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АУТОЛОГИЧНАЯ ТРАНСПЛАНТАЦИЯ  
ГЕМОПОЭТИЧЕСКИХ СТВОЛОВЫХ КЛЕТОК 
ПРИ НЕВРОЛОГИЧЕСКИХ ЗАБОЛЕВАНИЯХ: 
СИСТЕМАТИЧЕСКИЙ ОБЗОР И МЕТААНАЛИЗ 
КЛИНИЧЕСКИХ ИСХОДОВ И ОСЛОЖНЕНИЙ 
Сима Авасти, Винод Кумар Сингх, Санджив Кумар Джайн,  
Соника Шарма
Университет Тиртханкера Махавира, Морадабад, Уттар-Прадеш, Индия

Резюме. Неврологические расстройства, в том числе рассеянный склероз, представляют собой 
глобальную проблему здравоохранения при ограниченных возможностях терапии. Аутологичная 
трансплантация гемопоэтических стволовых клеток (ТГСК) стала перспективным методом лечения, 
позволяющим остановить прогрессирование заболевания, уменьшить инвалидность и модулировать 
иммунные реакции в центральной нервной системе. В данном систематическом обзоре с метаана-
лизом оцениваются клинические результаты и безопасность ауто-ТГСК у пациентов с неврологи-
ческими расстройствами. В соответствии с рекомендациями PRISMA, мы провели поиск исследо-
ваний по аутологичной ТГСК при неврологических расстройствах в базах данных PubMed, Embase, 
Cochrane Library и Web of Science. Включенные в анализ исследования касались клинических резуль-
татов, например, изменений по расширенной шкале оценки инвалидности (EDSS), выживаемости 
без прогрессирования и осложнений. Данные были обобщены с использованием метаанализа со слу-
чайными эффектами для расчета стандартизированных средних различий по динамике EDSS, объ-
единенных показателей выживаемости без рецидивов, а также показателей смертности, связанной с 
лечением (ТАС). Гетерогенность оценивалась с помощью статистики I2, а предикторы исходов изуча-
лись с помощью метарегрессионного анализа и анализа подгрупп. В исследование было включено 
пятнадцать работ (n = 1378 пациентов), преимущественно посвященных рассеянному склерозу (ре-
миттирующий-рецидивирующий, прогрессирующий и агрессивный подтипы). Аутологичная ТГСК 
значительно снизила инвалидность; при этом объединенная стандартизированная разница средних 
значений по шкале EDSS составила -1,02 (95% ДИ: -1,42, -0,62; p < 0,01; I2 = 88,9%). Выживаемость 
без прогрессирования составила 73% (95% ДИ: 0,61-0,84; I2 = 0%), а выживаемость без рецидивов 
при ремиттирующей-рецидивирующей форме рассеянного склероза составила 82% (95% ДИ: 0,70-
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0,92; I2 = 5%). Показатель смертности, связанной с трансплантацией (ТАС), был низким и составил 
2% (95% ДИ: 0,00-0,04; I2 = 38,9%), при этом к распространенным нежелательным явлениям относи-
лись фебрильная нейтропения и инфекции. Более молодой возраст, меньшая продолжительность за-
болевания и ремиттирующий-рецидивирующий подтип рассеянного склероза прогнозировали луч-
шие результаты (p < 0,05). Режим кондиционирования влиял на безопасность: протоколы на основе 
BEAM показали более низкий показатель ТАС (p = 0,0049). Аутологичная ТГСК показывает значи-
тельный эффект по снижению инвалидности и предотвращению прогрессирования неврологичесих 
заболеваний, в особенности рассеянного склероза, при хорошем профиле безопасности терапии. 
Однако выраженная гетерогенность исходов и ограниченное число клинических испытаний требу-
ют больших рандомизированных исследований для подтверждения сравнительной эффективности 
по сравнению со стандартными методами терапии, оптимизации отбора пациентов и протоколов 
лечения.

Ключевые слова: трансплантация гемопоэтических стволовых клеток, аутологичная трансплантация гемопоэтических 
стволовых клеток, беспрогрессивная выживаемость, реакция «трансплантат против хозяина», трансплант-
ассоциированная смертность

AUTOLOGOUS HEMATOPOIETIC STEM CELL 
TRANSPLANTATION FOR NEUROLOGICAL DISORDERS: 
A SYSTEMATIC REVIEW & META-ANALYSIS OF CLINICAL 
OUTCOMES AND COMPLICATIONS
Seema Awasthi, Vinod Kumar Singh, Sanjeev Kumar Jain, 
Sonika Sharma 
Teerthanker Mahaveer University, Moradabad, Uttar Pradesh, India

Abstract. Neurological disorders, including MS and pediatric neurodegenerative diseases, pose a significant 
global health burden with limited therapeutic options (HSCT). Autologous HSCT has emerged as a promising 
intervention to halt disease progression, reduce disability, and modulate immune responses in the central nervous 
system. This systematic review and meta-analysis evaluate the clinical outcomes and safety of autologous 
HSCT in patients with neurological disorders. Following PRISMA guidelines, we searched PubMed, Embase, 
Cochrane Library, and Web of Science for studies on autologous HSCT in neurological disorders. Included 
studies reported clinical outcomes (e.g., Expanded Disability Status Scale [EDSS] changes, progression-free 
survival [PFS]) and complications). Data were synthesized using random-effects meta-analyses to calculate 
standardized mean differences (SMD) for EDSS changes, pooled proportions for PFS and relapse-free survival, 
and treatment-related mortality (TRM) rates. Heterogeneity was assessed with I2 statistics, and predictors 
of outcomes were explored via meta-regression and subgroup analyses. Fifteen studies (n = 1,378 patients) 
were included, predominantly focusing on MS (relapsing-remitting, progressive, and aggressive subtypes). 
Autologous HSCT significantly reduced disability, with a pooled SMD in EDSS of -1.02 (95% CI: -1.42, 
-0.62; p < 0.01; I2 = 88.9%). PFS was 73% (95% CI: 0.61-0.84; I2 = 0%), and relapse-free survival in relapsing-
remitting MS was 82% (95% CI: 0.70-0.92; I2 = 5%). TRM was low at 2% (95% CI: 0.00-0.04; I2 = 38.9%), with 
common adverse events including febrile neutropenia and infections. Younger age, shorter disease duration, and 
relapsing-remitting MS subtype predicted better outcomes (p < 0.05). Conditioning regimen influenced safety, 
with BEAM-based protocols showing lower TRM (p = 0.0049). Autologous HSCT demonstrates significant 
efficacy in reducing disability and preventing disease progression in neurological disorders, particularly MS, 
with a favorable safety profile. However, high heterogeneity and limited controlled trials highlight the need for 
larger, randomized studies to confirm comparative efficacy against standard therapies and optimize patient 
selection and treatment protocols.

Keywords: hematopoietic stem cell transplantation, autologous hematopoietic stem cell transplantation, disease-free survival, Graft-
versus-host disease, transplant-related mortality
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Introduction
Neurological disease is a serious worldwide health 

issue, characterized by its increasing burden and 
effects on the health care system. The Global Burden 
of Disease Study has repeatedly tracked the incidence 
and burden of these diseases with patterns that highlight 
the evolving neurological health profile. Throughout 
the years 1990 to 2016, infectious neurological disease 
such as encephalitis and meningitis reduced their 
age-standardized rates, while non-communicable 
disorders such as stroke and dementia had increasing 
prevalence as well as DALYs [16].

The health burden due to neurological conditions 
varies by region and is largest in low- and middle-
income countries, where lack of availability of data 
hampers estimation of prevalence [14, 41]. As noted 
in the following examples from Bangalore and Egypt, 
community-based research highlights the discrepancy 
between hospital populations’ data and prevalence 
in overall populations. These studies used systematic 
door-to-door surveys to establish prevalence rates 
of disorders such as epilepsy, stroke, and dementia, 
emphasizing the requirement for rigorous population-
based studies in order to have accurate representation 
of the neurological burden of disease [20, 43].

Furthermore, the COVID-19 pandemic has 
introduced an additional dimension to the neuro
logy of neurological diseases, with post-acute 
sequelae evolving into a number of neuropsychiatric 
manifestations, including anxiety, depression, 
and cognitive impairment  [25, 32]. This evolution 
underlines the necessity to understand the long-term 
neurological impact of viral infections on public 
health. The pandemic has also been associated with 
a higher level of symptoms such as headache and 
fatigue among the survivors, revealing how infectious 
conditions can result in long-term neurologic com
plications [20, 25].

Overall, the epidemiology of neurological 
disorders is multifaceted, and the burden of disease 
keeps evolving with shifting epidemiological 
trends, lifestyle, and new global health challenges 
like COVID-19. More research is needed to guide 
intervention programs and health policy aimed at the 
complexities of neurological health [14, 16, 41].

Stem cell therapy is a new field in the treatment 
of neurological diseases and holds high promise to 
fix damaged tissues, modulate immune responses, 
and promote repair processes in the central nervous 
system (CNS). Neurological disorders, ranging from 
neurodegenerative diseases to traumatic brain injury, 
are ill-treated, so the focus has been on stem cell 
therapies in current research [17, 42]. Of the different 
stem cells that have been researched, autologous 

hematopoietic stem cells (HSCs) have been identified 
with their use in the treatment of certain neurological 
disorders, especially given their capacity to alter the 
local CNS microenvironment and their capability to 
develop into neural progenitors [13].

The procedure of HSCT is the harvest of patient-
specific HSCs, which is processed and infused back to 
the patient to facilitate recovery and healing. The therapy 
is particularly crucial in preventing complications 
with allogeneic transplants such as graft-versus-host 
disease (GVHD)  [13]. Following HSCT, the stem 
cells transfused not only aid in the reconstitution of 
the hematopoietic system but can migrate past the 
blood-brain barrier (BBB) and differentiate into 
neuroglial cells in CNS [18]. This migration has two 
advantages: it is able to substitute injured microglial 
cells and can supply neurotrophic factors required for 
neuronal integrity. These molecules are crucial in the 
modulation of neuroinflammation and promotion of 
neuroprotection, thereby addressing the root cause of 
most of the neurological disorders [42].

Clinical studies have established positive outcomes 
from HSCT in several neurodegenerative diseases, 
such as cerebral adrenoleukodystrophy, in which early 
treatment is able to completely alter the path of disease 
through preventing neurological impairment  [15]. 
Nevertheless, not all goes as well as planned. The 
incidence of resolution of neurological symptoms 
is variable as neuroinflammation can still escalate 
in the early months posttransplant, supporting the 
significance of proper timing and patient selection 
for HSCT therapies  [17, 42]. Future research will 
focus on enhancing the efficacy of HSCT by genetic 
manipulation of HSCs and optimization of pre-
transplant conditioning protocols [13, 33].

HSCT has been of significant interest as a 
therapeutic modality for the treatment of several 
neurological disorders since it promises to restore and 
regenerate damaged neural tissues, suppress disease 
progression, and modulate immune responses within 
the CNS. This therapeutic strategy is very relevant 
to such conditions as neurological complications of 
inherited disorders, traumatic brain injury, and some 
childhood neurodegenerative diseases.

A valid reason why HSCT would be used in 
neurologic disorders is that it holds the promise for 
cell regrowth within the CNS. With HSCT, one 
can introduce hematopoietic stem cells that will 
proliferate into cells that have the potential to become 
progenitor cells neural-directed, apparently restoring 
absent enzyme function or cellular structure. For 
instance, with HSCT, gene therapy has been applied 
in disorders such as MLD to correct very significantly 
preclinical models’ neurological damage by admi
nistering enzyme-overexpressing microglia that can 
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distribute therapeutically appropriate enzymes into 
the CNS  [5]. This illustrates the manner in which 
HSCT stimulates local mechanisms for repair through 
the production of cells capable of performing vital 
neuroprotective functions.

In addition, the timing of HSCT has been shown 
to be a determinant of clinical outcome; early 
intervention in the course of the disease can lead to 
significantly better survival and neurological outcome. 
For example, with adrenoleukodystrophy occurring 
in childhood, successful application of HSCT in early 
stages of the disease has been demonstrated to halt 
progression of the disease, improving neurological 
and neuropsychological function. Conversely, patients 
undergoing HSCT at late stages are shown to have 
worse outcomes, and thus, it is imperative to intervene 
early [2].

The immune-modulatory function of HSCT 
also offers a critical rationale for its use. Immune 
reconstitution by HSCT has the ability to inhibit 
ongoing neuroinflammatory responses that are 
usually exacerbated in chronic neurological diseases. 
Importantly, autologous HSCT is less complicated 
than allogeneic transplants, such as GVHD  [13]. 
Furthermore, reintroduced hematopoietic stem cells 
can also differentiate into microglia, which play 
significant roles in regulating neuroinflammation and 
immune surveillance in the CNS, having the prospect 
to improve neuronal populations’ overall health [17].

Despite this promise, caution is warranted as 
HSCT is also associated with the risk of neurological 
complications due to conditioning regimen toxicity, 
infection, and post-transplant immune suppression. 
Neurological complications following HSCT may 
range from transient to severe, life-threatening events 
such as seizures or encephalopathy [3, 35, 45]. Careful 

selection of appropriate candidates, monitoring, and 
early interventions are important to maximize patient 
outcomes.

This systematic review and meta-analysis aimed to 
evaluate the clinical outcomes and safety of autologous 
HSCT in patients with neurological disorders.

Materials and methods
Study design
The study employed systematic review and 

meta-analysis design. The methodology adhered to 
the PRISMA guidelines. This framework ensured 
a transparent and rigorous approach to the identi
fication, screening, selection, and synthesis of relevant 
studies.

Eligibility criteria
See Table 1.
Data sources & search strategy
A comprehensive literature search was conducted 

across the following electronic databases: PubMed, 
Embase, Cochrane Library, and Web of Science. The 
search strategy involved a combination of keywords 
and Medical Subject Headings (MeSH) terms 
relevant to autologous HSCT and various neurological 
disorders. Keywords and search terms included but 
were not limited to: “Autologous Hematopoietic 
Stem Cell Transplantation,” “HSCT,” “Neurological 
Diseases,” “Multiple Sclerosis,” “Progressive Multi
focal Leukoencephalopathy,” “Myasthenia Gravis,” 
“Amyotrophic Lateral Sclerosis,” “Cerebral Palsy,” 
and “Autoimmune Neuropathies.” Boolean operators 
(AND, OR, NOT) were used to combine search terms 
and refine the search strategy. The search string was 
constructed to maximize sensitivity and specificity, 

TABLE 1. ELIGIBILITY CRITERIA

Inclusion criteria Exclusion criteria

Population
Patients undergoing autologous hematopoietic 

stem cell transplantation (HSCT) for any 
neurological disorder

Non-human studies (e.g., animal studies,  
in vitro studies)

Intervention Autologous HSCT as a therapeutic approach Studies that do not involve HSCT  
as an intervention

Comparison Studies with or without a control group (e.g., 
placebo, standard care, or no intervention)

Studies lacked a clear comparison group  
where applicable

Outcome

Studies reporting clinical outcomes (e.g., 
neurological function improvement, 

disability progression) or incidence/nature 
of complications

Studies that do not provide sufficient quantitative 
data or clearly defined primary outcomes

Study Design
Clinical trials (randomized and non-randomized), 
cohort studies (prospective and retrospective), 

and case-control studies

Reviews, commentaries, editorials, conference 
abstracts, and study protocols unless they 

include original data not published elsewhere
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ensuring that all relevant studies were captured while 
minimizing the retrieval of irrelevant articles.

Study selection & data extraction
The study selection process was conducted in a 

stepwise manner. First, titles and abstracts of articles 
retrieved from the database searches were screened 
to remove obviously irrelevant studies. Second, the 
full texts of potentially eligible articles were retrieved 
and assessed against the inclusion and exclusion 
criteria. The screening process was performed by two 
independent reviewers. Discrepancies were resolved 
through discussion and consensus, or by consulting 
a third reviewer if necessary. A standardized data 
extraction form was developed and used to collect 
relevant information from the included studies. 
Extracted data included: patient characteristics 
(age, sex, disease type, disease duration, baseline 
severity), HSCT protocol (conditioning regimen, 
stem cell source, and any use of adjunctive therapies), 
clinical outcomes (primary and secondary outcomes 
as reported in the studies, including measures of 
neurological function, disability progression, relapse 
rates, and survival), and complications (type, 
frequency, and severity of complications associated 
with HSCT, including treatment-related mortality 
(TRM), common adverse events, and serious 
complications).   

Risk of bias & quality assessment
The risk of bias within individual studies was 

assessed using appropriate tools. For observational 
studies, the Risk of Bias In Non-randomized Studies 
of Interventions (ROBINS-I) tool was used. For 
randomized controlled trials, the Cochrane Risk of 
Bias tool was used. These tools evaluate various sources 
of bias, including selection bias, performance bias, 
detection bias, attrition bias, and reporting bias. The 
quality assessment was conducted by two independent 
reviewers, and disagreements were resolved through 
discussion and consensus. The results of the risk of 
bias assessment were used to evaluate the overall 
quality of evidence and may have been considered in 
sensitivity analyses.

Statistical analysis
The statistical analysis for this systematic review 

and meta-analysis was conducted to synthesize data 
on clinical outcomes and complications following 
autologous HSCT for neurological disorders. 
A  random-effects model was employed to account 
for anticipated heterogeneity across studies, given 
differences in patient populations, HSCT protocols, 
and follow-up durations. The primary outcome of 
interest was the change in neurological function, 
measured by the EDSS score, expressed as SMD to 
allow comparison across studies with varying scales 
and reporting methods. For studies providing pre- 

and post-HSCT EDSS scores, the MD was calculated 
where possible, particularly when comparing HSCT 
to control groups. Secondary outcomes included 
PFS, relapse-free survival, MRI activity-free survival, 
and TRM, analysed as proportions or event rates.

Heterogeneity was assessed using the I2 statistic 
and τ2, with I2 values >50% indicating substantial 
heterogeneity. Sources of heterogeneity were explored 
through subgroup analyses (e.g., by MS subtype or 
conditioning regimen) and meta-regression (e.g., 
age as a predictor of EDSS change). Publication bias 
was evaluated using funnel plots and the trim-and-
fill method, with asymmetry suggesting potential 
underreporting of smaller or negative studies. Pooled 
estimates were reported with 95% CI, and statistical 
significance was set at p  <  0.05. Sensitivity analyses 
were conducted to assess the robustness of findings 
by excluding studies with a high risk of bias or small 
sample sizes. All analyses were performed using 
appropriate statistical software R Studio, adhering to 
PRISMA guidelines for transparent reporting.

Results
Study selection process
The study selection process was conducted 

systematically following the PRISMA guidelines to 
ensure a transparent and reproducible approach. A 
comprehensive literature search across databases, 
including Google Scholar (n  =  174) and PubMed 
(n  =  56), initially identified 230 records. After re
moving duplicates (n  =  128), 102 records remained 
for screening. During the title and abstract screening 
phase, conducted independently by two reviewers, 
no records were excluded based on automation tools 
or other reasons, leaving all 102 records for further 
evaluation. Of these, 59 reports were not retrieved, 
resulting in 43 reports assessed for eligibility.

A full-text review of these 43 reports led to the 
exclusion of 28 studies for the following reasons: 10 
studies did not involve HSCT as an intervention, 11 
reports were duplicate or incomplete, and 7 studies 
were deemed irrelevant due to their focus not aligning 
with the review’s objectives (e.g., non-neurological 
conditions or non-autologous HSCT). Discrepancies 
between reviewers during screening and eligibility 
assessment were resolved through discussion, with no 
need for third-party arbitration. Ultimately, 15 studies 
met the inclusion criteria and were included in the 
systematic review and meta-analysis. No additional 
reports from the references of included studies were 
identified for inclusion. 

PRISMA flow diagram
The meta-analysis evaluates the standardised mean 

difference (SMD) in Expanded Disability Status Scale 
(EDSS) scores post-HSCT, yielding a pooled SMD of 
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-1.02 (95% CI: -1.42, -0.62), indicating a significant 
reduction in disability (p  <  0.01). Individual studies 
show varied effects: R.K. Burt et al. (2009) reports 
-1.70 (95% CI: -2.30, -1.10), J.J. Moore et al. 
(2019) -1.48 (95% CI: -2.03, -0.93), and A. Tolf et 
al. (2019) the largest at -3.00 (95% CI: -4.00, -2.00), 
while P.A. Muraro et al. (2017) and R.A. Nash et al. 
(2017) show smaller effects at -0.32 (95% CI: -0.52, 
-0.12) and -0.50 (95% CI: -0.70, -0.30), respectively. 
Study weights range from 8.5% (A. Tolf et al., 2019) 
to 17.2% (P.A. Muraro et al., 2017) in the random-
effects model. High heterogeneity (I2  =  88.9%, 
τ2  =  0.2318, p  <  0.01) suggests variability, possibly 
due to differences in MS subtypes, HSCT protocols, 
or follow-up duration. This significant improvement 
supports HSCT’s efficacy in reducing disability, 
though heterogeneity warrants subgroup analyses 
(e.g., by MS type or conditioning regimen) to refine 
clinical applicability.

This meta-analysis compares EDSS changes 
between HSCT and control groups, with a pooled 
mean difference (MD) of -0.90 (95% CI: -2.55, 
0.75), suggesting no statistically significant difference 
(p  >  0.05). R.K. Burt et al. (2019) reports a strong 
effect (MD  =  -1.69, 95% CI: -1.83, -1.55; 53.3% 
weight), while G.L. Mancardi et al. (2015) shows no 
difference (MD = 0.00, 95% CI: -0.86, 0.86; 46.7% 
weight). R.K. Burt et al. (2009) contributes 0% weight 
due to insufficient control data. The analysis includes 
85 HSCT patients and 67 controls. High heterogeneity 
(I2 = 93.0%, τ2 = 1.3282, p = 0.0002) reflects variability 
in study design or patient characteristics. The wide 
CI crossing zero indicates uncertainty in HSCT’s 
superiority over controls, suggesting a need for larger 
controlled trials to confirm efficacy.

The funnel plot shows a triangular distribution 
with a mode at -1.5, where the SE is lowest (near 0.0), 
indicating high precision in estimates. The x-axis spans 
from -3.0 to 0.0, and the y-axis shows SE up to 0.5, 
showing increasing uncertainty toward the extremes. 
Scattered data points mostly cluster between -2.0 and 
0.0, aligning with the distribution, with a few outliers 
near the bounds showing higher standard errors (0.1 
to 0.5). This suggests that values around -1.5 are most 
likely and reliable, while those near -3.0 and 0.0 are 
less certain.

This meta-analysis estimates the proportion of 
patients remaining progression-free post-HSCT. 
X.S. Ni et al. (2006) reports 0.71 (95% CI: 0.48-
0.89), and J.J. Moore et al. (2019) 0.74 (95% CI: 
0.57-0.88), with a pooled estimate of 0.73 (95% 
CI: 0.61-0.84) under both common and random-
effects models. This indicates that 73% of patients 
avoid disease progression, a key efficacy marker. No 
heterogeneity (I2 = 0.0%, τ2 = 0, p = 0.7977) suggests 

consistent results across studies. Compared to typical 
MS progression rates (20-50% over 5 years without 
HSCT), this supports HSCT’s efficacy, though 
longer-term data could strengthen this finding.

The funnel plot with trim-and-fill analysis assesses 
publication bias in a meta-analysis. Ideally, studies 
should be symmetrically distributed around the 
pooled effect size, forming an inverted funnel shape. 
In this plot, slight asymmetry suggests potential bias, 
with missing studies likely on the left side. The trim-
and-fill method has adjusted the effect size from 0.2 
to -0.5, indicating a shift due to possible missing 
studies. The standard error ranges from 0.1 to 0.5, 
with extreme effect sizes between -3.0 and 2.0. If the 
correction significantly alters the pooled estimate, 
bias is likely. 

This forest plot evaluates SMD in EDSS across MS 
subtypes. For relapsing MS, the pooled SMD is -0.81 
(95% CI: -1.13, -0.48; I2 = 84%), indicating moderate 
improvement. For progressive MS, a single study (A. 
Tolf et al., 2019) yields -3.00 (95% CI: -4.00, -2.00; 
8.5% weight), suggesting a stronger effect. The overall 
SMD is -1.02 (95% CI: -1.42, -0.62; I2  =  88.9%). 
A significant subgroup difference (χ2  =  16.70, 
p < 0.0001) implies MS subtype predicts efficacy, with 
progressive MS potentially benefiting more, though 
limited data (one study) cautions interpretation. High 
heterogeneity suggests other factors (e.g., baseline 
EDSS, regimen) may influence outcomes, supporting 
tailored HSCT application.

This meta-analysis estimates TRM at 0.02 (95% 
CI: 0.00, 0.04) under the random-effects model, 
indicating a low 2% mortality risk. R. Saccardi et al. 
(2006) contributes 17.9% weight (36.4% in common-
effect model), while Van Laar et al. (2014) reports the 
highest TRM (0.10, 8/79). Moderate heterogeneity 
(I2  =  38.9%, p  =  0.0895) suggests some variability, 
possibly due to regimen or patient factors. CI crossing 
zero reflects uncertainty, but the low rate aligns with 
Table 2 (e.g., 0% TRM in many studies), indicating 
HSCT’s general safety. Common causes (e.g., 
infections, busulphan toxicity) could be explored 
further.

This meta-regression examines age (28-45 years) 
as a predictor of neurological improvement (SMD, -3 
to 1). The positive regression slope (β = 0.05, p = 0.03, 
95% CI shaded) suggests older patients experience 
greater EDSS improvement (e.g., SMD closer to 
0 or positive at higher ages). Variability is notable, 
with most studies clustering between -2 and 0. This 
counterintuitive trend (older age typically predicts 
worse MS outcomes) may reflect selection bias or 
milder baseline disease in older cohorts, warranting 
further study with baseline EDSS as a covariate.
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TABLE 2. SAFETY PROFILE AND COMPLICATIONS OF HSCT

Study Sample 
size TRM (%) OS at 5 

years (%)
Common AEs (% 

or n)
Serious 

complications (n)

Follow-up 
(median, 
months)

Mancardi G.L. 
et al. [24] 21 0% Not 

reported

Febrile neutropenia 
(80%), sepsis 

(n = 1)

Systemic 
candidiasis, CMV 

reactivation (n = 1)
48

Burt R.K. 
et al. [9] 21 0% at 

1 year
Not 

reported

Pseudomonas 
bacteremia (n = 1), 

zoster (n = 3)

Intracerebral 
hemorrhage 

(n = 1)
24 (6-60)

Nash R.A. 
et al. [28] 26 3.8% 91% at 

3 years
UTIs (n = 8), 

bacteremia (n = 4)
CMV pneumonitis, 

PTLD (n = 1) 36

Saccardi R. 
et al. [38] 183 5.3% 91.2% at 

8 years

Neutropenic fever 
(56%), sepsis 

(n = 6)

TRM linked to 
busulphan (n = 9) 41.7

Ni X.S. et al. [30] 21 9.5% Not 
reported

FUO (n = 10), 
infections (n = 8)

Pneumonia (n = 1), 
VZV hepatitis 

(n = 1)
42 (6-65)

Krasulová E. 
et al. [22] 26 0% 92.3% 

(2 deaths)

Febrile neutropenia 
(56%), sepsis 

(n = 10)

Anti-factor VIII 
inhibitor (n = 1) 66 (11-132)

Burt R.K. 
et al. [10] 21 0% 100% at 

3 years

Neutropenic fever 
(n = 5), zoster 

(n = 2)
ITP (n = 2) 37 (24-48)

Moore J.J. 
et al. [26] 35 0% 100% Serum sickness 

(63%), mucositis None reported 29 (11-62)

Burman J. 
et al. [7] 48 0% 100%

Bacteremia (46%), 
neutropenic fever 

(35%)

Invasive candida 
(n = 1) 47.4 (12-108)

Shevchenko J.L. 
et al. [40] 99 0% 100% Not detailed, well-

tolerated None reported 62 (36-95)

Atkins H.L. 
et al. [1] 24 4.2% 95%

Febrile neutropenia 
(100%), shingles 

(26%)

Hepatic necrosis, 
SOS (n = 1) 80.4 (2.4-192.0)

Muraro P.A. 
et al. [27] 281 2.8% 93% Infections common Myelodysplastic 

syndrome (n = 3) 79.2 (2.4-192.0)

Nash R.A. 
et al. [29] 25 0% 86.3% Cytopenias, 

infections
None transplant-

related 62 (12-72)

Ruiz- 
Arguelles G.J. 
et al. [37]

617 0% 100% at 
30 months

Neutropenic fever 
(2.4%), MS flare 

(1%)

None transplant-
related 12 (3-42)

Tolf A. et al. [44] 10 0% 100% at 
10 years

Febrile neutropenia 
(n = 14), sepsis 

(n = 1)

Premature 
menopause (n = 1) 120

This forest plot assesses TRM across conditioning 
regimens, with an overall rate of 0.02 (95% CI: 
0.01, 0.04). Subgroup estimates vary: BEAM at 0.00 
(95% CI: 0.00, 0.03), Cyclophosphamide-based at 
0.08 (95% CI: 0.03, 0.15). Low within-subgroup 
heterogeneity (I2  =  0%) contrasts with moderate 
overall heterogeneity (I2 = 38.9%), and a significant 
subgroup difference (p  =  0.0049) indicates regimen 

predicts TRM risk. BEAM appears safest, while 
Cyclophosphamide-based regimens pose higher risk, 
guiding safer protocol selection.

This meta-analysis evaluates relapse-free survival 
in RRMS. E. Krasulová et al. (2010) reports 0.75 (95% 
CI: 0.51, 0.91; 40.2% weight), and J.J. Moore et al. 
(2019) 0.87 (95% CI: 0.69, 0.96; 59.8% weight), with 
a pooled proportion of 0.82 (95% CI: 0.70, 0.92). 
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Low heterogeneity (I2  =  5%, p  =  0.305) indicates 
consistency. This 82% relapse-free rate underscores 
HSCT’s efficacy in RRMS, outperforming typical 
disease-modifying therapies (50-70% relapse-free at 
2-3 years), though longer follow-up could validate 
durability.

Risk of bias assessment
A risk of bias assessment was conducted on 13 

non-randomized studies using the ROBINS-I tool. 
The analysis revealed that all studies, including G.L. 
Mancardi et al. (2015), R.K. Burt et al. (2003, 2009), 
R.A. Nash et al. (2003, 2017), and others, exhibited 
a serious risk of bias in deviations from intended 
interventions (D4), indicating potential protocol 
deviations that may impact study validity. However, 
several studies, such as G.L. Mancardi et al. (2015), 
R. Saccardi et al. (2006), and P.A. Muraro et al. 
(2017), demonstrated low risk of bias in confounding 
(D1) and participant selection (D2), suggesting robust 
methodological approaches in these areas. Other 
domains, including classification of interventions 
(D3), missing data (D5), measurement of outcomes 
(D6), and selection of reported results (D7), generally 
showed a moderate risk of bias across studies, with 
R.A. Nash et al. (2003, 2017) and J.L. Shevchenko 
et al. (2015) particularly affected. Overall, most 
studies were rated as having a moderate risk of bias, 
necessitating cautious interpretation of their findings. 
While confounding and participant selection were 
well-managed in some studies, the consistent serious 
risk in D4 highlights the need for stricter adherence 
to intervention protocols to enhance the reliability of 
non-randomized research.

Discussion
Clinical effectiveness of autologous HSCT in neu­

rological disorders
In this study, the clinical efficacy of autologous 

HSCT as a treatment method for neurological 
diseases, specifically in MS and similar diseases. For 
the meta-analysis of SMD in EDSS scores following 
HSCT, there was an overall SMD of -1.02 (95% CI: 
-1.42, -0.62; p < 0.01), showing statistically significant 
disability reduction (Figure 1). This reduction is 
clinically significant, with a loss of 1 EDSS point able 
to result in quantifiable improvement in mobility, 
activities of daily living, and quality of life for patients 
of neurological disease like MS. Significantly, 
however, research such as R.K. Burt et al. (2009) 
and A. Tolf et al. (2019) indicated significant EDSS 
decreases (SMD: -1.70 and -3.00, respectively), and 
especially in RRMS or aggressive MS, to indicate 
HSCT is highly effective in certain subsets of patients.

The PFS data also strongly endorse the effecti
veness of HSCT at a global estimation of 73% of 
the patients were kept progression-free following 
transplantation (95% CI: 0.61-0.84; Figure 2). 
The comparison between the trials (I2  =  0.0%) 
demonstrates HSCT’s capacity for halting progression 
of the disease, an extremely important feature 
considering chronic and degenerative neurological 
illnesses where standard drugs cannot change the 
pattern of disease. As an example, in childhood-
onset cerebral adrenoleukodystrophy (CALD), early 
HSCT has been demonstrated to arrest progression 
and enhance neurological outcome (G. Raymond et 
al., 2019), an observation akin to MS research such 
as R.A. Nash et al. (2017) and H.L. Atkins et al. 
(2016), with 91.3% and 70% PFS at 5 and 6.7 years, 
respectively (Table 3). Analogously, relapse-free 
survival of RRMS patients was 82% (95% CI: 0.70-
0.92; Figure 3), which was greater than that achievable 
by conventional treatments.

Mechanisms for such outcomes are likely in the 
twin potential of HSCT for immunomodulation 
and cell regeneration. Autologous HSCT repairs 
hematopoietic populations having the ability to move 
through the blood-brain barrier into the CNS, develop 
into microglial lineage, and exert neuroprotective 
mechanisms improving neuroinflammation as well as 
regulating neuroprotection (P. Bali et al., 2017). This 
is specifically noted in diseases such as metachromatic 
leukodystrophy (MLD), where gene therapy and 
HSCT have been shown to reverse neurological 
disability by infusing enzyme-overexpressing mic
roglia (A. Biffi et al., 2006). Nonetheless, the consi
derable heterogeneity of EDSS results (I2  =  88.9%; 
Figure 1) captures heterogeneity based on MS sub
type, baseline disease severity, and HSCT protocol. 
Subgroup analysis (Figure 4) identified a larger 
effect in progressive MS (SMD: -3.00) than in 
relapsing MS (SMD: -0.81), although with thin data 
within the progressive subtypes cautioning against 
overinterpretation.

Safety data indicate that while HSCT is generally 
well-tolerated, it is not without risks. The pooled 
TRM rate of 2% (95% CI: 0.00-0.04; Figure 5) is low, 
aligning with the 0% TRM reported in many studies 
(e.g., R.K.  Burt et al., J.J. Moore et al., G.J. Ruiz-
Arguelles et al.; Table 2). Common AEs such as 
febrile neutropenia and infections were frequent but 
manageable, while serious complications like hepatic 
necrosis or myelodysplastic syndrome were rare. The 
significant subgroup difference in TRM based on 
conditioning regimen (p = 0.0049; Figure 6) suggests 
that BEAM-based protocols may offer a safer profile 
compared to cyclophosphamide-based regimens, 
which exhibited a higher TRM risk (0.08 vs. 0.00). 
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Figure 1. Forest plot of standardized mean differences

Figure 2. Meta-analysis of progression-free proportion

This variability underscores the need for tailored 
approaches to optimize safety and efficacy.

Predictors of outcomes further refine the clinical 
applicability of HSCT. Younger age (<  40 years), 
shorter disease duration (<  5 years), and RRMS 
subtype were associated with better PFS and EDSS 
improvement (Saccardi 2006, P.A. Muraro et al.; Table 
4). Conversely, the meta-regression finding of greater 
EDSS improvement in older patients (β  =  0.05, 
p = 0.03; Figure 7) appears counterintuitive, given that 
older age typically correlates with worse MS prognosis. 
This may reflect selection bias, where older patients 
undergoing HSCT had milder baseline disease or less 
aggressive subtypes, warranting further investigation 
with baseline EDSS as a covariate.
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Figure 4. Forest plot of random-effects meta-analysis by MS 
subtypes

Comparative efficacy versus conventional therapies
When compared to conventional therapies, auto

logous HSCT demonstrates a compelling advantage in 
altering the natural history of neurological disorders, 
particularly MS. Standard DMTs for MS, such as 
interferons, glatiramer acetate, or natalizumab, 
typically reduce relapse rates by 30-70% over 2-3 
years and slow progression in 20-50% of patients 
over 5 years. In contrast, HSCT achieved relapse-
free survival of 82% in RRMS (Figure 3) and PFS of 
73% across subtypes (Figure 2), with many studies 
reporting sustained benefits beyond 5 years (e.g., 
A. Tolf et al.: 100% PFS at 10 years). MRI activity-
free survival, a marker of disease control, reached 
85-100% in several cohorts (e.g., J. Burman et al., 
H.L. Atkins et al.; Table 3), far exceeding the 50-70% 
lesion-free rates seen with high-efficacy DMTs like 
ocrelizumab or alemtuzumab.

However, the meta-analysis of EDSS change 
versus controls (Figure 8) yielded a pooled mean 

Figure 3. Meta-analysis of relapse-free survival in patients with relapsing-remitting multiple sclerosis
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Figure 5. Forest plot of treatment-related mortality

Figure 6. Subgroup analysis of treatment-related mortality 
based on conditioning regimen

difference of -0.90 (95% CI: -2.55, 0.75; p  >  0.05), 
suggesting no statistically significant superiority over 
standard care. This lack of significance, coupled with 
high heterogeneity (I2 = 93.0%), reflects the paucity 
of robust controlled trials and variability in study 
design. For instance, R.K. Burt et al. (2019) reported a 
strong effect (MD: -1.69), while G.L. Mancardi et al. 
(2015) showed no difference (MD: 0.00), highlighting 
the influence of patient selection and control group 
definitions. The wide confidence interval crossing zero 
indicates uncertainty, underscoring the need for larger, 
RCTs to definitively establish HSCT’s comparative 
efficacy.

Qualitatively, HSCT’s ability to “reset” the immune 
system offers a mechanistic advantage over DMTs, 
which primarily suppress or modulate immunity 
without addressing underlying immune dysregulation. 
This is particularly relevant for aggressive or treatment-

Figure 7. Meta-regression: Effect of age on neurological improvement
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refractory MS, where conventional therapies often 
fail. Studies like H.L. Atkins et al. (2016) and A. Tolf et 
al. (2019) in aggressive MS cohorts reported 70- 100% 
PFS and complete abrogation of gadolinium-
enhancing lesions, outcomes rarely achieved with 
DMTs alone. In pediatric neurodegenerative disorders 
like CALD, HSCT’s capacity to provide enzyme 
replacement via microglia (F. Eichler et al., 2017) 
surpasses the symptomatic management offered by 
conventional approaches.

Nonetheless, HSCT’s upfront risks  – TRM, 
infections, and conditioning-related toxicity  – 
contrast with the chronic, lower-risk profile of DMTs. 
While TRM is low (2%), it exceeds the near-zero 
mortality risk of most DMTs, and the intensive nature 
of HSCT limits its scalability compared to oral or 
injectable therapies. Cost-effectiveness also remains 
a consideration, as HSCT’s high initial cost may be 
offset by long-term disease control, but comparative 
economic analyses are lacking.

HSCT and the employment of MSCs in the 
treatment of neurological disorders underline the 
significant immunomodulatory and neuroprotective 
mechanisms through which these therapies may exert 
their beneficial effects. Both mechanisms play an 
essential role in facilitating recovery and promoting 
functional improvements in various neurological 
conditions.

Immunomodulation via stem cell therapy
The immunomodulatory properties of stem 

cells, particularly MSCs, are pivotal in mitigating 
inflammation and promoting tissue repair in the CNS. 
MSCs have been shown to modulate both innate 
and acquired immune responses. They influence the 
behavior of T cells, natural killer (NK) cells, and 
dendritic cells, often leading to a downregulation 
of pro-inflammatory responses and an increase in 
anti-inflammatory cytokine production  [17,  42, 

46]. For example, MSCs promote the apoptosis 
of activated T cells and inhibit the proliferation 
of pathogenic T cell populations, thus serving to 
dampen unwanted immune responses that contribute 
to neuroinflammation seen in multiple sclerosis and 
other autoimmune neurological diseases [39, 40].

Furthermore, the recovery of lymphocyte sub
sets  – such as NK cells  – following HSCT serves 
as evidence of the systemic immunomodulation 
that can enhance overall survival and recovery after 
treatment for malignancies like multiple myeloma 
and lymphoma. Early lymphocyte recovery has shown 
a correlation with improved outcomes in patients, 
suggesting a beneficial interaction between restored 
immune cell populations and overall health [31, 36]. 
The timely repopulation of these cells post-transplant 
can influence the inflammatory milieu and enhance 
the tissue repair capacity of the host.

Neuroprotection mechanisms
On the neuroprotective side, HSCT has been 

associated with direct neuroprotective effects, parti
cularly when considering the ability of transplanted 
stem cells to differentiate into various cell types 
relevant for neural repair  [21, 23]. For instance, 
studies have demonstrated that neural stem cells can 
migrate to sites of injury, differentiate, and contribute 
to the formation of new neuronal circuits in models 
of intracerebral hemorrhage and stroke  [21]. The 
presence of stem cells may reduce neuronal loss during 
acute neurotoxic events, thereby preserving cognitive 
and functional capabilities after injury.

The ability of MSCs and other stem cells to 
secrete neurotrophic factors also contributes to their 
neuroprotective roles. These factors, such as BDNF 
and NGF, support neuronal survival, promote synaptic 
plasticity, and enhance cognitive functions, which are 
critical for recovery in neurodegenerative and post-
traumatic conditions [4, 46]. Additionally, MSCs can 

Figure 8. Meta-analysis of mean difference in edss change (HSCT vs. control)



243

HSCT для неврологических расстройств: систематический обзор
HSCT for neurological disorders: a systematic review2026, Vol. 29, № 2

2026, Т. 29, № 2
TA

BL
E 

3. 
TA

BL
E 

FO
R 

CL
IN

IC
AL

 E
FF

IC
AC

Y 
ED

SS
, A

ND
 S

UR
VI

VA
L O

UT
CO

ME
S

St
ud

y
Sa

m
pl

e 
si

ze
M

S 
ty

pe
B

as
el

in
e 

ED
SS

 
(m

ed
ia

n/
m

ea
n,

 
ra

ng
e)

Po
st

-H
SC

T 
ED

SS
 

ch
an

ge
 (m

ea
n/

m
ed

ia
n,

 ra
ng

e)
PF

S 
at

 5
 y

ea
rs

 
(%

)
R

el
ap

se
-fr

ee
 

su
rv

iv
al

 (%
)

M
R

I a
ct

iv
ity

-fr
ee

 
su

rv
iv

al
 (%

)
Fo

llo
w

-u
p 

(m
ed

ia
n,

 
m

on
th

s)

St
at

is
tic

al
 

de
ta

ils
 

(p
-v

al
ue

, C
I)

M
an

ca
rd

i G
.L

. 
et

 a
l. 

[2
4]

21
SP

, R
R

6 
(5

.5
-6

.5
)

N
o 

si
gn

ifi
ca

nt
 

ch
an

ge
 (p

 >
 0

.0
5)

N
ot

 re
po

rte
d

N
ot

 re
po

rte
d

79
%

 re
du

ct
io

n 
in

 T
2 

le
si

on
s

48
p 

= 
0.

00
01

6 
(T

2 
le

si
on

s)
B

ur
t R

.K
. 

et
 a

l. 
[9

]
21

SP
, R

R
6.

5 
(3

.5
-8

.0
)

Pr
og

re
ss

io
n 

in
 8

/1
2 

w
ith

 E
D

SS
 >

 6
N

ot
 re

po
rte

d
N

ot
 re

po
rte

d
R

ed
uc

tio
n 

in
 G

d+  l
es

io
ns

24
 (6

-6
0)

p 
= 

0.
07

 (E
D

SS
 

pr
og

re
ss

io
n)

N
as

h 
R

.A
. 

et
 a

l. 
[2

8]
26

PP
, S

P,
 R

R
7.

0 
(5

.0
-8

.0
)

27
%

 p
ro

gr
es

si
on

 a
t 

3 
ye

ar
s

73
%

 a
t 3

 y
ea

rs
N

ot
 re

po
rte

d
N

ot
 re

po
rte

d
36

KM
 e

st
im

at
e

Sa
cc

ar
di

 R
. 

et
 a

l. 
[3

8]
18

3
PP

, S
P,

 R
R

6.
5 

(3
.5

-9
)

63
%

 s
ta

bl
e 

/ 
im

pr
ov

ed
 a

t 
41

.7
 m

on
th

s
N

ot
 re

po
rte

d
N

ot
 re

po
rte

d
G

d+  l
es

io
ns

 
ab

ro
ga

te
d

41
.7

p 
≤ 

0.
01

 (P
FS

, 
yo

un
g 

ag
e)

N
i X

.S
. 

et
 a

l. 
 [3

0]
21

PP
, S

P
7.

5 
(5

.0
-9

.5
)

75
%

 P
FS

 a
t 

42
 m

on
th

s
75

%
 a

t 4
2 

m
on

th
s

N
ot

 re
po

rte
d

N
ot

 re
po

rte
d

42
 (6

-6
5)

KM
 e

st
im

at
e

K
ra

su
lo

vá
 E

. 
et

 a
l. 

 [2
2]

26
R

R
, S

P
6.

0 
(2

.5
-7

.5
)

PF
S 

be
tte

r 
in

 R
R

M
S 

(p
 =

 0
.0

00
02

)
N

ot
 re

po
rte

d
N

ot
 re

po
rte

d
N

ot
 re

po
rte

d
66

 (1
1-

13
2)

p 
= 

0.
00

00
2 

(R
R

 v
s.

 S
P)

B
ur

t R
.K

. 
et

 a
l. 

 [1
0]

21
R

R
3.

1 
(2

.0
-5

.5
)

-1
.7

 (m
ea

n)
 

at
 4

 y
ea

rs
 

(p
 <

 0
.0

00
1)

10
0%

 a
t 3

 y
ea

rs
N

ot
 re

po
rte

d
N

o 
G

d+  l
es

io
ns

 
in

 1
6/

21
37

 (2
4-

48
)

p 
< 

0.
00

01
 

(E
D

SS
)

M
oo

re
 J

.J
. 

et
 a

l. 
[2

6]
35

R
R

, S
P

6 
(2

-7
)

-1
.4

84
 (m

ea
n)

 a
t 

3 
ye

ar
s 

(R
R

M
S,

 
p 

= 
0.

00
88

)
73

%
 a

t 3
 y

ea
rs

90
%

 a
t 

3 
ye

ar
s

96
%

 fr
ee

 o
f 

G
d+  l

es
io

ns
29

 (1
1-

62
)

p 
= 

0.
00

88
 

(E
D

SS
, R

R
M

S)

B
ur

m
an

 J
. 

et
 a

l. 
[7

]
48

R
R

, 
pr

og
re

ss
iv

e
6 

(1
-8

.5
)

-0
.7

5 
(m

ed
ia

n)
 

at
 4

7.
4 

m
on

th
s

N
ot

 re
po

rte
d

87
%

 a
t 

5 
ye

ar
s

85
%

 a
t 5

 y
ea

rs
47

.4
 (1

2-
10

8)
p 

= 
0.

02
8 

(G
d+  l

es
io

ns
)

Sh
ev


ch

en
ko

 J
.L

.  
et

 a
l. 

[4
0]

99
R

R
, S

P,
 P

P,
 

PR
3.

5 
(1

.5
-8

.5
)

92
%

 s
ta

bl
e 

/ 
im

pr
ov

ed
 a

t 
62

 m
on

th
s

83
.3

%
 (R

R
M

S)
N

ot
 re

po
rte

d
N

ot
 re

po
rte

d
62

 (3
6-

95
)

p 
> 

0.
05

 
(R

R
 v

s.
 P

ro
g)

A
tk

in
s 

H
.L

. 
et

 a
l. 

[1
]

24
Ag

gr
es

si
ve

 
M

S
3.

0-
6.

0
70

%
 n

o 
pr

og
re

ss
io

n 
at

 
6.

7 
ye

ar
s

70
%

 a
t 6

.7
 y

ea
rs

10
0%

 in
 

su
rv

iv
or

s
10

0%
 fr

ee
 o

f 
G

d+  l
es

io
ns

80
.4

 (2
.4

-1
92

.0
)

KM
 e

st
im

at
e

M
ur

ar
o 

P.
A

. 
et

 a
l. 

[2
7]

28
1

R
R

, S
P,

 P
P,

 
PR

6.
5 

(1
.5

-9
)

-0
.3

2 
(m

ea
n)

 a
t 

1 
ye

ar
 (p

 <
 0

.0
01

)
46

%
 a

t 5
 y

ea
rs

N
ot

 re
po

rte
d

N
ot

 re
po

rte
d

79
.2

 (2
.4

-1
92

.0
)

p 
< 

0.
00

1 
(E

D
SS

 c
ha

ng
e)

N
as

h 
R

.A
. 

et
 a

l. 
[2

9]
25

R
R

4.
5 

(4
.0

-5
.0

)
-0

.5
 (m

ed
ia

n)
 a

t 
5 

ye
ar

s 
(p

 <
 0

.0
01

)
91

.3
%

 a
t 5

 y
ea

rs
86

.9
%

 a
t 

5 
ye

ar
s

86
.3

%
 a

t 5
 y

ea
rs

62
 (1

2-
72

)
p 

< 
0.

00
1 

(E
D

SS
)

R
ui

z-
 

A
rg

üe
lle

s 
G

.J
. 

et
 a

l. 
[3

7]
61

7
R

R
, S

P,
 P

P
5.

5 
(0

-8
)

-0
.6

 (m
ea

n)
 

at
 1

2 
m

on
th

s 
(p

 =
 0

.0
00

2)
82

%
 a

t 3
0 

m
on

th
s

N
ot

 re
po

rte
d

N
ot

 re
po

rte
d

12
 (3

-4
2)

p 
= 

0.
00

02
 

(E
D

SS
)

To
lf 

A
.  

et
 a

l. 
[4

4]
10

Ag
gr

es
si

ve
 

M
S

6.
5 

(2
-8

.5
)

-3
.0

 (m
ed

ia
n)

 a
t 

10
 y

ea
rs

10
0%

 a
t 1

0 
ye

ar
s

10
0%

 a
t 

10
 y

ea
rs

10
0%

 a
t 1

0 
ye

ar
s

12
0

p 
< 

0.
00

1 
(n

C
C

A 
 c

ha
ng

e)



244

Seema Awasthi et al.
Сима Авасти и др.

Russian Journal of Immunology/Rossiyskiy Immunologicheskiy Zhurnal
Российский иммунологический журнал

TA
BL

E 
4. 

PR
ED

IC
TO

RS
 O

F 
OU

TC
OM

ES
 A

ND
 C

OM
PL

IC
AT

IO
NS

St
ud

y
Sa

m
pl

e 
si

ze
A

ge
 (m

ed
ia

n/
m

ea
n,

 ra
ng

e)
Se

x 
(%

 
fe

m
al

e)
B

as
el

in
e 

ED
SS

M
S 

ty
pe

H
SC

T 
ty

pe
C

on
di

tio
ni

ng
 

re
gi

m
en

Pr
ed

ic
to

r fi
nd

in
gs

 
(p

-v
al

ue
)

M
an

ca
rd

i G
.L

. 
et

 a
l. 

[2
4]

21
36

 (2
2-

46
)

56
%

6 
(5

.5
-6

.5
)

SP
, R

R
Au

to
lo

go
us

BE
AM

/A
TG

N
o 

si
gn

ifi
ca

nt
 

pr
ed

ic
to

rs
 re

po
rte

d

B
ur

t R
.K

. e
t a

l. 
[9

]
21

N
ot

 s
pe

ci
fie

d 
(2

1-
52

)
N

ot
 s

pe
ci

fie
d

6.
5 

(3
.5

-8
.0

)
SP

, R
R

Au
to

lo
go

us
TB

I/C
y

ED
SS

 >
 6

 p
re

di
ct

s 
pr

og
re

ss
io

n 
(p

 =
 0

.0
7)

N
as

h 
R

.A
. e

t a
l. 

[2
8]

26
41

 (2
7-

60
)

46
%

7.
0 

(5
.0

-8
.0

)
PP

, S
P,

 R
R

Au
to

lo
go

us
TB

I/C
y/

AT
G

N
ot

 e
xp

lic
itl

y 
an

al
yz

ed

Sa
cc

ar
di

 R
.  

et
 a

l. 
[3

8]
18

3
34

 (1
5-

58
)

57
%

6.
5 

(3
.5

-9
)

PP
, S

P,
 R

R
Au

to
lo

go
us

BE
AM

/A
TG

, 
Bu

su
lp

ha
n

Ag
e 

≤ 
40

, <
 5

 y
rs

 
du

ra
tio

n 
(p

 ≤
 0

.0
1)

N
i X

.S
. e

t a
l. 

[3
0]

21
37

 (1
5-

58
)

67
%

7.
5 

(5
.0

-9
.5

)
PP

, S
P

Au
to

lo
go

us
BE

AM
, C

y/
TB

I
Sa

m

M
an

ca
rd

i G
.L

. 
et

 a
l. 

[2
4]

21
36

 (2
2-

46
)

56
%

6 
(5

.5
-6

.5
)

SP
, R

R
Au

to
lo

go
us

BE
AM

/A
TG

N
o 

si
gn

ifi
ca

nt
 

pr
ed

ic
to

rs
 re

po
rte

d

B
ur

t R
.K

. e
t a

l. 
[9

]
21

N
ot

 s
pe

ci
fie

d 
(2

1-
52

)
N

ot
 s

pe
ci

fie
d

6.
5 

(3
.5

-8
.0

)
SP

, R
R

Au
to

lo
go

us
TB

I/C
y

ED
SS

 >
 6

 p
re

di
ct

s 
pr

og
re

ss
io

n 
(p

 =
 0

.0
7)

N
as

h 
R

.A
. e

t a
l. 

[2
8]

26
41

 (2
7-

60
)

46
%

7.
0 

(5
.0

-8
.0

)
PP

, S
P,

 R
R

Au
to

lo
go

us
TB

I/C
y/

AT
G

N
ot

 e
xp

lic
itl

y 
an

al
yz

ed

Sa
cc

ar
di

 R
. 

et
 a

l. 
[3

8]
18

3
34

 (1
5-

58
)

57
%

6.
5 

(3
.5

-9
)

PP
, S

P,
 R

R
Au

to
lo

go
us

BE
AM

/A
TG

, 
Bu

su
lp

ha
n

Ag
e 

≤ 
40

, <
 5

 y
rs

 
du

ra
tio

n 
(p

 ≤
 0

.0
1)

N
i X

.S
. e

t a
l. 

[3
0]

21
37

 (1
5-

58
)

67
%

7.
5 

(5
.0

-9
.5

)
PP

, S
P

Au
to

lo
go

us
BE

AM
, C

y/
TB

I
Sa

m

St
ud

y
Sa

m
pl

e 
Si

ze
Ag

e 
(m

ed
ia

n/
m

ea
n,

 ra
ng

e)
Se

x 
(%

 
Fe

m
al

e)
Ba

se
lin

e 
ED

SS
M

S 
Ty

pe
H

SC
T 

Ty
pe

C
on

di
tio

ni
ng

 
R

eg
im

en
Pr

ed
ic

to
r fi

nd
in

gs
 

(p
-v

al
ue

)

M
an

ca
rd

i G
.L

. 
et

 a
l. 

[2
4]

21
36

 (2
2-

46
)

56
%

6 
(5

.5
-6

.5
)

SP
, R

R
Au

to
lo

go
us

BE
AM

/A
TG

N
o 

si
gn

ifi
ca

nt
 

pr
ed

ic
to

rs
 re

po
rte

d

B
ur

t R
.K

. e
t a

l. 
[9

]
21

N
ot

 s
pe

ci
fie

d 
(2

1-
52

)
N

ot
 s

pe
ci

fie
d

6.
5 

(3
.5

-8
.0

)
SP

, R
R

Au
to

lo
go

us
TB

I/C
y

ED
SS

 >
 6

 p
re

di
ct

s 
pr

og
re

ss
io

n 
(p

 =
 0

.0
7)

N
as

h 
R

.A
. e

t a
l. 

[2
8]

26
41

 (2
7-

60
)

46
%

7.
0 

(5
.0

-8
.0

)
PP

, S
P,

 R
R

Au
to

lo
go

us
TB

I/C
y/

AT
G

N
ot

 e
xp

lic
itl

y 
an

al
yz

ed



245

HSCT для неврологических расстройств: систематический обзор
HSCT for neurological disorders: a systematic review2026, Vol. 29, № 2

2026, Т. 29, № 2

Figure 11. Risk of bias assessment in non-randomized studies: An evaluation using ROBINS-I

Figure 10. Funnel plot analysis (trim-and-fill method)

Figure 9. Funnel plot analysis for publication bias

produce anti-inflammatory mediators and matrix 
metalloproteinases, which facilitate the remodeling 
of the extracellular matrix and foster an environment 
conducive to repair and regeneration [17].

Limitations
This study emphasizes the efficacy and safety 

of autologous HSCT for neurological disorders but 
have several limitations. Significant heterogeneity 
in patient populations, HSCT protocols, and 

follow-up durations complicates generalizability. 
The predominance of observational studies over 
RCTs introduces potential bias and limits definitive 
comparisons with standard therapies. Small sample 
sizes in some studies reduce statistical power, and 
varying follow-up durations may affect long-term 
outcome assessments. Potential publication bias 
could overestimate HSCT efficacy, and findings 
are primarily relevant to multiple sclerosis, limiting 
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Figure 12. Key limitations affecting the interpretation of meta-analysis results

applicability to other neurological conditions. Addi

tionally, variations in healthcare settings and the 

lack of economic evaluations restrict real-world 

feasibility. Addressing these gaps through larger RCTs, 

standardized protocols, and broader disease inclusion 

is essential for future research.

Funnel plot analysis for publication bias is shown in 

Figure 9. Funnel plot analysis (trim-and-fill method) 

is shown in Figure 10. Risk of bias assessment in non-

randomized studies: An evaluation using ROBINS-I 

is shown in Figure 11. Key limitations affecting the 

interpretation of meta-analysis results are shown in 

Figure 12.

Conclusion
This systematic review and meta-analysis 

provide strong evidence for the clinical effectiveness 
of autologous HSCT as a therapeutic option for 
neurological disorders, particularly multiple sclerosis 
(MS). The analysis demonstrated a notable reduction 
in disability, as measured by the EDSS, alongside 
substantial rates of progression-free survival and 
relapsing-free survival in relapsing-remitting MS. 
These outcomes, observed over extended follow-up 
periods, highlight HSCT’s potential to alter the disease 
course of MS and other neurological conditions, such 
as cerebral adrenoleukodystrophy, by preventing 
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progression and enhancing neurological function. 
The immune-modulating and neuroprotective effects 
of HSCT, including the replacement of microglia and 
provision of neurotrophic factors, likely underpin these 
benefits, offering a distinct mechanistic advantage 
over conventional disease-modifying therapies.

Safety data suggest that HSCT is generally well-
tolerated, with a low incidence of treatment-related 
mortality and manageable adverse events, such as febrile 
neutropenia and infections. However, rare serious 

complications emphasize the need for careful patient 

selection and protocol optimization. Subgroup analyses 

indicated that BEAM-based conditioning regimens 

may be safer than cyclophosphamide-based regimens, 

providing insights for improving treatment protocols. 

Factors such as younger age, shorter disease duration, 

and relapsing-remitting MS subtype were identified 

as predictors of better outcomes, underscoring the 

importance of early intervention to maximize efficacy.
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