effect (Z=3.27, p=10.001) < —0.33 (-0.53,-0.13) 100

prothrombin activity (PTA), B forest plot of international normalized ratio (INR)

Fig. 7 Forest plot of the comparison of the effect of MSCs therapy versus conventional treatment on coagulation function. A Forest plot of




Fig. 8 Forest plot of the comparison of the effect of MSCs therapy versus conventional treatment on transaminase. A Forest plot of alanine
aminotransferase (ALT), B forest plot of aspartate aminotransferase (AST).
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Experiment Control
Year Author Mean SD Cases Mean SD Cases SMD (95% CI) Weight %
Baseline
2021 Schacher FC 752 429 4 1124 1889 5 - ~0.26 (-1.58,1.07) 0.68
2021 ShiM 424 492 108 59.6 79.4 111 —— —0.26 (-0.53,0.01) 16.68
2019 Xu WX 2893 5943 30 3735 4920 30 — ~0.15 (-0.66, 0.35)  4.60
2017 Lin BL 1223 919 56 111.4 563 54 —T— 0.14 (-0.23, 0.52) 8.43
2016 Suk KT 29 19 18 29 13 18 — 0.00 (-0.65,0.65)  2.77
2016 Suk KT 21 10 19 29 13 18 * —0.69 (—1.36,-0.03) 2.67
2014 XulL 60.1 389 20 62.8 35.6 19 —_—— —0.07 (-0.70, 0.55)  2.99
2013 Mohamadnejad M 47.4 343 14 484 217 11 — ~0.03 (-0.82,0.76) 1.89
2011 PengL 97.5 56.6 53 98.3 56.7 105 — —0.01 (-0.34,0.32) 10.82
Subtotal (I-squared = 0.0%, p = 0.597) < —0.12 (-0.27,0.03) 51.53
Test for overall effect (Z =1.58, p = 0.114)
2 week
2011 Ppeng L 827 540 53 9ls 599 105 = ~0.15(-048,0.18)  10.80
4 week
%g}? l’f:nr’z‘ ﬁgg :12219-1 22 549 216 30 — - 027(-024,0.78) 457
Subtotal (I-squared = 5.2% ‘p: 0.304) 56.9 322 105 — —0.05 (-0.38,0.28) 10.82
> < 0.05(-0.23,0.32) 1539
Test for overall effect (Z =0.35, p = 0.726)
8 week
2019 Xu WX 46.3 25.7 30 39.6 26.9 30 —tT— 0.25 (—0.25, 0.76) 4.57
—_——
12 week
2019 Xu WX 45 25.7 30 413 46.6 30
2013 Mohamadnejad M 54.6 449 14 53.4 40.6 11 —T— 0.10 (—0.41, 0.60) 4.60
2011 PengL 328 9.9 6 429 14.7 15 B ESE— 0.03 (—0.76, 0.82) 1.89
Subtotal (I-squared = 12.4%, p=0.319) —_—— -0.74 (-1.71,0.24) 124
Test for overall effect (Z =0.32, p = 0.747) e —0.05(-0.44,0.34) 7.74
24 week
2016 Suk KT 24 10 18 27 17 18
2016 Suk KT 23 13 19 27 17 18 — T —022(-0.87,0.44) 275
2011 PengL 325 68 6 36.1 10.2 15 —T —0.27(-0.91,0.38) 2.81
Subtotal (I-squared = 0.0%, p = 0.959) —_— T —0.39(-1.34,0.57) 1.30
Test for overall effect (Z =1.27, p = 0.206) pa—— —0.27(-0.68,0.15)  6.86
8 week
2013 Mohamadnejad M 34.1 7.1 14 339 13.7 1 ) 0.02 (-0.77,0.81) 1.89
2011 PengL 37.7 52 6 31.9 7.6 -
Subtotal (I-squared = 34.8%, p =0.215) 15 ] ¢ 0.82(-0.17, 1.80) 123
o - _ 0.33 (—0.28, 0.95) 3.12
Test for overall effect (Z =0.92, p = 0.359)
Overall (I-squared = 0.0%, p = 0.661) <3 —0.07 (-0.18, 0.04)  100.00
Test for overall effect (Z=1.31.p =0.191) I "
Experiment Control 0
Year Author Mean SD Cases Mean SD Cases SMD (95% CI) Weight %
Baseline
2021 Schacher FC 103 54.7 4 101.4 859 S 0.02 (—1.29, 1.34) 1.30
2021 ShiM 65.8 43.7 108 70.4 61.5 111 —— —0.09 (-0.35,0.18) 32.03
2019 Xu WX 2451 385.1 30 260.1 2369 30 —_— —0.05 (—0.55,0.46) 8.78
2016 Suk KT 48 38 18 43 12 18 —_—r 0.18 (—0.48, 0.83) 5.25
2016 Suk KT 40 20 19 43 12 18 —_—— —0.18 (—0.83,0.47) 5.39
2013 Mohamadnejad M 71.6 52.8 14 66.9 31.7 11 —_— 0.10 (=0.69, 0.90) 3.60
Subtotal (I-squared = 0.0%, p = 0.974) <> —0.05 (—0.25, 0.15) 56.35
Test for overall effect (Z =0.49, p = 0.625)
4 week
2019 Xu WX 1533  256.3 30 106.5 48.6 30 —t— 0.25 (-0.25, 0.76) 8.71
S ——
8 week
2019 Xu WX 88.1 58.9 30 89.2 51.8 30
—— —0.02 (—0.53,0.49) 8.78
12 week e
2019 Xu WX 71.7 28.6 30 100 62.4 30
2013 Mohamadnejad M 92.9 83.5 14 89.6 110.3 11
Subtotal (I-squared = 39.3%, p = 0.199) —_— —0.58 (-1.10,-0.07) 8.41
Test for overall effect (Z =1.17 p = 0.244) — 0.03 (-0.76,0.82)  3.61
- ~0.40(-0.83,0.03)  12.02
24 week
2016 Suk KT 39 16 18 42 19 18
2016 Suk KT 44 31 19 42 19 18 —_—— —0.17 (—0.83,0.48) 5.25
Subtotal (I-squared = 0.0%, p = 0.597) — 0.08(-0.57,0.72)  5.41
Test for overall effect (Z=0.19, p = 0.848) I —0.04 (-0.50,0.41) 10.66
48 week
2013 Mohamadnejad M 58.4 323 14 44.6 10.9 11 —_— 0.54 (—0.26, 1.35) 3.47
B ——
Overall (I-squared = 0.0%, p = 0.725) < —0.04 (—0.19,0.11)  100.00
Test for overall effect (Z =0.54, p = 0.587)
I I
3 0 3
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Table 2 Meta-analysis of clinical symptoms in pre- and post-therapy
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Symptom Time point Number of Heterogeneity Odds ratio (OR) 95% Cl P value
studies
Pvalue
Encephalopathy Baseline 2 0457 0.65 0.30-1.41 0.278
End of treatment 2 31.8 0.231 040 0.18-0.89 0.025
Gastrointestinal hemorrhage Baseline 3 0491 0.80 0.19-3.35 0.760
End of treatment 3 1.9 0.361 032 0.07-0.97 0.045
Edema Baseline 4 0.379 1.33 0.58-3.06 0.495
End of treatment 4 46.6 0.132 0.64 0.27-1.49 0.298
Rash Baseline 4 0491 1 0.22-5.73 0.900
End of treatment 4 9.2 0.347 0.73 0.26-2.07 0.555
[tching Baseline 2 0491 044 0.06-3.16 0417
End of treatment 2 572 0.127 045 0.08-2.45 0.352

95% Cl, 95% confidence interval

The MELD score [35] is designed to predict survival in
end-stage liver disease using serum bilirubin, INR and
creatinine. Our study showed a decreased MELD score
after MSCs therapy, which was consistent with previous
clinical trials [8, 23, 36]. However, it should be noted that
there was no difference in MELD score at 48 weeks and
even an increasing trend after MSCs therapy. The lim-
ited number of included studies could be one of the rea-
sons. In addition, the change of MELD scores is related
to natural courses and laboratory parameters fluctua-
tions and probably does not reflect the change in mor-
tality rate [23, 37]. In our study, no significant difference
in survival rate was shown after MSCs therapy at all time
points. However, we only compared short-term survival
rate within 48 weeks. Shi et al. [27] conducted an RCT
study recently and discovered no difference of survival
rate between the UC-MSCs group and the control group
within 13 months, but the survival rate was higher after
UC-MSCs treatment during the 13—75-month follow-up.
MSCs therapy might exert a better effect on the long-
term survival rate.

As safety is a major concern in the clinical application
of MSCs therapy, our analysis evaluated the safety and the
change in clinical symptoms of MSCs therapy for treat-
ing chronic liver disease. Fever was the only side effect.
No serious adverse events or death related to the MSCs
treatment was reported. We also found that MSCs ther-
apy significantly reduced the risk of encephalopathy and
gastrointestinal hemorrhage, while there was no differ-
ence in edema, rash and itching between the two groups.
Nevertheless, some clinical studies suggested that MSCs
therapy had security risks including immune reactivity,
tumorigenic potential and even death [38, 39]. Liang et al.
[15] treated six patients with autoimmune liver disease
through peripheral intravenous infusion of BM-MSCs.

The results showed that not only did clinical symptoms
of the patients worsen, but two deaths occurred. Further
high-quality clinical studies with a larger sample size and
longer follow-up period are still in demand to evaluate
the safety of MSCs therapy.

To explore whether other factors influence the thera-
peutic efficacy of cell transplantation, we performed sub-
group analyses according to liver disease population, cell
type, delivery route and injection frequency. Most clinical
researches on liver diseases including ACLF and cirrho-
sis showed that patients could benefit from MSCs treat-
ment. Our subgroup analyses indicate that patients with
ACLF and cirrhosis without ACLF both had improved
liver function with increased ALB levels and decreased
MELD score. Liver transplantation is considered the
only curative treatment for end-stage liver disease and
ACLF at present. Thus, MSCs therapy could develop a
potential alternative to liver transplantation. We also
compared different kinds of MSCs regarding efficacy for
chronic liver disease. Our study showed that BM-MSCs
and UC-MSCs treatment had similar efficacy to improve
liver function. That was not consistent with the analysis
results of Zhou et al. [32] that suggested that BM-MSCs
had superior therapeutic effects to UC-MSCs. UC-MSCs
are ideal MSC resources for their relative ease of collec-
tion, low alloreactivity and young cellular age. Therefore,
more clinical trials should be conducted to compare the
therapeutic effects between BM-MSCs and UC-MSCs
treatment.

Across the included studies, MSCs were transplanted
into the liver either through the peripheral vein or
through the hepatic artery. Peripheral intravenous infu-
sion has been considered an ideal administration route as
it is easy and convenient to perform and MSCs migrate
well into liver parenchyma differentiate into hepatocytes
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in the context of chronic injury in vivo [39]. Whether
hepatic arterial injection is feasible has been controver-
sial. For one thing, it is an invasive procedure with poten-
tial risks of portal hypertensive bleeding and thrombosis.
However, some studies suggested that hepatic arterial
injection was more effective than the peripheral vein
because of less loss and higher homing ability of MSCs
during the treatment [32, 40]. Our study suggested that
the effectiveness varied slightly between the two admin-
istration routes. Nonetheless, as a systemic administra-
tion, whatever the delivery route, side effects of therapy
such as immune reaction and bleeding should be closely
observed. There is no consensus on the times of MSCs
treatment for chronic liver disease. Our results showed
that multiple injections exerted greater benefit on the
MELD score, while a single administration had more
favorable effects on ALB levels. More clinical studies
should be conducted to determine the optimal time of
treatments.

This study had some limitations. Firstly, there was sig-
nificant between-study heterogeneity. Although we used
random-effects model and performed sensitivity analy-
ses, heterogeneity could not be eliminated. And it was
impossible to conduct all of the subgroup analyses to find
the source of heterogeneity due to the limited including
studies. Secondly, we compared the data on the prem-
ise of no difference in the baseline. Because the included
studies were not consistent at different time points, it
was difficult to summarize robust results at a specific
time point. Moreover, on the premise that the baseline
was different, it was inappropriate to compare the two
groups. Thirdly, most of the included studies lack large
size patients and long-term follow-up period which pre-
vent definite conclusions from being made about the
safety and efficacy of MSCs therapy in liver diseases.

Conclusion

Our study suggested that MSCs therapy can improve liver
function and alleviate clinical symptoms without seri-
ous adverse events. It had therapeutic effects on patients
with both ACLF and cirrhosis. BM-MSCs and UC-MSCs
treatment had similar efficacy to improve liver function.
The effectiveness varied slightly between the periph-
eral intravenous injection and hepatic arterial injection.
However, many concerns including the optimization of
cell source, cell dosage, injection frequency and admin-
istration route must be addressed before clinical routine
applications. Therefore, the protocol for MSCs therapy in
different chronic liver diseases should be further refined,
and its efficacy and safety should be further assessed in
randomized trials with a large cohort study.
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