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DISCLAIMER

The Evidence-based Guidelines for the use of Stem Cell Therapy published by the MoHFW /DHR-
DGHS provides recommendations made after careful consideration of the available evidence. This
evidence has been synthesized by collation of systematic reviews (SR) and meta-analysis (MA) of
existing randomized controlled trials (RCTs) on well-defined review questions on the subject matter.
The guideline reflects the best available data as per the criteria laid down for the study inclusion set
by the guideline development group. Considerable care has been taken to ensure that the information
contained in these guidelines is accurate, evidence-based and up-to-date at the time of publication.
However, there is a possibility that new studies may have been published too late during the
guideline development process or after publication and are not incorporated into the guideline.

ICMR-DHR, DGHS and its scientists, members of the Steering Group, GDG and systematic review
teams disclaim all liability for the accuracy or completeness of the guideline. The team further
disclaims all liability for any damages whatsoever (direct or indirect) arising out of the use or
inability to use the information and procedures mentioned in this guideline. New studies in the future
may lead to a revision in the existing recommendations. All MoHFW guidelines are subject to regular
review and may be updated or withdrawn.
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MESSAGE

In this evolving and promising landscape of modern medicine, stem cell therapy stands as one of the
most dynamic areas of scientific enquiry. Its potential to revolutionize the treatment of a wide array
of conditions, from degenerative diseases to traumatic injuries, has generated immense excitement
and hope. Keeping the highest quality of evidence as the foundational base for formulating
recommendations is of utmost importance.

The Evidence-based guidelines for the use of stem cell therapy represent a comprehensive synthesis
of the best available evidence providing a framework for clinicians, researchers, and policymakers
alike. Devised to support the responsible integration of stem cell treatment into clinical practice,
these guidelines offer clear and transparent evidence-based recommendations that are based upon
latest scientific knowledge backed by a rigorous methodology.

As we navigate the complexities of stem cell therapy, it is imperative that we balance innovation with
caution. The guidelines aim to address this balance by emphasizing the importance of rigorous
clinical trials, ethical considerations, and patient safety. In closing, we commend the contributors for
their dedication in creating these evidence-based guidelines for the use of stem cell therapy and look
forward to more such guidelines in the future.

- bl (thr

Dr. Rajiy Bahl Dr. Atul Goel
Secretary DHR & DG, ICMR DGHS
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EXECUTIVE SUMMARY

1. Background & Rationale:

Neurological disorders are a major cause of disability and mortality worldwide. As per the recent
Global burden of disease (GBD) estimates, nervous system disorders are the leading cause of overall
disease burden globally.! Most of the neurological conditions run a chronic course with limited
curative treatment options. Current therapeutic options focus on prevention, delaying symptoms and
rehabilitative strategies and hence there is an unmet need for therapies with curative intent. Stem
cell therapy is one such novel therapeutic approach that utilizes the unique properties of self-renewal
and differentiation of stem cells, to regenerate or replace damaged cells and tissues in the human
body. Stem cell therapy is lately being offered as a potential solution for a variety of neurological
diseases. It is quintessential to take an evidence-based approach during the development of such
regenerative therapies, with the best quality evidence being sought to determine the true
effectiveness and efficacy of such approaches. The overall goal of these guidelines is to provide
evidence-based recommendations for the use of stem cell therapy in four neurological conditions
namely stroke, spinal cord injury, multiple sclerosis and amyotrophic lateral sclerosis.

2. Target audience:

The recommendations in this guideline are intended to inform the policy makers, patients and health
care professionals especially neurologists and neurosurgeons practicing in secondary and tertiary
care centers as well as researchers and scientists working in the field of regenerative medicine
regarding the efficacy and safety of stem cell therapy in the aforementioned neurological conditions.

3. Guideline Development Methods:

The guideline was developed using standard methodology as described by international agencies like
the WHO and NICE. This involved the creation of a steering group, a guideline development group
and systematic review teams. Briefly, the process involved: (i) Identifying priority review questions
(PICOs), (ii) Evidence synthesis by systematic review & meta-analysis, (iii) Review of evidence
profiles and grading the certainty of evidence (iv) Formulation of recommendations using the
Evidence to Decision (EtD) framework (v) Drafting the guideline (vi) External review and (vii)
Dissemination of guidelines. The GRADE approach (Grading of Recommendations Assessment,
Development and Evaluation) was used to assess the certainty of evidence for each review question.
The evidence generated was analyzed by the GDG to make judgments and formulate
recommendations based on the EtD Framework in the GRADEpro GDT software. This included
assessment of the effects (benefits to harms ratio) of the intervention, values and preferences of the
patients, resources required, cost effectiveness, acceptability and feasibility of the intervention and
equity considerations. In brief, the GDG members examined the evidence, made judgments on the
EtD framework for each disease condition, and formulated the wording of the final
recommendations. This was followed by external peer review before the final release of guidelines.
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4. Summary of Recommendations:

S. No

Evidence-based Guidelines for the Use of Stem Cell Therapy: Neurological Conditions

Key Question

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

In patients with spinal
cord injury (SCI), what
is the efficacy and
stem cell

safety of

Therapy compared to
usual care?

In patients with
amyotrophic  lateral
sclerosis (ALS), what is
the efficacy and safety
of stem cell therapy
compared to
care?

usual

In patients  with
multiple sclerosis (MS),
a) What is the efficacy
safety of
stem

and
hematopoietic

cell transplantation

Recommendation

Stem cell therapy is not
recommended in routine clinical
practice for the treatment of

stroke®,

Strength: Conditional*
Certainty of Evidence: Very Low

#It may be used only in the context
of rigorously
randomized controlled trials.

conducted

Stem cell therapy is not
recommended in routine clinical
practice for the treatment of
spinal cord injury.

Strength: Conditional*
Certainty of Evidence: Very Low

#It may be used only in the context
of rigorously
randomized controlled trials.

conducted

Stem cell therapy is not
recommended in routine clinical
practice for the treatment of
amyotrophic lateral sclerosis.

Strength: Conditional*
Certainty of Evidence: Very Low

#It may be used only in the context
of rigorously
randomized controlled trials.

conducted

a) Autologous hematopoietic
stem cell transplantation (AHSCT)
is recommended for the

treatment of highly active

Rationale/Justification

very low certainty
evidence of trivial reduction in

There is

mortality and trivial improvement
in function and disability. The
undesirable effects are variable
and heterogenous.

The evidence is inadequate in
quantity and quality to determine
the efficacy of stem cell therapy in
patients with spinal cord injury.
The incidence of undesirable
effects including mortality are
variable.

The evidence is inadequate in
quantity and quality to determine
the safety and efficacy of stem cell
therapy in patients with ALS.

There is very low certainty
evidence of a large benefit and
known harms associated with

AHSCT. The committee decided
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compared to wusual relapsing remitting multiple that benefits clearly outweigh
care? sclerosis**, if there is no harms.

satisfactory improvement with

disease modifying therapies.

Strength: Conditional##
Certainty of Evidence: Very Low

b) What is the efficacy b) Mesenchymal stem cell therapy There is very low certainty

and safety of is not recommended in routine evidence of small benefit in terms

mesenchymal stem cell clinical practice for the treatment of disability and relapse rate.

therapy compared to of multiple sclerosis. There is little to no difference in

usual care? undesirable effects between stem
Strength: Conditional* cell therapy and usual care.
Certainty of Evidence: Very Low

#It may be used only in the context
of rigorously conducted
randomized controlled trials.

*The evidence comes from RCTs that included patients with ischemic stroke only. Whether stem cell therapy can be used
in patients with haemorrhagic stroke is not known as there are no RCTs in patients with haemorrhagic stroke.

**The evidence overwhelmingly comes from Relapsing Remitting Multiple Sclerosis. It is not known, whether AHSCT
is effective in other forms of MS (relapsing progressive, secondary progressive).

#it

A. Highly active treatment-resistant relapsing MS, defined as = 2 episodes of disease activity in the 36 months prior to the
assessment for AHSCT. The two disease activity episodes will be a clinical MS relapse or MRI evidence of MS disease
activity and must meet all the criteria described below:
1. At least one episode of disease activity must occur following = 1 month of treatment with one of the following: (i) a

DMT approved for the treatment of relapsing MS, or (ii) a monoclonal antibody approved for the treatment of
relapsing MS, or (iii) rituximab. Qualifying DMTs include: dimethyl fumarate, diroximel fumarate, monomethyl
fumarate, teriflunomide, cladribine, daclizumab, ponesimod, siponimod, ozanimod, fingolimod, rituximab,
ocrelizumab, natalizumab, alemtuzumab, ublituximab, and ofatumumab, and

. At least one episode of disease activity must have occurred within the 12 months prior to the AHSCT, and

. At least one episode of disease activity must be a clinical MS relapse confirmed by a neurologist. The other
episode(s) must occur at least one month before or after the onset of the clinical MS relapse, and must be either
another clinical MS relapse or MRI evidence of disease activity in the form of a gadolinium-enhancing lesion, or a
new non-enhancing T2 lesion compared to a reference scan obtained not more than 36 months prior to the time of
evaluation.

B. Expanded Disability Status Scale (EDSS) < 6

C. No contraindications to AHSCT
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I. GUIDELINE DEVELOPMENT PROCESS

1. Introduction:

A new process has been established in the MoHFW wherein one comprehensive evidence-based
guidelines have been jointly developed by DoHFW, DGHS and DHR using a rigorous and robust
scientific process to bring clarity among stakeholders i.e. patients, clinicians, and the society in
general. The generation of such evidence included collation of evidence from SR and MA of existing
literature on well-defined review questions (PICOs). Finally, the evidence obtained from SR & MA
was graded for its certainty using the GRADE Approach. This grading was done to assess the certainty
of evidence and formulate recommendations using the EtD framework. Such rigorously developed
evidence-based guidelines have the potential to address the research to policy gap by translating the
best available evidence of any healthcare intervention into practice (Figure 1).

Guideline Development Process
(Adapted from WHO) Steering committee

I -l

Establishes Commissions
v

Guideline Formulates
development Review Questions
committee (PICOs)

Systematic
review teams

!

Evidence
Review of synthesis &
Evidence profiles Grading

A 4
Evidence to ]
Decision (EtD) Recommendations

are drafted

External
| — I .
v review

Final publication
of guidelines

framework

Figure 1: Guideline Development Process —adapted from WHO!

2. Rationale/ Scope:

The rapid advances in stem cell research have created high expectations in the field of cell-based
therapies. Because of its regenerative potential, stem cell therapy has garnered significant interest
among patients and practitioners. As a result, there has been rampant use of this experimental
therapy despite limited knowledge of its safety and efficacy. Realizing that therapeutic applications
need to be based on rational and ethical premises, these guidelines aim to summarize the evidence
available on the efficacy and safety of stem cell therapy to guide informed decisions.
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As per the GBD estimates, diseases affecting the nervous system have been ranked as the leading
group cause of DALYs in 2021.2 Neurological disorders often have a chronic disease course with
limited curative treatment options. The disease conditions included for review in the present
guidelines are stroke, spinal cord injury, multiple sclerosis and amyotrophic lateral sclerosis. These
were selected based on the directives from the MoOHFW and a review of literature on the therapeutic
use of stem cell therapy in neurological disorders. The guidelines aim to provide guidance for the
responsible, safe, and effective use of stem cell therapy and highlight the research gaps at which
future endeavors need to be targeted.

3. Target audience:

The recommendations in this guideline are intended to inform the policymakers, patients and health
care professionals especially neurologists and neurosurgeons practicing in secondary and tertiary
care centers as well as researchers and scientists working in the field of regenerative medicine
regarding the safety and efficacy of stem cell therapy in aforementioned neurological conditions.

4. Contributors:

The guideline was developed using standard methodology as described by international agencies like
WHO and NICE.13 This involved the creation of a steering group, a guideline development group and
systematic review teams (List Annexure 1):

Steering Group: This group was jointly chaired by the Secretary, DHR & DG, ICMR and DGHS in
overseeing the entire process of guideline development. The steering group identified priority
disease conditions, helped in the formulation of GDG, reviewed the declaration of interest of
members, reviewed the draft guidelines and managed the guideline publication and dissemination.

Guideline Development Group: This group was constituted to formulate review questions relevant
for the guidelines for conducting systematic reviews for addressing the question, decide on the
critical outcomes and formulate recommendations based upon evidence generated by the systematic
review teams. It is a multi-disciplinary group composed of methodologists, stem cell experts, subject
experts, ethics expert, public health expert, pharmacologist, social scientist as well as patient group
representatives. Potential members of the GDG were identified by the Steering Group based on
requisite technical skills and diverse perspectives needed for the formulation of the guidelines. These
members were free from any conflict of interest in order to formulate unbiased recommendations.
The subject experts, stem cell experts and methodologists provided critical inputs on the formulation
of review questions in the PICO format. After completion of the systematic reviews, the evidence
profiles were reviewed by the DHR secretariat and guideline methodologists with the help of subject
experts. Finally, the GDG examined and interpreted the whole body of evidence and made judgments
in the meetings using the GRADEpro EtD framework.
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Systematic Review Teams: These teams were commissioned to review and evaluate all available
evidence in the form of randomized controlled trials (RCTs). The certainty of this evidence was
assessed by the established GRADE criteria on the basis of risk of bias, imprecision, inconsistency,
indirectness and publication bias.

External Reviewers: Relevant subject experts were identified to review the final guideline
document and comment upon the clarity of the recommendations, validity of the justification
provided for each recommendation and the completeness of evidence.

ICMR-DHR Secretariat: The secretariat was responsible for providing technical and administrative
support in the entire process of guideline development.

5. Management of Conflict of Interests (Cols):

All the GDG members need to be free from any conflict of interest in order to formulate unbiased
recommendations. A conflict of interest is a set of circumstances that creates a risk that professional
judgment given regarding a primary interest will be unduly influenced by a secondary interest. The
primary interest in developing guidelines is improving quality of clinical care while secondary
interests include all other interests that could be affected or potentially affected by a
recommendation in the guideline and may be either financial or non-financial. Any kind of conflict of
interest is an important source of bias in the development of guidelines.

All the potential GDG members were asked to fill up the Declaration of Interests form that was
adapted from the WHO.1 These declarations were then reviewed by the steering group and managed
appropriately. A summary of the Declaration of interests (Dols) and how they were managed is
provided in Annexure 2.

6. Defining the Scope and Key Questions:

The steering group held a meeting on 11th April 2023 with the potential GDG members to identify the
priority disease conditions on which the efficacy and safety of stem cell therapy need to be reviewed.
A list of 10 broad disease groups was finalized including a total of 28 conditions. The group of
neurological conditions included four diseases- stroke, multiple sclerosis, spinal cord injury and
amyotrophic lateral sclerosis.

Thereafter, the GDG held a meeting to decide on the key review questions relevant for the selected
diseases in the PICO format i.e. Population Intervention, Comparator and Outcome. The outcomes
that matter most to the concerned population were carefully selected and specified as critical
outcomes for the guideline development. These questions were formulated without keeping the
literature in mind in order to obviate bias. Considering the scarcity of evidence for this experimental
intervention, it was decided to keep the PICO question as broad as possible and do a subsequent
subgroup analysis for relevant subgroups as needed. These PICO questions are available in the
respective disease section.
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7. Systematic Review Methods:

Commissioning of Systematic Reviews: Once the review questions were identified, the ICMR-DHR
secretariat floated an Eol inviting experts in the field from all over the country to conduct systematic
reviews and meta-analysis in July 2023. Out of a total of 130 applications received, 28 teams were
selected. Criteria for evaluation included methodological expertise, subject expertise, quality of
systematic reviews published, database access, strength of team and conflict of interests, if any. The
systematic reviews were thus commissioned in September 2023. All the teams were provided with
the review questions in PICO format as finalized by the GDG. The ICMR-DHR secretariat and the
methodologists provided oversight, including assessment and feedback on each systematic review
protocol. The data extraction was checked to ensure uniformity and transparency in the entire
process of guideline development.

Literature search strategy: To maintain a uniform methodology, all the systematic review teams
were instructed to design literature searches on the following databases: PubMed, Embase, Web of
Science, and Cochrane CENTRAL. Only randomized controlled trials were included in the
systematic review. No grey literature was included. However, hand-searching of references of
relevant review articles was done. Non-English articles were excluded only if translation was not
possible. Regarding ‘Population,” for any disease condition, all the grades of severity were included,
and subgroup analyses (if mentioned apriori in the protocol) was done wherever needed. All
interventions that include well characterized stem cells or stem cell-derived products were included.

In addition, few conditions precluded the trial from being included in the final body of evidence in
the evidence to decision framework. They were as follows:

e Flawed process of random sequence generation and/or concealment of allocation

e More than 30% deviated from allocated intervention post-randomization

e Absence of stem cell characterization (flow cytometry or immuno-phenotyping or culture)
Therefore, the systematic review teams were asked to do a meta-analysis excluding such trials and
the evidence produced thereafter was presented to the GDG.

Data extraction methods: Data extraction was conducted by the systematic review teams and
reviewed by the ICMR-DHR secretariat and the methodologists. The teams were advised to use plot
digitizer wherever feasible, if values were not available in text. Imputations and assumptions were
best to be avoided. All methodological queries were resolved with the help of guideline
methodologists and the teams were also advised to refer to the Cochrane Handbook for Systematic
Reviews of Interventions to resolve any methodological queries.* While doing meta-analysis, the use of
standardized mean difference (SMD) was to be minimized, as it is easier to compare mean difference
(MD) with the minimal clinically important difference (MCID).
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Risk of Bias Assessment: Risk of bias for each study outcome was assessed using the Revised
Cochrane Risk of Bias-2 tool. For assessment, the following terms of reference were agreed upon by
the GDG and provided to all the systematic review teams:

Use only the RoB-2 Tool for assessment of the risk of bias of RCTs and mention the reasons for
the risk of bias judgments for all the domains of the RoB-2 Tool.
The downgrading of evidence due to the risk of bias judgment should be decided by the following
criteria:
i.  If>2/3rd (by weight in the pooled analysis) of RCTs are at low risk of bias (green), then
label the overall risk of bias for that outcome as not serious in the GRADE Table.
If 2/3rd-1/3rd (by weight in the pooled analysis) of RCTs are at low risk of bias (green),
then label the overall risk of bias for that outcome as serious in the GRADE Table.
If <1/3rd (by weight in the pooled analysis) of RCTs are at low risk of bias (green), then
label the overall risk of bias for that outcome as very serious in the GRADE Table.
The teams were asked to review the RCTs with extreme results in the pooled analysis cautiously,
to search for any major methodological discrepancy.

The progress of the systematic review teams was monitored monthly and queries were resolved by
the secretariat after discussion with the methodologists.

8. Determination of Minimal Clinically Important Difference (MCID):

The minimal clinically important difference (MCID) is defined as the smallest change in any outcome
that is considered as clinically meaningful or important by the patient and the health care providers.
It is that difference at which a large set of clinicians will be willing to change their practice for this
benefit and the certainty of evidence is rated in relation to this threshold. A thorough literature
search was done to identify the MCIDs for each critical outcome. If multiple references were available
for one outcome, the GDG deliberated and finalized one threshold for each outcome. Wherever the
MCID was not found in the literature the thresholds were defined by the GDG. The criteria used for
deciding the MCID were as follows: severity of the condition, maximum potential of improvement in
the condition, how meaningful are the consequences of the improvement, risks associated with the
treatment and costs as well as feasibility of the treatment.

9. GRADing of the certainty of the evidence:

The GRADE approach was used to access the certainty of evidence using the GRADEpro GDT software
(https://www.gradepro.org/). At baseline RCTs start with high certainty of evidence and this
certainty can be downgraded based on pre-defined criteria like the risk of bias, inconsistency,
imprecision, indirectness, and publication bias. Publication bias was evaluated only if the number of
studies for a particular meta-analysis were more than 10. If the studies were less than 10, it was
considered in-evaluable. The systematic review teams completed their reviews and shared the
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evidence profiles with the guideline secretariat. The secretariat then reviewed the evidence profiles
with the help of guideline methodologists and any discrepancies in the review were resolved through
discussion with the systematic review teams. The table below highlights the significance of the
certainty of evidence as per GRADE.>

Certainty level Significance

High We are very confident that the true effect lies close to that of the estimate of
the effect

Moderate We are moderately confident in the effect estimate: The true effect is likely to

be close to the estimate of the effect, but there is a possibility that it is
substantially different

Our confidence in the effect estimate is limited: The true effect may be
substantially different from the estimate of the effect

We have very little confidence in the effect estimate: The true effect is likely
to be substantially different from the estimate of effect

10. Drafting of Evidence to Decision frameworks:

The Guideline secretariat prepared the draft EtD frameworks. The EtD Framework available on the
GRADEpro GDT software was used to draft recommendations. It consists of a set of criteria that
determine the strength and direction of a recommendation to bring about transparency in the
formulation of recommendations. These criteria include the certainty of evidence, the balance
between benefits and harms, the acceptability and feasibility of the intervention, patient values and
preferences, equity considerations, resource use and cost effectiveness. Prior to drafting
recommendations, all the GDG members were apprised of this framework and every criterion was
explained in detail. The secretariat presented these frameworks along with a review of evidence
profile and forest plots provided by the systematic review teams to the GDG.

11. Formulation of Recommendations:

The GDG members were asked to make judgments on each of the domain of the EtD framework based
on the evidence presented to them. Judgments on the desirable and undesirable effects were based
on the findings of the systematic reviews and meta-analysis. Review of literature/research evidence
as well as the experience of the GDG members was used to inform the discussions pertaining to
patient values and preferences, resource use and cost effectiveness, acceptability, feasibility of the
intervention along with equity considerations.

Wherever research evidence was unavailable, the opinion of the GDG was recorded in additional
considerations. The entire body of evidence was put into the GRADE EtD framework for drafting the
final recommendation for each review question.
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The voting for each domain was done through a WhatsApp poll. Thorough discussions and
deliberation was held on each of the domains with an aim to reach consensus on each judgment.
Based on the voting for judgments for each domain, final voting was done to determine the strength
and direction of the recommendation. The final recommendation for each disease condition was
made by consensus, defined as the agreement by 75% or more of the GDG members. Consensus was
reached for all recommendations in this guideline and there were no strong disagreements. The GDG
also identified caveats in the existing evidence and highlighted areas for future research.

12. Strength of Recommendations:

The strength of a recommendation is the extent to which the GDG is confident in the balance between
the desirable and undesirable effects of the intervention, across the range of patients for whom the
recommendations are intended. When a GDG was very certain about this balance (for example the
desirable effects clearly outweighing the undesirable effects), a strong recommendation in favor of
an intervention or against the intervention was issued and vice versa. However, when the GDG was
uncertain about this balance, a conditional recommendation was issued. Owing to the experimental
nature of the stem cell therapy, a separate column of “may be used only in the context of rigorously
conducted randomized controlled trials”was added by the GDG in the Evidence to Decision framework
of these guidelines.¢

13. Document preparation and peer review

After the completion of the ETD meetings, the ICMR-DHR secretariat prepared a draft of the guideline
document to accurately reflect the deliberations and decisions taken by the GDG. This draft was
reviewed by the guideline methodologists followed by the external review group. The external
reviewers were requested to comment upon the clarity of the recommendations so that there is no
ambiguity about the decision among the end-users, validity of the justification provided for each
recommendation, accuracy and completeness of the evidence (randomized controlled trials only).
The steering group carefully evaluated the input of the GDG members and the comments by the
external reviewers. Revisions to the draft document were done as needed, to rectify for any factual
errors and thereafter the document was finalized.
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II. RECOMMENDATIONS

1. STROKE

A. BACKGROUND:

Stroke is a leading cause of morbidity and mortality worldwide, with very large direct, indirect and
intangible healthcare costs resulting in a major economic burden on the patient, family and society.
The Global Burden of Disease study found that globally, stroke remained the second-leading cause of
death [11-6% (95% UI: 10-8-12-2) of total deaths] and the third-leading cause of death and disability
combined [5:7% (95% UI: 5-1-6-2) of total disability-adjusted life-years] in 2019.11n India, stroke is
now the fourth leading cause of death and the fifth leading cause of disability.2 Despite the availability
of numerous medical innovations, interventions and therapeutic approaches, it continues to be one
of the leading causes of disability worldwide.

B. RECOMMENDATIONS:

Stem cell therapy is not recommended in routine clinical practice for the treatment of stroke™.

Strength: Conditional?*
Certainty of Evidence: Very Low

#It may be used only in the context of rigorously conducted randomized controlled trials.

* The evidence comes from RCTs that included patients with ischemic stroke only. Whether stem cell therapy can be used
in patients with haemorrhagic stroke is not known as there are no RCTs in patients with haemorrhagic stroke.

Rationale/Justification:

This recommendation has been made as there is very low certainty evidence of trivial reduction in
mortality and trivial improvement in functional and disability scale. The undesirable effects are
variable and heterogenous. The subgroup analysis based on stem cell type, route of administration
and timing of administration and onset of stroke did not reveal any statistically significant and
clinically important benefit. In addition, there is uncertainty on the long-term safety of stem cell
therapy in patients with stroke. Results should be interpreted with caution, in view of various study
limitations like high risk of bias, small number of participants and/or events in the included studies
and different sources of stem cell use.

C. SUMMARY OF EVIDENCE:

Key Question: In patients with stroke, what is the efficacy and safety of stem cell therapy as
compared to usual care?

Included Studies: Literature search was done for the articles published up to 31st January 2024. A
total of 4550 records from electronic databases and additional 13 from reference lists were
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identified. Of the 4563 identified records, 810 duplicates were removed. Further title and abstract
screening resulted in exclusion of irrelevant 3654 records. Full text review was done for 99 articles
and a total of 15 articles were selected for this systematic review after applying inclusion and
exclusion criteria. The body of evidence comprises RCTs of ischemic stroke only as we could not find any
RCTs in patients with hemorrhagic stroke fulfilling the inclusion criteria. Therefore, the
recommendations are applicable only to ischemic stroke.

Type of stem cell: All the fifteen trials used adult non-neural stem cells. Eight studies used
bone-marrow derived mesenchymal or mononuclear cells.3410-1416 Two studies used multipotent
adult progenitor cells.89 Peripheral blood stem cellsé adipose-tissue derived mesenchymal stem
cells’, bone marrow-derived ALD-401 cells!” were used in one study each. Allogenic multilineage-
differentiating stress enduring (Muse) cells were used in one study.!> One study included both
epithelial progenitor cells and bone marrow stromal cells as intervention.”

Phase of stroke: Three studies were conducted in acute phase8914, six in subacute phase#57.15-17, and
six in chronic phase of stroke.3.610-12

Route of administration: The cells were transfused intravenously in 10 studies357-10.12.13,15-17 intra-
arterially in two%!4, and one in Lumber subarachnoid space.llln one study, the cells were
transplanted intracerebrally.6

Duration of follow-up: Included studies had a wide range of follow ups, which ranged from 6
months*14 to 1 year368912.15-17 2 years>19, 4 years?, 5 years!3 or 7 years.1!

Out of these 15 RCTs on ischemic stroke, 12 trials met the ‘reliable body of evidence’ criteria as
specified by the GDG and were used for synthesizing evidence.3-17 Studies that were excluded are
given below with their respective reason for exclusion.

S. No. Author Reason for exclusion

1. Bang et al. 20053 More than 30 % deviated from allocated intervention post-
randomization

De Celis-Ruiz et al. 20225 | More than 30 % deviated from allocated intervention post-
randomization

Lee etal. 201013 More than 30 % deviated from allocated intervention post-
randomization

Critical outcomes reviewed and their MCID:

Outcome reviewed What does it measure? MCID decided by
the GDG

All-cause mortality Total number of deaths in a population

over a specific period of time
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Modified Rankin Scale Modified Rankin Scale measures degree of | An absolute change
Range: 0-6 disability and dependence after stroke. in mRS score by 1.
Higher score is worse

Barthel Index TheBarthel Index for activities of daily | An absolute change
Range: 0-100 livingis anordinal scalewhich measures a | in Barthel Index by
Higher score is better person's ability to complete activities of | 10.

daily living.

Serious Adverse Events

Risk of Bias Assessment:

1. Assessment for Modified Rankin scale:

RoB2 Domains

Study ID
Bhatia 2018

3

‘ Low risk

Some concerns
‘ High risk

Randomization process

Chen 2014

Fang 2018

Hess 2017

Houkin 2024

Jaillard 2020 Deviations from the

intended interventions

in 2017
J Missing outcome data

Law 2021 Measurement of the

outcome

Moniche 2023 Selection of the reported

result

Niizuma 2023

Prasad 2014

D1 | D2
) @
@ ¢
@
@
) @
[ Ji

09000 - 000000-
= -
000 - 000000 -
o o w1
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2. Assessment for Barthel Index:

ROB2 Domains

Study ID
Fang 2018

D3

D1
. ‘ Low risk
Jaillard 2020 , : Some concerns
|
|

Jin 2017 ‘ High risk

D1  Randomization process

Law 2021

Prasad 2014 Deviations from the

D2 . . )
intended interventions

D3  Missing outcome data
Measurement of the
outcome

D4

Selection of the

D5
reported result

3. Assessment for All-cause mortality:

RoB2 Domains

Study ID
Bhatia 2018

=}
w

Overall

Low risk

Chen 2014 Some concerns

Fang 2018 High risk

Hess 2017

Houkin 2024 .
Randomization process

Jaillard 2020 Deviations from the intended

interventions

Jin 2017

Law 2021
W Measurement of the outcome

Moniche 2023 Selection of the reported

result

Niizuma 2023

Prasad 2014

De® 090000 -~
- - o— =

200 00000 -~
o - — w1

000000000 - ®-
= -

|
|
|
|
1 Missing outcome data
|
|
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Desirable Effects:

1. Disability: Eleven trials, with a total of 697 participants, reported the Modified Rankin Scale (mRS)
at the end of follow up. (Follow-up period ranged from 6 months to 7 years). The mean difference in
mRS was -0.35 (95% CI: -0.51 to -0.19) in the stem cell arm as compared to usual care. There seems
to be a trivial reduction in the disability with the use of stem cell therapy i.e. less than half of the MCID
of one (dotted line). Therefore, the effect observed is statistically significant but unimportant

clinically.

1.1: mRS at last follow up (6 months to 7 years):

Study or Subgroup

Stemcell transplantation

Mean

SD

Conventional treatment

Mean

SD

Total Weight

Mean Difference
IV, Fixed, 95% CI

Mea
IV, F

n Difference
ixed, 95% Cl

Bhatia 2018
Chen 2014
Fang 2018
Hess 2017
Houkin 2024
Jaillard 2020
Jin 2017

Law 2021
Moniche 2023
Niizuma 2023
Prasad 2014

Total (95% ClI)

13
21
1.46
28
325
275
117
218
273
227
38

18
03
08
13
1.81
0.93
0.41
1
117
1.32
1.4

23
27
175
28
35
307
233
283
28
262
34

Heterogeneity. Chi*= 20,05, df=10{P=0.03); F=50%
Testfor overall effect 2= 4.25 (P = 0.0001)

22
05
08
13
1.51
1.1
0.82
1.85
14
0.52
12

1.2: mRS at last follow-up, by phase of stroke:

Study or Subgroup

5

at

ion

Co

Mean

S0

Total

1.2.2 Acute
Hess 2017
Houkin 2024
Moniche 2023
Subtotal (95% CI)

28
3.25
273

1.3
1.81
117

67
1056
]
21

Heterogensity: Chif= 061, df= 2 (P=0.74), F= 0%
Testfor overall effect: Z= 0.78 (P = 0.44)

1.2.3 Subacute
Bhatia 2018
Fang 2018%
Miizurma 2023
Pragad 2014
Subtotai (95% Ci)

1.2
1.46
2.27

3.6

1.8
ng
1.32
1.4

10
g
s
60
103

Heterogenaity. Chi*= 3.33,df=3 (F=034),F=10%
Testfor overall effect: Z= 0.40 (F = 0.69)

1.2.4 Chronic
Chen 2014
Jalllard 2020

Jin 2017

Lawy 2021
Subtotal (95% Cl)

21
2748
17
216

0.3
0.93
0.41
1.1

158
20
10

g
54

Heterogenelty: Chi*= 3,87, df=3 (P =020 1*= 22%
Testfor overall effect: Z= 543 (P < 0.00001)

Mean

sD

treatment

Total

3

1
1

1

329 100.0%

Weight

0.8%
0.2%
1.7%
31%
2.8%
4.5%
8.2%
1.2%
7.9%
7.5%
21%

-1.00[-2.76, 0.76]
-0.60 [-0.90,-0.30]
-0.29[-1.54, 0.96]

0.00 [-0.45, 0.45]
-0.250.70,0.20]
-0.321.09, 0.45]
116 [1.73,-0.59]
-0.67 [2.14, 0.80]
-0.07 [-0.65,0.51]
-0.35[-0.94,0.24]

0.20[-0.27, 0.67]

0.35[-0.51,-0.19]

Mean Difference
IV, Fixed, 95% Cl

L 4

I
-2
Favours stem

i
cell Favours control

Mean Difference

IV, Fixe

, 95% CI

28
35
28

Testfor subaroup differences; Chi*= 1223, df= 2 (P=0.002), "= 836%
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62
102
a8
202

38.7%
37.0%
23.4%
100.0%

0.00 [-0.45, 0.45)
-0.25 [-0.70, 0.20]
-0.07 [-0.65, 0.51]
-0.11 [-0.39, 0.17]

—
p——

-

-1.00 [-2.76, 0.76]
-0.29 [-1.54, 0.95]
-0.35 [-0.94, 0.24]

0.20 [-0.27, 0.67]
-0.07 [-0.41, 0.28]

-0.60 (-0.90,-0.30]
-0.32[-1.09, 0.45]
116 (1.73,-0.59)
-0.67 [-2.14, 0.80]
-0.68 [-0.92, -0.43]

-

-2 El
Favours [stemcell]

1
Favours [Conventional]
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1.3: mRS at last follow-up, by route of administration of stem cell:

Stemcell transplantation Conventional treatment Mean Difference Mean Difference
Study or Subgroup Mean sD Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.20.1 Intra-arterial 1
Bhatia 2018 1.3 1.8 10 23 22 10 9.7% -1.00[-2.76, 0.76]
Moniche 2023 273 117 39 28 1.4 38 90.3% -0.07 [-0.65, 0.51]
Subtotal (95% CI) 49 48 100.0% -0.16 [-0.71, 0.39]

1
1
1
Heterogeneity, Chi*= 097 dfi=1 (P=0233),P=0% |
1
1
1

Testfor overall effect Z= 0.57 (F=057)

1.20.2 Intravenous
Fang 2018 0.9 6 . 3.2% -0.29[1.54, 0.86] —
Hess 2017 28 1.2 67 : . 247%  0.00[0.45 0.44]
Houkin 2024 3.25 1.81 105 . E 242% -0.25[0.70,0.20]
Jaillard 2020 275 0.93 20 . 8.5% -0.32[1.08, 0.45]
Law 2021 2186 1.1 ] k 23% -067[2.14, 080
Miizurna 2023 2.27 1.32 27 . 14.2% -0.35[-0.94, 0.24]
Prasad 2014 36 1.4 60 . 22.9%  0.20 [-0.27, 0.67]
Subtotal (95% CI) 294 100.0% -0.12[-0.34,0.11]
Heterogeneity. Chi*= 284 df=6 (P=070), F=0%

Test for overall effect: Z=1.02 (P =0.31)

1.20.3 Intracerebral

Chen 2014 21 0.3 . . 100.0% -0.60 [0.90,-0.30]
Subtotal (95% CI) 100.0% -0.60 [-0.90, -0.30]

Heterogeneity: Mot applicable
Test for overall effect: 2= 3.99 (P = 0.0001)

1.20.4 Lumber subarcahnoid space

Jin 2017 117 oM : : 116 [-1.73,-0.59] t
Subtotal (95% CI) -1.16 [-1.73, -0.59]

Heterogeneity, Mot applicable

Testfor overall effect. 2= 4,00 (P = 0.0001)

2 0 2
Favours stemcell Favours control

Test for subgroup differences: Chi®=15.24, df= 3 (P =0.002), F=80.3%

1.4: mRS at last follow-up, by type of stem cell:

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.23.1 Mesenchymal
Jaillard 2020 275 093 20 307 14 11 787% -0.32[-1.09, 0.45]
Law 2021 2186 1.11 9 283 1.85 8 21.3% -0.67[-2.14 080]
Subtotal (95% CI) 29 19 100.0% -0.39 [-1.08,0.29]
Heterogeneity: Chi*=0.17,df=1 (P=0.68), F=0%
Testfor overall effect: Z2=1.14 (P = 0.26)

1.23.2 BM MNCs

Bhatia 2018 1.3 10 23 . 1.4% -1.00[-2.76, 0.76)
Chen 2014 21 . 15 2.7 X 49.6% -0.60[0.90,-0.30]
Fang 2018~ 1.46 . 6 1.75 A 2.8% -0.29[-1.54, 0.96]
Jin 2017 117 O, 10 233 0 13.4% -1.16[-1.73,-0.59]
Moniche 2023 273 1. 39 2.8 K 13.0% -0.07 [-0.65, 0.51]
Prasad 2014 3.6 . 60 3.4 . 19.8% 0.20 [-0.27, 0.67]
Subtotal (95% Cl) 140 100.0% -0.44 [-0.65, -0.24]
Heterogeneity. Chi®=16.55, df=5 (P = 0.005); F=F0%

Testfor overall effect: Z= 419 (P < 0.0001)

1.23.3 Progenitor cells

Hesgs 2017 28 1.3 67 28 13 505%  0.00[-0.45 0.45)

Houkin 2024 325 181 105 38 1.51 48.5% -0.25[-0.70, 0.20) ;
Subtotal {95% CI) 172 100.0% -0.12[-0.44,0.20]

Heterogeneity: Chi*=0.59,df=1 (P=0.44), F=0%

Testfor overall effect: £=0.76 (P = 0.45)

1.23.4 Muse cell

Miizuma 2023 227 1.32 27 262 0.52
Subtotal (95% CI) 27
Heterogeneity: Mot applicable

Testfor overall effect: Z2=1.16 (P = 0.25)

'
1
-2 0 2
Favours stemcell Favours control

Testfor subaroup differences: Chi*= 2.74, df= 3(P = 0.43), F=0%
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1.5: mRS 0-2 at last follow-up (dichotomized data: events represent participants with good clinical

outcome-mRS between 0-2):

Stemcell transplantation
Study or Subgroup Events Total Events

Conventional treatment
Total

Risk Ratio

Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI
-

Hess 2017 33 B4 7
Houkin 2024 et 105 27
Law 2021 4 2
Maniche 2023 18 14
Miizuma 2023 14 3
Prasad 2014 g 12

Total (95% CI)

Total events 116
Heterogeneity: Chi*= 3.43, df=5(P=063) F=0%
Testfor overall effect Z=1.66 (P =0.10)

61
102
a
36
10
G0

277

6%
A%
2.4%
16.3%
5.0%
13.6%

100.0%

1.15[0.79, 1.66]
1.37 [0.61, 2.06]
1.76 [0.44, 7.24]
1.22[0.72, 2.07]
1.85 [0.68, 5.06]
0.67 [0.29, 1.51]

1.21[0.97, 1.52]

.

r-—

g

.01

0.1 10
Favours control  Favours stemcell

100

2. Dependency: Five trials, with a total of 197 participants, reported the Barthel Index (BI) score as
a continuous variable at the end of follow up. (Follow-up period ranged from 1 year to 7 years). The
mean difference in Bl was 12.1 (95% CI: -2.19 to 26.38) in stem cell arm compared to usual care. The
difference was statistically non-significant in the pooled analysis.

2.1: Bl at last-follow up (range: 1 year to 7 years):

Conventional
Mean

Stemcell transplantation

Study or Subgroup Mean S0 Total

SD_Total

Weight

Mean Difference
IV, Random, 95% Cl

Mean Difference

94.97 85 6

82 27.83 20
B7.5 7.58 10
91.66 7.4 9
631 296 60

7688 223
85 2048
63.33 1888
95 50

636 206

Fang 2018"
Jaillard 2020
Jin 2017
Law 2021
Prasad 2014

Total {95% Cl) 105
Heterogeneity: Tau®= 16863, Chi*=13.38, df=4 (P= 00100, F= 70%
Testfor overall effect Z=166 P=010)

2.2: Bl at last-follow up, by phase of disease:

Stemcell transplantation Conventional

Study or Subgroup Mean SD Total Mean

SD Total

15.3%
21.6%
25.3%
10.9%
26.8%

100.0%

18.09 18.04, 44.22]
-2.00 12018, 14.18]
24.17 [11.56, 36.78]

36.66 [1.68, 71.64]
-0.50 111.08, 10.08]

12.10 [-2.19, 26.38]

Mean Difference
IV, Random, 95% CI

IV, Random, 95% CI
I

—_—

-25 0 15 50

Favours contral  Fawvours stemeell

Mean Difference

5.2.2 Subacute
Fang 2018
Prasad 2014

94.87
63.1

8.5
296 60

6 76.88
636

223

3

286 60

Subtotal (95% CI) 66 63

Heterogeneity. Tau®= 69.29, Chi*=1.67, df=1 (P = 0.20), F= 40%
Test for overall effect Z= 057 (P =0.57)

5.2.3 Chronic

Jaillard 2020 82
Jin 2017 87.5 7.58 10 63.33 18.88
Law 2021 91.66 741 9 55 50
Subtotal (95% CI) 39

Heterogeneity Tau®= 263.91; Chi*=7.64, di=2 (P=002),F=74%
Testfor overall effect Z=1.50 (P =0.13)

27.83 20 85 20.48

Testfor subaroup differences: Chi*=0.73. df=1(P=0.39). F= 0%
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37.0%
41.3%
21.7%

100.0%

18.08 [-8.04, 44.22]
-0.50[-11.08,10.09]
4.80 [-11.65, 21.25]

-3.00[-20.18,14.18]
2417 [11.56, 36.78]

36.66 [1.68, 71.64]
16.82 [-5.20, 38.83]

IV, Random, 95% CI
T
1

' )
-25 0 25 50
Favours control Favours Stemcell
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2.3: Bl at last follow-up, by route of administration:

Stemcell tr: ation Conventional Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.3.1 Intravenous T
Fang 2018* 94,97 8.5 6 76.88 223 3 18.0% 18.09[8.04,44.22]
Jaillard 2020 82 27.83 20 85 20.48 11 291% -3.00[-20.18,14.18] T
Law 2021 91.66 7.4 9 55 50 8 11.8% 36.66[1.68, 71.64] S T a—

Prasad 2014 631 29.6 60 636 296 B0 411% -0.50[-11.09,10.09]

Subtotal (95% CI) 95 82 100.0% 6.49 [-7.04, 20.03]

Heterogeneity, Tau®= 86.96; ChiF=5.72,df= 3(P=013), "= 43%
Testfor overall effect: Z= 094 (P = 0.35)

5.3.2 Lumbar subarachnoid space
Jin2017 87.5 7.52 10 53.32 13.89 24.17 [11.56, 36.78] i
Subtotal (95% CI) 10 24.17 [11.56, 36.78]

Heterogeneity: Not applicable
Test for overall effect: Z= 3.76 (P = 0.0002)

-5 0 25
. ; Favours control Favours Stemcell
Testfor subdgroup differences: Chi*= 3.561, df=1 (P = 0.06), F=71.5%

2.4: Bl at last follow-up, by type of stem cell:

Stemcell transplantation Conventional Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.4.1 Bone marrow MSCs
Jaillard 2020 g2 27.83 20 85 2048 11 16.2% -3.00[-2018,14.18]
Law 2021 91 .66 7.4 9 a5 a0 g 3.9%  36.66[1.68, 71.64]
Subtotal (95% CI) 29 19 20.1% 4.71[10.71,20.13]
Heterogeneity, Chi®= 3.98 df =1 (P = 0.08); F=75%
Testfor overall effect: Z= 0.60 (P =0.55)

5.4.2 Bone marrow MNCs

Fang 2018* 9497 . 18.08 [8.04, 44.237]
Jin 2017 a7.8 . . . 2417 [11.56, 36.78]
Prasad 2014 E3.1 . -0.50[-11.09,10.09]
Subtotal (95% CI) 10.44 [2.70,18.19]
Heterogeneity: Chi®= 898 df = 2 (P = 0.01); F=78%

Testfor overall effect: £= 2 .64 (P =0.008)

Total (95% CI) 105 100.0% 9.29 [2.37,16.21]
Heterogeneity: Chi*= 1338, df=4 (P=0010); F=70% :_50 _255

e _ k)
Testfor overall effect 7= 2.63 (F = 0.009) Favours Coventional Favours Stem cell
Testfor suboroup differences: Chi®= 042 df=1 (P =041 F=0%

3. All-cause mortality: Twelve studies with a total of 745 participants and 67 events reported
mortality. Pooled analysis yielded a risk ratio of 0.83 (95% CI: 0.54 to 1.28) in the stem cell arm as
compared to usual care, which was statistically non-significant.

3.1 Forest plot showing the effect of stem cell therapy on all-cause mortality:

Stem cell transplantation Conventional treatment 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 5.1% 0.50[0.08, 4.67]
Chen 2014 1] 19 1] Mot estimahble
Fang 2018* B 1%  0.11[0.01,1.84]
Hess 2017 67 23.8% 0.51[0.18,1.45]
Houkin 2024 25.9% 1.26[0.98, 2.79]
Jaillard 2020 4.89% 018 [0.01, 4.33]
Jin 2017 26% 1.00([0.07,13.87)
Law 2021 27% 089 [0.07,12.00]
Maoniche 2023 T.A% 0.65[0.11, 3.67]
Miizuma 2023 1.8% 1.18[0.05, 26.75)
Prasad 2014 12.8% 1.60[0.596, 4.61]
Savitz 2019 4.6% 0.22[0.01,5.19]

Total (95% CI) 100.0%  0.83 [0.54, 1.28]

Total events 32

?et$;0g9n9|wl:l CQI T;ESD gz:;ﬂ_(g':nﬂ.m); F=0% oz o 10 50
Bstior overall effect Z=0.84 (P = 0.40) Favours Stem cell  Favours conventional
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3.2 Forest plot showing the effect of stem cell therapy on all-cause mortality based on cell type:

Stem cell transplantation Conventional treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
7.7.1 Mesenchymal
Jaillard 2020 0 20 1 11 64.3%  0.19[0.01,4.32]
Law 2021 1 9 1 8 357% 0.89[0.07 12.00]
Subtotal (95% CI) 29 19 100.0% 0.44 [0.07, 2.85]
Total events 1 2
Heterogeneity: Chi®= 0.56, df=1 (P = 0.46), F= 0%
Testfor overall effect: Z= 0.86 (F = 0.39)

7.7.2 BM MNCs

Ehatia 2018 0.50 [0.05, 4.67]
Chen 2014 Mot estimahle
Fang 2018*% 0.11[0.01,1.84]
Jin 2017 . 1.00[0.07, 13.87]
Moniche 2023 0.65[0.11, 2.67]
Prasad 2014 1.60[0.56, 4.61]
Savitz 2019 0.22[0.01,5.149]
Subtotal {95% CI} 0.80 [0.40, 1.58]
Total events

Heterogeneity: Chif= 4.43 df= 4 (P =049); F=0%

Test for averall effect: Z= 0.66 {F = 0.51)

7.7.3 Progenitor cell

Hess 2017 g 67 0.51[0.18,1.448]
Houkin 2024 13 105 1.26 [0.58, 2.78]
Subtotal (95% Cl) 172 0.90 [0.49, 1.66]
Total events 18

Heterogeneity: Chi®=1.85, df=1 (P=017), F= 46%

Testfor averall effect Z=0.33(F=0.74)

7.7.4 Muse cell

Miizuma 2023 1 1.18 [0.05, 26.79]
Subtotal (95% CI) 1.18 [0.05, 26.79] +
Total events 1

Heterogeneity: ot applicahle
Test for averall effect Z= 010 {F =0.92)

0.0t o1 10 100
Favours stem cell Favours conventional

Testfor subgroun differences: Chi®= 0.58, df= 3 (P = 0900, F=0%

Undesirable effects:

4. Serious Adverse Events: Below is a tabulated description of the serious adverse events reported
by the trials:

Outcomes No of Total events Total events | Risk ratio (95 % CI)
studies in stem cell n

reporting arm conventional
SAE arm
All-cause mortality 12 32 35 0.83(0.54t0 1.28)
Recurrent stroke 7 11 7 0.95(0.42t02.14)
Infection 7 52 43 0.89(0.64 to 1.24)
Seizure 5 11 7 0.84(0.39t0 1.81)
Worsening of 4 11 5 2.09(0.80 to 5.406)
neurological deficits
Development of any 0 0.20(0.03to 1.11)
neoplasm
Recurrent vascular 1.85(0.67 to 5.08)
events
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4.1 Recurrent stroke: Seven studies with 251 participants reported recurrent stroke. Pooled
analysis yielded a risk ratio of 0.95 (95% CI: 0.42 to 2.14) in the stem cell arm as compared to usual
care, which was statistically non-significant.

4.1.1. Recurrent stroke at last follow-up:

Stem cell transplantation  Conventional treatment Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ehatia 2018 1 4.6%  3.00([0.14,65.90]

Fang 2018% 18.0% n18[0.01, 3.5
Jaillard 2020 29.4% 0.11[0.01, 2.189]
Jin 2017 13.9% 0.33[0.02, 7.32]
Maniche 2023 94% 1.95[0.18 20.61]
Miizurna 2023 13.5% 1110013, 9.48]
Saviz 2019 11.2%  3.28[0.41, 25.90]

Total (95% CI) 100.0%  0.95[0.42, 2.14]

Total events 11
?et?;ogenemrl:l CQ| T;?‘E ;ﬁfz:PSEPD:g%.M); F=0% 0o o 10 100
estfor overall efiect: Z=0.12 (F = 0.50) Favours stem cell Favours conventional

4.2 Infection: Seven studies with 402 participants reported infection. Pooled analysis yielded a risk
ratio of RR=0.89 (95% CI: 0.64 to 1.24) in the stem cell arm as compared to usual care, which was
statistically non-significant.

4.2.1 Infection at last follow-up:

Stem cell transplantation  Conventional therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ehatia 2018 i 10 a Mot estimable
Hess 2017 24 67 29 G2.5% 0.80 [0.53,1.20]
Jaillard 2020 5 20 G 16.1% 046018, 1.16]
Law 2021 0 ] 3.3% 0.30[0.01, 6.47]
Miizuma 2023 11 27 6.1% 2.04 [0.54, 7.63]
Prasad 2014 1 G0 21% 1.00[0.06, 15.62]
Savitz 2019 10 29 10.0% 1.64 [0.60, 4.47]

Total (95% CI) 222 100.0%  0.89 [0.64, 1.24]

Total events 42
Heterogeneity: Chi = 64, di=6(P=034);F=11% o o 10 00
Test for overall effect Z=0.69 (P = 0.4&) Favours stem cell Favours contral

4.3 Seizure: Five studies with 202 participants reported seizure. Pooled analysis yielded a risk ratio
of RR=0.84 (95% CI: 0.39 to 1.81) in the stem cell arm as compared to usual care, which was
statistically non-significant.

4.3.1 Seizure at last follow-up:

Stemcell transplantation Conventional Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fang 2018* 1 3 18.3%  0.19[0.01, 3.66]
Jaillard 2020 5 f1.9%  0.66[0.26,1.67] ——
Moniche 2023 0 Mot estimahle
1
]

Miizurma 2023 14.0% 0.37[0.03, 5.38]
Savitz 2019 5.8% 6.00([0.34,105.43]

Total (95% CI) 100.0%  0.84 [0.39, 1.81] =

Total events A

Heterogeneity: Chi*= 3.40, df= 3 (P =033}, F=12% 0:1 1:0 100:
Testfar overall effect 2= 0.44 (P = 0.68) Favours stem cell Favours Conventional
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4.4 Worsening of neurological deficits: Four studies with 278 participants reported worsening of
neurological deficits. Pooled analysis yielded a risk ratio of RR=2.09 (95% CI: 0.80 to 5.46) in the stem
cell arm as compared to usual care, which was statistically non-significant.

4.4.1 Worsening of neurological deficits at last follow-up:

Stem cell transplantation  Conventional therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 85% CI
Ehatia 2018 1 10 0 10 9.1% 3.00[0.14, 65.90]
Fang 2018 1] 4] 3 Mot estimable

0
Hess 2017 0 67 1] 62 Mot estimakble
5

B0 90.9%  2.00[0.73,5.50] ——
ey

Prasad 2014 10 60

Total (95% CI) 143 135 100.0%  2.09 [0.80, 5.46]

Total events 11

ity: Chit= =1(P= 0813 P= [ : : !
?et?;ogenewl.l C;I ;3?51 :E—;EPU—12.81).I =0% 0o 01 10 100
estfor owverall effect: Z=1.50 (P =0.13) Favours stem cell Favours conventional

4.5 Development of any neoplasm: Four studies with 185 participants reported neoplasm
development/tumour formation. Pooled analysis yielded a risk ratio of RR=0.20 (95% CI: 0.03 to
1.11) in the stem cell arm as compared to usual care, which was statistically non-significant.

4.5.1 Development of any neoplasm at last follow-up:

Stem cell transplantation  Conventional Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhatia 2018 a 10 10 Mot estimakble
Fang 2018 3] 3 297% 0.19[0.01, 3.66] =
Jaillard 2020 20 11 Mot estimakble
Moniche 2023 39 38 236% 0.33[0.01,7.74]
Savitz 2019 29 19 46.7% 0.13[0.01, 2.63] L

Total {95% Cl) 104 81 100.0%  0.20 [0.03,1.11] ——ee il

Total events a

Heterogeneity: Chi*= 016, df=2 {(P=092), F=0% I } t |
0.01 0.1 10 100

Testfor overall effect 2=1.85 (F = 0.07) Favours stem cell Favours placebo

4.6 Recurrent vascular events: Four studies with 171 participants reported recurrent vascular
events. Pooled analysis yielded a risk ratio of RR=1.85 (95% CI: 0.67 to 5.08) in the stem cell arm as
compared to usual care, which was statistically non-significant.

4.6.1 Recurrent vascular events at last follow-up:

Stem cell transplantation  Conventional therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fang 2018* 1 0 3 1A% 1.71[0.08,32.83] '
Maniche 2023 3 3 38 530% 0.97 [0.21, 453] —‘—
Miizurma 2023 4 1 10 254%  1.48[019,11.71] L —
Savitz 2019 g 0 19 10.5% 7.33[0.43 12547

Total (95% CI) 70 100.0% 1.85[0.67, 5.08] e

Total events 13

Heterogeneity: Chi*=1.62, df= 3 (P = 0,653, F= 0% : o T o0
Testforoverall effect: 2=1.18 (F = 0.23) Favours stem cell Favours conventional
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D. SUMMARY OF JUDGEMENTS:

The summary of the final judgments made by the GDG after careful consideration of the summary of
evidence is tabulated below:

Desirable effects Trivial*

Undesirable effects Varies**

Certainty of evidence Very Low
Values Probably no important uncertainty or variability

Balance of effects Does not favor either the intervention or the
comparison

Resources required Large costs***

Certainty of evidence of required resources | Moderate

Cost effectiveness Probably favors the comparison

Equity Probably reduced

Acceptability Probably yes

Feasibility Probably yes

Recommendations: Stem cell therapy is not recommended in routine clinical practice for the
treatment of stroke®. It may be used only in the context of rigorously conducted randomized
controlled trials.

* This judgment was made as there is very low certainty evidence of trivial reduction in mortality and trivial improvement
in function and disability.

** This judgment was made as the undesirable effects are variable and heterogenous.

**#* The committee opined that stem cell treatment is associated with large costs.

# The evidence comes from RCTs that included patients with ischemic stroke only. Whether stem cell therapy can be used
in patients with haemorrhagic stroke is not known as there are no RCTs in patients with haemorrhagic stroke.

E. CAVEATS IN EXISTING EVIDENCE:
The GDG opined that the existing evidence had the following limitations:

Lack of sufficient number of RCTs with low risk of bias

Small number of participants and/or events in included trials

Heterogeneity in the type of stem cell therapy used, ranging from bone marrow mononuclear
cells to mesenchymal stem cells and endothelial progenitor cells, cell dosage, route of
administration and time of administration which though increases generalisability and
applicability but decreases the probability of finding effect with small number of participants
Lack of long term follow up of patients in most studies, thus providing insufficient evidence on
the safety of this experimental therapy

Lack of cost effectiveness data
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2. SPINAL CORD INJURY

A. BACKGROUND:

Spinal cord injury (SCI) is a debilitating neurological condition with tremendous socioeconomic
impact on affected individuals and their families. The Global Burden of Disease Study 2019 yielded
an incidence of 134 (95% UI:104 to 174) (in thousands) cases in India in 2019.1 As it has no effective
treatment available, spinal cord injury continues to be associated with long-term disability,
decreased life expectancy, reduced quality of life, and a great financial burden to health-care systems
and the individuals who are affected.1.2

B. RECOMMENDATIONS:

Stem cell therapy is not recommended in routine clinical practice for the treatment of spinal cord
injury.

Strength: Conditional*
Certainty of Evidence: Very Low

#It may be used only in the context of rigorously conducted randomized controlled trials.

Rationale/Justification:

This recommendation has been made as the evidence is inadequate in quantity and quality to
determine the efficacy of stem cell therapy in patients with spinal cord injury. The incidence of
undesirable effects including mortality are variable. In addition, the reported follow up period is too
small to comment on the side effect profile and long-term safety is not known.

C. SUMMARY OF EVIDENCE:

Key Question: In patients with spinal cord injury, what is the efficacy and safety of stem cell therapy
as compared to usual care?

Included Studies: The final search dated 18th November 2023 yielded 164 studies from EMBASE,
Web of Sciences, Cochrane Central and PubMed. Studies were screened based on their eligibility
criteria. Eleven studies were included in the systematic review and meta-analysis after satisfying the
inclusion and exclusion criteria. Out of these 11 RCTs, 5 trials met the ‘reliable body of evidence’
criteria, as specified by the GDG and were used for synthesizing evidence.3-13
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Below mentioned studies were excluded from the meta-analysis as they did not meet the criteria for
“reliable body of evidence”:

S.No | Author Reason for exclusion

Abdelaziz et al. 20103 Absence of stem cell characterization

Cheng et al. 20147 Absence of stem cell characterization

Ghobrial et al. 20178 Insufficient data for inclusion in analysis

Yang et al. 20201t Absence of stem cell characterization

Song et al. 202012 Absence of stem cell characterization

Srivastava et al. 20199 Outcome not of interest

The type of participants and the nature of intervention in the included studies are as follows:

Study Phase of disease | Type of stem cell used Route
administration
Albu etal. 2021* | Chronic SCI Wharton  jelly  derived | Intrathecal
mesenchymal stem cells
Dai etal. 20135 Chronic SCI BM derived mesenchymal | Local (at site of injury)
stem cells

El Kheir et al. | Chronic SCI BM derived mesenchymal | Intrathecal
2014s stem cells
Levi etal. 201910 | Chronic SCI Neural stem cells (allogenic) | Intramedullary
Saini et al. | Acute SCI (within | CD34+ BM derived stem cells | Intramedullary
202213 21 days)

Critical outcomes reviewed and their MCID:

S.No. | Outcome reviewed What does it measure? MCID decided by
the GDG

Spinal Cord | The SCIM is a comprehensive rating | An absolute
Independence Measure | scale that measures the ability of | change in SCIM
Scale (SCIM) patients with spinal cord lesions (SCL) | scale by 10

Range: 0-100 to accomplish various functional

Higher score is better activities.

Wexner Score The Wexner score is a scoring system | An absolute
Range: 0-20 used to assess fecal incontinence. change in Wexner
Higher score is worse score by 2
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Qualiven questionnaire | It is a 30 items questionnaire for
(Bladder function) urodynamic studies and measures the
specific impact of urinary symptoms on
quality of life.

WHO Quality of Life- | The WHOQOL-BREF is a 26-item
BREF questionnaire that measures quality of
Range: 0-100 life in four domains: physical health,
psychological health, social
relationships, and environment.

SAEs Serious Adverse Events

All-cause mortality Total number of deaths in a population
over a specific period of time

Risk of Bias Assessment:

Study Overall

Saini et al, 2022 . . Low risk

Albu et al, 2021 : Some concerns
Dai et al, 2013 . High risk
El Kheir et al, 2014 D1 Randomisation process

Levi et al, 2019 D2 Deviations from the intended interventions

D3 Missing outcome data
D4 Measurement of the outcome
D5 Selection of the reported result

Desirable effects:

There is insufficient evidence to draw firm conclusions regarding the desirable effects of stem cell
therapy in patients with spinal cord injury.

1. Dependency: Evidence from one RCT* with 21 participants of acute complete spinal cord injury
reported a mean difference 0of 9.76 (95% CI: -2.14 to 21.66) in the SCIM Score in the stem cell therapy
arm (intramedullary route) as compared to usual care at the end of six months. The difference was
statistically non-significant.

* More than 30% of patients in each arm died. Their data was incorporated in the analysis assuming the worst outcome.
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1.1 SCIM scale at the end of six months:

Stem Cell therapy Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Saini etal 2022 1876 159 10 9 1128 11 100.0% 9.76[2.14,21.66)

|
Total (95% CI) 10 11 100.0% 9.76[-2.14, 21.66]

Heterogeneity: Not applicable
Testfor overall effect Z=161 (P=011)

} b — - {
-100 -50 0 40 100
Favours confrol  Favours stem cell therapy

2. Bowel Function: Evidence from one RCT with 10 participants of chronic complete spinal cord
injury reported a reduction in the Wexner Score with a mean difference of -1.87 (95% CI: -3.50 to -
0.24) in the stem cell therapy arm (intrathecal route) as compared to usual care at the end of six
months. The difference was statistically significant but unimportant clinically as it was less than the
MCID of 2.

2.1 Wexner score at the end of six months:

Stem Cell Therapy Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Albu et al 2021 288 15 5 475 11 5 100.0% -1.87[3.50,-0.24)

1
Total (95% Cl) 5 5 100.0% -1.87[-3.50,-0.24] .

1
Heterogeneity. Not applicable %_1 0 % 3 é
Testfor overall eflect Z=225 (P =0.02) Favours stem cell therapy Favours control

3. Bladder Function: Evidence from one RCT with 10 participants of chronic complete spinal cord
injury reporting the Qualiven questionnaire (subscale- specific impact of urinary symptoms on
quality of life) observed a mean difference of 0.30 (95% CI: -0.45 to 1.05) in the stem cell arm
(intrathecal route) as compared to usual care at the end of six months. The difference was statistically
non-significant.

3.1 Bladder function at the end of six months:

Stem Cell Therapy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

Albu etal 2021 22 0.7 5 19 05 5 100.0% 0.30[-0.45,1.09)

Total (95% CI) 5 5 100.0% 0.30[-0.45, 1.05]
1 1 L

Heterogeneity: Mot applicable t _.2 ﬁ ﬁ

Z= = -4
Testfor overall effect: Z=0.78 (P = 0.44) Favours Stem cell therapy Favours Control

4. Quality of Life: Evidence from one RCT with 10 participants of chronic complete spinal cord injury
reporting WHOQOL-BREF observed a mean difference of 0.70 (95% CI: -22.06 to 23.46) in the stem
cell therapy arm (intrathecal route) as compared to usual care at the end of six months. The difference
was statistically non-significant.

Evidence-based Guidelines for the Use of Stem Cell Therapy: Neurological Conditions Page 29




4.1 Quality of life at the end of six months:

Stem Cell Therapy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Albu et al 2021 508 17.7 5 401 19 5 100.0% 0.70[-22.06, 23.46)

Total (95% CI) 5 5 100.0% 0.70[-22.06, 23.46]
e a2 e 00 S S
estior overall efect 2= (P=0495 Favours stem cell therapy Favours control

5. Undesirable effects:

Serious Adverse Events: Albu et al4, Dai et al> and El Kheir et alé did not report any SAEs in either of
the arms. The SAEs reported by Levi et al'? included sepsis, posterior reversible encephalopathy
syndrome, seizure, wound hematoma and autonomic dysreflexia in the stem cell arm and urinary
tract infection in the usual care arm.

All-cause mortality: Saini et al13 reported all-cause mortality, 5 patients in the usual care arm and 3
patients in the stem cell arm expired during the follow up period due to ventilation associated
pneumonia. This difference was statistically not significant (p = 0.31).
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D. SUMMARY OF JUDGMENTS:

The summary of the final judgments made by the GDG after careful consideration of the summary of
evidence is tabulated below:

Desirable Effects Don’t Know*

Undesirable Effects Varies**

Certainty of evidence Very Low

Values Probably no important uncertainty or variability

Balance of effects Does not favor either the intervention or the
comparison

Resources required Large costs***

Certainty of evidence of required resources | Moderate

Cost effectiveness Probably favors the comparison
Equity Probably reduced
Acceptability Probably yes

Feasibility Probably yes

Recommendations: Stem Cell Therapy is not recommended in routine clinical practice for the
treatment of spinal cord injury. It may be used only in the context of rigorously conducted RCTs.

* This judgment was made as the evidence is inadequate in quantity and quality to determine the efficacy of stem cell
therapy in patients with spinal cord injury.

** This judgment was made as the incidence of undesirable effects including mortality are variable.

*** The committee opined that stem cell treatment is associated with large costs.

E. CAVEATS IN EXISTING EVIDENCE
The GDG opined that the existing evidence had the following limitations:

Very few high quality RCTs with lack of explicit sequence generation and allocation concealment
leading to a high risk of bias

Small number of participants and/or events in the included trials

Heterogeneity in the type of patients included in terms of the level of spinal cord injury, the
severity of patients and the level of disability which though increases generalisability and
applicability but decreases the probability of finding effect with small number of participants
Heterogeneity in the outcomes assessed by the RCTs

Heterogeneity in the type of stem cell therapy used ranging from mononuclear cells to
mesenchymal stem cells

Lack of appropriate characterization and standardization of stem cells

Lack of long term follow up of patients thus providing insufficient evidence on the safety of this
experimental therapy

Lack of cost effectiveness data
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3. AMYOTROPHIC LATERAL SCLEROSIS

A. BACKGROUND:

Amyotrophic lateral sclerosis (ALS) is a type of motor neuron disease characterized by progressive
degeneration of neurons in the brain and spinal cord and is more common in men. The illness is
relentlessly progressive, leading to death from respiratory paralysis and the median survival is
between 3-5 years. The incidence of ALS is approximately 1-2.6 cases per 100000 persons annually,
whereas the prevalence is approximately 6 cases per 100000.! None of the current disease modifying
therapies reverse disease progression. The treatment is mainly supportive and the clinical care is
associated with high costs for the patients and their families.

B. RECOMMENDATIONS:

Stem cell therapy is not recommended in routine clinical practice for the treatment of
amyotrophic lateral sclerosis.

Strength: Conditional*
Certainty of Evidence: Very Low

#It may be used only in the context of rigorously conducted randomized controlled trials.

Rationale/Justification:

This recommendation has been made as the evidence is inadequate in quantity and quality to
determine the safety and efficacy of stem cell therapy in patients with ALS. The difference in the
Amyotrophic Lateral Sclerosis Functional Rating Scale (ALSFRS) score between the two arms was
statistically non-significant. The difference in the forced vital capacity and slow vital capacity
between both arms was also statistically non-significant. The difference in all-cause mortality and
serious adverse events in the stem cell arm as compared to usual care was also statistically non-
significant. In addition, the follow up period of one year is too small to comment on the side effect
profile and long-term safety is not known. Results should be interpreted with caution, in view of very
few studies with small number of participants and/or events.

C. SUMMARY OF EVIDENCE:

Key Question: In patients with Amyotrophic Lateral Sclerosis, what is the efficacy and safety of stem
cell therapy as compared to usual care?

Included Studies: After conducting a thorough literature search upto 15t March 2024 using pre-
specified databases, a total of 320 articles were identified. These articles were then screened based
on the inclusion and exclusion criteria. Out of the 320 articles, only three studies met the criteria to
be included in the current meta-analysis.2# All the 3 reported studies used autologous bone marrow
derived mesenchymal stem cells as the intervention via intrathecal route.
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Critical outcomes reviewed and their MCID:

S.
No

Outcome reviewed

What does it measure?

MCID decided by
the GDG

1.

Lateral Sclerosis
Functional Rating
Scale ALSFRS-R
Range:0-48

Revised Amyotrophic

Higher score is better

It is a disease-specific severity score that
reflects motor impairment and functional
deterioration in people with amyotrophic
lateral sclerosis (ALS). The ALSFRS-R measures
12 aspects of physical function, and each
function is scored from 4 (normal) to 0 (no
ability).

An absolute change
in ALSFRS score by
3.24

(FVC)

Forced Vital Capacity

Higher score is better

[t is a spirometry marker of lung function. It is
the maximum amount of air a person can
forcefully exhale after a deep breath.

An absolute change
in FVC by 2-6%

SAEs

Serious adverse events

All-cause mortality

Total number of deaths in a population over a

specific period of time

Risk of Bias Assessment:

Risk of bias domains

| D5

| Overall ‘

Oh et al,, 2018

Cudkowicz et al., 2022

Berry et al., 2019

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

- Some concerns

. Low

Desirable effects:

1. Revised Amyotrophic Lateral Sclerosis Functional Rating Scale (ALSFRS-R) score: Two trials
with 248 participants reported the ALSFRS-R score. The mean difference for change from baseline in
ALSFRS-R score between the stem cell therapy arm as compared to usual care at 6 months follow up
was 1.82 (95% CI: -1.14 to 4.77), which was statistically non-significant.
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1.1 Change in ALSFRS-R score at the end of 6 months:

Stem cell therapy Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Randk 95% CI
Cudkowicz et al 2022 -552 653 95 -588 649 94 518% 0.36 [-1.50,2.22)
Ohetal 2018 -31 351 31 -648 453 25 482% 3.38[1.22,554)

Total (95% CI) 126 119 100.0% 1.82[-1.14,4.77]
Heterogeneity. Tau*= 3.50, Chi*=4.31, df=1 (P=0.04), F=77% k 1

-10 -5
Testfor overall effect Z=1.20 (P = 0.23) Favours [usual care] Favours [stem cell]

2. Vital Capacity: Oh et al? reported the mean difference of change from baseline in FVC between the
stem cell arm and the usual care to be -0.53 (95 % CI: -5.37 to 4.31) at the end of four months, which
was statistically not significant. Cudkowicz et al3 reported the mean difference of change in Slow Vital
Capacity (SVC) to be -1.39 (95% CI: -6.39 to 3.61), which was statistically non-significant.

2.1 Change in FVC at the end of 4 months:

Stem cell therapy Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Ohetal 2018 -11.28 10.06 31 1075 B4 25 100.0% -0.53[5.37, 4.31]

Total (95% CI) 31 25 100.0% -0.53[-5.37,4.31]
Heterogeneity, Not applicable | + t t

7o _ -10 -5
Testfor overall effect Z=0.21 (P=0.83) Favours [usual care] Favours [stem cell]

2.2 Change in SVC at the end of 6 months:

Stem cell therapy Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Cudkowicz etal 2022 -1294 17.54 95 -11.55 1754 94 1000% -1.39[-6.39 3.61]

Total (95% CI) 95 94 100.0% -1.39[-6.39, 3.61] -’—

Heterogeneity: Not applicable ;i

PRIE ~ -10 -5 0 5
Test for overall effect Z=0.54 (P = 0.59) Favours [usual care] Favours [stem cell]

Undesirable effects:

3. Serious adverse events: Three RCTs with 301 participants reported serious adverse events and
the pooled analysis yielded a risk ratio of 1.15 (95% CI: 0.72 to 1.85) in the stem cell group as
compared to usual care, which was statistically non-significant. Three RCTs with 301 participants
reported all-cause mortality and the pooled analysis yielded a risk ratio of 1.20 (95% CI: 0.51 to 2.79)
in the stem cell group as compared to usual care, which was statistically non-significant.
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3.1 Serious adverse events at the end of 6 months:

Stem cell therapy Usual care

Study or Subgroup Events Total Events Total

Risk Ratio

Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

11.4%
65.0%
23.5%

Berryetal 2019 9 36 2 12
Cudkowicz etal 2022 23 95 17 94
Ohetal 2018 3 33 6 N

Total (95% CI) 164 137 100.0%

Total events 35 25
Heterogeneity: Chi*= 2,26, df= 2 (P =0.32), F=11%
Test for overall effect 2= 059 (P = 0.56)

3.2 All-cause mortality at the end of 6 months:

Stem cell therapy Usual care
Study or Subgroup Events Total Events Total Weight

1.50[0.38,6.00]
1.34[0.77,2.34]
0.47[013,1.72)

1.15[0.72, 1.85]

Risk Ratio
M-H, Fixed, 95% CI

-

e

01

0.2

05 2 5 10
S

Favours [experimental] Favours [control]

Risk Ratio
M-H, Fixed, 95% CI

Berry et al 2019 0 36 0 12
Cudkowicz et al 2022 10 95 6 94 66.1%
Oh et al 2018 1 33 3 31 33.9%
Total (95% CI) 164 137 100.0%
Total events 1 9

Heterogeneity: Chi* = 1.83, df =1 (P = 0.18); I = 45%

Test for overall effect: Z = 0.42 (P = 0.68)
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Not estimable
1.65[0.62, 4.36]

0.31[0.03, 2.85]

1.20 [0.51, 2.79]

_.—

R

}
0.2

Favours [stem cell]

1 1
0.5 2 5
Favours [usual care]

Page 38




suonIpuo) [edrdojoanay :Adelay], [[o0) WalS JO 9S() dY3 10J SAUI[EPIND Paseq-a0uapIAg

"JOUI JOU S]Q ‘OPIM AISA SeM pUE U 109JJd [[NU Y3 PISSO.ID [) %G 6 Y3 Se uoisialdul 10y S[9AS] 0M) papeldumo( o

"9[qen[eAaul Sem 1 Se AOUIISISUOIUT I0J [9AS] dUO papeidumop sem Apnis 9[3UIS 'p

"JoW J0U S[Q ‘UI| 309JJ [[NU dY3 PISSOID [ %SG6 93 Se uolsadul 10y [943] auo papeidumo( 2

“JU93SISU0D JOU JI9M SINSAI Y} SB AOUIISISUODUI .10J [9AJ] dUO paperdumo( 'q

S9UWI00IN0 PalIodal JO UONIS[BS PUE BIEP 9W0IN0 SUISSIW U SUISIU0D dWOS Sey APN)s Jay3ouy 'ssa20.1d uoneziwopuel 9y Ul SUIdIU0D SWOS pey Apnis auQ e
:suoneue[dxy

*}09J9 JO 9JBWIIISI A} WO JUDIHIP A[[erIueIsqns aq 03 A[9I[ SI109JJ9 N1} 9} :93BWIISS 109JJ9 Y} Ul 2DUSPLJU0D M| A1 dARY A :AJUTELIII MO AIDA\

*109JJ9 9Y3 JO ILWIIISI A} WO.LJ JUISHIP A[[ennueIsqns aq Aewl 1090 aN.I3 9} :paIWI] SI 9JBWIIS 109JJ0 93 Ul 0USPLUOI IN() :AJUTEIID MO

uRIayIp A[enueisqns st yeyd Ljiqissod e si 219Y3 Ing 199JJ0 93 JO 9IBUWIISS dY) 03 3SO[D 3 03 A[9YI[ ST 1990 SN.I} 9] :9IBUINISS 109JJ0 93 UL JUIPLU0D A[2ILISPOUW I AN AIUTEIIID IILIIPOIN
"}09JJ9 93 JO 91BWINISS 33 JO I} 0} SSO[D SII[ J09JJd N1} A JeY} JUSPIUO0I AI9A a1 3\ :AJUTer1ad ysSiyg

90U3PIAI Jo sapeas dnoan Sunjiopm FAVYD

Onel YSLI :YY @IUIIIPp UBIW (Al ‘[BAIIUL DUIPYUOD i)
‘(ID %S6 S puE) UONUSAIIUL B} JO 1I3JJ3 dANB[A.I 3} pue dnoad uostreduwrod ay) ul ySLI paUINSSe ay) U0 paseq Sl ([eAIdIUT IDUIPYUOD %66 SI pue) dno.aS uonUIAIIIUL 3Y) UI HSLI YL

peMO] AT/ Loy 1) (1oyS1y 19°¢ 03 19MO[ 6£79)

- sqauowr 9 e (DAS) Awoede)y [eIA MO[S
OO0 68T Tomog 6ET an (Oas)

apMOT AIDA (oY1) (19y81Y T ¥ 03 19MOJ £E'S)

- sqpuowr e (DAd) Apedeny [eap  paddog
000® 95 semol €50 AW i (ad) [FHA P

oqeMO[ A19A (s1oyg) (6£203150) (871 03 7€)

‘T xad syuow 9 je :A}1erIow asneo-
OO0® 10€ 02T ¥4 000°T 1ad 6L 00071 194 99 U 9 I v

oqeMO] A1 (s1o¥g) (s8T10172L0) (8eg 01 1€T)

q OOO.H Jad Z81 Syauow 9 je SJU2A9 9S.I9Ape SNOLIBS
OO0O® 10€ STTYY 000T Jad 012

(191399 st 19ySIH) 8% 03 ( WO 9[edS ‘SYUoW 9 e
(4-s¥dsTv)  ¥-o[eds  Suner  uonoung - STV

oqeMO[ ATOA (s1o¥ 2)

000® 817 (12yS1y ££¥ 03 Jomo] $T°T)

Y31y Y-SYASTV Z8'T AN

SyusWIO) (aavyo) (sarpmas) ((OXZE{IN Aderay [[90 wolS YNM ST [0.3UO0D YIIM ¥STY
douapias | sjuednaed | 309)j9 aane[dY

a3 Jo Aurerna) | jo (1D %56).5193339 anjosqe paredpnuy

aJed [ens() :uostreduio)

Adeay]y [[90 WAIS :UONUIAIIUL

a1ed A1enta], /reydsoy :8umes

S1s0.192§ [etare] oiydonofwy :uoneyndod 10 Jusned

SIS0.I32S [e1are] d1ydoayofwry .10j 9.4ed [ensn 01 pa.redwod Adeiay) [[90 wals

SONIANIA 40 AHVININNS




suonIpuo) [edrdojoanay :Adelay], [[o0) WalS JO 9S() dY3 10J SAUI[EPIND Paseq-a0uapIAg

19Ul 10U S[Q ‘OPIM AISA SeM pUE U 103JJd [[NU Y] PISSO.II [) %G 6 Y3 St uoIsIdaId Wl .10j S[9A3] 0M] papeIdumo( -9

"9]qen[eAaul Sem I Se AOUD)SISU0DUL 10J [9AJ] dUO papeldumop sem Apnis 9[3uls p
“J9W 10U S[Q ‘Ul 193}J [[NU Y] PISSO.I [ %S 6 93 Se uolspa.aduil 10j [9A3] U0 paperdumo( 2
"JU9]SISU0D 10U d.I9M SI[NSAI B} S AXUIISISUOIUI 0] [9A3] dUO papesdumo( 'q

S9UI00IN0 Paliodal JO UONII[AS puk BIep SUI0dINO SUISSIW UI SUIIIU0D dWOS SeY APN3s Ioyjouy "ss920.1d UOIBZIWOPUEI 31} Ul SUI9IU0D dWOS pey Apnis au( e
suoneue[dxyq
OB YSLI tYY ‘9OUBIDJIP UBIW (Al [EAISIUI DUIPLUOD :[D

(1oy81y 19°€ 03 19MO[ 6£°9)
19MO] 6E'T AN

MO A19/

O00®

a[qenfeaau]

aSNOLISS
JREY

SNOLISS JON

plqenieaau]

eSNOLIDS

(oY1)
681

sypuow 9

e fypede) [e3p mofs

(19y81y TE¥ 01 1oMOJ LE'S)
REVIN | €90 an

MOT A1\
0008

a[qenyeaau]

oSNOLIaS
VSEYN

SNOLIdS JON

po[gqen[eaau]

SNOLIaS
10N

(1o¥ 1)
9g

syjuoun § ye

£pede)

[EMA P10y

(s10w QT T 03 1omay Z§ wo.yy)
000t Jod aaowr €1

(%99)L£1/6

(%29)
P9T1/1T

(% 9'9)
LET/6

MO A19 A

OO0

a[qenyeaau]

>SNOLIdS

SNOLI3S 10N

qSNOLIBS

eSNOLISS

(s1o¥ €)
10€

SyjuowW 9 Je :A}[eLIOW ISNLI-[[Y

(e10W GGT 03 19M3J TG WO.J)
000‘T Jod Qaow /7

(%891)
LET/€T

(%¢€12)
$91/S¢

(%z'81)
LET/ST

Mo[ K19

O00®

a[qen[eaau|

>SNOLISS

SNOLIdS JON

qSNOLI_S

eSNOLISS

(s1o¥ €)
10€

syjuou g je sy

UIAH 9S.I9APY SNOLIdS

(10yB1y ££¥ 03 JomoO[ $T°T)
19ySIy Y-SYASTV 28'T AW

MO A1/

OO0

a[qenfeaau]

>SNOLIdS

SNOLI3S 10N

qSNOLIdS

eSNOLISS

(s1u 2)
8%z

Adeiay (92
WS YIM JDUIIYIP HSIY

[0.3U0D

M oysry

S$1J9)J9 °1njosqe ﬁwumm_u_u:<

(1D %S6)
hRENE]
9ANR[RY

Adetayy
[[80 wa3s

YIM

(191199 s1 19y31Y) 8¢ 01 WOy 3[EIS ‘sYIUOW 9 Ie (Y-SYASTY) Y-2[eds Sunes uondung STV

~O.~uCOU
M

(%)

sajel JuaAd Apms

s3uipuy jo Arewruuns

90UapIAD
Jjo
Aurelrad
[re1aa0

uorsaiduy | ssamydaarpu] | Lousisisuoduf

dn-moyjo4
(serpms)
syueddnaed

Jusuwissasse \muﬁ_mupw”u

9[Jo.d QUSpIAY HAVHI




D. SUMMARY OF JUDGEMENTS:

The summary of the final judgments made by the GDG after careful consideration of the summary of
evidence is tabulated below:

Desirable Effects Don’t Know*
Undesirable Effects Don’t Know*
Certainty of evidence Very low

Values Probably no important uncertainty or
variability

Balance of effects Does not favor either the intervention or the
comparison

Resources required Large costs**

Certainty of evidence of required resources Moderate

Cost effectiveness Probably favors the comparison
Equity Probably reduced
Acceptability Probably yes

Feasibility Probably yes

Recommendations: Stem Cell Therapy is not recommended in routine clinical practice for
the treatment of amyotrophic lateral sclerosis. It may be used only in the context of rigorously
conducted randomized controlled trials.

* This judgment was made as the evidence is inadequate in quantity and quality to determine the safety and efficacy of stem
cell therapy in patients with ALS.
** The committee opined that stem cell treatment is associated with large costs.

E. CAVEATS IN EXISTING EVIDENCE:

The GDG opined that the existing evidence had the following caveats:

1. Lack of sufficient number of RCTs

2. Small number of participants and/or events in the included trials

3. Motor outcomes that matter to the patients not assessed

4. Lack oflong term follow up of patients thus providing insufficient evidence on the safety of this
experimental therapy
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4. MULTIPLE SCLEROSIS

A. BACKGROUND:

Multiple sclerosis (MS) is one of the leading causes of neurological disability in young adults with
symptom onset generally occurring between the ages of 20 to 40 years. It is an autoimmune
inflammatory disorder characterized by demyelination of nerve fibers in the central nervous system
and affects women more commonly than men. Initially the episodes are reversible, that are followed
by progressive neurological deterioration over time. The prevalence of MS in our country has
increased from 1.33/100,000 in 1985 to 8.35/100,000 in 2014.! There is no cure for MS and the
current disease modifying therapies do not provide satisfactory and cost-effective treatment options.

B. RECOMMENDATIONS:

a) Autologous hematopoietic stem cell transplantation (AHSCT) is recommended for the
treatment of highly active relapsing remitting multiple sclerosis®, if there is no satisfactory
improvement with disease modifying therapies.

Strength: Conditional™
Certainty of Evidence: Very Low

* The evidence overwhelmingly comes from Relapsing Remitting Multiple Sclerosis. It is not known, whether AHSCT is effective in

other forms of MS (relapsing progressive, secondary progressive).
k3k

A. Highly active treatment-resistant relapsing MS, defined as > 2 episodes of disease activity in the 36 months prior to the assessment for
AHSCT. The two disease activity episodes will be a clinical MS relapse or MRI evidence of MS disease activity and must meet all the
criteria described below:

1. At least one episode of disease activity must occur following = 1 month of treatment with one of the following: (i) a DMT approved
for the treatment of relapsing MS, or (ii) a monoclonal antibody approved for the treatment of relapsing MS, or (iii) rituximab.
Qualifying DMTs include: dimethyl fumarate, diroximel fumarate, monomethyl fumarate, teriflunomide, cladribine, daclizumab,
ponesimod, siponimod, ozanimod, fingolimod, rituximab, ocrelizumab, natalizumab, alemtuzumab, ublituximab, and
ofatumumab, and

2.At least one episode of disease activity must have occurred within the 12 months prior to the AHSCT, and

3. Atleast one episode of disease activity must be a clinical MS relapse confirmed by a neurologist. The other episode(s) must occur at
least one month before or after the onset of the clinical MS relapse, and must be either another clinical MS relapse or MRI
evidence of disease activity in the form of a gadolinium-enhancing lesion, or a new non-enhancing T2 lesion compared to a
reference scan obtained not more than 36 months prior to the time of evaluation.

B. Expanded Disability Status Scale (EDSS) < 6

C. No contraindications to AHSCT

b) Mesenchymal stem cell therapy is not recommended in routine clinical practice for the
treatment of multiple sclerosis.

Strength: Conditional*
Certainty of Evidence: Very Low

#It may be used only in the context of rigorously conducted randomized controlled trials.
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Rationale/Justification

a. Autologous Hematopoietic Stem Cell Transplantation: This recommendation has been made
as there is very low certainty evidence of a large benefit and known harms associated with
autologous HSCT. The committee decided that benefits clearly outweigh harms. There seems to be a
clinically important improvement in EDSS score at 6 months (greater than two times of MCID) and
at one year (greater than three times of MCID) that was statistically significant. The proportion of
patients free of relapse was higher in the HSCT group as compared to usual care and the results were
statistically significant. There was a statistically non-significant difference in disease progression
between the stem cell arm as compared to usual care. Serious adverse events were higher in the HSCT
group, but the results were highly imprecise. No deaths were reported in either group.

b. Mesenchymal Stem Cell Therapy: This recommendation has been made as there is very low
certainty evidence of small benefit in terms of disability and relapse rate. There seems to be
statistically non-significant change in EDSS score at 6 months and at one year. There seems to be a
small improvement in annual relapse rate (just crossing the MCID of 0.6), which is important
clinically. There is little to no difference in undesirable effects between stem cell therapy and usual
care. In addition, the follow up period of one year is too small to comment on the side effect profile
and long-term safety is not known.

C. SUMMARY OF EVIDENCE:

Key Question: In patients with Multiple Sclerosis, what is the efficacy and safety of stem cell
therapy as compared to usual care?

Included Studies: Of the 1144 records identified through the pre-specified databases till
30th November 2023, eight studies involving 360 participants were included in the meta-analysis.
Three studies used the mesenchymal stem cell as intervention derived from bone marrow, one
study used adipose derived mesenchymal stem cell, one study used Umbilical cord blood
cell derived mesenchymal stem cell, one study used placenta derived mesenchymal stem cell
and two used autologous hematopoietic stem cell transplantation. The year of study conduct
for the included studies ranged from 2014 to 2023.29 For trails using AHSCT as intervention, the
study by Burt et al? included patients with relapsing remitting multiple sclerosis (RRMS) only and
the study by Mancardi et al3 included patients with relapsing remitting multiple sclerosis,
secondary progressive multiple sclerosis and relapsing progressive multiple sclerosis.

The type of participants and the nature of intervention given in included studies for AHSCT are
as follows:

Author

Type of MS -no.
of participants

Dose of stem cell

Source & type of
Stem Cell

Mancardi et. al.
20153

SPMS-13/ RRMS-
7 /RPMS-1

3 and 8 x 10° CD34+/kg
cells

AHSC

Burt et al. 20192

RRMS-110(all)

Not mentioned

bone marrow HSC
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The type of participants and the nature of intervention given in included studies for MSC are as

follows:

Author Type of MS- no. Dose of stem cell Source & type of
of participants Stem Cell

20146

Liufriu et al. RRMS-9 1.87x10° MSCs/Kg bwt | BM-MSCs

Lietal. 20145 RRMS-16 SPMS-7 | 4x10° cells/kg human umbilical
cord-MSCs

20147 6 cells high dose 600 x MSCs
10° cells PDA

Lublin et al. RRMs-10/ SPMS- | low dose 150 x 10° human placenta-

2018° cells/kg high dose 4 x
10° cells/kg

Fernandez etal. | SPMS-30(all) low dose 1 x 10° AdMSCs

33/PPMS-17

Ucelli et al. 20218 | RRMS-94/SPMS- | 1-2x10° cells/kg bwt BM MSCs

2023+ 5/ PPMS-2

Nabavi et al. RRMS-14/ SPMS- | 2x10° cells/kg cell BM MSCs

Critical outcomes reviewed and their MCID:

S.No | Outcome What does it measure?
reviewed

MCID decided by
the GDG

The Expanded The Expanded Disability Status Scale (EDSS)
Disability Status | is a method of quantifying disability in
Scale (EDSS) multiple sclerosis and monitoring changes in
Range: 0-10 the level of disability over time. The EDSS
Higher score is scale ranges from 0 to 10 in 0.5 unit
worse increments that represent higher levels of
disability.

An absolute change
in EDSS score by 0.5

Annualized ARR is computed as the total number of
relapse rate relapsesinagiven period divided by the total
(ARR) number of person-years in that period.

A difference of 0.6
for Annualized
relapse rate (ARR)

Proportion free | The proportion of patients who did not have
of relapse a single relapse episode in a given period of
time

A difference of
20/100 (20%)

Serious adverse | Mortality, non-hematopoietic grade 3
events toxicities & grade 4 toxicities

All-cause Total number of deaths in a population over

mortality a specific period of time
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a. AUTOLOGOUS HEMATOPOIETIC STEM CELL TRANSPLANTATION (AHSCT)

Risk of Bias Assessment:
RoB -2 Disease progression and EDSS:

Risk of bias domains

® © &€ @ & @
© & & & & O

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low:

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

RoB-2 for outcome proportion free from relapse comparison HSCT vs Usual care:

Risk of bias domains

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. . Low
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

RoB -2 for outcome ARR between HSCT and usual care:

Risk of bias domains

©C & & & & O

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement
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Desirable Effects (AHSCT):

1. Disability: One trial with 103 participants reported EDSS score at six months and at one year of
follow up. The mean difference in EDSS score was -1.20 (95% ClI: -1.76 to -0.64) at six months and -
1.60 (95% CI: -2.20 to -1.00) at one year in the HSCT arm as compared to usual care. There is a
statistically significant improvement in EDSS score both at six months (two times the MCID-dotted
line) and at one year (three times the MCID-dotted line), which is important clinically.

1.1 EDSS score at six months:

Experimental Control Mean difference Mean difference Risk of Bias
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Fixed, 5% CI IV, Fixed, 95% CI A B CDE

T
Burt RK 25 14 52 37 15 51 100.0% -1.20[-1.76,-0.64] B L N
]

Total (95% C1) 52 51 100.0% -1.20 [-1.76 , -0.64] ".
H g y: Not '
Test for overall effect: Z = 4.20 (P < 0.0001) -4 e 0 2 4

Test for subgroup differences: Not applicable Favours [experimental] Favours [control]

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing oulcome data

(D) Bias in measurement of oulicome

(E) Bias in selection of the reported results

1.2 EDSS score at one year:

Experimental Control Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sD Total sD Total Woeight IV, Fixed, 95% CI IV, Fixed, 95% CI A B C D E

Burt RK 24 1.4 52 b o 51 100.0% -1.60[-2.20,-1.00]) - ® ® o 9@
Total (95% CI) 52 51 100.0% -1.60 [-2.20, -1.00] L 2
Heterogeneity: Not applicable

Test for overall effect: Z = 5.21 (P < 0.00001) 57 2 0 2 a
Test for subgroup differences. Not applicable Favours [experimental] Favours [control]

1
[
[
"
'
'
.

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

2. Disease progression: Two trials with 123 participants reported the disease progression to be
lower at one year in the HSCT group as compared to the usual care group. The risk ratio for disease
progression was 0.43 (95% CI: 0.02 to 10.32) in the HSCT arm as compared to usual care which was
statistically non-significant.

2.1 Disease progression measured by EDSS at one year:

Experimental Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Burt RK 1 51 48.0% 0.09(0.01,067] — m—
Mancardi GL 2 11 52.0% 1.83 [0.39 , 8.70] -

Total (5% Cl) 62 100.0% 0.43 [0.02 , 10.32]
Total events: 4 13

Heterogeneity: Tau® = 4.43; Chi* = 6.26, df = 1 (P = 0.01); I* = 84% 0.01 0.1 1 10 100
Test for overall effect: Z = 0.52 (P = 0.60) Favours [HSCT] Favours [control] |
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended Intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of cutcome

{E) Bias in selection of the reported results
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3. Proportion free from relapse: One trial with 103 participants reported that proportion of
patients free of relapse at one year was higher in the HSCT group as compared to usual care with a
risk ratio of 3.13 (95% CI: 2.08 to 4.70) and the results were statistically significant and important
clinically.

3.1 Proportion free from relapse:

Risk Ratio

Experimental Control Risk ratio Risk ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI A B CDE

Burt RK 51 52 16 51 1000%  3.13[2.08,4.70] ] e00 OO

Total (95% CI) 52 51 1000%  3.13[2.08,4.70] ¢
Total events: 5
Heterogeneity: Not applicable 001 01 1 10 100
Test for overall effect: Z = 5.48 (P < 0.00001) Favours [Control] Favours [HSCT]
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Bias anising from the randomization process

(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data
(
(

D) Bias in measurement of outcome
E) Bias in selection of the reported results

Risk Difference

HSCT Control Risk difference Risk difference Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDETF

1
Burt RK 5 52 16 51 1000%  0.67[0.53, 0.80] - (I E XX R R
Total 52 51 100.0%  0.67 [0.53, 0.80] |
Total events: ]
Test for overall effect: Z = 9.85 (P < 0.00001) ® 5 w z &
Test for subgroup differences: Not applicable Favours [Control] Favours [HSCT]
Heterogeneity: Not applicable

"

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

4. Annualized relapse rate: One trial with 20 participants reported a lower annualized relapse rate

in the patients with HSCT as compared to usual care. The mean difference was -0.41 (95% CI: -0.69
to -0.13), which is statistically significant but unimportant clinically (less than MCID of 0.6).
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4.1 Annualized relapse rate:

Stem Cells

Study or Subgroup  Mean sD Total

Control
sD

Mean difference

Mean Total Weight IV, Fixed, 95% CI

Mean difference
IV, Fixed, 95% CI

Risk of Bias
A B CODE

Mancardi GL 0.19 017
Total (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2 84 (P = 0.004)

Test for subgroup differences: Not applicable

06 044 11 100.0% -0.41[-069,-0.13]

11 100.0% -0.41[-0.69,-0.13]

70000

2 o
Favours [experimental]

1 2
Favours [control]

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of ocutcome

(E) Bias in selection of the reported results

Undesirable Effects:

5. Serious adverse events: Two trials with 123 participants reported serious adverse events
however, no deaths were reported. Pooled analysis revealed a risk ratio of 21.46 (95% CI: 2.99 to
154.08) in the AHSCT arm as compared to the usual care. There is an increase in serious adverse
events with AHSCT therapy as compared to usual care but the results had very serious imprecision.

5.1 Serious adverse events

Control
Events Total

Risk ratio
Weight M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% CI

Elperimental
Study or Subgroup Events Total

Risk of Bias
A B C D E

Burt RK 21 52
Mancardi GL 4 g

L
11

90.4%
49.6%

42.19 [2.62 , 678.43]
10.80 [0.66 , 177.36]

®
?

Total (95% CI) 61
Total events: 25 0
Heterogeneity: Tau® = 0.00; Chi*=0.52, df =1 (P =0.47), I*=0%
Test for overall effect: Z = 3.05 (P = 0.002)

Test for subgroup differences: Not applicable

€2 100.0%  21.46 [2.99, 154.08]

10 100
Favours Control

001 01 1
Favours HSCT

Risk of bias legend

(A) Bias arsing from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

No deaths and non-hematopoietic grade 4 toxicities (such as myocardial infarction, sepsis, or other
disabling or potential life-threatening events or transfer to intensive care unit) were reported by Burt
et al.2 However, the following Grade 3 toxicities reported by Burt et al2 were taken as serious adverse
events in this analysis: febrile neutropenia (n=13), atrial fibrillation (n=1), Infection (n=4),
engraftment bone pain(n=1), serum sickness (n=1), seizure (n=1).
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b. MESENCHYMAL STEM CELL THERAPY:

Risk of Bias assessment:

Risk of bias using RoB-2 tool for outcome EDSS of studies using Mesenchymal stem cells:

Risk of bias domains

O
®
@
)
@
®

S @
@ @
@ @
@ &
@ @
@ ®

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

&
@
@
@
@

Judgement

@ Hioh

- Some concerns

. Low

Risk of bias for the outcome proportion free from relapse of studies using mesenchymal

stem cells:

Risk of bias domains

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

® Hion

- Some concerns

. Low

RoB-2 for annual relapse rate of studies using mesenchymal stem cells:

Risk of bias domains

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

® Hion

- Some concerns

. Low
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Desirable Effects (MSCs):

1. EDSS score: Six trials with 237 participants reported the EDSS score at 6 months. There appears
to be no improvement in EDSS score at 6 months in the MSC therapy group as compared to the usual
care group. The mean difference reported was -0.05 (95% CI: -0.37 to 0.28), which was statistically
non-significant. Two trials with 52 participants reported the EDSS score at 12 months. The mean
difference reported was -0.55 (95% ClI: -2.38 to 1.27), which was statistically non-significant.

1.1 EDSS score at 6 months:

MSC Control Mean ditference Mean difference Risk of Bias
Study or Subgroup  Mean sD Total  Mean sp Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI B Cc D

Femanadez O 763 046 745 098 258% 0.18[-0.46,082] B
LI JF 568  1.07 657 103 14.3% -0.89[-1.75 . -0.03]
Liufriu S 45 106 4125 103 56% 0.38(-1.00,175)
Lublin FO 435 18 377 98% 0.58[-0.46,162]
Nabavi SM 475 176 489 156 52% -0.14[-1.56.1.28]
Uccelli A 45 157 46 392% -0.10[-062,0.42]

LI Ll Ed
(I 11 BN

Total (95% CI) 100.0% -0.05 [-0.37 , 0.28]
Heterogeneity: Chif =595, df=5(P =0.31), F=16% 3
Test for overall effect: Z = 0.29 (P = 0.77) 4 5 0 2 4

Test for subgroup differences: Not applicabie Favours [stem celis] Favours [control]

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

1.2 EDSS score at one year:

Stem Cells Control Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sD Total Mean sSD Total Weight IV, Random, 95% CI IV, Random, 95% CI B C D E

A
Femanadez O 7.75 0.62 19 T4 1.04 10 51.4% 0.35[-0.35, 1.05) L B N N N
LI JF 5.93 1.13 13 744 1.14 10 486% -1.51[-2.45, -0.57] ?2 288 2

Total (95% CI) 32 20 100.0%  -0.55[-2.38,1.27)

Heterogeneity: Tau® = 1.55; Chi* = 9.70, df = 1 (P = 0.002); I* = 90%

Test for overall effect: Z = 0.60 (P = 0.55) -4 2 0 2 &

Test for subgroup differences: Not applicable Favours [experimental] Favours [controf]

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

2. Annual relapse rate: Two trials with 162 participants reported annual relapse rate. The mean
difference for annual relapse rate was -0.85 (95% CI: -1.44 to -0.26) in the MSC therapy arm as
compared to the usual care. There seems to be a small clinically important reduction in average or
annual relapse rate in the MSC therapy arm, which was crossing the MCID of 0.6.
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Average/annual relapse rate at one year:

Stem Celis Control Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sSD Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI A B C D E

LI JF 0.88 01 13 199 056 10 578% -1.11[-1.46,-0.76] ?2 2002
Uccelli A 06 11 68 i1 22 71 422% -0.50[-1.09,0.09] LA B L

Total (95% CI) 8 81 100.0% -0.85[-1.44,-0.26]
Heterogeneity: Tau® = 0.12; Chi#=3.03, df =1 (P =0.08); I?=6T%

Test for overall effect: Z = 2.83 (P = 0.005) 2 5 4

Test for subgroup differences: Not applicable Favours [MSC] Favours [control] I

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

3. Proportion free from relapse: Three trials with 53 participants reported the proportion free
from relapse. Pooled analysis yielded a risk ratio of 1.76 (95% CI: 0.44 to 7.06) in the stem cell arm
as compared to usual care, which was statistically non-significant.

3.1 Proportion free from relapse at last follow-up:

Experimental Control Risk ratio Risk ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 85% CI A B C D E

LI JF 4 13 10 241% 3.08[0.40, 23.44]
Llufriu S 4 5 4 278% 3.20[0.55, 18.47]
Nabavi SM 10 12 9 481% 0.94 [0.67 , 1.32]

Total (35% CI) 30 23 100.0% 1.76 [0.44 , 7.06]
Total events: 18 10

Heterogeneity: Tau? = 1.02; Chi* = 6.23, of = 2 (P = 0.04); I* = 68% 001 01 1 10 100
Test for overall effect: Z = 0.79 (P = 0.43) Favours [control] Favours [MSC]
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

Undesirable Effects:

4. Serious adverse events: Three studies with a total of 54 participants reported serious adverse

events. Pooled analysis revealed a risk ratio of 0.51 (95% CI: 0.15 to 1.78) in the mesenchymal stem
cell arm as compared to usual care, which was statistically non-significant.
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4.1 Serious adverse events: (Risk ratio):

Experimental Control Risk ratio Risk ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Fernanadez O 1 19 10 682% 0.18[002,1.48] —m———
Liufriu S 1 5 4 19.3% 0.80 [0.07 , 9.18] SE—
Lublin FD 2 12 4 12.5% 1.92 [0.11 , 33.44]

Total (95% CI) 36 18 100.0% 0.51 [0.15, 1.78]
Total events: 4 4

Heterogeneity: Chi* = 1.92,df =2 (P = 0.38); I"= 0% 002 01 1 10 50
Test for overall effect: Z = 1.05 (P = 0.29) [Unfavourabile control] [Unfavourable MSC]
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviation from intended intervention
(C) Bias due to missing outcome data

(D) Bias in measurement of outcome

(E) Bias in selection of the reported results

The type of serious adverse events reported by Lublin et al” in the above analysis were choking,
respiratory infection, urinary infection, Grade I Anaphylactoid reaction and Grade 2 superficial
thrombophelebitis.
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D. SUMMARY OF JUDGEMENTS:

The summary of the final judgments made by the GDG after careful consideration of the summary of
evidence is tabulated below:

a. AUTOLOGOUS HEMATOPOIETIC STEM CELL TRANSPLANTATION

Desirable Effects Large*
Undesirable Effects Moderate*
Certainty of evidence Very low

Values Probably no important uncertainty or variability
Balance of effects Probably favors the intervention

Resources required Large costs**

Certainty of evidence of required resources Moderate

Cost effectiveness Does not favor either the intervention or the
comparison

Equity Probably reduced

Acceptability Probably yes

Feasibility Probably yes

Recommendations: Autologous Hematopoietic Stem Cell Transplantation is recommended
(Conditional*) for the treatment of highly active relapsing remitting multiple sclerosis##, if there is no
satisfactory improvement with disease modifying therapies.

* This judgment has been made as there is very low certainty evidence of a large benefit and known harms associated with autologous HSCT.
The committee decided that benefits clearly outweigh harms.
** The committee opined that stem cell treatment is associated with large costs.

## The evidence overwhelmingly comes from Relapsing Remitting Multiple Sclerosis. It is not known, whether aHSCT is effective in

other forms of MS (relapsing progressive, secondary progressive).

#

A. Highly active treatment-resistant relapsing MS, defined as = 2 episodes of disease activity in the 36 months prior to the assessment for
AHSCT. The two disease activity episodes will be a clinical MS relapse or MRI evidence of MS disease activity and must meet all the criteria
described below:

1. At least one episode of disease activity must occur following = 1 month of treatment with one of the following: (i) a DMT approved for the
treatment of relapsing MS, or (ii) a monoclonal antibody approved for the treatment of relapsing MS, or (iii) rituximab. Qualifying DMTs
include: dimethyl fumarate, diroximel fumarate, monomethyl fumarate, teriflunomide, cladribine, daclizumab, ponesimod,
siponimod, ozanimod, fingolimod, rituximab, ocrelizumab, natalizumab, alemtuzumab, ublituximab, and ofatumumab, and

2. At least one episode of disease activity must have occurred within the 12 months prior to the AHSCT, and

3. Atleast one episode of disease activity must be a clinical MS relapse confirmed by a neurologist. The other episode(s) must occur at least
one month before or after the onset of the clinical MS relapse, and must be either another clinical MS relapse or MRI evidence of
disease activity in the form of a gadolinium-enhancing lesion, or a new non-enhancing T2 lesion compared to a reference scan
obtained not more than 36 months prior to the time of evaluation.

B. Expanded Disability Status Scale (EDSS) < 6

C. No contraindications to AHSCT
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b. MESENCHYMAL STEM CELL THERAPY

Desirable Effects

Small*

Undesirable Effects

Trivial**

Certainty of evidence

Very low

Values

Probably no important uncertainty or variability

Balance of effects

Does not favor either the intervention or the
comparison

Resources required

Large costs™***

Certainty of evidence of required resources

Moderate

Cost effectiveness

Probably favors the comparison

Equity

Probably reduced

Acceptability

Probably yes

Feasibility

Probably yes

randomized controlled trials.

Recommendations: Mesenchymal Stem Cell Therapy is not recommended in routine clinical practice
for the treatment of multiple sclerosis. It may be used only in the context of rigorously conducted

*This judgment has been made as there is very low certainty evidence of small benefit in terms of disability and relapse

rate.

** This judgment has been made as there is little to no difference in undesirable effects between stem cell therapy and usual

care.

**#* The committee opined that stem cell treatment is associated with large costs.

E. CAVEATS IN EXISTING EVIDENCE:

a. AUTOLOGOUS HEMATOPOIETIC STEM CELL TRANSPLANTATION:

The GDG opined that the existing evidence had the following limitations:

1. Lack of sufficient number of RCTs

2. Small number of participants and/or events in the included RCTs

b. MESENCHYMAL STEM CELL THERAPY

The GDG opined that the existing evidence had the following limitations:
1. Lack of sufficient number of RCTs
2. Small number of participants and/or events in the RCTs

3. Lack of long term follow up of patients thus providing insufficient evidence on the safety of this
experimental therapy
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III. PRIORITY AREAS FOR FUTURE RESEARCH

Stem cell therapy is a rapidly growing field with significant potential, but continued research is
needed to optimize stem cell types, delivery methods, and clinical outcomes. It is essential to adopt
an evidence-based approach in the development of these regenerative therapies, ensuring that the
best available evidence is used to evaluate their true effectiveness and safety. Currently, most
available evidence is of very low certainty.

Based on the assessment of evidence (clinically important difference, statistical significance and
certainty of evidence) for the safety and efficacy of stem cell therapy in the included neurological
conditions, priority areas for future research were identified and are as follows:

e Stroke
e Multiple Sclerosis (Mesenchymal stem cell therapy)

Further studies are required to demonstrate and establish the mechanism of action of stem cell
therapy and optimize selection of stem cell type & route of administration through well designed
preclinical studies and large multicenter RCTs with adequate long-term follow up. In addition,
primary research to understand the values and preferences of Indian patients as well as studies on
cost effectiveness of stem cell therapy is also encouraged.

k% __kk__k%
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