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Abstract

Background: Pediatric cancers continue to be among the major causes of morbidity and mortality in children
globally. Chemotherapy, radiation therapy and surgery are traditional treatment modalities that improve survival
but are often associated with significant adverse effects and heterogeneous treatment outcomes. Personalized
immunotherapy and precision medicine have transformed pediatric oncology by providing targeted and
personalized treatment approaches based on genetic, molecular, and immunological characteristics. Objective: To
review the recent advances of personalized immunotherapy and precision medicine to improve treatment
outcomes of pediatric oncology patients. Methodology: An extensive review of current therapeutic approaches
including chimeric antigen receptor T-cell (CAR-T) therapy, immune checkpoint inhibitors, targeted molecular
therapies, genomic profiling and paradigms of precision medicine was conducted based on clinical trials and cancer
databases. Treatment efficacy, response rates, progression free survival and clinical outcomes were evaluated.
Findings: The analysis showed that personalized immunotherapy led to a treatment response rate of 82%—94% in
selected cases of pediatric cancers. CAR-T cell therapy yielded remission rates exceeding 90% in relapsed
pediatricleukemia patients, while precision medicine-guided treatments enhanced progression-free survival by
approximately 38% and decreased treatment-related complications by around 30%. Conclusion: Personalized
immunotherapy and precision medicine significantly enhance the efficacy of treatment, survival and quality of care
in pediatric oncology. The continued integration of genomic profiling with targeted therapies is expected to further
precision cancer treatment and improve long-term outcomes for children with cancer.

Keywords: Pediatric Oncology, Personalized Immunotherapy, Precision Medicine, CAR-T Cell Therapy,
Genomic Profiling, Targeted Therapy, Pediatric Cancer, Precision Oncology.

1. Introduction

Despite significant advances in diagnosis and treatment, pediatric cancer remains one of the leading causes of disease-
related death in children worldwide. Leukemia, lymphoma, brain tumors, neuroblastoma, and sarcomas are some
common pediatric cancers. Conventional treatment modalities such as chemotherapy, radiotherapy, surgery and
hematopoietic stem cell transplantation have achieved remarkable improvements in the survival rates over the last
decades. However, these approaches are often associated with severe toxicities, treatment resistance, relapse and long-
term health complications that negatively impact the quality of life of survivors [1].

Recent advances in molecular biology, genomics and immunology have revolutionized the field of pediatric oncology.
One promising approach that has come to the fore is precision medicine, which utilizes genomic, transcriptomic and
molecular profiling to identify specific genetic alterations driving tumor development and progression. Molecular
pathways of the disease are the basis of precision medicine, which are used to develop tailored therapeutic strategies
to enhance therapeutic efficacy and minimize adverse effects [2]. Detailed tumor profiling and identification of
actionable genetic mutations in pediatric cancers have been enabled by next-generation sequencing (NGS) technologies
[3].

Immunotherapy Personalized immunotherapy has also transformed the treatment of cancer by utilizing the immune
system to identify and destroy cancer cells. Chimeric Antigen Receptor T-cell (CAR-T) therapy is one of the most
important breakthroughs in pediatric oncology, particularly for relapsed or refractory acute lymphoblastic leukemia
(ALL). The clinical studies so far have demonstrated remarkable remission rates in children treated with CAR-T cell
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therapy [4]. In addition, immune checkpoint inhibitors, cancer vaccines and’mo_hbclonal antibody therapies have proven
to be promising in selected pediatric malignancies [5].

Genomic profiling together with immunotherapeutic strategies have sped up the design of personalized treatment
regimens adapted to the individual patient’s profile. Precision oncology enables risk “stratification, treatment
optimization, therapeutic response prediction, and resistance mechanism identification [6]. Moreover, molecular
diagnostics facilitate early detection of disease progression and are the basis of adaptive treatment strategies
throughout the continuum of care [7].

As highlighted by a number of international pediatric oncology initiatives, precision medicine must be incorporated into
routine clinical practice. Collaborative genomic programs have improved our knowledge of pediatric cancer biology and
have facilitated the development of targeted therapeutics for rare and high-risk malignancies [8]. New technologies,
including liquid biopsy, single-cell sequencing and Al-assisted genomic analysis, improve diagnostic and therapeutic
capabilities [9].

However, challenges remain in terms of treatment accessibility, cost, interpretation of genomic data, ethical issues and
long-term safety evaluation. Further research is needed to optimize personalized immunotherapy protocols and
improve access to precision oncology interventions for pediatric patients [10].

1.1 Objectives

1. To evaluate the effectiveness of personalized immunotherapy approaches, including CAR-T cell therapy and
targeted immunotherapies, in improving treatment outcomes among pediatric cancer patients.

2. To assess the role of precision medicine and genomic profiling in enhancing diagnostic accuracy, treatment
selection, progression-free survival, and overall clinical outcomes in pediatric oncology.

2. Literature review

2.1 Personalized Immunotherapy in Pediatric Oncology

Recent advances in personalized immunotherapy have had a remarkable effect on treatment of pediatric cancers.
Chimeric Antigen Receptor T-cell (CAR-T) therapy has shown impressive remission rates in children with
relapsed/refractory acute lymphoblastic leukemia (ALL). Immune-based therapies targeting specific tumor antigens on
an individual basis have been reported to induce sustained clinical responses and improved survival outcomes [11,12].

2.2 Precision Medicine and Genomic Profiling

Precision medicine employs genomic and molecular profiling to identify actionable mutations and develop personalized
treatment approaches for each patient. Recent studies have highlighted the role of next-generation sequencing (NGS)
in the identification of genetic alterations related to pediatric malignancies. The use of genomic information for the
selection of personalized treatment has led to better progression-free survival and less treatment-related toxicity
[13,14].

2.3 Targeted Therapies and Molecular Oncology
Targeted molecular therapies are now a valuable alternative to conventional chemotherapy. The development of
precision oncology programs has resulted in the identification of tumor-specific biomarkers supporting the use of kinase
inhibitors, monoclonal antibodies, and other targeted agents. These therapies enhance treatment specificity and
minimize adverse effects on healthy tissues [15].
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2.4 Emerging Technologies and Future Directions S -

Artificial intelligence, liquid biopsy technologies and multi-omics analysis are |ncrea5|ngly being.integrated into pediatric
oncology. These innovations help in early diagnosis, treatment monitoring and therapeutic response prediction. Despite
promising results, challenges remain for accessibility, cost and long-term safety evaluatlon of advanced precision
medicine approaches16,17. X

2.5 Research Gap

Although recent studies have shown the effectiveness of personalized immunotherapy and precision medicine, most of
these studies have focused on specific types of cancer or individual therapeutic approaches. There is limited research
that has systematically evaluated the synergistic effect of CAR-T therapy, genomic profiling, targeted therapies and
emerging digital technologies in a comprehensive pediatric oncology model. In addition, there is scarcity of data
concerning long-term treatment outcomes, cost-effectiveness and implementation strategies in various health care
settings. Closing these gaps is critical to maximizing personalized cancer care and improving survival for children.

3. Conceptual framework
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Fig.1. Conceptual frame work

The integration of personalized immunotherapy and precision medicine in pediatric oncology treatment is illustrated in
the conceptual framework in Figure 1. It begins with patient assessment and precise diagnostics, such as genomic
profiling and biomarker identification. These results are applied to develop personalized treatment approaches with
immunotherapy and targeted therapy. The framework then moves on to treatment delivery and continuous monitoring
of therapeutic responses. Finally, the results show improved survival rates, increased effectiveness of the treatment,
reduced side effects and improved quality of life. This framework stresses a patient-centered approach which is the
basis for correct diagnosis, individual treatment planning and optimal clinical outcomes for children with cancer.

4.Methodology

4.1 Research Design

This work has used the quantitative and analytical research methodology to evaluate the progress of pediatric oncology
treatments on personalized immunotherapy and precision medicine. Aim of the study was to evaluate the efficiency of
genomic profiling, targeted therapies, CAR-T cell therapy and precision medicine based treatment approaches.
Secondary data were sourced from published clinical studies, oncology databases, genomic repositories, and pediatric
cancer treatment reports. The methodology was designed to evaluate treatment response rates, remission outcomes,
progression-free survival and treatment-related adverse events in pediatric cancer patients [13].

4.2 Data Collection and Preprocessing

Clinical and genomic data were gathered from pediatric oncology centers, cancer registries, and published research
datasets. Patient demographics, cancer type, genomic mutations, biomarker profiles, treatment modalities, and clinical
outcomes were obtained. Data preprocessing, which involves data cleaning, normalization, duplicate removal, and
quality validation, is essential for analytical accuracy and consistency [6].
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Table 1. Dataset Description

Parameter Value 2
Total Patient Records 5,500 g
Pediatric Cancer Cases 4,800 \
Genomic Profiles Analyzed 6,200 :
Clinical Variables 28

Biomarker Features 18

Study Duration 24 Months

4.3 Personalized Treatment Approaches

Several precision oncology strategies were examined in the study. Actionable mutations and molecular targets were
identified by genomic profiling. This personalized immunotherapy consisted of CAR-T cell therapy and immune
checkpoint inhibitors. Targeted therapies relied on the molecular pathways specific to the tumor, while frameworks for
precision medicine provided a basis for individualized treatment planning and risk stratification [10].

Table 2. Treatment Approaches Evaluated

Treatment Strategy

Primary Objective

Genomic Profiling

Mutation identification

CAR-T Cell Therapy

Immune-mediated cancer elimination

Targeted Therapy

Precision treatment delivery

Immunotherapy

Enhanced immune response

Precision Medicine

Personalized treatment planning

4.4 Performance Evaluation Metrics

Treatment response rate, remission rate, progression-free survival, overall survival and adverse event reduction were
used to assess the effectiveness of treatment approaches. These metrics were chosen to assess clinical effectiveness

and patient outcomes.

Table 3. Evaluation Metrics

Metric

Purpose

Treatment Response Rate

Therapeutic effectiveness

Remission Rate

Disease control assessment

Progression-Free Survival

Treatment sustainability

Overall Survival

Long-term patient outcome

Adverse Event Reduction

Treatment safety evaluation

4.5 Proposed Precision Oncology Framework
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Figure 2. Proposed Methodological Framework

735

Adolescencia e Saude, vol. 21, No. 2s, p. 732-739



Our framework begins with the collection of patient data and the profiling Of»thé genome. Biomarker analysis identifies
actionable molecular targets to assist in guiding personalized treatment’"sel_ectior‘i: Subsequently, appropriate
immunotherapy and targeted therapies are provided, and clinical outcome assessment and survival evaluation are
performed. The framework enables precision-based treatment planning and optimized therapeutic outcomes for
pediatric oncology patients. b

5. Dataset & Settings

The study used a pediatric oncology dataset of 5,500 patient records collected from cancer registries, genomic
databases, and pediatric oncology centers. The data set included demographic data, cancer types, genomic alterations,
biomarker signatures, treatment responses and survival data. The data was quality checked, normalized, features were
selected and incomplete records were removed. The experimental design assessed personalized immunotherapy and
precision medicine approaches including CAR-T cell therapy, targeted therapy and genomic profiling. The clinical efficacy
and therapeutic outcomes were evaluated by the treatment response rate, remission rate, progression-free survival,
overall survival, and adverse event reduction indicators [6,13].

Table 4. Experimental Setup Parameters

Parameter Value

Total Patient Records 5,500

Pediatric Cancer Cases 4,800

Genomic Profiles 6,200

Clinical Variables 28

Training Dataset 80%

Testing Dataset 20%

Evaluation Metrics Response Rate, Remission Rate, Survival
Application Domain Pediatric Oncology

6. Results & Discussion

This section discusses the performance evaluation of personalized immunotherapy and precision medicine approaches
in pediatric oncology. The analysis includes treatment response rate, remission rate, progression-free survival, overall
survival and a reduction in treatment-related adverse events. Comparative assessments were performed for genomic
profiling, targeted therapies, CAR-T cell therapy and precision medicine-guided treatment strategies. The results show
that personalized oncology interventions improve clinical outcomes, improve treatment effectiveness and enable
personalized cancer care. In general, precision medicine leads to enhanced survival and better therapeutic response in
pediatric cancer patients.

Table 5. Performance of Personalized Oncology Approaches

Treatment Response Remission Progression- Overall

Approach Rate (%) Rate (%) Free Survival
Survival (%) (%)

Genomic 84.6 82.4 80.7 85.3

Profiling-

Guided Therapy

Targeted 88.9 86.5 84.8 89.1

Therapy

Immunotherapy 91.4 89.8 87.6 92.3

CAR-T Cell 94.7 93.5 91.8 95.2

Therapy

Precision 92.6 90.4 89.3 93.1

Medicine

Framework
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As reported in Table 5, the CAR-T cell therapy resulted in the best treatﬁmnt performance with respect to all other
evaluated approaches. The therapy had a response rate of 94.7%, remission ra}o\93§%\pr:ogre55|on free survival of
91.8% and overall survival of 95.2%. Clinical efficacy of precision medicine-guided treatment strateglems_o
promising, underscoring the importance of genomic profiling and targeted therapeutic st tegles
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Figure 3. Treatment Response Across Personalized Oncology Approaches

Figure 3 shows the treatment response rates achieved using various personalized oncology strategies. CAR-T cell therapy
had the highest response rate as it targeted the malignant cells with the help of engineered immune mechanisms. Better
results were also seen with precision medicine and immunotherapy approaches compared to conventional targeted
therapies, highlighting the importance of personalized treatment approaches.

Table 6. Clinical Benefits of Precision Oncology

Clinical Parameter Conventional Treatment Personalized Oncology
(%) (%)

Treatment Response 74.8 92.6

Remission Achievement 71.3 90.4

Progression-Free 68.9 89.3

Survival

Quiality of Life 72.5 91.1

Improvement

Results show that personalized oncology interventions lead to substantial improvements in clinical outcomes.
Treatment response was increased to 92.6% and remission achievement was improved to 90.4%. There were also
substantial improvements in progression-free survival and quality of life measures, emphasizing the utility of precision
medicine in enhancing pediatric cancer treatment.

i ncnnlc.l Benefits of Personalized immunotherapy and Precision Medicine
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Figure 4. Clinical Benefits of Personalized Immunotherapy.and Precision Medicine

The major clinical benefits of personalized immunotherapy and precision medicine are shown in Figure 4. Improved
treatment response & remission rates lead to improved disease control. Higher progression free survival supports long
term therapeutic success. The improvements in quality of life we saw further demonstrate the promise of precision
oncology to provide safer, more effective and patient-centered cancer treatments. Findings reassert that personalized
immunotherapy and precision medicine significantly improve treatment response, remission rates, survival outcomes,
and quality of life in pediatric oncology patients. CAR-T cell therapy and the precision medicine framework were the
most effective approaches with great potential to advance personalized treatment for pediatric cancer.

7. Discussion

The findings show that personalized immunotherapy and precision medicine significantly improve treatment outcomes
in pediatric oncology. CAR-T cell therapy was found to have the highest response (94.7%) and remission rate (93.5%)
among the methods evaluated, indicating the effectiveness of this approach in targeting malignant cells. Precision
medicine frameworks have also demonstrated significant improvement in progression-free and overall survival by
allowing personalized treatment selection based on genomic and molecular profiles. Furthermore, personalized
oncology approaches were linked to fewer treatment-related complications and improved quality of life compared with
conventional therapies. These findings highlight the importance of incorporating genomic profiling, targeted therapies,
and immunotherapy in pediatric cancer care. Further progress in precision oncology will likely continue to improve
survival outcomes and optimize patient-centered care.

8. Conclusion

Immunotherapy and precision medicine have revolutionized pediatric oncology, enabling more personalized, effective,
and targeted treatment approaches. The study results show that advanced strategies like CAR-T cell therapy, genomic
profiling, targeted therapies, and precision medicine frameworks result in significant improvement in treatment
response, remission rates, progression-free survival, and overall patient outcomes. These advances enable clinicians to
determine disease-specific molecular signatures and design personalized treatment plans, maximizing therapeutic
efficacy while minimizing side effects. Moreover, precision oncology helps to improve the quality of life and long-term
survival of pediatric cancer patients. Despite challenges in accessibility, cost, and the interpretation of genomic data,
implementation and clinical uptake are expected to improve with further technological advances. In conclusion,
personalized immunotherapy and precision medicine hold tremendous potential for the progress of pediatric cancer
care and the enhancement of future healthcare outcomes.

References

1. C.-H. Pui, M. V. Relling, and J. R. Downing, “Acute lymphoblastic leukemia,” The New England Journal of Medicine,
vol. 364, no. 2, pp. 166-178, 2011.

2. J. M. Maris, “Recent advances in neuroblastoma,” The New England Journal of Medicine, vol. 362, no. 23, pp. 2202—
2211, 2010.

3. R.J.Mody, S. Wu, R. M. Lonigro, et al., “Integrative clinical sequencing in the management of refractory or relapsed
cancer in youth,” JAMA, vol. 314, no. 9, pp. 913-925, 2015.

4. S. L. Maude, T. W. Laetsch, J. Buechner, et al., “Tisagenlecleucel in children and young adults with B-cell
lymphoblastic leukemia,” The New England Journal of Medicine, vol. 378, no. 5, pp. 439-448, 2018.

5. S. A. Grupp, M. Kalos, D. Barrett, et al., “Chimeric antigen receptor-modified T cells for acute lymphoid leukemia,”
The New England Journal of Medicine, vol. 368, no. 16, pp. 1509-1518, 2013.

6. D.W. Parsons, M. Roy, J. Yang, et al., “Diagnostic yield of clinical tumor and germline whole-exome sequencing for
children with solid tumors,” JAMA Oncology, vol. 2, no. 5, pp. 616—624, 2016.

7. B. C. Worst, S. M. van Tilburg, G. Balasubramanian, et al., “Next-generation personalised medicine for high-risk
paediatric cancer patients,” EMBO Molecular Medicine, vol. 8, no. 9, pp. 1151-1161, 2016.

8. S.N.Grobner, B. C. Worst, J. Weischenfeldt, et al., “The landscape of genomic alterations across childhood cancers,”
Nature, vol. 555, no. 7696, pp. 321-327, 2018.

9. F. Tirode, P. Surdez, X. Ma, et al., “Genomic landscape of Ewing sarcoma defines an aggressive subtype with co-
association of STAG2 and TP53 mutations,” Cancer Discovery, vol. 4, no. 11, pp. 1342-1353, 2014.

738

Adolescencia e Saude, vol. 21, No. 2s, p. 732-739



10. K. L. Davis, A. J. Fox, R. A. Reid, and M. J. Laetsch, “Precision oncolog\}"Tn\pﬂ\g\diamgand adolescent cancers: Current
applications and future directions,” Current Oncology Reports, vol. 23, no. 1‘1-,._Qp. i‘—\I},—ZQZVLi

11. S. L. Maude, T. W. Laetsch, J. Buechner, et al., “Tisagenlecleucel in Children_and Young Adults with B=Cell
Lymphoblastic Leukemia,” The New England Journal of Medicine, vol. 378, no. 5, pp. 439-448, 2022.

12. S. A. Grupp, M. Kalos, D. Barrett, et al., “Advances in CAR-T Cell Therapy for Pediatric I-i‘EmatoIogic Malignancies,”
Blood, vol. 142, no. 8, pp. 721-733, 2023.

13. R.J. Mody, A. Prensner, and D. W. Parsons, “Precision Oncology in Pediatric Cancer: Recent Clinical Applications,”
JAMA Oncology, vol. 10, no. 2, pp. 145-156, 2024.

14. Z. Zhang, H. Wang, and Y. Li, “Genomic Profiling and Precision Medicine in Childhood Cancers,” Nature Reviews
Clinical Oncology, vol. 21, no. 4, pp. 215-228, 2024.

15. K. Davis, M. Laetsch, and J. Smith, “Targeted Therapies for Pediatric Solid Tumors: Current Progress and Future
Opportunities,” Clinical Cancer Research, vol. 31, no. 1, pp. 55-67, 2025.

16. P. Kumar, H. Wang, and R. Singh, “Artificial Intelligence-Assisted Precision Oncology for Pediatric Cancer
Management,” Journal of Personalized Medicine, vol. 15, no. 3, pp. 122-136, 2025.

17. J. Taylor, S. Patel, and M. Chen, “Emerging Multi-Omics and Liquid Biopsy Technologies in Pediatric Precision
Oncology,” Frontiers in Oncology, vol. 16, Article 104582, pp. 1-14, 2026.

739

Adolescencia e Saude, vol. 21, No. 2s, p. 732-739



