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Background & Objectives: Stem cell based therapeutic treatments have been used as a management strategy
for acute myocardial infarction (AMI), a common primary factor causing death globally. We aimed to
undertake a meta-analysis of studies including randomised controlled trials (RCTs) examining different
stem cell preparations in AMI, as a definitive answer from this therapeutic approach is yet to emerge.

Methods: Following PROSPERO registration (CRD42024628552), a systematic search was conducted
through PubMed database, Embase, Cochrane, and Web of Science. Data was analysed using RevMan
5.4.1. Primary outcomes included all-cause mortality, recurrent myocardial infarction (Re-MI), severe
adverse events (SAEs), hospitalisation for heart failure, cancer incidence, and left ventricular ejection
fraction (LVEF). A fixed-effect model was used to assess six outcomes: all-cause mortality, Re-MI, SAEs,
heart failure hospitalisation, cancer incidence, and stroke. A model based on random effects depending
on heterogeneity was used to assess LVEF.

Results: From 9,516 records, 48 studies were included for analysis based on available endpoints. No
notable changes in all-cause mortality were observed between patients receiving stem cell therapy
and those in the control group, according to the meta-analysis. [Risk Ratio (RR) 0.73], SAEs (RR
0.93), Re-MI (RR 0.67), HF-related hospitalisation (RR 0.79), cancer (RR 0.82), or stroke (RR 0.81).
Echocardiographic LVEF improved significantly at study end [Mean difference (MD) 2.53%] and
difference from baseline (MD 3.89%), with high heterogeneity (I> - 76%). MRI-assessed LVEF showed
no significant change at study end (MD 0.83%) but improved from baseline (MD 1.37%). Heterogeneity
was low except for LVEF, with serious bias risk for most outcomes and very serious for Re-MI and
SAEs, though their objective nature limits bias

Interpretation & conclusions: Analysis done found no significant benefit of stem cell-based therapies on
clinical endpoints in AMI patients.

Key words Meta analysis - myocardial infarction - stem cells - stem cell therapy - systematic review
Based on the available data globally, the leading myocardial infarction (AMI) can cause persistent

cause of mortality is cardiovascular disease'. Acute illness and is the cause of death among the different
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cardiac tissue-related diseases. Present therapy for
treatment of the current episode and prevention of re-
myocardial infarction (Re-MI) is not much efficacious.
Each episode of MI has high mortality and there are
high chances of recurrence in the survivors®’. The
available treatment options do not reverse tissue
damage occurring during the episode, and there is a
need for novel methods or interventions that may
affect the pathology at the molecular level to reverse
the changes in the heart due to ischemia. Numerous
strategies, including gene therapy, cardiac tissue
engineering, cell reprogramming, and biomaterial-
based delivery methods, are being researched to treat
AMI. Numerous clinical trials have explored the use of
stem cell based therapeutic approaches. Stem cells are
primitive, unspecialized cells capable of self-renewal
throughout an organism’s lifespan. Their therapeutic
potential in myocardial infarction primarily stems
from their paracrine effects, which facilitates the
transformation of stem cells into heart muscle and
endothelial cells and triggers the stimulation and
migration of the heart’s own stem cells®.

Many clinical studies were conducted to evaluate
the effects of therapeutic strategies of stem cell for
treating acute AMI. Several studies have reported
improvements in functional parameters such as end-
diastolic volume (EDV), end-systolic volume (ESV),
left ventricular ejection fraction (LVEF), and infarct
size (IS). Additionally, some trials have reported
reductions in clinical outcomes like mortality and
recurrent myocardial infarction (Re-MI); however, the
findings across studies have not been consistent, with
some reporting conflicting results*. Updated Cochrane
review published in 2015 showed moderate evidence
of no effect, with the caveat that further studies may
change the scenario’.

Given the inconsistent results reported in previous
studies, we undertook this systematic review and
performed meta-analysis to address the research
question stating: ‘What does the existing evidence
reveal about the safety and effectiveness of stem cell
therapies in managing acute myocardial infarction
(AMI)?’ Our review seeks to include recently published
trials while adhering to a methodology aligned with
earlier systematic reviews’.

Materials & Methods

We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Supplementary table 1) while conducting

this systematic review the protocol of which was
registered in the PROSPERO database (number
CRD42024628552). Methodological guidance
was also drawn from the ‘Cochrane Handbook for
Systematic Reviews of Interventions’®. Randomised
Controlled Trials (RCT) satisfying all of the following
requirements were included: (i) population: individuals
with a myocardial infarction diagnosis,(i7) stem cells
as an intervention, and (ii7) comparison: inclusion of
a placebo (Supplementary table II). For the syntheses,
studies with the same endpoint were grouped.

A thorough and methodical search of the literature
was conducted, and papers were evaluated for
eligibility using established criteria for selecting and
excluding studies. Two authors developed a strategy
for the advanced search using keywords related to the
study population (myocardial infarction), intervention
(stem cells), and comparison (placebo or no treatment
alongside standard care). From the beginning until
October 27, 2023, two researchers (PA, RO) separately
searched four main databases: Medline (PubMed),
Cochrane, Web of Science, and Embase for relevant
material. They did this without regard to language
limitations. Supplementary material 1 lists the specific
search tactics for each database. To find more research,
computerized searches were supplemented by a manual
screening of narrative reviews, systematic reviews,
and reference lists of pertinent trials. Five reviewers
independently examined the abstracts and titles for
possible inclusion after deleting duplicate records.
Full-text articles of the selected studies, along with any
supplementary materials and protocols, were retrieved
and assessed. The reasons for exclusion at each stage
were systematically recorded. Detailed characteristics
of the included studies are presented in table I. The type
and method of administering stem cells, the length of
follow up, and patient attributes such as age and gender
were taken into consideration when extracting data.
Although it was originally intended to get in touch with
the original study authors to enquire about any missing
data, this step was unnecessary because the included
studies contained all the information that was needed.
In studies that used a single control group to compare
against multiple intervention arms, the control group’s
participant count was halved to prevent duplication in
the analysis.

Outcome measure: The primary outcomes included all-
cause mortality, recurrent myocardial infarction (Re-
MI), serious adverse events (SAEs), hospitalisation
due to heart failure, cancer incidence, and changes in
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LVEF assessed by MRI and echocardiography. Two
researchers independently extracted the data, and
a subject matter expert was consulted to settle any
differences.

Statistical analysis: Authors collected and compiled
the detailed outcome data from all the studies included
and pooled estimates were visually represented using
forest plots generated in Review Manager (RevMan)
version 5.4, developed by The Nordic Cochrane
Centre, Cochrane Collaboration, Copenhagen, 2020.
Statistical significance was defined as a P<0.05. The
dichotomous and continuous data were analysed
using relative risks (RRs) and mean difference (MD)
respectively with their confidence intervals (Cls). The
I? statistic was used to assess heterogeneity across
studies, with values over 50 per cent considered
indicative of substantial heterogeneity. Depending
on the degree of heterogeneity, a fixed-effects model
was used for low heterogeneity, whereas a random-
effects model was employed when heterogeneity was
substantial. Subgroup analyses were performed based
on factors such as the timing of outcome assessment,
type of stem cells used, autologous versus allogeneic
sources, administration route and timing, sample
size, and cell dose to identify potential sources of
heterogeneity. Means and standard deviations were
estimated from medians and ranges using the approach
outlined by Hozo et al’ (2005). Additionally, RevMan
calculator was used for conversion of data from one
form to another.

Risk of bias assessment. The risk of bias for each
included study was independently evaluated by two
reviewers (PA, RO). Differences in opinion were
resolved through discussion, and, if needed, a third
reviewer was consulted. The Cochrane Collaboration’s
Risk of Bias 2 (ROB-2) tool was used to assess the
methodological quality of the randomized controlled
trials (RCTs). Based on the assessment, studies were
grouped into categories of low risk, some concerns,
or high risk of bias®’. The ROBVIS tool was utilized
to graphically present the risk of bias evaluations.
Potential bias from selective reporting or missing
results in the synthesis was specifically evaluated
through Domain 5 of the ROB-2 tool, which addresses
bias due to selective outcome reporting. By using this
approach, a transparent and complete evaluation of the
methodological quality of the studies was achieved.

Recommendations: The GRADE (Grading of
Recommendations Assessment, Development, and
Evaluation) approach was employed to assess the
overall certainty of the synthesized evidence. For each
outcome, this method evaluates the quality of evidence
across multiple studies and classifies it into four levels:
high, moderate, low, and very low certainty. While
randomised controlled trials (RCTs) generally begin
as high-certainty evidence, factors such as publication
bias, indirectness, imprecision, inconsistency, and risk
of bias can lead to downgrading their certainty level.
On the other hand, in some circumstances, a large
effect size or a dose-response connection, among other
factors, might improve the certainty'®!>2, This was
done by two independent assessors. They resolved
disagreements amongst themselves and if it persisted,
they followed a third independent assessor.

Results

The screening process via the PRISMA flowchart'
can be visualized in flowchart figure 1. After a
systematic search across four databases, we identified
9516 records initially, retrieved 218 full texts and
selected 48 articles for comprehensive review and
quantitative synthesis.

We extracted all relevant results reported across
the included studies. It included data from different
measures, time points, and analyses. However, to
prevent unit of analysis issue, endpoints reported at the
longest follow up were considered for the analysis and
a subgroup analysis was done based on trial duration.

Mortality: All-cause mortality was reported in 30
clinical trials'**> having 2879 participants (1633
in stem cell and 1246 in control). The findings
demonstrated that stem cell therapy had no significant
effect on reducing all-cause mortality in patients with
AMI (RR = 0.73; 95% CI: 0.50-1.05; P = 0.09) with
uniform findings among the studies (I*> = 0%; Fig.
2). Furthermore, subgroup analyses stratified by the
timing of outcome assessment revealed no significant
differences, further supporting the absence of a clear
mortality benefit associated with stem cell therapy (trial
period up to 6 months, trial period up to 12 months,
trial period more than 12 months; Supplementary
Fig. 1A), cell type (mononuclear, mesenchymal,
both; Supplementary Fig. 1B), route of administration
(intracoronary, direct intramyocardial, antecubital
vein of forearm; Supplementary Fig. 1C), autogenic
vs. allogenic; Supplementary Fig. 1D), time of cell
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> | «Studies with shorter follow ups of the included studies or sub studies of the

*Full text either not available or data not retrievable = 11

«Stem cell characterisation was not defined = 8

- . .
= Records identified from Records removed before
S databases and other sources: .
= 9516 | screening: 1418
= Databases: 1 = 9506 Duplicate records removed
3 : (n=1418)
= Other sources: n = 10
Records screened Records excluded
(n = 8098) > | (n=7880)
o0
£
§ Reports excluded: 170
5 *Wrong study design = 45
& *Wrong intervention = 42
Reports assessed for *Wrong comparator = 22
ligibilit =218
cligibility (n ) included studies = 22
*Wrong outcome = 11
— *Wrong study population = 9
B
= Studies included in review
g (n=48)

Fig. 1. PRISMA flow diagram illustrating the study selection process according to the preferred reporting items for systematic reviews and

meta-analysis (PRISMA) guidelines.

administration (administration < 24 h, administration
1 - 21 days, not mentioned; Supplementary Fig. 1E),
sample size (<100 and >100) Supplementary Fig. 1F),
and dose of cell administered (< 500 million and > 500
million; Supplementary Fig. 1G).

Serious adverse events: SAEs were reported in 12
trialg!#1721.23-25.2931-334143 - haying 1161 participants
(571 in the stem cell intervention group and 590 in
control group). There was no significant difference
in the occurrence of SAEs between the stem cell
group and the control group [RR = 0.93 (0.76-1.14)
P=0.51, ’=0%; Supplementary Fig. 2A. No significant
differences were obtained on subgroup analysis based
on time of assessment (Supplementary Fig. 2B), cell
type (Supplementary Fig. 2C), route of administration
(Supplementary Fig. 2D), autogenic vs. allogenic
(Supplementary Fig. 2E), time of cell administration
(Supplementary Fig. 2F), sample size (Supplementary
Fig. 2G), and dose of cell administered (Supplementary
Fig. 2H).

Recurrent-myocardial infarction: Incidences of re-
MI were reported in 18 trialsM,16,18,20—23,25—28,32,34,35,37,44,45
having 1981 participants (1158 in intervention group
and 823 in control). Stem cell treatment has no
favourable effect on preventing myocardial infarction
[RR = 0.67 (0.43 — 1.05), P=0.08, I* = 0%; Fig. 3].
No significant differences were obtained on subgroup
analysis based on time of assessment (Supplementary
Fig. 3A), cell type (Supplementary Fig. 3B), route of
administration (Supplementary Fig. 3C), time of cell
administration (Supplementary Fig. 3D), sample size
(Supplementary Fig. 3E), and dose of cell administered
(Supplementary Fig. 3F ).

Hospitalisation due to heart failure: Nineteen
trials 14,15,18-20,22,26,27,29,31-34,37,39,40,44,46,47 reported
occurrences of hospitalisation caused by heart failure
(total participants = 1641, 928 in the stem cell group
vs. 713 in the control group). No significant difference
in hospitalisation due to heart failure was observed
between the intervention and control groups [RR =0.79
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Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Assmus 2014 7 101 15 103 233% 048020113 — &
Cao0 20049 a 41 1 45 2.2% 0.37[0.02, 877
Chodry F 2016 1 54 a 44 0.9% 2450010, 58.80]
Chullikana 2015 a 10 1 10 2.4% 0.33[0.02, 7.32]
Dielewi 2015 1 Ge 2 B& 3.2% 0.47[0.04, 5.07]
Gao 2013 1 21 a | 0.8% 3.00([013 69.70]
Gao 2014 a a8 1 a7 24% 0.33[0.01, 7.88]
Grajek 2010 1 K a 14 11% 1.41[0.06, 32.53]
Haddad 2020 a 17 1 20 2.2% 0.39[0.02, 8.97]
Huikuri 2008 a 40 1 40 2.4% 0.33[0.01, 7.95]
Janssens 2006 1 33 a 34 0.8% 3.09[013 73.20]
Laguna 2018 a 10 1 10 2.4% 0.33[0.02, 7.3
Mathur & 2020 fi 184 7180 10.9% 0.881[0.30, 2.87] I E—
Meyer GP 20049 2 30 2 k] 31% 1.001[0.14, B.64] —
Maser 2018 1 a1 a 26 1.0% 1.56[0.07, 36.96]
Fenicka 2007 3 17 a 10 1.0% 4280024 75.20]
Fiepoli MF 2010 2 18 4 18 £.3% 0.s0[010, 2.41] -1
Flewka 2009 i 40 2 20 4.7% 0.60[0.08, 3.28] e
Qureurni 2011 1 16 a 15 0.8% 282[012 64.38]
QUi 2017 1 100 A 45 9.7% 016002, 1.29]
Ramman 2014 a a8 1 61 2.3% 0.34[0.01, 8.29]
Roncalli 2011 1 52 a 48 0.8% 2830012 67.87]
Surder 2016 4 133 a BT 1.0% 447 [0.25 83.60]
Tendera 20049 i 160 1 40 2.8% 0.60[0.04, 5.38]
Traverse 2011 a ag 1 28 31% D17 [0.01,404 ¢
Traverse 2018 3 78 a 41 1.0% 367 [019 6948]
Wang 2014 1 28 2 ] 3.0% 0.54[0.05, 5.599]
Whorle J 2010 1 28 1 13 22% 0.451[0.03, 6.63]
Wallert 2017 1 71 1 26 2.3% 0.37[0.02, 5.64]
Zhang 2021 1 M a 22 0.8% 314013 72.96]
Total (95% CI) 1633 1246 100.0%  0.73[0.50, 1.05] o
Total ewents 44 51
Heterogeneity: Chi®= 15491, df= 29 {P = 0.98); F= 0% lu 0 051 150 1DEI=

Testfor overall effect Z=1.70 (P = 0.09) Favours [experimental] Favours [control]

Fig. 2. This forest plot shows all-cause mortality incidence between stem cell therapy and control groups, with pooled effect estimates.

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Assmus 2014 ] 101 7103 16.3% 0.73[0.24, 2.23] ]
Chadry F 2016 3 a5 2 45 A.2% 1.23[0.21,7.03] ——
Delewi 2015 1 o] 1 ] 2.4% 0940086 14.79]
Gao 2013 1 19 i 20 1.1% 315014, 72.88]
Grajek 2010 1 i 1 14 32% 0.45[0.03, 6.71]
Haddad 2020 1 17 1 20 2.2%  1.18([0.08 17.43]
Huikuri 2008 i 40 2 an A.9% 0.20[0.01, 4.04]
Mathur A 2020 il 184 7190 16.3% 0.73[0.24, 2.27] — T
Meyer GP 2009 1 30 1 an 2.4% 1.00([0.07, 15.26]
Maseri 2018 i a1 2 26 7.8% 0.10([0.01,2.09] 4
Penicka 2007 1 14 i 10 1.4% 2.20([010, 49.06]
Rorman 2015 3 a8 il A1 1.2% T7.23[0.38137.08] *
Surder 2016 1 133 2 67 B.3% 0.251[0.02 2.73]
Tendera 2004 3 160 2 40 7.5% 0.38[0.06, 2.17]
Trawerse 2010 i 30 1 10 A8.2% 012 [0.01,2.69] +
Trawerse 2011 1 a8 1] 29 1.6% 1.53[0.06, 36.33]
Trawerse 2018 2 T8 3 41 9.3% 0.35 [0.06, 1.949] I —
Yao 2009 3 i 27 1 12 1.8% 015 [0.01,3.595] *
Total (95% CI) 1158 823 100.0% 0.67 [0.43, 1.05] *
Total events 29 33
Heterogeneity: Chi®=1091, df=17 (P = 0.86); F=0% =|;| o1 IZI=1 110 1IZID:

Testfor overall effect 2=1.74 (F = 0.08) Favours [experimental] Favours [control]

Fig. 3. This forest plot presents the overall effect of stem cell therapy on the incidence of re-myocardial infarction.
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Intervention Control Risk Ratio Risk Ratio

Study or Subgroup  Bvents Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Assmus 2014 A 101 9 103 19.4% 057 [0.20,1.63] — 1
Can 2009 1 41 0 45 1.0%  3.29[0.14, 78.47]
Colomhbo 2011 1] A 1 5 3.3% 0.33[0.02, B.65]
Delewi 2015 1] [&12] 3 65 7.9% n13[0.01, 2.56) 4
Gao 2013 a 149 1 20 3.2% 0.35[0.02 8.10]
Gao 2014 1 a8 ] a7 1.1%  2.85[012,70.92]
Haddad 2020 1 17 1 20 2.0% 118008, 17.42]
Meyer GP 20049 2 30 3 30 B.5% 0BT [0.12 3.71] I
Maseri 2018 2 a1 0 26 1.4% 260[013,5217]
Fiepoli MF 2010 1 149 2 19 4.4% 0.50[0.05, 5.08]
Quyyumi 2011 1 16 ] 15 1.1% 282012, 64.34]
Roman 2015 3 a4 7 61 15.0% 044012 1.63] I
Roncalli 2011 4 a2 2 49 4.9% 1.881[0.36, 9.83] —
Surder 2016 4 133 3 B7 8.7% 067 [0.15, 2.92] —
Traverse 2011 1 a8 0 24 1.4% 1.53[0.06, 36.33]
Traverse 2018 4] Ty 2 41 a7% 1.30[0.26, 6.40] —
Wyharle J 2010 2 29 ] 13 1.8% 2.33[0.12,45.45]
Wollert 2017 1 71 1 26 3.2% 0.37[0.02, 5.64]
Zhang 2021 3 hl 4 22 8.5% 0.79[0.20, 3.10] T
Total (95% CI) 928 713 100.0%  0.79[0.52, 1.20] -
Total events kN 39
Heterogeneity: Chi®= 8.51, df =18 {F =097, F=0% o 0 s o0

Testfor overall effect £=1.11 (P=0.27)

Favours [experimental]l Favours [control]

Fig. 4. This forest plot presents effect of stem cell therapy on hospitalisation due to heart failure in comparison with control.

(0.52-1.20), P =0.27, 1> = 0%, Fig. 4]. No significant
differences were obtained on subgroup analysis based
on time of assessment (Supplementary Fig. 4A), cell
type (Supplementary Fig. 4B), route of administration
(Supplementary Fig. 4C), autogenic vs. allogenic
(Supplementary Fig. 4D), time of cell administration
(Supplementary Fig. 4E), sample size (Supplementary
Fig. 4F), and dose of cell administered (Supplementary
Fig. 4G).

Cancer incidence: Cancer incidences were reported
in six trials!*2022252848 haying 807 participants (411 in
cell group, 396 in control). No extra cancer incidences
were reported in the stem cell group compared to
control [RR = 0.82 (0.43 — 1.55) P=0.54, 1> = 0%j;
Fig. 5]. No significant differences were obtained on
subgroup analysis based on the time of assessment
(Supplementary Fig. 5A), cell type (Supplementary
Fig. 5B), route of administration (Supplementary Fig.
5C), autogenic vs. allogenic (Supplementary Fig. 5SD),
time of cell administration (Supplementary Fig. 5E),
sample size (Supplementary Fig. 5F), and dose of cell
administered (Supplementary Fig. 5G). In this analysis,
studies with a follow up period of 12 months or longer
had a median duration of 24 months (range: 18—104
months); see table I for details.

Stroke incidence: Stroke incidences were reported in
eight trials!*!8222423313437 (1121 participants, 610 stem
cell group, and 511 control group). No statistically
significant difference was observed in stroke incidences
reported in the stem cell group compared to control
[RR = 0.81 (0.41 — 1.60), P = 0.55, I* = 0%; Fig. 6].
No significant differences were observed in subgroup
analyses based on time of assessment (Supplementary
Fig. 6A), cell type (Supplementary Fig. 6B), route of
administration (Supplementary Fig. 6C), autogenic
vs. allogenic (Supplementary Fig. 6D), time of cell
administration (Supplementary Fig. 6E), and sample
size (Supplementary Fig. 6F).

Left ventricular ejection fraction:

a) LVEF measured by echocardiography (end
of the study): End of the study, LVEF measured
by echocardiography was reported by 19'517:1%
21.23.28.334043.4649-55 clinical trials with 20 comparisons
(909 participants, 480 in the stem cell group, and 429
in the control group). LVEF (%) at the study's end was
significantly higher in the treatment group compared to
controls [MD =2.53 (0.95-4.10); P <0.001], with high
heterogeneity (I? = 76%, P < 0.001; Supplementary
Fig. 7A). Significant results were observed in
subgroup analyses based on trial duration (up to 12
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Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Assmus 2014 4 101 7103 380% 0.88[0.18,1.93] —
Fernandez-Aviles 2018 0 33 1 16 101% 0171[0.01,3.88 ¢
Gao 2014 1 a8 0 a7 28% 295012, 70492
Haddad 2020 2 17 2 20 Q3% 118018, 7.48]
Mathur A 2020 7 185 g 190 3949% 0.90[0.33, 2.43] — &
Fenicka 2007 1 17 i 10 1% 1.83[0.08 41.17]
Total (95% CI) 411 396 100.0%  0.82[0.43, 1.55] -
Total events 15 18
Heterogeneity, Chi®= 2.36, df= 5 (P = 0.80%; F= 0% iﬂ 0 D=1 1=D 1DE|=

Testfor overall effect Z=0.61 (F=0.54)

Favours [experimental] Favours [control]

Fig. 5. This forest plot shows the cancer incidence between stem cell therapy recipients and control participants.

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup PBvents Total Pwents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CIl
Assmus 2014 3 101 7103 39.4% 044012, 1.64] — &
Delewi 2014 1 fa i ikl 29%  283[012 6827
Haddad 2020 i 17 2 20 131% 0.23[0.01, 4.548]
Laguna 2018 1 10 i 10 2.8% 3.00[014, 65.90]
Mathur A 2020 4 185 0 140 28% 9240580, 170.46] >
Guveami 2011 1] 16 1 14 2.8% 0.31[0.01, 7.14]
Surder 2016 2 133 2 BY  151% 0.80[0.07, 3.50]
Traverse 2018 2 78 2 41 150% 042 [0.08, 3.58] =
Total (95% CI) 610 511 100.0% 0.81[0.41, 1.60] -
Total events 13 14
Heterogeneity; Chif= 6.27, df= 7 (P =0.51); F= 0% ID o 051 1IIZ| 1E|E|I

Test for overall effect: £=0.60 (F = 0.55)

Favours [experimentall Favours [control]

Fig. 6. Forest plot comparing the incidence of stroke between patients receiving stem cell therapy and controls.

months, and >12 months; (Supplementary Fig. 7B),
cell type (mesenchymal; (Supplementary Fig. 7C),
administration route (intracoronary; (Supplementary
Fig.7D), autologous vs. allogeneic cells (Supplementary
Fig.7E), timing of cell administration (administration
<24 hand 1-21 days; Supplementary Fig.7F), sample
size (<100; Supplementary Fig. 7G) and dose
administered (<500 million; Supplementary Fig. 7H).

b) LVEF measured by echocardiography (difference
from the baseline): Differences from baseline LVEF
were reported in 8 clinical trials!19202350525% with nine
comparisons (486 participants, 251 in the stem cell
group, and 235 in the control group). The difference
from baseline LVEF was significantly greater in the
stem cell group as compared to the control group
[MD=3.89 (2.32—-5.46), P<0.001]. The trials exhibited
high heterogeneity (I* = 80%, P<0.001; Supplementary
Fig. 8A). Significant differences were obtained on
subgroup analysis based on time of assessment
(Supplementary Fig. 8B), cell type (Supplementary
Fig. 8C), route of administration (Supplementary Fig.

8D), autogenic vs. allogenic (Supplementary Fig. 8E),
time of cell administration (Supplementary Fig. 8F),
and sample size (Supplementary Fig. 8G).

LVEF measured by MRI.

a) LVEF measured by MRI (end of the study): End of
the study, LVEF measured by MRI was reported by 19
Clinical trialsl(),l8,24,26,31-33,35,37,39,41,44,45,48,50,54,56,57’ reporting
24 comparisons with control (1340 participants, 809
in the stem cell group, and 531 in the control group).
LVEF (%) at the end of the study was not significantly
different from that of the control group [MD=0.83
(-0.73 — 2.38), P = 0.3]. The trials exhibited high
heterogeneity (I> = 60%, P<0.001; Supplementary
Fig. 9A). No significant differences were obtained
on subgroup analysis based on time of assessment
(Supplementary Fig. 9B), cell type (Supplementary
Fig. 9C), route of administration (Supplementary Fig.
9D), autogenic vs. allogenic (Supplementary Fig. 9E),
time of cell administration (Supplementary Fig. 9F),
sample size (Supplementary Fig. 9G), and dose of cell
administered (Supplementary Fig. 9H).
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Risk of bias domains
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Fig. 7. This visual representation uses a ’traffic light’ system (green
= low risk, yellow = some concerns, red = high risk) to show the
risk of bias for each included study.

b) LVEF measured by MRI (difference from the
baseline): Differences from baseline LVEF were reported

in 22 clinical trialsl6,18,22,24,26,31,32,34,37,39,41-45,47,48,50,54,56,57

with 25 comparisons (1499 participants, 886 in
the stem cell group, and 613 in the control group).
Difference from baseline LVEF was significantly
more in stem cell group as compared to control group
[MD=1.37 (0.39—2.35), P=0.01]. The trials had a high
heterogeneity (I> =56%, P<0.001; Supplementary Fig.
10A). Similar significant differences were obtained on
subgroup analysis based on time of assessment (trial
period up to 12 months (Supplementary Fig. 10B), cell
type (mesenchymal; Supplementary Fig. 10C), route of
administration (intravenous; Supplementary Fig. 10D),
autogenic vs. allogenic (Supplementary Fig. 10E), time
of cell administration (1-21 days; Supplementary Fig.
10F), sample size (<100; Supplementary Fig. 10G),
and dose of cell administered (Supplementary Fig.
10H).

Risk of bias of the included studies: The risk of bias in
the different studies is elaborated in figure 7. Around
28 studies were having high risk of bias. Most of
these studies were either open blind or information
about blinding and allocation concealment was
missing, and there were dropouts in almost all studies
(Supplementary table IIT). Most of the outcomes were
very objective in nature; hence, the risk of bias, even
if it existed, might have had limited influence on the
overall results for these clinical outcomes. (Fig. 7).

Summary of finding table: Overall certainty of evidence
remains low or very low for most outcomes. Grade
assessment is shown in table II.

Publication bias: Outcomes with fewer than 10 trials
were not eligible for publication bias assessment.
For outcomes with >10 trials (mortality, SAE, Re-
MI, hospitalisation due to heart failure, and LVEF
differences), publication bias was evaluated and
reported in supplementary figure 11.

Discussion

This systematic review and meta-analysis (SRMA)
evaluated the efficacy and safety of stem cell therapy
in patients with acute myocardial infarction (AMI).
Based on the findings from 48 eligible studies, stem
cell treatment did not demonstrate a significant
improvement over standard care in major clinical
outcomes, including all-cause mortality, serious
adverse events (SAEs), recurrent myocardial infarction,
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hospitalisations due to heart failure, stroke incidence,
or cancer occurrence. These results are consistent with
the most current Cochrane review, which found that
stem cell treatment does not enhance clinical outcomes
for individuals with AMI after examining 41 trials®®.

Despite significant heterogeneity, our analysis
showed a favourable change in LVEF as evaluated
by echocardiography after the study and as a change
from baseline in terms of functional outcomes. After
the research, LVEF, as determined by MRI, did not
significantly differ; however, it did demonstrate
a notable improvement over baseline, albeit with
significant heterogeneity. In this study, the improvement
in LVEF (difference from baseline, measured by
echocardiography) was 3.89 per cent, which falls
below the five per cent threshold commonly cited in
the literature as the Minimal Clinically Important
Difference (MCID) for LVEF improvement®**°. This
suggests that while the observed change may be
statistically significant, its clinical relevance may be
limited. These findings are consistent with the Cochrane
review, further reinforcing the uncertainty regarding
the clinical relevance of LVEF improvements. Overall,
both our analysis and the Cochrane review suggest
that stem cell therapy does not provide clinically
meaningful benefits in the treatment of AMI. While
modest improvements in LVEF were observed, their
significance remains unclear due to high heterogeneity
across studies.

The stem cell type, delivery method and timing,
follow up periods, sample size, and cell dosage differed
among the included trials. Subgroup analysis was
performed to evaluate how these parameters affected the
final outcome. Subgroup analysis based on sample size
showed no significant differences in outcome direction
between the two groups. Cell dose showed no overall
effect, except for LVEF by echocardiography: doses
<500 million improved outcomes, while >500 million,
reported in one study, showed no effect—possibly by
chance. However, a previous study reported improved
LVEF with doses >500 million®'.

The overall quality of the evidence is moderate,
reflecting some concerns about bias and confidence
intervals, including the possibility of no effect. Seven
outcomes were analysed, with heterogeneity observed
in only one - LVEF. Subgroup analyses were performed
to investigate differences based on cell type, dosage,
and sample size. A few studies were excluded due to
unclear reporting of stem cell characteristics. In this
SRMA, it was found that in patients with AMI, the

use of stem cells had no significant effect on mortality,
current MI, or heart failure-related hospitalisations,
except for LVEF. The evidence is of moderate quality;
further clinical trials may change the estimate.

This meta-analysis suggests that stem cell therapy
does not significantly impact mortality, current MI, or
heart failure-related hospitalisations in AMI patients.
While improvements in LVEF were noted, their
clinical significance remained uncertain. The findings
highlight the necessity of further large-scale, rigorously
designed trials with long term follow-up to determine
the potential role of stem cell therapy in AMI treatment.
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