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Abstract 

Systemic scleroderma (systemic sclerosis, SSc) is a rare, chronic autoimmune 

connective tissue disorder characterized by immune dysregulation, widespread 

vasculopathy, and progressive fibrosis of the skin and internal organs. Pediatric 

systemic sclerosis (pSSc) represents a particularly challenging subset due to its 

early onset, heterogeneous clinical presentation, and potential for severe organ 

involvement. Over the past decade, advances in understanding disease 

pathogenesis have led to the development of targeted therapeutic strategies. This 

article provides a comprehensive overview of modern, evidence-based approaches 

to the treatment of systemic scleroderma in children, including 

immunosuppressive therapy, biologic agents, antifibrotic treatments, vascular 

management, and hematopoietic stem cell transplantation. Emphasis is placed on 

individualized, multidisciplinary care and emerging therapeutic directions. 

 

Introduction. Systemic sclerosis in children is a rare but severe autoimmune 

disease, with an estimated incidence significantly lower than in adults. It is 

characterized by progressive fibrosis of the skin and internal organs, immune 

system activation, and microvascular damage. Pediatric cases often present with 

more aggressive disease progression, requiring early diagnosis and prompt 

initiation of therapy. The pathogenesis involves a complex interplay between 

endothelial injury, immune activation, and fibroblast dysfunction. Advances in 

molecular biology have identified key pathways, including transforming growth 

factor-beta (TGF-β), interleukin-6 (IL-6), and B-cell-mediated autoimmunity, which 

serve as targets for modern therapeutic interventions. 

Pathophysiology. The pathophysiological mechanisms of systemic sclerosis 

can be divided into three major processes: 

1. Vascular injury and dysfunction. Endothelial cell damage leads to 

vasoconstriction, impaired angiogenesis, and tissue ischemia. This results in clinical 

manifestations such as Raynaud’s phenomenon and digital ulcers. 
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2. Immune system activation. Both innate and adaptive immune 

responses are involved. Autoantibodies (e.g., anti-centromere, anti-Scl-70) and 

cytokines such as IL-6 and TGF-β contribute to disease progression. 

3. Fibrosis. Activated fibroblasts produce excessive extracellular matrix 

components, leading to skin thickening and organ fibrosis, particularly in the 

lungs, heart, and gastrointestinal tract. 

Clinical Manifestations in Children 

Pediatric systemic sclerosis may present with: 

 Skin induration and thickening (often diffuse type) 

 Raynaud’s phenomenon (early and common symptom) 

 Digital ulcers and ischemic lesions 

 Interstitial lung disease (ILD) 

 Pulmonary arterial hypertension (PAH) 

 Gastrointestinal dysmotility (reflux, malabsorption) 

 Cardiac involvement (arrhythmias, cardiomyopathy) 

 Musculoskeletal symptoms (arthritis, myopathy) 

Disease severity varies, but early organ involvement is associated with poorer 

prognosis. 

Modern Therapeutic Approaches 

1. Immunosuppressive Therapy. Immunosuppressive agents remain the 

cornerstone of treatment, particularly in early and inflammatory stages of the 

disease. 

Methotrexate 

Methotrexate is widely used for skin involvement and early diffuse disease. It 

inhibits dihydrofolate reductase, reducing lymphocyte proliferation and 

inflammatory cytokine production. Clinical studies have demonstrated 

improvement in skin scores and stabilization of disease progression. 

Mycophenolate Mofetil (MMF). MMF is increasingly preferred, especially in 

children with interstitial lung disease. It inhibits inosine monophosphate 

dehydrogenase, suppressing lymphocyte proliferation. Compared to 

cyclophosphamide, MMF has a more favorable safety profile and is suitable for 

long-term use. 

Cyclophosphamide. Cyclophosphamide is reserved for severe organ 

involvement, particularly progressive ILD. It has demonstrated efficacy in 

improving lung function and reducing fibrosis but is associated with significant 

toxicity, including bone marrow suppression and infertility risk. 

2. Biologic Therapy. Biologic agents target specific components of the immune 

system and are increasingly used in refractory or severe cases. 
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Tocilizumab. An IL-6 receptor antagonist, tocilizumab has shown efficacy in 

reducing skin fibrosis and stabilizing lung function. It is particularly useful in 

patients with elevated inflammatory markers. 

Rituximab. Rituximab targets CD20-positive B cells, reducing autoantibody 

production. Studies suggest improvement in skin thickness and lung involvement, 

making it a promising option in pediatric patients. 

Abatacept. Abatacept modulates T-cell activation by inhibiting co-stimulation. 

Early evidence indicates potential benefits in reducing disease activity and 

improving functional outcomes. 

3. Antifibrotic Therapy 

Fibrosis is central to disease progression, and antifibrotic agents represent a 

major advancement. 

Nintedanib 

Nintedanib is a tyrosine kinase inhibitor that targets pathways involved in 

fibrosis. It has been shown to slow the decline in lung function in patients with 

systemic sclerosis-associated ILD. 

Emerging Therapies 

New agents targeting TGF-β signaling and fibroblast activation are under 

investigation, offering potential for more effective control of fibrosis. 

4. Vascular and Symptomatic Therapy 

Management of vascular complications is essential. 

 Calcium channel blockers (e.g., nifedipine) – first-line treatment for 

Raynaud’s phenomenon 

 Endothelin receptor antagonists (bosentan) – prevent digital ulcers and treat 

PAH 

 Phosphodiesterase-5 inhibitors (sildenafil) – improve pulmonary 

hemodynamics 

 Prostacyclin analogues (iloprost) – used in severe ischemia 

5. Hematopoietic Stem Cell Transplantation (HSCT) 

Autologous HSCT is considered in severe, treatment-resistant cases. It aims to 

“reset” the immune system. Clinical trials have demonstrated improved survival 

and disease control; however, the procedure carries significant risks, including 

infection and treatment-related mortality. 

6. Supportive and Multidisciplinary Management 

Optimal care requires a multidisciplinary approach involving: 

 Pediatric rheumatologists 

 Pulmonologists 

 Cardiologists 
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 Gastroenterologists 

 Physical and occupational therapists 

Supportive care includes: 

 Physiotherapy to prevent contractures 

 Nutritional support 

 Psychological counseling 

 Regular monitoring of organ function 

Emerging Directions 

Future therapeutic strategies focus on: 

 Personalized medicine based on genetic and biomarker profiling 

 Early aggressive treatment protocols 

 Combination targeted therapies 

 Gene and cell-based therapies 

Ongoing clinical trials are expected to further refine treatment algorithms. 

Conclusion 

The management of systemic scleroderma in children has evolved 

significantly with the introduction of targeted therapies and improved 

understanding of disease mechanisms. Early diagnosis, timely initiation of 

treatment, and individualized multidisciplinary care are essential for improving 

outcomes. While current therapies can slow disease progression and improve 

quality of life, further research is needed to develop curative strategies and reduce 

long-term complications. 
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