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1. Introduction

Spinal cord injuries (SCI) affect approximately 17,000 new individuals annually in the United States alone [!l. The resulting
paraplegia or quadriplegia imposes a high socio-economic and emotional burden on patients and healthcare systems. Current
management, including surgery, rehabilitation, and pharmacologic therapy, fails to reverse neurological damage. Stem cell
therapy (SCT) is being explored as a regenerative medicine approach to stimulate axonal regrowth, remyelination, and functional
recovery 21,

This research paper reviews clinical trials conducted over the past two decades, evaluating the role of SCT in SCI treatment. It
categorizes stem cell types, explores delivery strategies, reviews trial outcomes, and identifies future directions.

2. Pathophysiology of Spinal Cord Injury

SCI results from traumatic (e.g., road accidents, falls) or non-traumatic (e.g., tumors, infections) causes. The injury cascade has
two phases:

e  Primary Injury: Immediate damage due to mechanical insult.

e Secondary Injury: Delayed damage including ischemia, inflammation, apoptosis, and scarring 3!,

This biphasic pathology offers a therapeutic window, especially for neuroprotective and neuroregenerative strategies like SCT.

3. Types of Stem Cells Used in SCI Trials

Several stem cell types have been evaluated in SCI clinical trials:

3.1. Embryonic Stem Cells (ESCs)

ESCs are pluripotent and can differentiate into all cell types. Geron Corporation’s phase I trial (NCT01217008) was the first
FDA-approved ESC study for SCI but was terminated early due to funding constraints .

3.2. Mesenchymal Stem Cells (MSCs)

MSCs are derived from bone marrow, adipose tissue, and umbilical cord. They are immunomodulatory and secrete neurotrophic
factors. Numerous trials (e.g., NCT01321333, NCT02152657) have shown MSCs to be safe with modest functional gains >,
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3.3. Neural Stem Cells (NSCs)

NSCs can differentiate into neurons and glial cells. The
Pathway Study (NCT02302157) using NSI-566 cells showed
improved motor scores in some patients [,

3.4. Induced Pluripotent Stem Cells (iPSCs)

iPSCs offer autologous treatment potential without ethical
concerns. Clinical use is limited due to tumorigenicity and
high cost, but trials are in development [#1,

4. Methods of Delivery
Effective cell delivery is crucial for therapeutic success.
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o Intrathecal Injection: Commonly used, especially for
MSCs. Minimally invasive.

e Intraspinal Injection: Direct delivery at injury site.
Used in NSC trials.

e Intravenous Infusion: Easy but limited blood-spinal
cord barrier penetration .

Hydrogel scaffolds and nanocarriers are being researched to
enhance cell viability and integration [10].

5. Review of Major Clinical Trials (2000-2024)

Table 1
Trial Type of Stem Cell Delivery | Phase Outcome
Geron (NCT01217008) ESC Intraspinal I Safe; discontinued
Korea FDA Trial (NCT01321333) UC-MSC Intrathecal /11 Improved sensory scores

Pathway Study (NCT02302157)

NSI-566 (NSCs)

Intraspinal /11 Motor improvement

StemCells Inc. (NCT01321333)

Human NSCs

Intraspinal /11 No significant benefit

Neuroplast (NCT03935724)

Autologous Bone Marrow

Intrathecal 11

Ongoing

6. Safety and Adverse Effects

Across most trials, SCT has been well tolerated. Common
adverse effects include:

e Headache

e Low-grade fever

e Local infection at injection site

Serious risks such as ectopic tissue formation, immune

rejection, and tumorigenesis are rare but significant concerns
(1]

7. Efficacy Assessment Parameters

The most used assessment tools include:

e  ASIA Impairment Scale (AIS)

e International Standards for Neurological Classification
of SCI

e Spinal Cord Independence Measure (SCIM)

Functional improvement has been modest and inconsistent.

AIS conversion (e.g., from A to B or C) is rare but reported
[12]

8. Challenges in Stem Cell Therapy for SCI
8.1. Ethical Concerns
Particularly with ESCs due to embryo destruction.

8.2. Standardization
Cell dose, source, delivery, and timing vary widely among
trials (131,

8.3. Integration with Host Tissue
Survival, differentiation, and synapse formation remain
inefficient (14,

8.4. Tumor Risk
Especially with pluripotent cells like ESCs and iPSCs [1),

9. Future Directions

e Gene-edited MSCs with
expression

e Bioengineered scaffolds for better cell anchorage

e Combination Therapies including physical

enhanced neurotrophic

rehab,

electrical stimulation, and neuroprotective drugs [1°!
e Artificial Intelligence to model outcomes and
personalize therapy

10. Discussion

The diversity of stem cell sources and delivery methods
complicates data interpretation across studies. However,
safety has been consistently observed. Functional recovery
remains modest, but even small gains in mobility or
autonomic function can drastically improve quality of life.
Personalized SCT approaches, better preclinical modeling,
and harmonized trial protocols are essential to progress.

11. Conclusion

Stem cell therapy offers hope for patients with spinal cord
injuries, especially where conventional treatments fall short.
While early-phase clinical trials demonstrate safety and
potential efficacy, larger phase III trials with longer follow-
ups are required. Ethical and logistical challenges must be
addressed through collaborative and transparent global
research efforts.
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