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Abstract 
 

Background: Systemic sclerosis (SSc) is a chronic autoimmune disease characterized by systemic 
inflammation, vascular dysfunction, progressive fibrosis, multiorgan involvement, and impaired 
quality of life. Autologous hematopoietic stem cell transplantation (HSCT) has been investigated as an 
option for patients with severe SSc who respond inadequately to conventional immunosuppressive 
therapy.  
Methods: A systematic search was conducted in the Cochrane Library and PubMed using terms 
related to stem cell transplantation, hematopoietic stem cell transplantation, systemic sclerosis, stem 
cell therapy, immunomodulatory therapy, and cyclophosphamide. Eligible studies were randomized 
controlled trials involving adults with diffuse or limited SSc, autologous HSCT as the intervention, and 
cyclophosphamide or other immunomodulatory therapy as the comparator. Study selection, data 
extraction, and risk-of-bias assessment were performed systematically, and the selection process was 
documented using a PRISMA flow diagram.  
Discussion: Three randomized controlled trials involving 250 participants were included. Selective 
non-myeloablative HSCT improved event-free survival, while selective myeloablative HSCT showed 
benefits in survival analysis and skin-related outcomes. Quality-of-life improvements were reported 
with selective HSCT approaches. However, HSCT was associated with a higher risk of serious adverse 
events than cyclophosphamide.  
Conclusion: Autologous HSCT may provide clinical benefit in selected patients with severe SSc, but 
careful risk-benefit assessment, strict patient selection, and long-term monitoring are essential. 

Keywords:  systemic sclerosis; hematopoietic stem cell transplantation; autologous transplantation; 
cyclophosphamide; systematic review; skin fibrosis. 
 

Background 

Systemic sclerosis (SSc), also known as scleroderma, is a rare chronic autoimmune 

disease characterized by immune dysregulation, vasculopathy, and progressive fibrosis. The 
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disease may affect the skin, subcutaneous tissue, lungs, gastrointestinal tract, kidneys, and 

cardiovascular system. Clinically, SSc is commonly categorized into limited cutaneous and 

diffuse cutaneous subtypes. Diffuse disease with early internal organ involvement is 

associated with substantial morbidity, functional impairment, and reduced quality of life.1,2 

Current treatment strategies aim to reduce vascular injury, control immune-mediated 

inflammation, and limit fibrotic progression. Conventional approaches include vasoactive 

agents and immunosuppressive therapy, particularly for complications such as Raynaud 

phenomenon, pulmonary arterial hypertension, renal crisis, skin thickening, and interstitial 

lung disease. However, patients with aggressive or refractory SSc may continue to experience 

progressive disease despite standard therapy.2 

Autologous hematopoietic stem cell transplantation (HSCT) has emerged as a potential 

disease-modifying intervention for selected patients with severe SSc. The rationale of HSCT is 

based on intensive immunosuppression followed by immune reconstitution, which may 

reduce autoreactive immune activity and alter the profibrotic inflammatory milieu. This 

systematic review aims to evaluate the efficacy and safety of autologous HSCT compared with 

cyclophosphamide-based therapy in adults with SSc, with emphasis on survival, skin 

outcomes, pulmonary function, quality of life, and treatment-related harms.1,3,4 

 

Methods 

Study design and reporting framework 

This study was designed as a systematic review of randomized controlled trials 

evaluating autologous HSCT for SSc. The study selection process was documented using a 

PRISMA flow diagram. 

Data sources and search strategy 

The literature search was conducted using the Cochrane Library and PubMed 

databases. Search terms included “Stem Cell Transplantation,” “Hematopoietic Stem Cell 

Transplantation,” “HSCT,” “Systemic Scleroderma,” “Systemic Sclerosis,” “Stem Cell Therapy,” 

“Immunomodulatory Therapy,” and “Cyclophosphamide.” The PubMed search strategy was 

reported as: ((((Stem Cell Transplantation) OR (Hematopoietic Stem Cell Transplantation) OR 

(Stem Cell Therapy) OR (Immunomodulatory Therapy)) AND (Systemic Scleroderma)).  

Eligibility criteria 

The eligibility criteria were defined using the PICO framework. The population was 

adults aged 18 years or older diagnosed with diffuse or limited SSc. The intervention was any 

form of autologous HSCT. Comparators included cyclophosphamide or other 

immunomodulatory therapies, either as monotherapy or in combination. Outcomes included 

effectiveness and safety, particularly survival, event-free survival, modified Rodnan Skin Score 

(mRSS), forced vital capacity (FVC), quality-of-life measures, and adverse events. Exclusion 

criteria were non-full-text articles, observational studies, non-human studies, and studies 

published in languages other than English. 
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Study selection and data management 

Search results were organized using Microsoft Excel. Duplicate records were removed, 

followed by title and abstract screening according to the predefined eligibility criteria. 

Potentially eligible full-text reports were then assessed independently. Disagreements during 

study selection were resolved through discussion among the authors. The final selection 

process was summarized in a PRISMA flow diagram. 

Data extraction 

Data extraction was performed independently, and discrepancies were resolved by 

consensus. Extracted information included study characteristics, participant profiles, 

intervention protocols, comparator regimens, follow-up duration, and clinical outcomes. 

Extracted data were entered into Review Manager 5 software and checked for accuracy. 

Risk-of-bias and certainty assessment 

Risk of bias was assessed according to recommended guidelines for randomized 

controlled trials. The certainty of evidence was evaluated using GRADE criteria where 

applicable. Quality-of-life outcomes included the Health Assessment Questionnaire Disability 

Index (HAQ-DI), the Short Form Health Survey (SF-36), and the EQ-5D Visual Analogue Scale 

(VAS). 

 

Discussion 

Study selection and included evidence 

A total of 4,205 citations were identified through database searches, with six additional 

records identified from other sources. After removal of duplicates, 3,024 unique records 

remained. Following title and abstract screening, 2,837 records were excluded, leaving 187 

full-text citations for assessment. Fourteen records representing data from three randomized 

controlled trials met the inclusion criteria. 

The included trials were the Autologous Non-Myeloablative Hematopoietic Stem-Cell 

Transplantation for Systemic Sclerosis (ASSIST) trial by Burt et al., the Autologous Stem Cell 

Transplantation International Scleroderma (ASTIS) trial by van Laar et al., and the 

Scleroderma: Cyclophosphamide or Transplantation (SCOT) trial by Sullivan et al. The trials 

evaluated different HSCT strategies, including non-selective non-myeloablative HSCT, 

selective non-myeloablative HSCT, and selective myeloablative HSCT, using 

cyclophosphamide-based therapy as the comparator. The total number of participants across 

the three trials was 250, with 125 receiving HSCT.3,1,4 
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Figure 1. Study flow diagram. 

 

 
Figure 2. Risk-of-bias summary. 

 

Table 1. Characteristics of included randomized controlled trials. 

Characteristic ASSIST (Burt 2011) ASTIS (van Laar 2014) SCOT (Sullivan 2018) 

Study design RCT, single-center RCT, multicenter (29 

sites in 10 European 

countries) 

RCT, multicenter (26 

sites in North America) 

Research 

subjects 

19 participants (10 

HSCT, 9 

cyclophosphamide); 

median age 45 years; 

89% female; 79% 

white; median 

disease duration 13–

18 months 

156 participants (79 

HSCT, 77 

cyclophosphamide); 

median age 44 years; 

59% female; 81% 

white; median disease 

duration 1.4 years 

75 participants (36 

HSCT, 39 

cyclophosphamide); 

median age 46 years; 

64% female; 80% 

white; median disease 

duration 27.1 months 

Inclusion 

criteria 

Diffuse SSc with 

mRSS ≥15 and organ 

involvement ≤5 years 

Diffuse SSc with mRSS 

≥15, internal organ 

involvement ≤4 years 

Diffuse SSc with major 

organ involvement, 

DLCO ≥45%, and FVC 

≥45% 

Intervention Non-selective non-

myeloablative HSCT. 

Mobilization: 

Selective non-

myeloablative HSCT. 

Mobilization: 

Selective 

myeloablative HSCT. 

Mobilization: G-CSF 
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Characteristic ASSIST (Burt 2011) ASTIS (van Laar 2014) SCOT (Sullivan 2018) 

cyclophosphamide 2 

g/m² + filgrastim. 

Conditioning: 

cyclophosphamide 

200 mg/kg + rabbit 

ATG. 

cyclophosphamide 4 

g/m² + filgrastim. 

Conditioning: 

cyclophosphamide 200 

mg/kg + rabbit ATG. 

leukapheresis. 

Conditioning: 

cyclophosphamide 120 

mg/kg, equine ATG, 

total body/partial 

radiation. 

Comparator Intravenous 

cyclophosphamide 1 

g/m² monthly for 6 

months 

Intravenous 

cyclophosphamide 750 

mg/m² monthly for 12 

months 

Intravenous 

cyclophosphamide 500 

mg/m² once, followed 

by 750 mg/m² monthly 

for 11 months 

Outcomes 

reported 

mRSS, FVC, and 

quality of life 

Event-free survival and 

change in mRSS 

Event-free survival, 

change in FVC, mRSS, 

and quality of life 

Duration of 

follow-up 

12 months Median 5.8 years Median 72 months 

 

Efficacy outcomes 

Across the three included RCTs, overall mortality did not differ significantly between 

HSCT and cyclophosphamide. However, survival analyses suggested that selective non-

myeloablative HSCT and selective myeloablative HSCT may provide advantages over 

cyclophosphamide in selected patients. In the ASTIS trial, selective non-myeloablative HSCT 

significantly improved event-free survival at 48 months compared with cyclophosphamide, 

with moderate certainty of evidence. In the SCOT trial, selective myeloablative HSCT showed 

improved survival in the intention-to-treat analysis.1,3,4,7 

Clinically meaningful improvements in quality of life were reported with selective non-

myeloablative HSCT and selective myeloablative HSCT compared with cyclophosphamide, 

although the certainty of evidence was low. Quality-of-life measures included HAQ-DI, SF-36, 

and EQ-5D VAS. Improvements in skin outcomes, particularly mRSS, were also reported, most 

notably with selective myeloablative HSCT.1,3,4 

Table 2. Survival and event-free survival comparison. 

Subgroup/outcome 
Number 

of studies 

Number of 

participants 
Statistical method Effect size 

Overall mortality 3 - Risk Ratio (M-H, 

Random, 95% CI) 

Subtotal 

Selective non-

myeloablative 

autologous HSCT 

1 156 Risk Ratio (M-H, 

Random, 95% CI) 

0.90 [0.44, 

1.85] 
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Subgroup/outcome 
Number 

of studies 

Number of 

participants 
Statistical method Effect size 

Selective myeloablative 

autologous HSCT 

1 75 Risk Ratio (M-H, 

Random, 95% CI) 

0.59 [0.24, 

1.43] 

Non-selective non-

myeloablative 

autologous HSCT 

1 19 Risk Ratio (M-H, 

Random, 95% CI) 

Unpredictable 

Event-free survival 2 - Hazard Ratio (IV, 

Random, 95% CI) 

Subtotal 

Selective non-

myeloablative 

autologous HSCT 

1 - Hazard Ratio (IV, 

Random, 95% CI) 

0.34 [0.16, 

0.74] 

Selective myeloablative 

autologous HSCT 

1 - Hazard Ratio (IV, 

Random, 95% CI) 

0.54 [0.23, 

1.27] 

 

Safety outcomes and certainty of evidence 

Despite its potential efficacy, HSCT was associated with a higher risk of serious adverse 

events compared with cyclophosphamide. This finding is clinically important because HSCT 

requires mobilization, conditioning, profound immunosuppression, and careful post-

transplant monitoring. Treatment-related mortality and severe complications remain central 

considerations when selecting candidates for HSCT.1,3,4 

The certainty of evidence was limited by several methodological concerns. Blinding was 

not feasible because participants received transplantation, creating unclear performance bias 

and a high risk of detection bias. The non-selective non-myeloablative HSCT evidence was 

downgraded because of baseline differences between treatment groups. The ASSIST trial did 

not clearly report serious adverse events and was judged to have a high risk of selection bias. 

In addition, each HSCT category was represented by only one RCT, limiting generalizability.3,5,6 

 

Clinical implications 

The available evidence suggests that autologous HSCT may be considered for carefully 

selected patients with severe, progressive SSc, particularly those with diffuse cutaneous 

disease and evidence of internal organ involvement who have insufficient response to 

standard immunosuppression. However, the decision to use HSCT should involve 

multidisciplinary assessment, strict eligibility screening, counseling regarding potential 

benefits and harms, and treatment at experienced transplant centers.1,3,4 

Cyclophosphamide remains an important comparator in the available RCTs, but newer 

or alternative immunosuppressive approaches, including mycophenolate mofetil, may offer 

a more favorable safety profile in some SSc manifestations. Therefore, HSCT should not be 
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viewed as a universal treatment for SSc, but rather as a high-intensity intervention for 

selected patients in whom potential long-term benefit outweighs procedural risk.2 

 

Limitations 

This review has several limitations. Only three RCTs were included, and each evaluated 

a different HSCT approach. Because of differences in transplantation protocols, conditioning 

regimens, participant characteristics, and follow-up durations, data pooling was not feasible. 

Two trials, ASSIST and SCOT, lacked sufficient statistical power to detect significant 

differences in some outcomes, including overall mortality and event-free survival. The limited 

number of studies also restricts the ability to define which patient subgroups benefit most 

from HSCT. 

 

Future directions 

Future studies should evaluate standardized HSCT protocols, longer follow-up periods, 

treatment-related harms, patient-reported outcomes, and comparisons with contemporary 

immunosuppressive therapies. Additional research is also needed to determine the safety and 

effectiveness of HSCT in patients with comorbidities and special risk conditions, including 

smokers and patients with cardiopulmonary involvement.8,14,15 

 

Conclusion 

Autologous HSCT has demonstrated potential benefits in selected patients with severe 

SSc, including improved event-free survival, reduced skin thickening, preservation or 

improvement of pulmonary function, and better quality-of-life outcomes. However, these 

benefits must be balanced against the increased risk of serious adverse events and treatment-

related mortality. Current evidence supports the use of HSCT only after careful patient 

selection and individualized risk-benefit assessment. Further large-scale, well-designed, long-

term trials are needed to establish standardized protocols and clarify the comparative 

effectiveness of HSCT against other available therapies.1,3,4,7 
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