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P ediatrics started to emerge as a medical specialty 
in the United States (US) with the founding of the 
American Pediatric Society in 1888. However, the 

field of pediatrics as we know it today originated with the 
establishment of the American Academy of Pediatrics and 
American Board of Pediatrics in the 1930s, which were set 
up to promote excellence in medical care for children and 
adolescents. 

Physiological and psychological development is subject 
to continuous change from birth through adolescence, 
which means children should not be considered “small-
scale” adults.1,2 However, as many as 54% of medicines 
prescribed to children in the US have not been tested 
for safety and efficacy in this population and are used as 
“off label” drugs.3 History has shown that children may 
be exposed to serious unintended harm if the efficacy 
and safety of medications is not adequately tested. 
Examples include gray baby syndrome, a type of circulatory 
collapse associated with chloramphenicol use in neonates; 
refractory hypotension and death associated with the use 
of verapamil for treatment of infants with supraventricular 
tachycardia; serious extrapyramidal dysfunction and 
bladder retention leading to hospitalization after treatment 
with domperidone, and many more.4-7 This does not mean 
that the extrapolation of data from studies performed in 
adult populations has no place in pediatric medicine. It 
can be beneficial when it is reasonable to assume that 
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the course of disease progression and the response 
to treatment is similar in children compared to adults, 
thus minimizing the exposure of children to clinical trials 
and increasing the speed and efficacy of pediatric drug 
development giving pediatric patients access to safe and 
effective medicines more quickly. However, when it is not 
safe to make these assumptions it’s clear that specific 
pediatric trials are needed. 

To facilitate the decision-making process, the U.S. Food and 
Drug Administration (FDA) developed the FDA Pediatric 
Study Decision Tree (See Figure 1),8 a simple assumptions-
based framework that can be a helpful starting point in 
determining the pediatric studies (excluding oncology 
studies) necessary for labeling based on the ability to 
extrapolate efficacy from adult populations or other data.

In this article, we discuss the impact of regulatory changes 
governing pediatric drug development and pediatric drug 
labeling, some of the challenges of performing clinical 
trials in pediatric populations, and strategies that may be 
employed to help address these challenges.

US Pediatric Drug Legislation and Impact on 
Pediatric Drug Labeling
The major milestones in US pediatric drug legislation are 
shown in Figure 2. Legal measures to protect children 
from harmful medications were introduced in the US in 
the early part of the 20th century in response to fatalities 
due to medicinal products.9,10 However, it wasn’t until 
1979 that the first notable FDA legal provision relating to 
pediatric drug labeling appeared. At that time the FDA 
issued a requirement for sponsors to conduct pediatric 
clinical trials before including pediatric information in the 
drug’s label. Even so, the FDA did not issue a final Pediatric 
Labeling Rule until 1994. This labeling rule introduced 
the extrapolation of adult data to children and required 
manufacturers of marketed drugs to evaluate whether 
data existed to support pediatric labeling supplements. 
However, it did not require companies to conduct pediatric 
trials, and the legislation proved to be relatively ineffective 
in improving pediatric use information.11

In 1997, the FDA created an incentive for companies to 
test drugs in pediatric populations with the Food and 
Drug Administration Modernization Act (FDAMA), which 
gave manufacturers an additional six months marketing 
exclusivity if they performed studies in children. This was 
voluntary. The 1998 Pediatric Rule gave the FDA the power 
to mandate that companies conduct pediatric studies 
for marketed new drugs and biologics and established 
the premise that unapproved products must be studied 
in pediatric populations. However, manufacturers could 
request, and be granted, waivers from these requirements 
if the product 1) did not represent a meaningful therapeutic 
benefit over existing treatments for pediatric patients 
and 2) was not likely to be used in a substantial number 
of pediatric patients. Therefore, the Pediatric Rule did 

not fundamentally increase the number of products with 
adequate pediatric labeling.

The Pediatric Rule was declared invalid by a federal court 
in 2002 on the basis that Congress had not given authority 
to the FDA to require extensive testing of drugs for 
children.12 In January 2002, the Best Pharmaceuticals for 
Children Act (BPCA) was passed. It renewed the six months 
of marketing and patent protection incentive introduced 
under the FDAMA to sponsors who voluntarily complete 
pediatric clinical studies outlined in a Written Request (i.e., 
a formal FDA request that studies be done in pediatric 
patients). In addition, the BPCA created the Office of 
Pediatric Therapeutics within the FDA and directed the 
National Institutes of Health (NIH) to establish a program for 
pediatric drug development for off-patent drugs. Under the 

Figure 1. FDA Pediatric Study Decision Tree
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BPCA, the FDA can issue a Written Request for pediatric 
studies in any indication and may expand indications for 
drug use, including orphan indications. 

In addition to the voluntary incentives offered by BPCA, 
the Pediatric Research Equity Act (PREA) of 2003 amended 
the Federal Food, Drug, and Cosmetic Act. This gave the 
FDA the power to require companies to perform pediatric 
studies for products submitted in a new drug application 
(NDA) if the FDA determined that it is probable the product 
will be used to treat a sizeable number of pediatric patients, 
or if it will offer meaningful advancements over current 
therapies. Unlike the BPCA, the PREA limits the FDA to 
mandating studies on indication(s) contained in NDA 
submission(s), and therefore it cannot be used to expand 
indications. A comparison of the key features of the BPCA 
and the PREA is presented in Table 1.

In 2007, the BPCA and PREA were reauthorized for another 
five years under the Food and Drug Administration 
Amendments Act (FDAAA). The FDAAA also required that 
Written Requests, pediatric plans, deferrals, and waivers 
for the performance of studies in pediatric populations 
be reviewed by the FDA’s Pediatric Advisory Committee 
(PAC) and mandated that the results of pediatric studies 
be included in the product label even if they are negative 
or inconclusive. In 2012, the BPCA, PREA and the FDA 
PAC were made permanent under the Food and Drug 
Administration Safety and Innovation Act (FDASIA). 

We can see the impact of the various legislative instruments 
(Pediatric Rule, BPCA and PREA) in Figure 3 which shows 
data from the FDA’s New Pediatric Labeling Information 
Database.13 The database provides details of 854 FDA 
pediatric labeling approvals over the last 22 years. This 
demonstrates that most label approvals—475—have 

Figure 2. Milestones in US Pediatric Drug Legislation 
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been the result of enforcement under the PREA. Only 199 
approvals are the result of incentivization under the BPCA 
alone, indicating that the stick has been stronger than the 
carrot in driving pediatric drug development in the US. 

The Challenges of Conducting Pediatric Studies 
Pediatric drug development is challenging and the financial 
incentives for companies to develop treatments for children 
can be low compared to the research and development 
(R&D) investment required. This may explain why the 
voluntary provisions under BPCA have not been more 
successful in driving pediatric labeling. 

The first challenge of pediatric research is to define and 
identify the needs of the study population. The Center for 
Drug Evaluation and Research (CDER) generally divides 
the pediatric population into four groups: neonates (birth 
up to 1 month), infants (1 month up to 2 years), children (2 
to 12 years), and adolescents (12 to 16 years).14 However, 
the pediatric population represents an extremely broad 
maturational range both physiologically and psychologically. 
As such, the conditions that affect this population and 
the factors that influence drug pharmacokinetics and 
pharmacodynamics are highly varied. Therefore, this 
somewhat arbitrary division is often an oversimplification. 
For some drugs being developed for pediatric populations 
it may be necessary to consider further subgroups based 
on maturity. For example, gastric pH can affect drug 
absorption. In neonates, gastric pH is close to neutral for 
the first 1 to 2 weeks of life and gradually declines until 
age 2 when it approaches adult levels.15 This means the 
relatively alkaline environment of the neonate or infant gut 
can result in ionization of weakly acidic drug molecules 
such as phenytoin, which is used to treat epilepsy and 
is best absorbed in its nonionized form. This reduces 
the bioavailability of the drug and therapeutic effect. 

Furthermore, renal excretion of drugs can also be reduced 
in neonates due to immature glomerular filtration, tubular 
secretion, and reabsorption leading to higher bioavailability 
and the potential for adverse reactions.15

Other challenges often associated with performing pediatric 
studies include:

•	•	 Smaller disease populations compared to adults (e.g., 
type 2 diabetes)

•	•	 Selection of appropriate dose levels in children

•	•	 Blood volume and tissue sampling restrictions

•	•	 Availability of validated clinical endpoints in the age 
groups under study (e.g., lack of validated pediatric 
patient-reported outcomes (PROs) for indications 
such as asthma, diabetes, irritable bowel syndrome, 
oncology) 

•	•	 Getting accurate adverse event information from infants 
and young children

•	•	 The impact of school and family life on study logistics 
and visit scheduling

•	•	 Obtaining informed consent and assent

These challenges can lead to potential inconsistencies in 
the types of outcome information contained in the labeling 
for drugs approved for the same indication.15 The impact 
of these complexities on the time, cost, and quality of 
development programs in pediatrics can be significant in 
the absence of the appropriate expertise to proactively 
identify issues and plan mitigation strategies. The issues 
surrounding these challenges and potential solutions to 
help address them are summarized in Table 2.

Figure 3. Impact of Legislative Instruments on FDA Pediatric Labeling Approvals
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Table 2. Challenges and Solutions for Performing Pediatric Clinical Trials

Considerations Issue Solutions

Small Patient 
Populations

Low enrollment leading to risk of study 
failure

•• �Adaptive study designs

•• �Bayesian design

•• �Master protocols that allow for collection of data for 
multiple drug treatments, indications, and/or biomarkers 

•• �Modeling and simulation techniques to reduce sample 
size

•• �Careful site selection and use of Pediatric Research 
Networks

•• �Decentralized, patient-centric approaches to enable 
wider access 

Dose Selection Appropriate dose selection is required 
to maximize the likelihood that the 
studied dose will have a beneficial 
efficacy and safety profile

•• �Pharmacokinetic and/or pharmacodynamic modeling 
and simulation methods can be used to optimize dose 
selection 

Blood Volume Characterizing the pharmacokinetic 
and pharmacodynamic properties of a 
drug in the pediatric population can be 
difficult to perform because of limited 
blood volume in neonates and infants

•• �Consider sparse sampling and ultra-low volume 
bioanalytical assays to facilitate blood testing

Selection of 
Endpoints and 

Outcomes

Use of adult endpoints and outcome 
measures may not be appropriate for 
children, leading to risk of study failure

Proxy reporting by caregivers when 
child is not capable of self-reporting 

•• �Ensure early engagement of KOLs and FDA in study 
design to define

•• �Ensure use of PROs/COAs that have been validated in 
children

•• �Use online libraries of validated child-report measures 
(Ped-PRO-CTCAE, PROMIS)

•• �Ensure patient diaries are specifically designed, and user 
acceptance tested, with target age groups in mind

Adverse Event 
Reporting

Eliciting adverse event information in 
children where vocabulary is limited 
and non-verbal communication with 
caregivers may be more common can 
be challenging

•• �Utilize Ped-PRO-CTCAE to assess adverse events directly 
in children and adolescents ages 7 to 17 or caregiver- 
reporting for children younger than age 7 using 
Ped-PRO-CTCAE[Caregiver] 

Logistics and 
Visit Scheduling 

Participation may be hindered by 
school and family schedule

•• �Use telemedicine to reduce number of clinic visits

•• �Consider direct-to-patient drug supply and home health 
approaches

•• �Schedule clinic visits after school/work or on weekends 

Informed 
Consent 

Complex nature of assent, impact of 
cultural variables and individual life 
experiences, gaps in local regulations 

•• �Use of staged informed consent

•• �Incorporation of interactive computer technologies to 
convey complex ideas, and variations in approaches to 
assent of the child based on multifactorial assessments 
of competence

•• �Specific training for people involved in pediatric clinical 
training conduct

KOLs = key opinion leaders; PROs = patient-reported outcomes; COAs = clinical outcome assessments;  
Ped-PRO-CTCAE = Pediatric Patient-Reported Outcomes Common Terminology Criteria for Adverse Events;  
PROMIS = Patient-Reported Outcomes Measurement Information System
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Conclusion
Voluntary incentivization by the FDA in the form of 
extended exclusivity and patient protection has resulted in 
an increase in the number of products that are approved 
for use in pediatrics in the last 20 years. However, the main 
driver for pediatric label approvals has been the PREA, 
which authorizes the FDA to impose a requirement on 
companies to perform pediatric studies. Performing clinical 
trials in pediatric populations can be challenging, and 

the additional R&D investment and expertise needed to 
achieve success can deter sponsors from seeking pediatric 
labels for their products. Identifying these challenges and 
the strategies that can be employed to help overcome 
them is an important step towards achieving success. n

For more information, please contact  
Andrew.Bevan@ppdi.com, Valeria.Burrone@ppdi.com, or  
Lorna.Graham@ppdi.com.
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