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Key question in PICO format:

In patients with autism spectrum disorder (ASD), what is the efficacy and safety of stem cell
therapy as compared to usual care?

Population: Children and adolescents with autism spectrum disorder

Intervention: Any stem cell and product derived from stem cells or their derivatives

Comparator: Usual Care/Conventional Care

Critical Outcomes: Childhood Autism Rating Scale (CARS), Vineland Adaptive Behavior Scales and
Socialization Subscale (VABS SS); Safety: Serious Adverse Events (SAEs)

ii.  Search Strategy (October 2023):

PubMed (Ccccccc"Cnild"[Mesh]) OR  ("Adolescent"[Mesh])) OR ("Infant"[Mesh])) OR
("Pediatrics"[Mesh])) OR ("Minors"[Mesh])) OR ("Child, Preschool"[Mesh]))) OR
("Infant, Newborn"[Mesh])) OR ((preschool children) OR (preschool*) OR (pre-
school*) OR (neonate) OR (newborn) OR (perinatal) OR (kids) OR (baby) OR
(babies) OR (child*) OR (infant*) OR (pediatric*) OR (paediatric*) OR (adolescen*)
OR (toddler*) OR (juvenil*))) AND (((((("Autism Spectrum Disorder"[Mesh]) OR
("Autistic Disorder"[Mesh])) OR ("Asperger Syndrome"[Mesh])) OR ("Child
Development Disorders, Pervasive"[Mesh])) OR ("Developmental
Disabilities"[Mesh])) OR ((autism spectrum disorders) OR (ASD) OR (ASDs) OR
(autism spectrum) OR (developmental disorder) OR (pervasive developmental
disorders) OR (PDD) OR (PDDs) OR (disorders asperger) OR (syndrome asperger)
OR (disease asperger) OR (disorder autistic) OR (disorder autistic spectrum) OR
(childhood disintegrative disorder) OR (childhood pervasive disorder*) OR
(disorder pervasive) OR (pervasive disorder*) OR (autis*) OR (asperger*) OR
(kanner*)))) AND (((((("Stem Cells"[Mesh] OR "Mesenchymal Stem Cell
Transplantation"[Mesh] OR "Stem Cell Research"[Mesh] OR "Peripheral Blood Stem
Cell Transplantation"[Mesh] OR "Cord Blood Stem Cell Transplantation"[Mesh] OR
"Stem  Cell Transplantation"[Mesh] OR  "Hematopoietic = Stem  Cell
Mobilization"[Mesh] OR "Hematopoietic Stem Cell Transplantation"[Mesh] OR
"Mesenchymal Stem Cells"[Mesh]) OR ("Fetal Stem Cells"[Mesh]))))) OR ((stem
cell) OR (stem cell transplantation) OR (stem cell treatment) OR (SCT) OR (cell
transplantation) OR (HSCT) OR (hematopoietic stem cell mobilization) OR
(peripheral stem cell transplantation) OR (PSCT) OR (bone marrow
transplantation) OR (BMT) OR (placental blood stem cell transplantation) OR
(umbilical cord stem cell transplantation) OR (mesenchymal stem cells) OR
(Wharton’s jelly-derived MSCs) OR (bone marrow-derived MSCs) OR (umbilical
cord blood-derived MSCs) OR (BM-MSCs) OR (fetal derived MSCs) OR (foetal-
derived MSCs) OR (embryonic stem cells) OR (allogeneic mesenchymal stem cells)
OR (progenitor cells) OR (mother cells) OR (colony-forming unit) OR (erythroid
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progenitor cells) OR (pluripotent stem cells) OR (totipotent stem cells)))

EMBASE

(('child'/exp OR 'adolescent’/exp OR 'infant'/exp OR 'pediatrics’'/exp OR 'minor
(person)'/exp OR 'preschool child'/exp OR 'newborn'/exp) OR ('preschool
children' OR neonate OR perinatal OR kids OR baby OR babies OR child* OR infant*
OR pediatric* OR paediatric* OR adolescen* OR toddler* OR preschool* OR 'pre
school* OR juvenil*)) AND ((‘autism'/exp OR 'asperger syndrome'/exp OR
'developmental disorder'/exp) OR (‘autism spectrum disorders’ OR ‘'autism
spectrum disorder’ OR asd OR asds OR 'autism spectrum' OR 'developmental
disorder' OR 'pervasive developmental disorders' OR 'pervasive disorder*' OR pdd
OR pdds OR 'child development disorders, pervasive' OR 'autistic disorder' OR
'disorder autistic' OR 'disorder autistic spectrum' OR 'childhood disintegrative
disorder' OR 'disorders asperger' OR 'syndrome asperger' OR 'disease asperger' OR
autis* OR asperger* OR kanner*)) AND (('stem cell'/exp OR 'mesenchymal stem
cell transplantation'/exp OR 'stem cell research'/exp OR 'peripheral blood stem cell
transplantation’'/exp OR 'cord blood stem cell transplantation'/exp OR 'stem cell
transplantation'/exp OR 'mesenchymal stem cell'/exp OR 'fetalstem cell'/exp) OR
('stem cell transplantation' OR sct OR 'hematopoietic stem cell transplantation' OR
'hematopoietic stem cell mobilization' OR hsct OR 'peripheral stem cell
transplantation’ OR psct OR 'stem cell' OR 'bone marrow transplantation' OR bmt
OR 'umbilical cord stem cell transplantation’ OR 'stem cell treatment’ OR
'mesenchymal stem cells' OR 'cell transplantation' OR 'whartons jelly derived mscs'
OR 'bone marrow-derived mscs' OR 'umbilical cord blood-derived mscs' OR
'bmmscs' OR 'fetal derived mscs' OR 'embryonic stem cells' OR 'allogeneic
mesenchymal stem cells' OR 'progenitor cells' OR 'mother cells' OR 'colony-forming
unit' OR 'erythroid progenitor cells’ OR 'pluripotent stem cells' OR 'totipotent stem
cells))

Web of
Science

ALL=(child OR adolescent OR adolescen* OR Infant OR pediatrics OR pediatric* OR
paediatric* OR minors OR "child, preschool” OR "preschool children" OR preschool*
OR pre-school* OR "infant, newborn" OR infant* OR neonate OR newborn OR
perinatal OR kids OR baby OR babies OR child* OR toddler* OR juvenil*) AND
ALL=("autism spectrum disorder" OR "autism spectrum disorders” OR ASD OR
ASDs OR "autism spectrum” OR "developmental disorder” OR "child development
disorders, pervasive" OR "pervasive developmental disorder” OR PDD OR PDDs OR
"asperger syndrome" OR "disorders asperger” OR "syndrome asperger" OR
"disease asperger" OR "Autistic Disorder" OR "disorder autistic" OR "disorder
autistic spectrum” OR "developmental disabilities” OR "childhood disintegrative
disorder” OR "childhood pervasive disorder*" OR "pervasive disorder*" OR autis*
OR asperger* OR kanner*) AND ALL=("stem cells" OR "stem cell" OR "stem cell
transplantation” OR "stem cell treatment” OR SCT OR "cell transplantation” OR
HSCT OR "hematopoietic stem cell transplantation” OR "hematopoietic stem cell
mobilization" OR "stem cell research" OR "peripheral stem cell transplantation” OR
PSCT OR "peripheral blood stem cell transplantation” OR "cord blood stem cell
transplantation” OR "mesenchymal stem cells" OR "mesenchymal stem cell
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transplantation” OR "fetal stem cells" OR "bone marrow transplantation” OR BMT
OR "placental blood stem cell transplantation” OR "umbilical cord stem cell
transplantation” OR "umbilical cord blood-derived MSCs" OR "wharton’s jelly-
derived MSCs" OR "bone marrow-derived MSCs" OR "BM-MSCs" OR "fetal derived
MSCs" OR "foetal-derived MSCs" OR "embryonic stem cells" OR "allogeneic
mesenchymal stem cells" OR "progenitor cells" OR "mother cells" OR "colony-
forming unit" OR "erythroid progenitor cells" OR "pluripotent stem cells" OR
"totipotent stem cells")

Cochrane
Library

1. MeSH descriptor: [Child] explode all trees
2. MeSH descriptor: [Adolescent] explode all trees
3. MeSH descriptor: [Infant] explode all trees
4. MeSH descriptor: [Pediatrics] explode all trees
5 .MeSH descriptor: [Minors] explode all trees
6 .MeSH descriptor: [Infant, Newborn] explode all trees
7. MeSH descriptor: [Child, Preschool] explode all trees
8. (preschool children OR preschool* OR pre-school* OR neonate OR newborn OR
perinatal
OR kids OR baby OR babies OR child* OR infant* OR pediatric* OR paediatric* OR
adolescen™ OR toddler* OR juvenil*)
9.#1 OR#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
10. MeSH descriptor: [Autism Spectrum Disorder] explode all trees
11. MeSH descriptor: [Autistic Disorder] explode all trees

[
12. MeSH descriptor: [Asperger Syndrome] explode all trees
[

13. MeSH descriptor: [Child Development Disorders, Pervasive] explode all trees
14. MeSH descriptor: [Developmental Disabilities] explode all trees
15. (autism spectrum disorders OR ASD OR ASDs OR autism spectrum OR
developmental
disorder OR pervasive developmental disorder OR PDD OR PDDs OR childhood
disintegrative disorder OR disorders asperger OR syndrome asperger OR disease
asperger OR disorder autistic OR disorder autistic spectrum childhood
disintegrative
disorder OR childhood pervasive disorder* OR disorder pervasive OR pervasive
disorder* OR autis* OR asperger* OR kanner*)
16.#10 OR#11 OR #12 OR #13 OR #14 OR #15
17. MeSH descriptor: [Stem Cells] explode all trees
18. MeSH descriptor: [Mesenchymal Stem Cell Transplantation] explode all trees
19. MeSH descriptor: [Peripheral Blood Stem Cell Transplantation] explode all
trees
20. MeSH descriptor: [Cord Blood Stem Cell Transplantation] explode all trees
21. MeSH descriptor: [
22.MeSH descriptor: [
23. MeSH descriptor: [Hematopoietic Stem Cell Transplantation] explode all trees
24. stem cell OR stem cell transplantation OR stem cell treatment OR SCT OR cell

Stem Cell Transplantation] explode all trees
Hematopoietic Stem Cell Mobilization] explode all trees
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transplantation OR HSCT OR hematopoietic stem cell mobilization OR
peripheral stem

cell transplantation OR PSCT OR bone marrow transplantation OR BMT OR stem
cell

research OR placental blood stem cell transplantation OR umbilical cord stem
cell

transplantation OR mesenchymal stem cells OR fetal stem cells OR Wharton's
jelly-

derived MSCs OR bone marrow-derived MSCs OR umbilical cord blood-derived
MSCs
OR BM-MSCs OR fetal derived MSCs OR foetal-derived MSCs OR embryonic stem
cells

OR allogeneic mesenchymal stem cells OR progenitor cells OR mother cells OR
colony-

forming unit OR erythroid progenitor cells OR pluripotent stem cells OR
totipotent stem

cells
25.#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23
26.#9 AND #16 AND #25
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iii. PRISMA Flow Diagram:

)

Records 1dentified through databases searching: PubMed=1722,
Embase=2337, WOS=1135, Cochrane Library=30,
(Total no. = 5224)

Duplicate Records removed

Identification

(n =1246)

Records after duplicates removed

(n 3978)

|

Records screened by title and abstract
(n=3978)

Records excluded by Title /Abstract
(n=3946)

Screening

Full-text articles excluded with reasons (n =29)
i . o Non randomized Studies (n=22)
Full-text articles assessed for eligibility Abstract (n=4)

(n=32) Protocol (n=1)
Letter to editor (n=1)
Secondary data (n=1)

Eligibility

v

Studies included in quantitative synthesis
(n=3)

Included
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List of excluded studies:

Citation

Reason for
exclusion

Bradstreet J], Sych N, Antonucci N, et al. Efficacy of fetal stem cell
transplantation in autism spectrum disorders: an open-labeled
pilot study. Cell Transplant. 2014;23 Suppl 1: S105-S112.

Non-randomized
study

Bansal H, Verma P, Agrawal A, Leon ], Sundell IB, Koka PS. A Short
Study Report on Bone Marrow Aspirate Concentrate Cell Therapy
in Ten South Asian Indian Patients with Autism.] Stem Cells.
2016;11(1):25-36.

Non-randomized
study

Carpenter KLH, Major S, Tallman C, et al. White Matter Tract
Changes Associated with Clinical Improvement in an Open-Label
Trial Assessing Autologous Umbilical Cord Blood for Treatment of
Young Children with Autism.Stem Cells Transl Med.
2019;8(2):138-147.d0i:10.1002 /sctm.18-0251

Non-randomized
study

Chez M, Lepage C, Parise C, Dang-Chu A, Hankins A. A Randomized,
Blinded, Placebo-controlled, Crossover Study to Assess the
Efficacy of Stem Cells from Autologous Umbilical Cord Blood to
Improve Language and Behavior in Children with Autism.
Cytotherapy. 2016;18(6):S112.

Only abstract
available

Dawson G, Sun JM, Davlantis KS, et al. Autologous Cord Blood
Infusions Are Safe and Feasible in Young Children with Autism
Spectrum Disorder: Results of a Single-Center Phase I Open-Label
Trial. Stem Cells Transl Med. 2017;6(5):1332-1339.
d0i:10.1002/sctm.16-0474

Non-randomized
study

Liu M, Li Y, Huan Y, Ge R, Zhang ], Jiang S, et al. Safety and efficacy
of cord blood mononuclear cells and umbilical cord mesenchymal
stem cells therapy for childhood autism. Journal of Clinical
Rehabilitative Tissue Engineering Research. 2011;15:4359-62.

Non-randomized
study

Liu WP, Wang J, Qu SQ, et al. Transplantation of human neural
precursor cells in the treatment of children with pervasive
developmental disorder. Zhongguo Dang Dai Er Ke Za Zhi.
2013;15(10):860-865.

Non-randomized
study

Lv YT, Zhang Y, Liu M, et al. Transplantation of human cord blood
mononuclear cells and umbilical cord-derived mesenchymal stem
cells in autism. ] Transl Med. 2013;11:196. Published 2013 Aug 27.

Non-randomized
study

McLaughlin C, West T, Hollowell R, et al. Expanded Access
Protocol of Umbilical Cord Blood Infusion for Children with
Neurological Conditions: An Update. Stem Cells Transl Med.
2021;10(S1):S7-S8. d0i:10.1002 /sct3.13016

Protocol update

Evidence-based Guidelines for the use of Stem Cell Therapy: Pediatrics Conditions (supplement)

Page 22




Mucha, A, et al. Wharton's jelly-derived mesenchymal stem cells
treatment in children with neurological diseases. Bone Marrow
Transplant 53 (Suppl 1), 145-805 (2019)

Non randomized
study

Murias M, Major S, Compton S, et al. Electrophysiological
Biomarkers Predict Clinical Improvement in an Open-Label Trial
Assessing Efficacy of Autologous Umbilical Cord Blood for
Treatment of Autism. Stem Cells Transl Med. 2018;7(11):783-791.

Non-randomized
study

Nguyen Thanh L, Nguyen HP, Ngo MD, et al. Outcomes of bone
cell transplantation combined with
interventional education for autism spectrum disorder [published
correction appears in Stem Cells Transl Med. 2021
Dec;10(12):1721]. Stem Cells Transl Med. 2021;10(1):14-26.

marrow mononuclear

Non-randomized
study

Nguyen LT, Nguyen PH, Hoang DM. A phase Il randomized clinical
trial of the safety and efficacy of intravenous umbilical cord blood
infusion for treatment of children with autism spectrum
disorder. ] Pediatr. 2021;230:271-272.

Letter to editor

Petriv T, Tatarchuk M, Skuratov A, Rybachuk O, Tsymbaliuk V.
Safety of Combined Autistic Spectrum Disorders Treatment with
Umbilical Cord Mesenchymal Stem Cells Application: Clinical
Investigation. Stem Cells Transl Med. 2021;10(S1): S10.

Only abstract
available

Ramirez Duran, Hernan & Lopez-Quezada, Jane & Garcia, Sandra &
de la Cruz-de la Cruz, Carlos & Velasco-Ruiz, Ileana & Gonzalez-
Llano, Oscar &Mancias-Guerra, Consuelo (2022). P106 Stem cell
therapy in children with neurological disease: Association
between adverse effects and total nucleated cells parameters.

Only abstract
available

Sharma AK, Gokulchandran N, Kulkarni PP, et al. Cell

transplantation as a novel therapeutic strategy for autism

spectrum disorders: a clinical study.Am ] Stem Cells.

2020;9(5):89-100.

Non-randomized
study

Sharma A, Gokulchandran N, Chopra G, et al. Administration of
autologous bone marrow-derived mononuclear cells in children
with incurable neurological disorders and injury is safe and
improves their quality of life. Cell Transplant. 2012;21 Suppl1:
S79-590.

Non-randomized
study

Sharma A, Gokulchandran N, Sane H, et al. Autologous bone
marrow mononuclear cell therapy for autism: an open label proof
of concept study. Stem Cells Int. 2013; 2013:623875.

Non-randomized
study

Siniscalco, D., et al. "Fetal stem cell transplantation in autism
spectrum disorders."Cell Journal. 2016;18: 63-64.

Non-randomized
study

Simhal AK, Carpenter KLH, Kurtzberg ], et al. Changes in the
geometry and robustness of diffusion tensor imaging networks:
Secondary analysis from a randomized controlled trial of young

Secondary data
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autistic children receiving an umbilical cord blood infusion. Front
Psychiatry. 2022; 13:1026279. Published 2022 Oct 20

Sun JM, Dawson G, Franz L, et al. Infusion of human umbilical cord
tissue mesenchymal stromal cells in children with autism
spectrum disorder. Stem Cells Transl Med. 2020;9(10):1137-
114e6.

Non-randomized
study

Tanchanco, Lourdes & Vera, Michelle & Bernal, Samuel & Bengzon,
Alfredo. Effect of mesenchymal stem cell treatment on autism
spectrum disorder. Cytotherapy. 2015;17. S39-S40.

Only abstract
available

Nguyen Thanh L, Nguyen HP, Ngo MD, et al. Outcomes of bone
marrow mononuclear transplantation
interventional education for autism spectrum disorder [published
correction appears in Stem Cells Transl Med. 2021
Dec;10(12):1721]. Stem Cells Transl Med. 2021;10(1):14-26.

cell combined with

Non-randomized
study

Villarreal-Martinez L, Martinez-Garza LE, Rodriguez-Sanchez IP, et
al. Correlation Between CD133+
Improvement in Patients with Autism Spectrum Disorders
Treated with Intrathecal Bone Marrow-derived Mononuclear
Cells. InnovClinNeurosci. 2022;19(4-6):78-86.

Stem Cells and Clinical

Non-randomized
study

Zakerinia M, Kamgarpour A, Nemati H, et al. Intrathecal
Autologous Bone Marrow-Derived Hematopoietic Stem Cell
Therapy in Neurological Diseases. Int ] Organ Transplant Med.
2018;9(4):157-167.

Non-randomized
study

Gomes, A, et al."Allogeneic Stem Cell Transplantation in Children
with Autism." Haematologica. 2017;102: 865-865

Non-randomized
study

Tyumina 0.V, Volchkov S.E. Ovchinnikov P.A., Trusova L.M,
Bugakov A.L, Romanova S.A., Bumagina L.V., Galahova O. Clinical
Evaluation of the efficiency of allogeneic cord blood transfusion in
patients with autism // Genes & Cells. - 2020. - Vol. 15.- N. 3. - P.
74-79.

Non-randomized
study

Smirnov VN, Neznanov NG, Morozova YV, et al. Allogeneic
umbilical cord blood cell therapy for children with autism: safety
and efficacy of the method. ZhNevrolPsikhiatrim S SKorsakova.
2021;121(11. Vyp. 2):31-37.

Non-randomized
study

Smirnov, V., et al. The use of allogeneic human umbilical cord
blood cells in children with autism: the effectiveness and safety of

the method. European Neuropsychopharmacology 2021; 53:
S250-S251.

Non-randomized
study
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2. CEREBRAL PALSY

Key question in PICO format

Search strategy

PRISMA flow diagram

Summary of included studies
Evidence to decision framework
Data extraction

List of excluded studies
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i

ii.

Key Question in PICO format:

In patients with Cerebral Palsy, what is the efficacy and safety of stem cell therapy as compared to
usual care?

Population: Children diagnosed with cerebral palsy

Intervention: Any stem cell and product derived from stem cells

Comparator: Usual Care/ Conventional Care

Critical Outcomes: Efficacy: Gross & fine motor function, Tonal ability, Functional ability
Safety: Serious Adverse Events (general & specific- e.g. stroke)
Additional/Important outcome: Quality of life, Cognition, Other adverse events

Search Strategy (October 2023):

The MeSH and keywords search terms included were Stem Cells, Progenitor Cells, Mother Cells,
CP, Dystonic-Rigid Cerebral Palsies. The terminologies (MeSH terms or entry terms) used were
divided into two basic groups: study population related to cerebral palsy and terms describing or
related to stem cell products (stem cell, regenerative cell, mesenchymal cell, cord blood cell,
mononuclear cell). Using these MeSH/ entry terms and suitable Boolean operators, specific search
strategies were developed for each search engine. The electronic search was later supplemented
by a manual search of the references from the included articles, to identify additional articles.
Truncation was used for terms like “stem cell” and “cerebral palsy” to widen the search and
include all relevant keywords. The Boolean function “OR” was used to find articles that use
different spellings. The only filter applied was to include human studies and randomized
controlled trials. No limitation to the date of publishing was applied and articles up to September
2023 were included. All the articles were reviewed by two independent authors.

PubMed Search:

We used the advanced search syntax provided by the platform.

(("Cerebral ~ Palsy”"[Mesh]) ~ OR  (((CCCCCCCCCCccccecccccceccceceecececeececccccep  (Cerebral
Palsy)[Title/Abstract]) ) OR (Cerebral Palsy, Dystonic-Rigid[Title/Abstract])) OR (Cerebral Palsies,

Dystonic-Rigid[Title/Abstract])) OR (Cerebral Palsy, Dystonic Rigid[Title/Abstract])) OR (Dystonic-
Rigid Cerebral Palsies[Title/Abstract])) OR (Dystonic-Rigid Cerebral Palsy[Title/Abstract])) OR
(Cerebral Palsy, Mixed[Title/Abstract])) OR (Mixed Cerebral Palsies[Title/Abstract])) OR (Mixed
Cerebral Palsy[Title/Abstract])) OR (Cerebral Palsy, Monoplegic, Infantile[Title/Abstract])) OR
(Monoplegic Infantile Cerebral Palsy[Title/Abstract])) OR (Infantile Cerebral Palsy,
Monoplegic[Title/Abstract])) OR (Cerebral Palsy, Quadriplegic, Infantile[Title/Abstract])) OR
(Quadriplegic Infantile Cerebral Palsy[Title/Abstract])) OR (Infantile Cerebral Palsy,
Quadriplegic[Title/Abstract])) OR (Cerebral Palsy, Rolandic Type|[Title/Abstract])) OR (Rolandic
Type Cerebral Palsy[Title/Abstract])) OR (Cerebral Palsy, Congenital[Title/Abstract])) OR
(Congenital Cerebral Palsy[Title/Abstract])) OR (Little Disease[Title/Abstract])) OR (Little's
Disease[Title/Abstract])) OR (Spastic Diplegia[Title/Abstract])) OR (Diplegias,
Spastic[Title/Abstract])) OR (Spastic Diplegias[Title/Abstract])) OR (Diplegia,
Spastic[Title/Abstract])) OR (Monoplegic Cerebral Palsy[Title/Abstract])) OR (Cerebral Palsies,
Monoplegic[Title/Abstract])) OR (Cerebral Palsy, Monoplegic[Title/Abstract])) OR (Monoplegic
Cerebral Palsies[Title/Abstract])) OR (Cerebral Palsy, Athetoid[Title/Abstract])) OR (Athetoid
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Cerebral Palsy|[Title/Abstract])) OR (Cerebral Palsies, Athetoid[Title/Abstract])) OR (Cerebral
Palsy, Dyskinetic[Title/Abstract])) OR (Cerebral Palsies, Dyskinetic|[Title/Abstract])) OR
(Dyskinetic Cerebral Palsy[Title/Abstract])) OR (Cerebral Palsy, Atonic[Title/Abstract])) OR
(Atonic Cerebral Palsy[Title/Abstract])) OR (Cerebral Palsy, Hypotonic[Title/Abstract])) OR
(Hypotonic Cerebral Palsies[Title/Abstract])) OR (Hypotonic Cerebral Palsy[Title/Abstract])) OR
(Cerebral Palsy, Diplegic, Infantile[Title/Abstract])) OR (Diplegic Infantile Cerebral
Palsy[Title/Abstract])) OR (Infantile Cerebral Palsy, Diplegic[Title/Abstract])) OR (Cerebral Palsy,
Spastic[Title/Abstract])) OR (Spastic Cerebral Palsies|[Title/Abstract])) OR (Spastic Cerebral
Palsy[Title/Abstract]))) AND (("Stem Cells"[Mesh]) OR (((((((((((((((Cell, Stem[Title/Abstract]) OR
(Cells, Stem[Title/Abstract])) OR (Stem Cell[Title/Abstract])) OR (Progenitor
Cells[Title/Abstract])) OR (Cell, Progenitor[Title/Abstract])) OR (Cells, Progenitor[Title/Abstract]))
OR  (Progenitor Cell[Title/Abstract])) OR (Mother Cells[Title/Abstract])) OR (Cell,
Mother[Title/Abstract])) OR (Cells, Mother[Title/Abstract])) OR (Mother Cell[Title/Abstract])) OR
(Colony-Forming Unit[Title/Abstract])) OR (Colony Forming Unit[Title/Abstract])) OR (Colony-
Forming Units[Title/Abstract])) OR (Colony Forming Units[Title/Abstract]))). This strategy
searched for the specified terms using MeSH (Medical Subject Headings) terms in
PubMed/MEDLINE. We adjusted the MeSH Terms as needed based on the controlled vocabulary of
PubMed/MEDLINE. Similar search strategies were developed for other search engines

iii. PRISMA Flow Diagram:

3822 records identified through search of databases (PUBMED-
1609, EMBASE-1030, Web of Science-384, Cochrane central-799)

1257 records after duplicates removed

1257 records screened

)
N
S
Y~
S
S
S
=
—
)
5
$
v
5
A
—

Irrelevant records excluded (n = 1235)

!

Full-text articles assessed for eligibility (n = 22)

Eligibility

_ Full text articles excluded:9
v " (Uncontrolled trials and
incomplete data)

Articles included in qualitative synthesis (n =13)

Included

A 4

Articles included in quantitative synthesis (n=9)
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List of Excluded Studies:

The following studies were excluded from quantitative synthesis (meta-analysis) because of
the mentioned reasons: -

Cox Jretal. 2022, USA18: This study does not provide change in efficacy outcomes in placebo
group at various time points before going to cross over and receiving stem cell therapy. So

as such according to PICO strategy it does not get included in the review. Regarding safety,
they didn't mention the adverse effects in placebo group in the initial 12 months. They only
had a blanket statement which says no adverse effect of stem cell infusion. Hence, we can't
compare between intervention and control group regarding safety or efficacy.

Chen et al. 2013, China!?: Non-randomized trial

Liu etal. 20176 and Lv et al. 202310: Change scores at the follow-up were not given.

Rah et al. 20175: This was a crossover study. Outcome measures were not assessed
separately before crossover. Baseline characteristics not given.

Luan et al. 20123: They changed GMFM to goal attainment scale and changed quantitative
variables to qualitative.

Apart from these, the RCTs conducted by Amanat and Zarrabi et al, were probably three-
arm single trial, because both these trials have the same clinical trial registration number
and control data.”8 This raises the suspicion of salami slicing and even the authenticity of
data represented in the studies. Similarly, in the RCT by Gu et al, change in GMFM-88 looks
unrealistic (64.526 at 12 months). We tried to address these issues by sensitivity analysis.!!
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3. MUSCULAR DYSTROPHY

Key question in PICO format

Search strategy

PRISMA flow diagram

Summary of included studies
Additional forest plots

Evidence to decision framework
Data extraction

List of excluded studies
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Key question in PICO format:

In patients with muscular dystrophy, what is the efficacy and safety of stem cell therapy as
compared to usual care?

Population: Patients with Muscular Dystrophy
Sub-groups: Age, Type of muscle dystrophy
Intervention: Any stem cell and product derived from stem cells or their derivatives
Comparator: Usual Care/ Conventional Care
Critical Outcomes: Improvement in Muscle strength beyond 6 months of treatment;
Functional ability (like motor, independent ambulation, need for
respiratory); Safety: Serious Adverse Events- mortality, tumor formation

ii.  Search strategy

Concept ‘ ID ‘ Search Terms

PubMed (Performed on 24-09-2023)

Muscular "Muscular dystrophy" OR "Duchene muscular dystrophy" OR
dystrophy Dystrophinopathy OR "Pseudohypertrophic muscular
dystrophy” OR "Becker muscular dystrophy” OR "Emery
Dreifuss muscular dystrophy” OR "Facioscapulohumeral
Muscular Dystrophy" OR "Limb-girdle muscular dystrophy"
OR "Severe childhood autosomal recessive muscular
dystrophy"” OR "Oculopharyngeal muscular dystrophy" OR
"distal muscular dystrophy” OR steinert OR "hereditary
progressive muscular dystrophy” OR "ocular muscular
dystrophy” OR "congenital muscular dystrophy” OR
"myotonic muscular dystrophy” OR "myotonic dystrophy
type 1" OR "myotonic dystrophy type 2"

Stem cell therapy "Stem cell therapy" OR "Cell therapy" OR "Progenitor cells" 256,215
OR "Mesenchymal stem cells" OR "Hematopoietic stem cells"
OR

"Bone marrow mononuclear cells" OR "Induced pluripotent
stem

cells" OR "cardiosphere derived stem cells" OR
"regenerative

medicines" OR "stem cell-based therapy"” OR "stem cell-
derived therapy"

Muscular #1 AND #2

dystrophy

AND

Stem cell therapy
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Embase 24-09-2023

Muscular
Dystrophy (MD)

#1

'muscular dystrophy'/exp OR 'muscular dystrophy’ OR
'duchene muscular dystrophy' OR 'dystrophinopathy'/exp
OR dystrophinopathy OR 'pseudohypertrophic muscular
dystrophy'/exp  OR  'pseudohypertrophic = muscular
dystrophy' OR 'becker muscular dystrophy'/exp OR 'becker
muscular dystrophy’ OR 'emery dreifuss muscular
dystrophy'/exp OR 'emery dreifuss muscular dystrophy' OR
'facioscapulohumeral  muscular  dystrophy'/exp  OR
'facioscapulohumeral muscular dystrophy' OR 'limb-girdle
muscular dystrophy'/exp OR 'limb-girdle muscular
dystrophy' OR 'severe childhood autosomal recessive
muscular dystrophy’ OR ‘oculopharyngeal muscular
dystrophy'/exp OR 'oculopharyngeal muscular dystrophy'
OR 'distal muscular dystrophy' OR steinert OR 'hereditary
progressive muscular dystrophy’ OR ‘ocular muscular
dystrophy’ OR 'congenital muscular dystrophy'/exp OR
‘congenital muscular dystrophy' OR 'myotonic muscular
dystrophy'/exp OR 'myotonic muscular dystrophy' OR
'myotonic dystrophy type 1'/exp OR 'myotonic dystrophy
type 1' OR 'myotonic dystrophy type 2'/exp OR 'myotonic
dystrophy type 2'

Stem cell therapy

'stem cell therapy'/exp OR 'stem cell therapy' OR 'cell
therapy'/exp OR 'cell therapy' OR 'progenitor cells' OR
'mesenchymal stem cells'/exp OR 'mesenchymal stem cells'
OR 'hematopoietic stem cells'/exp OR 'hematopoietic stem
cells' OR 'bone marrow mononuclear cells' OR ‘induced
pluripotent stem cells'/exp OR 'induced pluripotent stem
cells' OR 'cardiosphere derived stem cells' OR 'regenerative
medicines' OR 'stem cell-based therapy'/exp OR 'stem cell-
based therapy' OR 'stem cell-derived therapy'

530,071

Muscular
dystrophy

AND

Stem cell therapy

#1 AND #2

Web of Science 25-09-2023

Muscular
dystrophy

#1

ALL=("Muscular dystrophy" OR "Duchene muscular
dystrophy” OR Dystrophinopathy OR "Pseudohypertrophic
muscular dystrophy” OR "Becker muscular dystrophy" OR
"Emery Dreifuss muscular dystrophy" OR
"Facioscapulohumeral Muscular Dystrophy” OR "Limb-
girdle muscular dystrophy” OR "Severe childhood autosomal
recessive muscular dystrophy” OR "Oculopharyngeal
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muscular dystrophy” OR "distal muscular dystrophy" OR
steinert OR "hereditary progressive muscular dystrophy" OR
"ocular muscular dystrophy” OR "congenital muscular
dystrophy” OR "myotonic muscular dystrophy" OR
"myotonic dystrophy type 1" OR "myotonic dystrophy type
2')

Stem cell therapy

ALL=("Stem cell therapy" OR "Cell therapy" OR "Progenitor
cells" OR "Mesenchymal stem cells” OR "Hematopoietic stem
cells" OR "Bone marrow mononuclear cells" OR "Induced
pluripotent stem cells" OR "cardiosphere derived stem cells"
OR "regenerative medicines" OR "stem cell-based therapy"
OR "stem cell-derived therapy")

274,521

Muscular
dystrophy

AND

Stem cell therapy

#2 AND #1

Cochrane Central

MeSH descriptor: [Muscular Dystrophies] explode all trees

"Muscular dystrophy"

"Duchenne muscular dystrophy"

dystrophinopath*

"pseudohypertrophic muscular dystrophy"

"Becker muscular dystrophy"

"emery dreifussmuscular dystrophy"

"facioscapulohumeral muscular dystrophy"”

"limb girdle muscular dystrophy"

"oculopharyngeal muscular dystrophy”

"distal muscular dystrophy"

"Steinert disease"

"Hereditary progressive muscular dystrophy"

"Ocular muscular dystrophy"

"Congenital muscular dystrophy"

"Myotonic muscular dystrophy”

"Myotonic dystrophy typel”

"Myotonic dystrophy type 2"

#19

#1 OR#2 OR#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR
#10OR#11 OR#12 OR#13 OR#14 OR #15 OR #16 OR #17
OR #18

1330

#20

"Stem cell therapy"

528

#21

"Progenitor cells"

1645

#22

"Mesenchymal stem cell”

1206

#23

"Hematopoietic stem cell”

5406
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"bone marrow derived mononuclear cell"

"induced pluripotent stem cell'

"Cell therapy"

"Cardiosphere derived stem cells"

"Regenerative medicines"

"Stem cell based therapy”

"Stem cell derived therapy"

#20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27
OR #28 OR #29 OR #30

#19 AND #31

iii. = PRISMA flow diagram

Records identified through

EMBASE, PubMed,
Cochrane and Web of

Science searching
(n=15,651)

!

Records screened
(n=4,328)

—

=]
(]
.~
)
«
g
=
)
=]
(]
=]
-

—

ol
=]
=
=]
o
=
Q
/7]

|

Full text articles assessed
for eligibility
(n=23)

Eligibility

|

|

Studies included in
review

(n=3)

Included

|

Records removed before screening:
Duplicate records removed (n =1323)

Records excluded
(n=4,305)
Reason
Duplicates (n = 389)
Publication not of interest (n =1271)
Study design not of interest (n =1836)
Population not of interest (n = 70)
Intervention not of interest (n =11)
Comparator not of interest (n = 2)
Outcomes not of interest (n = 2)
Animal/in-vitro study (n = 724)

Full text articles excluded
(n=20)
Reason
Non-randomised controlled trials including
experimental studies without comparators and
pilot studies
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viii. List of Excluded Studies:

Author, Year

Title

Reason

Sharma et al.
2012

Administration of autologous bone marrow-derived mononuclear
cells in children with incurable neurological disorders and injury is
safe and improves their quality of life.

No
comparator

Périé et al.
2014

Autologous myoblast transplantation for oculopharyngeal
muscular dystrophy: A phase I/11a clinical study.

No
comparator

Law et al.
1993

Cell transplantation as an experimental treatment for Duchenne
muscular dystrophy.

No
comparator

Sharma et al.
2013

A clinical study shows safety and efficacy of autologous bone
marrow mononuclear cell therapy to improve quality of life in
muscular dystrophy patients.

No
comparator

Klimczak et
al. 2020

Co-Transplantation of Bone Marrow-MSCs and Myogenic
Stem /Progenitor Cells from Adult Donors Improves Muscle
Function of Patients with Duchenne Muscular Dystrophy.

No
comparator

Duzhar et al.
2021

Duchenne muscular dystrophy: treatment with fetal progenitor cell
transplant.

No
comparator

Heydemann
etal. 2023

Dystrophin Expressing Chimeric (DEC) Cell Therapy for Duchenne
Muscular Dystrophy: A First-in-Human Study with Minimum 6
Months Follow-up.

No
comparator

Skuk et al.
2006

Dystrophin expression in muscles of Duchenne muscular
dystrophy patients after high-density injections of normal
myogenic cells.

No
comparator

Dai et al.
2018

Efficacy of stem cell therapy in ambulatory and nonambulatory
children with Duchenne muscular dystrophy - Phase I-II.

No
comparator

Law et al.
1992

Feasibility, safety, and efficacy of myoblast transfer therapy on
Duchenne muscular dystrophy boys.

No
comparator

Yang et al.
2009

[Functional improvement of patients with progressive muscular
dystrophy by bone marrow and umbilical cord blood mesenchymal
stem cell transplantations].

No
comparator

Cossu et al.
2015

Intra-arterial transplantation of HLA-matched donor
mesoangioblasts in Duchenne muscular dystrophy.

No
comparator

Miller et al.
1997

Myoblast implantation in Duchenne muscular dystrophy: The San
Francisco study.

No
comparator

Neumeyer et
al. 1998

Pilot study of myoblast transfer in the treatment of Becker
muscular dystrophy.

No
comparator

Tremblay et
al. 1993

Results of a triple blind clinical study of myoblast transplantations
without immunosuppressive treatment in young boys with
Duchenne muscular dystrophy.

No
comparator

Sharma et al.
2015

The role of cell transplantation in modifying the course of limb
girdle muscular dystrophy: a longitudinal 5-year study.

Non-
randomized
clinical Trial
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Siemionow et | Safety and Efficacy of DT-DEC01 Therapy in Duchenne Muscular No
al. 2023 Dystrophy Patients: A 12 - Month Follow-Up Study After Systemic | comparator
Intraosseous Administration.

Lietal. 2015 | Transplantation of human umbilical cord-derived mesenchymal No
stems cells for the treatment of Becker muscular dystrophy in comparator
affected pedigree members.

Yang et al. Treatment of Duchenne muscular dystrophy using bone marrow No

2009 and cord blood mesenchymal stem cell transplantation. comparator

Swiatkowska- | The use of umbilical cord-derived mesenchymal stem cells in No
Flis et al. patients with muscular dystrophies: Results from compassionate comparator
2021 use in real-life settings.
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4. BRONCHOPULMONARY DYSPLASIA (BPD)

i. Key question in PICO format
ii.  Search strategy
iii. = PRISMA flow diagram
iv.  Summary of included studies
v. Evidence to decision framework
vi. Data extraction

List of excluded studies
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i. Key question in PICO format:

1. In patients, preterm neonates (of < 28 week gestation) at high risk of BPD, what the efficacy and
safety of stem cell therapy is as compared to the standard care for prevention of BPD?

2. In patients, premature infants with established moderate and severe Bronchopulmonary
Dysplasia, what is the efficacy and safety of stem cell therapy as compared to the standard care for
treatment of BPD?

Population: Newborn preterm and Bronchopulmonary dysplasia
Intervention: Stem cell therapy
Comparator: Placebo and/or standard care
Critical Outcomes:
For Q 1: Preterm neonates at high risk of BPD
e Incidence of BPD
e Mortality by one year of age.
o Composite outcome of death and moderate to severe BPD
e Adverse neurodevelopmental outcome
e Tumor formation
e Growth at one year

For Q 2: Infants with established moderate and severe BPD
e  Mortality by one year
e Need for invasive ventilation or ventilator-free days at 40 weeks postmenstrual age
e Adverse neurodevelopmental outcome at 18-24 months
e Serious adverse events- mortality, tumor formation
e  Growth at one year

ii. Search strategy:

Inclusion criteria: Only randomized controlled trials (RCTs) done in premature infants (born <37
weeks of gestation) at risk of evolving BPD or studies in which stem cells were used for the
treatment of established BPD or deteriorating respiratory condition were included. Studies
published in both English and non-English literatures were eligible.

Exclusion criteria: Non-randomized, pre-clinical/ experimental research studies in animals;
systematic reviews, meta-analysis, opinion, and editorials; unpublished RCT

Time frame (T): From the inception of the searched databases until September 23rd, 2023.
1. Information Sources:
The literature search was restricted to 4 databases: PubMed, Embase, Web of Science, and
Cochrane CENTRAL. Only peer-reviewed and published articles were included, and no grey
literature was included. However, hand-searching of reference lists of review articles and
clinical studies was done.
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Search Strategy: Using MESH terms

Database(s): Ovid MEDLINE(R) ALL 1946 to September 234, 2023. The search strategy and
outcomes of the search are mentioned in Appendix I.

There were no language barriers and Google Translate (California, U.S.A.) was used to
translate non-English literature. Rayyan - QCRI software (Doha, Qatar) was used for the
literature search.

Searches Results

exp stem cell transplantation/ 99561
exp Cord Blood Stem Cell Transplantation/ 3690
exp Hematopoietic Stem Cell Transplantation/ 57329

exp peripheral blood stem cell transplantation/ 3870

exp mesenchymal stem cell transplantation/ 14885

exp Mesenchymal Stem Cells/ 50958

exp Stromal Vascular Fraction/ 132
(mesenchy™ adj3 transplantation™Lab ti. 1717
(stem adj3 transplantation™).ab ti. 55180
(stoma™ ad]3 transplantation™)_ab ti. 41
(cell adj3 transplantation®) ab ti. 71010
(mesenchy™ adj3 therap™).ab ti. 2677
(stem ad)3 therap™lab fi. 18152
stoma®ad]3 therap” . ab ti. 0

(cell ad)3 therap®™Lab ti 66260
(cell adj3 treatment™)_ab ti. 39957
(stoma® adj3 treatment™Lalb ti. 2052
(stem adj3 treatment™)Lalb ti. 4093
(mesenchy™ adj3 treatment™)l ab ti 870

(bone marrow adjd aspirat™Lab kw. i 85584
((stromal adj4 fraction™) or "syi" Lab kw.1i. 2645

(stem cell adj4 enrichment™Lab, kw. 1i. 269
orf1-22 262316
(Broncho™ adjd4d Dysplasia)l.ab ti. 85995
(pulmonar® adjd Dysplasialab ti 831
(lung® adj4 Dysplasial.ab ti. 642
(bronchio™ adjd Dysplasial.ab ti. 40
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Bronchopulmonary Dysplasia/dt, th[Drug Therapy, Therapy]

or/24-28

23and29

infant,lowbirthweight/

infant,smallforgestationalage/

infant,verylowbirthweight/

infant,premature/

infant,extremelypremature/

Rfill.b.ti- 29

Rrsaturn.b.ti- 138401

"Lowbirthweight*'."...abli. 32306

('m".iorvlbworlt!llilab,ti. 10466

"Lowbirthweight*'."...ab,ti 8598

"Infanr'.’..ab,ti. 461814

Smallgestationalruie.]i. 108

6.a.Qji 10682

Extremelyiirmsili!C!lb.tL, 1501

or/31-44 610916

30and45 141
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iii. PRISMA flow diagram

Records identified from*

4 Databases n = 383 Records removed before screening:

Medline=142, Embase=226 Duplicate records removed (n =
10)

Identification

Central =8, Web of science = 6

Hand search of references: 1

v

Records screened. (n = 373)

v

Reports sought for retrieval (n = 13)

Records excluded.

n=360

Reports not retrieved

(n=0)

Reports excluded: 11

Reports assessed for eligibility Non-randomised (n = 9); Narrative review (n
(n=13) = 1), Follow-up study of non-randomised trial
(n = 2), Unpublished RCT (n =1)

Studies included in review (n = 1)

Reports of included studies (n = 2)
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viii. List of excluded studies:

Study Exclusion reason

Zhuxiao et al. 20232 Not an RCT

Xiaetal. 20224 Not an RCT

Boehme et al. 20225 Not an RCT

Powell SB et al. 20196 Not an RCT

Lim R etal. 20187 Not an RCT

Ahn SY etal. 20171 Follow- up study of open label, dose escalation phase I clinical
trial
Rudnicki ] et al. 20158 Not an RCT; not related to use of stem cells in BPD

Chang YS etal. 2014° Not an RCT

NCT01632475-201910 Follow-up study of phase I trial

NCT03857841-202111 Stopped early due to a business decision. Unpublished

NCT0364552512 Incomplete study - data not available as recruiting.
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5. SPINAL MUSCULAR ATROPHY

i. Key question in PICO format

ii. Search strategy

iii. PRISMA flow diagram

iv. Summary of included studies
v. Evidence to decision framework
vi. Data extraction

List of excluded studies
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i. Key question in PICO format:

In patients with spinal muscular atrophy (SPA), what is the efficacy and safety of stem cell therapy
as compared to usual care?

Population: Patient with spinal muscular atrophy

Intervention: Stem cell therapy

Comparator: Control/Usual care

Critical Outcomes: Primary Outcome Measures (Motor Function): Assessed using standardized
measures such as HINE, Ballard Score, Respiratory parameters (FVC, FEV1), EMG study

Mortality: Tracked to assess the survival rate of patients

Adverse Events: Documented and categorized based on severity and frequency

ii. Search strategy (October 2023):
A comprehensive and systematic search was conducted to identify relevant studies on the efficacy
and safety of stem cell therapy for the treatment of patients with Spinal Muscular Atrophy. The
search was performed without language or publication date restrictions.

Category Search Terms

Population (P) | "Muscular Atrophy, Spinal”"[mesh] OR "Spinal Muscular Atroph*" OR "Adult-Onset
Spinal Muscular Atrophy” OR "Amyotrophy, Neurogenic Scapuloperoneal, New
England Type" OR "Bulbospinal Neuronopathy” OR "Distal Spinal Muscular
Atrophy" OR "Hereditary Motor Neuronopathy” OR "Muscular Atrophy, Adult
Spinal” OR "Myelopathic Muscular Atrophy" OR "Myelopathic Muscular Atrophy,
Progressive” OR "Oculopharyngeal Spinal Muscular Atrophy" OR "Progressive
Muscular Atrophy" OR "Progressive Myelopathic Muscular Atrophy" OR
"Progressive Proximal Myelopathic Muscular Atrophy" OR "Proximal Myelopathic
Muscular Atrophy, Progressive” OR "Scapuloperoneal Form of Spinal Muscular
Atrophy" OR "Scapuloperoneal Spinal Muscular Atrophy" OR "Spinal Amyotrophy"
OR "Spinal Muscular Atrophy, Distal® OR "Spinal Muscular Atrophy,
Oculopharyngeal” OR "Spinal Muscular Atrophy, Scapuloperoneal” OR "Spinal
Muscular Atrophy, Scapuloperoneal Form"

Intervention "Stem Cel*" OR "Fetal Stem Cells" OR "Hematopoietic Stem Cells" OR "Multipotent
1)) Stem Cells" OR "Myoblasts" OR "Neoplastic Stem Cells" OR "Neural Stem Cells" OR
"Oogonial Stem Cells" OR "Pluripotent Stem Cells" OR "Side-Population Cells" OR
"Totipotent Stem Cells"

Comparison "Standard care" OR "placebo" OR "conventional treatment”" OR "control" OR
(9] “treatment” OR “therapy” OR “care” OR “procedure” OR “routine” OR
“intervention”

The final search strategy will be created by combining the Population, Intervention and comparator
components using the AND Boolean operator.
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Results:

Study selection: Comprehensive research was done in Medline/PubMed, Cochrane Central,
Web of Science, and Embase using the defined search term. Only 2 articles were included in the
study as given in Prisma diagram.

Inclusion criteria:

Study design: Randomized controlled trials

Participants: Patients of any age and gender clinically diagnosed with spinal muscular
atrophy.

Interventions: Studies evaluating transplantation or infusion of any stem cell type as
Adult Stem Cells, Fetal Stem Cells, Hematopoietic Stem Cells, Multipotent Stem Cells,
Myoblasts, Neoplastic Stem Cells, Neural Stem Cells, Oogonial Stem Cells, Pluripotent
Stem Cells, Side-Population Cells, and Totipotent Stem Cells injected through
intracerebral, intrathecal, intravenous, intranasal or any other route.

Comparators: Placebo, no intervention, standard care, or pharmacological therapy.

Outcomes: Primary outcomes are motor function, quality of life, mortality by 2 years,
need for respiratory support, and adverse events. Secondary outcomes include feeding
issues etc.

Exclusion criteria:

Study design: Reviews, case reports, case series, editorials, letters, commentaries, and
animal studies

Participants: Studies involving patients with diseases other than spinal muscular
atrophy will be excluded. Limits will be applied for humans only.

Interventions: Studies investigating stem cell therapies along with additional
interventions like gene therapy, biomaterials etc. Studies just analyze extracted stem
cell products like exosomes and secretomes.

Outcomes: Studies not reporting outcomes of interest.

Others: Abstracts, protocols, unpublished data, ongoing trials without results.
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iii. PRISMA flow Diagram:

Records identified through
database searching
(n = 965)
PubMed: 229
EMBASE: 474
Web of Science: 257

CENTRAL (Cochrane): 5

v
Total Citations retrieved Duplicates

for review Removed (n = 591)
(n = 965)

!

Total excluded (n = 369)
Review articles = 140

Screened by Title and

Abstract
(n=374) Wrong publication type = 16

In vitro study = 132
l Animal study = 55
Other discase = 16

Full-text articles Other interveation = 10
assessed for eligibility
(n=5)

l

Included studies in
the Systematic Review
(n=1)
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vii. List of excluded studies:

Sych N, Klunnyk M, Matiyashchuk I, Demchuk M, Ivankova O, Sinelnyk A, Sorochynska K,
&Skalozub M. (2017). Feasibility of combined treatment for type IIl spinal muscular
atrophy: A pilot study. Journal of Neurorestorology, 5(0), 167-173.

Villanova M, Bach ]. R. (2015). Allogeneic mesenchymal stem cell therapy outcomes for
three patients with spinal muscular atrophy type 1. American Journal of Physical Medicine
& Rehabilitation, 94(5), 410-415.

Zaharieva I. T, Scot M, Aragon-Gawinska K, Ridout D, Doreste B, Servais L, Muntoni F, Zhou
H.Y. (2022). Response of plasma microRNAs to nusinersen treatment in patients with SMA.
Annals of Clinical and Translational Neurology, 9(7), 1011-1026.

Mendell ]. R, Al-Zaidy S, Shell R, Arnold W. D, Rodino-Klapac, Prior T. W, Lowes L. P, Alfano
L. N, Berry K, Church K, Kissel ]. T, Nagendran S, L'Italien ], Sproule D. M, Wells C, Burghes A.
H. M, Foust K. D, Meyer K, Likhite S, Kaspar B. K. (2018). AVXS-101 phase 1 gene
replacement therapy clinical trial in spinal muscular atrophy type 1 (SMA1): 24-month
event-free survival and achievement of developmental milestones. Human Gene Therapy,
29(12), A22-A22.

Lorenzi M, Jansen ]. P, White C, Maru B, Sproule D, Feltner D, Droege M, Dabbous 0. (2018).
Indirect treatment comparison of AVXS-101 to nusinersen for the treatment of type 1 spinal
muscular atrophy (SMA1). Human Gene Therapy, 29(12), A143-A143.

Deutsch L, Osredkar D, Plavec ], Stres B. (2021). Spinal muscular atrophy after nusinersen
therapy: Improved physiology in pediatric patients with no significant change in urine,
serum, and liquor 1Th-NMR metabolomes in comparison to an age-matched, healthy cohort.
Metabolites, 11(4)
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6.HYPOXIC ISCHEMIC ENCEPHALOPATHY

Key question in PICO format

Search strategy

PRISMA flow diagram

Summary of included studies
Evidence to decision framework
Data extraction

List of excluded studies
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i. Key question in PICO format:
In patients with moderate and severe Hypoxic Ischemic Encephalopathy (HIE), what is the efficacy
and safety of stem cell therapy as compared to usual care?

Population: Neonates with Hypoxic Ischemic Encephalopathy Subgroup: Term and preterm
Intervention: Any stem cell and product derived from stem cells or their derivatives
Comparator: Usual Care/ Conventional Care
Critical Outcomes: Mortality by one-year age

Adverse neurodevelopmental outcomes at 18-24 months

Serious adverse events- mortality, tumor formation

ii.  Search strategy (October 2023):

The terminologies (MeSH terms or entry terms) used was divided into three basic groups: study
population (newborn, neonate, infant), terms describing or related to hypoxic ischemic
encephalopathy (asphyxia, asphyxia neonatorum, hypoxia, ischemia, brain injury), and terms
describing or related to stem cell products (stem cell, regenerative cell, mesenchymal cell, cord
blood cell, mononuclear cell). Using these MeSH terms or entry terms and suitable Boolean
operators, specific search strategies were developed for each search engine. The electronic search
was later supplemented by a manual search of the references of the included articles, to identify
additional articles. Truncation was used for terms like “stem cell” and “hypoxia” to widen the search
and include all relevant keywords. The Boolean function “OR” was used to find articles which use
different spellings for ischemia. The only filter applied was to include human studies and
randomized controlled trials. No limitation to the date of publishing was applied and articles up to
September 2023 were included. All the articles were reviewed by two independent authors.

PubMed Search strategy

We used the advanced search syntax provided by the platform.

(infant, newborn[MeSH] OR newborn*[TIAB] OR "new born"[TIAB] OR "new borns"[TIAB] OR
"newly born"[TIAB] OR baby*[TIAB] OR babies*[TIAB] OR premature|[TIAB] OR prematurity[TIAB]
OR preterm|[TIAB] OR "pre term"[TIAB] OR “low birth weight”[TIAB] OR "low birthweight"[TIAB]
OR VLBW[TIAB] OR LBW|[TIAB] OR infan*[TIAB] OR neonat*[TIAB]) AND ((randomised controlled
trial [pt] OR controlled clinical trial [pt] OR randomised [tiab] OR placebo [tiab] OR drug therapy
[sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh]))
AND (("Stem Cells"[Mesh] OR "Stem Cell Transplantation"[Mesh] OR "Stromal Cells"[Mesh] OR
“stem cell”[tiab] OR “stem cells”[tiab] OR “mesenchymal cell” OR “mesenchymal cells” OR
“mononuclear cell” OR “mononuclear cells” OR “progenitor cell” OR “progenitor cells” OR “cord
blood cell” OR “cord blood cells” OR “regenerative cell” OR “regenerative cells” OR "stromal cell” OR
"stromal cells") AND (brain injury OR neuro-protect* OR neuro-restorative OR neuroprotect* OR
"Asphyxia Neonatorum"[MeSH] OR "Hypoxia-Ischemia, Brain"[MeSH] OR Asphyxia* OR Hypoxia OR
Hypoxic OR Hypoxemia OR Hypoxaemia OR Ischemia OR Ischaemia OR ischaemic OR Ischaemic OR
anoxia)).

This strategy searched for the specified terms using MeSH (Medical Subject Headings) terms in
PubMed/MEDLINE. We adjusted the MeSH Terms as needed based on the controlled vocabulary of
PubMed/MEDLINE. Similar search strategies were developed for other search engines.

Study selection: Comprehensive research was done inMedline/PubMed, EMBASE, Cochrane
and other search engines followed by duplicates removal and screening of articles as given in
Prisma diagram. No completed RCTs, which were peer-reviewed and published for inclusion, were
identified.
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iii.

PRISMA flow diagram:

3228 records identified through search of databases (PUBMED-
574, EMBASE-2333, Web of Science-147, Cochrane Central-174)

\ 4

758 records after duplicates removed

A\ 4

758 records screened

Y

Irrelevant records excluded (n=754)

\ 4

Full-text articles assessed for eligibility (n = 4)

l_.

Studies included in
final analysis (n = 00)

Case series/uncontrolled trial-3
RCT, but results not published in
peer reviewed journal-1
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vii. List of excluded studies:

The study conducted by Cotten et al.2 in 2020 in the USA (NCT02612155), a quadruple-blinded
Randomized Controlled Trial (RCT) was undertaken, involving the infusion of autologous cord
blood. The trial included 17 participants in the intervention group and 18 in the placebo group,
with 14 and 15 participants completing the study, respectively.

Regarding efficacy outcomes, there was a notable trend towards a higher number of participants in
the intervention group with Bayley III scores 285 in all three domains (12/14 vs. 6/15, p=0.06). In
terms of safety outcomes, comparable results were observed between the two groups for the
number of participants with seizures on follow-up, those requiring gastrostomy tube feeding, those
needing anti-seizure medication (ASM) at discharge, and those requiring inhaled nitric oxide (iNO)
or extracorporeal membrane oxygenation (ECMO). Notably, one death was reported in each group,
with two participants lost to follow-up. Serious Adverse Events (SAEs) occurred in 1/17 in the
intervention group compared to 2/18 in the placebo group. Additionally, other adverse events were
reported in 1/17 in the intervention group and 3/18 in the placebo group. In the study by Cotten et
al3 conducted in 2014 (a phase 1 open-label study), 23 infants (=35 weeks of gestation) which met
criteria for HIE and hypothermia treatment requirement were included. The study involved
administering up to four infusions of 1 to 5x107 UCB cells/kg, with the first dose given soon after
birth and subsequent doses at 24, 48, and 72 hours postnatally. Hydrocortisone pretreatment was
administered, and outcomes included the need for extracorporeal membrane oxygenation and
seizure medications at discharge. Cell recipients and concurrent cooled infants had similar hospital
outcomes. Thirteen of 18 (74%) cell recipients and 19 of 46 (41%) concurrent cooled infants with
known 1-year outcomes survived with scores >85. Vital signs including oxygen saturation were
similar before and after infusions in the first 48 postnatal hours.

Cotten et al* in 2023 conducted another phase I open-label study involving umbilical cord
tissue-derived mesenchymal stromal cells (hCT-MSC) in infants undergoing hypothermia for HIE.
Eligible infants (=235 weeks gestation) were treated with hCT-MSC, with primary safety outcomes
focusing on infusion reactions or infections within two weeks. Six infants were enrolled, receiving
intravenous doses within 48 hours postnatally, and a second dose at two months for some. The
study monitored Apgar scores, positive panel reactive antibody (PRA) screen, and length of stay,
with no re-hospitalizations reported. All babies survived, with average to low-average
developmental assessment standard scores for ages between 12 and 17 postnatal months. hCT-MSC
infusions were well tolerated although 5/6 babies developed low titer anti-HLA antibodies by 1
year of age.

Tsuji et al in 20205 in a phase I open-label study, explored intravenous infusion of autologous
umbilical cord blood cells in newborns with HIE. For infants born with severe asphyxia following
caesarean section, umbilical cord blood (UCB) was collected, volume-reduced, and divided into
three doses. CD34+ cell concentrations varied per dose, infused at specific intervals post-birth. At 30
days, all six infants survived without circulatory or respiratory support; at 18 months, four had
normal neurofunctional development, while two exhibited delayed developments with CP. The
physiological parameters and peripheral blood parameters did not change much between pre- and
post-infusion. There were no SAEs that might be related to cell therapy.
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Author, year

Methodology

Results

Adverse effects

Cotten et al.
20202, USA
(NCT026121
55)

blinded
infusion of

Quadruple
RCT,
autologous cord blood,
17 in intervention vs
18 in placebo group,
14 vs 15 completed

Trend towards more
number of participants with
Bayley III scores =85 in all
three domains in
intervention group (12/14
vs 6/15, p=0.06).

Number of participants with
seizures up,
requiring gastrostomy tube
feeding, required ASM at
discharge, required iNO or
ECMO were comparable
between both groups.

on follow

1 death in each group, 2
lost to follow up, SAE 1/17
vs 2/18 (intervention vs
placebo), other adverse
events 1/17 vs 3/18

Cotten et al.
20143, USA
(NCT005932
42)

Open-labelled
uncontrolled trial of 23
neonates with HIE who
also
hypothermia, UCB cells
(up to 4 doses)

received

Cell recipients and
concurrent cooled infants
had similar hospital
outcomes. Thirteen of 18
(74%) cell recipients and 19
of 46 (41%) concurrent
cooled infants with known
1-year outcomes survived

with scores >85.

Vital signs  including
oxygen saturation were
similar before and after
infusions in the first 48
postnatal hours.

Cotten et al.
20234, USA
(NCT036354
50)

Open-labelled trial, 6
babies with
moderate/severe HIE,
randomized to receive
either one or two dose
of 2 million
cells/kg/dose of hCT-
MSC

intravenously

given

All babies survived, with
average to low-average
developmental assessment
standard scores for ages
between 12 17
postnatal months.

and

hCT-MSC infusions were
well tolerated although
5/6 babies developed low
titer anti-HLA antibodies
by 1 year of age

Tsuji et al
20204, Japan

Autologous cord blood
cell therapy for six
neonates at 12-24, 36-
48, and 60-72 hours in
an open labelled trial

At 30 days of age, the six
infants survived without

circulatory or respiratory

support. At 18 months of
age, neurofunctional
development was normal
without any impairment in
four infants and delayed

with CP in two infants.

The
parameters
peripheral
parameters

physiological
and

blood

did not
change much between
pre- and post- infusion.
There were no SAEs that
might be related to cell

therapy.
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7. OSTEOGENESIS IMPERFECTA

Key question in PICO format

Search strategy

PRISMA flow diagram

Summary of included studies

Evidence to decision framework
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i. Key question in PICO format: In patients with Osteogenesis Imperfecta, what is the efficacy and
safety of stem cell therapy as compared to usual care?

Problem: Patients with Osteogenesis Imperfecta (fetus/new born and children)
Intervention: Any stem cell and product derived from stem cells or their derivatives
Comparator: Usual standard care / conventional care
Critical Outcome:1. Incidence/frequency of fracture

2. Growth

3. Serious Adverse Event (including those in the mothers in case of fetal

therapy)- mortality, tumor formation

4. Ambulation

Important:

1. Quality of Life

2. Severity of pain

ii. Search strategy (October 2023):
Search terms: osteogenesis imperfect, brittle bone disease, stem cell therapy, mesenchymal stem

cells, stromal cells, fetal stem cells, adipose derived stem cells, in utero transplantation, pre-natal
transplantation.

PubMed:

("osteogenesis imperfecta"[MeSH Terms] OR ("osteogenesis imperfecta type 2a"[All Fields] OR
"osteogenesis imperfecta type 1a"[All Fields] OR "osteogenesis imperfecta type v"[All Fields] OR
"Osteogenesis Imperfecta Type VII"[All Fields] OR "osteogenesis imperfecta type 3"[All Fields] OR
"osteogenesis imperfecta type ix"[All Fields] OR "osteogenesis imperfecta type 6"[All Fields] OR
"osteogenesis imperfecta type 2b"[All Fields] OR "osteogenesis imperfecta type viii"[All Fields] OR
"osteogenesis imperfecta type iv"[All Fields] OR "osteogenesis imperfecta levin type"[All Fields] OR
"Bruck syndrome 1"[All Fields])) AND ("Cord Blood Stem Cell Transplantation"[MeSH Terms] OR
"Stem Cell Research"[MeSH Terms] OR "Hematopoietic Stem Cell Transplantation"[MeSH Terms]
OR "Mesenchymal Stem Cell Transplantation"[MeSH Terms] OR "Fetal Stem Cells"[MeSH Terms] OR
"Erythroid Precursor Cells"[MeSH Terms])

Embase:

(‘osteogenesis imperfecta'/exp OR 'osteogenesis imperfecta' OR 'osteogenesis imperfecta
typel' OR 'osteogenesis  imperfecta type 2'/exp OR'osteogenesis imperfecta type
2' OR 'osteogenesis imperfecta type 3'/exp OR 'osteogenesis imperfecta type 3' OR 'osteogenesis
imperfecta type 4'OR 'osteogenesis imperfecta type 5'OR 'osteogenesis imperfecta type
6' OR 'osteogenesis imperfecta type 7'OR 'osteogenesis imperfecta type 9'OR 'osteogenesis
imperfecta levine type'OR'bruck syndrome'/exp OR 'bruck syndrome') AND ('stem cell
transplantation'/exp OR 'stem cell transplantation' OR 'erythropoietic stem cell
therapy' OR 'hematopoietic  stem  cell  therapy'/exp  OR'hematopoietic = stem  cell
therapy' OR 'mesenchymal stem cell therapy'/exp OR 'mesenchymal stem cell therapy' OR 'foetal
stem cell therapy')
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Cochrane Library:

("osteogenesis imperfecta” OR "brittle bone disease"):ti,ab,kw AND ("stem-cells" OR "mesenchymal
stem-cells" OR "erythropoietic stem-cells" OR "hematopoietic stem-cells" OR "foetal stem-
cells"):ti,ab,kw

Scopus:

( TITLE-ABS-KEY ( osteogenesis AND imperfecta OR osteogenesis AND imperfecta AND type 1 OR
osteogenesis AND imperfecta AND type 2 OR osteogenesis AND imperfecta AND type 3 OR
osteogenesis AND imperfecta AND type 40R osteogenesis AND imperfecta AND type 5 OR
osteogenesis AND imperfecta AND type 6 OR osteogenesis AND imperfecta AND type 7 OR
osteogenesis AND imperfecta AND type 8 OR osteogenesis AND imperfecta AND type 9 ) AND
TITLE-ABS-KEY ( stem AND cell AND therapy OR erythropoietic AND stem AND cell AND therapy
OR hematopoietic AND stem AND cell AND therapy OR foetal AND stem AND cell AND therapy OR
mesenchymal AND stem AND cells ) )

Web of Science:

osteogenesis imperfecta OR brittle bone disease OR 'osteogenesis imperfecta typel OR
'osteogenesis imperfecta type 2 OR 'osteogenesis imperfecta type 3 OR 'osteogenesis imperfecta
type 4 OR 'osteogenesis imperfecta type 5 OR 'osteogenesis imperfecta type 6 OR 'osteogenesis
imperfecta type 7 OR 'osteogenesis imperfecta type 8 OR 'osteogenesis imperfecta type 9 (Topic)
AND stem cell therapy OR mesenchymal stem-cells therapy OR erythropoietic stem-cells therapy
OR hematopoietic stem-cells therapy OR foetal stem-cells therapy (Topic)
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iii. PRISMA flow diagram:

Records identified from
databases (n=592) Records removed before
screening

Eggmd(g:gs]* Duplicate records (n=109)
Embase (n=271)

Web of Science (n=282)

Identification

[

Records excluded (n= 450)

¥ Review = 322

Conference papers = 36
Records screened (n= 483) No Stem Cell Therapy = 25
Book chapters = 22

Letters and Notes = 21
Editorial = 24

Reports excluded (n=17)

Reports assessed for eligibility No primary outcome (n=6)

(n=33) No clinical study (n=6)
Animal study (n=3)

Review (n=1)

Duplicate data (n=1)

Non RCTs (n = 6)

Studies included in review (n=0)
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