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Stem Cell Therapy in Ischemic Stroke: A Systematic Review
and Meta-Analysis of Randomized Controlled Trials
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Background and Objective: Stem cell therapy has emerged as a potential therapy for the treatment of stroke. We performed a systematic
review and meta-analysis of published randomized controlled studies using various types of stem cell therapies in patients with ischemic
stroke (IS). Method: Literature search was carried out using PubMed, Google Scholar, Cochrane library, and clinicaltrial.gov to identify
studies on stem cell therapy in IS from its inception till January 2020. Data were extracted independently by two reviewers. STATA version 13
was used for carrying out meta- analysis. We included only randomized controlled trials (RCTs) if any of the stem cell therapy was used to
treat patients with IS in any phase after the index stroke. Results: We included a total of eight randomized controlled studies involving 459
subjects (217 intervention and 242 controls) in the meta-analysis. We did not observe statistically significant reduction in mean NIHSS score
in the intervention group (SMD - 0.34, 95% CI - 0.76 to 0.08) in patients with acute or sub-acute stroke. However, a statistically significant
reduction (SMD - 1.57, 95% CI -2.22 to -0.92) was observed in patients with chronic ischemic stroke. Statistically non-significant reduction
in mean mRS in the intervention group (SMD 0.04, 95% CI -0.20 to 0.28) in patients with acute or sub-acute ischemic stroke was observed,
however a statistically significant reduction (SMD - 1.07, 95% CI - 1.94 to -0.19) was noted in patients with chronic stroke. We did not
observe statistically significant reduction in mean Barthel index score (SMD 0.24, 95%CI -1.69 to 2.17) in chronic stroke. Statistically
non-significant lower mortality rate was observed in intervention group compared to controls (Risk Ratio 0.84, 95% CI 0.43 to 1.66) among
acute or sub-acute, as well as in the chronic stroke group (Risk Ratio 0.47, 95% CI 0.20 to 1.09). Conclusion: Our meta-analysis provides
no clinically important evidence for efficacy of stem cells in reducing neurological deficit compared to control group. Well-designed large
randomized controlled trials are required to provide more information on the efficacy of stem cell therapy in patients with IS.
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contain substantial heterogeneity due to the differences with
respect to the types of stem cell used, route of administration
and dosages. For justifying and panning future trials, it is
necessary to combine and contrast the studies to determine
if there is any overall benefit with the use of stem cells and
whether the benefit is a function of a particular type of
stem cell. Meta-analysis is a powerful tool for combining
the results to estimate the overall effects of an intervention
and permits determination of factors influencing the effect
through meta-regression. As the most reliable method to
determine the safety and efficacy of any intervention is
randomized controlled trial; therefore, we have conducted

INTRODUCTION

Stroke has emerged as the second most leading causes of
death and disability worldwide but unfortunately, there are
limited therapeutic options. Although thrombolysis and
thrombectomy are promising therapeutic options in the acute
phase of stroke, it caters to only a limited number of patients
owing to the lack of availability and performance ability in
the low to middle income countries. The past four decades
of preclinical research has demonstrated that stem cells
posses various properties and abilities like survival, homing
into the affected areas of brain, secretion of molecule to
promote neurogenesis, angiogenesis and synaptogenesis.

These functional integration and behavioral effects of Address for correspondence: Prof. Kameshwar Prasad

infused stem cells have formed the basis for conducting
clinical trials on stem cell therapy in stroke. Despite the
fact that safety of stem cell has been well established in
clinical trials, its effectiveness to improve the outcome
is yet to be proven. Several types of stem cells like bone
marrow mononuclear stem cells, mesenchymal stem cells,
umbilical cord blood stem cells have been used in clinical
research. Genetically modified stem cells like SB623,
multipotent adult progenitor cells (MAPCs), and neural
stem cells have been used to prove its efficacy in improving
the neurological outcome after the stroke. However, the
studies have been conducted with smaller sample size and
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a meta-analysis to determine the safety and efficacy of stem
cell therapy in patients with ischemic stroke elucidated in
randomized controlled trials.

MEeTHODS

We followed the preferred reporting items for systematic
review and meta-analysis (PRISMA) statement for conducting
meta-analysis.

Search strategy

We searched the PubMed, Google Scholar, Google, Web
of Sciences, Clinical Trial Registry, Cochrane Library from
inception until January 2020 for randomized controlled trials
dealing with stem cell therapy for patients with ischemic stroke.
The following search terms were used.

(#1) “Stroke” or “ischemic stroke” or “CVD” or “cerebral
infarct” or “ischemic stroke” or “Brain Stroke”.

(#2) “Stem cell” or “stem cells” or “Cellular Therapy” or
“Regenerative medicine” or “Bone marrow mononuclear
cells” or “Mesenchymal Stem cell” or “Peripheral blood cell”
or “Induced Pluripotent stem cell” or “Embryonic stem cell”
or “Neural stem cell” or “mononuclear cell”.

(#3) “intervention” or “infusion” or “transplantation” or
“therapy”.

(#4) #1 AND #2 AND #3 AND #4 (filters: “Human” AND
“randomised controlled trial”)

Apart from the above-mentioned strategy, further manual
search was done to identify any further published study via
screening the reference lists of relevant papers and reviews.

Selection criteria
The studies were included if they fulfilled the following
criteria.

Inclusion criteria

a. Studies conducted on autologous bone marrow mesenchymal
stem cell, mononuclear stem cells; multipotent adult
progenitor cells; peripheral blood stem cells.

b. Studies that defined the ischemic stroke in accordance
with the World Health Organisation criteria including
both acute/subacute and chronic stroke

c. Sufficient outcome data were available to be extracted
for pooled analysis

d. Studies used randomized controlled trial as study design.

Exclusion criteria

a. Studies which used methods other than randomized

controlled trial as study design

Meta-analysis, case report or case series

Studies conducted on animals

d. Multiple reports from the same study in which earlier
reports were excluded.

o

Data extraction
Two independent investigators AK and DR searched the

literature according to the inclusion/exclusion criteria of the
study and extracted the relevant baseline and outcomes data.
Relevant data for the present study as for example author
name, year of publication, study design, type of stroke, sample
size, mean age, route of stem cell therapy, type of stem cell,
follow-up duration and dose were extracted. Risk of bias
assessment was done using the Cochrane Systematic Review
Guidelines.

Statistical analyses

The effect measure used in the meta-analysis was risk ratio.
Pooled risk ratio with 95% confidence interval was computed
using the Mantel Hansel statistics for the categorical variables.
Pooled standardized mean difference with 95% confidence
interval was used for the continuous variables. Heterogeneity
was assessed using the I? statistics. Fixed-effect model was
used if heterogeneity was less than 50% otherwise random
effects model was used. Meta-regression analysis was done
to examine the source of heterogeneity. Publication bias was
not assessed as number of studies was not more than ten in
any of the outcome to meet the assumptions for assessing
the publication bias. Methodological quality of studies was
assessed by the Guidelines recommended by the Cochrane
guidelines. All the statistical analyses were conducted using
the RevMan version. 5.1 and STATA software version 13.

ResuLts

Study Characteristics

For the present meta-analysis our initial search identified 3309
studies using the database searching and thorough manual
search strategies. Forty-Eight duplicate references to the same
papers were removed manually. After reading the titles and
abstracts of remaining articles with irrelevant topics or not
fulfilling the selection criteria were excluded, resulting in a
potential total of 55 articles.

After reading full text of all available articles among 55,
eight articles were eventually included. Hence, the present
meta-analysis is based on that eight studies that were ultimately
included [Figure 1].

In the present meta-analysis two studies from Indial** two from
Korea,?# three from Chinal>” and one study from USA® are
included. Among all included studies, four studies!'->>" used
mononuclear stem cells; two studies®¥ used mesenchymal
stem cells, one study™ used multipotent adult progenitor cell
and one study'® used peripheral blood stem cells. In addition,
one of the eight interventions were performed in patients with
acute stroke!®; three with sub-acute stroke!->” and four with
chronic stroke.-¢) Furthermore, four of eight treatments were
administered via the Intravenous route!>*#! followed by three
subarachnoid® "' and one with intra-arterial.l'! The duration of
follow-up ranged from three-month!” to 7 years.! Different
number of doses were given to the intervention group in the
studies included in the present meta-analysis ranging from 10
million to 15 ng/kg/day. Detailed characteristics have been
given in Table 1.
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Figure 1: Study Flow Diagram (Results of data base searches)

Methodological quality of study

Summary of each risk of bias item for each included study
is given in Figure 2. Each risk of bias item presented as
percentages across all the included studies is given in Figure 3.

Random Sequence generation

All trials stated randomized-controlled trial as study
design. Among all included trials, six>*678 gpecified the
randomization method and hence we judged them at low risk
of bias. Two studies!'”! were classified as unclear risk of bias
for the random sequence generation because they did not report
which method of randomization was used.

Allocation concealment

In six trials!!*># allocation was concealed adequately and
were judged at low risk of bias. Two studies’®** did not
report the information about the allocation concealment,
therefore classified as unclear risk of bias for allocation
concealment [Figure 2].

Blinding of participants and personnel (Performance bias)
Two trials® were blinded to both participants and trial
personnel hence, judged at low risk of bias for performance
bias. All the other studies!**¢ included in the meta-analysis
were judged high risk of performance bias because of blinding
of participants and personnel were not performed.

Blinding of outcome assessment (detection bias)
Among all eight trials, only one trial™ did not report whether
outcome was assessed by blind assessor and hence it was
judged at high risk of bias.

Incomplete outcome data

All eight trials stated the data of lost to follow-up. In Bang
2005, 40% of controls were lost, and hence judged at high
risk of bias, and remaining seven trials at low risk of bias.

* Language other then
English=18

Selective reporting

Among eight trials, three!'*5 were considered at high risk of
bias, as two trials!'#! did not report, primary outcomes in the
published study whereas, in one trial®®! the outcomes listed in
the method section were different from those reported in the
results.

Other risk of bias

One study!!! classified as high risk of bias due to data for 22
subjects randomized between day 15 and 28 days was not
available in the published study.

Efficacy Outcomes

Heterogeneity

We used random-effects model because significant clinical
and statistical heterogeneity was observed in the pooled
analysis (I> = 67%, P = 0.03) for outcome NIHSS among
acute or sub-acute [Figure 4a], however a fixed-effect
model was used because no significant heterogeneity
was observed in the pooled analysis (I*> = 0%, P = 0.68)
among chronic stroke [Figure 4b]. For outcome mRS,
no significant heterogeneity was observed in the pooled
analysis (I? = 0%, P = 0.43) among acute or sub-acute
hence, a fixed-effect model was used [Figure 4c]; however,
arandom-effects model was used for chronic stroke because
significant heterogeneity was observed (I> = 72%, P =0.03;
Figure 4d). To determine the difference in Barthel Index
between the intervention and control group, we used
random-effects model because significant heterogeneity
was observed in the pooled analysis (I* = 93%, P < 0.001)
for subjects with chronic stroke [Figure 4¢]. For mortality,
we used fixed-effect model for acute/sub-acute and chronic
stroke due to non-significant heterogeneity (I*> = 20%,
P =0.29) [Figure 4f and 4g].
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Figure 2: Risk of bias summary based on Cochrane Systematic Review
Guidelines for each included study (green for low risk of bias, blank for
unclear risk of bias and red for high risk of bias)

Functional outcome NIHSS: Six studies reported the
NIHSS outcomes at the end of follow up involving 377
participants (191 intervention group and 186 in control group).
Among all six studies, four studies were on acute or sub-acute
stroke involving 327 participants (166 intervention group
and 161 in control group) which did not show a statistically
significant reduction in follow up NIHSS in the intervention
group as compared to control group (SMD - 0.34, 95% CI-0.76
t0 0.08, P=0.11) [Figure 4a]. However, two studies which were
on chronic stroke involving 50 participants (25 intervention
group and 25 in control group) showed a statistically significant
reduction in follow up NIHSS in the intervention group
compared to controls (SMD -1.57, 95% CI -2.22 to -0.92,
P <0.001) [Figure 4b].

Functional outcome mRS: Six studies reported the mRS
outcome at the end of follow up involving 371 participants
(178 intervention group and 193 in control group). Among
all six studies, three studies were on acute or sub-acute stroke
involving 269 participants (137 intervention group and 132 in
control group) and they did not show statistically significant
difference in mRS outcome at the end of last follow up between
the intervention group and the control group (SMD 0.04, 95%
CI-0.20 to 0.28, P=0.76) [Figure 4c]. Three studies conducted
on chronic stroke involving 102 participants (41 intervention
group and 61 in control group), showed statistically significant
reduction in the mRS in the intervention group compared to
control (SMD -1.07,95% CI-1.94 t0 -0.19, P=0.02) [Figure 4d].

Random sequence generation (selection bias

ABOCa®ON conceaiment (selection dias)

Blinding of paricipants and personnel (performance bias)
Blinding of outcome assessment (detection dias)
Incompiete outcome cata (atirition dias)
Selective reporing (reporting dias)

Other bas

% 25% 50% 75%  100%

Q
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Figure 3: Risk of bias graph review authors judgements about each risk
of bias item presented as percentages across all included studies

Barthel Index: In the present meta-analysis only four studies
reported the BI outcomes at the end of the follow up period
involving 200 participants (95 intervention group and 105 in
control group). Among four studies, three were on chronic
stroke involving 80 participants (35 intervention group
and 45 in control group), which did not show a statistically
significant improvement in the intervention group compared to
control (SMD 0.24,95% CI-1.69t0 2.17, P=0.81) [Figure 4¢].

Mortality outcome: Mortality was reported in six studies, at
the end of follow up period involving 371 participants (178
intervention group and 193 in control group). Among six studies,
three studies were on acute or sub-acute stroke involving 269
participants (137 intervention group and 132 in control group).
Meta-analysis showed a statistically non-significant lower
mortality rate in intervention group compared to controls
among acute/subacute stroke (Risk Ratio 0.84, 95% CI 0.43
to 1.66, P=0.62) [Figure 4f], as well as in studies conducted
on chronic stroke involving 102 participants (41 intervention
group and 61 in control group) with a Risk Ratio 0.47, 95%
CI10.20 to 1.09, P = 0.08) [Figure 4g].

Subgroup Analysis

We did a subgroup analysis to determine the variation in the
effect size associated with moderator variables on ischemic
stroke outcomes using meta-regression analysis. We observed
the significant effect of moderator variable (route of stem cell
intervention) on NIHSS outcome in favor of subarachnoid
route (r =-0.56, t=-4.39, P=0.012) [Figure 5a]. The similar
trend was also observed for the outcome mRS, favoring the
subarachnoid route of intervention (P = 0.010) Figure 5b.
Meta regression analysis was performed keeping time of
stem cell intervention as a moderator variable suggested that
better outcome in chronic stroke subjects for outcome NIHSS
(r=-0.79, t = -3.16, P = 0.034) [Figure 5c]. However, for
outcome mRS we did not observe the significant effect in time
to intervention of stem cells [Figure 5d]. We did not observe
the significant effect of moderator variable (types of stem cell
infusion) on outcome NIHSS and mRS [Figure 5S¢ and 5f].

Summary results

We did not observe the statistically significant effect of stem
cells intervention in improvement of neurological outcome
measured by NIHSS and mRS for acute/subacute stroke,

-Annals of Indian Academy of Neurology | Volume 24 | Issue 2 | March-April 2021




Kumar, ef al.: Stem cell therapy in Ischemic Stroke

JUQWISSASSE JIOAA [SNJ-VIA ] S90S UOTJBITWI] UOTIOUNJ JAIOU [BITUI[D)-SND {POUTILIOIP UON-N ‘S[[29 WIS [RBWAYIUISIIA -SDSIA $S[[90 Wd)s poo[q [eroydirdg-s)Sdd s[[ed 10yruadoid
ynpe JujodnnA-dVIA ‘S[[09 Wo)S JeA[ONUOUOW MOIIEW duog-s)SIN-IAE O[edS 930NS [IeIH JO sIMNSU] [euoneN-SSHIN Xopu] [dyieg-1g O[edS UDjuey PIYIPON-SYW {[BLI] [01U0)) PazImopuey-1. )y

skep STIFE6S 109 ‘popurq
[901sep e (S9[940 7) ,01xS SYW ‘I ‘SSHIN ~ Syuow g SOSIN  snoudAenu] pue §'/F0"€9 0T/01 ooy o[furg  eAIOY ,SO0T Sueg
Soam SPIF6H9 10 ‘papuriq
Sorsyeomy  (S9PAdT) ,01xS SYw  syuow 77 SOSIN  snoudAenuy PUE 9 TTF0'¥9 9€/91 ooy o[furs  BAIOY  (0T0T 2T
skep ['TIFS°CS 109 ‘popurq 10T
0¢ 01 sKep £ UOIIW G/°08C  SYW pue g ‘SSHIN ~ Sqpuow g SOSIN-INE  SnoudAenu] pue 9'11FL°0S 09/09 anoeqng offurg  erpup peseld
SyooMm
v orep [ (9040 ) 8/,01xT  VINA ‘SSHIN ‘SND  sqpuowt ¢ SOSIN-JNE PIOUYOBIEQNS  'HF6'9G PUE 9'EFE'SS 6T/6T anoeqng 109 ey yb10T NI
9[eosqng I0JOJA d[eOS
ayong ueadoing pue
BLEET SAep 9AIINOASUOD “9[edS axjong ueddoing 1Y ‘papulq
goysyuow 9 - g 10y Aep/Sy/3nl g1 SYW ‘SSHIN ~ syiuow 7| SOSEd PprouyoeIeqnS  ('6F8°CS PU L'LFI0S SI/ST oruoxy) JIfuls  BUYD P[0T UAYD
syjuowt
€ 0] S)joaM ¢ 1129 .01~ SSHIN ‘19 ‘Syw Te2k-/  SOSIN-INE proutoereqng aN 01/01 oruoxy) 109 eul)  gL10T Uil
10
‘pa[jonuod
SI[99 12101 ¥ 117979 -oqaoefd
SOy 9¢-pg oI 0 X TT SSHIN ‘9 ‘Syw  sypuow | dVIN  snoudAenuf pue ' [[F8'19 T9/L9 Aoy ‘purg-o[qnod VSN L 10T SSOH
jurod
pus-papurq w8102
sKep G1-8 SI[29 501 X S SSHIN ‘1€ ‘SyW  squow 9  SOSN-INE  [BLOMY-BHU]  €°LF99 PUe TTIFLS 01/01 amoeqng  ‘joqe[-uadQ  eIpuj eneqqg
(ajons 1s0d) (josyuog/uonuaniaju) (josuog/uonuanisiu])  ayous leak
MOopuIp awil aso( awoang dn-mojjo4 |99 wals ajnoy aby ueap azig 9|dwesg jo adA} ubisaq Apmg Anunog pue loyiny

9)04)S 21wdyas| ul Adesayy |99 wajs uo [euy LU [03u0d paziwopuey paysiqnd ayy jo Arewwns :| ajqer

Annals of Indian Academy of Neurology | Volume 24 | Issue 2 | March-April 2021 -

168



Kumar, ef al.: Stem cell therapy in Ischemic Stroke

Stem cell Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Bhatia 2018 2 14 10 28 35 10 143% -0.30 [11.18, 0.59] S -
Hess 2017 43 433 67 42 446 62 313% 0.02[-0.32,0.37) -
Liu 2014 951 105 29 1142 254 29 237% -0.97 [-1.52,-0.42) =
Prasad 2014 48 41 60 59 48 60 307% -0.24 [-0.60,0.11) .
Total (95% Cl) 166 161 100.0% -0.34 [-0.76, 0.08] <>
Heterogeneity: Tau®= 0.11; Chi*= 9.07, df= 3 (P = 0.03); F=67% _54 :2 3 % i
Testfor overall effect Z=1.60 (P = 0.11) Favours stem cell Favours control
Stem cell Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen 2014 55 18 15 87 19 15 583%  -1.68[-253,-0.83 —i—
Jin 2017 43 15 10 63 1.2 10 41.7% -1.41[-2.41,-0.41) —
Total (95% Cl) 25 25 100.0% -1.57 [-2.22, -0.92] <>
Heterogeneity: Chi*= 0.16, df=1 (P = 0.68); F= 0% _=4 '2 é z
m Test for overall effect: Z= 4.74 (P < 0.00001) Favours stem cell Favours control
Stem Cell Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Prasad 2014 36 14 60 34 1.2 60 447% 0.15[-0.21,0.51)
Hess 2017 28 132 67 279 125 62 481% 0.01 [-0.34,0.35)
Bhatia 2018 13 18 10 23 22 10 7.2% -0.48[-1.37,0.42]
Total (95% CI) 137 132 100.0% 0.04 [-0.20, 0.28]
Heterogeneity: Chi*=1.70, df=2 (P = 0.43); F=0% _?2 _11 ) % é
Test for overall effect: 2= 0.31 (P = 0.76) Favours [Stem Cell] Favours [control]
Stem Cell Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2014 21 03 15 27 05 15 33.4% -1.42[-2.23,-0.60] —a—
Jin 2017 1.2 04 10 23 08 10 281% -1.67 [-2.71,-0.62) —
Lee 2010 4 16 16 46 19 36 385% -0.33(-0.92,0.27) —u
Total (95% Cl) 41 61 100.0% -1.07 [-1.94, -0.19] <~
Heterogeneity: Tau®= 0.43; Chi*= 7.19, df= 2 (P = 0.03); F=72% '4 '2 3 é "1
Test for overall effect: Z= 2.38 (P = 0.02) Favours [Stem Cell] Favours [control]
Stem cell Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2014 55 18 15 87 19 15 336% -1.68 [-2.53,-0.83) —
Bang 2005 62 208 10 426 236 20 339% 0.83[0.04,1.62)
Jin2017 875 786 10 633 189 10 325% 1.61[0.57, 2.65) ——
Total (95% CI) 35 45 100.0% 0.24 [-1.69, 2.17]
Heterogeneity: Tau®= 2.69; Chi*= 28.30, df= 2 (P < 0.00001); F=93% :_10 _:5 ) é 10
ETes‘,tfor overall effect: Z=0.24 (P=0.81) Favours [control] Favours [stem cell]
Stem cell Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bhatia 2018 1 10 2 10 122% 0.50 [0.05, 4.67) =
Hess 2017 5 67 9 62 57.2% 0.51(0.18,1.45) —-
Prasad 2014 8 60 5 60 306%  1.60[0.56,4.61) T
Total (95% CI) 137 132 100.0%  0.84 [0.43, 1.66] <>
Total events 14 16
Heterogeneity: Chi*= 2.49, df= 2 (P = 0.29); F= 20% k + 1 :
B & 0.001 0.1 10 1000
Test for overall effect: Z=0.49 (P = 0.62) Favours stem cell Favours control
Stem cell Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen 2014 0 16 0 15 Not estimable
Jin2017 1 10 1 10 7.2% 1.00(0.07,13.87] ——
Lee 2010 4 16 21 36 928%  0.43(0.18,1.05) -
Total (95% CI) 41 61 100.0%  0.47 [0.20, 1.09] <>
Total events 5 22
Heterogeneity: Chi*= 0.36, df= 1 (P = 0.55); F= 0% k + t {
0.001 0.1 10 1000
E Test for overall effect: Z=1.77 (P = 0.08) Favours stem cell Favours control

Figure 4: (a) Forest plot of NIHSS, fixed-effect model at last follow up between Intervention group (stem cell therapy) and control group in Acute or
Sub-acute Stroke. (b) Forest plot of NIHSS, fixed-effect model at last follow up between Intervention group (stem cell therapy) and control group in
Chronic Stroke. (c) Forest plot fixed-effect model, comparing standardized mean difference for mRS at last follow up between Intervention group (stem
cell therapy) and control group in Acute or Sub-acute Stroke. (d) Forest plot, random-effects model, comparing standardized mean difference for
mRS at last follow up between Intervention group (stem cell therapy) and control group in Chronic Stroke. (e) Forest plot, random-effects model,
comparing standardized mean difference of Barthel Index at last follow up between the Intervention group (stem cell therapy) and control group in
Chronic Stroke. (f) Forest plot, fixed-effect model, comparing mortality at last follow up between Intervention group (stem cell therapy) and control
group in Acute or Sub-acute Stroke. (g) Forest plot, fixed-effect model, comparing mortality, at last, follow up between Intervention group (stem cell
therapy) and control group in Chronic Stroke
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Figure 5: (a-f) Meta-regression Analysis to assess the heterogeneity explained by the different independent variables

however, a significant improvement was noted in case of
chronic stroke. Barthel index score did not differ significantly
between both the groups for chronic stroke. Statistically
non-significant lower mortality rate was observed in the
intervention group compared to controls among patients with
acute or sub-acute stroke, as well in chronic stroke.

Discussion

We have conducted a meta-analysis involving reported RCTs to
determine the precise evidence associated with Stem cell therapy
for treatment of Ischemic Stroke. Stem cell therapy is emerging
as a potential therapeutic option for treatment of Ischemic stroke.

Pre-clinical studies have shown the consistent efficacy of stem
cell for treatment of stroke. A meta-analysis involving 64

studies on preclinical studies strongly supports the translational
potential of stem cell therapy for ischemic stroke."!

The first stem cell therapy using neuroterocarcinoma cells that
transformed into postmitotic neurons infused in patients with
stroke conducted by Kondziolka ef al. in 1998, provided the
preliminary data on safety, feasibility, and tolerability of stem
cell therapy in human following which, several studies reported
in this direction. More than six thousand trials are registered
with online clinical registry trial website (https://clinicaltrials.
gov/) involving several types of stem cells, addressing many
types of disorders and diseases. Out of which 44.5% have
been completed!'”

A pilot study published by our group consisting of 11 patients
showed intravenous bone marrow mononuclear cell therapy
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is feasible and safe without having any tumor formation at
one year follow up period. A meta-analysis involving single
arm studies which included 14 studies have shown that stem
cell therapy has potential to improve outcome after stroke.
However, the finding of this meta-analysis should be read
with caution as there was no control group. We need a control
group to determine the efficacy as recovery from stroke is well
recognized in its natural disease history. There are several types
of effects like Hawthorne effect, placebo effect that may lead
to biases which may result in false positive effect associated
with intervention. The most reliable method to determine the
efficacy and safety of interventional products is a randomized
controlled trial. Our largest randomized controlled trial using
intravenous infusion of autologous bone marrow derived stem
cells therapy appeared safe and feasible but did not improve
neurological outcome compared to control group. A double
blind, placebo-controlled, phase II randomized controlled
trial (MASTER) showed that multipotent adult progenitor
cells is safe and well tolerated in patients with acute ischemic
stroke, however it, did not demonstrate any beneficial effect
in improvement of neurological outcome compared to control.
Another randomized controlled trial which included 48
subjects within 8-15 days of stroke, noted that intra-arterial
infusion does not improve the outcome at 12 months after stem
cell infusion.!" A large phase 111 trial (PISCES) on genetically
neural modified stem cells is ongoing in which, multi countries
are expected to be involved to determine the efficacy of
neural stem cell in patients with ischemic stroke.!'!! Another,
Phase I study using genetically modified stem cells (SB623)
in ischemic stroke was recently completed and results are
awaited.['”

Our meta-analysis involving eight studies have not shown
any significant difference in NIHSS, mRS, BI scores, and
mortality between the stem cell and control group in acute or
subacute stroke category. In case of chronic stroke, NIHSS was
statistically significantly lower in the stem cell group compared
to control group [Figure 4b], however, this finding is based
on only two studies which were conducted in the Chinese
population. Significant improvement was also noted for the
outcome mRS in the intervention group as compared to control
group in the studies conducted on chronic stroke. However,
we cannot exclude the type I error associated with this finding.
There is clear need to conduct more studies to obtain the precise
estimate of evidence in order to determine the efficacy of stem
cell therapy in patients with ischemic stroke whereas, earlier
reported meta-analysis included non-randomized clinical
trials, we included only randomized controlled trial in order to
improve the overall quality of studies to determine the precise
evidence associated with stem cell intervention. The findings of
this meta-analysis will help in designing the future randomized
controlled trials in this direction. There are several points need
to be discussed in this direction.

Route of stem cell infusion: Our meta-regression analysis
suggests that sub-arachnoid route is superior in improving the
outcome [Figure 5a,5b], however, we cannot exclude the false

positive finding (Type 1 error) in this observed effect as sample
size was small in the subgroup analysis. While intravenous
route is easy and less invasive, most of the infused stem cells
are trapped in internal organs such as lungs and kidney, limiting
the homing of stem cells to brain area and thus, requires higher
cell volume. On the other hand, other routes like intra-arterial/
sub-arachnoid allow more localized delivery in order to home
the stem cells to the vascular territory and infarcted area and
therefore affords the use of lower cell volumes. Safety of
intra-arterial delivery of bone marrow derived mononuclear
stem cell in patients with ischemic stroke has been shown in
earlier published study.™!! Small size stem cell like bone marrow
mononuclear cell which range from 7 um associated with less
risk for vascular obstruction. On the contrary, bigger size stem
cells like neural stem cells (size 13—15 wm), mesenchymal stem
cells (size over 25 um) impose risk for vascular obstructions.['*!
Apreclinical study noted that safety concern (e.g., micro thrombi
formation, decreased cerebral blood flow) and concluded
that both infusion velocity and cell dose is associated with
complication following stem cell infusion via intra-arterial
route.!'¥ It cannot be denied that although the intra-arterial
infusion of cells is an invasive method, it helps in homing of
stem cell in the infarcted area with less risk compared to direct
intra-cerebral transplantation. Intracerebral route is difficult to
execute during acute phase due to risk of hematoma formation,
which further increases the risk for bleeding in brain. The most
effective route of intervention still needs to be explored.

Types of stem cells: We did not observe any obvious effect
of any particular type of stem cell and outcome in our
meta-regression analysis [Figure 5¢,5f] although we could
not exclude the Type II error due to insufficient sample size
for subgroup analysis. No beneficial effect of bone marrow
derived mononuclear cell therapy on stroke outcome has
been noted in large multicentric randomized controlled
trial.l) There are various types of stem cells through various
routes are underway that may shed a light on potential types
of stem cells for improving outcome after stroke. A phase-II
randomized, double blind, placebo controlled multi-center
study involving 33 centers in UK and USA conducted by Hess
et al. showed that multi-potent adult progenitor cells injected
through intravenous route appeared safe and well tolerated in
patient with acute ischemic stroke. A phase 1/2a open label
single arm study on chronic stroke showed two-year safety and
improvement in clinical outcome at 12 months after infusion
of genetically modified bone marrow derived mesenchymal
stem cells (SB623). A recently completed phase II double
blind, sham surgery randomized controlled trial conducted
by same group would provide more insight about efficacy
of SB623 cells in patients with chronic stroke.[¥! Another
promising single arm study conducted on 13 subjects using
CTX-DP a drug product of immortalized human neural stem
cell line showed that single intracerebral doses up to 20 million
has no safety concern and were associated with improved
neurological function. Based on this observation a further
phase II randomized controlled multi-center study with an
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estimated enrolment of 110 participants is underway to test
its efficacy on stroke outcome.!"!!

Timing of stem cell infusion: Our subgroup analysis did
observe statistically significant effect in improvement
assessed by mRS and NIHSS on trials conducted at chronic
phase of stroke, however number of studies were inadequate
for any conclusive findings. Preclinical studies support the
early infusion of stem cell to achieve the maximum benefit
as indicated by a study which demonstrated that significant
reduction in the neurological deficit after using the bone
marrow mononuclear cells when infused within the 72 hours,
but not at 7 days.!'”! A preclinical study observed the dose
response gradient between stem cell infusion and structural
outcome, decrease in infarct size, with 1.5% decline in efficacy
with each day delay in infusion, however it, did not observe
the same relationship with functional outcome.!' More clinical
trials are required to determine the optimal time for stem cell
infusion in patient with ischemic stroke.

Safety: Finding of this meta-analysis suggests that there is
no significant difference in the mortality between stem cell
infusion group and control group. Adverse events between
stem cell and control group were also similar as noted by an
earlier systemic review and meta-analysis.['”)

Large number of clinical trials with different type of stem
cells and different routes are underway and their results
may provide the further precise evidence for role of stem
cell therapy on efficacy for patients with ischemic stroke.
The results of a recently completed phase II double
blinded RCT used modified stem cells SB623['?! is awaited
which may show further evidence on efficacy of stem cell
treatment is patient with ischemic stroke. An ongoing phase
IIT randomized placebo controlled multi-centric study with
an aim to test the efficacy of neural stem cells through
intracerebral (stereotactic) route may provide further
information on role of stem cell infusion for treatment of
ischemic stroke.!""” A meta-analysis published by Kumar A
et al., concluded that well-designed randomized controlled
trials are required to determine the efficacy of stem cell
therapy for patients with ischemic stroke.!®

Limitation of study

Significant number of Chinese studies published in Chinese
language were not included in the meta-analysis due to
language barrier and relevant data could not be extracted.
Total number of studies were not >10 for any of the outcome
measures, limiting us from using funnel plot to determine the
publication bias in the present meta-analysis.

ConcLusion

The majority of studies included in the meta-analysis are with
low to moderate quality of evidence, hence at best provide
preliminary efficacy of stem cell therapy in chronic stroke
however, small sample size limits our ability to draw any clear
conclusion. Therefore, well designed randomized controlled

trials are warranted to determine the efficacy of stem cell for
treatment of ischemic stroke.
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