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ABSTRACT
Pediatric clinical trials are vital for ensuring safe and effective treatments for children, yet they face unique 
challenges distinct from adult trials. These include ethical and regulatory complexities, age-specific protocol 
design, small sample sizes, and logistical hurdles in recruitment and retention. Innovative strategies such as 
adaptive and Bayesian trial designs, pediatric research networks, and active caregiver engagement are helping to 
address these barriers. Emerging technologies such as digital health tools, electronic health records, real-world 
evidence, and artificial intelligence/machine learning are transforming trial conduct. Case studies demonstrate 
how these advancements can overcome traditional obstacles. Moving forward, pediatric research will benefit from 
stronger stakeholder collaboration, the integration of personalized medicine, and the use of genomics to improve 
outcomes. This review explores current challenges, practical solutions, and future directions in pediatric clinical 
trials, advocating for a dynamic research ecosystem tailored to children’s needs.
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INTRODUCTION

Pediatric clinical trials are essential for evaluating the safety and efficacy of medical interventions 
in children, who differ significantly from adults in their physiological and developmental 
profiles.1,2 These differences necessitate age-specific research to optimize therapeutic outcomes 
and minimize adverse effects.

However, conducting pediatric trials involves distinct challenges not commonly encountered in 
adult studies.3 Ethical complexities arise from the dual requirement of parental consent and child 
assent.4 Recruitment is often hindered by parental concerns about safety, while logistical issues 
such as the need for child-friendly protocols, specialized staff, and equipment further complicate 
trial execution.5

Overcoming these barriers is critical to ensuring children receive evidence-based, effective, 
and age-appropriate treatments. Without robust clinical research, pediatric care risks relying 
on off-label or suboptimal therapies.6 Addressing these challenges paves the way for safer, more 
effective pediatric interventions and improved long-term health outcomes.

REGULATORY AND ETHICAL CHALLENGES

Regulatory approval for pediatric drugs is often more complex than for adults, requiring 
additional age-specific pharmacokinetic and pharmacodynamic data. These studies can prolong 

*Corresponding author: 
Dr. Krishnaa S. Upadhye, 
Department of Clinical 
Operations, Krescent Medical 
Research Pvt. Ltd., Pune, 
Maharashtra, India.

krishnaa.upadhye@krescentmr.
com

Received: 19 March 2025 
Accepted: 29 May 2025 
Published: 17 April 2026

DOI 
10.25259/JCH_13_2025

Quick Response Code:

https://dx.doi.org/10.25259/JCH_13_2025


Upadhye and Tayade: Pediatric Trials: Challenges and Solutions

Journal of Comprehensive  Health • 2026 • 14(7)  |  2

development timelines and increase costs.7 Furthermore, 
regulators mandate post-marketing surveillance and long-
term safety monitoring in children, adding further layers of 
complexity.8

Ethical considerations

Informed consent and assent

Ethical approval in pediatric trials demands dual consent: 
Informed consent from parents or legal guardians and 
age-appropriate assent from the child.9 This process 
necessitates clear, empathetic communication regarding 
study goals, procedures, risks, and benefits.10 Achieving true 
understanding and voluntary agreement from both parties is 
often challenging.

Risk–benefit assessment

Given children’s vulnerability, pediatric trials must 
demonstrate a favorable risk–benefit ratio. Risks must be 
minimized, and study designs must be ethically sound and 
scientifically justified to protect participants’ well-being.11

Recruitment and retention

Recruiting children is ethically sensitive, as parents may 
hesitate due to safety concerns.5 Retaining participants 
requires child-friendly environments and ongoing 
communication to ensure comfort, understanding, and 
adherence throughout the study.

Equitable access

Equity in pediatric research involves including diverse 
populations to ensure generalizability.6 Addressing barriers 
such as socioeconomic status, geographic limitations, 
and cultural differences is essential for inclusive and 
representative research.

Regulatory guidelines and differences across regions: 
USA, Europe, and India

Pediatric clinical trials are governed by region-specific 
regulatory frameworks, each with unique mandates for trial 
design, ethical oversight, and post-marketing surveillance. 
While the overarching goal is to ensure the safety and efficacy 
of pediatric interventions, the processes and requirements 
vary significantly between the United States, the European 
Union, and India. Understanding these differences is critical 
for multinational trials and harmonized drug development 
strategies.12-20

Table 1 outlines key differences in pediatric trial regulations 
across the USA, Europe, and India. While all regions 
emphasize ethical conduct and informed consent, the 
USA and Europe have structured requirements and offer 
regulatory incentives, unlike India,21-25 which follows ethical 
guidelines without formal incentives.

Table  2 compares pediatric clinical trial regulations across 
the USA, Europe, and India. It highlights differences in 
regulatory frameworks, incentives, ethical review processes, 
and post-marketing surveillance.26-30 While the USA 

Table 1: Regulatory requirements for pediatric clinical trials in USA, Europe, and India.

Aspect USA (FDA) Europe (EMA) India (CDSCO/ICMR)
Key Regulation PREA; BPCA. EU pediatric regulation  

(EC No 1901/2006).
New drugs and clinical trials rules, 
2019; ICMR ethical guidelines. 

Mandatory 
Pediatric Studies

Required under PREA unless 
waived or deferred

Required PIP Required when relevant; pediatric 
protocol must be submitted

Incentives 6‑month market exclusivity under 
BPCA for voluntary pediatric 
studies.

6‑month extension of SPC. No formal exclusivity incentives.

Ethics Oversight IRB approval; additional safeguards 
for children under Subpart D

Ethics committee and pediatric 
expert group review

Ethics committee review; ICMR 
guidelines for vulnerable populations

Assent and 
Consent

Parental consent and child assent 
based on age/maturity.

Informed consent+assent required; 
varies by age.

Dual consent and assent per ICMR 
guidelines.

PMRs Pediatric PMRs may apply. Long‑term safety studies and 
monitoring required.

May be required based on risk 
assessment.

Timeline for 
Pediatric Plan

Early in drug development  
(Phase I–II)

PIP submission before phase II Pediatric details included in the initial 
application

PREA: Pediatric Research Equity Act, BPCA: Best Pharmaceuticals for Children Act, FDA: Food and Drug Administration, EMA: European Medicines 
Agency, CDSCO: Central Drugs Standard Control Organization, PIP: Pediatric Investigation Plan, SPC: Supplementary Protection Certificate,  
PMRs: Post‑marketing requirements, IRB: Institutional Review Board, ICMR: Indian Council of Medical Research
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Table 2: Pediatric Research Regulations and Ethical Guidelines: USA, Europe, and India.

Aspect USA Europe India
Regulatory 
Frameworks and 
Requirements

PREA and BPCA mandate pediatric 
trials with incentives.

Pediatric Regulation mandates PIP 
submission and PDCO approval.

ICMR guidelines and New Drugs 
and Clinical Trials Rules outline 
pediatric research frameworks.

Incentives for 
Pediatric Research

Six‑month market exclusivity 
extension for pediatric studies.

SPC extensions and other rewards for 
pediatric drugs.

Regulatory facilitation exists, but 
incentives are less defined.

Ethical Review and 
Consent

Clear guidelines for consent/assent; 
reviewed by IRBs.

Consent/assent guided by regulations; 
reviewed by Ethics committees.

CDSCO‑registered Ethics 
committees oversee consent/
assent as per detailed norms.

Post‑Marketing 
Surveillance

Long‑term safety studies and 
monitoring of adverse effects in 
children required.

Long‑term follow‑up and 
pharmacovigilance plans mandated.

Emphasis on post‑marketing 
surveillance and ADR reporting 
in pediatric trials.

CDSCO: Central drugs standard control organization, IRB: Institutional Review Board, ADR: Adverse drug reaction, PREA: Pediatric research equity act, 
BPCA: Best pharmaceuticals for children act, PIP: Pediatric investigation plan, ICMR: Indian Council of Medical Research, PDCO: Paediatric Committee 
of the European Medicines Agency, SPC: Summary of product characteristics, 

Table 3: Successful pediatric clinical trials: Case studies.

Clinical Trial Therapeutic Area Key lessons learned
PACT (PANS ) Neurology Multi‑center collaboration and adaptive design were crucial in managing a rare 

neuropsychiatric disorder. Established a standard of care.
COG‑ACNS0331 Oncology Risk stratification and long‑term follow‑up reduced side effects without compromising survival. 

Advocates helped sustain engagement.
PEDVAC Infectious Diseases Global cooperation enabled rapid enrollment and vaccine rollout during a public health 

emergency. Demonstrated a strong safety profile.
TEENS Endocrinology Parental involvement and continuous glucose monitoring enhanced treatment adherence in 

adolescent diabetes. Showed real‑world lifestyle impact.
CHAMPION Cardiology Customized devices, advanced imaging, and clinician training improved outcomes in congenital 

heart defect interventions. Patients experienced faster recovery and fewer complications.
PACT: Preschool autism communication trial, PANS: Pediatric autism neurodevelopmental support, PEDVAC: Pediatric vaccine trial, STEP-TEEN: 
Semaglutide treatment effect in people with obesity in teens, CHAMPIOS AF: WATCHman FLX Versus NOAC for embolic protection in the management 
of patients with non-valvular atrial fibrillation.

and Europe offer well-defined incentives and structured 
guidelines, India focuses on regulatory support with 
emerging clarity on incentives and ethical oversight. All 
regions emphasize informed consent and long-term safety 
monitoring in pediatric populations.31-36

Ethical considerations in enrolling children in clinical 
trials

Enrolling children in clinical research requires stringent 
ethical safeguards due to their vulnerable status. Key 
considerations include:
•	 Informed consent and assent: Consent must be obtained 

from parents or legal guardians, with age-appropriate 
assent from the child, ensuring comprehension of the 
trial’s risks and benefits.37,38

•	 Risk-benefit analysis: Risks must be minimized 
and justified by potential benefits. Trials should 
ideally offer direct benefits to participants or, if 

not, involve minimal risk while generating valuable 
knowledge.39

•	 Equitable participant selection: Children should not 
be chosen solely for convenience. Recruitment should 
reflect diversity and be scientifically justified to ensure 
generalizable results.40

•	 Privacy and confidentiality: Strict measures must protect 
participants’ personal and health data, with robust data 
security protocols in place.41,42

•	 Ongoing ethical oversight: Independent ethics 
committees or IRBs must review protocols and monitor 
trial conduct to ensure compliance and participant safety 
throughout the study.43,44

•	 Special protections for vulnerable groups: Additional 
safeguards are essential when enrolling children with 
disabilities, chronic conditions, or those who are 
orphaned or institutionalized, to prevent coercion or 
exploitation.5,45,46
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DESIGN AND METHODOLOGICAL 
CHALLENGES

Conducting clinical trials in children presents unique 
challenges requiring tailored design, regulatory diligence, 
and collaborative approaches.
•	 Age-appropriate protocol design: Protocols must 

account for developmental differences across age 
groups, with specific attention to age-based variations in 
pharmacokinetics and pharmacodynamics.47

•	 Ethical and regulatory compliance: Studies must adhere 
to pediatric-specific ethical and regulatory standards, 
securing appropriate approvals and ensuring ongoing 
oversight.48

•	 Safety monitoring: Rigorous, age-tailored safety 
protocols are critical. Monitoring adverse events by age 
group helps identify unique safety profiles.49

•	 Effective communication and education: Clear, age-
appropriate communication with children and families, 
supported by tailored educational materials, enhances 
understanding and engagement.50

•	 Recruitment and retention: Recruiting children is 
challenging due to smaller populations and ethical 
concerns. Strategies include collaboration with 
pediatricians and community organizations, minimizing 
the burden, and offering age-appropriate incentives.51,52

•	 Sample size constraints: Small sample sizes reduce 
statistical power. Researchers must optimize data collection 
and apply innovative designs to maximize value.53

•	 Dosing and pharmacokinetics: Determining safe and 
effective dosing across pediatric age groups requires 
dedicated pharmacokinetic studies and child-friendly 
formulations (e.g., liquids, chewables).54-56

•	 Endpoint selection: Trials should use clinically 
meaningful, developmentally relevant endpoints, 
supported by validated pediatric assessment tools.57

•	 Multidisciplinary collaboration: Input from pediatric 
specialists and engagement with caregivers, families, and 
advocacy groups ensure protocols are feasible, ethical, 
and child-centric.58

OPERATIONAL CHALLENGES IN PEDIATRIC 
CLINICAL TRIALS

Executing pediatric clinical trials involves navigating unique 
logistical and site-level hurdles:
•	 Site selection and investigator expertise: Trials must be 

conducted at pediatric-specialized sites with trained 
personnel. Investigators should possess expertise in 
pediatric pharmacology, child development, and ethical 
practices. Ongoing training is essential to uphold quality 
standards.59,60

•	 Trial logistics: Trials must be child- and family-friendly. 
This includes creating welcoming environments, 

offering flexible scheduling to accommodate school 
and family routines, and maintaining open, supportive 
communication with parents or guardians.61

•	 Participant compliance and retention:
•	 Engagement: Use developmentally appropriate 

language to explain procedures to children and 
families.

•	 Incentivization: Employ age-appropriate rewards 
(e.g., certificates, educational gifts) to encourage 
participation.

•	 Follow-up Systems: Ensure robust systems for 
monitoring adherence, managing adverse events, 
and sustaining long-term engagement.62

•	 Support Services: Provide transportation, 
counseling, and logistical support to reduce 
participation burden and enhance retention.

SOLUTIONS AND BEST PRACTICES

Addressing pediatric trial challenges requires innovative, 
collaborative, and patient-centered strategies:

Innovative trial designs

•	 Adaptive designs: Allow mid-trial modifications based 
on interim data, enhancing efficiency and reducing 
participant burden.63

•	 Bayesian methods: Incorporate prior data and allow 
real-time updates on treatment effects, enabling more 
informed decisions.64

Pediatric trial networks and consortia

•	 Collaborative platforms: Pool resources and expertise 
across sites for large-scale, diverse studies.

•	 Standardized protocols: Ensure consistency, quality, and 
regulatory alignment across participating sites.65

Enhanced recruitment and retention

•	 Targeted campaigns: Design outreach tailored to 
pediatric and parental concerns.

•	 Community partnerships: Engage schools, pediatricians, 
and local organizations to build trust.

•	 Supportive retention programs: Maintain ongoing 
communication and family support throughout the 
trial.66

Stakeholder engagement

•	 Involvement in design: Involve parents, caregivers, and 
advocacy groups from the planning stage.

•	 Education and resources: Equip stakeholders with clear, 
accessible materials to build trial literacy.
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•	 Feedback loops: Collect and respond to stakeholder 
input to refine trial operations and build trust.67

TECHNOLOGICAL INNOVATIONS

The role of digital health technologies and remote monitoring 
is significant.

Digital health tools are transforming the way pediatric trials 
are designed, conducted, and analyzed:

Digital health and remote monitoring

•	 Telemedicine enables virtual visits, reducing travel 
burden and increasing accessibility.68

•	 Wearables and mobile applications offer real-time, non-
invasive data collection, minimizing disruption to daily 
routines.69

•	 Remote data capture allows continuous monitoring of 
adherence, symptoms, and outcomes outside traditional 
settings.

Electronic health records (EHRs) and real-world evidence 
(RWE)

•	 EHR integration streamlines recruitment, follow-up, 
and long-term monitoring by connecting clinical and 
trial data.70

•	 RWE utilization enhances generalizability and 
contextual understanding of treatment effects in broader 
pediatric populations.

•	 Longitudinal insights through EHRs support extended 
outcome tracking and post-trial surveillance.71

Artificial intelligence (AI) and machine learning

•	 Predictive modeling supports patient stratification, trial 
optimization, and early detection of safety signals.

•	 Advanced analytics uncover complex patterns in 
pediatric datasets, enabling data-driven decisions.

•	 Personalized treatment: AI-driven insights can guide 
individualized therapy based on genetic, clinical, and 
demographic profiles.

CASE STUDIES AND SUCCESSFUL MODELS

Key trials and their takeaways

Table 3 highlights notable pediatric clinical trials that 
have successfully addressed key challenges in design, 
implementation, or outcomes. These case studies including 
CHAMPION, PEDVAC, PACT, TEENS, and Today 
demonstrate the impact of innovative methodologies, health 
delivery, and targeted interventions in improving pediatric 
telehealth research and outcomes. 72

Best practices derived from these models

Collaborative networks

Forming consortia boosts trial efficiency, resource sharing, 
and scalability critical for rare pediatric diseases.73-75

Patient and career engagement

Involving families and advocacy groups improves trial 
relevance, trust, retention, and ethical alignment.76,77

Adaptive trial designs

Trials like PACT showcased how real-time adjustments lead 
to smarter decisions and better resource utilization.78

Use of advanced technologies

Trials like CHAMPION76 highlight how imaging, digital 
tools, and AI elevate both precision and patient experience.

Ethical vigilance

Consistently applying pediatric-centric ethical standards is 
essential to protect vulnerable populations.79

FUTURE DIRECTIONS

This paper focuses on emerging trends and future 
perspectives in pediatric clinical research.

Advancements in biomedical science and technology are poised 
to transform the landscape of pediatric clinical research. Future 
directions underscore the integration of personalized medicine, 
decentralized methodologies, and adaptive regulatory 
frameworks, all geared toward enhancing trial efficiency, ethical 
integrity, and therapeutic relevance for pediatric populations.

Focus on rare pediatric diseases

The application of genomics and precision medicine is 
catalyzing a paradigm shift toward the development of 
targeted therapies for rare pediatric conditions. With an 
improved understanding of genetic underpinnings, clinical 
trials are increasingly positioned to focus on monogenic 
and rare disorders by incorporating stratified designs and 
advanced diagnostic modalities.80 This shift is likely to 
be accompanied by the expansion of global rare disease 
registries and natural history studies to support efficient trial 
design and regulatory approval.

Emphasis on patient- and family-centric approaches

There is a growing recognition of the importance of 
incorporating patient and caregiver perspectives into clinical 
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trial design and implementation. This patient-centric model 
not only aligns with ethical imperatives but also improves 
recruitment, adherence, and retention rates by enhancing 
the relevance of study protocols to real-world concerns.81 
Engagement strategies include the inclusion of patient 
advocacy groups during protocol development and the use of 
age-appropriate tools to facilitate assent and consent processes.

Expansion of decentralized clinical trials (DCTs)

DCT designs, incorporating telemedicine, home health 
visits, and mobile health technologies, are anticipated 
to become increasingly prevalent in pediatric research. 
These models reduce geographic and logistical barriers 
to participation, thereby enabling broader inclusion of 
pediatric patients from rural and underserved regions. 
Furthermore, DCTs may improve adherence and patient 
comfort, thereby enhancing data quality and generalizability.

Integration of RWE

The incorporation of real-world data sources including 
EHRs, patient registries, and claims databases can augment 
the external validity of clinical trial findings. RWE provides 
essential insights into treatment effectiveness, adherence, and 
long-term safety in routine clinical settings. It is particularly 
valuable in pediatrics, where traditional randomized controlled 
trials are often constrained by ethical and logistical challenges.

Evolving regulatory frameworks

Harmonization of regulatory guidelines

Ongoing international efforts to harmonize regulatory 
standards, such as between the US Food and Drug 
Administration, European Medicines Agency, and the 
Central Drugs Standard Control Organization of India, 
are streamlining clinical trial approval processes. These 
harmonization initiatives facilitate global pediatric drug 
development by reducing redundancies and enabling mutual 
recognition of data across jurisdictions.82

Expansion of regulatory incentives

Emerging regulatory frameworks are increasingly recognizing 
the need to incentivize pediatric drug development. 
Mechanisms such as extended market exclusivity, financial 
grants, and priority review vouchers are being explored or 
expanded to encourage pharmaceutical investment in this 
traditionally underrepresented population.

Adoption of adaptive regulatory pathways

Regulatory agencies are increasingly implementing adaptive 
pathways that allow for conditional or accelerated approvals 

based on preliminary efficacy and safety data. Such pathways are 
particularly relevant for pediatric populations with high unmet 
medical needs, where timely access to promising therapies can 
be life-saving. Post-marketing surveillance and confirmatory 
trials remain integral components of these models.83

The role of personalized medicine and genomics

Genomic profiling and risk stratification

Genomic technologies are being leveraged to identify 
biomarkers associated with disease susceptibility, progression, 
and therapeutic response in pediatric populations. This 
stratification facilitates the development of more targeted 
interventions, reduces heterogeneity, and increases the 
likelihood of detecting meaningful treatment effects.

Development of targeted therapies

Personalized medicine enables the design of therapies 
tailored to specific genetic and molecular profiles. In 
pediatric populations, such approaches offer the promise of 
increased efficacy with reduced adverse events, particularly 
in oncology, neurology, and rare diseases.

Pharmacogenomics and dose optimization

Pharmacogenomic studies are increasingly informing 
dose individualization in children, accounting for 
genetic polymorphisms affecting drug metabolism and 
response.84 This ensures safer and more effective treatment 
regimens, addressing one of the key challenges in pediatric 
pharmacotherapy.

Biomarker-driven trial designs

The use of predictive and pharmacodynamic biomarkers 
is becoming more common in pediatric trials, enabling 
real-time monitoring of treatment response and early 
identification of efficacy signals. Biomarker-guided designs 
can also streamline adaptive trials and reduce the number of 
patients exposed to suboptimal interventions.85

CONCLUSION

Pediatric clinical trials face significant challenges, including 
ethical, regulatory, methodological, and operational barriers. 
Addressing these requires innovative solutions such as 
adaptive trial designs, digital health tools, RWE, and strong 
trial networks. Enhanced patient and caregiver engagement, 
along with advances in genomics and personalized medicine, 
is reshaping the landscape of pediatric research.

Moving forward, sustained collaboration, regulatory 
harmonization, and investment in patient-centered, ethically 
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sound research are essential. By embracing innovation and 
working together, stakeholders can ensure that children 
receive safe, effective, and evidence-based treatments tailored 
to their unique needs.
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