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Historically, most drugs have been used ‘off-label’ in children due to a 
lack of specific information on dosing, safety and efficacy. This practice 
risks adverse events, leading to serious public health consequences. 
Regulatory changes have attempted to address such issues by mandating 
and incentivizing the study of drugs in children. By all accounts, these 
regulatory changes have been enormously successful in stimulating 
>400 pediatric clinical trials enrolling >170,000 children over the last 
5 years. These trials and others conducted over the preceding 15 years have 
resulted in >400 pediatric-specific labeling changes. While these labeling 
changes have improved pediatric drug safety, critics voice continuing 
concerns about the ‘financial windfall’ for industry, relative lack of study 
of off-patent agents and continued neglect of several important pediatric 
subpopulations (e.g., neonates).
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Historically, children are underrepresented in drug trials; consequently, most drugs 
are used ‘off-label’ in this population [1–3] by extrapolating dosages from clinical 
trial data in adults. This practice is inappropriate because children have unique 
differences due to development: these differences affect both pharmacokinetics 
and disease pathophysiology when compared with adults. Recognizing these dif-
ferences and the importance of conducting trials in children, the US Congress has 
enacted, over the last 15 years, several regulatory initiatives aimed at stimulating 
pediatric drug development and research. These initiatives have included a path-
way for National Institutes of Health (NIH)-sponsored pediatric drug research, 
as well as incentives and mandates for industry – the so-called ‘carrot and stick’ 
approach [4–6,101–103]. Pediatric research has been successfully fostered by these 
programs as evidenced by 405 labeling changes since their inception. However, 
some limitations encountered thus far include the cost of the programs stemming 
from prolonged patent protections, few studies of off-patent therapeutics and con-
tinued neglect of certain pediatric subpopulations [6,104,105]. The purpose of this 
article is to review the history of pediatric drug prescribing, the impact of recent 
regulatory changes, and the successes and failures of these efforts. 

Off-label pediatric prescribing
Off-label drug use occurs when a drug is used in a different way than is described in 
the US FDA-approved drug label. This typically means that the drug is used in an 
unstudied or understudied patient population or for an unstudied or understudied 
indication. Off-label drug use is common in children. In a review of 2000 drugs in 
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the 1973 Physician’s Desk Reference, 79% of drug mono-
graphs lacked sufficient information or labeling regarding 
pediatric use, while a similar review in 1991 found no 
change, with 81% of drugs lacking pediatric information 
[2,3]. A review of 350,000 pediatric hospital discharges at 
36 tertiary care children’s hospitals found that 79% of 
pediatric in-patients received an off-label drug [1]. 

In children, off-label drug use can lead to efficacy fail-
ures or undesired toxicities. Despite numerous notable 
historical examples [7,8], safety concerns remain com-
mon. In a contemporary ana lysis evaluating previously 
off-label pediatric drugs studied under the auspices of 
pediatric exclusivity, serious safety concerns were identi-
fied in 33 out of 137 (24%) products. These included 12 
products with neuropsychiatric adverse events, including 
suicidal ideation (ribavarin and interferon a), aggressive 
behavior (tolterodine) and stroke, vision loss and death 
(sumatriptan). There were also safety events related to 
growth (betamethasone, mometasone), musculoskeletal 
events (ciprofloxacin, levofloxacin), inadequate antibiotic 
CNS penetration (linezolid, ertapenem), and increased 
mortality (propofol) [9]. These examples illustrate that, 
although off-label drug use is a common practice in pedi-
atrics, there is clearly a risk of inadequate efficacy or 
potentially serious adverse events. Furthermore, off-label 
use of multiple agents risks unanticipated drug–drug 
interactions that can affect dosing, safety, or efficacy.

Regulatory history & the process of pediatric 
drug study
Despite recognition of the dangers of off-label drug 
prescribing in children, for many years drug testing 
was not required in children, and manufacturers could 
claim efficacy based on adult data (Figure 1) [6]. In 1979, 
the FDA made its first attempt to limit these claims 
and required that drugs marketed to children include 
pediatric information on the label [6,10]. This policy did 
little to increase the study of drugs in children as most 
pharmaceutical companies chose instead to include a 
disclaimer stating that safety and efficacy had not been 
established in children [6].

The FDA responded by issuing the ‘Pediatric Rule,’ 
which allowed the labeling of drugs for pediatric use 
based on extrapolation of efficacy from adults and addi-
tional pharmacokinetic, pharmacodynamic and safety 
studies to pediatric populations. Although controlled 
pediatric efficacy studies were encouraged under this 
rule, they were not required by law, and consequently 
this voluntary program did not result in an increase in 
the number of pediatric studies [10]. Of the 430 drugs 
for which labeling supplements were submitted, only 
23% supplied sufficient pediatric information for label-
ing, and most of these submissions targeted narrow age 
ranges (e.g., studies limited to adolescents) [11]. 

In 1997, responding to the continued lack of pediat-
ric data, Congress passed the FDA Modernization Act 
including section 505A, known as the pediatric exclu-
sivity provision [106]. The exclusivity provision granted 
an additional 6 months of marketing exclusivity (the 
‘carrot’) for conducting pediatric studies in response to 
an FDA written request. The pediatric exclusivity provi-
sion fundamentally changed the pediatric clinical trials 
landscape. Now the financial incentive for industry was 
potentially large, and the regulations ensured that the 
risks of failure were low as long as sponsors adhered to 
the FDA’s stipulations.

The pediatric exclusivity provision was broadly popu-
lar among the pediatric community as it resulted in an 
increase in pediatric drug studies [5,107,108]. The major 
limitation, however, was that there was no incentive for 
pharmaceutical companies to study off-patent drugs. 
Therefore, drugs commonly used in children still lacked 
critical dosing, safety and efficacy information. The 
2002 Best Pharmaceuticals for Children Act (BPCA) 
addressed this problem by establishing the ‘Program for 
Pediatric Studies’ [102]. Under this program, the National 
Institute of Child Health and Human Development 
(NICHD) and the FDA were tasked with developing a 
priority list of off-patent drugs (Table 1) [12]. The FDA 
could then issue a written request for study of a drug 
on the priority list. If the request was declined by the 
drug sponsors (only one such request has ever been 
accepted), then the FDA could publish requests for study 
to third parties, including academic institutions. Other 
important amendments under the BPCA included:

 ■ Clear language indicating that the FDA can request 
studies in differing pediatric subpopulations 
(including neonates);

 ■ A requirement for review of safety events for 1 year 
after granting of exclusivity [13]. 

The 2002 BPCA required review and reauthoriza-
tion in 2007. At that time, Congress further refined the 
process for the study of off-patent drugs by requiring 
that the priority list focus on therapeutic areas of need 
rather than specific drugs. The 2007 reauthorization 
also established a process whereby the NIH (in addition 
to the FDA) could initiate the study of an off-patent 
drug, provided that the drug was needed in one of the 
priority therapeutic areas [101]. Finally, in the summer of 
2012, Congress permanently reauthorized BPCA with 
further refinements to the process. Some of the more 
important changes are summarized in Box 1 [109]. 

While the pediatric exclusivity provision initiated 
a voluntary testing program for on-patent and subse-
quently off-patent agents, critics had long argued that 
drug study should also be a requirement for all new 
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US FDA Modernization Act
Provides market exclusivity
for drugs studied in children

Best Pharmaceuticals 
for Childrens Act

Re-authorizes pediatric exclusivity 
with provisions for study of 
off-patient drugs including 

development of the priority list

Pediatric Research Equity Act
Congress codifies the 

Final Rule requiring pediatric 
study of new products

FDA Safety and Innovation Act
BPCA/PREA re-authorized

without sunset

The Pediatric Rule
FDA allows pediatric
labeling based on 

extrapolation of efficacy
from adults + PK/PD data

in children

The Final Rule
FDA requires pediatric 

studies of new products,
indications, dosing regimens

and so forth

A federal judge strikes down the
Final Rule deciding that FDA does

not have authority to require
testing in children

FDA Amendments Act
Re-authorizes pediatric exclusivity

and revises priority list to emphasize
therapeutic areas of need

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Figure 1. Timeline of recent regulatory changes. 
BPCA: Best Pharmaceuticals for Children Act; PD: Pharmacodynamic; PK: Pharmacokinetics; PREA: Pediatric Research Equity Act.

pediatric drug applications as it already is for adults [6]. 
To regulate pediatric study for new drug applications, 
Congress passed the Pediatric Research Equity Act 
(PREA) in 2003. This act required that, for all applica-
tions submitted to the FDA for new drugs (including 
new indications or dosage forms), sponsors must include 
data that: 

 ■ Assess safety and effectiveness of the product in 
pediatric subpopulations; 

 ■ Support dosing and administration of the product for 
each relevant pediatric age group [13,103]. New drug 
applications can also qualify for pediatric exclusivity 
but only if the FDA issues a written request and the 
sponsors effectively meet the requirements [4,102]. 

Together, BPCA and PREA have established mecha-
nisms for study of three broad classifications of pediatric 
therapeutic agents: 

 ■ Drugs that are still on patent; 

 ■ Drugs that are off patent; 

 ■ Drugs not yet approved for marketing (Figure 2). 

Measuring the success of regulatory changes
In a 2001 status report to Congress, the FDA noted that 
the pediatric exclusivity provision “had done more to 
generate clinical studies and useful prescribing infor-
mation for the pediatric population than any other 
regulatory or legislative process to date” (Box 2) [108]. 

This assessment was based largely on the number of 
pediatric-specific labeling changes, and by this metric, 
there has been continued progress. Between 1 June 1998 
and 25 October 2011, the FDA approved 425 pediatric-
specific labeling changes as a result of studies conducted 
under BPCA or required by PREA [4]. Labeling changes 
have added significantly to our knowledge of safety and 
dosing of many drugs in children. In an analysis of the 
first 108 products with labeling changes in response to 
a written request, Rodriguez et al. [14] found that:

 ■ Twenty three contained new or revised pediatric 
information such as new dosing, dosing changes, or 
pharmacokinetic information;

 ■ Thirty four included new or enhanced safety 
information;

 ■ Nineteen included information on lack of efficacy;

 ■ Seventy seven extended age limits for the product.

Overall, >50% of products studied had substantive 
differences in dosing, safety or efficacy. Approximately 
20% of the labeling changes highlighted age-related 
changes in drug absorption or elimination. For example, 
clearance of the commonly used attention deficit hyper-
activity disorder medication Concerta® (methylpheni-
date HCl) in children ages 6–12 years was approxi-
mately 50% lower in comparison with adolescents or 
adults, while the opposite relationship was seen for 
clearance of the antihypertensive Lotensin® (benaza-
pril HCl), where clearance in the 6–12-year-old age 
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Table 1. Priority list of needs in pediatric therapeutics.

Therapeutic Areas Drugs

Infectious disease 

Methicillin-resistant Staphylococcus aureus infections Clindamycin, trimethoprim sulfamethoxazole

Infections Benzathine penicillin G, acyclovir, doxycycline

Tinea capitis Griseofulvin

Antituberculous drugs No specific drug

Antiparasitic drugs Albendazole†

Influenza Oseltamivir

Cardiovascular disease

Hypertension Hydrochlorothiazide, lisinopril†, b blockers, amlodipine†

Hypotension Sodium nitroprusside, dopamine

Dyslipidemia† Statins†

Respiratory disease

Asthma Therapeutics in young children, drug-delivery systems, albuterol

Pulmonary hypertension† No specific drug

Intensive care

Anesthesia/sedation Ketamine, inhaled anesthetics†/isofluorane, lorazepam

Biodefense research

Nerve agent exposure Drug delivery systems, midazolam†

Cyanide toxicity Hydroxycobalamine†

Organophosphate poisoning Praladoxime

Pediatric cancer

Neuroblastoma 13-cis-retinoic acid

Leukemias and solid tumors Methotrexate, vincristine, daunomycin, actinomycin-D, 
6-mercaptopurine†

Psychiatric disorder

ADHD Methylphenidate

Bipolar disease Lithium

Psychosis/aggression† Atypical antipsychotics

Neurological disease

Cerebral palsy Lorazepam

Seizures† Fosphenytoin

Neonatal research

Neonatal BPD/lung development Betamethasone, azithromycin (intravenous)

Pain Morphine

Neonatal abstinence syndrome Methadone

Infections in neonates Metronidazole†

Necrotizing enterocolitis Ampicillin, meropenem

Adolescent research

OTC drug use No specific drug

Adolescent pharmacology No specific drug
†Drug and indications newly added to the Best Pharmaceuticals for Children Act list from the 2010 prioritization process or other sources identified by the NICHD as a priority. 
ADHD: Attention deficit hyperactivity disorder; BPD: Bronchopulmonary dysplasia; OTC: Over the counter. 
Adapted from [111].
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group was approximately 50% higher in comparison 
with adults [14]. 

Another important assessment of the success of BPCA 
and PREA is the number of pediatric clinical trials con-
ducted in children. Over a 6-year period before passage 
of the pediatric exclusivity provision (1991–1996), drug 
sponsors promised to complete 71 postmarketing stud-
ies, but only 11 were actually completed [108]. In the 
first 2 years after passage of pediatric exclusivity (1998–
2000), sponsors completed 58 pediatric studies that 
resulted in 25 grants of pediatric exclusivity [108]. This 
trend has continued, and over the 5 years since renewal 
of the pediatric exclusivity program, >400 studies have 
been conducted in children under the auspices of PREA 
and BPCA, enrolling >170,000 study subjects [110]. 

Increasing trial experience and monetary investment 
has resulted in important intellectual gains. Trials in 
children are particularly challenging because of spe-
cific concerns related to ethics, dosing, outcome mea-
sures, low blood volume and difficulty analyzing small 

samples, assessment of long-term effects on growth/
development, and the inability to use ‘healthy’ volun-
teers for early-phase studies. Consequently, more than 
half of all trials conducted under BPCA have been 
considered failed trials [111]. However, increasing trial 
experience has improved our understanding of the spe-
cific differences between pediatric and adult trials, and 
these intellectual gains will enhance future trials and 
improve child health. 

As an example, an ana lysis of anti-hypertensive 
trials completed for pediatric exclusivity highlighted 
pediatric-specific factors that contributed to the inabil-
ity of several dose-ranging trials to demonstrate an 
effective dose–response relationship [15]. In this ana-
lysis, failed trials often used a narrow dose range, failed 
to use weight-based dosing, or did not use liquid-based 
formulations. These findings and others have resulted 
in substantial changes to the FDA’s written request, 
including a requirement that an age-specific formulation 
be developed along with age-specific enrollment criteria. 

Table 1. Priority list of needs in pediatric therapeutics (Cont.).

Therapeutic Areas Drugs

Hematologic disease

Sickle cell anemia Hydroxyurea

Thrombosis and thromboprophylaxis No specific drug

Endocrine disease and diseases with limited alternative therapies

Fragile X MGluR5 antagonists

Type I diabetes No specific drug

Dermatologic disease

Atopic dermatitis Hydrocortisone valerate

Severe inflammatory skin disease† Methotrexate†

Gastrointestinal disease

Gastroesophageal reflux Prokinetic drugs, H2 blockers

Cyclic vomiting and weight gain† Cyproheptadine†

Cholestatic disease† Ursodeoxycholic acid†

Renal disease

Chronic kidney failure Devices used in dialysis

Anemia of chronic disease Agents to stimulate erythropoiesis†

Rheumatologic disease

Connective tissue diseases Hydroxychloroquin

Special considerations

Therapeutics in children with intellectual and physical 
disabilities†

No specific drug or indication†

Pediatric formulations† Multiple drugs and indications†

Pediatric devices† General issues†

†Drug and indications newly added to the Best Pharmaceuticals for Children Act list from the 2010 prioritization process or other sources identified by the NICHD as a priority. 
ADHD: Attention deficit hyperactivity disorder; BPD: Bronchopulmonary dysplasia; OTC: Over the counter. 
Adapted from [111].
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There have been important clinical trial infra structure 
improvements as well. The 2002 BPCA required the 
NIH to establish a program for pediatric drug testing 
and development. The NICHD was charged with imple-
menting this plan and therefore developed the Obstetric 
and Pediatric Pharmacology Branch (OPPB), which was 
established in 2004. The annual budget of the OPPB 
has ranged from US$29–37 million with $25 million 
annually from BPCA grants and contracts [16]. The OPPB 
has provided a central organizing branch at NIH dedi-
cated to the study of pediatric and obstetric therapeutics 
and also to the training of individuals with a focus in 
pediatric/obstetric clinical pharmacology. The OPPB is 
also required to develop the ‘priority list’ of off-patent 
therapeutic agents that require study [16]. The BPCA 
also required the FDA to establish the Office of Pediat-
ric Therapeutics within the FDA. The Office of Pediatric 
Therapeutics’s primary mission is to ensure access for chil-
dren to innovative, safe and effective medical products. 

The creation of these defined branches within 
the NIH and FDA that are dedicated to the study of 

pediatric therapeutics has been enormously important to 
centralizing and coordinating pediatric trials. Central-
ized oversight has allowed the development of a strategic 
focus and has helped map out common goals and objec-
tives to ensure that relevant stakeholders are involved at 
all levels of coordination, planning and implementation 
of pediatric study. A good example is the development 
of the priority list (Table 1). This list of off-patent drugs 
is revised every 3 years under the guidance of the OPPB 
and involves input from pediatricians and subspecialist 
providers, pharmacologists and basic scientists, as well 
as industry and advocacy representatives. The process to 
develop the priority list is continually refined and cur-
rently focuses on distinct areas of therapeutic need, with 
priority areas of study identified every year. To facilitate 
study of therapeutics on the priority list, the NICHD has 
supported over 60 research networks or consortia [112]. 
Two examples related to BPCA include:

 ■ The Pediatric Pharmacology Research Unit Network, 
which existed from 1994–2010 and was designed to 

Box 1. Summary of pediatric drug provisions included in the 2012 US FDA Safety and Innovation Act.

Permanently reauthorizes pediatric drug laws
 ■ PREA and BPCA reauthorized without sunset

Requires earlier and better pediatric study planning
 ■ Drug companies must submit pediatric study plans at the end of Phase II trials in adults
 ■ The FDA and drug companies must meet to discuss pediatric studies
 ■ The FDA must publish, within 1 year, a proposed rule detailing the pediatric study planning process

Adds new enforcement tools
 ■ The FDA must issue public non-compliance letters to companies that do not fulfill PREA requirements
 ■ Allows companies to request an extension for good cause if PREA studies are delayed

Increases focus on neonatal drug studies
 ■ Requires all written requests to include studies in neonates or to outline reasons for not doing so
 ■ Requires that a neonatologist sit on the FDA’s internal Pediatric Review Committee
 ■ Requires the FDA to hire a neonatologist to assist the agency in neonatal application of BPCA and PREA

Increases transparency
 ■ Requires the FDA to release data reviews of BPCA studies submitted between 2002 and 2007 that have never 
been made publicly available

Improves accountability
 ■ Requires PeRC review of deferral extension requests
 ■ Requires the FDA to publish a publicly available report on BPCA and PREA every 5 years

Other improvements
 ■ Extends the mandatory reporting of adverse events period from 1 year to 18 months
 ■ Renews the authorization of appropriations for the NIH BPCA program for 5 years at US$25 million per year
 ■ Requires the FDA to hold a public meeting on accelerating development of therapies for pediatric rare 
diseases and develop a strategic plan

BPCA: Best Pharmaceuticals for Children Act; PeRC: Pediatric Review Committee; PREA: Pediatric Research Equity Act.
Adapted from [109].
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facilitate collaboration among the NIH, academia, 
and industry and to develop a comprehensive pro-
gram in pediatric clinical/developmental pharmacol-
ogy. The Pediatric Pharmacology Research Unit con-
ducted over 250 studies and contributed to labeling 
changes for 23 different therapeutic agents [113]; 

 ■ The Pediatric Trials Network (PTN), which was initi-
ated in 2010 by the NICHD as the primary avenue for 
study of off-patent agents after a written request has 
been declined. Although still in its infancy, the PTN 
currently has 30 molecules under active study and 
includes a network of 60 participating sites across the 
USA. The PTN has initiated study of 16 off-patent 
agents currently listed on the BPCA priority list [114].

In addition to infrastructure improvements in the 
USA, BPCA and PREA regulations have contributed to 
an increased global emphasis on pediatric drug study. In 
2006, the European Parliament followed the US example, 
passing legislation requiring pediatric-specific study of 
drugs. In response, the European Medicines Agency has 
developed ‘pediatric investigation plans’ [115]. Likewise, in 
2007, the WHO initiated its ‘Make Medicines Child Size’ 
program [116]. Globally, pediatric-based practitioners have 
been inspired by the increased commitment to pediatric 
drug study. An example is the Standards for Research in 
Child Health Initiative – a global initiative supported 
by the FDA, the European Medicines Agency and the 
WHO, that aims to “improve the quality of design, 
conduct, and reporting of pediatric clinical research by 

Off-patient drugs/biologics On-patient drugs/biologics New drugs/biologics

Sponsor can request
that studies be conducted
under BPCA as well and
be eligible for pediatric

exclusivity

Sponsor can request a
waiver if the drug is felt to

be ineffective or
unsafe in children

FDA determines whether to issue a written request and what to include

Sponsor receives written request
and has 30 days to accept

Sponsor conducts required 
studies and submits data 

to FDA for review

Pediatric Review Committee
provides recommendations 

to FDA

FDA can decide to refer the
request to FNIH‡ to consider 

funding the studies

FDA determines whether to 
approve the application

and grant pediatric
exclusivity. FDA and sponsor 

reach agreement on labeling changes

Sponsor declines
written request Sponsor accepts

written request

Process can be initiated by 
either NIH or sponsor

Studies are required 
for all new drugs or

biologics†

NIH works with pediatric
experts and US FDA to

develop a list of therapeutic
needs

Figure 2. Process for study of drugs or biologics under Best Pharmaceuticals for Children Act and Pediatric Research Equity Act. 
†New drugs/biologics have: new active ingredients; new indications; new dosage forms; new dosing regimens; or new reoutes of 
administration. 
‡FNIH is an independent, nonprofit corporation. The majority of funds that the FNIH receives are from the private sector. The FNIH 
has partially funded two prior studies, but has not funded any studies since 2007. More recently, a study of most ‘on-patent’ agents 
has been picked up by the Pediatric Trials Network. 
BPCA: Best Pharmaceuticals for Children Act; FNIH: Foundation for the National Institutes of Health.
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promoting the use of modern research standards” [17]. 
There have also been global infrastructure gains. In an 
analysis of published trials completed under the pediatric 
exclusivity provision between 1998 and 2007, trials were 
conducted in over 50 different countries, including more 
than a third with sites in developing nations [18]. While 
there certainly are ethical and quality concerns related to 
the globalization of pediatric research, it is likely that such 
a global investment in pediatric trial infrastructure will 
improve the ability to conduct future trials. 

Critiques 
 ■ Cost

While few would debate the importance of investing in 
pediatric trials, the public cost of pediatric exclusivity has 
been criticized. Six months of patent extension can result 
in tremendous economic gain for pharmaceutical compa-
nies when the patent extension is for a ‘blockbuster drug’ 
(defined as a drug with annual sales exceeding $1 billion). 
For example, a public watchdog group estimated that the 
added revenue for 6 months of patent extension for Prilo-
sec® would exceed $1.4 billion [105]. This cost is passed on 
to the general public as these drugs will not be available 
in generic form until the patent extension expires. In a 
cost ana lysis of 14 drugs granted pediatric exclusivity in 
three blockbuster drug classes – ACE inhibitors, statins, 
and serotonin selective reuptake inhibitors – extrapo-
lated cost to the US Medicaid program was estimated at 
$340 million for the 6 months of patent extension [19]. 

It should be noted that there is an upfront cost for 
study sponsors with no guarantee of a positive profit mar-
gin. In an analysis of drugs across nine different pediatric 
subspecialty areas, the median cost per written request 
for studies performed under the pediatric exclusivity 
program was $12.3 million (range: $5.1–43.8 million). 
When accounting for economic returns resulting from 
patent extension (8/9 drugs studied received patent 
extensions), the median net benefit was $134.3 million 
(range: -$8.9–507.9 million), and the net benefit/cost 
ratio ranged widely from -0.68 to 73.63 [20]. By chance, 
this ana lysis was atypically weighted towards blockbuster 
drugs, which represented five of the nine drugs studied. 
Nonetheless, these data highlight the variability in both 
cost and benefit, and also demonstrate that there may 
be some risk to pharmaceutical companies of a negative 
profit margin for the study of less economically viable 
products. However, it is also important to recognize that 
80% of written requests issued by the FDA have been 
sponsor-initiated. While the FDA must first determine 
if there is a need to study these drugs in the pediatric 
population, sponsors obviously prefer to study drugs 
with the greatest potential financial gain. Consequently, 
‘blockbuster drugs’ may have been disproportionately 
represented, at least in the early years of the program. 
An analysis of trials conducted between 2002 and 2004 
under the pediatric exclusivity program noted that 13/59 
(22%) products studied were ‘blockbuster’ drugs [20]. 

Although the financial benefit to pharmaceutical com-
panies has been significant, it is also important to consider 
the overall cost benefit of improved pediatric drug dosing 
and safety. Cost savings to the health care system solely 
from a modest 2% reduction in adverse events for children 
have been estimated to be in the range of $152–708 mil-
lion annually, based on the overall annual cost of adverse 
events and the incidence of adverse events in children [5]. 
To further quantify these gains for Congress, the FDA 
examined hospitalization rates for five serious illnesses 
(asthma, HIV/AIDS, cancer, pneumonia and kidney 
infections) and found significantly higher rates for chil-
dren than for middle-aged adults. The agency hypoth-
esized that some of the difference in hospitalization rates 
might be due to fewer informed drug therapies and less 
adequate data on drug dosages in children. The FDA 
calculated that eliminating 25% of these differentials for 
just these five illnesses would lead to direct medical cost 
savings of $228 million annually, and would account for 
approximately a third of the total costs of the exclusivity 
program over the next 20 years, with increased gain likely 
beyond that time frame [108]. Thus, the potential financial 
gain from improved pediatric drug dosing, safety and effi-
cacy is likely significant. The fact that the BPCA program 
received near unanimous congressional support and was 
renewed without sunset in 2012, despite the financial and 

Box 2. Results of studies conducted under Best Pharmaceuticals for 
Children Act and Pediatric Research Equity Act.

Mandated (new drug/biologics applications)
 ■ 134 products studied since BPCA reauthorized in 2007†

 ■ 335 studies conducted since BPCA reauthorized in 2007‡

 ■ 211 pediatric-specific labeling changes§

Incentivized (primarily on-patent drugs/biologics)
 ■ 57 products studied since BPCA reauthorized in 2007†

 ■ 152 studies conducted since BPCA reauthorized in 2007‡

 ■ 253 pediatric-specific labeling changes§

Prioritized (primarily off-patent drugs/biologics)
 ■ 17 off-patent products referred to NIH for study¶

 ■ 5 studies with results submitted to NIH for review¶

 ■ 0 labeling changes¶

The US FDA has been required to track products studied and studies conducted since BPCA 
was reauthorized in September 2007. A total of 30 products, 82 studies and 59 labeling 
changes were conducted under both Pediatric Research Equity Act and BPCA and were thus 
mandated and incentivized. 
†Data taken from [119].
‡Data taken from [120].
§Data taken from [121].
¶A 2012 Institute of Medicine Report [4].

BPCA: Best Pharmaceuticals for Children Act.
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political climate, highlights the major importance of drug 
and device development for child health and suggests that 
there is broad agreement among stakeholders that the 
long-term financial and public health benefits outweigh 
the associated costs. 

 ■ Misaligned objectives
Another criticism of the BPCA program is that label-
ing changes are not the best means to improve safety 
and effectiveness of drug therapy. Physicians often do 
not use the drug label, typically preferring prescriber 
drug references including the Harriet Lane Handbook 
or Neofax. Neither of these resources indicate when 
dosing is recommended for off-label indications or age 
groups. In a limited analysis for an Institute of Medicine 
report, these prescribing resources often did not include 
the latest labeling information [4]. 

Furthermore, there is an evident discrepancy between 
labeling changes and actual need within the field. This 
is because study is only mandated for new ingredients, 
indications, regimens, or routes of administration and 
because there is only financial incentive to study on-
patent drugs. Consequently, only one study sponsor has 
ever accepted an FDA-issued written request to study an 
off-patent drug; therefore, some of the most commonly 
prescribed pediatric drugs are neglected. As an example, 
in 1994 when the pediatric rule was first proposed by 
the FDA, ten drugs were identified as the most com-
monly prescribed off-label pediatric medications [108]. 
Four of those ten drugs – clotrimazole/betamethasone, 
fluoxetine, cromolyn sodium, and sertraline – remained 
on-patent, and all four were quickly studied following 
passage of the exclusivity provision. By the time of the 
FDA’s first status report to Congress in 2001, all four 
had been granted patent extension [108]. The remain-
ing six drugs were all off-patent – ampicillin, albuterol 
(for use in ages <2 years), antipyrine/benzocaine otic, 
promethazine, methylphenidate, and metaproterenol 
sulfate. To date, only methylphenidate has received 
a labeling change, and this was accomplished via an 
application for a new dosing regimen for an extended-
release capsule [117]. Therefore, the sponsor qualified for 
patent extension. In a 2010 analysis, the Government 
Accountability Office reported that 17 off-patent writ-
ten requests had been declined by sponsors and therefore 
referred to the NIH for further study. The NIH has 
funded studies of 11 of these agents, but at the time of 
the 2010 review, none of the studies had yet satisfied the 
requirements of their written request, and to date none 
of these studies has resulted in a labeling change [104,117]. 

The reasons behind this limited ability to study off-
label therapeutics are primarily financial. The annual 
budget for the NICHD was $1.1 billion when Prilosec® 
received its patent extension, resulting in an estimated 

$1.4 billion in additional profits to AstraZeneca. Con-
sidering the financial implications, it is clear that under 
the current system, on-patent agents, and particularly 
more profitable agents, will be prioritized by study spon-
sors. As an example, of the 192 drugs listed on the FDA 
website as having received pediatric exclusivity through 
July 2012, 20 (10%) are antihypertensive agents includ-
ing six different ACE inhibitors and four different angio-
tensin receptor blockers. Many of these agents are rarely 
prescribed by pediatric providers. Meanwhile, three 
commonly prescribed off-patent antihypertensive agents 
– sodium nitroprusside, furosemide and spironolactone 
– were included on the initial BPCA priority list in 2003, 
and a fourth agent, hydrochlorothiazide, was added with 
the first update in 2009. None of these off-patent agents 
have received labeling changes. In the interim, other 
drugs that have received pediatric exclusivity include 
eight cholesterol-lowering agents (including six different 
statins), six anti-reflux agents (including four different 
proton pump inhibitors), and four different antidepres-
sants (three serotonin selective reuptake inhibitors and a 
serotonin–norepinephrine reuptake inhibitor) [118]. 

 ■ No allocated funding for off-label drugs
In the absence of a financial incentive to study off-patent 
agents, it is clear that funds must be allocated or pri-
vately raised. In 2002, with passage of BPCA, Congress 
authorized appropriation of $200 million for the fiscal 
year dedicated to the Program for Pediatric Studies of 
Drugs and for “such sums as are necessary for the five 
succeeding fiscal years” [102]. In essence, this was the 
monetary estimate that they felt would be necessary to 
study off-patent agents (for which the Program for Pedi-
atric Studies of Drugs was designed). These funds were 
initially to be raised by the ‘Foundation for the National 
Institutes of Health,’ a private, not-for-profit foundation 
established by Congress [102,104]. However, the founda-
tion has not provided funds for study of any off-patent 
agent, and they are no longer tasked with raising funds 
related to BPCA. In fact, no funds have ever actually 
been allocated by Congress for the BPCA program, and 
instead the funds must be provided from the internal 
NIH budget, therefore decreasing the pool of money 
available for study in other pediatric initiatives.

 ■ Limited neonatal studies
Another criticism of pediatric studies conducted under 
BPCA and PREA is a relative lack of neonatal trials 
[21]. By the end of 2011, only 6% of labeling changes 
enacted under BPCA applied to neonates [4]. Neonates 
(age <28 days) are the most neglected of all pediatric sub-
populations, and by some estimates over 90% of medica-
tions are used off-label in this group [4]. The 2007 BPCA 
reauthorization included language to encourage neonatal 
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study and required a subsequent review of neonatal stud-
ies [101]. Of 37 written requests issued after 2007, only 
one required a neonatal study while three requested neo-
natal studies but gave the sponsors the option of exclud-
ing neonates. Since 2007, only eight drugs with written 
requests issued prior to 2007 have received neonatal-
specific labeling changes, and of these, only two have 
been for new drug applications [104]. 

There are several reasons for the relative paucity of 
studies in neonates. New drug studies are often not 
required by the PREA mandate because the require-
ments apply only to the specific indication included in the 
application, and this indication typically applies to adults 
and/or older children. Similarly, the incentive structure 
has also been less successful in neonates. This is because 
pediatric exclusivity is often granted after study of the 
drug in children ages >1 month. Once exclusivity has 
been granted, there is no remaining incentive for spon-
sors to go back and conduct neonatal trials. In addition, 
the FDA has sometimes agreed to waive neonatal study 
requirements because there have been safety or ethical 
concerns with conducting these studies. 

There are, in fact, unique challenges to clinical trials in 
neonates. These include scientific challenges relating to: 

 ■ The novel diseases and physiology of neonates; 

 ■ The heterogeneity of diseases and drug responses 
between neonates of differing gestational ages; 

 ■ The need for long-term and therefore costly follow up 
to assess drug effects on neurodevelopment; 

 ■ Limited availability of blood for sampling. 

There are also unique ethical challenges. For example, 
balancing risk and benefit is complicated in an extremely 
premature neonate for whom any form of unnecessary 
intervention could be construed as harmful. In addi-
tion, there may be ethical concerns with obtaining 
informed consent and enrolling neonates in clinical tri-
als as parents are under duress with limited time between 
presentation and initiation of drug therapy [21,22]. 

These ethical and scientific challenges have historically 
limited neonatal clinical trials and serve as a major barrier 
to improved drug study. However, important stakehold-
ers now recognize that it is also unethical to practice 
neonatal medicine without adequate data on drug safety 
or efficacy. In an open letter to US senators in April 
2012, the American Pediatric Association, American 
Pediatric Society, Association of Medical School Pedi-
atric Department Chairs, and the Society for Pediatric 
Research all strongly encouraged regulatory provisions to 
advance neonatal drug studies in the 2012 BPCA/PREA 
reauthorization. In the same letter, they recommended 
that a neonatologist be permanently added to the FDA 
Office of Pediatric Therapeutics [107]. These changes were 

recently incorporated into the 2012 reauthorization, but 
it remains to be seen if they will help circumvent some of 
the unique challenges inherent to neonatal clinical trials.

 ■ Lack of publication
Publication of trial results ensures transparency and is 
also the most effective mechanism for dissemination of 
information to the greater pediatric community. While 
publication is the traditional benchmark for trial comple-
tion in academic circles, it is not a critical performance 
end point for industry. This may explain why relatively 
few trials conducted for pediatric exclusivity have been 
published in peer-reviewed journals. In an ana lysis of 
trials conducted between 1998 and 2004, only 44% were 
ultimately published, including only 33/100 trials that 
resulted in an important labeling change. This practice 
has been challenged as ethically unacceptable [23]. 

Conclusion
Since the 1990s, there has been an increasing awareness 
of the public health consequences of inadequate pediat-
ric drug study. Regulatory changes have attempted to 
address these concerns by providing incentives as well as 
mandates to increase study and to improve labeling of 
agents for use in neonates, children and adolescents. By 
all accounts, these efforts have been enormously success-
ful at stimulating pediatric research. Industry has injected 
much needed capital into pediatric trials, and, as a result, 
>400 labeling changes have been made. Undoubtedly, 
these efforts will improve the safety of pediatric medicine. 
However, the ‘financial windfall’ for industry remains a 
significant criticism. This financial gain comes largely 
at the expense of the US taxpayer. While the public 
health cost will ultimately be offset by savings as a result 
of improved pediatric drug dosing, safety and efficacy, 
many feel that industry should not be the ultimate finan-
cial benefactor. Furthermore, the money invested could 
potentially have achieved greater net-benefit, particu-
larly in the realm of off-patent drugs, which are some of 
the most frequently prescribed pediatric drugs and yet 
remain vastly understudied. Nonetheless, after decades 
of relatively futile efforts to improve pediatric labeling, 
there have finally been substantive gains. 

Future perspective
After decades of relative stagnation, it is clear that 
legislation is an effective means to stimulate change. 
Industry has responded to legislative mandates and 
incentives, and the resultant investment has led to 
greater progress than at any other time in the history 
of pediatric drug research. Early legislative shortfalls 
have been addressed during the reauthorization process, 
and the FDA and Congress have continually refined 
their efforts to appropriately stimulate pediatric drug 
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study. These refinements have been important and have 
resulted in critical improvements, including develop-
ment of the priority list, establishment of branches at 
the NIH and FDA, and a renewed interest in training a 
future generation of clinical pharmacologists. However, 
pediatric drug study remains limited relative to that 
seen in adults. For example, there is no mechanism or 
incentive to encourage new drug development specifi-
cally for childhood diseases. Instead pediatric providers 
must continue to rely on ‘trickle down’ from the adult 
armamentarium.

Now that the 2012 BPCA reauthorization has been 
approved without sunset, there is no longer an auto-
matic timeline for future refinements. Therefore, the 
onus will fall on the pediatric community to ensure 

continued procedural improvements to optimize align-
ment of investment and objectives. To this end, pedi-
atric specialists should be included in key decision-
making roles (e.g., at the FDA and NIH) and should 
have input into trial design, objectives, interpretation 
of results, and decisions regarding labeling. The most 
important future priority should be to improve study 
of off-patent agents. To this end, the incentive struc-
ture is limited, and, despite greater need, off-patent 
drug study has been relatively neglected. Recent efforts 
by the NIH are encouraging – particularly investment 
in infrastructure such as trial networks (e.g., Pediat-
ric Trials Network) devoted to pediatric drug/device 
study. It is important to capitalize on these infrastruc-
ture gains but, more importantly, to encourage further 

Executive summary

Off-label drug use in children
 ■ Historically, approximately 80% of drugs have not been labeled for use in children.
 ■ There are numerous examples of serious adverse events as a result of drugs used to treat children without prior study of dosing, 
safety or efficacy.

 ■ Despite widespread recognition of this problem, prior to the 1990s there had been little improvement in pediatric drug labeling 
in over two decades.

Major regulatory changes mandating or incentivizing pediatric study
 ■ US FDA Modernization Act (1997) – Introduced ‘pediatric exclusivity’ providing a potential 6-month patent extension for studies 
in response to an FDA-issued written request.

 ■ Best Pharmaceuticals for Children Act (2002) – Reauthorized pediatric exclusivity and initiated a process for study of off-patent 
agents, including development of a priority list.

 ■ Pediatric Research Equity Act (2003) – Mandates pediatric-specific study of all New Drug Applications, including submissions for 
new ingredients, new indications, new dosage forms, new regimens and new routes of administration.

The current process for pediatric drug study
 ■ On-patent agents – The FDA issues a written request and, if sponsor accepts and completes the required studies, then it can 
qualify for pediatric exclusivity.

 ■ Off-patent agents – Rarely studied by the sponsor as there is no financial incentive and therefore typically referred to the NIH 
(National Institute of Child Health and Human Development) to initiate study.

 ■ New Drug Applications – Pediatric Research Equity Act regulations require pediatric study for the specific drug indication 
included in the application.

Major successes over the past 15 years as a direct result of regulatory changes
 ■ Over 700 clinical trials conducted in children.
 ■ Over 400 pediatric-specific labeling changes that have improved dosing, enhanced safety, extended age indications or included 
information on efficacy.

 ■ Intellectual gains, including improvements in pediatric trial design and conduct, as well training of clinical pharmacologists with 
pediatric expertise.

 ■ Infrastructure gains including establishment of the FDA Office of Pediatric Therapeutics and the Obstetric and Pediatric 
Pharmacology Branch at the NIH.

 ■ Trial networks (e.g., Pediatric Trials Network) developed to study off-patent drugs.

Critiques 
 ■ Patent extension is a ‘financial windfall’ for drug companies. 
 ■ On-patent agents have been disproportionately prioritized with less study of important off-label agents.
 ■ Although neonates are perhaps the most vulnerable pediatric population, only 6% of all labeling changes have included neonatal 
information.

Future perspective
 ■ Regulatory changes have improved safety and labeling of pediatric therapeutics; however, the process can be refined to achieve 
a better cost–benefit margin.
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investment in pediatric research. Billions of industry 
dollars were required to stimulate the >400 labeling 
changes for on-patent agents. A similar investment 
will be needed to encourage similar gains for off-label 
therapeutics. 
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