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injection of bone marrow-derived and umbilical
cord MSC to reverse cirrhosis or rescue patients
with acute-on-chronic liver failure
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Abstract

Background Recent studies have shown that mesenchymal stem cell (MSC) therapy has potential therapeu-
tic effects for patients with end-stage liver diseases. However, a consensus on the efficacy and safety of MSCs
has not been reached.

Methods A systemic literature review was conducted by searching the Cochrane Library and PubMed databases

for articles that evaluated the impact of MSC therapy on the outcomes among patients with end-stage liver disease.
Various parameters, including pre- and post-treatment model of end-stage liver disease (MELD) score, serum albumin
(ALB), total bilirubin (TB), coagulation function, aminotransferase, and survival rate, were evaluated.

Results This meta-analysis included a final total of 13 studies and 854 patients. The results indicated improved

liver parameters following MSC therapy at different time points, including in terms of MELD score, TB level, and ALB
level, compared with conventional treatment. Furthermore, the MSC treatment increased the overall survival rate
among patients with liver cirrhosis and acute-on-chronic liver failure (ACLF). The changes in transaminase level

and coagulation function differed between the different therapies at various post-treatment time points, indicat-
ing that MSC therapy provided no significant benefits in this regard. The further subgroup analysis stratified by liver
background revealed that patients with ACLF benefit more from MSC therapy at most time points with improved
liver function, including in terms of MELD score, TB level, and ALB level. In addition, no serious side effects or adverse
events were reported following MSC therapy.

Conclusions The meta-analysis results suggest that MSC therapy is safe and results in improved liver function
and survival rates among patients with end-stage liver disease. The subgroup analysis stratified by liver background
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indicated that patients with ACLF benefit more from MSC therapy than patients with liver cirrhosis at most time

points.

Keywords Mesenchymal stem cells, Decompensated liver cirrhosis, Acute-on-chronic liver failure, Systematic review,

Meta-analysis

Introduction

Mesenchymal stem cells (MSCs), as one of the multipo-
tent cells, have the potential to self-renew and differenti-
ate into multiple types of cells, such as epithelial cells or
hepatocytes [1, 2]. Studies in animal models have shown
that MSC therapy can improve liver function, amelio-
rate liver fibrosis and reverse acute hepatic failure [3-5].
Therefore, MSCs are believed to repair damaged hepato-
cytes and livers, providing therapeutic approaches for
end-stage liver disease.

In the clinical setting, autologous and allogeneic MSC
infusion is most often instituted in the treatment of liver
cirrhosis and liver failure [6]. Compared with autologous
MSC treatment, allogenic MSCs overcome the problems
of long preparation and delays [7]. In addition, improved
cell differentiation, proliferation, and cytokine secretion
are provided by allogeneic MSCs derived from healthy
donors [8]. In recent decades, studies have shown that
MSC treatment can significantly improve liver function
and ameliorate liver fibrosis in patients with decompen-
sated liver cirrhosis [9]. Survival rates for patients with
acute-on-chronic liver failure (ACLF) are also improved
without increased side effects in the long-term [10].

Although a number of studies have been performed to
evaluate the benefits of MSC treatment in end-stage liver
disease, its clinical efficacy and safety remain unclear.
Few meta-analyses of MSC therapy assessed treatment
based on controlled trials or consistent evaluation vari-
ables. Additionally, detailed analyses of different end-
stage liver diseases, including decompensated liver
cirrhosis and acute-on-chronic liver failure, were not
performed. Therefore, we conducted a meta-analysis of
available comparative research to assess the clinical value
and safety of MSCs in decompensated liver cirrhosis and
ACLFE

Materials and methods

Literature search

Two independent investigators searched the PubMed
and Cochrane Library databases (April 2022) to retrieve
relevant studies. Comparative trials evaluating the thera-
peutic value and safety of MSCs versus a control in the
treatment of decompensated liver cirrhosis and ACLF
were included. No restrictions were set for language, pub-
lication date, or publication status. The search strategy

was based on the following keywords: “mesenchymal
stem cells” and “liver cirrhosis” or “decompensated liver
cirrhosis” or “liver failure” or “acute-on-chronic liver fail-
ure” and “clinical study” or “clinical trial” or “randomized
controlled trial” or “randomized clinical trial”

Inclusion and exclusion criteria

The main inclusion criteria were comparative stud-
ies evaluating outcomes between MSC therapy versus a
control in the treatment of decompensated liver cirrho-
sis and ACLF. The exclusion criteria were as follows: (1)
non-comparative studies, case reports, letters, reviews,
editorials; (2) studies that lacked clinical data or out-
comes; (3) if multiple studies were reported by the same
institution, only the highest quality study was included.

Data extraction

Two independent investigators reviewed texts, figures,
and tables to extract information from the included stud-
ies. The following data were collected: (1) first author
name, year of publication, country and study type; (2)
study sample size; (3) cell type, cell dosage of MSCs, and
time of treatment; (4) study outcomes including albumin
(ALB), total bilirubin (TB), model for end-stage liver dis-
ease (MELD) score, coagulation function, liver transami-
nase level, adverse events, and survival rates.

Quality assessment
The Newcastle—Ottawa scale (NOS) was used to assess
the quality of included studies [11].

Statistical analysis

The dichotomous variables were evaluated using odds
ratios (ORs) with a 95% confidence interval (CI). In the
survival analysis, the OR indicated the relative likeli-
hood of death in each group. Continuous variables were
assessed by weighted mean differences (WMD). Hig-
gins I? statistic was used to assess statistical heterogene-
ity among studies. When 1*<50%, a fixed-effects model
was used for calculations. On the other hand, when het-
erogeneity was greater than 50%, a random-effects model
was recommended. Funnel plots, Egger’s and Begg’s tests
were used to identify publication bias. This meta-analysis
was performed using Review Manager version 5.3 (Rev-
man, The Cochrane Collaboration, Oxford, UK). P<0.05
was considered statistically significant.
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Results

Study selection and eligibility

The search strategy initially generated 47 studies, as
shown in the flowchart (Fig. 1). Twenty-nine of these
studies were excluded because of lack of relevance, dupli-
cation, or review article type. Another five studies did
not meet the inclusion criteria due to insufficient data
or improper study type. Finally, a total of 13 studies were
enrolled in our study [12-24].

A total of 854 patients from five countries were
included in the meta-analysis. The patient demograph-
ics and baseline characteristics of the included studies
are given in Table 1. The studies included patients with
end-stage liver diseases including decompensated liver
cirrhosis (n=7) and ACLF (n=6), of which eight were
conducted in China, two in Egypt, one in Korea, one in
Brazil, and one in Iran. Four hundred and three patients
received MSC therapy, and 451 patients in the control
group underwent supportive therapy. MSCs were divided
into two types: originating from the umbilical cord (UC-
MSCs, n=5) and from the bone marrow (BM-MSCs,
n=_§).

Quality assessment
Newcastle—Ottawa scale (NOS) was used to assess the
quality of included studies. Four studies had NOS scores
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of nine, indicating high quality. The other nine studies
were considered to be of moderate quality.

Meta-analysis results

Survival rate

Survival rates of patients at 4 weeks, 8 weeks, 12 weeks,
and 24 weeks were analyzed (Fig. 2). Patients receiving
MSC therapy had a higher chance of survival at 8 (OR
2.47,95% CI 1.38—4.43, P=0.002) and 12 weeks (OR 2.21,
95% CI 1.31-3.74, P=0.003) compared with controls.
While MSC therapy did not show a significant survival
benefit at 4 weeks (OR 4.12, 95% CI 0.52-32.53 P=0.18)
or 24 weeks (OR 1.71, 95% CI 0.92-3.19, P=0.09), it
tended to increase survival rate at these points. Subgroup
analysis of survival at 8 weeks and 12 weeks by different
liver disease backgrounds was performed. All included
patients were diagnosed as ACLF before treatment; thus,
MSC therapy was associated with increased survival rate
at 8 weeks and 12 weeks in the ACLF group.

MELD score

The MELD score was calculated according to a formula
using three laboratory test results for bilirubin, pro-
thrombin time, and creatinine. Nine studies included an
analysis of the MELD score to enable a rapid evaluation
of the urgent need of a liver transplantation among the

PubMed and Cochrane Library
(N=146)

Records identified through databases

Identification

A 4

Records screened

Records excluded (N=29)
Irrelative and duplicated records=6

(N=47)

Screening

A 4

Full-text articles assessed
for eligibility
(N=18)

Eligibility

»| Case report or letter=8
Review or meta-analysis=10
Animal model=5

Non-comparative=2

A 4

A 4

Incomplete data=3

(N=13)

Included

Studies included in qualitative synthesis

Fig. 1 Flow diagram of article and study selection process
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A Survival rate at 4 week
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup _ Events _ Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Lin BL 2017 56 56 42 56 27.2%  38.55(2.24,664.59] 2017 I
HuWx 2019 26 30 19 30 461% 3.76[1.04,13.65] 2019 — -
Schacher FC 2021 1 4 Z 5 26.8% 0.50[0.03,8.95] 2021 .
Total (95% Cl) 90 91 100.0% 4.12[0.52, 32.53] s ig—
Total events 83 63

P 2 - Chiz= = = R= ; t t |
Heterogeneity: Tau®=1.98; Chi*= 4.90, df= 2 (P = 0.09), F= 59% 0.001 01 10 1000

Testfor overall effect: Z=1.34 (P =0.18) Favours [experimental] Favours [control]

B Survival rate at 8 week
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Shim 2012 21 24 8 19 7.7% 9.63[2.12,43.75 2012 I
LinBL 2017 47 56 35 54 39.5% 2.83[1.15,7.01] 2017 —
HKuwx 2019 16 30 15 30 48.2% 1.14[0.41,3.15] 2018 —a—
Schacher FC 2021 1 4 1 5 46% 1.33[0.06,31.12] 2021
Total (95% Cl) 114 108 100.0%  2.47[1.38,4.43] -
Total events 85 59
Heterogeneity: Chi*= 5.56, df= 3 (P=0.14); F= 46% '0.01 Uf1 1'0 100‘

Testfor overall effect. Z= 3.04 (P = 0.002) Favours [experimental] Favours [control]

E Survival rate at 12 week

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% Cl _Year M_-H, Fixed, 95% CI
Shim 2012 19 24 8 19 99% 5.22[1.37,19.99] 2012
LiYH 2016 6 1" 10 34 11.8% 2.88[0.71,11.65 2016 ]
LinBL 2017 45 56 33 54 35.0% 260([1.11,6.13] 2017 —
HKuwx 2019 15 30 15 30 39.8% 1.00[0.36,2.75] 2019 —
Schacher FC 2021 1 4 1 5 35% 1.33([006,31.12] 2021
Total (95% CI) 125 142 100.0%  2.21[1.31,3.74] S
Total events 86 67
Heterogeneity: Chi*= 4.32, df=4 (P=0.36), F=7% '0.01 Uf1 1'0 100‘

Testfor overall effect. Z= 2.87 (P = 0.003) Favours [experimental] Favours [control]

Survival rate at 24 week

D Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% Cl
LinBL 2017 41 56 30 54 541% 219[0.98,4.86] 2017
HKuWx 2019 14 30 13 30 459% 1.14[0.41,317] 2019
Total (95% Cl) 86 84 100.0% 1.71[0.92, 3.19]

Total events 55 43

0.01 0. 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chi*= 0.96, df=1 (P =0.33); F=0%
Test for overall effect: Z=1.68 (P = 0.09)

Fig. 2 Meta-analysis of the comparison between mesenchymal stem cell (MSC) therapy and conventional treatment in terms of survival rate. B
and C The patients receiving MSC therapy had a higher chance of survival at 8 and 12 weeks compared with the controls. A and D The MSC therapy
did not have a significant survival benefit at 4 or 24 weeks

candidates (Fig. 3). Baseline MELD score was not dif- P<0.0001), 12 weeks (MD -3.41, 95% CI -5.41- -1.40,
ferent between the MSC and control groups (MD -0.04, P=0.0009) and 24 weeks (MD -2.55, 95%CI -3.32- -1.77,
95% CI -0.63-0.54, p=0.88). The MELD score decreased = P<0.0001) through MSC therapy. No significant differ-
significantly at 4 weeks (MD -2.35, 95% CI -3.41- -1.29, ence was found between the two therapies at 48 weeks.
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MELD score baseline

A Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% CI
Liang P 2011 30 4 53 202 37 105 205% 0.80[-0.49,2.09] 2011 T
Mohamadnejad M 2013 154 54 14 145 37 11 27% 0.90[-2.68, 4.48] 2013 =
XulL 2014 143 35 20 139 27 19 8.9% 0.40 [-1.56, 2.36) 2014 =E
Suk KT 2016 45 34 18 71 42 18 55% -2.60[-5.10,-0.10) 2016 =

LiYH 2016 216 21 11 225 14 34 194%  -0.90[-2.23,043] 2016 =EF

LinBL 2017 251 38 56 255 35 54 18.3%  -0.40[-1.76,0.96] 2017 i
HuwWx 2019 267 42 30 287 49 30 64%  -2.00[(-4.31,031] 2019 2
Schacher FC 2021 38 113 4 388 29 5 0.3% -0.80[-12.16,10.56] 2021

Shin 2021 1.4 6 108 10 42 111 18.0% 1.40[0.02,2.78] 2021 i
Total (95% Cl) 314 387 100.0%  -0.04[-0.63, 0.54] ¢
Heterogeneity: Chi*= 15.01, df= 8 (P = 0.06); F= 47% 5 " i 15

Testfor overall effect Z= 015 (F = 0.88) Favours [experimental] Favours [control]

MELD score at 2 week

B Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Liang P 2011 244 49 53 255 49 105 494% -1.10[-2.72,052 2011

LiYH 2016 205 24 11 211 22 34 506% -0.60[-2.20,1.00] 2016

Total (95% CI) 64 139 100.0% -0.85[-1.98, 0.29]

4 2 0 2 4
Favours [experimental] Favours [control)

Heterogeneity: Chi*= 019, df=1 (P = 0.67); F= 0%
Test for overall effect Z=1.46 (P=0.14)

MELD score at 4 week

C Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Liang P 2011 191 63 53 211 65 105 253% -2.00[-4.10,0.101 2011 -
LiYH 2016 181 25 11 209 3 34 350% -2.80[-4.59,-1.01] 2016 -
LinBL 2017 04 55 56 31 43 54 33.0% -2.70[-4.54,-0.86] 2017 -
HKuWwx 2019 271 72 30 267 88 30 6.8% 040[-3.67 447 2019 -
Total (95% Cl) 150 223 100.0% -2.35[-3.41,-1.29] *
ity: Chi*= = = pE= + i t +
Heterogeneity: Chi*= 2.24, df= 3 (P =0.52), F=0% 20 10 b 10 20

Test for overall effect: Z= 4.35 (P < 0.0001) Favours [experimental] Favours [control]

MELD score at 12 week

D Experimental Control Mean Difference Mean Difference
__Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Liang P 2011 163 23 6 197 35 15 61.5% -4.40[-6.95-1.85] 2011 -
Mohamadnejad M 2013 153 82 14 147 51 11 146% 060[-4.65 585 2013 —r
HuWiiX 2019 208 67 30 241 93 30 239% -3.30(-7.40,0.80] 2019 —
Total (95% CI) 50 56 100.0% -3.41[-5.41,-1.40] L 4
e (R = = = SR + + t t
Heterogeneity; Chi*= 2.82, df= 2 (P = 0.24); F= 29% 20 0 1 10 20

Test for overall effect. Z= 3.33 (P = 0.0009) Favours [experimental] Favours [control]

MELD score at 24 week

E Experimental Control Mean Difference Mean Difference

Study or Subgroup _Mean _SD _Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI

Liang P 2011 147 29 6 184 29 15  79% -3.70[-6.45,-0.95] 2011

Suk KT 2016 41 06 18 64 1.7 18 86.4% -2.30[-3.13,-1.47] 2016 0

LinBL 2017 47 96 56 94 7.7 54 57% -4.70[-7.95-1.45] 2017 S

Total (95% CI) 80 87 100.0% -2.55[-3.32,-1.77] ¢

T e A auir = e E T R

e : Favours [experimental] Favours [control]

MELD score at 48 week

F Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean _SD_Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI

Liang P 2011 174 27 6 18 25 15 61.5% -060[-3.10,1.90 2011

Mohamadnejad M 2013 14 36 14 125 43 11 38.5% 1.50[-1.66,4.66) 2013

Total (95% CI) 20 26 100.0% 0.21[-1.75,2.17]

Heterogeneity: Chi*=1.04, df=1 (P=0.31), F= 4% ‘250 ‘1-0 ﬁ 1-0 2-0

Testfor overall effect. Z=0.21 (P = 0.84) Favours [experimental] Favours [control]

Fig. 3 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of model of end-stage liver disease (MELD)
score. A There was no difference in baseline MELD score between the MSC group and the control group. C, D and E The MELD score decreased
significantly at 4, 12, and 24 weeks following MSC therapy. B and F No significant difference was found between the two therapy types at 2

and 48 weeks
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Further subgroup analysis showed that patients with
ACLF had a significantly decreased MELD score by MSC
therapy at 4 weeks, 12 weeks (MD -4.09, 95% CI -6.26-
-1.92, P=0.0002), and 24 weeks (MD -4.12, 95% CI -6.21-
-2.02, P=0.0001). For patients with cirrhosis, a decreased
MELD score at 24 weeks was observed after MSC ther-
apy (MD -2.30, 95% CI -3.13- -1.47, P<0.00001) (Fig. 4).

ALB level

All thirteen studies were enrolled in the analysis of ALB
level (Fig. 5). Little difference was seen between the MSC
and control groups at baseline (MD 0.71, 95% CI 0.14—
1.28, P=0.02). Compared with controls, ALB was sig-
nificantly elevated in those who received MSC therapy
at 4 weeks (MD 2.08, 95% CI 1.53-2.63, P<0.00001),
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12 weeks (MD 2.05, 95% CI 0.43-3.66, P=0.01), and
24 weeks (MD 4.03, 95% CI 3.26-4.81, P<0.00001). We
did further subgroup analysis to explore whether liver
disease background influenced ALB level after treat-
ment, which showed that MSC therapy was related to
an increased level of ALB at 4 weeks (MD 1.88, 95% CI
1.31-2.46, P<0.00001) and 24 weeks (MD 4.55, 95% CI
3.20-5.91, P<0.0001) in both the ACLF and cirrhosis
subgroups (Fig. 6).

TB level

We included eleven studies in the analysis of TB level
(Fig. 7). TB level before treatment was not significantly
different between the two groups (MD -1.61, 95% CI
-11.14-7.92, P=0.74). TB level decreased significantly at

A MELD score at 12 week

Experimental Control

Mean Difference

Mean Difference

Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
10.1.1 ACLF
Liang P 2011 153 23 B 197 35 15 615% -4.40[6.95-1.85 2011 i
XuWWX 2019 208 67 30 241 93 30 23.9% -3.30(-7.40,0.80) 2019 —e—
Subtotal (95% CI) 36 45 85.4% -4.09[-6.26,-1.92] <>
Heterogeneity: Chi*= 0.20, df= 1 (P = 0.66), F= 0%
Test for overall effect: Z = 3.70 (P = 0.0002)
10.1.2 Decompensated liver cirrhosis
Mohamadnejad M 2013 153 82 14 147 51 11 14.6% 0.60[4.65,5.85 2013 ——
Subtotal (95% CI) 14 11 14.6%  0.60[-4.65, 5.85] ~
Heterogeneity: Not applicable
Testfor overall effect Z= 0.22 (P = 0.82)
Total (95% CI) 50 56 100.0% -3.41[-5.41,-1.40] <
e - - - - O - e { : : :
e Lo N
S P F experimental] F trol
Testfor subgroup differences: Chi*= 2.62. df=1 (P = 0.11). = 61.9% avours [experimental] - Favours [control)
B MELD score at 24 week

Experimental Control

Study or Subgrou Mean SD Total Mean SD Total Weight
10.2.1 ACLF

Liang P 2011 147 29 6 184 29 15  7.9%
LinBL 2017 47 96 56 94 7.7 54 57%
Subtotal (95% Cl) 62 69 13.6%
Heterogeneity: Chi*=0.21, df=1 (P = 0.64); F=0%

Test for overall effect: Z= 3.85 (P = 0.0001)

10.2.2 Decompensated liver cirrhosis

Suk KT 2016 41 086 18 64 1.7 18 86.4%
Subtotal (95% Cl) 18 18 86.4%
Heterogeneity: Not applicable

Test for overall effect: Z=5.41 (P < 0.00001)

Total (95% CI) 80 87 100.0%

Heterogeneity: Chi*= 2.70, df= 2 (P = 0.26); F= 26%
Test for overall effect: Z=6.45 (P < 0.00001)
Test for subgroup differences: Chi*= 2.49.df=1 (P=011). F=59.9%

Mean Difference

-3.70 [-6.45, -0.95]
-4.70 [-7.95,-1.45)
-4.12[-6.21, -2.02]

-2.30[-3.13,-1.47]
-2.30[-3.13,-1.47]

-2.55[-3.32,-1.77]

Mean Difference

IV, Fixed, 95% Cl IV, Fixed, 95% CI

R

s
1 ’ 1 1

-10 -5 0 5 10
Favours [experimental] Favours [control]

Fig. 4 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of MELD score, as stratified by different liver
diseases. A and B The patients with acute-on-chronic liver failure (ACLF) had a significantly decreased MELD score following MSC therapy at 12
and 24 weeks. B A decreased MELD score at 24 weeks was observed among the patients with cirrhosis following MSC therapy
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A Experimental Control Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%Cl Year IV, Fixed, 95% CI
Liang P 2011 202 31 53 289 38 105 263% 0300082142 2011 -
Zhang Z 2012 284 44 30 276 45 15  43% 080[1.97,357) 2012 7
El-Ansary 2012 23 23 15 22 18 10 127% 1.00[-0.61,261) 2012 T
ShiM 2012 309 31 24 285 41 19 67% 240[0.18,4.62) 2012 —
Mohamadnejad M 2013 33 6 14 35 B 11 15% -2001-674,274 2013 —
XuL2014 307 52 20 31 B5 19 24% -030[4.01,341) 2014 —
Salama H 2014 259 28 20 262 37 20 80% -030(-233,1.73) 2014 ——
Suk KT 2016 37 7 18 34 6 18 18% 300(1.26,7.26] 2016 —
LiYH 2016 26 47 11 281 62 34 27% -210[-557,1.37) 2016 —
Lin BL 2017 359 43 56 347 44 54 125% 120(-043,283] 2017
XuWix 2019 346 42 30 327 38 30 80% 190[-013,393 2019 |
Schacher FC 2021 30 10 4 24 3 5 03% 6.00[4.1516.15 2021 ‘
Shi M 2021 309 59 108 305 62 111 128% 040[1.20,2.00) 2021 i
Total (95% Cl) 403 451 100.0%  0.71[0.14,1.28] g
Heterogeneity: Chi*= 11.84, df= 12 (P = 0.46); = 0% 7 + : T
Testfor overall effect: Z=2.42 (P =0.02) Favours [experimental] Favours [control]
B ALB at 2 week
Experimental Control Mean Difference Mean Difference
or Subgroup _Mean Total Mean SD_Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Liang P 2011 338 24 53 32 25 105 353%  1.80(1.00,2.60) 2011 =
Salama H 2014 303 44 20 236 27 20 31.7%  670(4.44,896) 2014 -
Li'YH 2016 303 28 11 321 24 34 330% -1.80(-364,004 2016
Total (95% CI) 84 159 100.0%  2.16[-1.54,5.87]
Heterogeneity: Tau®= 9.97; Chi*= 32,69, df= 2 (P < 0.00001); F= 94% 30 0 3 o %
Testfor overall effect Z=1.14 (P= 0.25) Favours [experimental] Favours [control]
c ALB at 4 week
Experimental Control Mean Difference Mean Difference
Study or Subgroup __Mean __SD _Total Mean SD Total Weight IV, Fixed, 95% Cl__Year IV, Fixed, 95% CI
Liang P 2011 355 17 63 338 27 105 638% 170(1.01,239) 2011 =
ShiM 2012 313 61 24 29 26 19 55% 230[0.05 465 2012
Salama H 2014 305 41 20 263 14 20 84% 420(230,6.10) 2014 —
LiYH 2016 313 21 11 283 3 34 119% 300(1.40,460] 2016 —_
XuthiK 2019 393 4 30 378 26 30 104% 150(0.21,321] 2019 —
Total (95% CI) 138 208 100.0% 2.08[1.53,2.63] *
Heterogeneity: Chi*=7.70, df = 4 (P = 0.10); IF= 48% & + 5 : H
Test for overall effect: Z=7.39 (P < 0.00001) Favours [experimental] Favours [control]
D ALB at 12 week
Experimental Control Mean Difference Mean Difference
or Subgrou Mean Total Mean Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Liang P 2011 38 23 6 339 2 15 122%  290(0.80,500] 2011 ——
Shi M 2012 354 56 24 286 08 13 118%  6:80(452,9.08 2012 -
Zhang Z 2012 313 51 30 305 47 15 100%  080(220,380) 2012 T
El-Ansary 2012 25 29 15 2218 10 128%  300(1.16,4.84] 2012 -
Mohamadnejad M 2013 33 7 14 38 5 11 B7% -500(9.71,-0.29] 2013 E—
Salama H 2014 299 26 20 263 3 20 130%  360(1.86,534) 2014 -
LiYH 2016 34 3 6 317 32 10 98%  230[081,541) 2016 T
XuWi 2019 37 6 30 366 54 30 103% -090(-3.79,1.99) 2019 -
Shi M 2021 328 6 108 317 56 111 135%  120(-034,274] 2021 ~
Total (95% CI) 253 241 100.0%  2.05[0.43,3.66] *
Heterogeneity: Tau?= 4.42; Chi*= 34.71, df = 8 (P < 0.0001); F= 77% = i T %
Test for overall effect Z= 2.49 (P= 0.01) Favours [experimental] Favours [control)
E ALB at 24 week
Experimental Control Mean Difference Mean Difference
or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% CI
Liang P 2011 39 24 B 34 26 15 111% 290(0.57,523 2011 —
El-Ansary 2012 26 26 15 22 21 10 176% 4.00(2155.85) 2012 e
ShiM 2012 384 35 24 33 2 19 21.8% 540(3.74,7.06) 2012 -
Zhang 22012 33 47 30 31 43 15  80% 200[0.75475) 2012 e
Salama H 2014 306 36 20 243 36 20 121% 630(4.07,853] 2014 -
Suk KT 2016 38 6 18 35 7 18 33% 300[(126,7.26) 2016 T
Shi M 2021 362 57 108 331 58 111 26.0% 310(1.58,4.62 2021 -
Total (95% CI) 221 208 100.0% 4.03[3.26,4.81] L4
Heterogeneity: Chi*= 11.24, df= 6 (P = 0.08); F= 47% BN T ) s Py
Testfor overall effect Z= 10.18 (P < 0.00001) Favours [experimental] Favours [control]
F ALB at 48 week
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95%Cl Year IV, Random, 95% CI
Liang P 2011 38 22 6 367 27 15 208%  010(213,233 2011
Shi M 2012 415 5 24 317 44 13 201%  9.80(6.99,1261) 2012 —
Zhang Z 2012 365 44 30 325 43 15 203%  4.00(1.31,669) 2012 —
Mohamadnejad M 2013 318 14 38 3 11 175% -8.00(1255-345) 2013 D
Shi M 2021 3.7 64 108 339 67 111 21.3%  280(1.06,4.54] 2021 -
Total (95% CI) 182 171 100.0%  2.00[-2.12,6.12]
Heterogeneity: Tau®= 18.94; Chi*= §1.83, df= 4 (P < 0.00001); F= 92% N o ) y 5

Test for overall effect: Z=

0.95(P=034)

10
Favours (experimental] Favours [control]

Fig. 5 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of aloumin (ALB) level. A, B and F
There was no significant difference between the MSC group and the control group at baseline and at 2 and 48 weeks. C, D and E Compared
with the controls, the ALB level was significantly elevated at 4, 12 and 24 weeks among the patients who received MSC therapy
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ALB at 4 week
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD _Total Mean SD Total Weight IV, Fixed.95%Cl Year IV. Fixed. 95% CI
12.1.1 ACLF
Liang P 2011 355 17 53 338 27 105 638% 1.70[1.01,2.39] 2011 |
ShiM 2012 313 51 24 29 26 19 55% 2.30(-0.05 4.65 2012 S
LiYH 2016 313 21 1 283 3 34 119% 3.00(1.40,4.60] 2016 -
XuWx 2019 393 4 30 378 26 30 10.4% 1.50(-0.21,321] 2019 B
Subtotal (95% Cl) 118 188 91.6% 1.88[1.31,2.46] ¢
Heterogeneity. Chi*= 2.46, df= 3 (P = 0.48), = 0%
Testfor overall effect: Z= 6.40 (P < 0.00001)
12.1.2 Decompensated liver cirrhosis
Salama H 2014 305 41 20 263 14 20 8.4% 4.20(230,6.100 2014 ey
Subtotal (95% CI) 20 20 8.4% 4.20[2.30,6.10] L 2
Heterogeneity: Not applicable
Testfor overall effect: Z= 4.34 (P < 0.0001)
Total (95% CI) 138 208 100.0% 2.08[1.53,2.63] +
e —
est for overall effect: Z= 7. <
Testfor subgroup differences: Chi*= 5.24. df=1 (P = 0.02). F= 80.9% Favours [experimentall {Favours (control]
ALB at 12 week
Experimental Control Mean Difference Mean Difference
Study o b a D % Ran ¥
12.2.1 ACLF
Liang P 2011 368 23 6 338 2 15 122% 2.90(0.80,5.00] 2011 B3
ShiM 2012 354 56 24 286 09 19 11.8% 6.80(4.52,9.08] 2012 -
LiYH 2016 34 3 6 317 32 10 98% 2.30(-0.81,5.41] 2016 N il
Xuwx 2019 357 6 30 366 54 30 10.3% -0.90(-3.79,1.99] 2018 -
Subtotal (95% CI) 66 74 44.0%  2.87[-0.23,5.96] >
Heterogeneity: Tau?= 8.23; Chi*= 17.73, df= 3 (P = 0.0005), F= 83%
Testfor overall effect Z=1.81 (P = 0.07)
12.2.2 Decompensated liver cirrhosis
El-Ansary 2012 25 29 15 22 18 10 128% 3.00[1.16,4.84] 2012 il
Zhang Z2012 313 51 30 305 47 15 10.0% 0.80(-2.20,3.80) 2012 T
Mohamadnejad M 2013 33 7 14 38 5 1" 8.7% -5.00(-9.71,-0.29] 2013 I
Salama H 2014 299 26 20 263 3 20 13.0% 3.60(1.86,5.34] 2014 -
Shi M 2021 328 6 108 317 56 111 135% 1.20(-0.34,2.74] 2021 T
Subtotal (95% CI) 187 167  56.0% 1.48[-0.42,3.37] >
Heterogeneity: Tau*= 3.11; Chi*= 14,52, df= 4 (P = 0.008); = 72%
Testfor overall effect: Z=1.53 (P=0.13)
Total (95% Cl) 253 241 100.0% 2.05[0.43, 3.66] *
¢e(:;oganeiwl,lT;u’:;ag;::gn;: 304.0711), df=8 (P < 0.0001); I*=77% 30 10 o 2
estfor overall effect: Z= =0.
Testfor subgroup differences: Chi*= 0.56. df= 1 (P = 0.45). F= 0% Favours fexperimentall. Favours [control
ALB at 24 week
Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed.95%Cl Year IV, Fixed, 95% CI
12.3.1 ACLF
Liang P 2011 369 24 6 34 26 15 11.1% 2.90[057,5.23) 2011
ShiM 2012 384 35 24 33 2 19 218% 540(3.74,7.06) 2012 ==
Subtotal (95% Cl) 30 34 32.9% 4.55[3.20,5.91] &
Heterogeneity: Chi*= 2.93, df=1 (P = 0.09); F= 66%
Test for overall effect: 6.59 (P < 0.00001)
12.3.2 Decompensated liver cirrhosis
Zhang Z2012 33 47 30 31 43 15 8.0% 200[0.75 475 2012 ez
El-Ansary 2012 26 26 15 22 21 10 176% 4.00(2.15,5.85 2012 =t
SalamaH 2014 306 36 20 243 36 200 121% 6.30([4.07,853) 2014 =
SukKT 2016 38 6 18 3% 7 18 33% 3.00[-1.26,7.26) 2016 =
Shi M 2021 362 57 108 331 58 111 26.0% 3.10(1.58 4.62] 2021 e
Subtotal (95% CI) 191 174 67.1% 3.78[2.83,4.73] L 4
Heterogeneity: Chi*=7.46, df= 4 (P=0.11); F= 46%
Test for overall effect. Z= 7.81 (P < 0.00001)
Total (95% CI) 221 208 100.0% 4.03[3.26,4.81] *
Heterogeneity: Chi*=11.24, df= 6 (P = 0.08); F= 47% o — iy -
Testfor overall effect: Z=10.18 (P < 0.00001) R
Test for subgroup differences: Chi*= 0.85. df=1 (P = 0.36). F= 0% Favours [xperimental) |Favours [control]
ALB at 48 week
Experimental Control Mean Difference Mean Difference
Study or Mean _SD Total Mean SD Total Weight IV, Random, 95%Cl_Year IV, Random, 95% CI
12.4.1 ACLF
Liang P 2011 368 22 6 367 27 15 208% 010[(-2.13,233 2011 1
ShiM 2012 415 5 24 N7 44 19 201%  9.80(6.99,1261] 2012 il
Subtotal (95% CI) 30 34 40.9% 4.91[-4.60, 14.42] <
Heterogeneity: Tau®= 45.37; Chi*= 28.06, df= 1 (P < 0.00001); = 96%
Testfor overall effect: Z=1.01 (P=0.31)
12.4.2 Decompensated liver cirrhosis
Zhang Z 2012 365 44 30 325 43 15 203% 4.00(1.31,6.69] 2012 "
Mohamadnejad M 2013 3 8 14 39 3 11 17.5% -8.00(12.55,-3.45] 2013 S
ShiM 2021 367 64 108 339 67 111 213% 2.80[1.06,454] 2021 "
Subtotal (95% CI) 152 137 59.1% 0.03[-5.23,5.30] *
Heterogeneity: Tau®= 18.13; Chi*= 21.47, df= 2 (P < 0.0001); F= 91%
Testfor overall effect. Z= 0.01 (P = 0.99)
Total (95% Cl) 182 171 100.0% 2.00[-2.12,6.12] *
Heterogeneity: Tau*= 19.94; Chi*= 51.83, df= 4 (P < 0.00001); = 92% 100 50 50 100

Test for overall effect: Z= 0.95 (P = 0.34)
Test for subgroup differences: Chi*= 0.77.df=1 (P=0.38). F=0%

Favours [experimental] Favours [control]

Page 9 of 18

Fig. 6 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of ALB level, as stratified by different liver
diseases. A and C The MSC therapy was related to an increased level of ALB at 4 and 24 weeks in both the ACLF subgroup and the cirrhosis
subgroup. B and D No benefits of MSC therapy were observed at all other time points
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TB baseline
A Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl _Year IV, Random, 95% Cl
Liang P 2011 198.4 105 53 1948 675 105 6.3%  3.50[-27.58,34.58] 2011 i
Zhang Z 2012 41.7 213 30 467 273 15 126% -500[-20.78,10.78] 2012 i
Mohamadnejad M 2013 56.4 103 14 599 103 11 16.9% -3.50 [-11.63, 4.63] 2013 i i
Hul2014 55.7 487 20 49.2 4441 19 6.9% 6502263, 3563 2014
Salama H 2014 322 18 20 428 161 20 155% -10.70[-21.28,-012) 2014 ==
Suk KT 2016 291 188 18 479 41 18 10.0% -18.80[-39.64,2.04) 2016 ===
LiYH 2016 297.8 422 11 3366 714 34 54% -38.80[-73.41,-419] 2016 T e—
LinBL 2017 4952 1644 56 4573 1146 54  28% 37.90[-14.90,90.70) 2017 ]
Huw(2019 455.78 117.61 30 4684 1394 30 1.9% -1262(-77.88,52.64] 2019
Shi M 2021 76 1279 108 332 298 111 8.4% 4280([18.05 6755 2021 Shwes
Schacher FC 2021 124 1.5 4 108 1086 5 133% 150[-1311,16.11] 2021 —
Total (95% ClI) 364 422 100.0%  -1.61[-11.14,7.92] ?
Heterogeneity: Tau®= 122.93; Chi*= 24,85, df= 10 (P = 0.006); F= 60% B} P 5 A T
Testfor overall effect: Z= 0.33 (P = 0.74) Favours [experimental] Favours [control]
TB 2 week
B Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% CI
Liang P 2011 1429 1154 53 1555 852 105 131% -12.60[-47.68,22.48) 2011 I
SalamaH 2014 328 209 20 491 257 20 76.7% -16.30[-30.82,-1.78] 2014 =
LiYH 2016 2205 57 11 247.8 641 34 101% -27.30[67.29,12.69] 2016 —
Total (95% CI) 84 159 100.0% -16.93 [-29.64, -4.21] <>
Heterogeneity: Chi*= 0.32, df= 2 (P = 0.85); F= 0% p f f f
e > -100 -50 0 50 100
Testfor overall effect: Z=2.61 (P = 0.009) Favours [experimental] Favours [control]
TB 4 week
C Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD_Total Weight IV. Random, 95% CI _Year IV, Random, 95% CI
Liang P 2011 1049 1418 53 126 1363 105 21.9% -21.10[-67.33,25.13] 2011
Salama H 2014 323 233 20 56.4 36.6 20 27.0% -24.10[-43.11,-5.09] 2014
LiYH 2016 1729 86.6 11 2469 81.4 34 19.3% -74.00[-132.03,-15.97] 2016
LinBL 2017 151.2 1587 56 841 1385 54 19.8% 67.10(11.49,122.71] 2017
HKuWwx 2019 460.31 164.23 30 368.61 22204 30 12.0% 91.70[-7.13,190.53] 2019
Total (95% CI) 170 243 100.0% -1.10 [-46.16, 43.96]
Heterogeneity: Tau?= 1861.86; Chi*=17.71, df= 4 (P = 0.001); F= 77% t t T i t
i _ -500 -250 1} 250 500
Testfor overall effect. Z= 0.05 (P = 0.96) Favours [experimental] Favours [control]
TB 12 week
D Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD _Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
Liang P 2011 271 6.4 6 425 2112 15 28.6% -15.40[-27.29,-3.51] 2011 ——
Zhang Z 2012 296 133 30 366 207 15 29.2% -7.00[-18.51,4.51] 2012 —&r
Salama H 2014 311 222 20 687 563 20 11.7% -37.60[-64.12,-11.08] 2014 — =
HKuwx 2019 2403 2565 30 236 1197 30 11% 4.30[-96.99,105.59] 2019
ShiM 2021 309 372 108 309 481 111 295% 0.00 [111.37,11.37) 2021 .
Total (95% CI) 194 191 100.0% -10.79 [-21.34,-0.25] <&
Heterogeneity: Tau®= 64.57; Chi*= 8.17, df= 4 (P = 0.09); F=51% t + t t
I - -100 -50 0 50 100
Testfor overall effect. Z= 2.01 (P = 0.04) Favours [experimental] Favours [control]
TB 24 week
E Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
Liang P 2011 222 46 6 257 105 15 22.8% -3.50[-9.96, 2.96) 2011 =
Zhang Z 2012 271 114 30 313 147 15 21.5% -4.20(-12.63,4.23] 2012 T
Salama H 2014 352 216 20 725 424 20 126% -37.30[-58.15,-16.45] 2014
Suk KT 2016 274 171 18 325 1741 18 19.5% -510[16.27,6.07]) 2016 o
LinBL 2017 3138 2338 56 1986 2234 54 1.4% 11520(29.76,200.64] 2017 .
ShiM 2021 343 333 108 255 216 111 222% 8.80([1.34,16.26] 2021 —
Total (95% CI) 238 233 100.0%  -3.80[-14.38,6.78] ?
Heterogeneity: Tau®= 116.96; Chi*= 26.98, df= 5 (P < 0.0001); F=81% s g 0 3 s

Testfor overall effect: Z=0.70 (P = 0.48)

Favours [experimental] Favours [control]

Fig. 7 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of total bilirubin (TB) level. AThe TB
level before treatment was not significantly different between the two groups. B and D The TB level decreased significantly at 2 and 12 weeks
following MSC therapy. C and E No significant changes were observed following the two treatments at 4 and 24 weeks
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2 weeks (MD -16.93, 95%CI -29.64- -4.21, p=0.009) and
at 12 weeks (MD -10.79, 95%CI -21.34- -0.25, p=0.04)
after MSC therapy. No significant changes were found
after two treatments at 4 weeks and at 24 weeks. Fur-
ther subgroup analysis showed that MSC therapy led
to a reduction in TB level at 12 weeks in patients with
ACLF (MD -15.13, 95% CI -26.94- -3.33, P=0.01), and
at 4 weeks in patients with cirrhosis (MD -24.10, 95% CI
-43.11- -5.09, P=0.01) (Fig. 8).

Coagulation function

Four studies and six studies reported changes in pro-
thrombin time (PT) and international normalized ratio
(INR) at different time points, respectively (Figs. 9 and
10). Baseline PT level was not different between the two
groups (MD -2.17, 95% CI -2.17-0.64, P=0.29). Com-
pared with control groups, MSC treatment decreased
participants’ PT level significantly at 4 weeks (MD
-2.69, 95% CI -4.19-1.19, P=0.0004). However, PT level
increased at 12 weeks after MSCs treatment (MD 6.40,
95% CI 3.21-9.58, P<0.0001) and did not differ between
the groups at 24 weeks (MD 2.51, 95% CI -14.50-19.52,
P=0.77). For INR level, no significant changes were
found before and after both treatments at other time
points. Due to limited included studies, subgroup analy-
sis was not performed.

Transaminase level (ALT and AST)

An analysis of ALT and AST levels was reported by eight
and five studies, respectively (Figs. 11 and 12). There
was no significant difference in baseline transaminase
level between groups. Through MSC treatment, the ALT
level at 2 weeks (MD — 12.53, 95% CI — 20.56 to — 4.5,
P=0.002) decreased significantly compared to control
group. However, ALT level after MSC treatment at 4, 12,
and 24 weeks did not show significant changes. As for
AST level, MSC therapy significantly decreased the AST
level at 4 weeks (MD — 10.77, 95% CI — 20.50 to — 1.04,
P=0.03) and 12 weeks (MD -25.48, 95%CI -48.92- -2.04,
p=0.03).

Adverse events and complications

No significant adverse events or complications related to
MSC therapy were reported by seven studies. Six studies
reported major complications, including encephalopathy,
gastrointestinal hemorrhage, rash, and infection. Analy-
sis showed that encephalopathy was significantly reduced
after MSC therapy (OR 0.41, 95% CI 0.18-0.91 P=0.03),
while the clinical symptoms of gastrointestinal hemor-
rhage, rash, and infection did not differ between MSC
therapy and control groups. There was no statistically
significant difference in long-term risk of development
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of hepatocellular carcinoma between the two groups (OR
0.58, 95% CI10.29-1.15 P=0.12) (Table 2).

Discussion

In recent years, studies have demonstrated that MSC
therapy is a safe and effective treatment for chronic liver
diseases [25, 26]. This systematic review and meta-analy-
sis aimed to evaluate the safety and efficacy of MSC treat-
ment for decompensated liver cirrhosis and ACLF. Our
results showed that MSC therapy might improve liver
function, assessed by MELD score, TB, and ALB levels.
Additionally, MSC treatment appeared to improve sur-
vival in patients. No significant difference in transami-
nase levels or coagulation function was observed
between MSC and conventional treatment.

In the present study, the first controversial issue is the
effect of MSC treatment on TB and transaminase [27].
Though MSC treatment could improve liver function
compared with the baseline, pooled results suggested
that MSC treatment could not markedly improve TB and
transaminase at all time points. In 2021, Schacher et al.
[18] pointed out that end-stage liver disease that results
in persistent liver injury may be the reason for the dis-
crepancy. The different liver diseases and the limited
sample sizes may explain why statistically significant dif-
ferences in ALT levels were not detected between the
groups, which was consistent with studies conducted in
2017 and 2021 [15, 16, 18].

Another important point relates to the impact of MSC
treatment on the survival of patients. For patients with
ACLE it is important to determine whether patients
can survive for the first 3 months, since the mortality of
whom can be as high as 65%. In our analysis, all included
patients were diagnosed as ACLF before treatment and
they had a higher chance of survival at 4, 8 and 12 weeks
after treatment with MSC. Besides, there was also a trend
toward higher survival rates at 24 weeks treated with
MSC. The results showed that MSC treatment could help
ACLF patients survive for the first 3 months and even
longer. It is noteworthy that long-term survival (beyond
48 weeks) was infrequently reported by the included
studies. Recently in 2021, Shi et al. [20] reported a sur-
vival benefit in decompensated liver cirrhosis patients
with MSC treatment over a 75-month follow-up, indi-
cating that MSC therapy could improve the long-term
outcomes in liver cirrhosis. Future long-term studies are
required to confirm the survival benefits of MSC treat-
ment in end-stage liver disease.

To further explore whether liver disease background
influences the efficacy of MSC therapy, subgroup analysis
stratified by decompensated liver cirrhosis and ACLF was
performed. Owing to the small number of eligible stud-
ies, subgroup analysis was limited to TB, ALB, MELD
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A TB 4 week
Experimental Control Mean Difference Mean Difference

Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI _Year IV, Random, 95% ClI
11.1.1 ACLF

Liang P 2011 1049 1418 53 126 136.3 105 21.9% -21.10[-67.33,25.13] 2011 1

LiYH 2016 1729 86.6 11 2469 81.4 34 19.3% -74.00[-132.03,-15.97) 2016 e
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Heterogeneity: Tau®= 4030.76; Chi*= 1595, df=3 (P=0.001), F=81%
Test for overall effect: Z=0.29 (P=0.77)
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SalamaH 2014 323 233 20 564 366 20 27.0%  -24.10[-43.11,-5.09] 2014 E-d
Subtotal (95% Cl) 20 20 27.0% -24.10[-43.11,-5.09] <
Heterogeneity: Not applicable

Test for overall effect: Z= 2.48 (P = 0.01)

Total (95% CI) 170 243 100.0%  -1.10[-46.16, 43.96] >
Heterogeneity: Tau? = 1861.86; Chi*= 17.71, df= 4 (P = 0.001); F= 77% TR T S v
Testfor overall effect: Z= 0.05 (P = 0.96) .
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Test for subgroup differences: Chi*= 0.87. df=1 (P = 0.35). IF= 0% avours {experimental] |Favours [control)

B TB 12 week
Experimental Control Mean Difference Mean Difference

Study or Subgrou Mean SD_Total Mean SD _Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
11.2.1 ACLF
Liang P 2011 271 6.4 6 425 212 15 286% -1540[-27.29,-3.51] 2011 —a—
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Subtotal (95% CI) 36 45 29.6% -15.13[-26.94,-3.33] <
Heterogeneity: Tau*= 0.00; Chi*=0.14, df=1 (P=0.70); F= 0%
Testfor overall effect: Z= 2.51 (P = 0.01)
11.2.2 Decompensated liver cirrhosis
Zhang 22012 296 133 30 366 207 15 29.2% -7.00[-18.51,4.51] 2012 -
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Fig. 8 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of total bilirubin (TB) level, as stratified
by different liver diseases. A The MSC therapy led to a reduction in TB level at 4 weeks among the patients with cirrhosis and B at 12 weeks
among the patients with ACLF. C No benefit of MSC therapy in terms of TB level was observed at 24 weeks
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Fig. 9 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of prothrombin activity (PT). A There

was no difference in baseline PT level between the two groups. B Comp.

ared with the control groups, the MSC treatment significantly decreased

the participants'PT level at 4 weeks. C The PT level increased at 12 weeks following MSC treatment and D did not differ between the groups

at 24 weeks

score, and survival rate. It turns out that patients with
ACLF might benefit more from MSC therapy at most
time points. The results were in line with several studies
and highlighted the regenerative role of MSCs in ACLF
in 2021[14, 19, 28]. Previously, liver transplantation was
regarded as the only therapeutic alternative in end-stage
liver disease, especially ACLF [29]. The present study
showed that MSC therapy may provide another potential
choice in the treatment of ACLFE.

Apart from the efficacy of MSC therapy in end-stage
liver disease, different routes of MSC transfusion, which

can either be through the peripheral vein or through the
hepatic artery, are another concern in clinical practice.
Theoretically, hepatic arterial injection is more effective
than the peripheral vein route due to less loss of MSCs
and the higher homing ability. However, the disadvan-
tages of the invasive procedure and the higher risk of
bleeding through hepatic arterial injection have been
reported in many studies. Meanwhile, peripheral intrave-
nous infusion is considered an ideal route as it is conveni-
ent to perform and the MSCs migrate well into the liver
parenchyma and differentiate into hepatocytes in vivo.
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Fig. 10 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of international normalized ratio (INR).
No significant changes were observed before and after both treatments at all time points. A There was no difference in baseline INR level
between the two groups. B, C, D and E The INR level did not differ between the groups at 2, 4, 12 and 24 weeks

effectiveness and the convenience of the two different
transfusion routes.

In our analysis, no significant difference was observed
between the two routes (Additional file 1: Table S1-S3).
More clinical studies are required to determine both the
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Fig. 11 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of alanine aminotransferase (ALT) level. A
There was no significant difference in baseline ALT level between the two groups. B Following MSC treatment, the ALT level at 2 weeks decreased
significantly compared with the control group (B). C, D and E Following MSC treatment, there were no significant changes in ALT level at 4, 12

and 24 weeks
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Fig. 12 Meta-analysis of the comparison between MSC therapy and conventional treatment in terms of aspartate aminotransferase (AST) level. A
There was no significant difference in baseline AST level between the two groups. B and C Following MSC therapy, the AST level was significantly

decreased at 4 and 12 weeks

Table 2 Meta-analysis of major complications after therapy

Major complications Number of studies Heterogeneity (1) (%) Odds ratio (OR) 95%Cl Pvalue
Encephalopathy 3 041 0.18-0.91 0.03
Gastrointestinal hemorrhage 5 0.70 0.26-1.88 048
Rash 2 13 0.34-5.01 0.69
Infection 2 64 0.79 0.16-3.99 0.78
HCC development 3 0 0.58 0.29-1.15 0.12

In addition, we also compared different cell types of
MSCs on efficacy for end-stage liver disease. The results
showed that BM-MSCs and UC-MSCs had little differ-
ence on improvement of liver function. However, previ-
ous studies suggested that UC-MSCs had better efficacy,
since UC-MSCs showed low alloreactivity and young cel-
lular age. Therefore, comparison of therapeutic effects
between BM-MSCs and UC-MSCs calls for more clini-
cal trials. It is noted that MSCs were originally named to
represent a class of cells from human bone marrow and

periosteum that could maintain their in vitro capacity to
be induced to hepatocytes and tissues. Several reports in
the early 2000s have described MSC-into-Hep matura-
tion, which impelled clinical studies to confirm the ben-
eficial effects of MSCs. However, recently, Dr. Caplan
recommended to change the name of MSCs to Medici-
nal Signaling Cells since the assumption that MSCs dif-
ferentiate into mature and functional hepatocytes has
never been totally described or approved [30]. Instead,
the paracrine action of the multipotent cells rather than
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differentiation capacity is believed to lead to regeneration
induction. The controversy motivates more experimental
and clinical studies to explore the differentiation capacity
of these cells in end-stage liver disease.

Our meta-analysis has some limitations. First, only 13
reports were included in our study. Second, subgroup
analysis of coagulation function and transaminase levels
was missing owing to limited included studies. Also, sub-
group analysis stratified by different cell types, times of
treatment, and administration routes was not conducted,
which may cause selection bias. Moreover, the sample
size of most included studies was relatively small and
long-term follow-up was lacking. Future multi-center
large-scale studies are required to further evaluate the
efficacy of MSC treatment. Finally, most of the included
studies were performed by countries in Asia. This mainly
contributes to high incidence of viral hepatitis and
liver cirrhosis in Asian countries. This factor is perhaps
another potential source of bias.

Conclusions

Despite the limitations noted above, our results incor-
porated the data from 854 patients to evaluate the
safety and efficacy of MSC therapy in the treatment of
end-stage liver disease. The results indicated that MSC
therapy improved the liver function at most time points,
including in terms of MELD score, TB level, and ALB
level, compared with conventional treatment. Further-
more, the MSC treatment increased the overall survival
rate among the patients. The further subgroup analysis
stratified according to liver background revealed that
patients with ACLF benefit more from MSC therapy at
most time points, with improved liver function. However,
there remain concerns regarding MSC source, adminis-
tration route, and long-term outcomes. Therefore, future
multi-center large-scale studies are required to confirm
the efficacy and safety of MSC treatment in decompen-
sated liver cirrhosis and ACLF.
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