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Learning Objectives  
1.	 Distinguish between the major regulations and guid-

ances affecting off-label drug use in pediatric patients.
2.	 Apply the concepts of extrapolation and interpola-

tion to the issue of pediatric drug development.
3.	 Given the context related to the development of a 

new drug, distinguish whether a waiver of pediatric 
studies for a new drug is appropriate.

4.	 Distinguish between the pediatric drug development 
processes of the U.S. Food and Drug Administration 
(FDA) and that of the European Medicines Agency.

5.	 Apply guidances on pediatric drug development 
from the FDA or the International Conference on 
Harmonization when considering pediatric studies 
with a new drug or biological agent.

6.	 Assess the involvement of the National Institutes of 
Health in the Best Pharmaceuticals for Children Act.

7.	 Given a particular research study design, distin-
guish the appropriate category of risk and the special 
protections required for children by the National 
Research Act.

Introduction  
	 Appropriate information on the dosing, efficacy, and 
safety of drugs used in pediatric patients has long been 
lacking. Some of the worst tragedies in drug therapy, 
such as those involving the elixir of sulfanilamide and 
thalidomide, have primarily affected children. These trag-
edies pointed out our lack of knowledge of appropriate 

pediatric formulations and developmental toxicology; 
others, such as the Gray baby syndrome with chlor-
amphenicol, demonstrated our lack of knowledge of 
developmental pharmacology.
	 One of the few benefits to come from our appalling 
lack of knowledge of how to use drugs in children has 
been legislation that improved the drug development sys-
tem in the United States. However, these legislative acts 
have only recently been specifically directed to improv-
ing drug use in pediatric patients.

Historical Background  
	 Medical experiments in the 1700s often involved 
children. Edward Jenner, often called the “father of immu-
nology,” tested the efficacy of his smallpox vaccine by first 
inoculating his own son and then 48 children in an alms-
house in England. Around 1800, Benjamin Waterhouse, 
a Harvard professor, tested the smallpox vaccine on his 
own children by inoculating them and then exposing 
them to patients with smallpox. His experiment eventu-
ally included 19 vaccinated and 2 unvaccinated boys in 
Boston whom he intentionally exposed to smallpox. The 
vaccinated boys developed immunity; the unvaccinated 
boys died of smallpox. Other experiments involving 
children include those performed by Alfred Hess in his 
Hebrew Infant Asylum in New York, Louis Pasteur’s 
testing of diphtheria antitoxin in children from Paris 
orphanages, and Karl von Ruck’s tests of a tuberculosis 
vaccine (later found in guinea pigs to increase the risk 
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of contracting tuberculosis) in children at an orphanage 
in North Carolina. As recently as the 1950s and 1960s, 
research on hepatitis used mentally retarded children at 
Willowbrook State School in New York.
	 Eventually, the pendulum swung the other way, and 
children were excluded from drug development pro-
grams, thus preventing the specific study of drugs in 
pediatric patients. In 1968, Dr. Harry Shirkey created 
the term therapeutic orphans to describe this situation. 
The lack of drug studies in children created a system 
in which pediatricians had to make difficult decisions 
about the risks, and benefits of using a drug in a child 
when no information on dosing, efficacy, or safety in the 
pediatric population was available. That lack of infor-
mation was reflected by the absence of pediatric dosing 
information in U.S. Food and Drug Administration 
(FDA)-approved labeling, which meant these drugs 
were being used off-label. At the time of Shirkey’s decla-
ration, about 80% of all drugs had no labeled indications 
for use in pediatric patients.
	 The research in children at Willowbrook, together 
with other excesses in adults such as the Public Health 
Service’s syphilis trials, eventually led to the passage in 
1974 of the National Research Act. This act established 
the National Commission for the Protection of Human 
Subjects of Biomedical and Behavioral Research. The 
next 30 years saw the creation of pediatric clinical phar-
macology as a discipline. 
	 Prominent pediatric physicians and pharmacists 
worked to establish a pharmacokinetic basis for drug 
dosing in children, laying the groundwork for under-
standing the ontogeny of drug metabolism and the renal 
elimination of drugs in pediatric patients. A growing 
concern was that, although the National Research Act 
subpart D protected children as human research sub-
jects, it might provide a reason to exclude children from 
research trials. By 1998, little progress had been made 
in developing sufficient information for the FDA to 
label drugs specifically for pediatric use. A 1999 report 

concluded that more than 70% of all drugs listed in the 
Physicians’ Desk Reference were not labeled for use in 
pediatric patients.
	 Around that time, a regulatory approach to correct 
the lack of pediatric drug studies and information avail-
able was devised. In 1994, the FDA had requested that 
sponsors provide all available drug information on the 
use of their drugs in pediatric patients. The intent of this 
action was to allow labeling of drugs for use in pediatric 
patients if sufficient scientific information was available. 
However, the program was unsuccessful in obtaining 
sufficient information for most drugs.
	 In 1997, the FDA Modernization Act (FDAMA) 
included an incentive for sponsors whose drugs were 
studied in pediatric patients. If the sponsors performed 
pediatric studies, they received an extra 6 months of 
patent exclusivity for their drug. Biologics were not eli-
gible for the program, but all other investigational and 
approved drugs could receive the extra patent life. In 
2002, these incentives were renewed under the Best 
Pharmaceuticals for Children Act (BPCA).
	 In 1998, the National Institutes of Health (NIH) pub-
lished the NIH Policy and Guidelines on the Inclusion 
of Children as Participants in Research Involving 
Human Subjects. Also that year, the FDA promul-
gated the Pediatric Rule requiring all Biologic License 
Applications, new drug applications (NDAs), and sup-
plemental applications to include pediatric safety and 
effectiveness data. The Pediatric Rule was enforced if 
the application had a new active ingredient, indication, 
dosage form, dosage regimen, or route of administra-
tion. The studies conducted under the Pediatric Rule 
were also eligible for the patent extension provided by 
the FDAMA. Therefore, the FDA’s pediatric program 
provided both a requirement and a financial incentive 
to meet this requirement.
	 In 2000, the Association of American Physicians and 
Surgeons, the Competitive Enterprise Institute, and 
Consumer Alert sued the FDA, claiming the agency 
did not have the legislative authority to enforce the 
Pediatric Rule. In 2002, a federal court in Washington, 
D.C., struck down the Pediatric Rule. Then-Secretary 
of Health and Human Services Tommy G. Thompson 
immediately worked with Congress to codify the basic 
tenets of the Pediatric Rule. In 2003, Congress enacted 
the Pediatric Research Equity Act (PREA) to ensure 
that new drugs intended for use in children would be 
studied in children.
	 Historically, the FDA has put considerable empha-
sis on labeling for pediatric uses; this is not because of 
the regulatory process of labeling but because of the evi-
dentiary standards required by the FDA to substantiate 
labeling,.	 Under these legislative acts, pediatric studies 
are performed and drugs are labeled for use in pediatric 
patients; therefore, the off-label use of drugs in pediatric 
patients is one measure of success of these acts.   Every 
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clinician realizes that most drugs are used off-label (i.e., 
for indications for the pediatric population not included 
in FDA-approved labeling). Although information on 
the efficacy and safety of many drugs has been devel-
oped through studies, many of these pediatric off-label 
uses still lack adequate information on pediatric dosing, 
efficacy, and safety.

Important Regulations Related 
to Pediatric Drug Therapy  
National Research Act  
	 The National Commission for the Protection of 
Human Subjects of Biomedical and Behavioral Research 
was formed by the passage of the National Research Act in 
1974. One of the commission’s charges was to identify the 
requirements for informed consent to participate in bio-
medical or behavioral research in children. The resulting 
1977 report, Research Involving Children, was translated 
into regulations as 45 Code of Federal Regulations (CFR) 
46 (subpart D) – Additional Protections for Children as 
Research Subjects.
	 According to the commission’s report, research in chil-
dren would be classified according to the risk and benefit 
to the child participating. As the risk-to-benefit ratio of 
the research became less favorable for the participating 
child, additional protections would be needed. These cat-
egories were written into sections 45 CFR 46.404–407 of 
subpart D of the regulations. Research involving minors 
must fit into one of four risk categories to be approved by 
an Institutional Review Board (IRB); Table 1-1 lists these 
risk categories, along with their definitions, examples, 
and special considerations. In addition, section 45 CFR 
46.409 restricts the involvement of wards of the state in 
research that entails greater than minimal risk and that is 
without direct subject benefit.
	 For a child to participate in research, consent (per-
mission) of one or both parents is required, depending 
on the risk assessment; also required, in most cases, is 
assent (agreement) of the child. According to 45 CFR 
46.401, merely failing to object should not be construed 
as assent. Not all children are capable of giving assent; the 
local IRB is responsible for determining the age of assent 
and when assent is an absolute requirement. A waiver of 
consent or assent is possible in studies approvable under 
CFR 46.404 (minimal risk) but not for studies in the 
other categories.

Pediatric Research Equity Act  
	 The PREA is the modern-day version of the Pediatric 
Rule. The PREA was extended for 5 years under the 
FDA Amendment Act of 2007 (FDAAA) and is now 
scheduled to expire on October 1, 2012. The PREA 
requires sponsors to submit a pediatric assessment with 
every application to the FDA. The pediatric assessment 

discusses the potential use in pediatric patients, a 
current understanding of the risk/benefit ratio in pedi-
atric patients, and whether studies should be waived or 
deferred in any age group. If the application meets one 
of the five criteria described above under the Pediatric 
Rule, the requirements of the PREA are activated and 
must be followed. If the pediatric assessment concludes 
that pediatric studies are to be deferred until after adult 
approval, then a pediatric plan is required for deferred 
pediatric studies. Otherwise, pediatric studies meeting 
the PREA requirements should be submitted before the 
approval of the adult application.
	 Under Title IV of the FDAAA, tracking of studies 
under the PREA and BPCA is required, together with 
data on labeling changes produced under these legislative 
acts. The complete medical, statistical, and clinical phar-
macology reviews for pediatric submissions under the 
BPCA and PREA are available on the FDA Web site. An 
annual review of all studies under the PREA is now con-
ducted and publicly available. An FDA Pediatric Review 
Committee was established that reviews all applica-
tions to ensure they fulfill the requirements of the PREA 
before approval. The FDA Pediatric Review Committee 
is a multidisciplinary group composed in part of pedia-
tricians from the Pediatric and Maternal Health Staff, 
FDA Center for Drug Evaluation and Research; of pedi-
atricians of the Office of Pediatric Therapeutics, FDA 
Commissioner’s Office; and of pediatric clinical pharma-
cologists and pharmacometricians from the FDA Office 
of Clinical Pharmacology.
	 The pediatric plan to perform deferred studies after 
adult approval is a postmarketing requirement. This is in 
contrast to a postmarketing commitment, which is not 
considered a requirement. Before a drug’s approval for 
use in adults, the pediatric plan should be complete and 
based on modeling and simulation of all available data for 
the drug.

Best Pharmaceuticals for Children Act  
	 The BPCA, which was also extended for 5 years under 
the FDAAA, is scheduled to expire on October 1, 2012. 
The NIH plays a large role in the BPCA because when the 
FDA issues a written request for drug studies in children 
under the BPCA, and the written request is not accepted 
by the sponsor, the NIH considers funding the studies. 
Most of the drugs considered by the NIH are off-patent, 
so no patent exclusivity could be gained by conducting 
pediatric studies. The NIH annually conducts a BPCA 
meeting that brings together several pediatric constitu-
encies and sets priorities for NIH funding of pediatric 
studies for the coming year. The NIH works closely with 
the FDA and submits Proposed Pediatric Study Requests 
(PPSRs) to the FDA for consideration.
	 A PPSR can also be submitted to the FDA by the spon-
sor developing a new drug. In this case, the sponsor has 
a financial incentive to perform the pediatric studies in 
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Table 1-1. Categories of Approvable Research in Children
Category Definition Examples Special Considerations

No greater than minimal 
riska (45 CFR 46.404)

The probability and magnitude 
of harm or discomfort antici-
pated in the research are not 
greater in and of themselves 
than those ordinarily encoun-
tered in daily life or during 
the performance of routine 
physical or psychological 
examinations or tests

Retrospective or prospective 
collection of information 
obtained during the course 
of standard care. Examples 
of minimal risk procedures 
include venipuncture, non-
sensitive material surveys, 
and chest radiographs

Consent of one par-
ent and assent of the 
child are required

Waiver of consent and/
or assent can be 
obtained if approved 
by the IRB

Greater than minimal risk 
with possible direct 
benefit to the individ-
ual subject (45 CFR 
46.405)

Possible benefit must balance 
or outweigh increased risk; 
the risk-to-benefit ratio for 
the individual must be at 
least as favorable as available 
alternatives

Use of two agents with similar 
efficacy but different costs; 
evaluation of two similarly 
effective agents, one that 
might be effective in fewer 
days of treatment

Consent of one par-
ent and assent of the 
child are required. If 
the research could 
have direct benefit 
to the child that is 
unavailable outside 
the research, the con-
sent of the parent is 
sufficient

Greater than minimal 
risk with no direct 
benefit but likely to 
produce generaliz-
able knowledge about 
the subject’s disorder/
condition (45 CFR 
46.406)

The risk must represent only a 
minor increase over minimal 
risk. The intervention or pro-
cedure presents experiences 
that are reasonably commen-
surate with those inherent 
in their actual or expected 
medical, dental, psychologi-
cal, social, or educational 
situations. Knowledge gained 
should be of vital importance 
for understanding or ameliora-
tion of the subject’s disorder/
condition

Additional provoked sputum 
cultures in children with 
cystic fibrosis; additional 
radiologic scans in children 
with solid tumors; urine 
sample obtained by cath-
eterization in children with 
neurogenic bladder; addi-
tional cerebrospinal fluid 
samples from children with 
ventriculoperitoneal shunts

Permission of both par-
ents and the assent of 
the child are required

Research otherwise not 
approvable (45 CFR 
46.407)

Must provide a reasonable 
opportunity to further the 
understanding, prevention, or 
alleviation of a serious prob-
lem affecting the health or 
welfare of children. For federal 
funding: requires review by a 
panel of experts appointed by 
the U.S. Secretary of Health 
and Human Services

Permission of both par-
ents and assent of the 
child are required

aMinimal risk is weighed against the standard of the life of a healthy child, not of the child involved in the research.
CFR = Code of Federal Regulations; IRB = Institutional Review Board.
Information from: Code of Federal Regulations. Title 45: Public Welfare. Department of Health and Human Services. Part 46: Protection of Human Subjects. 
Revised January 15, 2009. Available at www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.htm. 
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the form of an additional 6 months of patent exclusivity 
if the terms of the written request are fulfilled. The writ-
ten request is viewed as a contract in this situation, and 
an Exclusivity Board at the FDA evaluates whether the 
sponsor has fulfilled the terms of the written request suf-
ficiently to get the additional patent exclusivity.
	 The FDAAA increased the BPCA’s authority in two 
ways. Under BPCA, the FDA can now issue a written 
request that covers more than one indication for a drug 
and can capture both on- and off-label uses of the medi-
cation in pediatric patients. Under the BPCA, pediatric 
studies must be submitted and exclusivity awarded at 
least 9 months before the patent expires. The FDA has 6 
months to review submitted BPCA studies; therefore a 
BPCA study must be submitted at least 15 months before 
patent expiration to be eligible for the added 6 months 
of patent exclusivity. All associated FDA-issued written 
requests are made public after a drug has been granted 
exclusivity.
	 Through November 2008, the FDA had issued 360 
written requests for pediatric studies under BPCA. 
Labeling changes were made on the basis of pediat-
ric information provided in response to 159 written 
requests. In 95 written request responses, the labeled 
age for use was expanded, and in 45 responses, new or 
expanded pediatric safety information was added to the 
label. Only 27 labels reported a specific dosing change or 
adjustment. Pediatric safety and efficacy were not estab-
lished in 50 of the changed labels because even failed 
pediatric studies (defined as a pediatric study that does 
not demonstrate drug efficacy) must be reported in label-
ing under the FDAAA.

The Orphan Drug Act  
	 The Orphan Drug Act was enacted to support the 
development of products for rare diseases, defined as 
those occurring in fewer than 200,000 people in the 
United States and for which there is little hope of recov-
ering drug development costs. Many rare diseases occur 
in children, either because of inborn errors of metabo-
lism or because of cancers that occur only in pediatric 
patients.
	 The FDA’s Office of Orphan Products Development 
oversees the Orphan Drug Research Grants program. 
These grants are designed to support clinical trials and 
include studies of drugs, biologics, medical foods, and 
medical devices. This area of drug development is increas-
ingly active, and 160 products have been designated for 
orphan diseases and conditions. The FDA approved 17 
orphan drug products in 2009, most of which were for 
pediatric use or combined pediatric and adult use.
	 The PREA does not apply to Orphan Drug Products; 
however, a written request under the BPCA can be issued 
for an Orphan Drug Product. No requirement for pediat-
ric studies of Orphan Drug Products exists, so either the 

sponsor has to respond to a written request or the NIH 
has to fund pediatric studies of these products.

European Medicines Agency  
	 In 2000, the European Parliament adopted a resolu-
tion calling for better medicines for children, opening the 
way for new regulation. In December 2006, the European 
Parliament created the European Medicines Agency’s 
Pediatric Committee and provided the same 6-month 
patent extension as in the BPCA. In January 2007, the 
European Union’s new pediatric regulation went into 
effect. 
	 The European Medicines Agency requires a sponsor 
to submit a Pediatric Investigational Plan at the end of 
phase I of drug development. This plan allows the agency 
to view a pediatric assessment much earlier than the 
FDA, which may not see the assessment until an NDA 
or Biologic License Application is submitted for market-
ing approval. The Pediatric Investigational Plan can then 
be modified on the basis of any emerging findings during 
the later stages of drug development through discus-
sions with the European Medicines Agency’s Pediatric 
Committee.
	 The FDA’s Office of Pediatric Therapeutics and the 
European Medicines Agency’s Pediatric Committee 
work together closely on issues that arise during pediatric 
reviews. However, each pediatric committee makes inde-
pendent decisions; thus, sponsors must communicate 
with each agency before initiating pediatric studies.

Guidances Related to Pediatric 
Drug Development  
	 Drug development programs for children may be ini-
tiated as a response to the requirement under  PREA to 
conduct pediatric studies for a drug developed in adults; 
they may also be initiated to develop a drug product 
for a specific pediatric indication. Several guidances are 
available for those involved in pediatric drug develop-
ment programs. These guidances are important both to 
clinicians designing and participating in pediatric drug 
development trials and to the pharmaceutical indus-
try supporting these trials. Some of the most important 
guidances are reviewed as follows.

International Conference on Harmonization 
E11: Clinical Investigation of Medicinal 
Products in the Pediatric Population  
	 Although published in 2000, this guidance remains 
important to international pediatric drug development. 
The guidance lays out criteria for considering a pediat-
ric drug development program, such as the prevalence 
of the condition to be treated, seriousness of the condi-
tion, availability of alternative treatments, development 
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of specific pediatric end points, and developmental safety 
concerns. Specific pediatric end points are primary effi-
cacy criteria that are not applicable in adult patients 
and that could be either a biomarker or a direct clinical 
outcome. 
	 Considerations for pediatric pharmacokinetic stud-
ies are listed in the International Conference on 
Harmonization (ICH) E11, as are the age classifications 
for pediatric patients. Care should be used in preparing 
documents for the FDA because ICH E11 is not an FDA 
document and is not intended to address the regulatory 
requirements in a specific country. For example, some 
details in ICH E11 such as the age classification of ado-
lescents may vary between the FDA and the European 
Medicines Agency.

FDA Guidance for Industry  
Exposure-Response Relationships – Study Design, 
Data Analysis, and Regulatory Applications  
	 This guidance is important because it is often used in 
developing and analyzing pediatric studies. Population 

pharmacokinetics, modeling, and other consider-
ations important to pediatric studies are covered in this 
guidance. 
	 Appendix B of this guidance contains the FDA’s 
Pediatric Study Decision Tree (Figure 1-1). The Deci-
sion Tree provides a guide to deciding whether only a 
pharmacokinetic study is required in pediatric drug 
development, whether a pharmacokinetic-pharmacody-
namic study is required, or whether a pharmacokinetic 
and efficacy study is required.

How to Comply with the PREA   
	 This guidance is a systematic guide to compliance with 
the PREA; it discusses the pediatric assessment, when to 
develop a pediatric plan, what ages to cover in a pediatric 
plan, and product formulation issues. For example, if an 
age-appropriate formulation is unavailable from the spon-
sor, the sponsor must demonstrate legitimate attempts to 
create a pediatric formulation of the drug product. 
	 The guidance discusses why a waiver of pediatric stud-
ies is granted, including the following. (1) The necessary 

Reasonable to assume (pediatrics vs adults)
� similar disease progression?
� similar response to intervention?

· Conduct PK studies
· Conduct safety/e�cacy trials

Reasonable to assume similar 
concentration-response (C-R) in 
pediatrics and adults?

Is there a PD measurement 
that can be used to predict 
e�cacy?

· Conduct PK studies to achieve levels
   similar to adults
· Conduct safety trials

· Conduct PK/PD studies to get C-R for PD measurement
· Conduct PK studies to achieve target concentrations based on C-R
· Conduct safety trials

NO

NO
NO

YES

YES

YES TO BOTH

Figure 1-1. The FDA Pediatric Decision Tree for making decisions about necessary PK/PD, 
efficacy, and safety studies of pediatric patients.
C-R = concentration-response; PD = pharmacodynamic; PK = pharmacokinetic.

Reprinted from: U.S. Food and Drug Administration: Guidance for Industry: Exposure-Response 
Relationships—Study Design, Data Analysis, and Regulatory Applications.  Available at www.fda.gov/
downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm072109.pdf. Last accessed 
September 13, 2010.
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studies are impossible or highly impractical (e.g., the 
number of patients is small or the patients are geographi-
cally dispersed). (2) Evidence strongly suggests that the 
drug/biological product would be ineffective or unsafe in 
all pediatric age groups. (3) The drug or biological prod-
uct either does not represent a meaningful therapeutic 
benefit over existing therapies for pediatric patients or is 
unlikely to be used in a substantial number of pediatric 
patients. If a waiver is granted on the basis of evidence 
that the drug is unsafe or ineffective in pediatric popula-
tions, the applicant must include this information in the 
labeling for the drug or biological product. 
	 The required steps in FDA approval, as they pertain to 
pediatric drug development, are illustrated in Figure 1-2.

Important Concepts  
	 Several concepts are critical to understanding how leg-
islative acts can be used to obtain the information needed 
to determine an appropriate pediatric dose and to obtain 
critical data for the safe and effective use of a new drug in 
children.

Extrapolation and Interpolation   
	 Extrapolation is the application of efficacy data from 
adult studies to pediatric patients. Although this may 
seem like a simple concept, the extrapolation of data 
is complex. One of the first considerations is whether 
the disease process is the same in adults and children. 
An example of extrapolation that is generally consid-
ered appropriate is when an infectious disease occurs in 
both children and adults. However, some diseases such 
as asthma may appear to be similar but have underly-
ing pathophysiology that is different in children than in 
adults. The responsiveness of a particular disease to drug 
therapy is another measure by which clinicians can evalu-
ate the appropriateness of extrapolation.
	 Extrapolation is important to avoid unnecessary stud-
ies of pediatric patients. The discussion of extrapolation 
in U.S. legislation is explicit so that studies of pediatric 
patients will be conducted only if they are necessary and 
have a specific purpose in building the scientific basis for 
drug approval in pediatric patients.
	 Interpolation is the process of estimating pediatric 
drug doses in an age group after the dosages of younger 
and/or older pediatric patients have been established by 
thorough clinical pharmacology studies.

Pharmacokinetics and Pharmacodynamics   
	 If the efficacy of a drug to treat a specific disease pro-
cess can be extrapolated, then matching pediatric drug 
exposure to adult exposure to the drug is the approach 
most often taken to determine an appropriate pediatric 
dose. Pharmacokinetic/pharmacodynamic studies may 
be the only chance to arrive at a safe and effective dose in 
pediatric patients.

	 Numerous pediatric studies conducted under BPCA 
have failed to achieve pediatric labeling. Therefore, con-
siderable planning and the use of all available data in 
adults are required. Modeling and simulation are essential 
tools that can increase the likelihood of a successful trial. 
Members of the FDA’s Office of Clinical Pharmacology 
have described the use of these techniques in pediatric 
drug development.

Pediatric Drug Safety  
	 It is impossible to extrapolate the pediatric safety infor-
mation needed for labeling from adult data. Nevertheless, 
the number of patients involved in pediatric safety stud-
ies is typically only a fraction of the number involved in 
adult drug safety studies. Therefore, the opportunity to 
detect infrequent adverse events in pediatric drug trials 
is compromised. Even when pediatric safety information 
is included in the drug labeling, the public reporting of 
drug safety studies is inadequate. The electronic collec-
tion of pediatric patient data from clinics and hospitals 
may provide a source for better postmarketing surveil-
lance for adverse events in the future.

The Future of Pediatric 
Drug Development  
	 Regulatory and legislative movements to improve 
drug therapy for pediatric patients began about 15 years 
ago. These movements have resulted in an increase in 
the number of pediatric studies performed and in the 
inclusion of specific labeling for pediatric patients in 
FDA-approved labels. Even so, a 2009 study of pediat-
ric outpatients found that 62% still received drugs for 
off-label uses, with 96% of cardiovascular medications 
still off-label for use in pediatric patients. In addition, 
there continue to be few studies performed in children 
younger than 1 year.
	 Developing the evidence related to a drug’s dosing, 
efficacy, and safety in pediatric patients continues to 
be a challenge. A primary difficulty is the small num-
ber of pediatric patients who can be recruited for any 
protocol. Renewed interest in developing small clini-
cal trials that still meet the evidentiary standards of the 
FDA has been stimulated by the FDA’s Office of Orphan 
Products Development and the NIH’s Office of Rare 
Diseases Research. These two governmental offices have 
sponsored a yearly course on the development of small 
clinical trials using advanced trial design concepts, such 
as an enriched design or adaptive trials.
	 The regulatory processes that come under the PREA 
and BPCA provide the carrot and stick for pediatric drug 
development studies, but making the system work well 
requires the efforts of clinical investigators and scientists 
who desire to improve pediatric studies. The pharmaco-
metric tools to provide modeling and simulation already 
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Figure 1-2. The flow of the discussion and evaluation of pediatric studies in drug development.  Discussion between 
the sponsor and the FDA should ideally occur at the end of phase 2, with input from multiple disciplines. Evaluation 
of the Pediatric Plan or Written Request occurs after NDA submission.  If pediatric studies are deferred under PREA, 
this requirement can be met by pediatric studies that are conducted under a written request.
FDA = U.S. Food and Drug Administration; NDA = new drug application; PREA = Pediatric Research Equity Act; WR = Written 
Request.
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exist but must be applied early in the drug development 
process. 
	 With the success of these initiatives, the next 10 years 
will produce more studies that identify effective therapies 
and optimal dosages for pediatric patients. Significant 
efforts to improve the quantity and quality of drug safety 
data are also expected. It is also to be hoped that the ther-
apeutic orphan status will finally be relegated to pediatric 
drug development’s history rather than remaining its 
challenge.
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