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Abstract

Background: Stem cell therapy is becoming an emerging therapeutic option for chronic liver disease (CLD).
However, whether stem cell therapy is more effective than conventional treatment remains questionable. We
performed a large-scale meta-analysis of randomized controlled trials (RCTs) to evaluate the therapeutic effects and
safety of stem cell therapy for CLD.

Methods: We systematically searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (CENT
RAL), and ClinicalTrials.gov databases for the period from inception through March 16, 2020. Primary outcomes
were all-cause mortality and adverse events related to stem cell therapy. Secondary outcomes included the model
for end-stage liver disease score, total bilirubin, albumin, alanine aminotransferase, prothrombin activity, and
international normalized ratio. The standardized mean difference (SMD) and odds ratio (OR) with 95% confidence
interval (CI) were calculated using a random-effects model.

Results: Twenty-four RCTs were included and the majority of these studies showed a high risk of bias. The meta-
analysis indicated that compared with conventional treatment, stem cell therapy was associated with improved
survival and liver function including the model of end-stage liver disease score, total bilirubin, and albumin levels.
However, it had no obvious beneficial effects on alanine aminotransferase level, prothrombin activity, and
international normalized ratio. Subgroup analyses showed stem cell therapy conferred a short-term survival benefit
for patients with acute-on-chronic liver failure (ACLF), a single injection was more effective than multiple injections,
hepatic arterial infusion was more effective than intravenous infusion, and bone marrow-derived stem cells were
more effective than those derived from the umbilical cord. Thirteen trials reported adverse events related to stem
cell therapy, but no serious adverse events were reported.
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Conclusions: Stem cell therapy is a safe and effective therapeutic option for CLD, while patients with ACLF benefit
the most in terms of improved short-term survival. A single injection administration of bone marrow-derived stem
cells via the hepatic artery has superior therapeutic effects.

Keywords: Stem cell therapy, Liver disease, Cell transplantation, Acute-on-chronic liver failure

Background
Chronic liver disease (CLD), mainly those arising from
hepatitis viral infection, toxic injury, alcohol abuse,
metabolic disorders, or genetic defect, is an important
global health concern. In China alone, it was estimated
that more than 400 million people suffered CLD, pri-
marily viral hepatitis, metabolic associated fatty liver dis-
ease, and alcoholic liver disease [1]. Given the natural
history of CLD, these patients are at high risk of pro-
gressing to advanced fibrosis, cirrhosis, and cirrhosis-
related complications including acute-on-chronic liver
failure (ACLF) and hepatocellular carcinoma. Cirrhosis
and liver cancer ranked the 11st and 16th among the
leading causes of death worldwide in 2016, respectively,
representing a death toll of more than 2 million [2]. Cur-
rently, liver transplantation (LT) is the ultimate curative
treatment for end-stage liver disease. However, limited
organ availability, high costs, transplant-associated com-
plications, and lifelong immunological side effects pre-
clude many patients from benefiting from LT [3, 4].
Therefore, people have been seeking alternative thera-
peutic strategies to LT.
Stem cell therapy is becoming an emerging therapeutic

option for CLD with great potential, because it is a less
invasive curative with potentially equal effect compared
to LT [5, 6]. Although a growing number of clinical re-
searches, ranging from early proof-of-concept studies to
randomized controlled trials (RCTs), have been carried
out to explore the safety and efficacy of stem cell therapy
in a range of different settings of liver diseases, whether
stem cell therapy is associated with better therapeutic ef-
fects than conventional treatment remains unknown and
its safety profile as well [7, 8]. More importantly, regard-
ing cell source (autologous or allogeneic; bone marrow
or umbilical cord blood), administration dose, infusion
route (intrahepatic, intrasplenic, or intravenous), and de-
livery frequency (singular or multiple), no standardized
protocols have been published to date, although these
factors are undoubtedly the leading ones among those
influencing the therapeutic effects of stem cell therapy,
and they can even cause a series of side effects [7, 9, 10].
Previous systematic reviews pooled analysis of both

RCTs and non-RCTs [11–13], but studies of different
designs should not be analyzed in unification. Further-
more, none of them has included all relevant random-
ized trials, while RCTs are assessed as the best

corroboration of the efficacy of new treatments in
evidence-based medicine. Thus, previously published
systematic reviews only have limited power to determine
whether patients with CLD can benefit from stem cell
therapy. Therefore, we conducted a systematic review
and meta-analysis of all currently available RCTs to pro-
vide a more comprehensive and quantitative understand-
ing of the therapeutic effects and safety of stem cell
therapy for treating CLD.

Methods
This systematic review and meta-analysis has been regis-
tered in PROSPERO (CRD42020175317). We followed
the recommendations from the Cochrane Collaboration
for systematic review and meta-analysis of RCTs and re-
ported following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses statement [14].

Search strategy
We searched RCTs involving CLD patients treated with
implantation of all kinds of stem cells from electronic
medical databases including MEDLINE (PubMed), Ovid
EMBASE, the Cochrane Central Register of Controlled
Trials (CENTRAL), and ClinicalTrials.gov from initial
period to March 16, 2020. Key searching terms were
“liver disease,” “stem cells,” “stem cell transplantation,”
and “randomized controlled trial.” MeSH terms and
free-text terms, as well as variation of root words, were
combined within each database. No language restrictions
were applied during the searches. The reference list of
the eligible articles and relevant review articles were also
checked to identify additional studies. The detailed
search strategies are outlined in Additional file 1: Table
S1.

Study selection
Two reviewers (G-PZ, Y-ZJ) independently screened the
titles and abstracts of retrieved publications. We re-
trieved the full-text articles of the studies that were
deemed potentially eligible for a review as a whole. Any
disagreements were resolved through discussion with a
third reviewer (L-YS). The inclusion criteria were (1)
RCTs, (2) patients diagnosed with CLD, (3) patients in
the experimental group received stem cell therapy and
patients in the control group were treated with conven-
tional treatment, and (4) availability of clinical outcomes.
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Primary outcomes were all-cause mortality and adverse
events related to stem cell therapy. Secondary outcomes
included the model for end-stage liver disease (MELD)
score, liver function parameters (total bilirubin (TBIL),
albumin (ALB), and alanine aminotransferase (ALT)),
and coagulation function (prothrombin activity (PTA)
and international normalized ratio (INR)). Studies were
excluded if (1) they were animal-based, review articles,
or case reports or (2) their full-text or adequate informa-
tion was not available. When duplicate reports from the
same study were identified, only the one with more in-
formation was included.

Data extraction
Two authors (G-PZ, Y-ZJ) extracted data from included
studies independently, and disagreements were resolved
through a discussion with a third reviewer (L-YS). The
following information was extracted from the included
studies using a predefined data form: study characteris-
tics (first author, year of publication, country, study de-
sign, enrollment period, number of participants in the
experimental and control groups, and follow-up dur-
ation), patient characteristics (age, sex, and liver disease
type), stem cells (number, type, delivery route, and fre-
quency of administration), and outcome measures.

Quality assessment
The risk of bias for each included study was independ-
ently assessed by two authors (G-PZ, Y-ZJ) using the
Cochrane Collaboration’s Risk of Bias tool [15]. The
evaluation domains included selection bias (allocation
sequence generation, allocation concealment), perform-
ance bias (blinding of participants and personnel), detec-
tion bias (blinding of outcome assessment), attrition bias
(incomplete outcome data), reporting bias (selective out-
come reporting), and other bias. For each domain, stud-
ies were judged as low, high, or unclear risk of bias
according to the Cochrane Handbook.

Statistical analysis
By using a random-effects model, continuous and di-
chotomous outcome variables were calculated as stan-
dardized mean difference (SMD) and odds ratio (OR)
with 95% confidence interval (CI), respectively. Hetero-
geneity between studies was assessed using Cochran’s Q
test and I2 statistic. In case of substantial heterogeneity
(I2 > 50%), a sensitivity analysis with omission of one
study at a time was conducted. To explore the potential
influence factors of stem cell therapy for treating CLD,
pre-planned subgroup analyses based on liver disease
type (ACLF and CLD without ACLF), cell type [bone
marrow-derived mesenchymal stem cells (BM-MSCs),
bone marrow-derived mononuclear stem cells (BM-
MNCs), or umbilical cord-derived mesenchymal stem

cells (UC-MSCs)], delivery route (peripheral intravenous
infusion and hepatic arterial infusion), and frequency of
administration (single injection and multiple injections)
were performed. Where sufficient studies were available
(the number of included studies ≥ 10), publication bias
was evaluated based on the funnel plot, Egger’s test for
continuous endpoints and Harbord’s test for dichotom-
ous endpoints [16, 17]. If the funnel plot was asymmet-
rical, contour-enhanced funnel plots combined with trim
and fill analysis was conducted to explore the source of
publication bias [18, 19]. A P value of less than 0.05 was
considered statistically significant. All statistical analyses
were performed using the Review Manager software
(version 5.3) and STATA 14 software (Stata Corp).

Results
Study selection
We identified a total of 2862 potentially eligible articles
by searching the four databases and the reference lists of
retrieved articles and relevant reviews, of which 431
were excluded due to duplication. After the title and ab-
stract review, 2338 articles were further excluded, with
93 potentially relevant articles left. After a detailed as-
sessment of the full texts, 69 papers were further ex-
cluded. Finally, 24 studies [20–43] were included in the
present meta-analysis. The flow diagram of the selection
of studies is listed in Fig. 1.

Study characteristics
The characteristics of the 24 included studies are pre-
sented in Table 1. These studies were published between
2010 and 2019 from Brazil (n = 1), China (n = 13), Egypt
(n = 4), Iran (n = 3), South Korea (n = 1), Switzerland
(n = 1), and the UK (n = 1). A total of 1359 patients were
included, with 746 patients receiving stem cell therapy
and 613 patients undergoing conventional treatment.
The studies included patients with liver fibrosis (n = 1),
liver cirrhosis (n = 17), and liver failure (n = 6). Stem cells
were derived from the bone marrow (BM-MSCs; n = 8
and BM-MNCs; n = 6), umbilical cord (UC-MSCs; n =
8), and peripheral blood (PBSCs; n = 2), 15 of which in-
volve autologous transplants while the remaining ones
involve allogeneic transplants. Stem cells were delivered
into the liver through the peripheral vein (n = 12), hep-
atic artery (n = 7), portal vein (n = 2), or multiple routes
(n = 3). A single cell injection was adopted in 11 studies,
multiple cell injections in 11 studies, and both (single
and multiple injections) in 2 studies.

Risk of bias of the included studies
The majority of the included studies showed a high risk
of bias, which mainly resulted from the lack of allocation
concealment, absent blinding, and incomplete outcome
data. Three studies [25, 39, 40] were considered to have
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an unclear risk of other bias because it is unclear
whether there is free of for-profit bias. Further details
are presented in Fig. 2.

Therapeutic safety and efficacy assessments
All-cause mortality
Seventeen studies (3452 participants) were included in
the analysis of all-cause mortality (Fig. 3). Compared
with conventional treatment, stem cell therapy was asso-
ciated with significantly lower all-cause mortality, as in-
dicated by decreased all-cause mortality at week 4
(OR = 0.24, 95% CI 0.11 to 0.51; P = 0.0002), week 12
(OR = 0.49, 95% CI 0.29 to 0.80; P = 0.005), and week 48
(OR = 0.56, 95% CI 0.37 to 0.87; P = 0.01).
We found substantial heterogeneity at week 24 only

(I2 = 55%). By excluding one study [21], sensitivity ana-
lyses showed the heterogeneity among the remaining
studies was eliminated (Additional file 2: Table S2). Pub-
lication bias was evaluated at weeks 4, 12, and 48, and
the funnel plot and Harbord’s test indicated evident
publication bias at week 48 (Additional file 3: Fig. S1).
Symmetrical contour-enhanced funnel plot combined

with trim and fill analysis suggested the asymmetry in
the funnel plot was partly attributed to publication bias
(Additional file 4: Fig. S2).

MELD score
Fifteen studies (3098 participants) were included in the
analysis of MELD scores (Fig. 4). Before treatment, no
significant difference was observed between the experi-
mental and control groups (SMD = − 0.14, 95% CI − 0.28
to 0.00; P = 0.06). After treatment, stem cell therapy was
associated with significantly lower MELD scores at week
2 (SMD = − 0.79, 95% CI − 1.44 to − 0.15; P = 0.02), week
8 (SMD = − 0.58, 95% CI − 0.84 to − 0.32; P < 0.0001),
week 12 (SMD = − 0.37, 95% CI − 0.62 to − 0.12; P =
0.003), and week 24 (SMD=− 0.57, 95% CI − 0.92 to − 0.23;
P= 0.001).
We found substantial heterogeneity at most of the

time points (I2 = 57–86%). By excluding the results of Xu
et al. [31] at week 4, Zekri et al. [34] at week 12, and
Mohamadnejad et al. [27] at week 48, sensitivity analyses
showed lowered heterogeneity among the remaining
studies at each time point (Additional file 2: Table S2).

Fig. 1 Flow diagram of the selection of studies
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Publication bias was evaluated at weeks 12 and 24, and
the funnel plot and Egger’s test indicated no evident
publication bias (Additional file 3 Fig. S1).

TBIL level
Nineteen studies (4708 participants) were included in
the analysis of the TBIL level (Fig. 5). Before treatment,
no significant difference was observed between the
experimental and control groups (SMD = − 0.04, 95% CI
− 0.17 to 0.09; P = 0.53). After treatment, stem cell therapy
was associated with significantly lower TBIL levels at week
4 (SMD = − 0.31, 95% CI − 0.58 to − 0.05; P = 0.02),
week 12 (SMD = − 0.43, 95% CI − 0.70 to − 0.17; P =
0.001), week 24 (SMD= − 0.40, 95% CI − 0.75 to − 0.05;
P = 0.02), and week 48 (SMD = − 0.29, 95% CI − 0.51
to − 0.06; P = 0.01).
We found substantial heterogeneity at most of the

time points (I2 = 62–88%). By excluding the results of
Zhang et al. [25] at weeks 4, 8, and 12, Lin et al. [38] at
weeks 12 and 24, and Shi et al. [24] at week 36, sensitiv-
ity analyses showed lowered heterogeneity among the
remaining studies at each time point (Additional file 2:
Table S2). Publication bias was evaluated at weeks 4, 12,

and 24, and the funnel plot and Egger’s test indicated
evident publication bias in the TBIL level at week 12
(Additional file 1: Fig. S1). Symmetrical contour-
enhanced funnel plot combined with trim and fill ana-
lysis suggested the asymmetry in the funnel plot was not
caused by publication bias (Additional file 1: Fig. S2).

ALB level
Seventeen studies (4173 participants) were included in
the analysis of the ALB level (Fig. 6). Before treatment,
no significant difference was observed between the
experimental and control groups (SMD = − 0.02, 95% CI
− 0.27 to 0.23; P = 0.88). After treatment, stem cell therapy
was associated with significantly increased ALB levels at
week 2 (SMD= 0.69, 95% CI 0.03 to 1.35; P = 0.04), week
4 (SMD= 0.40, 95% CI 0.13 to 0.66; P = 0.003), week 8
(SMD= 0.61, 95% CI 0.11 to 1.12; P = 0.02), week 24
(SMD= 0.62, 95% CI 0.03 to 1.21; P = 0.04), week 36
(SMD= 1.42, 95% CI 0.56 to 2.28; P = 0.001), and week 48
(SMD= 0.95, 95% CI 0.07 to 1.83; P = 0.03).
We found substantial heterogeneity at all time points

(I2 = 59–92%). By excluding the results of Zekri et al.
[34] at week 2, Salama et al. [30] at week 4, and

Fig. 2 a Risk of bias summary: review of authors’ judgments about each risk of bias item for each included study. b Risk of bias graph: overview
of authors’ judgments about each risk of bias item presented as percentages across all included studies
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Fig. 3 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on all-cause mortality
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Fig. 4 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on the model of end-stage liver disease
(MELD) score
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Fig. 5 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on total bilirubin (TBIL) level
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Fig. 6 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on albumin (ALB) level
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Mohamadnejad et al. [27] at week 48, sensitivity analyses
showed lowered heterogeneity among the remaining
studies at each time point (Additional file 2: Table S2).
Publication bias was evaluated at weeks 4, 12, and 24,
and the funnel plot and Egger’s test indicated no evident
publication bias (Additional file 3 Fig. S1).

ALT level
Sixteen studies (3670 participants) were included in the
analysis of the ALT level (Fig. 7). Before treatment, no sig-
nificant difference was observed between the experimental
and control groups (SMD= − 0.08, 95% CI − 0.21 to 0.06;
P = 0.26). After treatment, stem cell therapy was associ-
ated with significantly lower ALT levels only at week 12
(SMD= − 0.54, 95% CI − 0.91 to − 0.17; P = 0.004).
We found substantial heterogeneity at most of the

time points (I2 = 54–90%). By excluding the results of
Lin et al. [23] at week 2, Salama et al. [21] at week 4, Xu
et al. [43] at week 8, and Shi et al. [24] at week 48, sensi-
tivity analyses showed lowered heterogeneity among the
remaining studies (Additional file 2: Table S2). Publica-
tion bias was evaluated at weeks 4, 12, and 24, and the
funnel plot and Egger’s test indicated no evident publica-
tion bias (Additional file 3 Fig. S1).

Coagulation function (PTA and INR)
Ten studies with 2853 participants and 9 studies with
2151 participants were included in the analysis of the
PTA level (Fig. 8) and INR level (Fig. 9), respectively. Be-
fore treatment, no significant difference in PTA level
and INR level was observed between the experimental
and control groups [(SMD = 0.04, 95% CI − 0.17 to 0.24;
P = 0.71), (SMD = 0.13, 95% CI − 0.53 to 0.27; P = 0.53)].
After treatment, stem cell therapy was associated with
significantly increased PTA level at week 24 (SMD =
0.51, 95% CI 0.09 to 0.94; P = 0.02) and lowered INR
level at week 8 (SMD = − 0.53, 95% CI − 0.87 to − 0.19;
P = 0.002).
We found substantial heterogeneity at most of the

time points (I2 = 67–93%). By excluding the results of
Salama et al. [21] at week 8 (PTA), Salama et al. [21] at
week 4 (INR), and Zekri et al. [34] at week 48 (INR),
sensitivity analyses showed lowered heterogeneity among
the remaining studies (Additional file 2: Table S2). Due
to the insufficient number of included studies, publica-
tion bias was not evaluated.

Subgroup analysis
We conducted subgroup analyses to explore whether the
effects of stem cell therapy on mortality, MELD score,
and TBIL, ALB, ALT, and PTA levels at weeks 4, 12,
and 24 were influenced by different disease populations,
cell type, delivery route, and administration frequency
(Fig. 10).

Liver disease type (ACLF versus CLD without ACLF)
Compared with the conventional treatment group, stem
cell therapy was associated with lower all-cause mortality
in the ACLF subgroup, as indicated by decreased all-
cause mortality at week 4. Stem cell therapy was associ-
ated with more improved liver functions in the CLD
without ACLF subgroup, as indicated by decreased
MELD scores, decreased TBIL levels, and increased ALB
levels at weeks 4, 12, and 24. Stem cell therapy was asso-
ciated with more improved liver functions in the ACLF
subgroup, as indicated by decreased MELD score at
week 12, decreased ALT level at week 24, and increased
PTA level at week 24.

Cell type (BM-MSCs, UC-MSCs versus BM-MNCs)
Compared with the conventional treatment group, stem
cell therapy was associated with lower all-cause mortality
in the BM-MSC and US-MCS subgroups, as indicated
by decreased all-cause mortality at week 4. Stem cell
therapy was associated with more improved liver func-
tions in the BM-MSC subgroup, as indicated by de-
creased MELD score at week 24, decreased TBIL level at
week 4, decreased ALT levels at week 12, and increased
PTA levels at weeks 4 and 12. Stem cell therapy was as-
sociated with more improved liver functions in the BM-
MNC subgroup, as indicated by decreased MELD score
at week 24, decreased TBIL level at weeks 12 and 24, in-
creased ALB levels at weeks 12 and 24, decreased ALT
levels at week 4, and increased PTA levels at weeks 12
and 24. Stem cell therapy was associated with more im-
proved liver functions in the UC-MSC subgroup, as indi-
cated by decreased MELD score at week 12 and TBIL
level at week 12.

Delivery route (peripheral vein versus hepatic artery)
Compared with the conventional treatment group, stem
cell therapy was associated with lower all-cause mortality
in the peripheral vein administration subgroup, as indi-
cated by decreased all-cause mortality at weeks 4 and 12.
Stem cell therapy was associated with more improved
liver functions in the hepatic artery administration sub-
group, as indicated by decreased MELD scores and TBIL
levels at weeks 12 and 24; increased ALB levels at weeks
4, 12, and 24; and increased PTA levels at weeks 12 and
24. Stem cell therapy was associated with more im-
proved liver functions in the peripheral vein administra-
tion subgroup, as indicated by decreased ALT level at
week 24.

Frequency of administration (single injection versus
multiple injections)
Compared with the conventional treatment group, stem
cell therapy was associated with lower all-cause mortality
in the multiple injection subgroup, as indicated by
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Fig. 7 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on alanine aminotransferase (ALT) level
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decreased all-cause mortality at weeks 4 and 12. Stem
cell therapy was associated with more improved liver
functions in the single injection subgroup, as indicated

by decreased MELD scores and TBIL levels at weeks 12
and 24; increased ALB levels at weeks 4, 12, and 24; and
increased PTA levels at weeks 4, 12, and 24. Stem cell

Fig. 8 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on prothrombin activity (PTA) level
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therapy was associated with more improved liver func-
tions in the multiple injection subgroup, as indicated by
decreased MELD score at week 12 and decreased ALT
levels at weeks 12 and 24.

Adverse events associated with stem cell therapy
Five studies [27, 32, 35, 37, 39] reported that there were
no procedural complications after cell infusion, while
thirteen studies [20–22, 24–26, 28, 31, 33, 36, 38, 40, 43]

reported adverse events of stem cell therapy, including
fever, transient shivering, local pain, ecchymosis/
hematoma, rash, diarrhea, chest tightness, and constipation,
most of which resolved spontaneously (Additional file 5:
Table S3).

Discussion
In the present study, we produced a comprehensive
meta-analysis of 24 randomized clinical trials to evaluate

Fig. 9 Forest plot of the comparison of the effect of stem cell therapy versus conventional treatment on international normalized ratio (INR) level
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the therapeutic effects and safety of stem cell therapy in
the treatment of patients with CLD. To our knowledge,
it is the systematic review that includes the most RCTs
up to now. Our study suggests compared with conven-
tional treatment, stem cell therapy was associated with
more favorable therapeutic effects, including lowered
mortality and MELD scores, increased ALB levels, and
decreased TBIL levels, while improvement in ALT, PTA,
or INR was not evident. No serious adverse events re-
lated to the implantation of stem cells were reported.
Overall, available evidence indicates that stem cell
therapy is a safe and efficient treatment option for CLD.
Since safety is a major concern when initiating a new

therapeutic strategy, our analysis evaluated the safety of
stem cell therapy for treating CLD in terms of all-cause
mortality and procedural adverse events. We find stem
cell therapy significantly reduced all-cause mortality,
with no serious adverse effect or death directly related to
the implantation of stem cells themselves. Nevertheless,
some potential risk of stem cell therapy must be cau-
tiously considered, including immune reactivity, viral
transmission, and tumorigenic potential [7, 44, 45]. Fur-
ther high-quality clinical studies with larger sample size
and longer follow-up period are still warranted to inves-
tigate the safety of stem cell therapy.

Liver disease population, cell type, delivery route, and
injection frequency are highly variable among different
studies, which will influence therapeutic effects of stem
cell therapy [46]. Our subgroup analyses indicate that
patients with ACLF had a short-term survival benefit
from stem cell therapy, while other CLD patients had
improved liver function. ACLF is a serious life-
threatening disease and LT is the only effective treat-
ment. Against this background, stem cell therapy can be
a promising therapeutic option to temporarily support
recipient through the limited survival time or waiting
period until the spontaneous recovery of the native liver
or availability of a suitable donor organ.
Of different cell types, MSCs especially show promise

as an ideal cell resource for the treatment of liver disease
[6, 44]. However, no clinical trial has directly compared
different kinds of stem cells with regard to efficacy for
CLD. Our study shows stem cells derived from the bone
marrow (BM-MSCs and BM-MNCs) had superior thera-
peutic effects to UC-MSCs, which may be due to the dif-
ferent homing or migration ability of transplanted stem
cells derived from different tissues [47].
Multiple infusions were considered to be associated

with greater and sustained efficacy [34]. In contrast, one
recent study demonstrated two-time injections of stem

Fig. 10 Subgroup analyses by the liver disease type, cell type, delivery route, and frequency of administration. Red indicates a significant
improvement in the stem cell therapy group compared with the conventional treatment group; blue indicates no significant improvement. CLD
chronic liver disease, ACLF acute-on-chronic liver failure, BM-MSC bone marrow-derived mesenchymal stem cell, UC-MSC umbilical cord-derived
mesenchymal stem cell, BM-MNC bone marrow-derived mononuclear stem cell
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cells did not contribute to better therapeutic effects than
a single injection [36]. This meta-analysis shows multiple
injections only exerted greater beneficial effects on mor-
tality and ALT levels, while a single administration could
achieve more favorable effects, particularly on the MELD
scores and TBIL, ALB, and TPA levels. Nonetheless, it is
worth noting that the interval between the first and
second infusions will have an important influence on the
achievement of long-term therapeutic effects.
Across different trials, stem cells were delivered

into the liver through peripheral intravenous, intras-
plenic, hepatic arterial, or portal vein administra-
tions. Our study shows hepatic arterial infusion was
associated with better effects at more time points
than intravenous infusion. It may be due to the dif-
ferent migration or homing ability of infused stem
cells to the injured liver. Although peripheral intra-
venous infusion is an easy and convenient way with
less-traumatic effects [30], systemic administration
may cause the entrapment of a large number of cells
within the capillaries, especially in the lungs [47]. In
contrast, direct administration of cells into the liver
through hepatic arterial infusion can significantly re-
duce the loss of cells in the circulation, thereby in-
creasing the number of cells migrating to the injured
sites [48, 49]. However, notably, hepatic arterial infu-
sion is invasive and carries substantial risks including
portal hypertensive bleeding and thrombosis follow-
ing cell injection [50, 51].
Several limitations of the present meta-analysis are

worth noting. Firstly, the majority of the included studies
showed a high risk of bias. Secondly, the presence of
substantial heterogeneity in some pooled estimate out-
comes may hinder the establishment of robust conclu-
sions and recommendations. Subgroup and sensitivity
analyses did not provide a clear explanation, which sug-
gested the heterogeneity may be due to true differences
between studies. The degree of progression of liver dis-
ease (compensated or decompensated stage), liver dis-
ease types (viral hepatitis-related, autoimmune, alcoholic
or other types of liver disease), and the purity, density,
number, and quality of infused cells may be the key fac-
tors influencing the therapeutic efficacy of cell trans-
plantation, which possibly contribute to some
heterogeneity. However, available data did not allow us
to assess whether these factors have an impact on out-
comes. Thirdly, different trials evaluated therapeutic
effects with different outcome parameters at different
measurement time points, so it was difficult to
summarize robust results using the limited statistical
sample sizes at a specific time point.
Despite these limitations, our meta-analysis only in-

cluded randomized clinical trials, while previous sys-
tematic reviews conducted pooled analyses of RCT

and non-RCT. However, studies of different designs
should not be analyzed in a combined manner; thus,
our study theoretically could provide more reliable
evidence than the previous ones, supporting stem cell
therapy as a safe and effective treatment for CLD.
Nonetheless, many factors still challenge the establish-
ment of stem cell therapy as a definite treatment in
patients with CLD [52]. The source, purity, density,
and quality of stem cells and the dosage, route, and
frequency of cell infusion are critical for therapeutic
effects of stem cell therapy in the treatment of CLD.
Hence, future preclinical and clinical researches
should focus on the optimization of cell isolation, cul-
ture condition, and differentiation protocol; the deter-
mination of ideal cell source, cell dosage, injection
frequency, and administration route; and the choice
of therapeutic timing in various liver diseases. The
prospects of stem cell therapy in the treatment of
CLD will be determined by the outcomes of upcoming
clinical studies.

Conclusion
This meta-analysis suggests stem cell therapy is a safe
and effective therapeutic approach for patients with
CLD, while patients with ACLF benefit most in terms of
improved short-term survival. A single injection admin-
istration with bone marrow-derived stem cell has super-
ior therapeutic effects, and hepatic artery injection is the
optimum cell delivery approach. There are significant
heterogeneity and high risk of bias in existing studies;
therefore, further high-quality randomized clinical stud-
ies are still in demand to acquire more solid evidence for
the safety and efficacy of stem cell therapy in the
treatment of CLD.
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