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Challenges in pediatric drug therapy
• Pediatric clinical pharmacology

– Maturation, ontogeny and development in 
PK/PD

• Pediatric formulations
• Gaps in pediatric evidence
• Unlicensed and off-label drug use
• Ethics and methodology of pediatric 

research
• Rare and ultra-rare diseases
• Other medicinal products and 

devices/medtech
• Voices of children/young people and 

families
Challenges in signal detection and assessment of short 

and long-term safety and benefit-risk throughout the drug 
lifecycle 

Katkade VB, Sanders KN, Zou KH. Real world data: an opportunity to supplement existing evidence for the use of long-established 
medicines in health care decision making. Journal of multidisciplinary healthcare. 2018 Jul 2:295-304.



“NOT SMALL ADULTS”

Kearns 2003
Barker 2018



A disturbing legacy
Chloramphenicol and grey baby syndrome Codeine, ultra-metabolizers and neonatal poisoning

Crews 2011, Krekels 2017



The risks of dosing and administering

Yin HS, Wolf MS, Dreyer BP, Sanders LM, Parker RM. Evaluation of consistency in dosing directions and measuring devices for pediatric 
nonprescription liquid medications. Jama. 2010 Dec 15;304(23):2595-602. Anderson BJ, Holford NH. 

Understanding dosing: children are small adults, neonates are immature children. Archives of disease in childhood. 2013 Sep 1;98(9):737-44.



The long road to pediatric formulations

• The critical role and caveats of extemporaneous preparations
– From common (eg prednisolone) to life-saving (eg benzoate) 

– Palatability et al

• Not so inert: excipients and safety

Rieder M. Size and taste matters: recent progress in the development of age-appropriate medicines for children. Pharmaceutical 
Medicine. 2018 Feb;32(1):21-30.

Ivanovska V, Rademaker CM, van Dijk L, Mantel-Teeuwisse AK. Pediatric drug formulations: a review of challenges and progress. 
Pediatrics. 2014 Aug;134(2):361-72.



van der Zanden TM, Smeets NJ, de Hoop‐Sommen M, Schwerzel MF, Huang HJ, Barten LJ, van der Heijden JE, Freriksen JJ, Horstink AA, Holsappel IH, Mooij MG. Off‐label, but on‐evidence? A review of the level of 
evidence for pediatric pharmacotherapy. Clinical Pharmacology & Therapeutics. 2022 Sep 7.



Off-label, perception and drug safety

No ex ante evaluation of risks and benefits
Uncertainty of dosing and contraindications
Less effective pharmacovigilance system 

Lisman 2019
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Were you aware of the 
off-label prescription 
reality in pediatrics?

POPPI Project



Beyond today: long-term perspective on harms

Smits, 2007



Methodological limitations in pediatric trials

Only 39.7% of all included trials report 
to implement a DMC.

Data Monitoring Committees in Pediatrics
  

A review of randomized controlled trials registered 
in ClinicalTrials.gov



Moving forward in pediatric PV

Aurich B, Apele‐Freimane D, Banaschewski T, Chouchana L, Day S, Kaguelidou F, Kelly LE, Kindblom JM, Neubert A, Wong IC. 
c4c: Paediatric pharmacovigilance: Methodological considerations in research and development of medicines for children–A c4c 

expert group white paper. British journal of clinical pharmacology. 2022 Dec;88(12):4997-5016.



Different needs, different treatment options…

propranolol…

RSV anti-virals and vaccines…

nusinersen, onasemnogene abeparvovec, risdiplam…

sacubitril/valsartan…

antipyretic regimens…



…different archetypes and pathways of 
pediatric drug development

propranolol…

RSV anti-virals and vaccines…

nusinersen, onasemnogene abeparvovec, risdiplam…

sacubitril/valsartan…

antipyretic regimens…

De novo pediatric 
medicines

Pediatric development 
on the backbone of adult innovation

Re-purposing off-patent medicines

Post-approval evidence





Planning, set-up & conduct of a Paediatric Development Program 
A multifaceted challenge… 

Defining the medical 
need

Right indication and 
population 

Preparing and 
agreeing a Paediatric 

Development Plan

Small patient 
populations –

competing 
developments

Use/acceptance of 
innovative study 

designs

Insufficient trial 
infrastructure 

Divergent view of 
Ethic Committees

Contradictory local 
regulations

Diverse standard of 
care across Europe

Impact on daily lives 
of patients and 

families

Dose, route of 
administration, 

application device

Acceptance of 
Paediatric research in 

society



CO N E C T4C H ILD R E N  
CO LLA B O R A T IV E  N E T W O R K  FO R  EU R O P E A N  C L IN IC A L T R IA LS  FO R  C H ILD R E N

Impact

 Improved paediatric development plans and study designs
 More efficient implementation and conduct of Paediatric clinical trials

 Improved data quality, better trial feasibility and faster enrollment

Status 
& Value Expert advice and patient/parent involvement

Access to over 300 Clinical and methodological paediatric experts
Inclusion of YPAGs, patients and parent groups in advice meetings; Single contracting structure, coordination of Expert Advice

Single Point of Contact
Access to local networks in 21 European countries and over 250 clinical sites

Aligned processes across the entire network increase efficiency and quality
c4c Training Academy

Providing standardized training to all study sites and site personal, Master courses on Pediatric Drug Development
Paediatric Data Dictionary & CDISC TAUG

1st Pediatric Data Dictionary established to allow standardization of data collection across Paediatric studies

The paediatric clinical trial infrastructure in the EU is fragmented and not sufficiently developed. 
A broad multidisciplinary public-private collaboration is required to meet the challenges and 

to be transformative and to collectively address children’s needs for better medicines.
Why PPP



Working together on safety in pediatric trials





Post-approval: a continuous challenge

Katkade 2017



Pediatric pharmacoepidemiology to the rescue? 

• Rare events, rare diseases

• Exposures, outcomes

• Sources of data/information and 
databases

• Advanced methods



Improving the quality of pediatric drug 
prescribing: toolkits and formularies



Ongoing challenges: medical devices perceived 
as medicines



Involving children and youth




