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Preface

Children, in general, are healthier than their adult counterparts, particularly as
adults reach the fifth decade of life and beyond. However, children do have multiple
acute illnesses each year, and a substantial number of children, often estimated to be 20
percent or more, are burdened with chronic health disorders, some of them disabling or
life threatening. Medical attention, including evidence-based prescription of drugs or
biologics, is vital for their well-being.

In addition, children constitute a smaller percentage of the United States
population than adults, so drugs are often designed for adults and initially tested and
approved for use in adult populations. Clinicians, however, often begin to use these
drugs—as is legal—with children without guidance from well-controlled clinical studies.
Over time it has become apparent that pharmacologically, as well as in many other ways,
children are not “small adults.” In the 1980s and 1990s, policy makers, pediatricians, and
others increasingly recognized the need to study the efficacy and safety of drugs in
children. Key responses to that recognition—different policies that incentivize or require
studies of drugs in children—are the focus of this report. The Best Pharmaceuticals for
Children Act (BPCA) provides incentives for drug studies in children, and the Pediatric
Research Equity Act (PREA) requires such studies in certain situations. Since the late
1990s, these policies (and their predecessors) have improved the availability of reliable
information, which should, in turn, improve the appropriate use of therapeutic agents for
children in clinical practice.

This Institute of Medicine (IOM) report, which was called for by Congress,
documents improvements in the availability of evidence about the safety and efficacy of
drugs in children following the adoption of these policies and their implementation by the
Food and Drug Administration (FDA). It reflects the work of an IOM committee,
representing a wide range of relevant expertise that worked diligently for more than a
year to collect data on pediatric studies conducted under BPCA and PREA and to assess
those data. The members of the committee engaged in lively debates and, in the end,
came to conclusions that we believe will contribute to understanding and improving these
policies and the pediatric studies prompted by them. For much of its work, the committee
primarily relied on documents that were either posted on the FDA website (mostly
documents issued after September 27, 2007) or supplied over a period of months by FDA
after redaction (mostly documents issued earlier, before Congress required that they be
made public).



Committee members poured through hundreds of pages of written requests and
FDA clinical and other reviews to extract pertinent information. Thus, unlike many IOM
committees, members both created and analyzed the data necessary to reach important
conclusions. Also, unlike many other IOM committees, our committee was not asked to
make recommendations, with one exception related to recently enacted policies to
provide incentives for pediatric studies of biologics. The report was therefore constructed
to transmit the conclusions of the committee’s assessments of studies under BPCA and
PREA, as well as conclusions from these assessments that might form the basis for future
steps by FDA and Congress to build on the strengths and correct some of the
shortcomings of these policies or their application.

The committee assessed the data from a spectrum of perspectives: pediatric,
psychiatric, pharmacologic, ethical, legal, health policy, and consumer. The committee
was assisted in this effort by a number of consultants and contributors to the task of
assembling data for this review and sharing fresh insights. Importantly, the committee
would like to recognize and express appreciation for the tireless leadership of our
committee study director, Marilyn Field, and for the contributions of her staff colleagues,
Claire Giammaria and Robin Parsell. It was their efforts that allowed the committee to
evaluate and come to conclusions based on an enormous array of data. Above all, the
committee hopes that its efforts will encourage ongoing scientifically and ethically sound
study of drugs and biologics, particularly for children who are not yet advantaged by
therapies demonstrated to be safe and effective for their medical conditions.

Thomas F. Boat, Chair
Committee on Pediatric Studies Conducted Under BPCA and PREA
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Summary

ABSTRACT

Beginning in the 1990s and continuing into 2010, the federal government has
acted to increase the study of drugs in children and thereby reduce a serious deficit in the
data on drug safety and efficacy for young patients. One step was to offer economic
incentives for the conduct of pediatric studies. A second step was to require such studies
in specific situations. These policies—in their current form, the Best Pharmaceuticals for
Children Act (BPCA; which provides the incentives) and the Pediatric Research Equity
Act (PREA; which provides the requirements)—seek to expand the information available
to clinicians who prescribe medications to children and, as a consequence, to improve
clinical care and health outcomes for children of all ages.

Consistent with legislative provisions adopted in 2007 and 2010, the Food and
Drug Administration (FDA) asked the Institute of Medicine (IOM) to examine pediatric
studies requested under BPCA (or its predecessor policies) or required under PREA (or
its predecessor policies) and to consider the incentives for pediatric studies of biologics.
A committee appointed by the IOM reviewed and assessed a representative sample of
labeling changes and other FDA actions related to requested or required studies for the
period from July 1, 1998, through December 31, 2010. The assessments covered the use
of extrapolation and alternative endpoints for pediatric populations, neonatal
assessments, ethical issues, and safety findings. The committee also examined the status
of the incentives for pediatric studies of biologics created by the Biologics Price
Competition and Innovation Act of 2009 (passed in 2010) and sought to identify and
assess the importance of biological products that are not being tested for pediatric use.
In the course of preparing its report, the committee reached several broad conclusions:

o Pediatric studies conducted under BPCA and PREA are yielding important
information to guide clinical care for children. Information from pediatric studies
sometimes supports and sometimes runs counter to expectations about the efficacy,
safety, and pharmacokinetics of a drug in children of different ages.

o  Some studies requested under BPCA or required under PREA do not achieve
their full potential. Reasons vary and may include the inability of sponsors to recruit
sufficient numbers of children, the use of weak study designs and underpowered samples,
the lack of dose-ranging studies to guide efficacy trials, and the omission of relevant
study information from labeling. FDA has taken steps to address many of these problems.
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o More timely planning, initiation, and completion of pediatric studies would
benefit children. European requirements for the submission of plans for pediatric studies
apply at a stage of drug development that may be somewhat premature, whereas U.S.
requirements apply later than may be warranted. Delays in sponsor completion of
required studies also warrant further attention.

e Pediatric drug studies remain particularly limited in certain areas, including
the use of medications with neonates and the long-term safety and effectiveness of drugs
for all pediatric age groups. The frequent lack of information about the long-term safety
of drugs used with children is a special worry—both for drugs that may be used for
decades for chronic conditions and for drugs for which short-term use may have adverse
consequences on a child’s development months or years later. Many drugs commonly
used with premature and sick neonates are older drugs that have not been adequately
evaluated in studies with this vulnerable age group.

o (Congress has significantly expanded public access to information from recent
pediatric studies conducted under BPCA and PREA and has thereby enhanced the value
of these studies. Limitations still exist, however, particularly for products with PREA-
related labeling changes that occurred prior to September 2007.

o The reauthorization processes for BPCA and PREA have improved policies
promulgated under both acts, but frequent reauthorizations create uncertainties for
industry and FDA.

o Pediatric studies of biologics conducted under PREA have generated valuable
information. The 2010 expansion of BPCA to cover biologics has potential to expand
knowledge further, but it is too early to assess its effects. Almost 90 percent of biologics
that the committee investigated have been the subject of some study with children. Of the
dozen biologics that have not been studied with children, most were approved for
indications that are not diagnosed or very rarely diagnosed in children. Given the
applicability to biologics of long-standing policies such as the 1984 Orphan Drug Act
and PREA and given the range of existing pediatric research on many biologics, the
incentives of BPCA may have a valuable but more modest effect in encouraging studies of
biologics than they did for small-molecule drugs.

The committee was not asked to make recommendations except with respect to

pediatric studies of biologics. This report does, however, offer suggestions and options
for Congress and FDA to

e expand public access to information from pediatric studies conducted under
BPCA and PREA;

e improve the timeliness of certain pediatric studies;

o strengthen pediatric studies requested under BPCA or required under PREA;

e address areas of limited pediatric investigation under BPCA and PREA;
including neonatal studies and long-term safety studies,

e increase the clarity and understanding of FDA judgments about pediatric
studies; and

e continue to encourage pediatric studies of biologics.



SUMMARY S-3

In the late 1990s, the federal government took steps to increase the study of drugs
in children and thereby reduce a serious deficit in the data on drug safety and efficacy for
young patients. One step was to offer economic incentives for the conduct of requested
pediatric studies. Another was to require such studies in specific situations. The
objectives were to expand the information available to clinicians who prescribe
medications to children and, as a consequence, to improve clinical care and health
outcomes for children. These policies—in their current form, the Best Pharmaceuticals
for Children Act (BPCA; which provides the incentives) and the Pediatric Research
Equity Act (PREA; which provides the requirements)—are the focus of this report from a
committee of the Institute of Medicine (IOM).

BPCA and PREA are implemented by the Food and Drug Administration (FDA),
which must approve drugs before they can be legally marketed in the United States.
Drugs that have been approved and labeled on the basis of studies only with adults may
be legally prescribed for children as part of the practice of medicine. For clinicians who
prescribe drugs for children, evidence from pediatric studies is critical

e to understand age- and development-related variations in the way that the
body affects a drug (i.e., the drug’s pharmacokinetics, including absorption, distribution,
metabolism, and excretion) and in the way that a drug affects the body (i.e., its
pharmacodynamics);

e to develop evidence about age- and development-related variations in a drug’s
short- and long-term efficacy and safety; and

e to evaluate, when necessary, a developmentally suitable formulation of a drug
(e.g., an oral solution for toddlers who cannot swallow tablets).

The results of drug studies with children may differ from the results of studies
with adults, revealing, for example, a different profile of adverse events. Studies may also
guide dosing adjustments that are often more complicated than simply scaling down
doses recommended for adults on the basis of a child’s age or weight.

The shortage of pediatric drug studies that prompted passage of BPCA and PREA
(and their predecessor policies) can be traced to many factors—in particular, the fact that
children constitute a small market for medications compared with the market constituted
by adults. Moreover, pediatric drug studies are often challenging. Study strategies used
with adults may require adaptations to accommodate both the small numbers of potential
child research participants and the developmental differences between children and
adults. If a product is already approved for marketing to adults and thus available for off-
label use, study sponsors may find that clinicians and parents are reluctant to enroll a
child in a trial, especially a placebo-controlled trial. In addition, studies must follow
federal rules that limit the participation of children in certain types of studies that are
considered ethical for adults.

Both BPCA and PREA use the term pediatric, but neither the statute nor
implementing regulations define the age range to which it applies. FDA definitions vary,
but, in general, the pediatric population consists of children from birth up to 16 or 17
years of age. When requesting or requiring pediatric studies, FDA typically tailors the



S-4 SAFE AND EFFECTIVE MEDINES FOR CHILDREN

specification of included age groups to the characteristics of the condition and drug to be
studied.

STUDY ORIGINS AND FOCUS

Consistent with provisions of the 2007 law reauthorizing BPCA and PREA and
with provisions of the Biologics Price Competition and Innovation Act (BPCIA) enacted
in 2010, FDA asked the IOM to examine pediatric studies requested under BPCA or
required under PREA. The tasks for the committee appointed by the IOM were:

1. Review and assess a representative sample of written requests issued by the
Secretary [of the U.S. Department of Health and Human Services] and studies conducted
under BPCA since 1997, and labeling changes made as a result of such studies.

2. Review and assess a representative sample of studies conducted since 1997
under PREA or precursor regulations, and labeling changes made as a result of such
studies.

3. Using a representative sample of written requests issued by the Secretary and
studies conducted under BPCA since 1997 and studies conducted since 1997 under
PREA or precursor regulations, review and assess (a) the use of extrapolation for
pediatric subpopulations; (b) the use of alternative endpoints for pediatric populations; (c)
neonatal assessment tools; and (d) ethical issues in pediatric clinical trials.

4. Using a representative sample of studies conducted since 1997 under PREA or
precursor regulations, review and assess the number and type of pediatric adverse events.

5. Review and assess the number and importance of biological products for
children that are being tested as a result of the amendments made by the Biologics Price
Competition and Innovation Act of 2009 [passed in 2010] and the importance for
children, health care providers, parents, and others of labeling changes made as a result of
such testing.

6. Review and assess the number, importance, and prioritization of any biological
products that are not being tested for pediatric use.

7. Offer recommendations for ensuring pediatric testing of biological products,
including consideration of any incentives, such as those provided under section 505A of
the Federal Food, Drug, and Cosmetic Act or section 351(m) of the Public Health Service
Act.

Because BPCA did not take effect until July 1, 1998, and because documents
associated with drug approvals are not immediately made public by FDA, the
committee’s sample of written requests and other documents and actions covered the
period from July 1, 1998, to December 31, 2010. For this period, FDA supplied a master
list of labeling changes categorized by major therapeutic area and policy origin (BPCA,
PREA, or their predecessor policies). From this list, the committee selected a sample of
46 FDA actions (for 44 distinct products) representing these therapeutic and policy
categories. The committee excluded vaccines (which are subject to additional public
oversight and needs assessments) and contraceptives (which are routinely approved
without new pediatric studies). With these exclusions, the universe included
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approximately 380 labeling changes. The committee also reviewed additional FDA
actions involving written requests, studies with neonates, and, to the extent possible,
required pediatric studies of biologics.

FDA’s list of labeling changes excludes some labeling changes for biologics
(including vaccines) that were approved before September 27, 2007, and FDA was
unable to supply the missing information. Therefore, the committee’s sample
underrepresents biologics to an unknown degree.

For product approvals issued before September 2007, Congress has not required
that relevant documents be made public. FDA did, however, agree to provide such
documents for selected products after redaction of confidential information. Because the
documents that companies submit to FDA are not public, the committee’s assessments
relied primarily on FDA staff reviews of these materials.

This report profiles the results of the committee’s analyses of requests,
requirements, studies, and labeling changes associated with BPCA and PREA. In the
course of preparing the report, the committee reached several broad conclusions.

o Pediatric studies conducted under BPCA and PREA are yielding important
information to guide clinical care for children. The yield varies by medical condition,
type of product, and age group. Information from pediatric studies sometimes supports
and sometimes runs counter to expectations about the efficacy, safety, and
pharmacokinetics of a drug in children of different ages.

o Some studies requested under BPCA or required under PREA do not achieve
their full potential. Reasons vary and may include the inability of sponsors to recruit
sufficient numbers of children, the use of weak study designs and underpowered samples,
the lack of dose-ranging studies to guide efficacy trials, and the omission of relevant
study information from labeling. FDA has taken steps to address many of these problems.

e More timely planning, initiation, and completion of pediatric studies would
benefit children. European requirements for the submission of plans for pediatric studies
apply at a stage of drug development that may be somewhat premature, whereas U.S.
requirements apply later than is needed for access to safety and efficacy data from adult
studies that are sufficient to support the planning and initiation of pediatric studies.
Delays in sponsor completion of studies required under PREA also warrant further
attention.

o Pediatric drug studies remain particularly limited in certain areas, including
the use of medications with neonates and the long-term safety and effectiveness of
medications used for all pediatric age groups. The lack of information about the long-
term safety of drugs prescribed for children is a special worry—both for drugs that may
be used for decades for chronic conditions and for drugs for which short-term use may
have adverse consequences on a child’s development months or years later. Many drugs
commonly used with premature and sick neonates are older drugs that have not been
adequately evaluated in this vulnerable age group.

o Congress has significantly expanded public access to information from recent
pediatric studies conducted under BPCA and PREA and has thereby enhanced the value
of these studies. Limitations still exist, however, particularly for older pediatric studies
and labeling changes.
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o The reauthorization processes for BPCA and PREA have improved policies
promulgated under both acts, but frequent reauthorizations create uncertainties for
industry and FDA. Since 1997, Congress has strengthened the application of pediatric
expertise to studies conducted under BPCA and PREA, has directed that information
from pediatric studies be added to product labeling in most cases, and has required a
follow-up assessment of adverse event reports for the first year following a labeling
change. Nonetheless, the frequent reauthorizations of the two acts—every 5 years—
create uncertainties for companies, given the typically long lead time required to plan and
conduct studies.

e Requirements for pediatric studies of biologics conducted under PREA have
generated valuable information. The 2010 expansion of BPCA to cover biologics has
potential to expand knowledge further, but it is too early to assess its effects. Almost 90
percent of biologics that the committee investigated have been the subject of some study
with children.' Of the dozen biologics that have not been studied with children, most
were approved for conditions that are not diagnosed or very rarely diagnosed in children.
Given the applicability of long-standing policies such as the 1984 Orphan Drug Act and
PREA and given the range of existing pediatric research on many biologics, BPCA may
have a valuable but more modest effect in encouraging studies of biologics than was the
case for small-molecule drugs.

Except with respect to recent incentives for pediatric studies of biologics, the
committee was not asked to make recommendations. This report does, however, include
suggestions and options for Congress and FDA in several areas, as discussed below.

POLICIES TO PROMOTE STUDIES OF DRUGS IN CHILDREN

Beginning in the early 1900s with the deaths of children due to unsafe vaccines
and continuing with more deaths due to unsafe anti-infectives in the 1930s and 1950s,
public dismay about harms to children contributed to the passage of federal laws intended
to promote drug safety and efficacy. Ironically, these laws—which range from the
Biologics Control Act of 1902 to the Food, Drug, and Cosmetic (FDC) Act of 1938 and
the 1962 Kefauver-Harris amendments to the FDC Act—did not encourage or direct
studies of medication safety and efficacy in children. Not until 1997 did Congress or
FDA adopt incentives and requirements for such studies.

Best Pharmaceuticals for Children Act

Among other provisions, the Food and Drug Modernization and Accountability
Act of 1997 offered companies pediatric exclusivity—a period of marketing protection
from competitor (generic) drugs—when they undertook pediatric studies of a drug based

' Somewhat simplified, a drug is a substance other than a food or medical device that is intended to affect
the body’s structure or functioning or to diagnose, treat, or prevent disease. A biologic is a drug derived
from human or animal sources or microorganisms. Examples of biologics include vaccines, blood or blood
products, allergens, and recombinant therapeutic proteins (with certain exceptions).
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on a written request from FDA. This exclusivity extends for 6 months beyond any
existing period of marketing protection because of patents or other types of exclusivity.

When granted, pediatric exclusivity applies to all forms of a company’s drug that
contain the same active moiety or ingredient. For a drug with a lucrative market among
adults, this added period of marketing protection is economically significant. Exclusivity
is available when a company meets the terms of FDA’s request, whether or not the results
support pediatric use, because information about a drug’s lack of efficacy or safety is as
important as positive findings.

Pediatric exclusivity is generally not relevant to drugs that have no existing
exclusivity or remaining patent life. Thus, in 2002, Congress directed the National
Institutes of Health (NIH) to create a pediatric drug development program under BPCA
and to set priorities for pediatric studies of off-patent drugs (a task that has since been
expanded to cover pediatric therapeutics broadly). Under this program, NIH has
supported the study of several high-priority off-patent drugs.

Congress reauthorized the exclusivity incentive in 2002 (under the BPCA title)
and again in 2007. BPCA is due for reauthorization in October 2012.

Pediatric Research Equity Act

In 1998, FDA issued regulations generally referred to as the Pediatric Rule.
Except when FDA waived or deferred its application, the rule required that companies
seeking approval of a New Drug Application (NDA) or Biologics License Application
(BLA) include a pediatric assessment of the product if the submission involved a new
active ingredient, indication, drug form, dosing regimen, or route of administration. The
rule went into effect on April 1, 1999. After opponents successfully challenged the rule in
court, Congress codified its key features in the Pediatric Research Equity Act of 2003.
Like BPCA, PREA was reauthorized in 2007 and is next due for reauthorization in 2012.

PREA does not cover drugs designated under the Orphan Drug Act and applies
only to the indications approved for an NDA or BLA. It permits FDA to waive required
studies with some or all pediatric age groups, for example, if studies would be infeasible
because the indication in question does not occur in children or evidence suggests that
pediatric use of the drug would be unsafe. FDA often defers pediatric studies because the
manufacturer has completed studies to support approval for use by adults.

One concern for companies is variation between the United States and Europe in
requirements for pediatric drug studies. Oversimplified, the European Medicines Agency
requires submission of a pediatric study plan early during the clinical investigation of a
drug in adults, whereas the United States requires the plan late in the drug approval
process. Although harmonization of the policies would require action by both Congress
and European authorities, Congress could act independently to require the more timely
submission of pediatric plans in the United States after the completion of Phase Il studies
with adults.

Congress has made PREA and BPCA more consistent in certain respects. It has
expanded public access to information from pediatric studies under both policies. In
addition, an internal committee with pediatric expertise (the Pediatric Review
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Committee) must now review written requests authorized under BPCA and deferrals and
waivers of PREA requirements.

ETHICAL ISSUES IN PEDIATRIC DRUG STUDIES

One broad ethical principle for the conduct of pediatric drug studies is that
children should not be subjected to research that is not necessary to advance knowledge
that is relevant to child health. Another is that children should not participate in studies
that are designed or conducted in ways that predictably undermine the potential of the
research to generate valid and useful information.

In reviewing ethical issues in pediatric clinical trials conducted under BPCA and
PREA, the committee recognized that a number of safeguards are in place to prevent
unethical clinical studies with children. These safeguards include federal regulations and
international standards for research conduct and systems for research review and
monitoring. The safeguards also provide for the application of pediatric expertise
(including expertise in pediatric ethics) to FDA’s activities under BPCA and PREA.

Most clinical reviews that the committee examined included brief comments on
ethics, data integrity, and financial disclosures. Nonetheless, FDA clinical and other
reviews generally do not provide details sufficient for the external assessment of certain
important aspects of research conduct, for example, the adequacy of research protections
at foreign research study sites or the processes for securing parental permission for or
child assent to research participation.

One issue identifiable in the committee’s sample involves placebo-controlled
pediatric trials. Approximately half of the products were studied with a placebo control,
and some of these studies involved conditions (e.g., asthma) for which effective therapies
exist. Such trials do not necessarily present ethical problems, but the committee suggests
that FDA’s written requests and clinical reviews describe the scientific and ethical
rationales for the use of such trial designs.

Another issue is that despite substantial improvements in public access to
information, limitations continue, for example, as a result of the lack of access to reviews
of older studies and the redaction of key sections of clinical reviews. In addition, the lack
of integration of FDA reviews of pediatric (and adult) studies into resources such as
Medline means that these detailed evaluations and analyses may not be identified and
incorporated into evidence-based reviews of clinical therapeutics. Congress could further
improve access by directing FDA to make public reviews for labeling changes approved
before September 2007 and to identify all PREA-related labeling changes for biologics. It
could also request an independent evaluation of the extent and appropriateness of
redactions in FDA reviews of pediatric studies and ask FDA to explore the integration of
clinical and other reviews into databases such as PubMed and ClinicalTrials.gov. To
obtain a better understanding of the dissemination of information, FDA could seek an
analysis of third-party dissemination of labeling information from studies conducted
under BPCA and PREA, including both the speed of dissemination and the accuracy and
completeness of the information as disseminated.

The committee recognized FDA’s limited resources. At the same time, it was
concerned that rationales for ethically and scientifically sensitive decisions be clear and
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that the public have access to information in which sponsors, investigators, research
participants, taxpayers and health insurance premium payers, and FDA staff have already
invested—in different ways—considerable expense or effort.

The task for IOM did not include evaluation of the ethics of pediatric marketing
exclusivity itself, but the committee acknowledges that issues such as intergenerational
justice (e.g., higher costs for drugs used by older adults during the period of marketing
protection) warrant attention. Certainly, it is appropriate that written requests be
accompanied by clear expectations that the requested studies are necessary, soundly
designed and executed, and public in their results.

SAFETY AND EFFICACY IN STUDIES CONDUCTED
UNDER BPCA AND PREA

The IOM was asked to assess the number and type of pediatric adverse events in a
sample of studies conducted under PREA or precursor regulations. FDA defines adverse
events as any “untoward medical occurrence[s] associated with the use of a drug in
humans, whether or not considered drug related.” FDA reviewers provide detailed
assessments of adverse event data that sponsors submit and typically judge a substantial
proportion of reported events to be unrelated to the study drug.

Because adverse events often are not drug related, the IOM committee decided
that it would not be productive to review and assess the number and type of adverse
events in pediatric studies. Instead, the committee focused on clinical reviewers’ more
general and relevant conclusions about a product’s safety signal or profile, such as
whether the safety issues identified in pediatric studies were similar to those found in
adult studies (for products that had been studied in adults) or to those identified for
similar products. Because reviews of safety data are important for studies conducted
under BPCA, the committee’s sample also included such reviews.

Particularly for recent years, the committee found that FDA reviewers were
generally thorough in evaluating adverse events, assessing their significance, and
reaching conclusions about the safety profile of drugs studied with children. Summaries
of conclusions about safety were usually accompanied by discussions of serious drug-
related adverse events and the possible need for changes in the safety elements of a
product’s labeling.

To further improve the completeness, consistency, and clarity of safety
assessments in clinical reviews, the committee suggests that FDA’s Center for Biologics
Evaluation and Research explicitly adopt a template for clinical and other reviews
similar to that used by the Center for Drug Evaluation and Research. Many reviews are
long and detailed; readers benefit from clear summary conclusions about a product’s
efficacy, safety profile, significant adverse events, and risks weighed against benefits.

The 1-year reviews mandated by Congress provide useful opportunities for FDA
to examine safety information after labeling changes based on pediatric studies have been
made and, in some cases, to recommend further analyses or inclusion of additional safety
findings in product labeling. Given the limitations of the short-term studies typically used
to support labeling changes and the limitations of the 1-year reviews, FDA might
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consider more frequent use of its authority to require sponsors to undertake long-term
postmarket, follow-up studies of serious or potentially serious risks to patient safety.

With respect to efficacy, IOM was asked to assess the use of alternative endpoints
and extrapolation. The committee defined alternative endpoints in pediatric studies to be
measures of efficacy that take children’s growth and development into account and thus
differ from endpoints for the same or a highly similar condition in adult studies.
Alternative endpoints may be used for a variety of reasons. For example, use of an
endpoint consisting of a symptom self-report measure would not be appropriate for
preverbal children.

Approximately half of the primary efficacy endpoints used in the pediatric studies
that the committee examined were the same as those used in adult studies, roughly one-
fifth were alternative endpoints, and most of the remainder involved conditions found
primarily or entirely in children. Although most alternative endpoints appear to be
reasonable, it would be desirable for FDA to include an explicit discussion of their use
(including whether they had been validated for use with the age groups to be studied) in
written requests and clinical reviews.

To approve the labeling of drugs for pediatric use, FDA and companies have
relied extensively on the extrapolation of efficacy from studies conducted with adults or,
less often, other pediatric age groups. For almost half of the labeling changes in the
committee’s sample resulting from studies conducted under BPCA and PREA, the
agency was prepared to accept what it terms partial extrapolation of efficacy based on
submission of one controlled pediatric safety and efficacy study plus pharmacokinetic
data. For almost 60 percent of such submissions, FDA approved labeling for pediatric
use. For another third of the committee’s sample, the agency was not willing to accept
extrapolation but required two well-controlled studies; it approved pediatric labeling for
almost half of these submissions. In other cases, FDA was prepared to accept
extrapolation with the submission of pharmacokinetic and safety data and limited data on
efficacy. Compared with an agency staftf analysis that was limited to studies requested
under BPCA, the committee’s sample included a higher proportion of submissions for
which no extrapolation was acceptable and a lower proportion of submissions for which
complete extrapolation was acceptable (on the basis of additional pharmacokinetic and
safety data only).

FDA reviews typically provide limited rationales for the use of extrapolation, and
the law requires only brief documentation. Given the extent and significance of FDA’s
reliance on extrapolation of efficacy, it would be desirable for agency written requests
and clinical reviews to offer the public a somewhat fuller justification than is now
provided when the agency accepts complete or partial extrapolation. Again, the
committee recognized that provision of such justifications or explanations adds to the
demands on agency staff.

NEONATAL ASSESSMENTS
In considering how to interpret the term neonatal assessment tools as used but not

defined in the statement of task, the committee decided to examine neonatal assessments,
that is, clinical studies of drugs in neonates, generally. FDA provided the committee with
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a list of products for which information from studies with neonates had resulted in
labeling changes or awards of exclusivity without labeling changes. From 1998 through
2010, only 23 of the more than 350 labeling changes resulting from new pediatric studies
included information from studies with neonates. Another five products had been studied
in neonates and companies had received exclusivity, but no information from the
neonatal studies was added to the labeling.

In the requests and requirements for studies that the committee examined, the age
groups covered by waivers typically were not limited to neonates but covered a broader
age range, for example, children less than 3 years of age. The conditions covered by the
waivers, for example, autism and asthma, are either rare or not diagnosed in children less
than 1 month of age.

Several factors appear to increase the likelihood that requests or requirements for
studies with neonates will generate useful information. They include clarity about the
nature of the condition to be studied, valid and reliable methods to diagnose it, and, for
studies of response or efficacy, valid and reliable endpoints. In requesting or requiring
studies with neonates, it is important that FDA consider the state of current knowledge
about the diagnosis and the availability of valid and reliable endpoints for neonates, as
well as the seriousness and frequency of the disease in question.

A review of data on medications commonly used by neonates suggests that they
are typically older, off-label products for which pediatric exclusivity is not available. 7o
promote more studies of drugs widely used but not adequately evaluated in neonates, one
option is for Congress to provide additional resources for short- and long-term neonatal
drug studies through the BPCA program at NIH.

OUTCOMES OF WRITTEN REQUESTS AND PREA REQUIREMENTS

Overall, from July 1998 through October 2011, FDA approved more than 420
labeling changes associated with studies requested under BPCA or required under PREA
(or their predecessor policies). Some changes did not involve new pediatric trials, and
FDA’s count omits labeling some changes for biologics that occurred before September
27, 2007. As of October 2011, FDA had also

e issued more than 340 written requests under BPCA, nearly half of them in the
first 2 years of the program;

e approved nearly 150 labeling changes solely as a result of requested studies
and granted exclusivity to more than 175 active moieties;

e approved at least 180 labeling changes solely as a result of studies required
under PREA;

e approved 50 labeling changes as a result of studies both requested under
BPCA and required under PREA; and

e made public the clinical and other reviews associated with 139 labeling
changes that had been made since September 2007.

Most written requests that FDA has issued (approximately 80 percent) have been
proposed by sponsors rather than initiated by FDA. Roughly half of written requests have
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led to the submission of pediatric studies for which exclusivity was granted, and more
such studies will be submitted in the future.

The number of written requests issued by year peaked at more than 90 in 1999
and then dropped sharply, with a more recent leveling off to approximately a dozen
requests per year. The number of grants of exclusivity rose fairly steadily for the first
several years, reaching almost 60 in 2008 and then dropping steeply. Of the written
requests that the committee examined, the general pattern has been for the types of trial
designs and sampling strategies described in requests to become more specific and
rigorous over time. The health benefit expected from requested studies is, however, rarely
described or justified. It would be desirable for FDA to more clearly articulate the health
benefits expected of requested studies so that children do not participate in requested
studies of minimal value.

PREA has become increasingly important as a source of pediatric studies. From
2008 through 2010, more than 60 percent of labeling changes were attributable solely to
PREA requirements and another 22 percent were attributable to both BPCA and PREA.

One concern is delays in studies required under PREA, and another is that FDA
has limited practical ability to require their completion. An option for Congress is to
provide FDA with more flexibility to impose sanctions, including monetary penallties, for
unreasonably delayed studies.

Most studies that the committee reviewed generated useful information about
efficacy and safety, including information about products that were widely used off-label.
The majority led to the labeling of a product for use by some pediatric age groups. Some
studies, however, yielded unexpected findings about safety or efficacy and led to
recommendations against use by children.

Some studies had weaknesses in their design or their execution that modestly or
significantly limited their value. Shortcomings involved the specification of endpoints
inappropriate for some age groups, weak trial designs, inadequate sampling strategies,
and inadequate investigations to identify an effective dose of a study drug. FDA has
recognized the importance of developing data to guide the selection of appropriate doses
for efficacy studies, but the need for strict and consistent attention to dose selection for
evaluation in pediatric drug studies remains.

The committee’s review indicates that FDA has improved its specification of trial
designs in requests and requirements for pediatric studies. In the future, its regulatory
science initiatives should support further improvements, as should a number of activities
that the agency has undertaken to evaluate specific challenges in pediatric trial design and
propose innovative strategies to meet these challenges. To improve pediatric studies of
drugs and biologics and their evaluation, it is important for FDA to continue to expand
initiatives to strengthen the science base for its work, analyze shortcomings in pediatric
studies, and develop innovative strategies to meet the specific challenges of pediatric
trials.

Just as most studies requested under BPCA or required under PREA yielded
useful information, most labeling changes reflected this result. However, labeling
changes have sometimes excluded or downplayed important information, for example,
information about certain adverse events. In a few cases, labeling changes were
ambiguous or internally contradictory, recommending against pediatric use but also
providing information to guide pediatric dosing. These situations may illustrate the
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dilemma that FDA faces when studies do not show efficacy but the agency expects off-
label use to continue. It is important that FDA be clear that the provision of information
about pediatric dosing in such situations does not constitute a recommendation for
pediatric use. The agency can use transitions to the current, structured labeling format to
clarify ambiguous, incomplete, or contradictory pediatric information in earlier labeling.

PEDIATRIC STUDIES OF BIOLOGICS

With some limitations, Congress extended the incentives of BPCA to biologics in
2010. FDA still has many complex questions to consider in implementing BPCIA. Even
after it issues regulations, it will take time for the agency to prepare specific written
requests, for willing sponsors to conduct and submit requested studies, and then for FDA
to evaluate the submissions and make its judgments public. Given these constraints, the
committee concluded that it was too early either to assess the impact of BPCIA on
pediatric studies of biologics or to reach conclusions about its effectiveness or its
limitations in ensuring pediatric studies of biologics. Thus, it is reasonable for Congress
to continue the extension of BPCA to biologics until the results can be systematically
evaluated 3 to 5 years after FDA issues implementing regulations.

Barring surprises in their implementation, the incentives of BPCIA can be
expected to encourage further pediatric studies of both older and newer biologics.
Nonetheless, it seems unlikely that the law will lead to a surge of written requests for
pediatric studies of biologics similar to the surge in requests for pediatric drug studies
that followed the creation of the pediatric exclusivity incentive in 1997. Since 1999,
biologics have been subject to PREA requirements (with exemptions for orphan-
designated drugs). In addition, biologics have been eligible for the incentives of the
Orphan Drug Act, which offer 7 years of exclusivity. Nearly three-quarters of the 390-
plus orphan drug and biologics approvals since 1984 have involved rare conditions that
affect children.

Whether as a result of PREA, the Orphan Drug Act, the evident therapeutic
promise of many biologics, or other factors, approximately 60 percent of the 97 still-
marketed biologics (excluding vaccines, assays, and reagents) that FDA has approved
since 1997 are labeled for pediatric use, have some information about pediatric studies in
the labeling, or have warnings against pediatric use based on analysis of postmarket
safety reports. Further, an examination of studies registered at the ClinicalTrials.gov
database indicates that most of the remaining products have been studied, are being
studied, or are planned for studies with children. Of the dozen biologics that have not
been studied with children, most appear either to have limited potential to benefit
children or to be in the same class as alternative products that are labeled for pediatric
use. On the basis of case reports of off-label use and other information, the committee
identified one product that may have sufficient promise for treating refractory infantile
hemangiomas that FDA or NIH, or both, might consider encouraging or supporting
controlled pediatric trials of its safety and efficacy.

The committee’s finding that most biologics have been studied with children does
not mean that no further opportunities or needs for pediatric studies of these medications
exist. Such opportunities could include studies that pursue promising findings in early-
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phase studies of specific biologics or studies of biologics for treatment of conditions that
are now recognized to occur more frequently in children than previously thought.
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1
Introduction

In the late 1990s, the federal government enacted policies to expand the study of
drugs in children and thereby to begin to correct a serious deficit in the data on drug
safety and efficacy for young patients. In one case, it offered marketplace incentives for
the completion of pediatric drug studies. In the other case, it required such studies in
specific situations. The objectives of these policies were to expand information for
clinicians who prescribe drugs to children and, as a consequence, to improve pediatric
clinical care and child health outcomes. These policies—in their current form, the Best
Pharmaceuticals for Children Act (BPCA; which provides the incentives) and the
Pediatric Research Equity Act (PREA; which provides the requirements)—are the focus
of this report from a committee of the Institute of Medicine (IOM).

BPCA and PREA are implemented by the Food and Drug Administration (FDA),
which must approve new drugs before they can be legally marketed in the United States.
Drugs that have been approved and labeled on the basis of the results of studies
conducted with adults may be legally prescribed by health care professionals (as part of
the practice of medicine) for children.' Clinicians who treat young patients often have
had to prescribe medications without specific, scientific information on their safe and
effective use by children of different ages and sizes. This “off-label” prescribing may be
guided by the personal experience as well as the accumulated experience of clinicians,
which may be published in the medical literature as case series reports or codified in
consensus guidelines. Although recent years have seen increasing emphasis on evidence-
based practice guidelines, neither guideline developers nor practitioners can use evidence
that does not exist or is not public. The use of medications by children without guidance
from pediatric studies of safety and efficacy raises ethical issues that underscore the
importance of such studies. In some cases, high-quality clinical trials sponsored by
government agencies or nonprofit groups are available but are not reflected in product
labeling.

In the years preceding the adoption of BPCA and PREA and their predecessor
policies, several analyses documented the lack of information on the safety and efficacy
of FDA-approved medications that are prescribed for children. Table 1-1 summarizes
several of these.

! Manufacturers may not promote and are limited in their ability to disseminate information about product
uses for which they have not obtained FDA approval.
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TABLE 1-1 Historical Data on Drugs Without Adequate Labeling for Pediatric Use

Year Extent of Pediatric Drug Labeling

1973 78% of drugs listed in the Physicians’ Desk Reference (PDR) lacked sufficient
pediatric drug labeling

1984-1989 80% of new molecular entities (NMEs) approved by FDA lacked pediatric drug
labeling

1991 81% of drugs in PDR had disclaimers or age restrictions

1991 44% of NMEs with potential pediatric usefulness had no pediatric labeling when
approved

1992 79% of NMEs were not approved for potential pediatric use

1991-1994 71% of NMEs lacked pediatric drug labeling

1996 37% of NMEs with potential pediatric usefulness had some pediatric labeling

when approved

SOURCE: Adapted from Wilson (1999), with additional information from FDA (1998).

The frustration of many clinicians with the lack of pediatric prescribing
information was expressed decades ago in a 1968 editorial in the Journal of Pediatrics
that referred to children as “therapeutic orphans” (Shirkey, 1968). This oft-used
description of children appeared years later in the Senate report (Senate Report 105-43,
1997) that accompanied the Food and Drug Administration Modernization and
Accountability Act of 1997 (FDAMA; PL 105-115). FDAMA first established the
incentives for pediatric research, which were reauthorized in 2002 and 2007. The 1997
Senate report also stated that less than 20 percent of prescription medications available in
the United States were labeled for pediatric use.

For drugs that may be used by children as well as adults, evidence from pediatric
studies is important for several reasons (see, e.g., [OM, 2000, 2008; Kearns et al., 2003,
Reed and Gal, 2004; Ward and Lugo, 2005; Rakhmanina and Van Den Anker, 2009).
These include the need to

1. understand age- and development-related variations in the way that the body
affects a drug (pharmacokinetics, including absorption, distribution, metabolism, and
excretion);

2. 1identify age- and development-related variations in how a drug affects the
body (pharmacodynamics);

3. develop evidence about age- and development-related variations in a drug’s
short- and long-term benefits and harms (efficacy and safety); and

4. provide the basis for creating developmentally suitable formulations of a drug
(e.g., an oral solution for a toddler who cannot swallow a pill or capsule).

Several factors, notably economic disincentives, explain the historical shortage of
pediatric drug studies and the need for BPCA and PREA (see, e.g., IOM, 2000, 2008;
Milne, 2009). Children, who account for approximately 25 percent of the nation’s
population, are usually healthy (FIFCFS, 2009). They provide a far smaller market for
most medications than do adults, especially older adults. Even for common childhood
conditions such as asthma, individuals age 18 years or older account for 75 percent of
those with the condition (Akinbami, 2006). Drug studies with adults thus typically offer
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companies a better economic return on their research investment than do pediatric
studies. Even when pediatric studies result in positive findings and labeling of a drug for
pediatric use, companies may not recover the costs of the research.

Moreover, the study of a drug in children may be more challenging than the study
of the same drug in adults. Recruitment of a sufficient number of children may require
more study sites. That difficulty is multiplied to the extent that studies need to include
sufficient numbers of children in different age groups to support credible conclusions
about safety, efficacy, and dosing across the developmental spectrum. Although pediatric
studies may include a smaller total number of participants, sponsors still incur many of
the same fixed research costs that they do for larger adult studies.

Even with multiple sites, pediatric studies sometimes cannot be completed
because investigators are unable to secure an acceptable sample size in a reasonable
period of time. Also, if FDA is requesting or requiring studies of several drugs in the
same class or for the same condition, companies may be competing with each other for
the same pool of child research participants. In addition, as noted above, once a drug is
approved for use by adults, clinicians can legally prescribe it for children. This
availability may discourage physicians and parents from enrolling children in a trial of
the drug. Companies thus benefit from sales of the drug without the necessity of
conducting studies to demonstrate the safety and efficacy of pediatric use.

Beyond limited numbers, companies and investigators may encounter other
problems of practicality or feasibility. Young children may lack the developmental
maturity to cooperate with certain research procedures or measurements. For children too
young to reliably swallow existing tablet or capsule forms, a new formulation may be
required, and development of such a formulation adds time and costs to pediatric studies.

Ethical considerations also complicate pediatric research. Reflecting concerns that
date back to the 1960s and before, the federal government in 1983 added special
protections for children to federal regulations on the ethical conduct of human research
(21 CFR 50 Subpart D; see also IOM, 2004). For example, parents normally must give
their permission for their child’s participation in research. As discussed further in Chapter
4, certain studies that are required to support approval of a drug for adult use—notably,
early studies with healthy individuals to understand a drug’s pharmacokinetics—may be
unethical to undertake with healthy children and also impermissible under federal
regulations, except under limited conditions.

Notwithstanding these complexities, the study of drugs in children is essential
because children’s growth and development affect their responses to medicines.
Fortunately, public officials, investigators, and manufacturers have demonstrated a
commitment to expanding research on the safety and efficacy of drugs in children. Such
research has contributed important information to guide the prescribing of drugs for
children (Box 1-1).
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BOX 1-1
Knowledge Contributed by Pediatric Drug Studies Conducted Under BPCA and PREA

Pediatric studies support safety and efficacy

Insulin glulisine (Apidra), a recombinant, rapid-acting human insulin analog, was approved in
2004 for treatment of type 1 diabetes mellitus in adults, with a requirement for a study with
children ages 5 to 17 years (Meyer, 2004). In 2008, on the basis of the findings of one previously
submitted pharmacokinetic/pharmacodynamic study and one new safety and efficacy study, FDA
approved use of the product by children ages 4 to 17 years, the period of peak onset for this
disease (Gabry and Joffe, 2008).

Safe and effective dosing in children differs from expectations

Gabapentin (Neurontin) was first approved in 1993. FDA requested studies under BPCA in 1999,
and the drug was approved in 2000 as adjunctive treatment of partial seizures in children ages 3
years and older (Katz, 2000). Based on staff analyses of pharmacokinetic data, FDA concluded
that children under 5 years of age required higher than anticipated doses (Feeney, 2000). Findings
from the study for the 3- to 12-year-old age group also led to a warning on the product’s label
about adverse neuropsychiatric events, such as concentration problems, hostility, and
hyperactivity.

Drug affects growth and development

Pegylated interferon alfa 2b (Peglntron) in combination with ribavirin (Rebetol) was approved
in June 2008 for the treatment of chronic hepatitis C virus infection in patients ages 18 years or
older, with deferral of PREA-required studies for children ages 3 years or older. In December
2008, after the required studies were submitted, FDA approved labeling for use by that age
group. The clinical review noted that “growth inhibition and hypothyroidism were two notable
adverse reactions” and that they were being further evaluated in a 5-year follow-up study
(Crewalk, 2008, p. 4). The review also noted that these adverse reactions presented less risk than
the risk of untreated hepatitis C. The revised label included warnings about the impact of
pediatric use on growth of the child.

Studies support different dosing calculation

Nevirapine (Viramune), which was first approved in 1996, was approved in 1998 for treatment of
HIV infection in children ages 2 months of age to 16 years, with additional information submitted
in 2002. The 2002 approval letter specified required studies to determine dosing for younger
groups. The information submitted by the sponsor in 2007 provided for dosing down to age 15
days and also provided data to support calculation of pediatric dosing based on body surface area
rather than weight (Belew, 2008b).

Risk-benefit assessment does not support pediatric use

Omalizumab (Xolair) was approved in 2003 for treatment of moderate to severe persistent asthma
in individuals 12 years of age or older. Although this approval occurred during a period when
pediatric study requirements were not in effect, FDA encouraged further pediatric studies and
noted that pending legislation might require such studies (Risso, 2003). The sponsor submitted
studies for the 6-to-11 age group in 2008. After the data were reviewed by FDA staff and
considered in a meeting of the joint Pulmonary-Allergy, Pediatric, and Drug Safety and Risk
Management Advisory Committee, the product’s labeling was revised to include the statement
“Considering the risk of anaphylaxis and malignancy seen in Xolair-treated patients >12 years old
and the modest efficacy of Xolair in the pivotal pediatric study, the risk-benefit assessment does
not support the use of Xolair in patients 6 to <12 years of age” (Starke, 2009; Genentech, 2010b).
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STUDY ORIGINS AND OVERVIEW
Charge to the Committee

In late 2009, FDA approached the IOM about an examination of pediatric studies
of drugs and biologics conducted under the provisions of BPCA and PREA (and their
predecessor policies). This examination was called for in the 2007 reauthorizations of
these policies as part of as part of the Food and Drug Administration Amendments Act of
2007 (FDAAA; PL 110-85). While planning was under way, Congress passed the Patient
Protection and Affordable Care Act (PL 111-148) in March 2010, which included the
Biologics Price Competition and Innovation Act. That legislation changed the
specifications for biologic products, and the FDA altered the Statement of Task
accordingly. The tasks for the study committee appointed by the IOM were:

1. Review and assess a representative sample of written requests issued by the
Secretary [of the U.S. Department of Health and Human Services] and studies conducted
under BPCA since 1997 and labeling changes made as a result of such studies.

2. Review and assess a representative sample of studies conducted since 1997
under PREA or precursor regulations, and labeling changes made as a result of such
studies.

3. Using a representative sample of written requests issued by the Secretary and
studies conducted under BPCA since 1997 and studies conducted since 1997 under
PREA or precursor regulations, review and assess (a) the use of extrapolation for
pediatric subpopulations; (b) the use of alternative endpoints for pediatric populations; (c)
neonatal assessment tools; and (d) ethical issues in pediatric clinical trials.

4. Using a representative sample of studies conducted since 1997 under PREA or
precursor regulations, review and assess the number and type of pediatric adverse events.

5. Review and assess the number and importance of biological products for
children that are being tested as a result of the amendments made by the Biologics Price
Competition and Innovation Act of 2009 [passed in 2010] and the importance for
children, health care providers, parents, and others of labeling changes made as a result of
such testing.

6. Review and assess the number, importance, and prioritization of any biological
products that are not being tested for pediatric use.

7. Offer recommendations for ensuring pediatric testing of biological products,
including consideration of any incentives, such as those provided under section 505A of
the Federal Food, Drug, and Cosmetic Act or section 351(m) of the Public Health Service
Act.

Unlike many other IOM committees, this committee was not asked to make
recommendations except with respect to recently enacted policies to provide incentives
for pediatric studies of biologics. This report does, however, include conclusions and
suggestions or options for consideration by Congress and FDA. The report is written for a
diverse audience, including not only policy makers but also companies that develop
pharmaceutical and biologic products subject to the incentives and requirements of
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BPCA and PREA, researchers who study drugs and biologics in pediatric populations,
professional societies and child health advocacy groups that promote pediatric research,
and others interested in better information to guide clinical care for children.

For the most part, the committee examined studies intended to support initial
labeling of a drug or biologic for use in pediatric age groups as approved by FDA. It did
not investigate policies and activities to monitor the safety and effectiveness of products
after they have been approved for pediatric use. The committee did, however, consult the
postapproval (1-year) safety reviews that FDA’s Pediatric Advisory Committee is
required to conduct following a labeling change under BPCA or PREA. Such monitoring
is important because the use of approved products in real-world clinical practice may
reveal safety problems or shortfalls in effectiveness that are not evident in the relatively
short-term controlled studies that FDA typically requires to support product approvals.

The absence of information about pediatric use or pediatric studies in the labeling
of a medication does not mean that there have been no well-controlled studies of a drug’s
safety or efficacy. The committee could not, however, systematically evaluate either the
extent of off-label use of medications with children or the extent to which there are
controlled studies (other than those reflected in product labeling) to support or contradict
such use for specific drugs and indications.

FDA did not ask the IOM to assess the impact of BPCA and PREA on clinical
practice or child health, for example, the extent to which off-label use of a product
decreased following labeling changes that described studies with negative safety or
efficacy findings. The study committee recognizes that clinical practice is not always
consistent with scientific evidence and also that many factors such as nutrition and
environmental hazards affect the health and well-being of children.

Overview of Conclusions

In the course of its work, the committee reached several conclusions that are
discussed in later chapters. Summarized, the conclusions are as follows:

e Pediatric studies conducted under BPCA and PREA are yielding important
information to guide clinical care for children. The yield varies by medical condition,
type of product, and age group. The information from pediatric studies sometimes
supports and sometimes challenges expectations and assumptions about the efficacy,
safety, and pharmacokinetics of drugs in children of different ages. The timely conduct of
studies with children can discourage potentially unsafe off-label use of drugs approved
for adults and encourage the timely incorporation of safe and effective drugs into
pediatric care.

o Some studies requested under BPCA or required under PREA do not achieve
their full potential. Reasons vary and may include the inability of sponsors to recruit
sufficient numbers of children, the use of weak study designs and underpowered samples,
the lack of dose-ranging studies to guide efficacy trials, and the omission of relevant
study information from product labeling. More careful specification of requested and
required studies combined with advances in the science of clinical trials would increase

PREPUBLICATION COPY: UNCORRECTED PROOFS



INTRODUCTION 1-7

the likelihood that studies will provide uniformly high-quality information for clinicians
who care for children.

o More timely planning, initiation, and completion of pediatric studies would
benefit children. European requirements for the submission of plans for pediatric studies
apply somewhat early in the drug development process, whereas U.S. requirements apply
later than is needed for access to credible safety and efficacy data for adults that are
sufficient to support the planning and initiation of pediatric studies. Delayed in sponsor
completion of some studies required under PREA is also a concern.

o Pediatric drug studies remain particularly limited in certain areas, including
the use of medications with neonates and the long-term safety and effectiveness of
medications used for all pediatric age groups. The lack of information about the long-
term safety of drugs is a general concern, but it is a special worry for developing children.
Questions about long-term safety exist both for drugs that may be used for decades for
chronic conditions and for drugs for which relatively short-term use may have adverse
consequences on a child’s development months or years later. Many drugs commonly
used to treat premature and sick neonates are older drugs that have not been adequately
evaluated in studies with this vulnerable age group.

o Congress has significantly expanded professional and public access to
information from pediatric studies conducted under BPCA and PREA and has thereby
enhanced the value of these studies. Although the addition of information to product
labeling is important, other valuable information is included in FDA clinical and clinical
pharmacology reviews of the pediatric studies submitted to support a labeling change.
Access to such information from studies associated with labeling changes prior to
September 2007 remains limited, especially for studies conducted under PREA.

o The reauthorization processes for BPCA and PREA have improved the
policies in both acts, but the short term of reauthorizations creates uncertainties for
industry and for FDA. Since 1997, Congress has strengthened the application of expertise
in pediatrics to the development of requests and requirements for pediatric studies and to
the review of submitted studies. It has directed the inclusion of information from
pediatric studies in product labeling in most cases and required a follow-up assessment of
safety information from the first year following a pediatric labeling change. At the same
time, frequent reauthorizations of the policies—every 5 years—create uncertainties for
sponsors, given the long lead time for planning, conducting, analyzing, and submitting
studies, and they may discourage FDA from developing final and updated guidance on
BPCA and PREA.

o Pediatric studies of biologics conducted under PREA have generated valuable
information. The 2010 expansion of BPCA to cover biologics has potential to expand
knowledge further, but it is too early to assess its effects. Almost 90 percent of biologics
investigated by the committee have been the subject of some study with children. Of the
dozen biologics that have not been studied with children, most were approved for
indications that are not diagnosed or very rarely diagnosed in children. Given the
applicability to biologics of long-standing policies such as the 1984 Orphan Drug Act and
PREA and the broad range of existing pediatric research on biologics, BPCA may have a
valuable but more modest effect in encouraging studies of biologics than was the case for
small-molecule drugs.
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Report Structure

This rest of this chapter provides some historical context and defines key terms. In
this and subsequent chapters, unless otherwise indicated, references to studies conducted
under BPCA and PREA also encompass studies undertaken as result of the preceding
policies (e.g., the Pediatric Rule) that are described below. Chapter 2 briefly reviews how
children’s development affects their response to drugs and discusses ways in which
pediatric drug research must take children’s growth and development into account.
Chapter 3 describes key features of BPCA and PREA in the broader context of U.S.
regulatory policies to ensure drug safety and efficacy. Public policy is also the focus of
Chapter 4, which discusses policies for the protection of human research participants,
including special protections for children. This chapter also describes some of the ethical
issues that the committee encountered in its assessments of studies conducted under
BPCA and PREA (Task 3d).

Chapter 5 examines elements of safety and efficacy determinations in studies
conducted under BPCA and PREA. It considers FDA conclusions about the safety profile
of a drug or biologic based on judgments about the source and importance of adverse
events reported by study sponsors (Task 4). It also considers the use of alternative
endpoints and extrapolation in determinations about efficacy (Tasks 3a and 3b). Chapter
6 discusses the complexities of assessing the safety and efficacy of drugs in neonates and
describes the relatively small number of BPCA- and PREA-related labeling changes for
this age group (Task 3c). Chapter 7 builds on the preceding chapters to consider the value
of studies requested or required under BPCA and PREA and the value of the information
added (or not added) to product labeling as a result of these studies (Tasks 1 and 2).
Chapter 8 looks at incentives and requirements for pediatric studies of biologics and
identifies and discusses the small number of biologics that have not been evaluated in
studies with children (Tasks 5, 6, and 7).

Appendix A describes committee activities and explains the methods the
committee used to select the representative sample referred to in the Statement of Task.
Appendix B discusses the dissemination of information from FDA-approved drug
labeling to professionals through various intermediary resources. Appendix C presents
additional information about the use of biologics in pediatric populations, and Appendix
D summarizes data on pediatric labeling and pediatric studies of biologics that FDA has
approved since 1997. Appendix E summarizes changes in the specifications of written
requests for pediatric studies of drugs for hypertension, and Appendix F provides brief
biographies of committee members and project staff.

EVOLUTION OF POLICIES TO PROMOTE PEDIATRIC STUDIES OF DRUGS
AND BIOLOGICS
Harm to Children as a Spur to Regulation of Drug Safety and Efficacy

FDA, the agency responsible for administering BPCA and PREA, owes its
existence and modern responsibilities, in some measure, to public reaction to the injuries,
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illnesses, and deaths of children that were caused by unsafe and unregulated medical
products. For example, the federal regulation of vaccines and other biologics dates to the
Biologics Control Act of 1902 (PL 57-244), a year after more than a dozen children died
from tainted diphtheria antitoxin and other children died from contaminated smallpox
vaccine (Junod, 2002). The law assigned responsibility for regulation of vaccines and
antitoxins to the Hygenic Laboratory (which eventually became the National Institutes of
Health [NIH]) (NIH, 2011b). Four years later, in 1906, Congress passed the Pure Food
and Drugs Act (PL 59-384). It set certain standards for the labeling and lawful interstate
transport of drugs and created the foundation for what later became the FDA. Although
drugs could be removed from the market under the law, the law did not require drug
testing or government approval.

The deaths in 1937 of more than 30 children from a product called Elixir
Sulfanilamide contributed to the passage of the Food, Drug, and Cosmetic (FDC) Act of
1938 (PL 75-540). Ironically, the development of this deadly product resulted from the
manufacturer’s effort to create a form of the drug—an early antimicrobial—that was
suitable for young children and others who could not swallow pills (Ballentine, 1981;
Wax, 1995). The formulation, which was tested for palatability and appearance but not
safety, unfortunately included diethylene glycol, a toxic substance found in antifreeze.
Among other provisions, the FDC Act required the approval of new drugs prior to
marketing on the basis of evidence of safety and also required that drug labels include
information on how to use the products safely. It did not require evidence of efficacy.

Further legislation came after women who took the drug thalidomide in the 1950s
and early 1960s gave birth to thousands of children with limb and other deformities. An
FDA medical officer is credited with keeping the drug off the market in the United States,
and the tragedy itself is credited with mobilizing support for passage of the Kefauver-
Harris Amendments to the FDC Act (PL 87-781) (Kuehn, 2010). These 1962
amendments required that FDA approval of drugs be based on evidence not only of safety
but also of efficacy as demonstrated in well-controlled clinical trials.

Yet another tragedy—deaths and permanent paralysis linked to a contaminated
polio vaccine—prompted a strengthening of the oversight of biologics and the creation in
1955 of an independent Division of Biologics Control in the National Institutes of Health
(FDA, 2002). In 1972, responsibility for regulation of biologics was transferred to a new
Bureau of Biologics (now the Center for Biologics Evaluation and Research) at FDA.

Following the 1962 amendments to the FDC Act, FDA commissioned the
National Research Council (NRC) of the National Academy of Sciences to review the
effectiveness of drugs approved between 1938 and 1962 as a basis for later regulatory
consideration (NRC, 1969; see also NAS, undated; IOM, 1992). Based on the work of
more than 180 experts in 30 panels, the NRC report concluded that only 12 percent of
drugs were effective for all their claimed uses and 60 percent were not effective for at
least one claimed use (Hecht, 1984). As described by FDA, the report found overall that
“the quality of the evidence of efficacy, as well as the quality of the labeling claims, is
poor” (21 CFR 201.200).>

? Subsequently, under the title Drug Safety and Efficacy Implementation (DESI), FDA created a process for
acting on the NRC study results for previously approved drugs that continues. As recently as 2011, FDA
cited the DESI process in announcing plans to take action against “unapproved and misbranded”
prescription products “offered for relief of symptoms of cold, cough, or allergy” (76 FR 11794).
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Policies to Promote Pediatric Research Adopted Before 1997

Although the 1938 FDC Act provided the first requirements that drugs be found
safe and the 1962 legislation required demonstration of efficacy, that regulatory
framework did little to ensure that safety and efficacy studies would, in fact, extend to
children for whom FDA-approved drugs were being prescribed off-label but legally.
Drugs or elements of drugs that prove safe for adults may harm children. For example, in
1982, 16 premature infants died from respiratory distress linked to intravenous solutions
and diluted medications containing excessive amounts of benzyl alcohol, a preservative
(Gershanik et al., 1982). Unlike diethylene glycol, which is toxic to adults as well as
children, the use of benzyl alcohol was not unsafe for adults and had not raised warning
signs for use by older children.

The 1970s saw growing recognition of the need for pediatric drug studies as well
for formal protections for both child and adult participants in biomedical research. In
1974, the American Academy of Pediatrics (AAP) issued a report, developed under
contract with FDA, titled General Guidelines for the Evaluation of Drugs to Be Approved
for Use During Pregnancy and for Treatment of Infants and Children (AAP, 1974; see
also FDA, 1977). In 1977, the National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research produced a report and recommendations
on the ethics of research with children (National Commission, 1977). Citing the
Commission’s final report (commonly referred to as the Belmont Report) and its
endorsement of justice in the distribution of research benefits and burdens, FDA argued
two decades later that the “exclusion of pediatric patients from [drug] clinical trials may
deny them an equitable share of the benefits of research” (62 FR 43900, 43908). It made
this argument in support of the Pediatric Rule (FDA, 1997).

One of the first policies aimed directly at improving pediatric prescribing
information came in 1979, when FDA issued regulations requiring that the precautions
section of drug labeling include a subsection on pediatric use (44 FR 37434; see also 71
FR 3922 and 21 CFR 201.57(f)(9)). In addition, if the drug was not approved for use by
children, the labeling had to state that safety and effectiveness in children (or a subgroup
of children) had not been established. If the drug had been approved for pediatric use, the
label had to specify the approved indication and provide information on dosing and
administration. The regulation did not require the development of pediatric data for
labeling.

Fifteen years later, in 1994, FDA issued new regulations revising specifications
for the pediatric use section of drug labeling (59 FR 64240). The Pediatric Labeling Rule
required drug manufacturers to review existing literature and other data to determine
whether the drug label needed to be modified, through an application to FDA, to add
pediatric information. These applications were requested by December 13, 1996.

The commentary on the 1994 regulations noted that, contrary to the impression of
some, the law did not always require that pediatric labeling be based on well-controlled
clinical trials. FDA could waive the requirement if other sources of information would
suffice. Specifically,
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[a] pediatric use statement may also be based on adequate and well-
controlled studies in adults, provided that the agency concludes that the
course of the disease and the drug’s effects are sufficiently similar in the
pediatric and adult populations to permit extrapolation from the adult
efficacy data to pediatric patients. Where needed, pharmacokinetic data to
allow determination of an appropriate pediatric dosage, and additional
pediatric safety information must also be submitted. (62 FR 43900; see 21
CFR 201.57 (H)(9)(iv))’

The use of extrapolation is discussed further in Chapter 5.

To support companies studying drugs in children, FDA created a working group
on pediatric formulations in 1995 to examine chemistry and manufacturing issues in the
development of new formulations (NICHD, 2006). NIH also created a pediatrics
formulation initiative as a part of its work on BPCA, which is described later in this
chapter.

After a few years, FDA concluded that the 1994 regulations had done little to
increase pediatric information on drug labels. Specifically, “[o]ver a 6-year period
between 1991 and 1996, drug sponsors promised to complete 71 postmarketing pediatric
studies. Only 11 were completed” (FDA, 2001a, p. 8). In 1998, to justify new regulations,
the agency made this case:

The response to the 1994 rule has not substantially addressed the lack of
adequate pediatric use information for marketed drugs and biological
products. Pediatric labeling supplements were submitted for
approximately 430 drugs and biologics, a small fraction of the thousands
of prescription drug and biological products on the market. Of the
supplements submitted, approximately 75 percent did not significantly
improve pediatric use information. Over half of the total supplements
submitted simply requested the addition of the statement “Safety and
effectiveness in pediatric patients have not been established.” (63 FR
66631) (emphasis added)

Policies to Promote Pediatric Drug Research, 1997 to 2010

The response to the limited effects of previous efforts to encourage pediatric drug
studies and increase pediatric drug labeling was twofold. One route involved the creation
through legislation of incentives for drug studies; the other relied on requirements for
studies established by regulation. The discussion below briefly summarizes the policies;
Chapter 3 provides more details.

3 In November 1996, the agency sent letters to 250 manufacturers asking if and when they intended to file
applications; by December 30, it had received 40 responses. In addition, it received a request from the
Pharmaceutical Research and Manufacturers of America that the compliance date be extended because
“some companies with large numbers of products had encountered unexpected problems in gathering the
required information” (61 FR 68623).
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Incentives for Pediatric Studies and Pediatric Exclusivity: FDAMA and BPCA

Among many other provisions, FDAMA provided companies with market
protections—pediatric exclusivity—when they undertook pediatric studies of a drug in
response to formal written requests from FDA. As passed in 1997, the relevant section of
the law was not entitled “Best Pharmaceuticals for Children,” although it incorporated
proposed legislation that had been first introduced in 1992 under the title “Better
Pharmaceuticals for Children” (AAP, 2008).

Pediatric exclusivity extends for 6 months beyond any existing period of
exclusivity and patent protection, which means that products that have no remaining
patent life or exclusivity are usually not eligible for the exclusivity incentive. Exclusivity
applies to all forms of a company’s drug that contain the same active moiety (in essence,
the active ingredient in the drug). For a drug with a lucrative market in adults, this
incentive can be significant, producing net economic returns in the hundreds of millions
of dollars (see, e.g., Li et al., 2007 and Baker-Smith et al., 2008).

Congress reauthorized the exclusivity provisions of the 1997 legislation in BPCA
0f 2002 (PL 107-109) and again in 2007 as part of FDAAA. BPCA is once again up for
reauthorization by October 1, 2012.

FDA issued guidance for industry on pediatric exclusivity in 1998 and
subsequently revised the guidance in 1999 (CDER/CBER, 1999). That guidance has not
been updated or reissued to reflect subsequent legislative changes in 2002 and 2003. For
companies considering or planning studies under BPCA, FDA will advise about current
requirements and expectations.

Requirements for Pediatric Studies

The same year that Congress created the pediatric exclusivity incentive for
pediatric drug studies, FDA on its own initiative proposed regulations—the Pediatric
Rule—that required companies to undertake pediatric studies of drugs and biologics
under certain conditions. It issued the revised, final regulations in 1998 with an effective
date of April 1, 1999 (63 FR 66631; 21 CFR 314.55(a) and 601.27(a)). Except when
FDA waived or deferred its application, the rule required that the submission of a drug or
biologics marketing application contain a pediatric assessment if the submissions
involved a new active ingredient, indication, drug form, dosing regimen, or route of
administration. The FDA issued draft guidance on the application of the Pediatric Rule in
November 2000 (FDA, 2000).

In December 2000, groups opposing the regulations filed suit claiming that FDA
exceeded its authority in issuing them. In 2002, a U.S. district court agreed and enjoined
their enforcement (Association of Am. Physicians & Surgeons, Inc. v. FDA, 226 F. Supp.
2d 204 (DDC 2002)). Supporters of the regulations went to Congress, which codified the
key features of the Pediatric Rule in the PREA of 2003 (PL 108-155). In 2005, FDA
published draft guidance for industry on compliance with PREA (70 FR 53233). That
guidance has not been updated or made final.
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Like BPCA, PREA was reauthorized in 2007 as part of FDAAA. It, too, is due for
reauthorization by October 1, 2012.

PREA Compared with and in Conjunction with BPCA

Following the precedent of the Pediatric Rule, PREA applies not only to drugs but
also to biologics and, under certain circumstances, to generic products. The incentives
established by BPCA did not extend to biologics until the passage of the Patient
Protection and Affordable Care Act of 2010 (see Chapter 8). Under PREA, FDA can
require pediatric studies only for the indications specified in an application for FDA
approval, whereas requests under BPCA can cover studies for other indications, including
indications that were approved before the adoption of either policy. Drugs with
designation under the Orphan Drug Act are exempt under PREA but can be the subject of
written requests.

The incentives of BPCA and the requirements for PREA can operate in tandem
for the same product and sponsor. That is, FDA can require pediatric studies and also
request them to give an incentive for the companies to conduct the required studies in a
timely fashion. Congress has made the BPCA and PREA more consistent in certain
respects over the years, particularly with respect to public access to information
developed through requested or required pediatric studies.

As described further in Chapter 5, from July 1998 through October 2011, FDA
approved more than 425 labeling changes associated with studies requested under BPCA
or required under PREA. More than 380 of these changes involved the submission of
information from new pediatric studies. During the same time period, FDA

e issued more than 330 written requests under BPCA, nearly half of them in the
first 2 years of the program;

e approved 145 labeling changes related solely to such requests and granted
exclusivity to 174 active moieties;

e approved at least 179 labeling changes related solely to PREA requirements;

e approved 49 labeling changes related to both BPCA requests and PREA
requirements; and

e made public clinical and other reviews associated with 139 labeling changes
(since September 2007).

Other Activities and Policies at FDA

FDA supports other policies and initiatives not directly related to BPCA or PREA
that may encourage the study of drugs in children. As discussed in Chapter 8, the Orphan
Drug Act has promoted the study and approval of drugs for rare diseases, many of which
affect children. Products with orphan drug designations are exempt from PREA
requirements, but many orphan drugs are approved for pediatric use.

In addition, through its initiative on unapproved drugs, the agency has sought to
get sponsors of such drugs, generally older products, to provide information sufficient to
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support their approval, including for use by relevant pediatric populations (FDA, 2006a).
After announcing in 2007 that sponsors of three previously unapproved pancreatic
enzyme products had until April 2010 to secure agency approval, FDA approved the
three products by that date (FDA, 2010d). All are labeled for the treatment of exocrine
pancreatic insufficiency due to cystic fibrosis or other conditions in all pediatric age groups.

National Institutes of Health

NIH supports pediatric clinical research on a wide range of specific diseases and
conditions and likewise funds basic research in many areas that may eventually translate
into products that benefit children. In 1998, in response to congressional directives, NIH
issued policies and guidelines to increase the participation of children in agency-funded
research. The goal is “that adequate data will be developed to support the treatment
modalities for disorders and conditions that affect adults and may also affect children”
(NIH, 1998, unpaged). As described in Chapter 2, NIH has recently announced an
initiative to investigate new strategies for creating and testing drug formulations suitable
for children.

In addition, because pediatric exclusivity is generally not relevant to drugs that
have no existing exclusivity or remaining patent life, Congress, as part of BPCA of 2002,
directed NIH to create a pediatric drug development program and to set priorities for
pediatric studies of off-patent drugs. (The priority-setting process now extends to
pediatric therapeutics more broadly.) Under certain circumstances, FDA may also refer to
NIH a written request for studies of an on-patent drug if the sponsor has declined the
request and the agency determines that the requested information is still needed. (See
Chapters 3, 6, and 7 for further discussion of the role of NIH under BPCA.)

International Activities and Policies

Pharmaceutical research is global. Many pediatric studies conducted under BPCA
or PREA include foreign study sites, and some (e.g., those for prevention of HIV
transmission from mother to child) may be undertaken entirely outside the United States.
These activities are subject to the laws and regulations of many countries.

FDA is involved in a number of efforts to harmonize national policies and
otherwise try to limit some of the problems caused by different policies. These efforts
include frequent communication with agency counterparts in the European Medicines
Agency, which has somewhat different policies to require or encourage pediatric drug
studies. Oversimplified, a key difference is that European policies require the submission
of a pediatric study plan earlier in the process of drug development. Other differences in
these policies—and efforts to harmonize policies—are briefly described in Chapter 3.
Chapter 4 discusses ethical aspects of studies conducted outside the United States.

In addition, the World Health Organization (WHO), which also provides guidance
and encourages consensus on national regulation of medications, has the Make Medicines
Child Size initiative that includes working in partnerships with governments, researchers,
industry, and others to promote the development of medicines for children (WHO,
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2011b). As part of a broader program to identify drugs to meet priority health needs of
the majority of the world’s population, WHO has also developed a list of what it
describes as essential medicines for children (WHO, 2011a).

SELECTED DEFINITIONS

This section discusses a number of terms used in the committee’s Statement of
Task and defines several other key terms used in the report. The terms drug, biologic, and
active moiety are defined in Chapter 3. Additional terms are defined in later chapters.

Pediatric Age Group, Children

Neither BPCA nor PREA defines the age range covered by the term pediatric
population or pediatric age group. Federal regulations on drug labeling define the
pediatric population as the age group from “birth to 16 years, including age groups often
called neonates, infants, children, and adolescents” (21 CFR 201.57(f)(9)). Elsewhere,
FDA has described the age ranges for pediatric subpopulations as follows: “neonate—
birth to up to one month; infant—one month up to 2 years of age; child—2 years up to 12
years; and adolescent—12 years up to 16 years” (see, e.g., FDA, 1996). It is not always
clear when a particular FDA document refers, for example, to the “12- to 16- year” age
group whether it is referring to children from the ages of 6 years up to but not including
12 years or to children from the ages of 6 years to 12 years inclusive.

In practice, when it specifies the age groups for which pediatric studies may be
requested or required, FDA is not tied to fixed age categories. It typically relies on
knowledge of the drug and condition to be studied as the basis for age ranges and often
specifies ranges that differ from those described above. When specifying studies for the
youngest age groups, FDA may distinguish between term and preterm infants and may
consider gestational age (usually calculated as the number of weeks from the start date of
the mother’s last menstrual period). Among older children, FDA sometimes defines a
study population based on extent of pubertal development. In general discussions, this
report uses the terms pediatric population and children interchangeably.

Pediatric Studies, Clinical Studies

As defined in BPCA, the term pediatric studies refers to clinical investigations
with pediatric age groups in which use of a drug is anticipated (21 USC §355a(1)). The
term is most clearly applied to studies that include only pediatric populations. However,

* In contrast, FDA guidance on pediatric studies of medical devices (which are not covered by PREA and
BPCA) includes as adolescents individuals “up to the age of 21” (CDRH, 2004, p. 4). Other federal
agencies may also use different definitions. For example, in infant mortality and other statistics, the Centers
for Disease Control and Prevention define infancy as the period from birth up to 1 year of age. To cite a
different example, under NIH policies, an 18-year-old might be an adult for purposes of consenting to
participation in research but a child under a policy on the inclusion of children (up to age 21 years) in
research (NIH, 1998).
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studies submitted in support of labeling for a pediatric age group occasionally include
children in a larger study group that includes adults. For example, when omalizumab
(Xolair) was originally approved in 2003 for use in patients ages 12 years and older, the
critical clinical efficacy studies included participants ages 12 to 74 years in one trial and
12 to 76 years in the other (Kaiser, 2003). (Adolescents comprised approximately 6.5
percent of participants in one trial and approximately 8 percent in the other.)

Sponsor submissions to FDA are not public. Thus, when this report refers to
assessments of studies, it means assessments of studies as they are described in FDA staff
reviews, primarily the clinical, clinical pharmacology, and statistical reviews.

For the initial approval of a new drug or biologic, FDA typically requires an
extensive range of preclinical and clinical studies. The assessments in this report focus on
clinical studies or trials, that is, studies with humans. FDA recently made a distinction
between studies and trials as follows: “Clinical trials are any prospective investigations
in which the applicant or investigator determines the method of assigning the drug
product(s) or other interventions to one or more human subjects. Studies are all other
investigations, such as investigations with humans that are not clinical trials as defined
above (e.g., observational epidemiologic studies), animal studies, and laboratory
experiments” (CDER/CBER, 2011). In this report, a #rial is one type of clinical study.

When FDA defers the submission of pediatric studies that are required under
PREA to a later date because the product is ready for approval for adults (see Chapter 3),
these studies are referred to as postmarket study commitments. Although they are
postmarket studies in the sense that they occur after a drug have been approved for
marketing for use by adults (or another pediatric age group), the pediatric studies
submitted at a later date will usually include one or more Phase I, II, or III trials (see Box
1-2). Thus, this report does not refer to pediatric studies requested under BPCA or
required under PREA as Phase IV trials.

BOX 1-2
Types of Clinical Trials

Phase I trials initiate the study of candidate drugs and biologics in humans. Such trials typically
assess the safety and tolerability of a drug, routes of administration and safe dose ranges, and the
way in which the body processes the drug (e.g., how it is absorbed, distributed, metabolized, and
excreted). They usually involve less than 100 individuals, often healthy volunteers (in adult
trials).

Phase 11 trials continue the assessment of a drug’s safety and dosing but also begin to test
efficacy in people with the target disease, including children. These studies may include a range
of controls for potential bias, including use of a control group that receives standard treatment or
a placebo, the random assignment of research participants to the experimental and control groups,
and the concealment (blinding) from participants and researchers of a participant’s assignment.
The studies may involve hundreds of participants, although pediatric trials are usually smaller.

Phase III trials are expanded, usually well-controlled investigations of safety and efficacy that
are intended to allow a fuller assessment of a drug’s benefits and harms and to provide
information sufficient to prepare labeling or instructions for the use of the drug. These studies
may involve hundreds to thousands of research participants and multiple sites.
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Phase IV studies occur after a new product or a new indication, drug form, dosing regimen, or
similar change is approved for marketing. They are highly variable in their designs and purposes.
Scientifically focused studies are typically intended to provide further information about
outcomes in clinical practice, for example, when the drug is used over periods longer than those
studied in the trials used to support FDA approval.

SOURCES: Adapted from FDA (2010a) and IOM (2010).

Benefit, Harm, Risk

The public health goal of drug development is to create drugs that produce desired
health benefits and avoid or minimize harm insofar as possible. A benefit is a valued and
helpful outcome from an intervention; a harm is an unwanted and hurtful outcome.

Risk refers to the potential for harm. Few medical interventions are without risks.
The challenge for those evaluating studies submitted in support of a drug’s approval is to
weigh the projected benefits against the risks.

Adverse Event, Safety Signal, Efficacy, Effectiveness

In the context of clinical studies being undertaken to support the approval of a
drug or biologic, an adverse experience (adverse event is used in this report) is defined in
federal regulations as “any untoward medical occurrence associated with the use of a
drug in humans, whether or not considered drug related” (21 CFR 312.32(a)). The
regulations use the term adverse reaction to describe an adverse event caused by a drug.
In addition to lengthy descriptions and analyses of adverse events, FDA reviewers
usually provide an overall assessment of a product’s safety profile, specifically, whether
the profile was similar to or different from that found in adults (unless the product has not
been evaluated in adults) and whether it identified serious drug-related adverse events.

Efficacy refers to the achievement of desired results in controlled clinical studies.
Effectiveness refers to the achievement of desired results in actual clinical practice.
Results in clinical practice may differ significantly from results in carefully controlled
clinical trials. Although the FDC Act uses the term effectiveness to describe positive
results reported in clinical trials (21 USC 355), FDA clinical reviews and other
documents use the term efficacy rather than effectiveness in discussing such data.

Alternative Endpoint, Extrapolation

This report uses the term alternative endpoint to refer to a measure of efficacy in
a pediatric clinical trial that takes pediatric development into account and thus differ from
endpoints for adult studies for the condition being investigated. For example, in studies
with adults, investigators may rely on self-reports of symptoms, whereas in studies with
children, particularly young children, they may rely on reports from parents or on
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investigator assessments based on such physical expressions as crying or grimacing or
behaviors such as loss of appetite. For conditions that are found solely or primarily in
children, the pediatric endpoint may be unique.

In the context of pediatric studies conducted under BPCA or PREA, extrapolation
refers to FDA’s acceptance of clinical trial and other information developed in studies
with adults to support decisions about the approval of a product for pediatric use. As
discussed in Chapters 3 and 5, FDA also may accept extrapolation of data from one
pediatric age group to another.

Label, Labeling

Under the FDC Act, the drug /abel refers to “written, printed, or graphic matter
upon the immediate container of any article,” whereas the term /abeling refers to “all
labels and other written, printed, or graphic matters” accompanying a product (whether
affixed or not) (21 USC 321(k) and (m)). The former term is popularly applied to the
short label affixed to prescription drug containers.

Consistent with FDA usage, this report uses the term labeling to refer to the
longer and more detailed prescribing information (sometimes called package inserts) that
FDA approves to accompany prescription drugs. Also, because labeling changes require
FDA authorization, this report sometimes uses the terms labeling change and approval
interchangeably, including when a product is approved for the first time and thus has no
previous labeling to change.

As a shorthand expression, this report may use the term pediatric labeling to
describe a product that is explicitly labeled for use by all or some pediatric age groups.
Many products do not have pediatric labeling but do have some information in the
labeling from pediatric studies, for example, brief reports of clinical trials that did not
show safety and efficacy.

Indications, On-Label Use, Off-Label Use

FDA approves drugs and biologics for specific indications. An indication
describes a particular use of a product, for example, for acute treatment of schizophrenia
or long-term control of asthma symptoms. FDA may approve use of a drug for an
indication for a medically relevant subset of people with a condition, for example, those
with severe disease or those with disease that is not responsive to commonly used or less
risky treatments. Labels, particularly labels that have not recently been updated, are not
always explicit about the age groups to which the approved indication applies.

On-label use refers to clinical use that is covered by a product’s labeling,
primarily the indication(s) and age group(s) described in the label. Physicians may legally
use drugs off-label for uses that are not approved and included in a product’s labeling.
Companies may not explicitly promote such uses.
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Applicant, Sponsor, Company, Manufacturer

In FDA terminology, an applicant or drug sponsor is “the person or entity who
assumes responsibility for the marketing of a new drug, including responsibility for
compliance with applicable provisions of the Federal Food, Drug, and Cosmetic Act and
related regulations” (FDA, 2010a). The sponsor of an application for FDA approval of a
drug or biologic is typically a pharmaceutical or biotechnology company.

Rarely, applications come from public or nonprofit agencies. For example, the
California Department of Health Services developed, tested, and received FDA approval
for botulism immune globulin (BabyBIG) for the treatment of infant botulism (Arnon,
2007). Notwithstanding such examples, this report uses the terms sponsor, applicant,
company, and manufacturer interchangeably.

As companies consider the planning and conduct of pediatric studies, they must
consider the particular scientific, ethical, legal, practical, and economic aspects of such
studies. The next chapter provides an overview of developmental pharmacology and
adaptations in research strategies to accommodate the ways in which children of different
ages differ from adults and each other.
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Children’s Growth and Development and Pediatric Drug
Studies

As context for later discussions of ethics, safety, and efficacy in pediatric studies,
this chapter provides an overview of how children’s growth and development may affect
their responses to medications. Medications that are generally safe and effective for
adults may be unsafe or ineffective—or both—for some or all pediatric age groups or
may require changes in dosing forms, calculations, or schedules to be safe and effective.
This disparity underscores the necessity for pediatric drug studies. This chapter also
discusses how differences between children and adults may require alterations in the
design, conduct, and analysis of such studies.

As a prelude to the rather technical discussion of developmental pharmacology,
the chapter begins with an example of the sometimes fatal consequences of the lack of
drug studies with children, especially the youngest children. The case involves an
antibiotic that was used to treat neonates before its safety had been documented in that
age group.

THE CASE OF CHLORAMPHENICOL

Chloramphenicol was discovered in the late 1940s and found to be effective
against many different infections caused by a wide range of organisms, from salmonella
to rickettsia (Meissner and Smith, 1979). The pharmacokinetics of chloramphenicol in
children were reported in 1951 (Kelly et al., 1951).

During the 1950s, as pediatricians made increasing use of the drug to treat a
variety of infections, the American Academy of Pediatrics (AAP) Committee on
Infectious Diseases offered dosing recommendations for the drug (Kempe, 1955). Most
of the studies reviewed as a basis for the recommendations included children and infants
(some as young as 1 month) but no newborns. Then, in response to the increasing
survival rates for premature newborns, AAP sponsored a seminar in 1956 on a broad
range of problems specific to premature and newborn infants. To reduce mortality from
infections, some discussants recommended that premature newborns born after premature
rupture of membranes (24 to 48 hours prior to delivery) be treated prophylactically with
antibiotics, including chloramphenicol (Day and Silverman, 1957), even though no
controlled studies had investigated the drug’s safety and efficacy for use with neonates.
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In 1959, a report of three newborns who died without explanation during
treatment with chloramphenicol (Sutherland, 1959) was soon followed by the report of a
randomized clinical trial to evaluate the effectiveness of prophylactic antibiotics in
reducing mortality in premature newborns following prolonged premature rupture of
membranes (Burns et al., 1959). In the trial, mortality rates for the two groups treated
with chloramphenicol were 68 and 60 percent. In contrast, mortality rates for the placebo
group and the group treated with different antibiotics (penicillin or streptomycin) were 19
and 18 percent, respectively.

Other studies determined that newborns, in particular, premature newborns, could
not eliminate the drug from their bodies as fast as older infants and children (Weiss et al.,
1960). As a result, dosing at levels used for older children and adults increased
chloramphenicol concentrations to dangerous levels. This led to the “gray syndrome” (or
“gray baby syndrome”), which was characterized by abdominal distension beginning 2 to
3 days after the start of chloramphenicol treatment and then by grunting respirations,
cardiovascular collapse with gray skin color, and death. Although most off-label use of
drugs does not have such dire consequences, the experience with chloramphenicol
underscores the potential hazards of using new drugs in children, especially newborns,
and the importance of controlled studies to guide decisions about when, how, and
whether to use them.

DEVELOPMENTAL PHARMACOLOGY AND PHARMACOGENOMICS
Basic Aspects of Developmental Pharmacology1

The visible changes that occur as a newborn infant grows into a toddler, child,
adolescent, and then a young adult are well known. As knowledge of the biology
underlying this normal growth and development has increased, so has the recognition that
these changes significantly affect the responses of growing children to medications. Such
changes require evidence-based methods for selecting safe and effective doses of
medications for children at different stages of development and for engineering
appropriate delivery systems for these medications. Adjustments in dosing are often more
complicated than simply scaling down the dose determined for adults on the basis of a
child’s age or weight.

The study of what happens to a drug in the body is a key focus of the field of
clinical pharmacology. Developmental pharmacology studies the changes that take place
in the clinical pharmacology of drugs as a child grows from birth to adolescence.

Once administered, drugs undergo biochemical changes that allow their
absorption, distribution, metabolism, and removal from the body (collectively referred to
as the pharmacokinetics of a drug). These biochemical changes—which may occur in the
intestinal tract, liver, or other organs through the action of drug-metabolizing enzymes—
may facilitate absorption or elimination. Some of these enzymes are not fully active at the
time of birth, especially premature birth. An important group of enzymes involved in

! Resources for this discussion include the work of Kearns et al. (2003), Ward and Lugo (2005), and
Rakhmanina and Van Den Anker (2009). The Food and Drug Administration provided draft guidance on
the conduct of pediatric pharmacokinetic studies in 1998 (CDER/CBER, 1998a).
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drug metabolism includes cytochrome P450 (CYP), which is primarily present in the
liver. One specific CYP can often metabolize several drugs that belong to the same drug
class and carry out similar actions in the body. Conversely, a specific drug may also be
metabolized by several different CYPs.

After a drug is absorbed into the bloodstream, it can quickly move throughout the
body. For drugs taken orally, absorption from the gastrointestinal tract occurs more
rapidly for drugs that are small molecules (those with a molecular mass of less than 500
daltons), not ionized, and fat soluble. Ionization—and therefore absorption—of drugs
varies with the pH in the gastrointestinal tract, which ranges from very acidic in the
stomach to more alkaline in the small intestine. Absorption differs between premature
and term infants, and stage of development may also affect absorption for other modes of
administration (e.g., through the skin).

After a drug is moved or distributed throughout the body, its concentration in the
blood generally decreases. The extent to which a drug is distributed throughout the body
depends on a number of factors, including how readily it dissolves in water. For drugs
that are water soluble, this lowering of the concentration by dilution in body water is
particularly important in premature newborns, who have proportionately more body
water than do adults and older children. Individual dosages of water-soluble drugs for
premature newborns must often be increased to adjust for this increased body water so
that the drugs reach an effective concentration in the bloodstream.

After enzymatic changes, many drugs are eliminated in the urine. Others continue
to undergo further biochemical changes that allow the drug or metabolite to be excreted
into the bile. The steps to change a drug molecule into a form that is more readily
eliminated by the body often require the action of a number of enzymes. In developing
children, the individual enzymes for drug metabolism and conjugation usually do not
mature at the same rate, nor does the maturation of an individual enzyme occur at a
constant rate. For newborns and young children, the dose of a drug is often adjusted to
the child’s body weight or body surface area to adjust not only for size but also for the
maturation of enzymes that occurs with growth.

Studies have demonstrated, however, that neither body weight nor body surface
area fits the maturation process exactly. At some stages during growth, especially from a
few months to several years of age, the rate of increase in liver activity for some CYPs
exceeds the rate of growth, so the dose of a drug per unit of body weight must be as high
as twice that in an adult to keep the concentration in a therapeutic range. In contrast, for
premature newborns, many CYP enzymes are underdeveloped, and the drug doses must
be given at intervals much longer than those used for older children or adults.

Without knowledge of the rates of drug removal from the body, dosing in the
wrong amount and at the wrong interval can cause drugs to accumulate in newborns and
infants, sometimes to toxic or even lethal concentrations. The only way to determine the
correct dose of medications is to test them in children at different stages of development.
Otherwise, children can be harmed. A dose that is too high may be toxic. A dose that is
too low may be ineffective.

Premature newborns are a special challenge in determination of the appropriate
dosages of medications because of their unique physiology as well as the difficulty of
studying drugs in this fragile population. In the neonate, the liver’s capacity for drug
metabolism is immature for many but not all drugs, and the kidney is similarly immature
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in filtering drugs selectively into the urine. Given that neonates born as early as 24 weeks
(or 4 months) prematurely now commonly survive, the challenge for developmental
pharmacology has increased.

For some drugs (e.g., aminoglycoside antibiotics), changes in the rate of clearance
or elimination of drugs from the body may correlate with both gestational age (the
number of weeks since the mother’s last menstrual period) and chronologic age (age after
birth).? For other drugs (e.g., pantoprazole), clearance may correlate more closely with
chronologic than gestational age (Ward et al., 2010). As a general rule, how a drug is
removed from the body needs to be studied both in preterm newborns, that is, infants
born at less than 34 weeks of gestation, and in newborns born from 34 weeks of gestation
to term. Separate studies may be needed for the most immature newborns (those born at
24 to 28 weeks of gestation).

Different diseases may also influence renal and liver clearance of drugs in
children in ways that require dosage adjustments. For example, infants with intestinal
problems who are unable to eat and must be fed intravenously often develop cholestasis
(impaired bile flow). This condition reduces bile acids in the small intestine, which in
turn reduces the absorption of fat-soluble drugs and the excretion of conjugated drugs
into the bile and requires adjustments to some drug doses. In contrast, drugs such as
phenobarbital and rifampin increase the activity of many drug-metabolizing enzymes in
the liver. Again, the only way to determine the appropriate adjustments is by study with
relevant pediatric populations.

As children move from infancy through childhood and adolescence, their
developmental maturity—as it affects responses to drugs—more closely approaches that
of adults (Carr and Ensom, 2003). Adolescent development is, however, highly variable.
The onset of puberty in children who are living in similar environments and have no
medical conditions that could accelerate or delay puberty may vary by as much as 4 to 5
years (Parent et al., 2003). For that reason, some studies of drugs of older children and
adolescents use a measure of pubertal development (Tanner staging) rather than age to
specify the upper or lower developmental boundary for enrollment in a trial. Behavior
can also be an issue, for example, when uncertainties about adolescent compliance with
self-administered dosing regimens complicate interpretation of clinical response or study
measurements.

A National Institutes of Health (NIH) working group on adolescent therapeutics
has recommended more research on a number of topics, including how pubertal
development and body weight affect drug distribution and metabolism (NICHD, 2010).
The group noted, for example, the need for studies to understand risk factors and other
aspects of weight gain in adolescents using antipsychotic and certain other medications.
As cited in Chapter 5, the Food and Drug Administration’s (FDA’s) Pediatric Advisory
Committee has recommended that information about the possible risk of pediatric weight
gain be added to the labeling of these drugs. In addition, some have argued that dosing
strategies for studies of drugs for major depression in children, particularly adolescents,

* Postmenstrual age may also be used to describe the age of a preterm infant. It is the infant’s gestational
age at birth plus his or her chronological age (AAP Committee on the Fetus and Newborn, 2004). For
preterm infants, chronological age differs from corrected age. The latter, which is used for preterm infants
below the age of 3, is determined by subtracting the number of weeks that an infant was born before 40
weeks of gestation from his or her chronological age.
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have not consistently taken into account the results of pharmacokinetic studies (Findling
et al., 2006). The concern about weight may apply to medications prescribed for younger
children as well as adolescents.

Pharmacogenomics and Developmental Pharmacology

One area of challenge and opportunity for pediatric drug studies requested under
the Best Pharmaceuticals for Children Act (BPCA) or required under the Pediatric
Research Equity Act (PREA) involves pharmacogenomics (see, e.g., Cohen and Ness,
2009; Hudson, 2011; Neville et al., 2011). Pharmacogenomics is the study of how
individual genetic variability affects the body’s response to medications (SACGHS,
2008). As of October 2011, FDA had identified almost 100 drugs with labeling that
included pharmacogenomic information (FDA, 2011c). The inclusion of
pharmacogenomic information in labeling is most common for oncology and psychiatry
drugs. To cite an example in psychiatry, the labeling for aripiprazole (Abilify) advises
dosing adjustments for patients identified by cytochrome CYP2D6 genotype as poor
metabolizers (BMS, 2011).

In some cases, the inclusion of pharmacogenomic information in labeling takes
the form of a boxed (“black box’’) warning. For example, a boxed warning on the label of
the drug abacavir sulfate (Ziagen) states that hypersensitivity reactions to the drug can be
fatal and that “patients who carry the HLA-B*5701 allele are at high risk for experiencing
a hypersensitivity reaction” (GSK, 2010, p. 1). This drug is approved for treatment of
HIV infection in patients 3 months of age or older, and testing for this allele is now an
accepted element of the standard of care for HIV-infected children (Panel on
Antiretroviral Therapy and Medical Management of HIV-Infected Children, 2011).

Advances in pharmacogenomics may affect other drug therapies for children. To
cite examples, two common childhood conditions—attention deficit hyperactivity
disorder (ADHD) and asthma—have known genetic components that affect responses to
certain drugs. In children with ADHD, the response to methylphenidate (which is found
in drugs such as Ritalin and Concerta) is affected by polymorphisms in the dopamine
transporter gene (DATI) (see, e.g., Gruber et al., 2009). In the treatment of asthma,
bronchodilation or the worsening of asthma in patients on continuous short-acting and
long-acting beta-agonists is associated with polymorphisms in the ,-adrenergic receptor
gene (ADRB?2) (see, e.g., Lima et al., 2009). In patients using inhaled corticosteroids,
other genetic variations contribute to variability in airway responsiveness, lung function
response, and clinical exacerbations. As in other areas, the developmental variability
described in the first part of this chapter adds complexity and may limit the generalization
to children of findings from pharmacogenomic studies with adults. For example,
researchers recently reported that a pharmacogenetics-based dosing algorithm for
warfarin that was derived from adult data consistently over-estimated the pediatric dose
of the drug (Biss et al., 2011).

In addition to affecting treatment decisions, pharmacogenomics can aid the design
of pediatric drug trials and other studies. Genotypic data can be included as a covariate in
population-based analyses of pharmacokinetic or pharmacodynamic data, in which the
contribution of the genotype to outcome can be examined (Neville et al., 2011). In
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addition, genotypic information can be useful in identifying the reason for outlier
pharmacokinetic or pharmacodynamic data in a given cohort of research participants,
which may in turn allow a fuller understanding of variability in drug action. Incorporation
of pharmacogenomics in clinical trial designs to better identify patient characteristics
associated with differences in drug response could reduce the number of pediatric trials
that fail to show efficacy because of a lack of sufficient information on such
characteristics. Incorporation of pharmacogenomics could likewise allow reductions in
sample sizes, which is a particular issue in pediatric studies.

These and other applications of pharmacogenomics have ethical implications that
are beyond the scope of this brief discussion (see, e.g., Issa, 2002; Freuend and Clayton,
2003; Moran et al., 2011). Nevertheless, consideration of these implications is relevant
for both pediatric research and pediatric medicine.

TAILORING PEDIATRIC RESEARCH TO DEVELOPMENTAL VARIABILITY

Paraphrasing a common theme in pediatrics, children are not just small research
participants. At different ages from birth through adolescence, children who participate in
research differ from adult research participants—and from each other.

An understanding of developmental pharmacology and the appropriate conduct of
pharmacokinetic and pharmacodynamic trials is an essential element for most pediatric
drug research plans. Those designing, conducting, and assessing the data from pediatric
drug studies must also deal with other challenges related to developmental variability.
This section outlines some of these challenges and responses to them. Later chapters
provide further discussion of selected issues, including ethical considerations and the use
of alternative endpoints and extrapolation.

Appropriate Drug Formulations and Drug Delivery Systems

In planning clinical evaluations of the safety and efficacy of medications in
children, one early question is whether the formulation of a medicine developed for
adults will be suitable for children in the age groups to be studied. If not, one element of
the research program will be the development of an age-appropriate formulation or
formulations. A few examples illustrate the ways in which adult formulations may be
unsuitable for children.

e Children may be more resistant than adults to taking unpleasant-tasting
medicines.

e Younger children may be unable to swallow adult capsule or tablet forms.
They may require a liquid formulation that is practical, safe, effective, stable, and also
palatable. Other options include a chewable tablet, a dissolvable powder, or a product that
can achieve reliable doses when sprinkled on applesauce or a similar food.

e The appropriate amount of medication in a tablet will vary for children of
different ages. A tablet with a single strength may be sufficient for adults, but tablets with
different strengths may be needed for children.
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e Intravenous drugs may be too concentrated for small infants (i.e., the
appropriate volume for these patients is too small to measure reliably).

Preservatives, binders, and other additives that are safe for adults may not be safe
in all pediatric age groups, particularly neonates and infants. The past problems with
benzyl alcohol cited in Chapter 1 are a case in point. Today, unresolved issues include the
safety of commonly used additives such as propylene glycol and ethanol (see, e.g.,
Nabhata, 2009).

In the absence of appropriate pediatric formulations and pediatric labeling of
medications, pharmacists may create an extemporaneous formulation that differs from the
formulation provided and studied by the drug makers. Such formulations present their
own problems related to stability, sterility, palatability, additive safety, and limited
evidence-based guidance (see, e.g., Nahata and Allen, 2008).

An example of the research use of an extemporaneous formulation is described in
the clinical review for sotalol (Betapace), which was studied in response to a request
under BPCA with exclusivity granted in 2000. The FDA clinical reviewer described the
compounding as follows:

Five intact Betapace tablets (120 mg = 600 mg) were added to 120 ml of
commercially obtained simple syrup (contained [sic] 0.1% sodium
benzoate) in a six ounce amber bottle. The bottle was shaken and the
tablets allowed to hydrate for >2 hours (or overnight). The tablets are
shaken intermittently until the tablets disintegrated. The formulating was
completed when . . . the syrup contained a fine dispersion of particles.
The final concentration of the formulation was 5 mg/ml. (Karkowsky,
2000, p. 6)

Because FDA did not approve this product for pediatric use, the development of a
commercial formulation did not arise. Nonetheless, the current labeling includes guidance
for dosing in children, and it presents instructions for compounding an extemporaneous
oral formulation that are more informative than those just described (Bayer Healthcare,
2010).

In addition to developing different formulations of a drug, sponsors may need to
modify products that combine a drug and a device because combination products or
delivery instruments developed for adults may not be suitable for delivering medications
to children. To cite one example, measuring devices such as calibrated spoons or
droppers that are suitable for use with liquid formulations for adults may not provide
sufficient precision for small doses. (A different concern is that some parents may not
understand that household tableware is not standardized by volume and that medications
must be measured with specific devices to provide an accurate dose.) Measuring devices
may also be marked in ways that do not assist with accurate dosing for either adults or
children. FDA issued guidance on dosage delivery devices for liquid over-the-counter
mediations in 2011 (CDER, 2011b).

To cite another example of drug delivery issues, children may not be able to
manipulate safely and effectively the inhalation devices used to deliver certain asthma or
other respiratory tract medications to adults. For younger children who cannot reliably
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match inhalations to medication release from a handheld metered dose inhaler, companies
have developed spacers or chambers that can hold the released medication so that
coordinated breathing is not required.

Each new drug delivery modality requires extensive documentation from clinical
trials to show that the drug is delivered as anticipated or reaches effective concentrations
in children. In 2011, NIH announced funding opportunities for investigators to explore
new strategies for the creation and testing of drug formulations suitable for children
(NIH, 2011a). It noted a number of questions specific to the task of creating palatable
formulations for children, as well as questions related to advances in drug delivery
alternatives (e.g., skin patches and dissolvable oral films similar to over-the-counter
breath freshener strips) and different approaches to oral delivery of medications (e.g.,
nanotechnologies).

In developing a written request or requirement for pediatric studies under BPCA
or PREA, FDA may consider the need for a new pediatric formulation. For example, the
final version of the written request for a study of terbinafine hydrochloride (Lamisil) for
the treatment of tinea capitis (ringworm) specified that the sponsor use an appropriate
formulation (e.g., suspension or rapid-dissolution tablets). Further, it specified the
following conditions:

If the studies you conduct in response to this Written Request demonstrate
this drug will benefit children, then an age-appropriate dosage form must
be made available for children. This requirement can be fulfilled by
developing and testing a new dosage form for which you will seek
approval for commercial marketing. If you demonstrate that reasonable
attempts to develop a commercially marketable formulation have failed,
you must develop and test an age-appropriate formulation that can be
compounded by a licensed pharmacist, in a licensed pharmacy, from
commercially available ingredients. (Beitz, 2006b)

As discussed in Chapter 3, the FDA Amendments Act of 2007, which
reauthorized both PREA and BPCA, explicitly provides for a waiver of required pediatric
studies if the sponsor can demonstrate why a pediatric formulation is not possible; the
grounds for the waiver must be made public, however. Furthermore, FDA must report
annually on the number of pediatric formulations developed, the number of such
formulations not developed, and the reasons for a failure to develop a formulation. As of
December 31, 2011, FDA reported the development of five pediatric formulations under
BPCA and PREA (most related to studies required under PREA); the agency reported no
formulations that were not developed.® The legislation also requires FDA to publish a
notice that identifies any drug formulation that was developed, tested, and found to be
safe and effective for pediatric use but that was not marketed within a year following a
determination about pediatric exclusivity. Since the enactment of this provision, FDA has

* This information is posted and updated at
http://www.fda.gov/downloads/ScienceResearch/Special Topics/PediatricTherapeuticsResearch/UCM 19498
7.pdf.
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posted two such notices: one for a formulation of pantoprazole sodium oral suspension
for delayed release and the other for valganciclovir (formulation not specified).*

Appropriate Research Endpoints and Procedures

Developmental differences may entail not only the creation of different
formulations of medications for use with children but also the creation of
developmentally appropriate research measures and procedures that differ from those
used in studies with adults. As discussed further in Chapter 5, efficacy endpoints in
pediatric clinical trials may differ from the endpoints in studies with adults and may also
vary across pediatric age groups.

Alternative and Surrogate Endpoints

Efficacy measures used for adults or older pediatric age groups are sometimes not
suitable for use with younger age groups. For example, to study medications that are
intended for the relief of symptoms such as pain or nausea, symptom scales designed and
validated for use with pediatric age groups may be necessary, including different scales
for early verbal children, somewhat older children, and children with intellectual or
developmental disabilities (Tomlinson et al., 2010). For preverbal children, symptom
measures may be based on parent or investigator assessment of facial expressions and
physical movements (see, e.g., Taddio et al., 2009). Both kinds of measures of symptoms
are alternatives to those used for adults.

An alternative endpoint may also be a surrogate endpoint. A surrogate endpoint in
a clinical trial is a laboratory measurement or a physical sign used as a substitute for an
endpoint that measures directly how a patient functions, feels, or survives. For adults as
well as children, surrogate endpoints may be used in a variety of clinical research
situations in lieu of endpoints such as mortality or organ failure that may occur rarely or
that may develop over a period of years. Examples that have been validated for some
research uses include blood pressure, exercise capacity, and cholesterol levels. FDA has
recognized in various contexts the value of surrogate measures in pediatric trials. For
example, in 2000 draft guidance on pediatric oncology studies, the agency emphasized
that approval of a drug for pediatric use could be based on a drug’s effect on tumor size
or other surrogate measure that was likely to predict clinical benefit (CDER/CBER,
2000).

A particular surrogate measure may not be appropriate for children of all ages.
For example, forced expiratory volume in 1 second (FEV1) is an accepted surrogate
measure to assess the advance of lung dysfunction in patients with diseases such as cystic
fibrosis. Although widely used in older children, it requires physical maneuvers (i.e.,
strongly inhaling and forcefully and completely exhaling) that can be difficult for young
children and impossible for infants to perform (Castile, 2004). Training and experience

* This information is posted and updated at
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM203653
.pdf.
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may make measurement of FEV1 feasible with children as young as 5 years of age, but
alternative measures and techniques are usually required for use with children less than 6
years of age. To cite another example, exercise capacity is often used as a surrogate
measure in children with pulmonary hypertension or congestive heart failure, but its
reliable measurement in children less than 7 years of age, who are often developmentally
unable to perform the test, is difficult. This difficulty is further compounded in children
with developmental delay, such as those with Down syndrome, who are predisposed to
pulmonary hypertension and congestive heart failure (Walker, 2010a).

As in adults, investigators may also devise composite endpoints for pediatric
trials. Each single endpoint that is included in a composite endpoint should have clinical
significance and interpretability in its own right. The composite endpoint then becomes a
summary measure of effect from the different variables. The rationale for using a
composite endpoint in a clinical trial is that it can reduce the size of the trial if the
components of the composite increase the number of events. This can be a major
advantage in pediatric trials. In addition, a composite endpoint can address broader
aspects of a multifaceted disease and can combine components (e.g., rehospitalization)
that occur more frequently than other components (e.g., mortality). In general, these
components should add to the total treatment effects, move in the same direction, be of
generally similar significance, and be easily ascertained.’

Some studies of drugs to treat HIV infection offer an example of the use of a
composite endpoint that reflects developmental considerations. Because infection with
HIV can negatively affect children’s growth, growth has been incorporated into
composite endpoint measures for some pediatric studies of antiretroviral drugs. Although
changes in weight were the initial focus, studies have suggested that changes in height are
more closely related to survival (Benjamin et al., 2004).

Use of Alternative Biospecimen Sampling Procedures

Alternative research procedures may also be necessary for studies that require
frequent sampling and testing of blood and other biological specimens. This sampling can
be stressful for adults, who typically understand the rationale and the procedure; it can be
even more stressful for children, particularly young children. For these children, their
small veins also complicate the drawing of blood, and they have a smaller volume of
blood, which limits the amount of blood that can be safely drawn.® Fortunately,
technological advances allow accurate assays with smaller sample sizes than in the past.

In addition to assay innovations, the greater use of population-based
pharmacokinetics permits less frequent or dense individual sampling than in traditional
pharmacokinetic studies (CDER/CBER, 1999a; see also Zuppa et al., 2011). This can, for

> In guidance on the discussion of clinical studies in a drug’s labeling, FDA has advised that “[i]n general,
the results for all components of a composite endpoint should be presented. Presentation of all components
reveals which components are driving the result and which components may be unaffected, or even
adversely affected, by treatment with the drug” (CDER/CBER, 2006, p. 5).

® The institutional review boards that review research proposals for compliance with standards for human
research protections (see Chapter 4) may have guidelines on acceptable blood draw volumes by weight
(see, e.g.,
http://www.ucdmc.ucdavis.edu/clinicaltrials/documents/Blood Draws Maximum_Allowable.doc).
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example, reduce the burden of frequent blood draws on individual children. Population
pharmacokinetics can be described as “the study of variability in drug concentrations
between individuals . . . [including] the assessment of variability within the population
and . . . [the assessment of possible sources of] variability in terms of patient
characteristics such as age, renal function or disease state” (EMA, 2009a, p. 3). The
approach also allows the use of data from a variety of sources not normally used in
pharmacokinetic analyses, for example, data from studies assessing the relationships
between dose and efficacy or safety.

Aside from these kinds of procedural or methodological innovations, investigators
studying hospitalized children may be able to obtain extra serum and plasma during
clinically indicated blood sampling to allow repeat validation of an analysis without
additional blood draws. Such “scavenged” samples can be used to enhance
pharmacokinetic studies, especially in small premature newborns (Wade et al., 2008). In
addition, pharmacokinetic studies of some drugs may be amenable to the use of samples
of other bodily fluids (such as tears or urine) that can be obtained noninvasively
(McCracken et al., 1980).

Children’s Development and Adaptations in Research Strategies

Development-related differences such as those described above may require a
variety of adaptations or additions to research plans or strategies. As discussed in Chapter
4, ethical considerations may also dictate adaptations.

Studies with Juvenile Animals

Concerns about possible toxicities not seen in adults may prompt FDA to require
short-term or long-term studies involving juvenile animals. Such studies generally
supplement the studies with older animals that typically precede clinical trials with
adults.

For example, when FDA approved abatacept (Orencia) for treatment of juvenile
idiopathic arthritis in patients ages 6 to 16 years, it deferred clinical studies for the 2- to
S-year-old age group until data from three safety studies with juvenile rats had been
submitted and evaluated (Rappaport, 2008). FDA’s online database for tracking
postmarket study requirements shows that the data from rat studies have been submitted.
(It also shows—without explanation—that FDA released the sponsor from the
requirement for the deferred clinical studies with children in the 2- to 5-year-old age

group.)
Studies with Different Pediatric Populations
As explained above, developmental differences within the pediatric population

often require that separate clinical studies be undertaken with individuals in different age
groups. For a number of the products discussed in this report, FDA required studies with
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neonates; infants up to 1 or 2 years of age; one or two groups of older, preadolescent
children; and adolescents. Separate studies with each age group, however, may
necessitate adjustments in the research plan, for example, if suitable efficacy measures
are not available for the youngest age groups.

Aside from the additional complexity and cost of separate studies, one
disadvantage of separate studies for different age groups is that the separate studies may
fragment what is already a small population. Although such fragmentation presents
problems, one alternative—inclusion of patients covering a broader age range in a single
study that is not powered for subgroup analysis by age—presents the risk that the study
will fail to enroll sufficient numbers of patients in relevant age groups to identify
important developmental differences in a drug’s safety and efficacy.

Use of Extrapolation

Chapter 5 discusses one strategy that FDA commonly allows in an effort to
encourage pediatric drug studies while reducing the costs to sponsors. Instead of
specifying the two adequate, well-controlled safety and efficacy trials that are often
required for studies of drugs in adults, FDA may indicate in advance that it will accept
the use of extrapolation of efficacy from studies with adults to children (or from one
pediatric age group to another), usually with requirements for the submission of some
supportive pharmacokinetic, safety, and efficacy data.

For a particular drug and indication, the appropriate use of extrapolation depends
on a careful assessment of similarities and differences between adults and children in the
course of the disease and the effects of the drug. FDA may thus accept extrapolation for
some age groups (e.g., adolescents) but not others (e.g., neonates).

Different Approaches to Pharmacokinetic Studies

For adults, Phase I studies often start with a small number of healthy volunteers.
The studies seek to investigate a drug’s pharmacokinetics in individuals not affected by a
disease under study; they, therefore, carry no prospect of medical benefit to these
volunteers. For pediatric drug studies, either the drug or the research procedures (e.g.,
extensive blood draws), or both, are often deemed to involve more than minimal risk
without the prospect of direct benefit to the child. Such studies are restricted under the
framework of the research protections described in Chapter 4.

As a result, with FDA and institutional review board agreement, sponsors of
pediatric drug studies typically develop needed pharmacokinetic evidence by using a
combination of data from previous studies with adults and new data from studies
involving children who have the condition being studied. For example, the clinical
pharmacology review for the drug sotolol (Betapace) included a literature review of data
from studies of healthy adults, ill adults, and ill children. It also evaluated the findings
from two Phase I trials (Gobburu and Canal, 2000). One of these trials was a single-dose
study involving 34 children (ranging from neonates to children 12 years of age) who
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needed treatment for arrhythmias. The other was a study of 25 children (in the same age
range) using an ascending-dose titration design with three dose levels.

A pediatric pharmacokinetic analysis is sometimes embedded in a safety and
efficacy study. For example, for the investigation of zoledronic acid (Zometa) for
osteogenesis imperfecta, the pharmacokinetic study was part of the clinical safety and
efficacy study (as allowed by the written request) (Vaidyanathan, 2008). One ethical
rationale for this approach is that the study would have the prospect of benefit.

As described earlier in this chapter, the methods of population pharmacokinetics
can minimize the burden on child research participants, for example, by collecting fewer
samples per participant from a larger study population (CDER/CBER, 1998a, 1999b;
Howie, 2010). This approach has ethical as well as practical and economic advantages in
certain situations.

As discussed in Chapter 7, the lack of pediatric pharmacokinetic studies may
contribute to unsuccessful efficacy trials. For example, FDA requested safety and
efficacy studies but not a pharmacokinetic study for the use of albuterol sulfate inhalation
(Ventolin HFA) aerosol to treat asthma in children ages birth up to 2 years and 2 years up
to 4 years. The clinical reviewer concluded that the studies did not show efficacy and that
the dose chosen for the studies might not have been optimal (Wang, 2008a).

Other Modifications in Trial Design

Among other advances in strategies for designing clinical studies, adaptive trial
designs are potentially helpful in pediatric drug studies. These strategies allow certain
changes in trial design based on planned analyses of data collected at interim points
during a trial. As described in FDA guidance, such changes may make studies “more
efficient (e.g., shorter duration, fewer patients), more likely to demonstrate an effect of
the drug if one exists, or more informative (e.g., by providing broader dose-response
information)” (CDER/CBER, 2010a, pp. 1-2). For example, as dose-response data
accumulate during the course of a trial, analyses may indicate a lack of response or
unanticipated adverse reactions for a particular dose; further use of that dose can then be
stopped. To cite another example, an interim analysis may suggest the need to adjust the
sample size upwards or downwards, thus avoiding either an unnecessarily large sample or
a statistically underpowered study that will not provide adequate evidence about a drug’s
efficacy. The FDA guidance stresses the importance of careful application of these
techniques to avoid the introduction of bias that compromises the validity of study
results.

One example of an adaptive design in pediatrics is seen with clopidogrel (Plavix),
which was investigated under BPCA for treatment of neonates and infants with cyanotic
congenital heart disease palliated with a systemic artery-to-pulmonary artery shunt. The
event-driven trial design included three interim analyses conducted by an independent
statistician associated with the data-monitoring committee for the study. The design
would have allowed the early discontinuation of the trial if the interim analyses showed a
definite efficacy advantage (or a safety concern) for the test drug (Chen, 2010). As it
turned out, neither the interim nor the final analyses supported efficacy. FDA also cited
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problems with the sponsor’s approach to certain aspects of the research that might have
compromised the potential of the study to demonstrate efficacy.

Attempts have been made to devise trial architecture that is more acceptable to
children and their families and that will thereby encourage enrollment. As described in
Chapter 1, enrolling sufficient numbers of children is a persistent challenge for research
sponsors. Parents are particularly averse to enrolling their children into clinical trials in
which the children may be exposed to long courses of placebo (Caldwell et al., 2003).

One example of alternative trial architecture is the randomized withdrawal design.
It has been used for a number of trials of biologic therapies for juvenile arthritis (Lovell
et al., 2000, 2008; Ruperto et al., 2008). In this design, all subjects are enrolled into an
open-label phase in which all subjects receive study medication. Only those participants
who show a response go on to further study (which makes this an example of an
enrichment design). Those responding are then randomized to continue with active
therapy or to be switched blindly to placebo (i.e., withdrawn from active therapy). The
main study endpoint is the proportion of participants in the two arms who maintain a
response (or, conversely, the proportion who have a disease flare). This study architecture
is favored by some parents and investigators since the children randomized to placebo
may be switched back to active therapy (in an open-label fashion) as soon as a disease
flare occurs; in this way, prolonged exposure to placebo is minimized.

Other study architectures that aim to maximize enrollment and minimize exposure
to placebo include randomized dose comparison designs, the randomized placebo phase
design (Feldman et al., 2001; Abrahamyan, 2011), and crossover and multiple-crossover
designs.

Infrastructure for Research in Pediatric Therapeutics

The kinds of challenges outlined above have prompted efforts to create and
maintain research resources to support drug studies that appropriately accommodate
developmental variability. These resources include

e clinical investigators knowledgeable about developmental pharmacology and
other features of pediatric research;

e physical facilities that accommodate children of different ages and their
parents;

o trial design and data analysis strategies tailored to pediatric trials;

e administrative structures, including systems that support the multisite
networks often required for pediatric studies to enroll sufficient numbers of children; and

e child-focused research ethics programs that include individuals with extensive
experience in conducting or evaluating clinical research involving children.

Although the actions are limited in scope, considering the need, NIH has taken
some steps to develop a better infrastructure for pediatric clinical trials. In 1994, the
National Institute of Child Health and Human Development (NICHD) established the
first national network for pediatric pharmacology (NICHD, 1998). Later, it supported the
creation of the Pediatric Pharmacology and Therapeutics Research Consortium. The
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announcement of funding opportunities for the latter noted the need “to address
knowledge gaps that may be responsible for failed [pediatric] efficacy trials” (NIH,
2008, unpaged). In 2010, NICHD announced a contract for Duke University to create the
Pediatric Trials Network to develop a stronger infrastructure for clinical trials in support
of the institute’s BPCA program, which focuses on high-priority studies of off-patent
drugs (Berezny et al., 2011). (See Chapters 3 and 6 for a description of NICHD’s role
in BPCA and in setting priorities for pediatric therapeutic research, including neonatal
research.)

Within the Clinical and Translational Science Awards program (which aims to
speed the pace at which laboratory discoveries lead to effective treatments), a working
group has focused on ways to accelerate progress in pediatric research. For the 2011
meeting of the Pediatric Academic Societies, the group helped organize a session on the
BPCA. The session featured presentations of strategies for developing better predictors of
outcomes in pediatric drug studies (CTSA CCHOC, 2011).

Disease-focused initiatives also play a role in supporting drug studies for pediatric
health conditions. For example, the Children’s Oncology Group (COG), created in 2000
through the merger of four smaller groups, is an international cooperative that each year
conducts dozens of clinical trials with NIH and industry funding. Because cancer care for
children is more concentrated in research institutions than is adult care, approximately 90
percent of children with cancer in the United States are treated in COG institutions. The
group’s cooperative research strategy has achieved relatively high rates of enrollment in
trials of cancer therapies (50 to 60 percent of all eligible children and 90 percent of
children under age 5 years) (O’Leary et al., 2008). Even so, achieving sufficient
enrollment is often a challenge. The group places a priority on the early assessment of a
drug’s potential and the timely ending of unpromising trials so that limited resources—
including research participants—can be most effectively allocated.

The Cystic Fibrosis Therapeutic Development Network, which is affiliated with
the Cystic Fibrosis Foundation (CFF), has been an innovator in advocacy group efforts to
stimulate focused drug discovery, translational, and clinical research. The network is a
subset of specialized research centers drawn from a larger network of clinical care
centers; it has expanded from 18 to 80 centers in recent years (CFF, undated).

Although not specific to pediatric studies, FDA’s initiatives to advance regulatory
science have the potential to improve such studies. As defined by FDA, regulatory
science is “the science of developing new tools, standards, and approaches to assess the
safety, efficacy, quality, and performance of FDA-regulated products” (FDA, 2011a). As
part of the initiative for developing and refining clinical trial designs, endpoints and
biomarkers, and analytic tools, the agency described needs to

e continue to refine clinical trial design and statistical methods of analysis to
address issues such as missing data, multiple endpoints, patient enrichment, and
adaptive designs;

¢ identify and evaluate improved clinical endpoints and related biomarkers for
trials in areas where optimal endpoints are lacking (e.g., efficacy and safety
endpoints for osteoarthritis in humans and animals, for gene therapy, for
ophthalmic indications, for tumor vaccines, and for stem cell-derived therapies);
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e develop novel trial designs and endpoints for special needs (e.g., small trials
for orphan indications, designs and endpoints for pediatric trials including
neonatal trials);

e continue to refine the use of modeling and simulation in clinical trial design to
enhance the effectiveness of clinical studies; [and]

e continue development and refinement of tools and approaches for assessing
benefit/risk (FDA, 2011a, pp. 11-12).

In some instances, as in the third bullet above, FDA explicitly notes the relevance
of initiative elements to pediatric studies. To the extent that those involved in
implementing the initiative for clinical trials consider developmental issues and solicit
pediatric expertise, it should in the future yield improvements in the value of pediatric
studies requested under BPCA or required under PREA.

SHORT-TERM STUDIES AND LONG-TERM CONCERNS

Most studies used to support the approval of drugs by FDA are relatively short
term, lasting for a few days, weeks, or months, even for drugs that are used for years in
the treatment of chronic conditions such as asthma, diabetes, and autism. The scarcity of
long-term studies of medication effects is a concern for both adult and pediatric
populations.

For children, however, an added concern is how drugs used either acutely or
chronically may affect growth and development or have late adverse effects. Even
relatively short-term use may be associated with adverse effects years later. One
reasonably well-understood example involves drugs that help save the lives of young
children with cancer but create risks for later problems, including cognitive limitations,
fertility impairment, or new cancers (NCI, 2011).

Even when FDA identifies long-term growth and development or other safety
issues, it may not include long-term studies in a written request or require longer-term
postmarket studies after approving use of a drug by children. For example, in requesting
studies of the use of aripiprazole (Abilify) for treatment of schizophrenia in adolescents,
FDA noted concerns about the effects of the drug on growth and development and
encouraged but did not specify long-term studies (Behrman, 2003). Some time later,
when the agency approved the drug for acute treatment of irritability associated with
autism, it did require a long-term efficacy and safety study for maintenance treatment for
the condition (Laughren, 2009a).

The unclear risk-benefit ratio of the long-term use of some chronic medications
may raise questions about when such agents should be started, particularly when the
events that they are intended to avert would not be expected to occur for many years.
Thus, in an editorial discussing statins and children, Stein (2007) suggested that “given
the residual uncertainty of the impact on safety, growth, and sexual development in the
younger age groups and the fact that clinical events do not appear until the mid to late 20s
at the earliest, it would still appear prudent to delay the start of statin and other lipid-
lowering drug therapy until the age and sexual development stage outlined by the recent
AHA [American Heart Association] consensus statement” (p. 595).
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FDA must balance the benefits of facilitating the entry to the market of products
showing short-term benefit against the risks of long-term harm. It must also consider the
possibility that the incentives of BPCA may not be sufficient to attract positive responses
from sponsors when a request involves a long-term study. Chapters 5 and 6 also note the
need for long-term studies of drugs. Chapter 5 suggests that FDA could make greater use
of its authority to require long-term safety studies when it approves a product for
pediatric use.

CONCLUSIONS

This chapter has provided an overview of developmental pharmacology as a
basis for designing, conducting, and evaluating pediatric drug studies. It has discussed
how children’s growth and development may require alterations in research strategies
that are commonly used in conducting drug studies with adults.

The exclusivity incentive and other features of BPCA and PREA explicitly
recognize and accommodate some distinctive features of pediatric research. Notably, with
direction from Congress and on its own initiative, FDA has added to its staff individuals
with expertise in pediatrics and pediatric research to support oversight of pediatric study
requests or requirements, discussions with sponsors about acceptable research designs,
and appropriate review of submitted pediatric data (see Chapters 3 and 4). By employing
sufficient expertise in developmental pharmacology and pediatric clinical research from
the early stages of pediatric plan discussion through the review of submitted studies, FDA
increases the likelihood that studies will generate useful information to guide and
improve clinical care for children of all ages.

The next chapter moves from developmental variability and pediatric research to
public policy. It builds on the overview provided in Chapter 1 to discuss BPCA and
PREA in more detail.
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3
Policy Framework for BPCA and PREA

The incentives of the Best Pharmaceuticals for Children Act (BPCA) and the
requirements of the Pediatric Research Equity Act (PREA) and their predecessor policies
apply within a broader framework of statutes and regulations that are intended to protect
public health by ensuring the safety and effectiveness of medications. The foundations of
BPCA and PREA are the Federal Food, Drug, and Cosmetic Act (FDC Act), elements of
which apply to biologics as well as conventional drugs, and the Public Health Service Act
(PHS Act), which includes additional requirements specific to biologics. When Congress
passed the Biologics Price Competition and Innovation Act (BPCIA) (as part of the
Patient Protection and Affordable Care Act of 2010, PL 111-148), it extended the
provisions of BPCA to cover biological drugs.

Although both BPCA and PREA refer to the pediatric population, neither statute
nor the implementing regulations define the age range or subgroups to which they apply.
As noted in Chapter 1, the Food and Drug Administration (FDA) has described the
pediatric population as including individuals ages “birth to 16 years, including age groups
often called neonates, infants, children, and adolescents” (CDER/CBER, 2005, p. 8).
Elsewhere, the agency has proposed age ranges for these groups. In application, when it
requests or requires pediatric studies of specific products, FDA considers what age ranges
are appropriate given the medical condition to be studied, the research questions and
procedures, and, possibly, the characteristics of the drug in question.

This chapter begins with a brief overview of the regulatory context for BPCA and
PREA, including definitions of key terms, procedures governing the study and approval
of new drugs and biologics and their labeling, and mechanisms for monitoring drug
safety after products are approved for marketing. It then describes major features of
BPCA and PREA The discussion of PREA includes a short comparison of differences in
requirements for pediatric drug studies between the United States and Europe. The
chapter concludes with some suggestions for policy makers as they consider the
reauthorization of BPCA and PREA in 2012. Chapter 4 describes another part of the
regulatory framework for pediatric studies—regulations concerning the protection of
human participants in research. Chapter 8 provides more information about BPCIA, the
implementation of which was still in its early stages at the time this report was being
completed.
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3-2 SAFE AND EFFECTIVE MEDINES FOR CHILDREN

BASIC REGULATORY FRAMEWORK FOR DRUG DEVELOPMENT,
APPROVAL, AND SURVEILLANCE

Definition of Drugs and Biologics
As defined in the FDC Act, drugs are

articles recognized in the official United States Pharmacopoeia, official
Homoeopathic Pharmacopoeia of the United States, or official National
Formulary, or any supplement to any of them; and (B) articles intended for
use in the diagnosis, cure, mitigation, treatment, or prevention of disease
in man or other animals; and (C) articles (other than food) intended to
affect the structure or any function of the body of man or other animals;
and (D) articles intended for use as a component of any article specified in

clause (A), (B), or (C).(21 USC 321(g)(1))

This definition encompasses both small-molecule chemical compounds (what are
conventionally called “drugs™) and biologics.'

For regulatory purposes under the PHS Act, as amended by BPCIA in 2010, a
biologic is “a virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood component
or derivative, allergenic product, protein (except any chemically synthesized
polypeptide), or analogous product, or arsphenamine or derivative of arsphenamine (or
any other trivalent organic arsenic compound) applicable to the prevention, treatment, or
cure of a disease or condition of human beings” (42 USC 262(i)). A few biologics have
been and still are regulated under the FDC Act. These include a small group of older
products such as insulin and human growth hormone that were originally derived from
human or other animal sources but that may be produced today using recombinant DNA
technology. Some of these products have been the subject of written requests and
pediatric exclusivity under BPCA. Examples include insulin glargine (ribosomal DNA
origin) (Lantus), somatropin recombinant (Omnitrope), and hyaluronidase recombinant
human (Hylenex).

Investigational New Drug Application

Under the FDC Act and the PHS Act, an early regulatory step on the pathway to
product approval is the filing of an Investigational New Drug (IND) application by the
sponsor (in essence, the owner) of a promising drug or biologic product. The application
describes the indications (clinical uses) to be investigated, the existing data on the drug or
biologic (e.g., from animal studies), and the proposed strategy for clinical testing with
humans.

The IND application process is an important mechanism by which sponsors and
FDA may communicate about how studies should be designed and conducted to meet

"In 1972, the Secretary of what is now the Department of Health and Human Services gave FDA the
explicit authority to apply the requirements of the FDC Act to biologics (37 FR 4004, cited in Carver et al.,
2010).
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agency criteria for approval of new drugs, new indications, new formulations, or use by
new populations. These communications may lead to modifications of research protocols
as studies are planned or initiated.

FDA may initiate discussions of pediatric studies during the IND application
process if such studies are not already being conducted under the application. These
discussions may, for example, make clear that PREA requirements will be waived
because the condition being studied is not diagnosed in children. Alternatively, FDA may
signal to sponsors that pediatric studies will be required, and it may encourage them to
start planning for those studies and to be ready to begin them as early as possible taking
safety into account (see discussion of the pediatric plan below).

New Drug Application or Biologics License Application

Before a product may be marketed, the sponsor typically must submit a New Drug
Application (NDA) or Biologics License Application (BLA). These applications
encompass volumes of documentation for FDA review and scrutiny. FDA reviews and
approves a range of details related to the drug or biologic. These details cover the active
and inactive ingredients of the components of the drug or biologic; packaging materials;
container-closure systems; methods, facilities, and controls for product manufacturing,
processing, packing, and analytical testing; proposed labeling; and reports of clinical and
other investigations. These investigations are conducted to show whether the product is
safe and effective under the proposed conditions of use (for products covered by NDAs)
or is safe, pure, and potent under the proposed conditions of use (for products covered by
BLAs). Chapter 5 discusses FDA’s protocols for staff assessments of safety, efficacy, and
other studies submitted by sponsors to support product approvals.

Once an original NDA or BLA has been approved, FDA may approve
supplemental NDAs or BLAs. Among other changes, these applications may cover such
disparate modifications as the addition of a new indication to a product’s labeling; the
expansion of an indication to a new population of patients; the availability of a new form
of the product; a change in the dosing regimen; the addition of new safety information to
labeling; and a modification involving component specifications, suppliers, or
manufacturing processes.

Under the FDC Act, sponsors of original and supplemental applications must
provide substantial evidence of a product’s safety and effectiveness for its intended use.
As described in the statute, substantial evidence

means evidence consisting of adequate and well-controlled investigations,
including clinical investigations, by experts qualified by scientific training
and experience to evaluate the effectiveness of the drug involved, on the
basis of which it could fairly and responsibly be concluded by such
experts that the drug will have the effect it purports or is represented to
have under the conditions of use prescribed, recommended, or suggested
in the labeling or proposed labeling thereof. If the Secretary determines,
based on relevant science, that data from one adequate and well-controlled
clinical investigation and confirmatory evidence (obtained prior to or after
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such investigation) are sufficient to establish effectiveness, the Secretary
may consider such data and evidence to constitute substantial evidence for
purposes of the preceding sentence. (21 USC 355(d))

In the FDA Modernization and Accountability Act of 1997 (FDAMA; PL 105-
115), Congress clarified that data from one adequate and well-controlled study, together
with confirmatory evidence obtained before or after that study, can constitute “substantial
evidence” of effectiveness for any new drug. FDA regulations specify that studies and
study reports should

e provide a clear statement of purpose;

e permit a valid comparison of the experimental group with a control group;

e employ suitable methods to assign study and control groups and otherwise to
minimize bias;

e use clear, reliable methods to define and assess responses of research
participants; and

e employ appropriate methods to analyze study results (21 CFR 314.126; see
also CDER/CBER, 1998).

In the case of a drug reviewed under the NDA process, FDA’s approval
determination is based on judgment that the submitted data and information show that (1)
the product will be safe for use under the conditions described in the proposed labeling;
(2) substantial evidence exists that the drug will have the effect that it purports to have
under the conditions of use described in the proposed labeling; and (3) the methods,
facilities, and controls used for the manufacture, processing, and packing of the drug are
adequate to maintain its identity, strength, quality, and purity (21 USC 355; 21 CFR Part
314). Although similar in substantive underpinnings, FDA approval of a biological drug
in the BLA process is based on the sponsor’s demonstration that the product is safe, pure,
and potent and that the facility in which the product is manufactured, processed, packed,
or held meets standards designed to ensure that the product continues to be safe, pure,
and potent (42 USC 262(a)). In addition, FDA has incorporated concepts of the FDC Act
into the BLA approval process by holding that a demonstration of “potency” includes
demonstration of effectiveness (see 21 CRF 600.3(s) and CDER/CBER, 1998b).

Labeling Requirements

The sponsor technically owns and holds copyright to a product’s labeling
information, and it normally proposes and participates in labeling changes subject to
close FDA oversight. The labeling of NDA and BLA products is governed by a common
set of regulations (21 CFR Part 201) that are designed to make detailed and clear
information available to prescribers. This prescribing information covers these broad
topics:

e Drug name, dosage forms, and strengths
e Indications and usage
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Dosage and administration
Contraindications
Warnings and precautions
Adverse reactions
Drug interactions
e Use by specific populations (including pregnant women, pediatric
populations, and geriatric patients)
e Drug abuse and dependence (if a concern)
Overdosage
Clinical pharmacology
Nonclinical toxicology
Clinical studies
Storage and handling
Patient counseling

In 2006, FDA initiated the use of a structured format and content for drug labeling
that includes, among many other required elements, a front page or leading section with
Highlights of Prescribing Information that cover key information about indications,
usage, dosing; safety warnings and cautions of various sorts; and use by children and
other special populations (FDA, 2006b). The requirements for use of this format are
being phased in through 2013. They are not fully retroactive to NDAs or BLAs approved
before June 2001, so some labels may remain in the old format (established in 1979),
unless sponsors voluntarily revise them. Even with the new format, information relevant
to use of a product by pediatric populations may be located in several sections of the
structured label (e.g., in sections on dosage, clinical pharmacology, and adverse reactions
as well as in the highlights section that now appears at the start of prescription labeling).
This can complicate efforts to find, assess, and summarize pediatric information in
product labeling.

As discussed in Chapter 1, drug and biologic labeling historically did not include
consistent, substantive information about the use of drug and biologic products in
pediatric patients because that information was, for the most part, not available. Although
FDA required as early as 1979 that drug labels include a pediatric subsection (as part of
the section on precautions), the rules did not require the development of pediatric data for
inclusion in labeling. Congress passed BPCA and PREA and their predecessor policies to
respond to that information deficit.

Postmarket Studies and Surveillance

FDA'’s role in ensuring drug safety does not end when a product is approved for
marketing. (See Chapter 5 for a discussion of recent changes to requirements for
reporting of adverse events during clinical trials of a product.) To monitor and learn more
about drug safety in actual use, FDA uses two general strategies.

The first strategy for postmarket safety monitoring involves the periodic reporting
of new safety information to FDA. Through its MedWatch system, FDA receives
spontaneous reports (i.e., reports not associated with a planned clinical study) about
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adverse drug events. Sponsors of drugs and biologics have specific requirements for
surveillance and reporting of adverse events associated with the use of a drug,
particularly events that are unexpected (e.g., not described in the product’s labeling). In
addition, health professionals, patients, parents, and others may voluntarily report
problems. Adverse event reports to MedWatch are compiled in a computerized database,
the Adverse Event Reporting System, which FDA monitors for indications of safety
problems that warrant further analysis and possible response. In addition, drug and
biologic sponsors operate under obligations to report significant new information
(including from the published literature) that might affect the safety, effectiveness, or
labeling of an approved product. This information could be included in a sponsor’s
annual report to FDA or provided in an expedited report. Depending on the nature of the
problem identified, the sponsor’s or FDA’s analysis of voluntary and mandatory safety
reports and other information (e.g., literature reviews) may lead to safety advisories to
clinicians and consumers, to the addition of new safety information to a product’s
labeling, to further studies or data analyses, or to other product changes. For example, in
2009, based on analyses of adverse event reports over a 10-year period, FDA first
reported on a possible association between certain cancers in children and young adults
and the use of tumor necrosis factor blockers; in 2009, following further investigation and
analysis, the labeling was revised to add new safety warnings (FDA, 2009b). In rare
cases, a sponsor withdraws a product from the market.

A second strategy for postmarket safety monitoring involves requirements or
voluntary agreements for sponsors to undertake specified further investigations of a drug
or biologic following its approval. The FDA Amendments Act of 2007 (FDAAA; PL
110-85) strengthened FDA’s authority to require sponsors to conduct postmarket studies,
including studies to “assess a known serious risk related to the use of the drug; assess
signals of serious risk related to the use of the drug; [or] identify an unexpected serious
risk when available data indicate the potential for a serious risk” (21 USC 355(0)(3)(B)).
In 2009, FDA adopted internal policies and procedures for developing such postmarket
study requirements (CDER/CBER, 2009), and in 2011 FDA issued guidance for industry
on the topic (CDER/CBER, 2011). These safety investigations may involve pediatric
studies but are separate from any requirements under PREA. For example, in 2009, when
FDA approved guanfacine (Intuniv) for treatment of attention deficit-hyperactivity
disorder in children ages 6 up to 17 years, it required postmarket studies of cardiac
toxicity in rats and reproductive toxicity in juvenile rats (Laughren, 2009b). These
requirements were separate from the requirements that the agency imposed under PREA
for additional studies in the 6- to 17-year-old age group (including one for a long-term
study of efficacy and safety and a second one to more fully evaluate safety and efficacy
in adolescents). Both sets of studies could result in the addition of information to product
labeling.

FDAMA required sponsors to report annually on their progress in meeting certain
types of postmarket study requirements. It likewise directed FDA to provide annual
summaries based on these reports.”

The importance of postmarket strategies for expanding pediatric safety
information is discussed further in Chapter 5. That chapter also describes the process for

* An FDA website allows a status search by product and type of requirement (e.g., PREA)
(http://www.accessdata.fda.gov/scripts/cder/pmc/index.cfm).
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1-year safety reviews that Congress initially established in 2002 for labeling changes
resulting from studies requested under BPCA and then extended in 2007 for changes
resulting from studies required under PREA.

BEST PHARMACEUTICALS FOR CHILDREN ACT
History of the Exclusivity Provision

The substance of BPCA predates that statute that bears the name. Congress first
established the concept and rules for what is called “pediatric exclusivity” in 1997 in
FDAMA. This legislation provided incentives and FDA authority to encourage the study
of drug products in pediatric patients. FDAMA included a sunset, or expiration, provision
that largely limited its application to NDAs submitted on or before January 1, 2002. In
2002, Congress enacted BPCA (PL 107-109) to amend and reauthorize the pediatric
exclusivity program for NDAs filed on or before October 1, 2007. BPCA was again
renewed and amended in September 2007 as a component of FDAAA. The current
iteration of BPCA is scheduled to expire in October 2012.

As explained earlier, in 2010, Congress extended the provisions of BPCA to cover
biological drugs. This legislation is discussed further in Chapter 8.

The Incentive

BPCA establishes a voluntary incentive program through which a sponsor may
gain the benefit of market protection (exclusivity) as a reward for having performed
pediatric studies as specified in a written request from FDA. The core incentive is a 6-
month period of pediatric exclusivity that is awarded if the Secretary of Health and
Human Services (through delegation to FDA):

1. determines that information about the use of a new drug by the pediatric
population may produce health benefits in that population;

2. makes a written request for pediatric studies of the drug (including a timetable
for the completion of the studies); and

3. concludes that the studies submitted have been completed within the specified
timetable and meet the other terms of the written request.

The law does not require that studies demonstrate that a drug is safe and effective
for the specified pediatric use. Indeed, in some cases, pediatric studies have yielded
important negative findings and labeling changes that warn that a drug or biologic is not
safe and should not be administered in specific pediatric settings.

Pediatric exclusivity is not a freestanding protection. Instead, it attaches to one or
more existing periods of patent or statutory market protections. The primary objectives of
these legal protections are to encourage investment in costly and unpredictable research
within a legal framework that also enables broader use of existing research findings. The
latter benefit is provided for by an abbreviated approval pathway that allows sponsors of
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generic and other follow-on products to rely on a demonstration of the similarity of their
product to products that have already been shown to be safe and effective for specific
uses. In essence, exclusivity is an incentive because it delays the time at which the
sponsor of a generic or other follow-on product may secure FDA approval and begin
marketing a competing product for the protected use.’

Table 3-1 identifies the patent and statutory market protections that can be
extended by 6 months with an award of pediatric exclusivity. Only the first relates to a
product’s patent(s). Many drugs approved under NDAs have multiple patents that can be
effectively extended by pediatric exclusivity. In contrast, as a result of more limited
statutory provisions applicable to biologics approved under BLAs, pediatric exclusivity
does not extend the market protective effect of patents covering such products.
Independent of patents are several types of market exclusivity that may be extended for 6
months by an award of pediatric exclusivity (e.g., a 7-year orphan drug exclusivity
becomes a 7.5-year exclusivity).

TABLE 3-1 Underlying Patent or Exclusivity Incentives That Can Be Extended with
Pediatric Exclusivity

Type of
Innovator Market
Applications Protection if
Eligible for Original Period of Pediatric
Underlying Protection Based on Exclusivity Is
Underlying Incentive Incentive Underlying Incentive Earned
Patent protection (gives the NDA* Varied (patent life may be Patent life +
sponsor the ability to exclude up to 20 years) 6 months
others from making, using, or
selling a patented invention;
pertinent patents may cover the
drug substance, formulation, or
an approved method of using
the drug)
New chemical entity NDA FDA may not accept or Syears+ 6
exclusivity (covers the first begin to review a follow-on = months
NDA approval for a particular application that relies on the
active chemical moiety in the innovator NDA until 5 years
United States) after the innovator’s

* In general, delayed approval affects a generic or other follow-on product application that expressly refers
to an approved innovator product as part of the basis for the second product’s approval. For example,
instead of having to reassess the safety and effectiveness of a product for an established use, a competitor
producing a generic product may (1) demonstrate that its product has the same active ingredient, dosage
form, strength, route of administration, and labeling as the innovator product and (2) provide data to
demonstrate that the product is bioequivalent (i.e., has the same rate and extent of absorption) to the
innovator drug. Upon this demonstration, FDA may deem the generic product to have a safety and
effectiveness profile comparable to that of the innovator product for the same labeled use. Although the
BPCIA established a legal pathway for the use of abbreviated “biosimilar” biologics approvals in 2010, this
pathway is at an early stage of implementation within FDA (see Chapter 8).
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New conditions of use
exclusivity (protects an
innovator’s new conditions of
use for a previously approved
active moiety when clinical
research was required to be
performed to achieve the new
approval, e.g., FDA approves a
new indication for use,
potentially including a pediatric
indication, or certain other
changes)

Orphan drug exclusivity
(covers drugs and biologics for
rare diseases)

Biologic product exclusivity
(covers innovator biologics; see
Chapter 8 for further
discussion)

Timeline for submission of
biosimilar product
application (provides period of
time during which a biosimilar
product applicant may not seek
FDA approval that is based on
reference to an existing,
licensed biologic)

NDA

NDA, BLA

BLA

BLA

3-9

approval was issued (the
timeline may be 4 years if
certain patent scenarios
exist)

FDA may accept and review
a follow-on application
during the 3-year period but
may not formally approve
that application for the
protected conditions of use
until 3 years after the
innovator’s new conditions
were approved

3 years + 6
months

FDA may accept and review
a competitor application
(including that of another
innovator) during the 7-year
period but (with certain
exceptions) may not
approve another application
for the same product and the
orphan indication until 7
years after the innovator
product’s approval

7 years + 6
months

FDA may accept and review
a biosimilar product
application during part of
the 12-year period but may
not approve the biosimilar
product application until 12
years after the first licensure
of the reference (innovator)
product

12 years + 6
months

An applicant for a product
biosimilar to an approved
biologic may not submit its
application until 4 years
after the date on which the
reference product was first
licensed

4 years + 6
months

“By statute, patents for BLA products cannot be extended by pediatric exclusivity.
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Over time, Congress has tightened the time frame for sponsors to complete
pediatric clinical studies and submit reports. Originally, a sponsor might have submitted
its report at a time close to the time of expiration of the underlying patent or market
exclusivity to be extended by pediatric exclusivity. That created a de facto delay of
competitor approvals while FDA determined whether exclusivity had been earned. (The
law authorized a 90-day period for FDA review, to be counted as part of the 6-month
extension if pediatric exclusivity was ultimately awarded.) In 2007, Congress revised
BPCA to require that FDA make pediatric exclusivity determinations at least 9 months
prior to the expiration of the underlying patent or market exclusivity to be extended. The
agency is permitted up to 180 days to make its determination whether pediatric
exclusivity has been earned. As a result, sponsors now must complete and submit their
reports on pediatric studies more than a year before the scheduled expiration of
underlying patent and market exclusivity.

Eligible Products

Under BPCA, FDA may issue written requests for pediatric studies for already-
marketed products and may grant exclusivity to sponsors who meet the terms of those
requests. The statute also authorizes FDA to issue requests for products that are still
under initial development (i.e., still in their first IND application period). A sponsor can
conduct the requested studies and submit them either as part of an initial NDA or as part
of a supplemental NDA (or, as a result of provisions in BPCIA, as part of a new or
supplemental BLA).

As noted in Table 3-1, exclusivity is approved for an active moiety. The definition
of active moiety focuses on chemical structures. As defined in regulations, the active
moiety is “the molecule or ion, excluding those appended portions of the molecule that
cause the drug to be an ester, salt . . . or other noncovalent derivative (such as a complex,
chelate, or clathrate) of the molecule, responsible for the physiological or
pharmacological action of the drug substance” (21 CFR 314.108(a)). Different active
ingredients may thus have a common active moiety.

As an example, amlodipine maleate and amlodipine besylate are considered
different active ingredients, but they have the common active moiety amlodipine. It is
responsible for the physiological action of the drugs, which are used to treat
hypertension. After the sponsor conducted studies requested under BPCA, FDA granted
pediatric exclusivity for the moiety in 2001 and a labeling change for a product
containing amlodipine besylate (Norvasc) in 2004 (Throckmorton, 2004).*

4 Under limited circumstances, an active moiety that has previously been approved and has already been
the subject of a pediatric exclusivity award may qualify for a second period of pediatric exclusivity. FDA
must issue a second written request that differs from the first request, and the sponsor must fulfill the
requirements on a timely basis. The scope of the second pediatric exclusivity reward is more limited,
however, and attaches only to a period of 3-year market exclusivity that may be granted for the new
conditions of use studied. A second period of pediatric exclusivity would not extend any patent or other
protections (e.g., orphan drug exclusivity) that may exist.
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Written Requests

FDA’s written request for a pediatric study is a critical component of BPCA that
determines when and how a product will become eligible for pediatric exclusivity. FDA
may issue a written request at any time (i.e., it need not be linked to an NDA, BLA, or
supplement). A request may specify separate and different studies for different pediatric
age groups. The specified studies may cover a product’s pharmacokinetics (i.e., how it is
absorbed, distributed, metabolized, and eliminated from the body), pharmacodynamics
(i.e., how a product affects the body), safety, or efficacy. The basic features of a written
request, as currently outlined by the Center for Drug Evaluation and Research (CDER),
are listed in Box 3-1.

BOX 3-1
Basic Elements of a Written Request

Types and objectives of studies to be performed

Indications to be studied

Age groups and numbers of patients to be studied; ethnic/minority representation
Study endpoints, including pharmacokinetic, pharmacodynamic, safety, and efficacy
endpoints (as appropriate)

e Known drug safety concerns and monitoring

e Reporting of extraordinary (unexpected) findings

e Drug information, including dosage form, route of administration, regimen, need for
development of age-appropriate formulation, and documentation requirements

e Statistical information, including the power of a study(ies) and statistical analyses to be
performed

e Provisions for labeling that may result from the study(ies)

Format of reports to be submitted

Time frame for submitting reports

Time table to respond to the written request

Provisions for public information about studies

SOURCE: CDER, 2011c.

Drug sponsors may submit to FDA a Proposed Pediatric Study Request that
outlines their ideas for pediatric studies. FDA may modify or reject the proposal.
Approximately 80 percent of issued requests start as sponsor proposals. Alternatively,
FDA may initiate a written request of its own accord. Under BPCA, FDA may request a
pediatric study to evaluate the same indications intended or approved for adults, but it
may also request that a sponsor conduct a pediatric study for a different indication,
including one not approved for adults. The latter authority is a key feature that
distinguishes BPCA from PREA. As described below, FDA may (except in rare
situations) mandate pediatric assessments under PREA only when making a
determination about an indication(s) that it is proposed by the sponsor in an NDA or BLA
submission.
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FDA may amend a written request at its own initiative or in response to problems
encountered by a sponsor (e.g., problem with enrolling numbers of children sufficient to
match the sample size originally expected). Many requests that were issued before the
passage of FDAAA were amended to incorporate provisions of that law, for example,
provisions about the addition of information to the labeling.

Scope of Exclusivity

FDA has interpreted pediatric exclusivity to attach to any patent or exclusivity
protections covering any of a sponsor’s products containing the active moiety that was
studied in children. For example, if a liquid formulation must be developed to perform a
requested pediatric clinical study, the sponsor’s tablets and other dosage forms containing
the same moiety, for any indication, also will be awarded pediatric exclusivity (assuming
that they are subject to patents or other applicable market protections that can be
extended as summarized in Table 3-1). Because exclusivity attaches to the moiety and
product and not the particular indication for which studies are requested, it affects all
indications for which the product is already approved. Thus, when exclusivity was
granted for studies of risedronate (Actonel) for children with osteogenesis imperfecta, the
additional 6 months of marketing protection restricted generic competition with the
product when used for its three approved indications for different forms of osteoporosis
in adults.

Policy makers believed that this broad interpretation—combined with no
requirement that the studies yield positive results—was necessary for pediatric
exclusivity to serve as an effective market-based incentive. Given the very recent
extension of BCPA to biologics and the more complex nature of biologic product
molecules, it remains to be seen how FDA will interpret the scope of pediatric exclusivity
in the context of biologics.

Requests for Studies of Off-Patent Products

As mentioned in Chapter 1, BPCA created a role for the National Institutes of
Health (NIH) in supporting pediatric drug studies for both on-patent and off-patent
drugs.’ For drugs that are off-patent, BPCA directed NIH to create a list of pediatric
therapeutic priorities and to propose written requests for studies to FDA. (The National
Institute for Child Health and Human Development [NICHD] has the lead on these
activities.) If FDA then issues a written request and the sponsor declines it, the agency
may refer the request to NIH for study. If NIH funds the study, the entity that conducts
the study would submit the results and suggested labeling to FDA for assessment. The
results of at least five NIH-funded studies have been submitted to FDA (personal
communication, Anne Zajicek, Chief, Obstetric and Pediatric Pharmacology Branch,

> According to the Government Accountability Office, one sponsor accepted a written request for study of
an off-patent drug between 2002 and the end of 2005 (GAO, 2007), and no sponsor has accepted a written
request for study of an off-patent drug since BPCA was reauthorized in 2007 (GAO, 2011).
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NICHD, December 1, 2011). Any labeling change resulting from a submission would
have to be worked out with relevant drug manufacturers.

For drugs that remain on-patent, if the sponsor declines a written request, FDA
may refer the request to the Foundation for the National Institutes of Health (FNIH) for
funding. (FNIH is an independent, nonprofit, congressionally-created organization that
raises private funds and works with for-profit, nonprofit, and government agencies to
undertake research in support of NIH’s mission.) If the Foundation does not fund the
studies, BPCA directs FDA to decide whether it should require the study under PREA on
the basis of criteria specified by Congress. FDA has not required any PREA studies under
this provision (GAO, 2011). According to the Foundation’s website, which lists BPCA
activities as a “past program,” the Foundation raised $4 million in 2004 to support the
study of on-patent drugs, and those studies are under way (FNIH, 2011).

PEDIATRIC RESEARCH EQUITY ACT

FDA promulgated its Pediatric Rule—the predecessor of PREA—in 1998. The
objective was to increase the labeling information relevant to pediatric use by requiring
manufacturers to provide data and information on such use under certain circumstances.
When it published the Rule, FDA noted the pediatric exclusivity provisions of FDAMA
but also noted perceived limitations on their scope (63 FR 66632, 66633). Specifically,
they provided no incentive for sponsors to conduct studies on certain types of products,
including most antibiotics, biologics regulated under the PHS Act, and off-patent drugs.
In addition, given limited resources, FDA perceived that it was likely that manufacturers
would choose to undertake preferentially studies of drugs for which 6 months of
exclusivity would be the most valuable. This would tend to exclude drugs with relatively
small markets. Sponsors would also tend to decline requests that involved expensive
studies with neonates, infants, and young children. Further, the agency noted that the
statute did not ensure that results of studies would be incorporated into and improve
labeling. The Pediatric Rule became effective on April 1, 1999.

As described in Chapter 1, in October 2002, the U.S. District Court for the
District of Columbia determined that the Pediatric Rule exceeded FDA’s authority under
the FDC Act and invalidated its application. In December 2003, Congress passed PREA,
which included many of the provisions of the Pediatric Rule.

The Requirement
PREA applies to marketing applications involving a new active ingredient,
indication, dosage form,® dosing regimen, or route of administration. It requires sponsors

to submit, as part of an NDA or BLA, an assessment containing data that are adequate

1. to assess the safety and effectiveness of the product for the indications
claimed in all relevant pediatric subpopulations and

® A dosage form (e.g., tablet, capsule, solution, or topical cream) is not identical to a drug formulation (i.e.,
the specific ingredients and composition of an individual product).
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2. to support dosing and administration of the product for each pediatric age
group for which the product is safe and effective.

Studies must use an appropriate formulation for each age group for which an
assessment is required. That may require the sponsor to develop and test a new
formulation. Products with an orphan drug designation for a rare disease or condition are
exempt from PREA requirements, whether or not the product has been approved for the
designated indication. As described below, FDA may waive or defer pediatric studies.

The Pediatric Plan

PREA refers to but does not define the term pediatric plan. In draft guidance for
industry on compliance with PREA, FDA describes a pediatric plan as

a statement of intent submitted by the applicant outlining the pediatric
studies (e.g., pharmacokinetics/pharmacodynamics, safety, efficacy) that
the applicant plans to conduct. The plan should also address the
development of an age-appropriate formulation. It should address
whether and, if so, under what grounds, the applicant plans to request a
waiver or deferral under PREA. . . . Early consultation and discussions
are particularly important for products intended for life-threatening or
severely debilitating illnesses. For these products, FDA encourages
applicants to discuss the pediatric plan at pre-investigational new drug
(pre-IND) meetings and end-of-phase 1 meetings. . . . For products that
are not intended for treatment of life-threatening or severely debilitating
illnesses, applicants are encouraged to submit and discuss the pediatric
plan no later than the end-of-phase 2 meeting. (CDER/CBER, 2005, p.
6)

FDA recommends that drug or biologic sponsors discuss their plans for pediatric
assessment, potential studies, and possible PREA waiver or deferral requests early in the
drug development process. If sponsors seek a deferral or waiver of pediatric studies at the
time that they submit particular NDAs or BLAs that request the approval of products for
adults only, the sponsors must then (as part of the marketing application) describe
planned or ongoing studies, which FDA will review.

The timing of the development and confirmation of the pediatric plan has become
more of an issue since the European Medicines Agency (EMA, formerly the European
Agency for the Evaluation of Medicinal Products [EMEA]) issued its policies for
pediatric studies. As described below, EMA requires determination of a specific plan for
pediatric studies shortly after Phase I studies with adults are completed.
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Deferral of Pediatric Assessments

FDA is authorized, on its own initiative or upon request of an applicant, to defer
the submission of pediatric assessments for completion at some time after the drug or
biologic is approved for marketing. A deferral may be authorized when

e the drug or biologic is ready for approval for use by adults before pediatric
studies are complete;

e additional safety or effectiveness data should be collected before pediatric
studies are initiated; or

e another appropriate reason exists.

A sponsor requesting the deferral of a pediatric assessment must certify to FDA
the grounds for deferral, describe planned or ongoing studies, provide evidence that the
required studies are being conducted or will be conducted with due diligence, and submit
a schedule for completing the studies. The sponsor must then report on its progress
annually. If the studies have not progressed, the sponsor is required to document that the
studies will be conducted in a timely and diligent way. Since the reauthorization of PREA
in 2007, as an accountability measure, information from the annual update on deferred
studies must be made available to the public, including through FDA’s website.

FDA has limited practical options for compelling the conduct or submission of a
study required under PREA. For example, although FDA may declare a product
misbranded, it cannot, under PREA, withdraw marketing approval for a product. The
Government Accountability Office (GAO) has recommended that FDA seek additional
authority and options (e.g., monetary fines) that might “send a signal to drug applicants
that there are consequences when postmarketing study commitments are not fulfilled”
(OIG/DHHS, 2006, p. 21).

Waiver of Pediatric Assessment Requirements

FDA is authorized, on its own initiative or upon request of a drug or biologic
sponsor, to fully or partially waive the pediatric assessment requirement for all or specific
pediatric age groups. Table 3-2 cites the statutory bases for such waivers and provides
recent examples. (In years past, approval letters were often not specific about the
rationales for a waiver or deferral.) FDAAA specified that, if FDA grants a waiver on the
basis of evidence that a drug or biologic would be ineffective or unsafe in pediatric
populations, then the labeling for the product must present that information.

TABLE 3-2 Reasons for Waiver of Pediatric Assessment Requirements Authorized
Under PREA with Examples from Recent NDA or BLA Approvals

Reason for Waiver Example

Necessary studies are impossible or highly FDA waived the pediatric study requirement
impracticable (because, for example, the for gabapentin (Gralise), which was approved
number of patients overall or in a specific age  for treatment of postherpetic neuralgia. It
group is so small or the patients are concluded that the necessary studies were
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geographically dispersed). impossible or highly impracticable because
“IpJostherpetic neuralgia is generally not a
condition that occurs in pediatric patients”
(Rappaport, 2011b, p. 2).

Evidence strongly suggests that a drug or FDA waived the pediatric study
biologic would be ineffective or unsafe inall  requirement for tesamorelin for injection
or specific pediatric age groups. (Egrifta), which was approved for the

reduction of excess abdominal fat in HIV-
infected patients with lipodystrophy. It
concluded that using the drug in “a patient
population that has not yet completed
growth may result in adverse events
associated with supraphysiologic levels of
growth hormone, including excessive linear
growth” (Rosebraugh, 2010, p. 2).

The drug or biologic does not represent a FDA waived pediatric study requirements for
meaningful therapeutic benefit over existing the biologic azficel-T (Laviv), a suspension of
therapies for pediatric patients or specific autologous cultured fibroblasts expanded from
pediatric age groups and is not likely to be a patient’s skin biopsy specimen, finding that
used in a substantial number of pediatric the product “has very limited applicability to
patients. PREA does not define “substantial pediatric patients for the improvement of
number of pediatric patients,” but FDA has nasolabial fold wrinkles because this condition
historically used 50,000 as a reference number occurs only in the adult population” (Witten
(63 FR 66631 at 66636). and Malarkey, 2011, unpaged).

The applicant can demonstrate that reasonable No examples through June 2010 (GAO, 2011).
attempts to produce a pediatric formulation
necessary for a specific age group have failed.

If a waiver is granted because it is not possible to develop a pediatric formulation,
the waiver is limited to the pediatric age groups that require the formulation. The
applicant must also document why a pediatric formulation cannot be developed and the
applicant’s documentation must be made public, including by posting on FDA’s website.
As Table 3-2 indicates, FDA has not granted any waivers on this basis.

Relationship to the Pediatric Rule

PREA established that its provisions retroactively applied to an application
submitted to FDA on or after April 1, 1999 (the effective date of the Pediatric Rule). The
statute gave effect to waivers and deferrals that had been issued under the Pediatric Rule,
and it extended deferral periods to take into account the period between the court decision
overturning the Pediatric Rule and the date of enactment of PREA. A 1-year period was
established for the submission to FDA of required pediatric assessments for applications
submitted between April 1, 1999, and the enactment of PREA.

PREPUBLICATION COPY: UNCORRECTED PROOFS



POLICY FRAMWORK 3-17

The committee did not find that FDA has reported on the application of this
retroactive feature. Communications by FDA with sponsors about this feature are not
public.

Relationship to Pediatric Exclusivity

FDA has consistently worked to allow drug sponsors to qualify for pediatric
exclusivity on the basis of the performance of clinical studies that it requires under
PREA. Congress affirmed its desire for this interpretation as early as the BPCA
reauthorization in 2002. BPCA expressly states that, if any pediatric study is required by
law and such study meets the completeness, timeliness, and other requirements
established in a written request issued under BPCA, the study will be deemed to satisfy
the requirements for pediatric exclusivity (and the exclusivity incentive may be earned).

Relationship to European Requirements for Pediatric Studies

As noted in Chapter 1 and above, the laws and policies administered by FDA
differ from those of the EMA as they relate to requirements for pediatric drug studies. In
both jurisdictions, requirements and guidance are designed to encourage and facilitate
pediatric medicinal product development. For example, EMA policies provide for a 6
months Supplementary Protection Certificate extension that is equivalent to pediatric
exclusivity under BPCA. Policies differ in the timing and the scope of the required
analyses. These differences have practical implications for sponsors and regulators and
are the subject of ongoing communication and harmonization efforts.

Another difference between U.S. and European policies involves the timing for
development and submission of a pediatric study plan. EMA policies require that a
sponsors submit a pediatric investigation plan (PIP) at an early stage, that is, when Phase
I studies with adults are completed. A PIP considers all age groups and conditions for
which a product may have utility. It includes a structured description of studies needed,
waiver or deferral issues, clinical and nonclinical requirements, and formulation issues.
Without a PIP, a sponsor’s marketing authorization application (similar to an NDA or
BLA in the United States) will not be accepted for filing.

As described earlier, FDA encourages discussions of plans for pediatric studies
relevant to PREA requirements by the end of Phase II of clinical development. Under
current policy, however, the formal assessment of the pediatric study plan and any
request for waivers or deferrals occurs at the time that a marketing application is filed.
Approval of the plan and any waivers or deferrals occurs when FDA approves an NDA or
BLA.

The committee heard that the mismatch in timing of submission requirements in
the United States and Europe was a problem for sponsors and a concern of FDA (BIO
2011; Dunne and Murphy, 2011; Frattarelli, 2011; PhARMA, 201 lb).7 EMA regulations

7 In its statement to the IOM committee, BIO presented results of a survey of its members (BIO, 2011).
Approximately 60 percent of respondents reported that they prepared the relevant pediatric documents at
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may drive planning decisions too early (before sufficient safety information from studies
with adults is available). U.S. regulations—despite FDA encouragement of earlier
discussions—may allow sponsors to delay the focused consideration of the pediatric
study plan and the initiation and completion of studies that would provide important
information to clinicians who treat children. Moreover, sponsors attentive to EMA
requirements may devise that plans that have to be revised as information from Phase II
trials in adults is evaluated.

Beyond the differences in timing of the pediatric plan, the U.S. and European
systems differ in other ways. For example, EMA provides a clearer description of what is
expected in a pediatric plan than is provided by U.S. statutes or regulations. Further, the
U.S. feasibility criterion does not exist in legislation from the European Union (EU). As a
result, a study may be required in the EU but waived in the United States under PREA.
Drugs with orphan designations, which are exempt from mandatory assessment
requirements under PREA in the United States, are covered by European requirements.
(Orphan drugs may be the subject of voluntary, written requests from FDA under BPCA..)

The European Union’s Pediatric Committee (PDCO) is the counterpart to FDA’s
Pediatric Review Committee (see below). The PDCO exercises decision-making
authority under requirements for PIPs. Unlike the FDA committee, however, the PDCO
makes binding determinations in the regulatory process.

FDA and EMA have developed a framework to encourage the regular exchange
of information and perspectives on scientific, policy, ethical, and other issues related to
pediatric drug development in the United States and Europe. One objective is to avoid
exposing children to unnecessary or premature trials; another is to harmonize global
pediatric drug development plans to the extent feasible (EMA, 2009b). Individuals from
FDA and EMA may attend each other’s pediatric committee meetings so that they can
better understand each other’s policies and operations and thus communicate better.
Information exchanges between PeRC and PDCO encompass

e issues specific to particular products (e.g., details of trial design, such as
choice of comparator and efficacy endpoint, and plans for long-term safety monitoring);

e general issues related to pediatric drug development (e.g., early sharing of
draft guidance documents); and

e safety issues (e.g., reports of adverse drug reactions and postmarket
surveillance statistics and analyses).

Communication does not, however, mean that pediatric drug development
programs will have identical pediatric study protocols. It also does not mean that FDA
and EMA will reach the same regulatory decisions.

FDA ADMINISTRATION OF BPCA AND PREA

A variety of FDA entities are involved in the administration of BPCA and PREA.
These include the review divisions within the Center for Drug Evaluation and Research

the end of Phase I. Although respondents cited a goal of simultaneous regulatory submissions to EMA and
FDA, that goal had not been achieved for various reasons, including variable responses from FDA divisions
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(CDER) and the Center for Biologics Evaluation and Research (CBER). The review
divisions, which are divided according to therapeutic areas, bear responsibility for the
review of and decision making over whether to approve individual product applications.

Following establishment of a requirement in BPCA in 2002, FDA established and
maintains the Office of Pediatric Therapeutics within the Office of the Commissioner.
This office coordinates and supports all activities within FDA involving pediatric issues.
Congress specified that the staff include one or more pediatric experts and also one or
more experts on ethical issues in the conduct of pediatric clinical research (see Chapter
4).

In addition, two advisory committees currently participate in the analysis of
pediatric drug issues. One is the internal Pediatric Review Committee (PeRC), which was
mandated by FDAAA (21 USC 355d) and is led by CDER to support quality and
consistency across FDA. The PeRC includes representatives of CDER, CBER, and the
Office of the Commissioner. Congress specified several areas of expertise for the
committee, including pediatrics, biopharmacology, statistics, chemistry, legal issues, and
pediatric ethics (see Chapter 4). The PeRC consults on and reviews a wide range of
pediatric issues related to BPCA and PREA. As specific examples, the PeRC

e reviews all written requests under BPCA before they are issued;

e may review the findings of studies submitted in response to such requests and
make recommendations about the granting of exclusivity;

e consults with review divisions on pediatric plans and assessments under
PREA and reviews requests for waivers or deferrals; and

e consults on the tracking and public availability of information about pediatric
studies and labeling changes.

In 2004, as required by Congress, FDA also created a second committee, the
publicly deliberating Pediatric Advisory Committee. It is one FDA’s formal advisory
committees and comprises external advisors. This committee makes recommendations to
FDA on a number of matters, including (1) pediatric research conducted under NDAs,
BLAs, and certain other provisions of law; (2) research priorities for pediatric
therapeutics; (3) ethics, design, and analysis of pediatric clinical trials; (4) certain
pediatric labeling changes and labeling disputes under BPCA; (5) adverse event reports
for products approved under BPCA or PREA and certain other safety issues; (7) other
pediatric issues or disputes involving FDA-regulated products; (8) research involving
child research participants; and (9) other pediatric matters related to FDA’s regulatory
responsibilities.

PUBLIC ACCESS TO INFORMATION

Congress has increasingly required FDA to provide public access to information
concerning the application of BPCA or PREA. Originally, documents such as written
requests and, often, FDA review memoranda were not accessible to the public except
through the lengthy and onerous Freedom of Information Act process. Congress and
others have come to view public access to these documents to be useful to promote
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consistent decision making, information sharing, and accountability of both FDA and
sponsors. In addition, Congress has acted to ensure that information from pediatric
studies—whether positive or negative— is, in most cases, reflected in product labeling.
Moreover, as part of FDAAA, Congress required that the sponsor (or principal
investigator) of FDA-regulated drugs trials (except for Phase I trials) register the trials at
ClinicalTrials.gov and report the basic results of completed trials.

Table 3-3 describes the publication requirements of BPCA and PREA as they
have evolved over time. Today, publication often means the posting of information
online. Chapter 4 discusses public access to information as an ethical issue.

TABLE 3-3 Selected Public Information Requirements of BPCA and PREA

Statute Publication Requirements

FDAMA  FDA is required to publish notice only when pediatric exclusivity has been awarded.
(1997) It is not required to publish a written request, the fact that a request has been made,
or the fact that a report on requested studies has been submitted.

BPCA FDA must make available to the public a summary of the medical and clinical
(2002) pharmacology reviews of pediatric studies conducted for an NDA supplement.

PREA If FDA grants a full or partial waiver because of evidence that a drug or biologic

(2003) would be ineffective or unsafe in pediatric populations, the information must be
included in the labeling for the drug or biologic product. No requirement to publish
summaries of PREA reviews exists.

BPCA FDA must publish notice that pediatric exclusivity has been awarded no later than 30
(2007) days after the determination is made. It must also make public a copy of the written
request.

FDA must publish a notice identifying any drug for which a pediatric formulation
was developed, studied, and found to be safe and effective in the pediatric population
(or specified subpopulation) if the pediatric formulation of the drug is not introduced
on the market within 1 year after exclusivity has been awarded and notice of
exclusivity has been published.

FDA may order certain product labeling to include information about the results of a
study.

FDA must track and make available to the public, in an easily accessible manner
(including posting on the FDA website), information, including statistical
information, concerning

= Pediatric studies conducted;

= Specific drugs and uses, including on-label and off-label indications, studied
under BPCA or PREA;

= Types of studies conducted under such sections (including trial design, number of
pediatric patients studied, and number of centers and countries involved);

=  Number of pediatric formulations developed, number of pediatric formulations
not developed, and the reasons that formulations were not developed;
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= Labeling changes made as a result of studies conducted under such sections; and
= Reports submitted on or after the date of enactment of the BPCA of 2007.

Not later than 210 days after the date of submission of a report, FDA must make
available to the public the medical, statistical, and clinical pharmacology reviews of
pediatric studies conducted.

PREA Annually, following the approval of a PREA deferral, the drug or biologic sponsor

(2007) must submit status or progress information on the pediatric assessment. The
information must promptly be made available to the public in an easily accessible
manner, including through the FDA website.

If FDA grants a PREA waiver because a pediatric formulation cannot be developed
for particular pediatric groups requiring such a formulation, the applicant’s
submission (detailing why a pediatric formulation cannot be developed) “shall
promptly be made available” to the public in an easily accessible manner, including
through the FDA website.

If the Secretary of the Department of Health and Human Services grants a full or
partial waiver because of evidence that a drug or biologic product would be
ineffective or unsafe if it was used by pediatric populations, the information shall be
included in the labeling for the drug or biologic product.

FDA must track and make available to the public certain statistical information,
including the number of times that the Pediatric Review Committee made a
recommendation about priority review, the number of times that FDA followed or
did not follow such a recommendation, and, if it was not followed, the reasons why
the recommendation was not followed.

Not later than 210 days after the date of submission of a pediatric assessment, FDA
must make available to the public in an easily accessible manner the medical,
statistical, and clinical pharmacology reviews of such pediatric assessments,
including through the FDA website.

CONCLUSIONS

During the past 15 years, Congress has created a flexible framework of incentives
and requirements to increase the study of drugs and biologics for use by children. It has
also responded to emerging concerns about aspects of the framework by adding or
amending provisions, in particular, to ensure that information from pediatric studies
becomes public and, except in unusual situations, is reflected in drug labeling. Changes
have also incorporated more pediatric expertise into the review of requests and
requirements for pediatric studies and the findings of the studies submitted in response.

As the 2012 reauthorization of BPCA and PREA is debated, one question is
whether both policies should now be made permanent (i.e., not be subject to further time-
limited extensions). Industry and others have criticized the requirement for
reauthorization of BPCA (and PREA) after relatively short 5-year periods on the ground
that it creates uncertainty for sponsors that are planning drug studies that will not be
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completed or perhaps even initiated before new legislation that could significantly change
the incentives or requirements is passed (see, e.g., BIO, 2011; GAO, 2011; PARMA,
2011b). The GAO has reported that for the 50 drugs approved between September 27,
2007, and June 30, 2010, the average time from issuance of a written request to the
FDA’s completed review of the submitted studies was 6 years (GAO, 2011). Although
Congress might grandfather studies already under way to insulate them from some
features of future reauthorizations, such an approach cannot be assumed.

Another possible benefit of making this reauthorization permanent is that FDA
might feel more confident about expending the considerable resources that are required to
update and make final the guidance documents that it has issued for BPCA and PREA.
This process of updating and otherwise reexamining old documents not only could result
in better information for sponsors and other interested external parties but also could
contribute to consistent interpretations of both laws across FDA divisions and centers.

A major advantage of retaining the reauthorization strategy (whether for 5-year or
longer periods) is that provides a stimulus for Congress and others to consider explicitly
the experience with BPCA and PREA following the previous legislative action and to
evaluate the need for further adjustments in the policies and their administration.
Statutory change does not depend on a reauthorization process, but that process likely
facilitates serious examination of the kinds of problems and possible responses described
in this report.

Congress might also evaluate the arguments for harmonizing U.S. and EMA
regulations on the timing of the submission of the pediatric plan. Harmonization of the
requirements would require action by both Congress and European authorities, but
Congress could act independently to require earlier submission of pediatric plans in the
United States (e.g., at the end of Phase Il studies with adults). If Congress is not prepared
to create such a requirement, it could direct FDA to study and report on the consequences
of the differences in plan submissions requirements. For example, do FDA’s preferences
for pediatric drug studies have less weight with sponsors now than they might if
requirements were harmonized? Even if the U.S. requirement were changed, FDA would
continue to defer many pediatric studies, as it does now, because a product is ready for
approval for adult use. A requirement for earlier submission should, however, encourage
the timely planning, conduct, and submission of pediatric studies.

The next chapter reviews policies for the protection of child participants in
research and discusses ethical issues in pediatric studies conducted under BPCA and
PREA. It concludes with further suggestions for modifications to FDA policies and
procedures.
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Ethical Issues in Pediatric Drug Studies

One broad principle for the conduct of pediatric drug studies is that children
should not be subjected to research that is not necessary to advance knowledge relevant
to child health. Another is that children should not participate in studies that are designed
or conducted in ways that predictably undermine their potential to yield such advances. In
either situation, children may be exposed to more than minimal risk in research without
the expectation of an advance in generalizable knowledge. Thus, shortcomings in the
design or conduct of pediatric drug studies that are described elsewhere in this report
have ethical implications. Moreover, it is important that the exclusivity incentive and
associated profit potential provided by the Best Pharmaceuticals for Children Act
(BPCA) be accompanied by clear expectations that pediatric studies undertaken under the
act are needed, soundly designed and executed, and public in their results.

One element of the task for the Institute of Medicine (IOM) was to assess ethical
issues presented by studies requested under BPCA or required under the Pediatric
Research Equity Act (PREA). To put this task in context, this chapter briefly reviews the
federal regulatory protections provided to child participants in research and describes the
resources available in the Food and Drug Administration (FDA) to provide guidance on
ethical questions related to pediatric studies. It then considers several specific ethical
issues, including the public availability of information from clinical trials, the enrollment
of healthy children in pharmacokinetic studies, and the use of placebo controls in
pediatric trials.

REGULATORY REQUIREMENTS FOR PROTECTION OF HUMAN
RESEARCH PARTICIPANTS

As described in Chapter 1, deaths and other harms resulting from the use of drugs
not studied in children have underscored the need for policies that encourage or require
the testing of drugs for safety and efficacy with pediatric use. Such testing comes with its
own risks and associated debates about what constitutes an acceptable risk. For example,
following a study of chloramphenicol and two other antibiotics in the late 1950s (see
discussion in Chapter 2), trial investigators were criticized for failing to stop further
administration of the drug after early evidence of excess fatality rates was collected in the
chloramphenicol arms of the trial. The argument at the time was that continuation of the
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trial was necessary to provide convincing evidence that the drug was unsafe (Murphy,
2000). Such debates, as well as examples of ethical lapses in clinical and other research
involving both adults and children, have contributed to the adoption of general
protections for all participants in clinical research and to the creation of special
protections for children.

General Protections

The special protections for children in research function in the context of broader
protections for all human research participants. Today, all clinical research regulated by
the FDA, regardless of source of funding and auspices, must meet certain ethical
standards (21 CFR 50 and 56). FDA’s rules are similar but not identical to the regulations
of the U.S. Department of Health and Human Services (HHS) that cover research
conducted or funded by the department (45 CFR 46).

FDA regulations require several determinations about possible research harms
and benefits (Box 4-1). Except for the last element, the determinations apply to all human
research covered by the regulations. Although sponsors, investigators, and regulators also
have responsibilities for weighing and minimizing risks, institutional review boards
(IRBs) are panels created under regulations for the purpose of reviewing human research
conducted or funded by HHS or regulated by FDA. The primary responsibility of IRBs is
to protect the rights and welfare of human research participants.

BOX 4-1
Determinations of Research Risks and Potential Benefits
Required by FDA Regulations

Are risks to research participants minimized by using procedures that are consistent with sound
research design and that do not unnecessarily expose participants to risk and, whenever
appropriate, by using procedures already being performed for diagnostic or treatment purposes?
21 CFR 56.111(a)(1)

Are risks to participants reasonable in relation to anticipated benefits to participants and to the
importance of the knowledge reasonably anticipated from the research? 21 CFR 56.5111(a)(2)

Is the selection of research participants equitable, taking into account the purposes of the
research, its setting, and the special problems of research involving vulnerable populations, such
as children? 21 CFR 56.111(a)(3)

Are appropriate provisions for monitoring participant safety made? 21 CFR 56.111(a)(6)

Are appropriate provisions for protecting participant privacy and confidentiality made? 21 CFR
56.111(a)(7)

Does the research meet the regulatory criteria for studies involving children, including those
requiring parental permission and, as appropriate, child assent? 21 CFR 50.51-54

SOURCE: Adapted from IOM (2004).
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The responsibilities of sponsors under FDA regulations include selecting qualified
investigators and monitoring research conduct, for example, to confirm that investigators
have secured approval of trials from the appropriate IRBs. As described in Chapter 3,
sponsors must submit an Investigational New Drug (IND) application before they can
ship investigational drugs or biologics across state lines and begin human research. The
IND process requires conformance with FDA regulations, and applications include a
signed statement (Form 1572) from investigators confirming that they will comply with
these regulations (FDA, 2010b).

In addition to the rules for the protection of research participants, FDA is
concerned about the scientific and ethical integrity of data from clinical trials. For
example, as described later in this chapter, the agency conducts routine audits of data
integrity in clinical trials.

FDA also has conflict-of-interest policies that are intended to protect the integrity
of research from bias arising from the financial relationships of investigators. The
policies require sponsors either to certify that investigators for studies submitted in
support of FDA approval had no financial interest in the studied product or the sponsor
(e.g., by holding company stock) or to report the financial interests disclosed by the
investigators. FDA then reviews disclosures to assess whether the interests had the
potential to bias the findings of the research. A thorough discussion of conflict of interest
in pediatric drug studies is beyond the scope of this report, but the financial significance
of such studies not only to sponsors but also to many academic programs and
investigators and to some community-based physicians does raise concerns about the
potential for bias in the design, evaluation, and reporting of research.

Studies Conducted Outside the United States

The IND application process is mandatory for studies conducted within the
United States. For studies conducted outside the United States, sponsors may chose to
conduct the study under an IND application.

Alternatively, under regulations issued in 2008 (73 FR 22800), FDA may accept
results from foreign studies not conducted under an IND application if the studies
conform to the terms of good clinical practice specified by the International Committee
on Harmonization (ICH, 1996). The regulations define good clinical practice as “a
standard for the design, conduct, performance, monitoring, auditing, recording, analysis,
and reporting of clinical trials in a way that provides assurance that the data and reported
results are credible and accurate and that the rights, safety, and well-being of trial
subjects are protected, including review and approval by an independent ethics committee
(IEC), and provided that FDA is able to validate the study data through an onsite
inspection, if necessary” (21 CFR 312.120(a)(i)). The 2008 regulations replace earlier
rules that specified that international trials conform to the standards of the Declaration of
Helsinki.

The amount of clinical research conducted outside the United States has grown
substantially in the past several decades. An analysis of trials registered at
ClinicalTrials.gov (a clinical trials registration database that is described further in
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Chapter 8) found that as of November 2007, one-third of Phase III trials sponsored by the
20 largest U.S. pharmaceutical companies were conducted entirely at foreign sites and the
majority of actual study sites were outside the United States (Glickman et al., 2009). An
analysis of published reports of studies conducted for pediatric exclusivity from 1998 to
2007 found that 65 percent of the studies that reported study locations had at least one
site outside the United States, 38 percent had at least one site in a developing/transition
country, and 11 percent had no U.S. sites (Pasquali et al., 2010; see also Dunne et al.,
2011a, and Maldonado et al., 2011).

The globalization of research has raised questions about the adequacy of FDA and
sponsor oversight of foreign studies and the adequacy of protections for research
participants in certain countries (see, e.g., NBAC, 2001, and OIG/HHS, 2001).' These
questions involve, among other issues, possible inadequate review for conflicts of interest
and possible inappropriate inducements for parents to permit their children’s participation
in research. Another concern involves the ability of sponsors and lead investigators to
monitor studies that involve very large numbers of widely dispersed trial sites.

Drug studies conducted in other countries may also raise questions of fairness or
justice. This may happen when research in developing countries exposes the research
participants to risk but the primary future benefits of the knowledge gained will accrue to
patients in wealthier countries because the new drugs will not be affordable in the
countries where they were studied (NBAC, 2001; Glickman et al., 2009). Moreover,
pharmaceutical research taken as a whole may neglect diseases that are common in poor
countries and rare in wealthier countries, a reality that has prompted a variety of
international initiatives to increase research on specific neglected diseases, such as
malaria, leishmaniasis, and schistosomiasis (see, e.g., Hotez et al., 2007; USAID, 2009;
and WHO, 2011b).

In the studies assessed by the IOM committee, one specific ethical issue in a
pediatric trial appeared to be related to shortcomings in the conduct of a trial at an
international site. In that case, the clinical reviewer stated that efficacy data on the
prevention of maternal transmission of HIV infection were not evaluated, in part because
the trial protocol did not incorporate the accepted standard of care for these study
participants (Ayalew, 2002). FDA did, however, approve the addition of pharmacokinetic
and safety information to the labeling of the products generated by the trial component
that investigated treatment of HIV-exposed or infected neonates. This component had
been the subject of a written request from FDA (Kweder, 1999).

Equity in international research is an important and complicated ethical issue that
could not be effectively considered in the context of this study or on the basis of the
documents that the committee reviewed. Because children are a vulnerable population,
particular vigilance is important to ensure the ethical conduct of international pediatric
research.

" In one clinical review for the drug lamotrigen (Lamictal), the reviewer noted that many studies were in
countries in which the FDA had little experience (Katz, 2009;
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM 187171
.pdf). Concerns about data integrity led to extensive discussions with the sponsor about its site inspections
and to requests that the sponsor conduct further data analyses, which FDA staff reviewed before concluding

that reasonable explanations for discrepancies in data among sites existed.
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Special Protections for Children in Research

Beyond the general protections described above, both HHS and FDA regulations
establish special protections for child research participants that extend beyond those
applicable to adults. (For HHS, the regulations are found at Subpart D of 45 CFR 46; for
FDA, they are found at 21 CFR 50.1-50.4.) Although HHS first issued its regulations in
1983, FDA did not explicitly adopt the special protections until April 2001, as required
by the Children’s Health Act of 2000 (PL 106-310). As summarized in Box 4-2, the FDA
(and HHS) regulations define four categories of research involving children that IRBs can
approve. As an example of how the regulations may limit studies that are permitted for
adults, these definitions would probably preclude the participation of healthy children in
pharmacokinetic studies that involve more than minimal risk.

BOX 4-2
Categories of Clinical Research Involving Children That Are Approvable Under 21 CFR 50

e Clinical investigations that involve not greater than minimal risk (50.51)

e Clinical investigations that involve greater than minimal risk but present the prospect of
direct benefit to individual subjects such that (a) the risk is justified by the anticipated benefit to
the subjects and (b) the relation of the anticipated benefit to the risk is at least as favorable to the
subjects as that presented by available alternative approaches (50.52)

e Clinical investigations involving greater than minimal risk and no prospect of direct benefit to
individual subjects, but likely to yield generalizable knowledge about the subjects’ disorder or
condition and (a) the risk represents a minor increase over minimal risk; (b) the intervention or
procedure presents experiences to subjects that are reasonably commensurate with those inherent
in their actual or expected medical, dental, psychological, social, or educational situations; and (c)
the generalizable knowledge is of vital importance for the understanding or amelioration of the
subjects’ disorder or condition (50.53)

e Clinical investigations not otherwise approvable that present an opportunity to understand,
prevent, or alleviate a serious problem affecting the health or welfare of children as agreed to by
the Institutional Review Board and the Commissioner of the FDA after consultation with a panel
of experts (50.54)

SOURCE: IOM (2004).

Approvals of research involving children are also contingent on adequate
provisions for parental permission for a child’s participation in research and, when
appropriate, the assent of that child to such participation. Under the regulations,
“children” are individuals who are not of legal age to consent to research as defined in the
laws of the jurisdiction in which the research is to be conducted. Despite some
uncertainty and disagreement about the concept of assent and its meaningfulness in actual
research settings when a child’s parents favor participation, a 2004 IOM report argued
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that it is desirable to involve children in research discussions and decisions—consistent
with their maturity and psychological state. Doing so “respects their emerging maturity,
helps them prepare for participation in research, gives them an opportunity to express
their concerns and objections, and, possibly, allows them to influence what happens to
them” (IOM, 2004, p. 7). Research is limited but suggests that practices concerning
assent vary in actual pediatric trials (see, e.g., Olechnowicz et al., 2002, and Ungar et al.,
2000).

Making decisions about the four categories of approvable pediatric research
defined in the HHS and FDA regulations necessarily involves subjective judgments about
the risks and potential benefits to children of clinical studies. What is minimal risk? What
is a minor increase over minimal risk? Can data help inform judgments about risk? (See,
e.g., Wendler et al., 2005; Nelson, 2010; and Roth-Cline et al., 2011.) These and other
questions have been the subjects of ongoing debate both generally and with respect to
specific research protocols. The 2004 IOM report cited above made several
recommendations about the interpretation of key concepts in the HHS and FDA
regulations. In brief, it recommended that investigators and reviewers of research
protocols should

e “interpret minimal risk in relation to the normal experiences of
average, healthy, normal children” and “focus on the equivalence of
potential harms or discomfort anticipated in research with the harms or
discomfort that average, healthy, normal children may encounter in their
daily lives or experience in routine physical or psychological
examinations or tests;

e “interpret minor increase over minimal risk to mean a slight increase
in the potential for harms or discomfort beyond minimal risk™ and ““assess
whether the research procedures or interventions present experiences that
are commensurate with, that is, reasonably comparable to, experiences
already familiar to the children being studied”;

e  “consider the risk of harms or discomfort in relation to the ages of the
children to be studied and assess the duration as well as the probability
and magnitude of potential harms or discomfort in determining the level of
risk”; and

e interpret condition to mean “a specific (or a set of specific) physical,
psychological, neurodevelopmental, or social characteristic(s) that an
established body of scientific evidence or clinical knowledge has shown to
negatively affect children’s health and well-being or to increase their risk
of developing a health problem in the future.” (IOM, 2004, p. 17)

In addition, in evaluating whether to approve research that involves a minor
increase over minimal risk and no direct benefit to a child with a condition or disorder,
IRBs should find that “the research is likely to generate vital knowledge about the
children’s disorder or condition” (IOM, 2004, p. 18). The research should not “unjustly
single out or burden any group of children for increased exposure to research risk on the
basis of their social circumstances” (p. 17). In situations in which some research
procedures have the prospect of direct benefit and others do not, then “the potential
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benefits from one component of the research should not be held to offset or justify the
risks presented by another” (p. 17).

The issue of excessive risk has arisen in the context of the one written request for
the pediatric study of an off-patent drug that was accepted by the sponsor (NICHD,
2008). Although the drug, lindane, was also on the BPCA priority list for the National
Institutes of Health (NIH) (see Chapter 3), an NIH advisory group described it to be too
toxic—on the basis of existing evidence—to be ethically studied in children (NICHD,
2003). The rationale for the request was that despite label warnings about its toxicity, the
drug did have considerable pediatric use for scabies; thus, dosing and safety studies might
yield information to guide this use. As far as the committee is aware, the requested
studies have not been undertaken. (One study registered at ClinicalTrials.gov describes a
completed study of an alternative product that also included an assessment of the
incidence of use of lindane [ClinicalTrials.gov identifier: NCT00604084].)

FDA ORGANIZATIONAL RESOURCES TO SUPPORT ETHICAL STANDARDS
IN PEDIATRIC RESEARCH

FDA has developed generally available resources to promote ethical standards for
studies undertaken to support approvals of medical products. It has also created resources
specific to pediatric studies. The discussion in this section starts with the latter.

Expertise in Pediatrics, Pediatric Research, and Research Ethics

In 1999, FDA created a pediatric advisory subcommittee to its Anti-Infectives
Advisory Committee. Among other issues, the subcommittee advised on ethical questions
in pediatric studies. In 2004, as provided for by BPCA of 2002 and PREA of 2004, FDA
created the publicly deliberating Pediatric Advisory Committee (69 FR 46098). This
committee, in turn, created a subcommittee on ethics that continues. Among other issues,
the Pediatric Advisory Committee and its subcommittee may be asked to consider
whether studies not otherwise approvable under 21 CFR 50 should be recommended for
approval by the FDA Commissioner under Section 50.54 (FDA, 2006¢).” In addition to
specific study proposals, the ethics subcommittee has considered broader topics. One
recent example is the status of clinical studies that might, in the future, involve the
exploratory administration of subtherapeutic doses, or “microdoses” of investigational
products to children (Nelson, 2011b).

In 2002, when Congress directed the creation of the Office of Pediatric
Therapeutics at FDA, it specified that the office would have at least one person with
“expertise concerning ethical issues presented by the conduct of clinical research in the
pediatric population” (21 USC 393a). The Office of Pediatric Therapeutics currently
includes two pediatric ethicists as well as other members with expertise in pediatrics.

? The process is rarely used. One example that came before the FDA Commissioner in 2004 involved a
proposed study involving a single dose of dextroamphetamine for attention deficit-hyperactivity disorder. It
was recommended for approval by the Pediatric Advisory Committee but was withdrawn before final
action (SACHRP, 2005).
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These resources are available to staff of the Center for Drug Evaluation and Research
(CDER) and the Center for Biologics and Research (CBER) as well as staff of the Center
for Devices and Radiological Health (CDRH).

In addition, the Pediatric and Maternal Health Staff within the Office of New
Drugs at CDER provides pediatric expertise to assist that center’s review divisions. At
both CBER and CDER, approximately 15 to 20 percent of medical officers are
pediatricians (personal communication, Catherine Lee, Office of Pediatric Therapeutics,
FDA, November 21, 2011). Such expertise is relevant not only to the valid and reliable
assessment of scientific questions but also to the assessment of age- and condition-
specific risks required by the special protections for child research participants.

As described in Chapter 3, in 2007 Congress provided for an internal FDA
committee to review written requests and pediatric studies conducted under BPCA and to
review pediatric plans, assessments, deferrals, and waivers under PREA (21 USC 355d).
This review committee was to include expertise in pediatric ethics specifically as well as
expertise in pediatrics, biopharmacology, statistics, chemistry, and legal issues. FDA
created the Pediatric Review Committee (PeRC) to undertake the required reviews, which
cover both scientific and ethical issues. These reviews frequently result in
recommendations for significant changes in study plans, including recommendations for
changes in inclusion criteria, additional adult or animal studies, or modifications in trial
design to achieve an acceptable balance of risk and potential benefit (personal
communication, Robert Nelson, Office of Pediatric Therapeutics, FDA, August 10,
2011). The agency can impose a clinical hold that delays or suspends work on studies that
violate the regulations governing the protection of children in research.

In addition to topics considered during committee or subcommittee meetings,
issues may be brought to the FDA pediatric ethics staff for consultation. Such
consultations have covered the ethical implications of many elements of pediatric drug
studies, including the definition of the pediatric population to be studied, the choice of
control group, the use of invasive placebos, the requirements for parental permission and
child assent, the assessment of risk and benefit, the appropriate standard of care in
international studies, and the planning of first-in-children studies (i.e., when a drug or an
indication has not been previously studied in adults) (personal communication, Robert
Nelson, Office of Pediatric Therapeutics, FDA, August 10, 2011). The consultations have
involved a wide array of specific product classes and clinical conditions, for example,
long-acting beta-agonists; proton pump inhibitors in infants; antiretroviral products;
growth hormones; monoclonal antibodies for respiratory syncytial virus and asthma;
psychotropic medications; cognitive enhancers in Down syndrome; and stem cell
therapies for diabetes mellitus, cancer, autism, cerebral palsy, and spinal muscular
atrophy.

Some of the IOM committee’s assessments covered studies that were requested,
required, and undertaken before the resources just described were in place. Although the
committee could not reasonably assess the sufficiency of past or current pediatric
expertise across CDER and CBER review divisions and in the Office of the Director, this
report emphasizes that such expertise is critical to the design, conduct, and evaluation of
scientifically and ethically sound pediatric drug studies.
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Other Resources Relevant to Research Integrity

Among other resources, FDA has developed a number of guidance or draft
guidance documents on ethics and integrity in FDA-regulated trials, including guidance
for IRBs and investigators about FDA policies and expectations (FDA, 2010b). The
infrastructure to support the ethical conduct of research also includes the Office of Good
Clinical Practices in the Office of the FDA Commissioner. This unit, among other
responsibilities, administers FDA’s Human Subject Protection/Bioresearch Monitoring
Council.

Within CDER, the Division of Scientific Investigations (DSI) is responsible for
verifying the “integrity of efficacy and safety data submitted to the FDA in support of
new drug applications [NDAs] and to assure that the rights and welfare of human
research subjects are protected” (FDA Regulatory Procedure Manual at 1-4-5; see also
FDA, 2009a). (For CBER, the equivalent office is the Division of Inspections and
Surveillance.) The division engages both in routine audits of data integrity in clinical
trials as part of the review of NDAs and in investigations of specific complaints about the
conduct of trials, including complaints about the protection of research participants.
Among other tasks, a routine inspection might verify that investigators secured IRB
approval(s) and parental permission. It might compare sites at which investigators have
financial interests in the outcome of the trial (e.g., because they hold stock in the sponsor
company) with other sites for indications that financial interests have influenced reported
results. When an audit cites violations of protocols or good clinical practice, an FDA
reviewer may assess these violations to determine whether they could affect study
findings. The reviewer may then disallow acceptance of certain data in support of
applications.

If a DSI or other investigation casts doubt on the efficacy or safety findings of a
sponsor’s trial of a product with adults, then the use of data from that trial as a basis for
starting pediatric trials may also be cast into doubt. An example involves the drug
telithromyci