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It is well known that heart failure re-
sults in a significantly reduced quality of
life, is a major societal burden, and has
become a leading cause of mortality and
morbidity [1-3]. Ischemic heart diseases
account for two thirds of all cases of sys-
tolic heart failure [4]. Poor outcomes are
determined by extensive myocardial re-
modeling and chamber enlargement, and
currently there is lack of effective treat-
ment [5-7]. Cardiac transplantation and
mechanical circulatory support as desti-
nation therapy are high-risk therapeutic
options that are limited by donor avail-
ability, patient eligibility, and costs [8].

Cell-based therapies have become
the important paradigm-shifting alter-
natives [9-11]. However, clinical studies
report the inconsistent efficacy of cell-
based therapies, possibly ascribed to the
unpredictable potency of cell products
and their limited retention. Methods
of cell therapy optimization include
myocardial priming to improve cell
homing, exploiting resident cell pop-
ulations, and leveraging combined cell
regimens [12-15]. Mesenchymal stem
cells (MSCs) are reported to enhance
cardioreparative functionality and in-
duce a restorative response in failing
hearts [16]. The Congestive Heart Fail-
ure Cardiopoietic Regenerative Therapy
trial confirmed the efficacy and safety
of cardiopoietic cells delivered via a re-
tention-enhanced catheter for advanced
symptomatic heart failure of ischemic
etiology [17, 18].

However, the use of MSC treatment
for heart failure has not been well estab-
lished. Recently, several studies on the
topic have been published, and the results
have been conflicting [19-22]. Consid-
ering these inconsistent effects, we there-
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fore conducted a systematic review and
meta-analysis of randomized controlled
trials (RCTs) to evaluate the efficacy of
MSC treatment in patients with heart
failure.

Methods

Ethical approval and patient consent were
not required since this was a systematic
review and meta-analysis of previously
published studies. The systematic re-
view and meta-analysis were conducted
and reported in adherence to PRISMA
guidelines (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses;

(23]).

Search strategy and study
selection

Twoinvestigatorsindependently searched
the following databases (inception to
May 2018): PubMed, Embase, and the

Potentially relevant studies
in the first search n=511

376 initial included

Cochrane Register of Controlled Trials.
The electronic search was performed
using the following keywords:
enchymal stem cell or MSC, and heart
failure. We also checked the reference
lists of the screened full-text studies to
identify other potentially eligible trials.

The following selection criteria were
applied: (a) population: patients with
heart failure; (b) intervention: MSC
treatment; (d) comparison: placebo
treatment; and (d) study design: RCT.
The exclusion criteria were acute coro-
nary syndrome, valvular heart disease,
and malignant tumor.

mes-

Data extraction and outcome
measures

We used a piloted data-extraction sheet,
which covered the following informa-
tion: first author, number of patients,
age, male, body mass index (BMI), New
York Heart Association (NYHA) class,

135 duplicates were
removed

367 were excluded after
reading the titles and

9 full articles assessed for
eligibility

6 articles were included

3 articles were removed for
—_— q
not being RCTs

abstracts

Fig. 1 < Flowchart
of study search and
selection process.
RCT randomized
controlled trial
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(1n/1v)

(1/1v)

96/1

4

39 weeks

Symptomatic

Matched
placebo

114/1

28.6+4.4

62.1+8.7 136

151

Cardiopoietic cells

282+37

107

120 61.6+£8.6

Bartunek et
al. 2017 [19]

1

ischemic heart

failure

delivered endomy-

ocardially with a re-
tention-enhanced

catheter

12 months 5

Chronic stable
heart failure

Matched
placebo

5720+11.64 14 29.52+4.00

15

Intravenous infusion

Bartolucci 15  5733£10.05 12 29.12+2.88

2

of allogenic umbilical

cord MSCs

etal. 2017

[20]

4

6 months

Chronic sys-
tolic heart

failure

Matched
placebo

53211146 19

29

Intracoronary trans-

Zhaoetal. 30 5290+16.32 24

3

plantation of umbili-
cal cord MSCs

2015 [21]

36 months 5

Chronic heart

failure

Matched
placebo

1 313£9.2  9/0

62.7+11.2

Transendocardial allo- 15

Perinetal. 45 62.2+103 44 29.8+4.1 14/0

4

geneic mesenchymal

precursor cells

2015 [22]

4

6 months

Severe is-

Matched
placebo

64.2+10.6 14 28753 15/0

20

Intramyocardial injec-
tions of MSC

Mathiasen 40  66.1+7.7 36 298+47  29/0

5

chemic heart

failure

etal. 2015

[26]

3

2 year

Chronic heart

failure

Matched
placebo

22

59.5+8.0

24

Endomyocardial

20

21 55.7+104

Bartunek et
al. 2013 [27]

6

injections using car-

diopoietic stem cells

‘ MSC mesenchymal stem cells, BMI body mass index, NYHA New York Heart Association

details of methods used in two groups.
Data were extracted independently by
two investigators, and discrepancies were
resolved by consensus. We contacted
the corresponding author to obtain data
when necessary. No simplifications and
assumptions were made.

The primary outcome was cardiovas-
cular death. Secondary outcomes in-
cluded left ventricular ejection fraction
(LVEF), rehospitalization, myocardial in-
farction, the recurrence of heart failure,
and total death.

Quality assessment in individual
studies

The Jadad Scale was used to evaluate
the methodological quality of each RCT
included in this meta-analysis [24]. This
scale consists of three evaluation el-
ements: randomization (0-2 points),
blinding (0-2 points), dropouts and
withdrawals (0-1 points). One point
is allocated to each element if they are
mentioned in the article, and another
one point is given if the methods of
randomization and/or blinding are ap-
propriately described. If the methods
of randomization and/or blinding are
inappropriate, or dropouts and with-
drawals are not recorded, then one point
is deducted. The Jadad Scale score varies
from 0 to 5 points. An article with a
Jadad score of < 2 is considered to be of
low quality. If the Jadad score is> 3, the
study is thought to be of high quality
[25].

Statistical analysis

We estimated mean differences (MDs)
with 95% confidence intervals (Cls) for
continuous outcomes (LVEF), and risk
ratios (RRs) with 95% ClIs for dichoto-
mous outcomes (cardiovascular death,
rehospitalization, myocardial infarction,
heart failure, and total death). Hetero-
geneity was tested using the Cochran Q
statistic (p< 0.1) and quantified with the
P statistic, which describes the variation
of effect size that is attributable to hetero-
geneity across studies. An I? value greater
than 50% indicates significant hetero-
geneity. The value of the I statistic is
used to select the appropriate pooling
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Abstract

Background. Mesenchymal stem cell (MSC)
treatment has emerged as an important

use of MSC to treat heart failure has not been
well established. We conducted a systematic
review and meta-analysis to evaluate the
efficacy of MSC treatment for heart failure.

Central Register of Controlled Trials were
searched. Randomized controlled trials (RCTs)
assessing the influence of MSC treatment

on cardiac function in heart failure were
included in this analysis. Two investigators

data, and assessed the quality of the included
studies. Meta-analysis was performed using

adjunct therapy for heart failure. However, the

Methods. PubMed, Embase, and the Cochrane

independently searched the articles, extracted
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the fixed-effect model or random-effect
model when appropriate.

Results. Six RCTs involving 625 patients

were included in the meta-analysis. Com-
pared with control interventions in heart
failure patients, MSC treatment had no
significant influence on cardiovascular death
(RR=10.76; 95% Cl=0.38-1.52; p=0.43);
however, it was associated with significantly
increased left ventricular ejection fraction
(LVEF; mean=9.64; 95% Cl=7.56-11.71;
p<0.00007) and reduced rehospitalization
rate (RR=0.41; 95% Cl=0.23-0.73; p=0.003).
In addition, no significant difference between
the two groups was observed for the incidence
of myocardial infarction (RR=0.72; 95%

Cl=0.10-5.02; p=0.74), the recurrence of
heart failure (RR=0.88; 95% Cl=0.28-2.81;
p=0.83), and total death (RR=0.68; 95%
Cl1=0.37-1.25;p=0.21).

Conclusion. Although MSC treatment can
significantly improve LVEF and reduce
rehospitalization rates, it does not have a
significant influence on cardiovascular death,
myocardial infarction, heart failure, and total
death.

Keywords

Mesenchymal stromal cells - Myocardial
infarction - Ventricular function, left -
Recurrence - Cardiac death

Zusammenfassung

Hintergrund. Die Therapie mit mesenchyma-
len Stammzellen (MSC) hat sich als wichtige
erganzende Therapie bei Herzinsuffizienz
herausgestellt. Allerdings ist der Einsatz von

nicht verbreitet. Die Autoren erstellten eine
systematische Ubersicht und Metaanalyse zur

bei Herzinsuffizienz.

Methoden. Die Datenbanken PubMed,
Embase und das Cochrane Central Register
of Controlled Trials wurden durchsucht.

In die Auswertung einbezogen wurden
randomisierte kontrollierte Studien (RCT)
zum Einfluss der MSC-Therapie auf die
Herzfunktion bei Herzinsuffizienz. Zwei
unabhangige Untersucher durchsuchten die
Artikel, extrahierten Daten und beurteilten
die Qualitat der ausgewahlten Studien. Eine

MSC zur Behandlung der Herzinsuffizienz noch

Bewertung der Wirksamkeit der MSC-Therapie

Metaanalyse wurde je nach Bedarf unter
Verwendung des Fixed-Effects-Modells oder
des Random-Effects-Modells erstellt.
Ergebnisse. Es wurden 6 RCT mit 625 Pati-
enten in die Metaanalyse einbezogen. Im
Vergleich zu den als Kontrolle dienenden
Interventionen bei Herzinsuffizienzpatienten
wies die MSC-Therapie keinen signifikanten
Einfluss auf den kardiovaskuldr bedingten Tod
auf (RR=0,76; 95%-KI=0,38-1,52; p=0,43);
allerdings war sie mit einer signifikant
erhohten linksventrikuldren Ejektionsfraktion
verbunden (LVEF; Durchschnitt = 9,64; 95%-
Kl=7,56-11,71; p< 0,00001) und einer
verminderten Rehospitalisierungsrate
(RR=0,41; 95%-KI=0,23-0,73; p=0,003).
AufBerdem wurde weder in Hinblick

auf die Inzidenz eines Herzinfarkts ein
signifikanter Unterschied zwischen den

Therapie mit mesenchymalen Stammzellen bei Herzinsuffizienz: eine Metaanalyse

beiden Gruppen festgestellt (RR=0,72; 95%-
Kl=0,10-5,02; p=0,74) noch beziiglich
eines Wiederauftretens der Herzinsuffizienz
(RR=0,88; 95%-KI=0,28-2,81; p=0,83)
oder der Gesamtmortalitdt (RR=0,68; 95%-
Kl=0,37-1,25;p=0,21).

Schlussfolgerung. Zwar kann sich durch
eine MSC-Therapie die LVEF signifikant
verbessern und die Rehospitalisierungsrate
vermindern, aber sie hat keinen wesent-
lichen Einfluss auf das Auftreten eines
kardiovaskular bedingten Todes, eines
Herzinfarkts, einer Herzinsuffizienz oder auf
die Gesamtmortalitat.

Schliisselworter

Mesenchymale Stromazellen - Herzinfarkt -
Herzkammerfunktion, links - Wiederauftreten -
Herztod

method: fixed-effects models are used
for I < 50% and random-effects models
for I*>50%. If significant heterogeneity
was present, we searched for the poten-
tial sources of heterogeneity. Sensitivity
analysis was performed to detect the in-
fluence of a single study on the overall
estimate via omitting one study in turn
when necessary. Owing to the limited
number (<10) of included studies, pub-
lication bias was not assessed. Results
were considered statistically significant
at p<0.05. All statistical analyses were

performed using Review Manager Ver-
sion 5.3 (The Cochrane Collaboration,
Software Update, Oxford, UK).

Results

Literature search, study
characteristics, and quality
assessment

A detailed flowchart of the search and se-
lection results is shown in B Fig. 1. In to-
tal, 511 potentially relevant articles were

identified initially. Finally, six RCTs that
met our inclusion criteria were included
in the meta-analysis [19-22, 26, 27].

The main characteristics of the six
RCTs included in the meta-analysis are
presented in @Table 1. The six studies
were published between 2013 and 2017,
and sample sizes ranged from 30 to 371
with a total of 625. The approaches for
MSC application included intravenous
infusion, intracoronary transplantation,
and intramyocardial injection.
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MSC group

Bartolucci 2017 0 15
Bartunek 2017 9 120
Perin 2015 2 45
Total (95% Cl) 180
Total events 11

Heterogeneity: Chi? = 2.92, df = 2 (P = 0.23); 2 = 32%

Test for overall effect: Z =0.79 (P = 0.43)

1
12
3

16

Control group

_Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
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M:I:I.._Eix%d 95% Cl

Favors [experimental]

15  94%  0.33[0.01,7.58] =
170 62.3%  1.06 [0.46, 2.44] +
15 282%  0.22[0.04, 1.21] —_——
200 100.0%  0.76 [0.38, 1.52] &
0.01 0.1 1 10 100

Favors [control]

Fig. 2 A Forest plot for the meta-analysis of cardiovascular death. M-H Mantel-Haenszel method, MSC mesenchymal stem

cells

MSC group Control group Mean Difference Mean Difference
i % Cl IV, Fi % Cl
Bartolucci 2017 40.57 8.19 14 33.39 7.38 14 129% 7.18 [1.41, 12.95] e
Zhao 2015 49 5.1 30 39 35 29 87.1% 10.00[7.77, 12.23] -
Total (95% CI) 44 43 100.0% 9.64 [7.56, 11.71] S 2
Heterogeneity: Chiz = 0.80, df = 1 (P = 0.37); F=0% .2=0 -1=0 0 1=0 2=0

Test for overall effect: Z = 9.09 (P < 0.00001)

Favors [experimental]

Favors [control]

Fig. 3 A Forestplot forthe meta-analysis of left ventricular ejection fraction (%). /Vindependent variable, MSC mesenchymal

stem cells

MSC group  Control group Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% ClI
Bartolucci 2017 1 15 4 15 15.9% 0.25 [0.03, 1.98] -
Perin 2015 9 45 8 15 47.7% 0.38 [0.18, 0.80] i
Zhao 2015 5 30 9 29 36.4% 0.54 [0.20, 1.41] —
Total (95% CI) 90 59 100.0%  0.41[0.23,0.74] -
Total events 15 21 . . : .
iy i2 = - = - 12 = 0% I T T 1
Heterogeneity: Chi* = 0.57, df = 2 (P = 0.75); I = 0% 0.01 01 1 10 100

Test for overall effect: Z =2.95 (P = 0.003)

Favors [experimental]

Favors [control]

Fig. 4 A Forest plot for the meta-analysis of rehospitalization rate. M-H Mantel-Haenszel method, MSC mesenchymal stem

cells

Among the six RCTs, three studies
reported cardiovascular death [19, 20,
22], two studies reported LVEF [20, 21],
three studies reported rehospitalization
[20-22], two studies reported myocar-
dial infarction [19, 20], two studies re-
ported the recurrence of heart failure 20,
26], and five studies reported total death
[19-21, 26, 27]. The Jadad scores of the
six included studies vary from 3 to 5,
and all six studies are considered to be
of high quality according to the quality
assessment.
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Primary outcome: cardiovascular
death

The primary outcome data were ana-
lyzed with the fixed-effects model. The
pooled estimate of the three included
RCTs suggested that compared with con-
trol group for heart failure, MSC in-
tervention had no significant influence
on cardiovascular death (RR=0.76; 95%
CI=0.38-1.52; p=0.43), with low het-
erogeneity among the studies (I>=32%,
heterogeneity p=0.23, B Fig. 2).

Sensitivity analysis

Low heterogeneity was observed among
the included studies regarding cardiovas-
cular death. Thus, we did not perform
sensitivity analysis by omitting one study
inturn to detect the source of heterogene-

ity.
Secondary outcomes

Compared with the control group, MSC
treatment was associated with signifi-
cantly increased LVEF (MD = 9.64; 95%
CI=7.56-11.71; p<0.00001; @Fig. 3)
and reduced rehospitalization rates
(RR=0.41;95% CI=0.23-0.73; p=0.003;



MSC group  Control group Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI M-H., Fixed, 95% ClI
Bartolucci 2017 0 15 1 15  64.4% 0.33 [0.01, 7.58] T
Bartunek 2017 1 120 1 170 35.6%  1.42[0.09, 22.43] &
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s i 100
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Fig. 5 A Forest plot for the meta-analysis of myocardial infarction. M-H Mantel-Haenszel method, MSC mesenchymal stem
cells
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_Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% ClI
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Fig. 6 A Forestplotforthe meta-analysisofthe recurrence of heart failure. M-H Mantel-Haenszel method, MSCmesenchymal
stem cells
MSC group  Control group Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H., Fixed, 95% CI
Bartolucci 2017 1 15 1 15 4.3% 1.00 [0.07, 14.55]
Bartunek 2013 0 21 2 24 10.0% 0.23 [0.01, 4.48]
Bartunek 2017 10 120 14 170 49.6% 1.01[0.47, 2.20] i
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Favors [experimental]

Fig. 7 A Forest plot for the meta-analysis of total death. M-H Mantel-Haenszel method, MSC mesenchymal stem cells

Favors [control]

O Fig. 4), but it had no significant impact
on the incidence of myocardial infarction
(RR=0.72; 95% CI=0.10-5.02; p=0.74;
DO Fig. 5), the recurrence of heart failure
(RR=0.88; 95% CI=0.28-2.81; p=0.83;
B Fig. 6), and total death (RR=0.68; 95%
CI=0.37-1.25; p=0.21; @ Fig. 7).

Discussion

Stem cell therapy has been explored
for the treatment for heart failure for
more than a decade [20], but different
stem cell populations and evaluation
methods remain a challenge to fully un-
derstanding the efficacy of stem cell ad-

ministration for clinical treatment [28].
Improvements in cardiac function and
regeneration of damaged heart tissue are
observed through various mechanisms
including transdifferentiation, cell fu-
sion, and paracrine modulation [29, 30].
Stem cell therapy is reported to be safe
and to offer patients with heart failure
moderate benefits in survival, left ven-
tricular function, and quality of life [31,
32]. Cell-based therapy for chronic is-
chemic and nonischemic disease involves
a range of cellular products and delivery
routes including autologous or allogenic
bone marrow mononuclear cells and
MSC administered by intramyocardial

injections, percutaneous intracoronary
infusion, and exceptionally peripheral
intravenous infusion [31, 33, 34].
Several mechanisms may explain the
clinical benefit of MSCs treatment for pa-
tients with heart failure, including reduc-
tions in myocardial cell apoptosis, mod-
ulation of inflammation, myocardial fi-
brosis, neovascularization, and increased
cell differentiation [35]. Incorporation
of MSCs into tissues involves multiple
processes consisting of cell recruitment,
migration, and adhesion [36]. Umbilical
cord MSCs have a high migration capac-
ity and have shown a good response to
serum in heart failure patients, thus this
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cell type might sense biological cues me-
diating the therapeutic effect by systemic
delivery [20]. Our meta-analysis suggests
that compared with control interventions
for heart failure, MSC treatment is asso-
ciated with significantly improved LVEF
and reduced rehospitalization rates, but
with no significant influence on cardio-
vascular death.

Clinical trials have validated the safety
of MSC-based therapies, with no increase
observed in acute infusion toxicity, organ
system complications, infection, death,
or malignancyin treated patients [37, 38].
A phase 2 study confirmed the safety of
intravenous administration of allogeneic
MSCs (up to 5x 106 cells/kg) in patients
with acute myocardial infarction, as ev-
idenced by no increase in adverse event
rate and a decrease in hospitalization rate
and arrhythmic events at the 6-month fol-
low-up [38]. In addition, the safety of the
intravenous administration of ischemia-
tolerant allogeneic MSCs has been eval-
uated in patients with nonischemic car-
diomyopathy, and the results revealed no
increase in death, hospitalizations, and
serious adverse events at the 90-day fol-
low-up [39]. There is no statistically sig-
nificant difference in the incidence of
myocardial infarction, the recurrence of
heart failure, and total death between
MSC treatment and control intervention
for heart failure patients based on the
results of this meta-analysis.

Limitations

This meta-analysis has several potential
limitations that should be taken into ac-
count. First, our analysis is based on only
six RCTs and five of them have a mod-
est sample size (n<100). Overestima-
tion of the treatment effect is more likely
in smaller trials compared with larger
samples. Next, the trials involved allo-
geneic and autologous MSCs as well as
umbilical cord MSCs administered by in-
travenous infusion, intracoronary trans-
plantation, and intramyocardial injection
inincluded RCTs, and these different cel-
lular products and delivery routes may
have some impact on the pooled results.
Finally, the optimal cell sources and doses
as well as the delivery routes remain un-
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defined and future studies should focus
on these issues.

Practical conclusion

MSC treatment can provide some bene-
fits for patients with heart failure.
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