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Abstract

to enhance survival and quality of life for pediatric patients.

This collection of reviews highlights significant progress in pediatric hematology-oncology. Advancements span improved diag-
nostics, therapeutic strategies, and supportive care for various conditions, including leukemias, lymphomas, and solid tumors. Key
breakthroughs include hydroxyurea for sickle cell anemia, gene therapy for hemophilia A, and CAR T-cells for acute lymphoblastic
leukemia. Allogeneic HSCT outcomes have improved for non-malignant disorders, while therapies for immune thrombocytopenia,
severe aplastic anemia, thalassemia, myelodysplastic syndromes, and Langerhans cell histiocytosis are continually refined, aiming
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Introduction

Pediatric hematology-oncology has witnessed a transformative
decade, marked by profound progress across diagnostic tools, ther-
apeutic strategies, and supportive care for children afflicted with
leukemias, lymphomas, and various solid tumors. Despite these
advancements, clinicians and researchers continue to confront per-
sistent challenges that demand ongoing innovation [1].

Hydroxyurea has cemented its position as an indispensable cor-
nerstone therapy for pediatric sickle cell anemia. A deeper under-
standing of its mechanisms has reinforced its proven efficacy in sig-
nificantly reducing severe complications like pain crises and acute

chest syndrome. Given its well-established long-term safety profile,
there is continuous advocacy for its broader clinical application, en-
suring more children benefit from this vital treatment [2].

The realm of gene therapy for pediatric hemophilia A represents
a monumental leap forward. Remarkable strides have been made,
primarily focusing on adeno-associated virus (AAV)-mediated gene
transfer. This approach holds immense promise, offering the poten-
tial for sustained, long-term Factor VIII expression, which can pro-
foundly reduce bleeding episodes and fundamentally alter treatment
paradigms [3].

For pediatric acute lymphoblastic leukemia (ALL), the treat-
ment landscape is under constant evolution. Standard chemother-
apy protocols are now seamlessly integrated with targeted therapies.
Pioneering immunotherapy approaches, most notably Chimeric
Antigen Receptor (CAR) T-cells, are increasingly vital components.
These multifaceted strategies are meticulously designed to achieve
dual objectives: significantly improving survival rates while dili-
gently reducing long-term toxicities [4].

Allogeneic hematopoietic stem cell transplantation (HSCT)
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has emerged as a critical, life-saving intervention for a range of
non-malignant pediatric hematological disorders, including severe
aplastic anemia, thalassemia, and sickle cell disease. Ongoing re-
search and clinical practice have led to continuous advances in con-
ditioning regimens, alongside highly effective strategies for pre-
venting graft-versus-host disease, enhancing both long-term sur-
vival and overall quality of life [5].

The management of childhood immune thrombocytopenia
(ITP) has also seen an evolving therapeutic landscape offering more
tailored options. Traditional treatments are being judiciously aug-
mented by the growing role of thrombopoietin receptor agonists
(TPO-RAs) and other novel immunomodulatory agents. The cur-
rent emphasis is firmly on developing highly individualized treat-
ment approaches, especially crucial for managing complex and re-
fractory cases of ITP [6].

In severe aplastic anemia (SAA) in children, distinct treat-
ment paradigms guide clinical decisions.
therapy (IST), predominantly involving anti-thymocyte globulin
and cyclosporine, represents a primary pathway. Concurrently,
hematopoietic stem cell transplantation (HSCT) remains a vital op-

Immunosuppressive

tion. The intricate decision-making process regarding treatment
choice and subsequent outcomes is influenced by a multitude of
patient-specific factors, underscoring personalized care [7].

Advancements continue to reshape the management of pediatric
thalassemia, translating into improved patient care. These develop-
ments encompass more sophisticated iron chelation strategies, the
advent of innovative medications like luspatercept, and the exciting
progression of gene therapy and gene editing techniques. Collec-
tively, these efforts are strategically aimed at profoundly reducing
transfusion dependence and substantially elevating the overall qual-
ity of life for affected children [8].

The complexities inherent in diagnosing and effectively treat-
ing myelodysplastic syndromes (MDS) in children are receiving
increased attention.
prehensive genetic and molecular profiling, recognized as crucial
for achieving accurate classification and precise risk stratification.
Therapeutic options are diverse, encompassing supportive care, ju-
dicious immunosuppression, and, where appropriate, hematopoietic

There is a heightened emphasis on com-

stem cell transplantation, each chosen to suit the individual’s unique
molecular and clinical profile [9].

Finally, for pediatric Langerhans cell histiocytosis (LCH), both
the foundational understanding and practical treatment strategies
have experienced considerable maturation. Refined diagnostic cri-
teria now permit earlier and more accurate identification, while risk-

stratified treatment approaches guide the judicious application of
chemotherapy and targeted therapies. A critical component of com-
prehensive care for these patients involves the proactive manage-
ment of associated complications and long-term sequelae, ensuring
holistic support [10].

Description

Significant advancements have been made in the broad field of pe-
diatric hematology-oncology over the last decade, leading to im-
proved diagnostic tools, therapeutic approaches, and supportive
care for various pediatric cancers and blood disorders. These in-
clude critical progress in treating leukemias, lymphomas, and solid
tumors, while researchers continually work to overcome remaining
challenges [1]. For specific non-malignant conditions, allogeneic
hematopoietic stem cell transplantation (HSCT) offers a curative
option. This procedure is increasingly successful for disorders such
as severe aplastic anemia, thalassemia, and sickle cell disease, ben-
efiting from advances in conditioning regimens and strategies to
prevent graft-versus-host disease, ultimately improving long-term
survival and patient quality of life [5].

Focused therapeutic strategies have also emerged for specific
conditions. Hydroxyurea is a critical therapy for pediatric sickle
cell anemia, valued for its ability to reduce complications like pain
crises and acute chest syndrome, boasting a strong safety profile
that supports wider clinical adoption [2]. Similarly, the manage-
ment of severe aplastic anemia (SAA) in children relies on estab-
lished paradigms, primarily immunosuppressive therapy (IST) with
anti-thymocyte globulin and cyclosporine, or HSCT, with treatment
choices guided by individual patient factors and predicted outcomes

[7].

Furthermore, advancements in treating pediatric thalassemia in-
volve improved iron chelation, the introduction of luspatercept, and
the promising development of gene therapy and gene editing tech-
niques, all working to decrease transfusion dependence and enhance
life quality [8]. These targeted improvements signify a shift to-
wards more precise and less burdensome care for conditions requir-
ing chronic management.

For pediatric cancers, treatment has become increasingly so-
phisticated.  Acute lymphoblastic leukemia (ALL) protocols
now integrate standard chemotherapy with targeted therapies and
cutting-edge immunotherapies like CAR T-cells. These strategies
are continually refined to boost survival rates while simultaneously
mitigating long-term toxicities [4]. For Langerhans cell histiocy-
tosis (LCH), current understanding has led to refined diagnostic
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criteria and risk-stratified treatment approaches using chemother-
apy and targeted therapies, with a strong emphasis on managing
long-term complications and sequelae effectively [10]. The com-
plex landscape of myelodysplastic syndromes (MDS) in children is
also being navigated with greater precision, leveraging genetic and
molecular profiling for accurate classification and risk stratification.
Therapeutic options range from supportive care and immunosup-
pression to HSCT, chosen based on the specific needs of each child

[9].

Innovations in genetic treatments represent a profound shift in
pediatric hematology. Gene therapy for hemophilia A in pedi-
atric patients has shown significant strides, particularly with adeno-
associated virus (AAV)-mediated gene transfer. This approach of-
fers the exciting potential for sustained Factor VIII expression,
promising a substantial reduction in bleeding episodes and a trans-
formative impact on treatment paradigms [3]. Beyond genetic ap-
proaches, the evolving therapeutic landscape for childhood immune
thrombocytopenia (ITP) now incorporates traditional treatments
with thrombopoietin receptor agonists (TPO-RAs) and other im-
munomodulatory agents. This evolution emphasizes individualized
treatment plans, which are especially crucial for effectively manag-
ing refractory cases [6]. The continuous progress across these di-
verse areas underscores a dynamic and hopeful future for children
with complex hematological and oncological conditions.

Conclusion

The field of pediatric hematology-oncology has experienced a
decade of significant progress, transforming diagnostics and thera-
peutic strategies for various conditions. Advancements include im-
proved management of leukemias, lymphomas, and solid tumors,
alongside enhanced supportive care, though challenges persist. For
non-malignant disorders, allogeneic hematopoietic stem cell trans-
plantation (HSCT) has improved outcomes for conditions like se-
vere aplastic anemia, thalassemia, and sickle cell disease, with bet-
ter conditioning and graft-versus-host disease prevention leading to
increased survival and quality of life.

Targeted therapies like hydroxyurea remain critical for pedi-
atric sickle cell anemia, effectively reducing crises. Gene ther-
apy shows immense promise for hemophilia A, offering long-term
Factor VIII expression and fewer bleeding episodes. Treatment
for acute lymphoblastic leukemia (ALL) now integrates standard
chemotherapy with targeted and CAR T-cell immunotherapies, aim-
ing for higher survival and reduced toxicity. Similarly, evolv-
ing approaches for childhood immune thrombocytopenia (ITP) in-

corporate thrombopoietin receptor agonists (TPO-RAs) and im-
munomodulators for individualized care, even in refractory cases.

Progress in severe aplastic anemia (SAA) involves both im-
munosuppressive therapy and HSCT, with decisions tailored to pa-
tient factors. Pediatric thalassemia management benefits from ad-
vanced iron chelation, luspatercept, and emerging gene therapies to
reduce transfusion dependence. Finally, diagnosis and treatment of
myelodysplastic syndromes (MDS) and Langerhans cell histiocy-
tosis (LCH) are refined through genetic profiling and risk-stratified
therapies, focusing on comprehensive care and long-term sequelae
management.
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