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Executive Summary

The Pediatric Pharmacology Research Unit (PPRU) Network was born out of the
recognition that an infrastructure to support pediatric drug development did not exist within
academia, the pharmaceutical industry, or the FDA. The PPRU has contributed to the labeling
of drugs for children, has generated new information regarding pediatric pharmacology, has
provided consultation to the industry and FDA who have struggled to meet the demands of
FDAMA and the Pediatric Rule, has been an advocate for children in public policy related to
pediatric therapeutics, and is engaged in the training of the next generation of experts to carry
on this important work.

During the first five years, the over-riding goal of the PPRU network was to create a
platform to conduct pediatric studies that would support pediatric labeling. As the second five-
year period began, the commitment of the National Institute of Child Health and Human
Development (NICHD) to the PPRU was both continued and enhanced. The RFA for the second
five years of the PPRU again recognized the need for clinical studies to support pediatric
labeling and drug use information in children. It also acknowledged the continued need for a
greater infrastructure for pediatric clinical research. However, the mandate for the network was
substantially broadened with a greater emphasis on innovative translational research relevant to
pediatric pharmacology.

The network has identified the most critical anticipated research needs in pediatric
therapeutics for the next 5-10 years. The research objectives designed to address these needs
have been carefully crafted to focus the efforts of the network on areas that:

e are unlikely to be addressed in another way;
e require a high degree of pharmacological expertise resident within the group;

¢ would be difficult or impossible to conduct at a single site;
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e emphasize collaboration with other research groups or organizations in the development
of a rational plan for drug assessments in children;
e require unique approaches to meet practical or ethical challenges; and
e have the greatest potential impact on understanding and improving child health.
Over the first nine years, the PPRU has evolved and continues to evolve and mature.
While significant progress has been made in a number of areas, many challenges remain.
Therapeutic areas that have not received adequate attention include disordered sleep,
hyperlipidemia, contrast imaging agents, and many psychiatric disorders. Furthermore,
alterations in drug distribution, metabolism, disposition, and elimination that are unique to
pediatric subpopulations (e.g. neonates) remain to be determined for many important
therapeutic agents. Comparative trials, to determine optimal therapy when more than one agent
is available to treat a disorder, are fertile ground for further investigation. Drug-disease
interactions and the effect of therapeutics in children with multiple diseases have been studied
extensively for selected conditions (e.g. cystic fibrosis) but not others (e.g. diabetes mellitus,
nephrotic syndrome). Differences in responsiveness (e.g. pharmacodynamics) need to be
elucidated for many conditions in children (e.g. hypertension). Drug formulations appropriate for
children who are unable to swallow capsules and tablets remain a critical issue for pediatrics.
New agents developed from basic research in proteomics and immunology will need to be
evaluated in children. Finally, it is conceivable that the risks of biological and chemical warfare
may impact the future of the PPRU. To accomplish these goals, new study designs and
methodologies will need to be adapted from adult trials or created de novo. It is clear that
meeting the changing needs of pediatric patients is an ongoing challenge, one that will require
maintenance of the infrastructure necessary to meet new therapeutic needs and opportunities.
The overriding mission of the PPRU is to develop and disseminate new information that
facilitates drug development and improves drug therapy for children. The PPRU will actively

pursue this mission by focusing on five major goals:
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1. Multicenter clinical trials leading to pediatric labeling for drugs, biologicals, and

medical devices;

2.  Collaborative clinical research that improves pediatric therapeutics but may not

lead to pediatric labeling;

3. Translational research that leads to a better understanding of any aspect of drug

delivery, disposition, effectiveness, and safety in children;

4.  Novel clinical research methodologies in pediatric clinical pharmacology;

5.  Training in pediatric clinical pharmacology for health care professionals.

In order to meet the goals set forth above, sites selected for inclusion in the PPRU
network will be expected to participate in collaborative research within the network. PPRU sites
will also be expected to demonstrate unique strengths that contribute to the overall
effectiveness of the network in one or more of the areas outlined under these Research
Objectives. Furthermore, it is expected that these areas of concentration or strength at
individual sites will be accessible to all sites for network approved collaborative research
projects or educational programs. It is not expected that each site will necessarily excel at all
five objectives. The strength of the network lies in its diversity and in the willingness and ability
of the individual sites to take advantage of the strengths available at other sites. Demonstration
of meaningful participation in multicenter collaborative research projects is critical to the success
of the network.

To meet the challenges of the future, the PPRU Network will need to evolve. The
organizational structure and functions of the network will need to be continually adapted to meet

changing opportunities and needs.
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Section I: The History and Accomplishments of the PPRU

I. Definition of the original problem — A solution to the therapeutic orphan

The Pediatric Pharmacology Research Unit network was born out of the recognition that
an infrastructure to support pediatric drug development did not exist within academia, the
pharmaceutical industry, or the FDA. Whereas an extensive infrastructure to support clinical
trials of new drugs in adults developed during the three decades following implementation of the
Drug Industry Act of 1962, a comparable infrastructure of funding, investigators, clinical
research facilities, and expertise in the FDA and pharmaceutical industry to support research in
infants and children never emerged. Consequently, approximately 80% of prescription drugs
marketed in the United States to the present time were approved and marketed for adult use,
but were not adequately studied in infants and children or approved by the Food and Drug
Administration for use by children.

The PPRU was the culmination of a long-standing dream and ongoing commitment to
change this untenable situation and the product of visionary leadership at NICHD. During the
past 30 years numerous individuals and organizations within the pediatric medical community,
working with the FDA, NIH and pharmaceutical industry, have sought ways to increase pediatric
drug research and, consequently, labeling for children. These efforts culminated in a 1990
workshop on Drug Development and Pediatric Populations jointly sponsored by the Institute of
Medicine of the National Academy of Sciences, the NICHD, and the American Academy of
Pediatrics (AAP). The purpose of this workshop was to identify and make recommendations
regarding impediments to drug development for the pediatric population. In retrospect, this was
a watershed meeting. Recommendations from the workshop included: 1) that the FDA explore
ways to facilitate the approval of drugs for children and inclusion of pediatric information in drug

labeling; 2) that economic disincentives to drug development for children be addressed by
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granting extended exclusivity to sponsors for drugs that are studied in children and for which
data are submitted to the FDA in support of pediatric labeling; 3) that the pharmaceutical
industry take a more proactive stance with respect to drug development for children, and 4) that
the National Institutes of Health establish a network of pediatric centers to begin to provide the
infrastructure that was missing. During the past decade, each of these recommendations has
been implemented. Through the committed and visionary leadership of Dr. Dwayne Alexander,
Director of NICHD, and Dr. Sumner Yaffe, Director of the Center for Research for Mothers and
Children, the PPRU was transformed from concept to reality shortly after the IOM workshop. In
1993 an RFA was issued and in January of 1994, the NICHD funded the first group of pediatric
centers to inaugurate the Pediatric Pharmacology Research Unit (PPRU) network.

The PPRU network was a bold experiment by NICHD. Although other networks
preceded it, the PPRU was, and continues to be unique in a very significant way. It was the first
network intentionally designed to bring together the collaborative efforts of academic
investigators, pharmaceutical sponsors, and the NIH to accomplish something that heretofore
had not existed. It created a critical mass of patients, research facilities, and expertise in
pediatrics and clinical pharmacology under the NICHD umbrella to work in concert with the
pharmaceutical industry to conduct pediatric pharmacology research. This was made possible,
in large part, by implementation of the U-01 cooperative agreement funding mechanism.

The experiment has been extraordinarily successful, as documented elsewhere in this
report. The impact on therapeutics for children is tangible and measurable. The PPRU has
contributed to the labeling of drugs for children, has generated new information regarding
pediatric pharmacology, has provided consultation to the industry and FDA who have struggled
to meet the demands of FDAMA and the Pediatric Rule, has been an advocate for children in
public policy related to pediatric therapeutics, and is engaged in the training of the next
generation of experts to carry on this important work. With relatively modest funding compared

to other networks, the NIH has realized extraordinary results in a relatively short time through
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the PPRU network. This is due to the leverage achieved through the addition of industry
funding and supplemental support from the PPRU institutions on top of the infrastructure

support provided by the PPRU grants.

[I. Structure and Mission of the PPRU Network
A. First Five Years: 1994-98

During the first five years, the over-riding goal of the PPRU network was to create a
platform to conduct pediatric studies that would support pediatric labeling. The RFA stated,
“The ultimate goal of studies conducted by the network is to provide the clinical data on
drugs necessary for U.S. Food and Drug Administration (FDA) approval for use in children”.
The specific aims were: “1) conduct of collaborative clinical trials; 2) conduct of pre-
marketing and post-marketing clinical trials in collaboration with proprietary pharmaceutical
firms; 3) conduct investigator-initiated studies on PD/PK of drugs in children; and 4) provide
an environment in which pediatricians and others can gain supervised experience in
pediatric clinical pharmacology.” The RFP went on to state, “It is expected that most of the
studies.....will be clinical and pediatric”. It was clear the intent of the RFA was to fund a
network of centers that would conduct clinical research that would ultimately increase
pediatric information necessary for labeling of drugs for children. Behind this initiative was
the recognition that, in contrast to the adult clinical trial industry, an infrastructure for
widespread conduct of pediatric clinical trials did not exist within the U.S. The PPRU
Network would form the nidus of such an infrastructure.

The first 5 awards were made in January of 1994 to Louisiana State University (LSU)
in Shreveport, Columbus Children’s Hospital, University of Tennessee/LeBonhuer Children’s
Medical Center, the University of California at San Diego, and Wayne State
University/Children’s Hospital of Michigan. Within the first year of the network, two

additional sites were funded, University of Arkansas for Medical Sciences/Arkansas
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Children’s Hospital and Case Western Reserve University/ Rainbow Babies and Children’s
Hospital, to bring the total to 7 sites during the first 5 years of the network. During the
second year the Dr. Ralph Kauffman and the Wayne State PPRU moved to Children’s
Mercy Hospital, Kansas City, Missouri.

The network was funded through the U-01 mechanism with governance by a network
steering committee comprised of the PI's from each site and a representative from NICHD.
Dr. Sanford Cohen, Detroit, Michigan, was appointed to Chair the Network Steering
Committee.

Considerable time and effort during the first 2 years of the network was devoted to
developing an organizational structure for the network, creating operating procedures, and
determing a strategy for partnering with the pharmaceutical industry while at the same time
being an NIH-funded network. It is worth emphasizing that the PPRU network was very
different in mandate and intended function from the other NIH networks. The existing
networks did not provide useful models for the PPRU to emulate. At the beginning, different
individuals had very different concepts of what the network mission should be. In addition,
organization and efficiency of the network was hampered during the first 5 years by the lack
of a coordinating center to manage organizational and administrative functions.
Nevertheless, during the latter half of the first award period, the network function improved

as reflected by the increase in productivity during years 3-5.

B. Second Five Years: 1999-2003

As the second five-year period was initiated, the commitment of the National Institute
of Child Health and Human Development (NICHD) to the PPRU was both continued and
enhanced. The RFA for the second 5 years of the PPRU again recognized the need for
clinical studies to support pediatric labeling and drug use information in children. It also

acknowledged the continued need for a greater infrastructure for pediatric clinical research.
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However, the mandate for the network was substantially broadened with a greater emphasis
on innovative translational research relevant to pediatric pharmacology. A primary stated
goal in the second RFA, in addition to data to support labeling, was “to investigate the
pharmacology of new molecular entities and biopharmaceuticals for use in children”. The
RFA included 5 specific aims: 1) “conduct of studies in bioavailability, formulation, drug
metabolism, PK, PD, safety and effectiveness of drugs” ; 2) “accrual of clinical data
necessary for pediatric age-specific labeling’; 3) “molecular approaches, application of new
technology, pediatric formulations, validation of new endpoints or surrogate markers”; 4)
“research on developmental characteristics and genetic polymorphisms of drug metabolizing
enzymes, PK modeling, and simulation technology”; and 5) “provide a teaching
environment”.

In the second five years of the network, the seven original sites were refunded and
six new sites were added to the network for a total of 13. The new sites were Baylor
College of Medicine/Texas Children’s Hospital, Cincinnati Children’s Hospital Medical
Center, Wayne State University/Children’s Hospital of Michigan, Children’s Hospital of
Philadelphia, National Jewish Hospital/Denver Children’s Hospital, and Yale University. The
addition of six new centers to the initial seven centers expanded the pool of clinical
pharmacologists involved with the PPRU and added several important pediatric specialties.
These disciplines included: Hematology, Oncology, Pediatric Psychiatry, Endocrinology,
Allergy/Immunology, Neonatology, Nephrology, Emergency Medicine, and Pulmonology.
This increased the breadth of studies proposed and conducted as well as the number of
children who could be enrolled in studies.

The organization and governance of the network remained essentially the same for
the second funding cycle. Dr. George P. Giacoia of the Endocrinology, Nutrition and Growth
Branch, Center for Research for Mothers and Children of NICHD remained as Program

Director. Dr. Cheston Berlin, Professor of Pediatrics, Pennsylvania State University School
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of Medicine, Hershey, PA, was appointed Chair of the Network Steering Committee to
replace Dr. Sanford Cohen. Dr. William Rodriguez from the Food and Drug Administration
was appointed FDA Liaison to the Network.

With the expansion of the network, organization became more complex, leading to
modification of committee structure and expansion of standard operating procedures.
During the 6" year, a contract with Kunitz and Associates, Inc., was signed to develop a
Network Operations Center to coordinate organizational and administrative functions. This
was a major advance in improving the operations of the network. Operations improvements
during the second 5 years included real time online data reporting via a secure web site.
For the first time this provided systematic centralized collection of network performance data
and protocol coordination. In addition, a web site was designed and placed on-line.

The current organizational structure of the network is depicted in Figure 1 (Appendix

A).

lll. Key events in the history of the PPRU and the impact of external events
The accomplishments of the PPRU network under the second RFA occurred within
the context of several major events in the biomedical community that directly or indirectly

impacted the mission of the network.

A. 1994 Pediatric Rule

In 1994 the FDA promulgated new regulations intended to facilitate pediatric labeling.
Among other things, the 1994 regulations provided that adult efficacy data could be
extrapolated to children if the condition for which the drug is intended was substantially the
same in adults and children. These regulations also established the Pediatric Committee
within CDER and the “Pediatric Page” which required sponsors and the FDA to identify early

in a new drug’s development if it had anticipated use in children and, if so, what pediatric
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studies were planned. The 1994 rule had a very modest impact on pediatric studies,
although the Pediatric Committee did provide an avenue within CDER to advocate for

pediatric issues.

B. 1998 Pediatric Rule

In 1998 the FDA finalized a new regulation that for the first time required new drugs
and some marketed drugs to be studied in children if the drug offered significant health
benefits for children. This regulation did not go into full enforcement until December, 2000.
It is somewhat premature to judge the full impact of the 1998 rule, but it certainly has had
the effect of causing sponsors to develop pediatric clinical research plans earlier in the
course of new drug development. This has significantly changed the culture in both the FDA
and the pharmaceutical industry to stimulate the consideration of pediatric studies as an

integral part of new drug development planning.

C. 1997 FDAMA

The passage and implementation of the pediatric exclusivity section of FDAMA had
the most dramatic impact on drug research for children and on the activity within the PPRU
during the past 5 years. Section 111 of FDAMA provided six months additional exclusivity
for a drug if the company performed pediatric studies in compliance with a request from the
FDA. The industry responded to this incentive to an unprecedented extent. Five hundred
sixty-eight studies were requested by the FDA. By early 2002, 75 studies had been
completed. More than 53 drugs were granted additional exclusivity and pediatric labeling
was added to 31 drugs at the time of this report. The increase in sponsored pediatric
studies created an exponential increase in PPRU activity that would not have occurred
without this legislation. As non-PPRU pediatric study sites evolved in response to FDAMA,

the PPRU found itself increasingly playing more of a specialty role in being a resource
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primarily for phase | & Il and PK/PD studies while non-PPRU study sites played an
increasingly greater role in phase Ill & IV studies. The PPRU might not have had this
opportunity, at least not in the short time frame, had the FDAMA stimulus not been present.

The statistics arising from FDAMA and the role of the PPRU are detailed below.

D. Best Pharmaceuticals for Children Act

The Best Pharmaceuticals for Children Act (BPCA), signed into law in January of
2002, reauthorized the 6 month additional exclusivity provisions of Section 111 of FDAMA.
In addition, this legislation added several new provisions that will have important
implications for the PPRU during the next five years. The more important additions are
summarized below.

1. Within one year of passage, BPCA requires the NIH in collaboration with the FDA to
publish a prioritized list of: a) drugs with an approved NDA; b) drugs with an
application under review; c¢) drugs with no patent or exclusivity protection (off patent
drugs); and d) drugs referred to the NIH for study under section 505A(d)(4)(C) of the
Act. For each drug on one of the lists the FDA must consider, among other things: 1)
whether new pediatric studies may produce health benefits for children; and 2)
whether reformulation for pediatric use is necessary.

2. The NIH may issue contracts to third parties to do pediatric studies if sponsors of “off
patent” drugs decline to do studies in response to an FDA-issued letter of request. If
studies are done under this provision, results of studies and requested labeling
changes are to be made public. Labeling disputes between sponsor(s) and the FDA
may be referred to the Pediatric Advisory Sub-committee. Refusal of a sponsor to
accept labeling changes may cause a drug to be declared misbranded. This
particular provision is a potent enforcement tool to encourage pediatric labeling

changes.
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3. The statute establishes a fund in the NIH Foundation to fund studies of “off patent”
drugs for which the FDA issues a letter of request and no sponsor agrees to fund the
studies. $200 million are authorized the first year to fund studies, although no
appropriation exists to date to fund the authorization. The foundation also may
accept donations from private entities to fund studies.

4. There is a new emphasis on neonatal studies to stimulate studies in newborns where
appropriate.

5. There are requirements for detailed reporting to Congress by the FDA within 5 years
of passage regarding the impact of the law.

6. There are new requirements for adverse event reporting for studies conducted under
the BPCA.

7. The Institute of Medicine is required to conduct a complete review of all federal
regulations pertaining to research involving children and report to Congress within

two years.

E. Human Genome Project

In the spring of 2001, the “completion” of the Human Genome Project was
announced, including the public project led by Francis Collins, M.D. and the private project
led by Drs. William Hazeltine and Craig Venter. Several surprises emerged: the number of
genes (35,000 to 40,000) was far smaller than the original 100,000 predicted; alternative
splicing was far more important than originally perceived, and the magnitude of single

nucleotides polymorphisms (SNPs) began to be fully appreciated.

F. Functional genomics and bioinformatics
A third advancement is the ongoing expansion of the fields of functional genomics,

bioinformatics, and proteomics. With gene chips containing between 5,000 and 30,000
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genes/chip, factors that both up-regulate and down-regulate specific genes can be rapidly
identified. Because of alternative splicing, a given gene may encode a variety of proteins
and the science of proteomics is necessary to define these. The field of bioinformatics is
essential to interpreting the complex information generated by these techniques. These
technologies and new areas of knowledge will markedly expand the potential of

pharmacogenomics, receptor biology, and molecular pharmacodynamics.

IV. Implications for the Future

Several aspects of the BPCA have particularly important implications for the PPRU
during the next 5 years. Based on the past five years’ experience, reauthorization of the
extended exclusivity provision ensures a growing demand for clinical studies in all age
categories. Added to that is the impact of the requirement for studies of selected “off patent”
drugs, in which the PPRU is expected to play a major role, particularly in PK/PD studies,
drug metabolism studies, and relevant translational research. Studies of “off patent” drugs
will require considerable participation of the PPRU in prioritization of drugs to be studied,
design of protocols, and conduct of studies, thereby markedly increasing demands on the
network. The new emphasis on neonatal studies presents unique challenges around ethics,
logistics, innovative age-related outcome measures, unique newborn indications, and
formulations for the neonatal population. These increased demands will occur in the context
of critical review and increased scrutiny of research ethics. All of these factors will increase
the workload demands on the network while increasing the complexity of the clinical
research environment.

The rapid advances in genomic techniques and emerging proteomics technologies
present unprecedented opportunities to advance knowledge about the regulation of drug
disposition, changing response to drugs during growth and development, and etiologies of

severe adverse reactions to drugs. The network must be prepared to exploit these
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disciplines and technologies in the continuing effort to understand age-dependent responses

to drugs.

V. Specific Aims of the Original RFA (1994 — 1998)
A. Accomplishments in meeting specific aims

From 1994-1998, seven academic medical centers constituted the Network. These
provided access to disparate pediatric sub-specialists and an estimated 160,000 inpatient
admissions and 2.3 million out-patient visits per year.

As previously mentioned, the PPRU grant provided funding for the infrastructure
necessary to support the goals of the network. The NICHD funded PPRU sites via a
cooperative agreement wherein the institute and each site partnered to set and evaluate
goals for the research. Funded personnel included a Pediatric Pharmacologist (25%),
Associate Clinical Pharmacologist (50%), Nurse Coordinator (100%), data coordinator
(25%), secretary (25%), lab director (25%) and technician (50%) for a maximum of 3 FTE’s.
Sites were expected to fund the remainder of individual salaries through institutional, grant
and contract sources. A modest supply and equipment budget was provided with an
expectation of augmentation from other sources. For governance, each site PI, the NICHD
program officer and a chairman, selected from a non-PPRU site, constituted the Network
Steering Committee (NSC) that met quarterly and held biweekly conference calls. These
were the major resources and components of the PPRU Network, and accomplishments
should be viewed accordingly. Because the Network Operations Center (NOC) was not
funded until the second five-year cycle, global data regarding the accomplishments of the
PPRU during the first 5 years are difficult to collate. As a result, a selection of

accomplishments will be reviewed.

B. Review of the Program Impact
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As mentioned, there was no specific organizational structure within the NICHD after
which the PPRU could be modeled. As a result, considerable time and effort was spent
developing an organizational structure and governance mechanisms at the same time the
scientific agenda was advanced. The PPRU network was built where no paradigm
previously existed. The RFA allowed for network protocols, which were conducted at more
than one site, and local protocols, which were conducted at only one site. The latter group
was developed to encourage sub-specialty investigators at individual sites to cooperate with
the PPRU and in return, the resources of the PPRU were available to support research that
met the aims of the network. Because the legislation that enabled a dramatic increase in
pediatric labeling studies was not enacted until late in the first five years of the PPRU, many
of the network and local protocols were investigator-initiated and not funded by the
pharmaceutical industry.

Noteworthy investigator-initiated studies completed during this time included:

e evaluation of CYP3A4 ontogeny in infants and children

e hepatic drug metabolism (CYP1A2/NAT2) in CF

e meropenem PK in patients with CF

o PK of pentoxifylline in patients with sickle cell anemia

e PK of famotidine in children with acute and chronic renal failure

e antigenic biomarkers of acetaminophen toxicity

e ontogeny of CYP2D6 in the first year of life

Despite the lack of incentives for pharmaceutical manufacturers to perform pediatric
labeling studies until late in the first cycle of the PPRU, the PPRU was involved with many
studies that were industry-sponsored. Among these were:

¢ GHRF in hypothalamic growth hormone deficiency

e PKof intravenous liposomal Nystatin
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o PK/PD/safety/efficacy of Meropenem in CF

e PKof Linezolid in infants and children

o PK of Prucalipride in constipation/obstipation

e PK/PD of Cisapride in preterm neonates

o PK/PD/safety/efficacy of Ridogrel in ulcerative colitis

o PKlefficacy/safety of oral ranitidine

o PK/PD/safety/tolerance of IV propacetamol

o PK of Metformin in pediatric type Il diabetes mellitus

In addition, the PPRU was involved with sponsors who filed New Drug Applications
(NDAs) for several important compounds, including:

e Controlled-release APAP (Ascent & McNeil)

e Trovafloxacin IV (Pfizer)

o Midazolam oral solution (Roche)

¢ Famotidine (Merck)*

¢ Rifapentine (Hoechst Marion Roussel)**

e Propofol (Zeneca)

e Levofloxacin (Johnson and Johnson)

e Pleconaril (ViroPharma, Incorporated)

*  denotes sNDA submitted under 1994 FDA Pediatric Final Rule
** denotes PPRU Local Protocol

The PPRU Network delivered products and services that met the Specific Aims
during the first cycle. The impact on overall objectives was difficult to ascertain because the
protracted outcomes of off-label prescribing and rational pharmacotherapy of children will

only be evident in five to ten years.
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As of September 2000 (FDA report to Congress of 1/2001), 25 drugs had been
granted pediatric exclusivity and 12 showed newly approved labeling for pediatric use. One
may consider that this rapid timeline was enabled by PPRU participation to complete
studies. Of the 12 drugs, the Network assisted or performed studies with ibuprofen,
midazolam, and ranitidine. Of the 25 granted exclusivity, PPRU involvement included
ibuprofen, midazolam, ranitidine, propofol, enalapril, and tramadol. Since exclusivity was
granted in year 2000 or before, much of the work done by the PPRU Network is likely to
have occurred in the first period. Contributions to pediatric labeling were also evident from
publication of data from several PPRU Network studies, including studies of the following
drugs: linezolid, naproxen, cefpodoxime, cefotaxime, metoclopramide, pralidoxime,
terbinafine, rifapentine, montelukast, pleconaril, cefpirome, and irbesartan.

The contributions of the PPRU also are documented in the medical literature. The
list of publications is included as Appendix B.

Furthermore, toward the end of the first cycle, the groundwork was developed to
create a model for performing pediatric clinical trials efficiently. Prior to the creation of the
PPRU, the pharmaceutical industry already developed successful strategies for conducting
clinical trials in children only in selected therapeutic areas (e.g. antibiotics, immunizations,
etc.). Major therapeutic areas were largely ignored. The PPRU pioneered the development
of study designs and techniques that permitted successful studies in many therapeutic areas
that had been previously ignored (e.g. antihypertensives, oral hypoglycemic agents,
gastrointestinal agents, etc.). The effects of these “ground-building” efforts are apparent in
the surge of industry-sponsored clinical trials during the second cycle of the PPRU.

Furthermore, the PPRU met its educational objectives. The capacity for education
and training at each PPRU site is apparent from the credentials of the Pls, institutional
support (i.e. statistics unit, specialized laboratories, local collaborators), the number of

clinical investigators, and the variety of clinical protocols approved and completed in the
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PPRU Network. Sub-specialist participation in protocols was encouraged at PPRU sites
during the first period and thereby expanded attractiveness to trainees and faculty. Stable
resources which minimized time and effort burdens inherent to clinical research fostered
collaboration and hence training opportunities. Several fellows trained at PPRU centers

have become significant contributors to the PPRU mission.

VI. Specific Aims of the Second RFA (1999-2003)
A. Accomplishments of the PPRU in meeting the specific aims
During the period of the second RFA (1999-2003), data are available from January 1,

1999 to March 31, 2002 for analysis. An overview of accomplishments during the second

funding period may be obtained by examining the number and types of protocols and

summarizing other network activities.

e From January to December, 1999, 54 protocols were open; during the year 12 protocols
were closed and 42 remained active. Of these 54 protocols, 41 were initiated after
January, 1999.

e From January to December, 2000, 73 protocols were open; during the year 17 were
closed, and 56 remained active.

e From January to December, 2001, 87 protocols were open, 18 were closed and 69 were
still active.

e From January to March, 2002, 76 protocols were open with 66 remaining active and 10
closed.

The dramatic increase in number of protocols during this time period reflects the
increased demand for pediatric studies fueled by the extended exclusivity provisions of

FDAMA. With respect to types of studies, the PPRU contributed uniquely to a niche area,

not typically filled by most pediatric centers, by concentrating on early phase, PK/PD, and
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drug metabolism studies. These types of studies require special experience, expertise, and
facilities and are more difficult to conduct in children. They entail considerably more
translational science in their design and conduct and are essential to the development of
appropriate age-dependent dosing recommendations and understanding of drug action in
children. Whereas many pediatric health care facilities and practitioners may be capable of
conducting phase Il and IV studies, the PPRU sites are uniquely qualified to perform early
phase, PK/PD, and drug metabolism studies. Over the period January 1999 to March 2002,
the majority of studies conducted by the network were Phase |, Phase l/Il, or Phase II.
Phase Il and Phase IV (post-marketing) studies comprised only 17-18% and 4-10% of
studies, respectively, annually. In addition, the number of investigator- and network-initiated
studies increased during this funding period. The protocols were distributed across a broad
range of therapeutic categories and included all age groups. The distribution across age
groups was 0-1 month: 16%; 1-2 years: 30%; >2-6 years: 11%; >6-12 years: 11%; and >12
years: 32%. Many protocols included multiple age groups.

In addition to clinical and laboratory-based research, the PPRU network contributed
significantly in areas of advocacy and policy. The network developed important advocacy
position statements in several dimensions. A number of “white papers” were written on
topics such as anti-pyretic drug study design, hypertension, and assessment of pain in
infants that were published in well-respected journals. Members of the PPRU Network
Steering Committee provided information for congressional hearings and lobbied for bills
and regulations to ensure pharmacology research for children. An important development
was the establishment of a Web site with links to individual PPRU, FDA, USP, and AAP web
sites.

Collaborative linkages were established with Canadian and European Pediatric
Pharmacology networks. Two meetings were held with the European Society of

Developmental Pharmacology to discuss issues of common interest and explore potential
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areas of collaboration. The PPRU has also worked to develop network partnerships with a
variety of other NIH networks such as the RUPP, Neonatal, Asthma, and Pediatric AIDS

networks.

B. Review of the Program Impact
Network productivity specifically related to RFA mandates for the second funding period are
detailed below.

Specific Aim 1: Studies of bioavailability, formulations, drug metabolism, PK, PD safety and

effectiveness (SE) of new drugs and drugs already on the market

The majority of clinical studies conducted during the second funding period were
responsive to specific aim 1. Sixty-seven to 71 percent of the studies during respective
years were primarily PK or PK/PD studies. Four to 11 percent of studies included safety and
efficacy data along with PK/PD data. Studies that were only safety and efficacy (usually
phase Ill studies) comprised 11% to 20% of studies in any of the 4 years. "Other” studies
comprised 14%, 10%, 7% and 11%, respectively, during the four reporting years of the
second funding cycle. Most of these latter studies examined specific aims 3 and 4 and
include developmental characteristics of drug metabolizing enzymes. Several types of PK
studies were conducted, including single dose oral, single dose IV, multiple dose oral,
multiple dose IV, single dose inhalation, topical and single and multiple dose oral/IV.

Specific Aim 2: Age Specific Labeling

The trends in protocol study populations by age group during the second funding
cycle reveal an impressive increase in evaluation of children less than 12 years. This
represents the age group traditionally excluded in pre-PPRU trials. During the 4 reporting
periods, children under 1 month comprised 7%, 8%, 16% and 17% of patients; from one
month to two years were 15%, 22%, 30% and 29% of children; from 2 to 6 years were 23%,

23%, 10% and 10%; from 6 to 12 years 29%, 26%, 12%, and 12%, and adolescents 26%,
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21%, 33% and 33%. Many of the studies in children over 12 years of age were in patients

with hypertension; diabetes mellitus type Il and other age-specific disorders.

Specific Aim 3: New Therapeutic Modalities

The range of therapeutic classes of drugs examined under the second RFA was far
broader than under the first RFA. This reflects, in part, the stimulus of FDAMA and the
expanded expertise and patient populations within the network. The therapeutic
classification of drugs studied included analgesics, anti-infectious agents, anti-
hypertensives, anti-diabetics, anti-histamines, antipyretics, Gl drugs, hormones,
hormone/hormone antagonists, psychiatric/behavioral disorder drugs, anesthetics, anti-
inflammatories, topicals, sedatives, and anti-epileptics. Anti-infectives was the most
frequent therapeutic classification represented, with testing of anti-virals, antibiotics, and
antifungal agents. Antihypertensives and GI drugs were typically the second and third most
studied categories, respectively.

Specific Aim 4: Developmental Characteristics of Drug Metabolizing Enzymes, PK

Modeling, and Simulation Technology.

A trend in the development of protocols, indicates an increase in investigator
developed protocols. In the years January to December, 1999, and January to December,
2000, fully 75% and 71% of protocols were sponsor or sponsor/investigator designed. From
January to December, 2001 and January to March, 2002, 35% and 47%, respectively, were
investigator designed or PPRU and other Federal agency co-designed. Pharmacogenetic
studies, and studies of ontogeny of drug metabolizing enzymes figured prominently in these
investigator designed studies. More recently, 3 major network initiated projects have been
developed and either have been or will be submitted for NIH funding. (See Section VI
below.) These include study design modeling and PK modeling.

Specific Aim 5: Education.
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The educational activities of the PPRU were focused in three main areas:
o training and improved communication between Coordinators at each site;
o training of Associate Pharmacologists, who develop competency in Clinical
Pharmacology as well as their primary pediatric specialty;
0 Mentored Specialized Clinical Investigator Development Awards (MSCIDA)
Grants for Pediatric Clinical Pharmacology Fellows using the K-08 NIH
funding mechanism.
During the second funding cycle 13 Associate Pharmacologists are in training across
the network. From 1/1/97 to 8/1/01, 25 fellows were in training at network sites. The
network currently is developing a common fellowship curriculum to be employed throughout

the network.

C. Summation:

In the second five-year period of the PPRU’s existence, all five specific aims of the
RFA have been successfully fulfilled. All 13 sites have contributed to the success of the
network. The number of protocols active at individual sites ranged from 7 to 22 protocols in
year 1999, 7 to 28 protocols in 2000, 12 to 33 protocols in 2001, and 7 to 15 protocols in the
first quarter of 2002. The trend in PPRU and non-PPRU participation has shown an
increase in PPRU exclusive and single-center exclusive studies from 52% in 1999 to 69% in
2002. In particular, the past four years have been successful from the perspective of drug
testing in children, studying a wider array of medications and younger age groups.
Furthermore, there has been a substantial increase in network-initiated studies and
integration of translational science into the protocols. The network also is fulfilling an

essential mandate to train the next generation of experts in pediatric pharmacology.
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VIl. Responsiveness of the PPRU in meeting changing opportunities

Over the first nine years, the PPRU has evolved and continues to evolve and mature.
While significant progress has been made in a number of areas, many challenges remain.
Therapeutic areas that have not received adequate attention include disordered sleep,
hyperlipidemia, contrast imaging agents, and many psychiatric disorders. Furthermore,
alterations in drug distribution, metabolism, disposition, and elimination that are unique to
pediatric subpopulations (e.g. neonates) remain to be determined for many important
therapeutic agents. Comparative trials, to determine optimal therapy when more than one
agent is available to treat a disorder, are fertile ground for further investigation. Drug-
disease interactions and the effect of therapeutics in children with multiple diseases have
been studied extensively for selected conditions (e.g. cystic fibrosis) but not others (e.g.
diabetes mellitus, nephrotic syndrome). Differences in responsiveness (e.g.
pharmacodynamics) need to be elucidated for many conditions in children (e.g.
hypertension). Drug formulations appropriate for children who are unable to swallow
capsules and tablets remain a critical issue for pediatrics. New agents developed from
basic research in proteomics and immunology will need to be evaluated in children. Finally,
it is conceivable that the risks of biological and chemical warfare may impact the future of
the PPRU. To accomplish these goals, new study designs and methodologies will need to
be adapted from adult trials or created de novo. It is clear that meeting the changing needs
of pediatric patients is an ongoing challenge, one that will require maintenance of the
infrastructure necessary to meet new therapeutic needs and opportunities.

To test this network evolution, the PPRU has developed a new model for advancing
therapeutics in areas that have previously been understudied. Several projects have been
developed to test the ability of the network to focus diverse resources on a common target.
To meet these challenges, a PPRU Research Committee was developed. It was chaired by

Dr. Stanley Szefler the first year of existence and Dr. Ralph Kauffman during the second

Version 2003 SP 1.04 Page 25



year. This Committee identified key areas of interest for the PPRU and identified Working
Groups to develop network-initiated protocols. Each Working Group is composed of
representatives from all PPRU sites. The Working Groups meet regularly via the Steering
Committee meetings and conference calls to develop research plans and protocols. At the
present time there are five functioning Working Groups. Accomplishments and current

activity of these Working Groups include:

1. Psychopharmacology

The rationale for forming this Working Group was the critical need for
pharmacokinetic, pharmacodynamic, and safety information for many drugs used in
psychopharmacology. We chose to focus initially on atypical neuroleptics used in children
and adolescents with autism and other pervasive developmental disorders (PDD) as it would
allow for collaboration and synergy with a sister institute (NIMH) and a network, RUPP, with
a mission very similar to our own. The frequency of risperidone use appears to be high in
this population as estimated by a survey performed by members of the RUPP network. Of
the 417 respondents to the survey 11.8% of children were taking antipsychotics of which
risperidone represented 87% of all mentions. Given the tender age and potential
vulnerability of this population at neuroleptic initiation, as well as the likelihood that therapy
will be chronic, typically spanning many decades, the dosing ranges, safety and validation of
therapeutic utility of drugs such as risperidone for PDD must be established. The critical
need for proper studies in this vulnerable patient population was further emphasized by a
RFA that called for development of innovative treatment approaches to autism (NIH, Nov

1999).

Over a period of about 8 months, this working group developed a clinical multi-center
protocol to study the population pharmacokinetic of risperidone and metabolites in children

with PDD. The objectives are to adapt and establish micro-assay methodology sufficiently
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sensitive for pediatric sampling (Assays are being set up at the LSU, Shreveport (John
Wilson) and the laboratory of Sander Vinks, at the Cincinnati PPRU site) and to prove
feasibility of RIS and 9-OH-RIS enantiomeric determination in samples from pediatric PDD
patients that will enable full population-PK characterization in children with PDD. A
secondary focus of the study is to gather (preliminary) pharmacodynamic data relating EPS
adverse event data to RIS metabolism/ elimination.

The Working Group worked hard to complete the proposal in time to submit an
application for funding to NICHD in response to the RFA for studies in this area. All of the
Centers within the PPRU and RUPP Networks agreed to participate, with Cincinnati as the
Lead Site and Data Coordinating Center for the study. Clinical protocol and informed
consent forms are currently under IRB review at most centers. The lead site has identified its
first patients, and enrollment is expected in due course.

Patients will be studied for 2 years and the results will be used as preliminary data
for a comprehensive application that will apply the Extreme Discordant Phenotype (EDP)
approach to look at drug factors which are key to the way risperidone works: mechanism of
action and safety. By using EDP methodology, we will define RIS response variability and
adverse events sensitivity by studying pharmacodynamic-pharmacokinetic response and
pharmacogenetic information of either its metabolism/elimination pathway (CYP2D6, 3A4) or
presumed site of receptor activation (dopamine and serotonin (5-HT) receptors and
transporters). We currently are in the process of planning the application (R01) while
collecting additional data on patterns of extrapyramidal symptoms and distribution of
populations exposed to risperidone in the age group 5-<18 year to further characterize the
dose-concentration-response/AE relationships.

Other areas of interest to this working group include: 1) ADHD treatments with a draft
investigator initiated protocol submitted by Dr. John Wilson (LSU). This protocol is being

finalized and funding is pending; 2) The proposal developed by the Diabetes and
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Depression working group (see below), offers potential for development of additional
protocols modeled from and spinning off from that study. An R01 application has been
submitted for consideration; 3) Neuroprotection following a traumatic, environmental,
metabolic or infectious CNS insult remains an interest but at present only site specific
projects are available to model. Dr. Sander Vinks participates in an NIH supported project
“A randomized controlled trial of amantadine for arousal in pediatric traumatic brain injury, a
pilot study.” If initial data from that trial are encouraging, the network may rollout a larger
study based on part of this work. The long-term goals of this work group are to secure pilot
and RO1 funding in novel or “risky” projects which are unlikely to receive industry support in
as many areas of psychopharmacology that can be supported by the expertise of the

respective PPRU network sites.

2. Diabetes and Depression Working Group

The rationale for forming this group was that depression is much more common in youth
with type 1 diabetes (T1DM), that the presence of depression adversely impacts on treatment of
diabetes leading to poor diabetes control, that poorly-controlled diabetes is likely to influence the
bio-disposition of psychopharmacologic agents, and that there are no data currently available
concerning psychopharmacologic management of depression in diabetes. The fact that NIDDK
identified the co-morbid occurrence of depression and diabetes as an area in need of further
study made the rationale for this group even more compelling. Over a period of about 18
months, this working group developed a comprehensive clinical pharmacologic study proposal
examining the use of paroxetine (PXT) in depressed youth with T1DM.

The overall objective is to determine if effective treatment of depression results in long-
term improvement of glycemic control of T1DM in youth who are affected by both conditions. A
series of 3 successive, interdependent studies will be conducted by all of the centers in the

PPRU Network. Study Phase 1 will determine if the degree of metabolic control of diabetes
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(based on levels of HbA1c, fructosamine, and continuous glucose monitoring), age, and
CYP2D6 genotype influences the pharmacokinetics (PK) of PXT. Study Phase 2 will determine
the efficacy of PXT over 12 weeks in placebo non-responsive T11DM youth using dose
recommendations determined in Study Phase 1. The influence of anti-GAD antibodies on
psychiatric responses and the effect of PXT treatment on the HPA-axis, diabetes quality of life,
and compliance with therapy will be explored. Population PK analysis integrated with
pharmacodynamic assessments will be performed to refine/confirm dose predictions from Study
Phase 1. Study Phase 3 will be the pivotal, randomized control study that will determine the
long-term benefits and risks of PXT therapy in depressed diabetic youth. In this Study Phase,
depressed youth with T1DM will be randomized to either PXT or placebo in a double blind
manner and patients will be studied for 1 year. The results of these studies will categorically
determine the influence of effective treatment of depression on long —term control of T1DM.
The Working Group was able to complete the proposal in time to submit an application
for funding to NIDDK in response to the RFA for studies in this area. All of the Centers in the
PPRU Network agreed to participate and KAI will serve as the Data Coordinating Center for the

study. The proposal was approved but not funded and will be resubmitted in February of 2003.

3. Neurology Working Group

Dr. Adamson from the Children's Hospital of Philadelphia site is leading this working
group. This is a joint collaboration with a working group of pediatric neurologists led by Dr.
Tracey Glauser from The Children's Hospital Medical Center of Cincinnati. A collaborative
protocol to study childhood absence epilepsy (CAE) is being developed for NIH grant
submission. The proposal has been encouraged by NINDS.

The protocol in development will be a multicenter, randomized, double blind comparative
study of the effectiveness of ethosuximide, valproic acid and lamotrigine monotherapy in

pediatric patients with previously untreated childhood absence epilepsy. The trial will determine
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the most effective monotherapy between ethosuximide, valproic acid and lamotrigine for
pediatric patients with childhood absence epilepsy; determine if interpatient variability in drug
disposition underlie the variability in clinical response and toxicity observed in pediatric patients;
and define whether there is a pharmacogenetic basis to the drug induced weight gain observed
in children treated with valproic acid.

The working group will utilize expertise from throughout the PPRU in designing this
protocol. Drs. Michael Reed and Jeffrey Blumer at Rainbow Babies And Children's Hospital's
research laboratory will perform the drug analyses for the pharmacokinetic studies. Dr.
Capparelli at the University of California, San Diego in conjunction with Dr. Vinks in Cinncinnatti
will be performing the population modeling for the three anticonvulsant drugs under study. The
Biostatistical Support will be provided by Drs. Cnaan (Children's Hospital of Philadelphia).
Pharmacogenetic studies will be coordinated by Drs. Kearns and Leeder (Children's Mercy
Hospital) in collaboration with investigators at The Children's Hospital Medical Center of
Cincinnati. EEG analyses will be coordinated by Dr. Dennis Dlugos at the Children's Hospital of
Philadelphia.

This trial would be the largest trial conduct in children with CAE, and provide highly

relevant information for the care of children with this common childhood disorder.

4. Pulmonary, Allergy and Immunology

The leader of this group is Stanley J. Szefler, M.D. from the Denver PPRU. This
Working Group has centered its attention on the evaluation of medications for the treatment of
childhood asthma, especially for use in young children. The Working Group initially gained
experience in asthma research by conducting protocols with pharmaceutical sponsors (Astra
Zeneca, Glaxo Smith Kline, Merck) who sought labeling of the following medications, inhaled
steroids, leukotriene antagonists, and short acting bronchodilators. In addition, the PPRU

conducted a pharmacokinetic evaluation on a new class of medications, phophodiesterase 4
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inhibitors (Byk Gulden). Studies are currently being conducted with PPRU participation in the
evaluation of inhaled steroids down to age 6 months. Dr. Gregory Kearns (Kansas City) has
provided core expertise in the area of pharmacokinetics, along with Dr. Edmund Capparrelli
(San Diego) in population pharmacokinetics, and Dr. Jefferey Blumer (Cleveland) in assay
development. All of this provides experience and preliminary data for the design of network-
initiated studies.

In addition, studies have been conducted on the pharmacokinetics of antihistamines for
the treatment of allergic disorders down to age 1 year (Aventis). This Working Group has also
formulated protocols for the evaluation of inhaled steroids for the prevention and treatment of
bronchopulmonary dysplasia.

The PPRU network is also conducting studies on the pharmacokinetics of inhaled
steroids in collaboration with the NHLBI Asthma Clinical Research Network to determine
whether differences in systemic absorption influence systemic effect and efficacy. Dr. Blumer’s
PPRU laboratory at the Cleveland site is conducting this analysis, which should shed light on
the application of pharmacokinetics in the evaluation of poor response to inhaled steroids.
Opportunities are available to bridge NIH network studies with the NHLBI Childhood Asthma
Management Program and the NHLBI Childhood Asthma Research and Education Network, as
well as continuing collaboration with the NHLBI Asthma Clinical Research Network.

The Working Group is currently designing network-initiated studies to evaluate the
efficacy of inhaled steroids in young children. This age group represents a major challenge
related to medication delivery, as well as the assessment of beneficial and systemic effect. This
set of studies will attempt to incorporate several biomarkers to determine whether they can be
used to predict response to inhaled steroids.

Based on the success of the current Working Group structure, the Research Committee
currently plans to develop additional Working Groups in the areas of hypertension, pain

management, and sleep disorders. The Research Committee currently Chaired by Dr. Ralph
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Kaufman (Kansas City) anticipates that these new Working Groups will continue to develop
network-initiated cooperative studies as a focus of their activity. In addition, they will develop
position papers on the work in their respective areas related to the clinical pharmacology of their
medication class and the methods of conducting pharmacokinetic, safety and efficacy studies in

the relevant age groups.

5. Neonatal Working Group:

The Neonatal Working Group, chaired by Dr. Jack Aranda, developed a strategic plan to

address key issues in neonatal pharmacology. This plan is presented in Appendix C.

Section Il: Future Challenges: Assessment of the Most Critical Needs
within Pediatric Therapeutics

Despite the tremendous progress that has been achieved during the past two decades,
many important issues remain to be addressed within the field of Pediatric Clinical
Pharmacology and Toxicology. Many aspects of developmental pharmacology, particularly
related to the ontogeny of drug metabolism and elimination in the neonate and during puberty
are incompletely understood. Despite significant advances in pediatric labeling, many drugs still
lack formulations suited to younger children and children with severe developmental disabilities.
Many of the outcome measures used in studies conducted in adults, such as the effects of
treatment on mortality related to hypertension and renal failure in diabetes mellitus, are
impractical if not impossible to apply to the pediatric population. Furthermore, developmental
changes unique to children and the practical and ethical demands in pediatric research require
new methods to assess the effectiveness and safety of therapeutic interventions. This
necessitates development and validation of new clinical research methodologies, biomarkers,
and surrogate markers. Translation of the advances in basic genetics into rational treatment for

inherited and autoimmune diseases holds promise for many children who presently have no
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effective treatment or effective but highly toxic treatments. Finally, many effective medicines are
now off-patent, removing any incentive for industry to complete needed pediatric studies.

As basic scientists uncover critical new information related to the mechanisms of
disease, a clear need exists for an organized mechanism to bring the benefits of this research to
children. This network was created to improve pediatric therapeutics, a broad and multifaceted
mission that requires increasingly specialized skills and cooperation between interested
scientists and clinicians. The success of this approach is evident in the aforementioned
accomplishments of the network. In the future, increasing cooperation will be needed to bring
the promise of more effective and safer therapies to children who suffer from common and
uncommon diseases.

The network has tried to identify the most critical anticipated research needs in pediatric
therapeutics for the next 5-10 years. The translational and clinical research foci to address

these needs have been carefully designed to focus the efforts of the network on areas that:

are unlikely to be addressed in another way;

e require a high degree of pharmacological expertise resident within the group;

¢ would be difficult or impossible to conduct at a single site;

¢ emphasize collaboration with other research groups or organizations in the development
of a rational plan for drug assessments in children;

e require unique approaches to meet practical or ethical challenges; and

e have the greatest potential impact on understanding and improving child health.

The areas that have been identified and will be discussed in greater detail include;
e Neonatal pharmacology, including premature infants;
o Developmental pharmacology, pharmacogenetics, and pharmacogenomics;

e Pediatric formulations;
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o Research methodology, biomarkers, surrogate markers, and therapeutic outcome
measures;

e Population pharmacokinetics, pharmacokinetic-pharmacodynamic modeling, and
simulation strategies;

e Molecular therapies, proteomics, and immune modulation of pediatric disease;

e Studies of off-patent drugs for children.

Section lll: Proposed Objectives to Meet Current and Anticipated
Needs in Pediatric Therapeutics — Future Role of the PPRU

I. Mission Statement and Objectives for the PPRU

The overriding mission of the PPRU is to develop and disseminate new information
that facilitates drug development and improves drug therapy for children. The PPRU will
actively pursue this mission by focusing on five major goals:

6. Multicenter clinical trials leading to pediatric labeling for drugs, biologicals, and
medical devices;

7.  Collaborative clinical research that improves pediatric therapeutics but may not
lead to pediatric labeling;

8. Translational research that leads to a better understanding of any aspect of drug
delivery, disposition, effectiveness, and safety in children;

9.  Novel clinical research methodologies in pediatric clinical pharmacology;

10. Training in pediatric clinical pharmacology for health care professionals.

To achieve these goals and to function effectively and efficiently, the PPRU will
maintain and continuously improve its organizational structure, policies, and standard
operating procedures, data collection and management, as well as communication between
sites, the NICHD, and the coordinating center. The PPRU will operate in an ethical manner

and the safety of research subjects will be of paramount importance. A review mechanism
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is in place such that all studies conducted by the PPRU are reviewed thoroughly. At a
minimum, all studies conducted under the auspices of the PPRU will be reviewed for
importance of the research question, adequacy of study design, adequacy of subject

numbers, methods of data collection and analysis, and subject safety.

Il. Justification for the Proposed Objectives

A. Pediatric Labeling: PPRU sites will be expected to participate in clinical trials funded

by industry or other sources whose major purpose is to achieve pediatric labeling for
drugs not currently labeled for use in children. Despite improvements over the past
several years, many drugs that are widely used and/or of great therapeutic significance
to segments of the pediatric population still do not have pediatric labeling. Information
contained in the label is reviewed and sanctioned by the U.S. Food and Drug
Administration and forms the core knowledge necessary for safe and effective use of
drugs in the population. The PPRU will continue to play a critical role in advising study
sponsors and federal agencies which drugs should be studied and how these studies
should be designed and conducted. As novel drugs, drug delivery systems, biological
compounds, genetically engineered therapies, and devices are brought to market, the
PPRU will play a key role in study design, conduct, analysis, and publication of results.
Furthermore, through the Best Pharmaceuticals for Children Act of 2002, older, off-
patent drugs that are widely used in pediatric practice will be studied. The PPRU wiill
likely play a central role in the design, analysis, and conduct of these studies. It is this
role in study development and design, data analysis, novel clinical research
techniques, and dissemination of information that differentiates PPRU sites from sites
whose primary function is limited to enroliment of subjects. This type of leadership
facilitates the successful completion of studies and ensures that the goal of pediatric

labeling is met.
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B. Collaborative Clinical Research: Collaborative clinical research that improves pediatric

therapeutics but may not lead to pediatric labeling is critically important. Because the
FDA requires a very basic set of information to demonstrate effectiveness and safety
of an individual drug in the pediatric population, few comparative trials are done to
determine which drugs, alone or in combination with other therapies, offer the best
treatment for a disease or condition. As a result, treatment for many pediatric
conditions relies on anecdotal experience or data from small, poorly designed or
controlled studies. There are notable exceptions to this generalization. The NCI and
groups such as the Children’s Oncology Group have systematically studied combined
therapies for cancer in children. The NICHD sponsored Neonatal Network has
successfully studied many therapies in a selected population of very young children.
And other groups such as NHLBI CARE (Childhood Asthma Research and Education),
NAPRTCS (renal transplantation), the ACTG (HIV), and CASG (viral diseases in
children), funded in whole or in part by the NIH, have examined optimal treatment
strategies for specific groups of diseases.

Although the groups mentioned and others have, with federal support for
infrastructure, managed to effectively study therapeutic possibilities in children, many
areas of drug treatment have not been singled out for special study. Important
therapeutic areas that need to be addressed within pediatrics include: hypertension,
epilepsy, gastrointestinal diseases, eating disorders, depression, lipid disorders, pain
management, and many others. The PPRU will continue to fill the gaps left between
other specific disease focused networks.

In addition to “filling the gaps”, pharmacologists often work with other pediatric
subspecialty experts on collaborative studies. The field of pediatric clinical

pharmacology is almost unique in that it transcends the usual specialty groups by
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focusing on drugs used to treat disease rather than a specific disease or organ
system. Clinical pharmacology encompasses drug administration, disposition,
mechanisms of action, interactions with other drugs and diseases, adverse effects,
and comparisons between agents. As a result of this focus, pharmacologists are in a
position to offer a unique contribution to therapeutic studies conducted by experts
within other pediatric subspecialty fields. Opportunities for collaborative research in
which pharmacology plays a critical role in study design, laboratory testing, and data
analysis are numerous. Pharmacology may play an important role for comparative
therapeutic trials involving drugs with highly variable absorption and disposition,
genetic polymorphisms that affect drug metabolism, host factors that affect response,
populations where sparse sampling strategies are required, etc. The PPRU will serve
not only in an advisory capacity, but will seek to actively involve subspecialty
investigators at institutions with PPRUs in collaborative clinical research.

Large, multicenter studies designed to answer significant therapeutic questions
are becoming increasingly common. As the size and complexity increases, so does
the expense. Because of the monetary and time cost, many large-scale comparative
trials will only be done once. The PPRU network brings expertise to these multicenter

collaborative studies that in many cases may improve the outcome of the study.

|

Translational Research: Translational research provides the bridge between basic

science research and clinical medicine. It makes basic research relevant to
therapeutics and improved child health. The PPRU will be involved in translational
research that leads to a better understanding of any aspect of drug delivery,
disposition, effectiveness, and safety in children. Exciting advances in genomics,
proteomics, receptor specificities and functions, signaling, etc. will have a profound

effect on the therapeutic options available to future generations. The PPRU will play a
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role in the application of basic science techniques developed in areas related to
pharmacology to the treatment of specific pediatric diseases.

Because many of the inter-individual differences in drug metabolism and effect
are based on genetic differences, and because many of the allelic variants are
relatively uncommon, studying drug metabolism and effect in children will require large
sample sizes. One of the greatest values of the network is the provision of a potential
sample size numbering in the thousands as compared with single sites, which do not
have the resources to identify and study an adequate number of subjects.
Furthermore, to determine how development affects drug metabolism, effect, and
safety, longitudinal studies provide an excellent opportunity to understand these
maturational effects. Few if any single centers have the requisite infrastructure and
patient population to conduct this type of longitudinal research in children.

The geographic diversity of the network created an opportunity to study specific
ethnic subpopulations that are more prevalent in some areas than others. Additionally,
for diseases or conditions that are relatively infrequent in the population, multicenter
studies are often the only way that adequate numbers of potential subjects can be
identified for a study. Furthermore, many diseases or conditions have a genetic basis
and therefore become manifest in childhood, often disrupting normal growth and
development. Examples of drugs that would have never been studied if not for the
network include famotidine in children with renal failure and pentoxifylline. Without the
network and its supporting infrastructure, advances in basic research will not be
brought to children as quickly or, in some cases, perhaps never.

The undisputable fact that until recently drugs were routinely brought to market
without adequate pediatric testing serves as a reminder of the need for a venue to
advance therapeutic issues in children. A greater understanding of inter-individual

differences in drug metabolism, effect, and safety will help develop specific therapies
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that are more effective with fewer adverse effects. It is these changes that are moving
the field of pharmacology toward individualized therapy, which ultimately will be of

great benefit to children.

|©

Novel Clinical Research Methodologies: The development of novel clinical research

methodologies to meet the needs of children has long been one of the hallmarks of
pediatric research. These novel techniques may take the form of adaptations of
monitoring equipment, medical devices, or drug delivery systems. They may involve
educational or developmental assessment tools, survey methods, questionnaires, or
outcomes measures that differ from those used in the adult population. Or they may
involve novel methods to reduce the discomfort or anxiety associated with study
related procedures.

To assess the clinical effectiveness or safety of drugs, the endpoints used in
adult studies are frequently not attainable or feasible in children. For example,
cardiovascular endpoints such as stroke, myocardial infarction, and death cannot be
practically applied to pediatric intervention trials. As a result, new surrogate markers
that correlate with mortality and morbidity will be required. Biomarkers have
proliferated as well, and many of these will be directly applicable, albeit sometimes in a
modified form, to pediatric intervention studies.

Because children have developmental and physiological differences, novel
methods to study response to therapeutic interventions in pediatric disease will be
needed. As new biological and gene-derived therapies emerge and as new non-
invasive and invasive monitoring and assessment instruments become available, novel
study design and analysis techniques will almost certainly be required. The PPRU will
play a role in developing, validating, and testing these new techniques. For reasons

previously described, a collaborative network of leading pediatric clinical research
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centers focused on pediatric therapeutics will be the most effective way to address
these issues.

Finally, many issues surrounding children as subjects in clinical trials or other
types of clinical research have become increasingly important. Improving research
methodology also must consider these factors. Improving the assent process so that
children capable of understanding will comprehend their roles as research subjects is
consistent with current social mores and standards of research ethics. Furthermore,
methods for studying children involved in interventional research that reduce the risk of
exploitation by unscrupulous parents or guardians are important. The issue of using
healthy children in research needs to be addressed in a coherent fashion. Because
the maijority of the research done in the PPRU involves some intervention (generally

drug therapy), the PPRU will of necessity be forced to consider these issues.

Im

Training in Pediatric Clinical Pharmacology: One of the original missions of the PPRU

was to train the next generation of physicians, pharmacists, nurses, and other health
care personnel in the principles of pediatric clinical pharmacology. This mission is as
important today as it was when the PPRU was originally conceived. As attention has
been focused on the disparity between the amount of pharmacological knowledge
available in adults vs. that in children, more resources have flowed toward pediatric
labeling studies and other “therapeutic intervention” studies. A formal accreditation
process has been developed for training programs and in the future, fellowship trained
individuals will be required to attend an accredited training program. The PPRU will
encourage accreditation of fellowship training programs at individual sites to ensure
that individuals interested in pursuing formal training will learn the fundamentals in the

field, and, more importantly, will be capable of training future generations.
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Outside of formal training programs, the PPRU has a tacit obligation to teach medical,
pharmacy, and other students in health care professions the essential principles of

pediatric therapeutics.

Research Plans

In order to meet the goals set forth above, sites selected for inclusion in the PPRU
network will be expected to participate in collaborative research within the network. PPRU
sites will also be expected to demonstrate unique strengths that contribute to the overall
effectiveness of the network in one or more of the areas outlined under Research
Objectives. Furthermore, it is expected that these areas of concentration or strength at
individual sites will be accessible to all sites for network approved collaborative research
projects or educational programs. It is not expected that each site will necessarily excel at
all five objectives. The strength of the network lies in its diversity and in the willingness and
ability of the individual sites to take advantage of the strengths available at other sites.
Demonstration of meaningful participation in multicenter collaborative research projects is
critical to the success of the network.

Because pediatric labeling is critically important, the PPRU will continue to engage in
industry-sponsored clinical trials that are expected to lead to labeling. However, the PPRU
site and specifically the personnel funded by the PPRU should play a significant role in the
design, conduct, analysis, and publication of the results of studies conducted by the
network. The PPRU Network Steering Committee (NSC), in conjunction with the Project
Officer, has developed guidelines for inclusion of industry sponsored clinical trials as PPRU
sanctioned studies. Only those studies approved by the NSC are approved for use of PPRU
personnel and resources.

With the passage of the Best Pharmaceuticals for Children Act of 2002, pediatric

labeling for off-patent drugs will become a reality. The detailed mechanism by which this will
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occur has not yet been announced, but the PPRU is prepared to play a central role in this
process. Collaborative clinical research that is not expected to lead to labeling but which
contributes to improvements and advances in pediatric therapeutics will remain a goal of the
PPRU. This area of research is expected to take on added importance in the network.
Because these studies often require external funding that does not come from industry,
PPRU resources may be used to develop study protocols prior to approval of the NSC if: (1)
the intent is to develop the study for the network, and (2) a brief “concept sheet” and
proposed funding plan are submitted for consideration within a reasonable time after the
concept is developed. If the project concept is approved for further development by the
Research Committee and the NIH Project Officer, then use of local PPRU resources will be
permitted as long as the expenses incurred are consistent with the grant application and
NIH rules.

It is expected that many collaborative clinical research projects will require funds
beyond those granted in the individual awards. Funding for these studies may come from
many sources, including: traditional RO1 or other NIH funded applications, private industry,
private foundations, or, if funded, from a proposed new pool of funds to be allocated for
specific PPRU projects. These funds will be allocated through an objective peer-reviewed
competitive process. Emphasis will be placed on projects that require multiple sites within
the network, those that involve other branches of the NIH or private foundations outside of
the PPRU, and those that cannot be effectively done by another existing network. Areas of
interest include: comparative studies to determine preferred therapy, developmental aspects
of therapy, combined non-pharmacological and drug therapy, etc. The Research Advisory
Committee will serve as a control point to ensure that the network remains focused on the
stated research goals and objectives and that the resources of the network do not become

over-committed.
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Like collaborative clinical research, translational research will assume greater
significance in the PPRU network. Mechanisms for approval and funding translational
research will be similar to those for collaborative clinical research that is not expected to
lead to labeling. Areas of interest include but are not limited to: genomics, proteomics,
receptors, signaling, gene chip technology, etc. From a funding and approval standpoint,
research on novel clinical methodologies will be similar to collaborative clinical research and
translational research. It is anticipated that these studies will also play an increasing role in

PPRU supported research.

IV. Operational Challenges for the Network

The PPRU was originally configured primarily to conduct industry-sponsored clinical
trials that would lead to pediatric labeling. Each site was granted funding divided into
relatively fixed categories, with only limited authority to spend funds according to the specific
needs of the site. Instead, funds were allocated primarily to salary support, with a modest
amount of support for travel, equipment, supplies, and other expenses. It was recognized
that conducting labeling studies in children was labor-intensive. As a result, this funding
strategy worked reasonably well.

However, the mission of the PPRU clearly is changing. Other non-PPRU pediatric
centers have developed the infrastructure to perform clinical trials, particularly Phase Il
studies that do not involve pharmacokinetic analysis. In the future, the PPRU will not
abandon the labeling goal, but more emphasis will be placed on studies developed to
answer important clinical questions related to pediatric therapeutics that do not necessarily
lead to labeling. This change in philosophy requires a reassessment of the current structure
and operation of the network.

First, it should be recognized that the changing mix of studies creates a need for

additional study management that was not necessary when industry-sponsored clinical trials
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predominated. Unlike industry-sponsored studies, which provide support for study design,
study administration, data management, and data analysis, collaborative clinical research,
translational research, and research on novel methodologies will require additional
resources within the PPRU network for data management and analysis. For non-industry-
sponsored studies conducted within the network to be successful, a Biostatistics Core and
centralized data management function will be essential. Furthermore, centralized
coordination of many network activities will be a priority. Currently, an outside contractor
(KAI) supports many critical PPRU functions, including many aspects of information
management, data collection and reporting, and assistance with policies and procedures.
This function will need to be expanded. Also, outside peer-review of research proposals will
increase, creating a need for additional reviewers who will complete reviews in a timely
manner and remain available for continued monitoring of safety reports and study outcomes.
Coordination of the efforts of the outside reviewers with the activities of the Research
Advisory Committee is essential to the timely and successful project review and selection.
In addition, industry-sponsored research projects are closely monitored by Clinical
Research Associates (CRAs) employed by or contracted by the sponsor. As the number of
projects that are not sponsored by the pharmaceutical industry increases, the need for an
appropriate monitoring mechanism arises. Studies not sponsored by a pharmaceutical firm
are currently assigned to the PPRU Data Safety and Monitoring Committee (DSMC). Each
study must have a Data Safety and Monitoring Plan (DSMP). However, there is limited
ability to perform site visits, review source documents, confirm the accuracy of the data,
verify that informed consent was properly obtained, and confirm that human subjects’
protections were observed. The PPRU needs to develop a monitoring mechanism that
provides for both random and targeted review of projects conducted with network approval

and involving network resources.
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Second, because the scope of the PPRU mission will be broader, additional flexibility
at local sites to determine how core funding may be spent will be necessary. In the past,
funding has been locked into rigid categories. In the future, the types of research conducted
and network resources provided at individual PPRU sites will depend on the unique
capabilities at each site. Since it is unlikely that sites will all have the same capabilities,
more flexibility will be required so that each site will be able to spend PPRU core funds in
the most effective way. For example, if a unit chooses to contribute to the network by
providing a core analytical laboratory, that unit may need to fund a full-time research
technician. A site that plans to contribute by developing novel research methodology may
need to support study design capability that goes beyond that provided by the core network
facility. In that case, a laboratory technician would not be needed but expertise in other
areas would be required. Justification and accountability are necessary, but flexibility will be
necessary to permit effective and efficient allocation of local resources.

Third, additional funding sources will need to be identified. Clinical research
obviously is very expensive. Clinical trials sponsored by the pharmaceutical industry and
done under an IND application generally provide adequate financial support for clinical
costs. Clinical studies funded by sponsors other than private corporate entities typically
tend to be funded at less than optimal levels, resulting in transfer of costs to local
institutions, patients, and potentially third party payers. Each PPRU site will continue to
require adequate financial support for infrastructure (i.e. primarily the people who supervise
and work in the local units and related expenses such as photocopying, telephones, etc.).
As the emphasis shifts from industry-funded to non-industry funded research, the need for
infrastructure support will increase. In addition to this core (infrastructure funding), a
mechanism for funding individual studies should be developed. To fund some collaborative
studies, PPRU sites may choose to respond to RFAs or prepare RO1 applications. Money

from foundations and other private sources may be sought. However, because of the time
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required to submit such applications and the competitiveness of the process, it is unlikely
that many large-scale clinical studies will be conducted simultaneously. In other words, the
money spent on infrastructure will not be utilized effectively as the PI pursues additional
funds to support individual studies through traditional funding mechanisms.

To ensure that the PPRU can function efficiently, it will be necessary to provide
supplemental funds specifically earmarked for PPRU network studies designed and
conducted by the network. There is a clear precedent for this among other NIH-funded
networks. If no mechanism for additional funding is provided, the PPRU sites will spend
time that could be spent on clinical research instead engaged in attempts to acquire
research funding. This likely will result in a reduction in the research output of the network
and dilute the effectiveness and potential contribution of the PPRU toward advancing
knowledge in this area. In effect, providing money for specific studies will improve the
utilization of the core infrastructure supported by the NICHD at each site (i.e. a fixed cost) by
reducing the time spent by local Pls searching for additional grant funding rather than
engaging directly in research activities. As the mission and focus of the network changes,
the funding allocated to the network must also change.

Fourth, the current operational structure used by the PPRU has some inherent
inefficiencies, although it has improved noticeably over the past three years. Decisions are
made by the Network Steering Committee (NSC). The NSC includes the Pl from each of the
13 sites, the Project Officer, and the Chair of the NSC. The NSC holds meetings quarterly
for 1% days. Conference calls, lasting one hour, occur twice each month. The coordinators
of each unit, who often spend more time in the day-to-day management of PPRU issues at
the local sites, meet annually (172 days) and have a monthly conference call. Attempts to
decentralize workflow by creating subcommittees to manage certain aspects of the PPRU
have been partially successful. The effectiveness of the subcommittees has been diluted

because they have only limited authority to act. The Network Operations Center (NOC),
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currently managed by KA, has resulted in improved processing of work, improved workflow,
better data management, assistance with critical reporting functions, and assessment of
network utilization. To become more efficient, decision-making authority will need to be
decentralized and a new subcommittee structure based on new network priorities will need
to be developed. Professional management should be enhanced and, to prepare for the
changing network priorities, a core data management and biostatistical support group,
integrated with the services now provided by the NOC, should be developed.

Fifth, as more non-industry sponsored studies are contemplated, improved study
monitoring for data accuracy, regulatory compliance, and safety reporting will require
additional attention. It would be best for compliance monitoring to be independent from the
NIH to avoid a perceived conflict of interest (i.e. monitoring your own studies). Regular
reports should be provided for the NIH.

Sixth, as the impact of the Best Pharmaceuticals for Children Act becomes apparent,
it will be important to develop an internal structure and procedures to track and expedite
these studies. An efficient system will be necessary to meet the needs of the BPCA studies,
but until more details of how these studies will be conducted are known, it is premature to
speculate how the PPRU should respond.

V. Proposed Organizational Structure and Function

To meet the changing mission of the PPRU and the unexpected opportunities that
arise, the organizational structure will need to change. A proposal for modifying the existing
structure is shown in Appendix D.

The NSC should be organized so that three primary committees, each with a specific
focus, are re-established. These committees are:

o Internal Operations Committee: The purpose of the Internal Operations

Committee (IOC) will be to address all matters internal to the network except

those related to the acquisition, review, and approval of specific research

Version 2003 SP 1.04 Page 47



proposals. The IOC will continue to prepare, review, revise, and implement
network SOPs except for those pertaining to proposal review, protocol review,
BCPA, and other procedures that fall under the mandate of the Research
Committee. In conjunction with the Research Committee, the I0C will develop a
workable and simple policy for authorship. The I0C will have three
subcommittees: the Education Subcommittee, the Utilization Review
Subcommittee, and the Quality Assurance Subcommittee. The Education
Subcommittee, which will replace the fellowship committee, will assume
responsibility for the fellowship program and activities plus any other PPRU-
related educational activities that occur among the 13 network sites. The
Utilization Review Subcommittee will be responsible for monitoring internal
network productivity and resource utilization, as has been done in the past. In
addition, this subcommittee, with the help of KAI, will prepare an annual report of
the accomplishments of the network (publications, other grant awards, number
and type of studies conducted by the network, subjects enrolled, etc.). The
Quality Assurance Subcommittee will work with KAI, the Project Officer, and the
13 sites to develop and maintain network SOPs related to network QA activities,
provide guidance to individual sites, and implement reasonable measures to
ensure that research subjects are protected and proper procedures are followed.
This subcommittee will not dictate specific policies that are implemented at
individual sites, but will verify that adequate SOPs are in place. The QA
subcommittee will assist the Project Officer in developing reasonable QA and
monitoring plans to supplement the existing DSMC.

o External Operations Committee: The External Operations Committee (EOC) will

continue to function as it has in the past. The committee is charged with

responsibility for developing and maintaining collaborative relationships with the
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pharmaceutical industry, other branches of the NIH, the FDA, professional
societies, and organizations whose interests parallel those of the PPRU. If the
External Operations Committee (EOC) identifies educational opportunities
outside of the network (i.e. collaboration with other networks, sponsored
meetings, etc.), the chairs of the Education Subcommittee and the EOC will
decide how best to collaborate. The EOC is also responsible for any network
promotion or advertising. Finally, the EOC, with help from KAI, will monitor
federal and private agencies and help to identify funding sources that may be
appropriate for the PPRU to pursue.

0 Research Committee: The Research Review Committee (RRC) will address all

issues related to the selection, review, and approval of network research
projects. The RRC will also encourage and support working groups formed
around specific disciplines or projects. This committee will be responsible for
assuring that proposals for network studies are reviewed and are deemed to be
consistent with the mission of the network. The RRC will also guide the PPRU
participation in BCPA projects. The mission of the existing Protocol Review
Committee (PRC) falls within the expanded scope of activities to be undertaken
by the RRC. Accordingly, the PRC will become a subcommittee of the RRC and
will be renamed the Protocol Review Subcommittee (PCS). All industry-
sponsored protocols will go directly to the PCS. The RRC will perform the initial
review of all investigator-initiated research proposals (concept sheets). Concept
sheets that are approved by the RRC will be developed into full protocols, which
can then be submitted directly to the PCS. The specific mechanisms and details
of the “concept sheet” will be developed by the RRC.

In addition, the RRC will encourage and support working groups that are

arranged around a specific pediatric discipline, disease, or an individual research
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project. For BCPA projects, the PPRU will need a focused and aggressive
response prepared in a timely manner. The RRC is charged with developing
such a mechanism, in collaboration with one or more contract research
organizations (CROs), and implementing a strategy that will allow the PPRU to

play a significant role in studies conducted under the BCPA.

All committees and subcommittees will need greater authority to act in a timely
fashion. All “everyday” decisions made by these committees will be conveyed by electronic
mail to the NIH Project Director, NSC Chair, and the site Pls, who will be given a reasonable
time to raise any objections, after which the decisions will take effect. All significant issues
must still be brought before the NSC, either at a quarterly meeting, a regularly scheduled
teleconference, or an “emergency” teleconference prior to implementation. The Research
Review Committee will be charged with ensuring that the resources available to the PPRU
are used to meet specific PPRU goals. The proposed structural revisions are presented in
Appendix D.

To allow for useful discussions at the PPRU quarterly NSC meetings, the committee
assignments and agenda will need to be carefully crafted so that time can be used
efficiently. Strategic planning is an ongoing process. Consideration should be given to
forming a small group that considers strategic issues for the PPRU. This group should hold
discussions on an ongoing basis. |deas generated can be brought back to the NSC,
discussed, and acted upon in a prospective fashion. Greater use of teleconferences and
other technologies to improve communication and workflow between the quarterly NSC
meetings is needed.

Finally, the structure of the PPRU requires a strong mechanism for continued
communication between sites. The present system is working reasonably well, but

consideration should be given to other methods of communicating more information more
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effectively. KAl has done an admirable job in coordinating network communications and

should be involved in any discussion about enhancing communication between sites.
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Appendix A: The Current Organizational Structure for the PPRU

PPRU Organization Chart 2002
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granulocyotpenic patients. Clin Infect Dis 32:381-390, 2001.

Glover ML, Blumer JL, Reed MD: Use of Propofol to Facilitate Extubation in Mechanically
Ventilated Children: A Case for Pediatric Trials. Curr Ther Res 63(1):77-90, 2002.

Lazarus HM, Blumer JL, Yanovich S, Schlamm H, Romero A: Safety and Pharmacokinetics of
Oral Voriconazole in Patients at Risk of Fungal Infection: A Dose Escalation Study. J Clin
Pharmacol 42:395-402, 2002.

Nakamura H, Blumer JL, Reed, MD: Pemoline Ingestion in Children: A Report of Five Cases
and Review of the Literature. J Clin Pharmacol 42:275-282, 2002.

Toltzis P, Rosolowski B, Salvator A. Etiology of fever and opportunities for reduction of
antibiotic use in a pediatric intensive care unit. Infect Control Hosp Epidemiol, in press.
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Findling RL, Myers C, O’Riordan MA, Branicky LA, Pettigrew A, Reed MD, Blumer JL. A
Pharmacodynamic and dosing study of paroxetine in depressed youths. J Am Acad Child
Adolesc Psych, in press.

Farrar HC and Blumer JL: Importance of Substrate Concentration in the Evaluation of Strain
Differences in Benzene and Phenol Metabolism. Toxicol Appl Pharmacol (submitted).

Matsukura M and Blumer JL: Thiopurine methyltransferase as a determinant of 6-
mercaptopurine cytotoxicity. Drug Metabolism & Disposition (submitted).

Smith PG and Blumer JL: Absence of Adverse Effects from Cuffed Endotracheal Tubes in
Pediatric Patients. Pediatr Pulmonol (submitted).

Berg, S.L., Reid, J., Godwin, K., Murry, D.J., Poplack, D.G., Balis, F., Ames, M.M.
Pharmacokinetics and cerebrospinal fluid penetration of daunorubicin, idarubicin, and their
metabolites in the nonhuman primate model. J Pediatr Hemat/Oncol, 21 (1):26-30, 1999.

Moser, A.M., Adamson, P.C., Gillespie, A.J., Poplack, D.G., Balis, F.M. Intraventricular
concentration times time (CxT) methotrexate and cytarabine for patients with recurrent
meningeal leukemia and lymphoma. Cancer 85 (2), 511-516, 1999.

Kitchen, B.J., Moser, A., Balis, F., Widemann, B., Anderson, L., Strong, J., Blaney, S.M., Berg,
S. L., O'Brien, M., Adamson, P.C. Thioguanine administered as a continuous intravenous
infusion to pediatric patients is metabolized to the novel metabolite 8-hydroxy-thioguanine. J
Pharmacol Exp Ther, 291, 870-874, 1999.

Hurwitz, R.L., Brenner, M.K., Poplack, D.G., Horowitz, M.E. Letter to the Editor:
Retinoblastoma treatment. Science 285, 663-664, 1999.

Roth, J.S., McCully, C.M., Balis, F.M., Poplack, D.G., Kelley, J.A. 2’-B-fluoro-2’, 3'-
dideoxyadenosine, lodenosine, in Rhesus monkeys: Plasma and cerebrospinal fluid
pharmacokinetics and urinary disposition. Drug Metab Dispos, 29 (10), 1128-1132, 1999.

Seibel, N., Blaney, S., O’Brien, M., Krailo, M., Hutchinson, R., Mosher, R., Balis, F., Reaman,
G. Phase | trial of docetaxel with Filgastrim support in pediatric patients with refractory solid
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Cancer Group Trial. Clinical Cancer Res, 5: 733-737, 1999.

Bernstein, M.L., Baruchel, S., Devine, S., Markoglou, N., Wainer, I., Williams, M., Blaney, S.,
Moghrabi, A., Winick, N., Vietti, T. Phase | and pharmacokinetic study of CI-980 in recurrent
pediatric solid tumor cases: a Pediatric Oncology Group Study. Am J Ped Hematol Oncol, 21:
494-500, 1999.

Berg, S., Blaney, S., Sullivan, J., Bernstein, M., Dubowy, R., Harris, M. Phase Il trial of
pyrazoloacridine in children with solid tumors: a Pediatric Oncology Group Phase Il Study, Am
J Ped Hematol Oncol, 22(6): 506-509, 2000.

Balis, F.M., Blaney, S.M., McCully, C.L., Bacher, J.D., Murphy, R.F., Poplack, D.G.

Methotrexate distribution within the subarachnoid space after intraventricular and intravenous
administration. Cancer Chemother Pharmacol, 45: 259-264, 2000.
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Pui, C.-H., Mahmoud, H.H., Wiley, J.M., Woods, G.M., Camitta, B., Leverger, G., Hastings, C.,
Blaney, S.M., Relling, M.V., Reaman, G.H. Recombinant urate oxidase for the prophylaxis or
treatment of hyperuricemia in patients with leukemia or lymphoma. J Clin Oncol, 19(3): 697-
704, 2001.

Blaney, S., Berg, S., Vietti, T., Pratt, C., Hamre, M., Dubowy, R., Harris, M., Weitman, S.,
Sullivan, J., Bernstein, M. A phase | study of irinotecan in pediatric patients: A Pediatric
Oncology Group study. Clin Cancer Res, 7: 32-37, 2001.

Blaney, S., Berg, S.L., Pratt, C., Weitman, S., Sullivan, J., Luchtman-Jones, L., Bernstein, M.
A Phase | study of irinotecan in pediatric patients: A Pediatric Oncology Group Study. Clin
Cancer Res, 7:32-37, 2001.

Bomgaars, L., Blaney, S. The development of topoisomerase | inhibitors in childhood cancer.
The Oncologist, 6:506-516, 2001.

Evans, W.E., Hon, Y.Y., Bomgaars, L., Coutre, S., Holdsworth, M., Janco, R., Johnson, R.,
Kalwinsky, D., Keller, F., Kahtib, Z., Margolin, J., Murray, J., Quinn, J., Ravindranth, Y., Ritchey,
K., Roberts, W., Rogers, Z., Schiff, D., Steuber, C., Tucci, F., Kornegay, N., Krynetski, E.Y.,
Relling, M.V. Preponderance of thiopurine S-methyltransferase deficiency and heterozygosity
among patients intolerant to mercaptopurine or azathioprine. J Clinic Oncol, 15;19 2293-2301,
2001.

Packer, R., Biegel, J.A., Blaney, S., Finlay, J., Geyer, J.R., Heideman, R., Hilden, J., Janns,
A.J., Kun, L., Vezina, G., Rorke, L.B., Smith, M. Atypical Teratoid/Rhabodid Tumor of the
Central Nervous System Workshop, Submitted, 2001.

Houghton, P., Adamson, P.C., Blaney, S., Fine, H., Gorlick, R., Haber, M., Helman, L.,
Hirschfeld, s., Hollingshead, M.G., Israel, M., Lock, R., Maris, J.M., Merlino, G., Patterson, W.,
Reynolds, P., Shannon, K., Yu, A., Smith, M.A. Testing of new agents in childhood cancer
preclinical models - meeting summary. Submitted, Clin Cancer Res, 2002.

Hayashi, R.J., Blaney, S., Schuster, J., Vietti, T., Bernstein, M. Phase | study of taxol
administered on a biweekly basis in pediatric patients with refractory solid tumors: a Pediatric
Oncology Group study. Submitted, J Ped Hematol Oncol, 2002.
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being of restrained nonhuman primates through an enrichment program. Submitted, Lab Anim,
2002.
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M.L. Phase | clinical and pharmacologic study of weekly cisplatin and irinotecan combined with
amifostine for refractory solid tumors: Children's Oncology Group trial 9970. Submitted, J Clin
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Pharmacokinetics of intrathecal gemcitabine in nonhuman primates. Clin Cancer Res, In press,
2002.

Packer, R., Biegel, J.A., Blaney, S., Finlay, J., Geyer, J.R., Heideman, R., Hilden, J., Janns,
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Langevin, A.M., Weitman, S.D., Kuhn, J.G., Weintraub, S.T., Baruchel, S., Margolis, D.,
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4. Last 3 Years’ Abstracts

Christensen ML, Helms RA, Chesney RW: Is pediatric labeling really necessary? Pediatrics
1999;104:593-597.

Simon J, Chesney RW, Alden E and Mulvey H: The Future of Pediatric Education Il: Organizing
pediatric education to meet the needs of infants, children, adolescents and young adults in the
21% century. Pediatrics 2000;105(1)161-212, 2000

Christensen ML, Chesney RW, Helms RA: Clinical trial design and alteration in drug disposition
with age. Drug Information Journal 2000;34:157-163.

Chesney RW, Adamson P, Wells T, Wilson JT, and Walson PD: The testing of antihypertensive
medications in children: Report of the antihypertensive agent guidelines subcommittee of the
pediatric pharmacology research Units. Pediatrics 2001;107(3):558-561.

Wells T, Zhang Z, Soffer B, Shaw W, Herrera P, Shahinfar S. Antihypertensive Trial Design in
Children: Blood Pressure Variability Among the Hypertensive Children Enrolled in the Enalapril
Pediatric Study. Am J Hypertens 14:109A, 2001.

Chien S, Abels R, Blumer J, Goldstein H, Kearns G, Maldonado S, Noel G, Wells T, Spielberg

S. Single-Dose Pharmacokinetics and Tolerability of Intravenous Levofloxacin in Pediatric
Patients. Proceedings of the 41st Meeting of ICAAC, September 2001.
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Shaw W, Hogg R, Delucchi A, Sakihara G, Wells T, Tenney F, Batisky D, Blumer J, Vogt B,
Murphy G, Lo M-W, Hand E, Panebianco D, Rippley R, Shahinfar S. Multicenter Study of
Lisinopril Pharmacokinetics in Hypertensive Children and Infants. Pediatr Res 2002. In Press.

Shaw W, Hogg R, Delucchi A, Sakihara G, Wells T, Tenney F, Batisky D, Blumer J, Vogt B,
Murphy G, Lo M-W, Hand E, Panebianco D, Rippley R, Shahinfar S. Lisinopril Pharmacokinetics
in Hypertensive Children and Infants. Am J Hypertens 2002. In Press.

Covar RA, Szefler SJ, Martin RJ, Sundstrom DW, Murphy JR, Young DA, ilkoff P, Spahn JD.
Relationships between exhaled nitric oxide and measures of disease activity among children
with mild to moderate asthma. J Allergy Clin Immunol. 2002;109(1 pt 2):454A.

Nayak A, Szefler SJ, Pedersen S. Efficacy of beclomethasone dipropionate (BDP) extrafine
aerosol following switch from conventional BDP in children with asthma. J Allergy Clin Immunol.
2002;109(1 pt 2):712A.

Nayak A, Szefler SJ, Pedersen S. Long-term safety of extrafine and conventional
beclomethasone dipropionate aerosols in pediatric asthma. J Allergy Clin Immunol. 2002;109(1
pt 2):721A.

Donnell D, Nayak A, Szefler SJ, Pedersen S. Efficacy of beclomethasone dipropionate (BDP)
extrafine aerosol following switch from conventional BDP in children with asthma. J Allergy Clin
Immunol. 2002;109(1 pt 2):750A.

Strunk RC, Sternberg AL, Bacharier LB, Szefler SJ. Nocturnal awakening due to asthma in
children with mild to moderate asthma in the Childhood Asthma Management Program. J
Allergy Clin Immunol. 2002;109(1 pt 2):1097A.

Spahn JD, Szefler SJ, Jenkins HA, Covar RA, Brown EE, Gelfand EW. Can we alter the
progression of severe asthma with any currently available therapy? J Allergy Clin Immunol.
2002;109(1 pt 2):1099A.

Jenkins HA, Szefler SJ, Covar RA, Jones M, Brown EE, Gelfand EW, Spahn JD. New insight
into the clinical characteristics of adults vs. children with severe asthma. J Allergy Clin Immunol.
2002;109(1 pt 2):1100A.

De Wildt SN, van den Anker JN, de Hoog M, Vinks AA, van der Giesen E. Population
pharmacokinetics and metabolism of midazolam in pediatric intensive care patients. Clin
Pharmacol Ther 2002:P99.

Van den Anker JN, Rajagopalan P, Rakhmanina NY, Murty V, Sundaresan P. Single dose

pharmacokinetics of faropenem daloxate in adolescent subjects. Clin Pharmacol Ther
2002:P93.
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‘t Jong GW, Sturkenboom MC, van den Anker JN, Stricker BH. Prescription of stimulants and
antidepressants in children in the Netherlands. Clin Pharmacol Ther 2002:P58.

‘t Jong GW, Choonara IA, Stricker BH, van den Anker JN. Lack of effect of the European
guidance on clinical investigation of medicines in children. Clin Pharmacol Ther 2002:P54.

De Wildt SN, Kearns GL, Sie S, Hop WC, van den Anker JN. Pharmacodynamics of
midazolam in preterm infants using the Comfort scale. Clin Pharmacol Ther 2002:P42.

Van den Anker JN, van Zanten BA, Hop WC, de Hoog M. Newborn hearing screening:
tobramycin and vancomycin as risk factors for hearing loss. Clin Pharmacol Ther 2002:P41.

Van den Anker JN, de Wildt SN, Murry DJ, Hop WC, Abdel-Rahman S, Kearns GL.
Indomethacin exposure increases midazolam clearance in preterm infants. Clin Pharmacol Ther
2001:P82.

Vulto AG, Yassen A, Hanff L, van den Anker JN, Visser W. Placental transfer if iv ketanserin
used for severe pre-eclampsia. Clin Pharmacol Ther 2001:P82.

‘t Jong GW, van der Linden P, Bakker M, Eland IA, Stricker BH, van den Anker JN. Use of
unlicensed and off label drug prescriptions in a pediatric ward of a general hospital in the
Netherlands. Clin Pharmacol Ther 2001:P81.

‘t Jong GW, Eland IA, Stricker BH, van den Anker JN. Use of unlicensed and off label drug
prescriptions for children in primary care in the Netherlands. Clin Pharmacol Ther 2001;P81.

Van Schaik RH, de Wildt SN, Brosens R, van den Anker JN, Lindemans J. CYP3A4*3 allelic
frequency in caucasians. Clin Pharmacol Ther 2001:P70.

Kearns GL, Robinson P, Adcock K, Wilson-Costello D, Knight G, Zhou H-H, Ward R, van den
Anker JN. Cisapride (CIS) disposition in neonates and infants. Clin Pharmacol Ther 2001:P31.

De Wildt SN, van Schaik RH, Murry DJ, van Iperen NM, Kearns GL, van den Anker JN. Does
CYP3A4*1B change midazolam pharmacokinetics in preterm infants? Clin Pharmacol Ther
2001:P31.

De Wildt SN, Murry DJ, Kearns GL, Hop WC, Abdel-Rahman S, van den Anker JN.
Pharmacokinetics of oral midazolam and 1-OH-midazolam in preterm infants. Clin Pharmacol
Ther 2001:P20.

De Wildt SN, Murry DJ, Kearns GL, Hop WC, Abdel-Rahman S, van den Anker JN.
Pharmacokinetics of iv midazolam and 1-OH-midazolam in preterm infants. Clin Pharmacol
Ther 2001:P20.

Glibetic M., Raykova V, Ofenstein J, and Aranda JV. Role of nuclear factor kappa B and
dexamethasone in the in vivo regulation of proinflammatory mediator IL-6. (September/2000
Presented to International Perinatal Colloquium, Florida, July, 2001)

Lehr V, Parker J, Liu C, Aranda JV. Outcome of Alteplase (t-PA) Use for Catheter Occlusion in

Pediatric Patients (Presented to the SPR-APS annual meeting, Baltimore, MD) Ped Res 49(4);
314A, 2001.
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Raykova V, Ofenstein J, Aranda JV, Glibetic M. Nitric Oxide-dependent regulation of
interleukin IL-6 and MIP-2 in Group B Streptococcal lung inflammation. (Presented to the SPR-
APS annual meeting, Baltimore, MD) Ped Res 49(4); 225A, 2001.

Glibetic M, Raykova V, Ofenstein J, Aranda JV. In vivo regulation of proinflammatory mediator
IL-6: Role of nuclear factor kappa B and dexamethasone. (Presented to the SPR-APS annual
meeting, Baltimore, MD) Ped Res 49(4); 451A, 2001.

Ofenstein J, Glibetic M, Raykova V, Aranda JV. In vivo anti-inflammatory effects of CAPE, a
non- steroidal Nuclear Factor Kappa B Inhibitor, and Dexamethasone in Endotoxin treated
rats. (Presented to the SPR-APS annual meeting, Baltimore, MD) Ped Res 49(4), 453A, 2001.

Aranda, JV: University of Alabama, April 3, 2001
Abstract Presented: Pharmacologic Approaches in Apnea Prematurity

Aranda, JV: International PerinatalCollegium, Miami Children’s Hospital, July 21-25, 2001,
Marco Island, Florida

Abstracts Presented: 1) Role of nuclear factor kappa B and dexamethasone in the in vivo

regulation of proinflammatory mediator IL-6

Aranda, JV: Seventh Annual Neonatology Symposium, Vanderbilt University Medical Center,
August 31-September 2, 2001, Charleston Place, Charleston, South Carolina

Abstracts Presented: (1) Nonsteroidal Antiinflammatory Drugs in the Newborn

(2) Applied Clinical Pharmacology and Drug Controversies

Aranda, JV: 23 International Congress of Pediatrics, Chinese Medical Association,
September 9-14, 2001, Beijing, China

Abstract Presented: Clinical Trials and Drug Development in Newborn and Children in the Field
of Pharmacology; Chair, Symposium 7, Pharmacology

J. V. Aranda: International Seminar of Neonatology, October 3-5, 2001, Monterrey, Mexico
Abstracts Presented: (1) Neonatal Pharmacology for the Neonatologist, (2) Pharmacologic
Therapy of Neonatal Apnea, (3) Advances on the clinical use of Cyclo-oxygenase inhibitors for
the perinatal-neonatal patients

J. V. Aranda: 10" European Workshop on Neonatology, October 25-27, 2001, Toledo, Spain;
Abstract Presented: Clinical Drug Studies in the Newborn

J. V. Aranda: 7™ Congress of the European Society for Developmental Pharmacology,
November 17-20, 2001, Limassol, Cyprus

Abstract Presented: Cyclo-oxygenases inhibitors and Non-Steroidal Anti-inflammatory agents in
the Perinatal/Neonatal Period.

Angelilli ML, Thomas R: An Improved Statistical Method to Evaluate Inter-Rater Clinical
Assessments. Year 2000 Pediatric Academic Societies’ and American Academy of Pediatrics
Joint Meeting, Boston, MA, May 12 — May 16, 2000.

Muzik O, Shen C, Jones T, Chugani D. Comparison of OSEM iterative reconstruction with
standard FBP for pediatric low-count PET brain studies in 3D-mode. J Nucl Med 1999; 5: 147P
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Juhasz C, da Silva EA, Watson CE, Muzik O, Shah J, Chugani DC, von Stockhausen H-M,
Chugani HT: Comparison of [C-11]flumazenil and glucose PET abnormalities in patients with
epilepsy and brain lesions. American Academy of Neurology, 1999

Chugani DC, Muzik O, Behen M, Rothermel R, Chugani HT: [1[C-11]Methyl-L-tryptophan PET
patterns in tuberous sclerosis patients with autism and epilepsy. Soc. Neurosci. Abstracts,
1999; 25: 489.

Juhasz C, Watson C, Chugani DC, Muzik O, Shah J, Shah A, Chugani HT: Epileptogenicity of
“‘metabolic borderzones” in human neocortical epilepsy. American Academy of Neurology,
2000, accepted for poster presentation, chosen for “Best of the Best” meeting
summaryNEUROLOGY 54: (7) A107-A108 Suppl. 3.

Juhasz C, Muzik O, Chugani DC, Rothermel RD, Behen ME, Chugani HT: Ontogeny of human
GABAA, receptors studied by positron emission tomography. Child Neurology Society 29th
Annual Meeting, San Diego (accepted as platform presentation) Annals Neurol. 2000: 48: 517.

Lee JS, Asano E, Juhasz C, Pfund Z, Behen M, Muzik O, Chugani DC, Chugani HT: Sturge-
Weber syndrome with unihemisphereic involvement: Correlation between clinical
characteristics and FDG PET findings. Child Neurology Society 29th Annual Meeting, Annals
Neurol. 2000; 48: 531-532.

Chugani DC, Behen ME, Asano E, Lee J, Rothermel R, Muzik O, Chugani HT: Behavioral
subtypes of autistic children show differences in regional brain serotonin synthesis. Soc.
Neurosci. Abstracts, 2000; 26: 2103.

Asano E, Chugani DC, Behen M, Rothermel R, Muzik O, Chugani HT: Autism in tuberous
sclerosis complex: Evidence for cortical and subcortical mechanisms. Soc. Neurosci.
Abstracts, 2000; 26.

Pfund Z, Chugani DC, Juhasz C, Muzik O, Chugani HT, Wilds IB, Seraji-Bozorgzad N, Moore
GJ: (2000) Evidence for coupling between glucose metabolism and glutamate cycling using
FDG PET and 'H MRS in epilepsy patients. Epilepsia 41(Suppl. 7): 67.

Lee JS, Asano E, Juhasz C, Pfund Z, Muzik O, Chugani DC, Chugani HT: Sturge-Wever
Syndrome with unilateral leptomeningeal angioma: Degree and extent of glucose
hypometabolism are related to epileptiform pattern. Epilepsia 41 (Suppl. 7): 188.

Asano E, Chugani DC, Juhasz C, Muzik O, Philip S, Shah J, Shah A, Watson C, Canady A,
Chugani HT: (2000) Epileptogenic zones in tuberous sclerosis complex: Subdural EEG versus
MRI and FDG PET. Epilepsia 41(Suppl. 7): 128.

Juhasz C, Muzik O, Chugani DC, Chugani HT: GABA, receptors in epileptic children: Age-
related changes and effect of antiepileptic drugs. Epilepsia 41 (Suppl. 7): 83.

Asano E, Kuivaniemi SH, Hug M, Tromp G, Behen M, Rothermel R, Herron, Chugani DC:
Novel polymorphisms in the uptream region of VIPR2 gene have a possible role in
gastrointestinal problems and stereotypical behaviors in autism. 50th Annual Meeting of the
American Society of Human Genetics, Philadelphia, PA October 3-7, 2000 AM J HUM GENET
67: (4) 169-169 Suppl. 2 OCT 2000
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Juhasz C, Chugani DC, Muzik O, Shah A, Shah J, Chugani HT: (2001) Role of
alpha[11C]methyl-L-tryptophan PET in localization of epileptic foci in intractable partial epilepsy.
Neurology 56(Suppl 3): A265.

Asano E, Husk C, Muzik O, Shen C, Shah A, Shah J, Canady A, Chugani HT, Chugani DC:
(2001) Detection of epileptogenic zones in tuberous sclerosis complex using voxel analysis of
AMT and FDG PET scanning. American Epilepsy Society Annual Meeting, Philadelphia,
December 2001.

Juhasz C, Chugani DC, Muzik O, Asano E, Shah A, Shah J, Canady A, Chugani HT: (2001)
Increased cortical uptake of [[11C]methyl-L-tryptophan detected by PET in chidren with
intractable epilepsy. American Epilepsy Society Annual Meeting, Philadelphia, December 2001.

Chugani HT, Juhasz C, Chugani DC, Muzik O: (2001) Increased ipsilateral striatal serotonin
synthesis following frontal cortical resection in children with epilepsy. American Epilepsy
Society Annual Meeting, Philadelphia, December 2001.

Pfund Z, Juhasz C, Chugani DC, Muzik O, Lee JS, Chugani HT: (2001) Sturge-Weber
syndrome: quantitative MRI and FDG PET correlations. American Epilepsy Society Annual
Meeting, Philadelphia, December 2001.

Juhasz C, Chugani DC, Muzik O, Shah A, Shah J, Chugani HT: (2001) Role of alpha[C-
11]methyl-L-tryptophan PET in localization of epileptic foci in intractable partial epilepsy.
American Academy of Neurology Annual Meeting, Philadelphia, May 2001.

Pfund Z, Chugani DC, Behen ME, Juhasz C, Muzik O, Lee J, Chugani HT: (2001)
Abnormalities of GABAA receptors measured with [C-11]flumazenil PET in autistic children.
Society for Neuroscience Annual Meeting, San Diego, November 2001.

Chandana S, Pfund Z, Juhasz C, Muzik O, Behen M, Chugani H, Chugani D: (2001) Re-
evaluation of brain glucose metabolic abnormalities in autistic boys. International Meeting for
Autism Research, San Diego, November 2001.

Muzik O, Chugani DC, Juhasz C, Chugani HT. Effect of chronic vigabatrin treatment on
benzodiazepine receptor binding in children with epilepsy. Epilepsia 2001;42(Suppl. 2):125.
(24th International Epilepsy Congress, Buenos Aires, Argentina, May 13-18, 2001)

Muzik O, Juhasz C, Chugani DC. Chronic vigabatrin treatment modifies developmental
changes of GABAA receptor binding in children with epilepsy. J Nucl Med 2001;42(Suppl.):38P.
(Annual Meeting of the Society of Nuclear Medicine, Toronto, ON, Canada, June 23-27, 2001)

Juhasz C, Chugani DC, Muzik O, Shah A, Asano E, Chugani HT. Decreased GABAA Receptor
Binding and Increased Uptake of alpha-[11C]Methyl-L-Tryptophan on PET Can Independently
Identify Human Epileptogenic Cortex. American Academy of Neurology Annual Meeting,
Denver, CO, May 2002.

Ibrahim, R., Wilson J.G. and Edwards, D.J.: Effect of buprenorphine on CYP3A activity in rat

liver microsomes. Presented at the NCDEU meeting, National Institute of Mental Health, June
1999, Bethesda.
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Lee, J., Edwards, D.J. and Lieh-Lai, M.: Minocycline levels in minocycline-rifampin coated
central venous catheters. Presented at the American Academy of Pediatrics meeting (Section
on Critical Care), October 2001, San Francisco.

Hauck, W., Parker, J., Glibetic, M., Noya, F. and Aranda, JV. Deregulation of cyclooxigenase
and nitric oxide gene expression: the inflammatory cascade triggered by experimental group B
streptococcal meningitis in the newborn brain and cerebral microvessels. Semin Perinatol
1999;23(3): 250-60.

Mertineid. C., Parker, J., Glibetic, M., and Aranda, V.J.Nitric Oxide, prostaglandins and
impaired cerebrovascular autoregulation in group B streptococcal neonatal meningitis. Can J
Phys Pharmacol 2000;78:217-27.

Glibetic, M., Parker, J., Ofenstein, J., Mariska, V. and J.V. Aranda. Seminars in Perinatology.
Group B Streptococcus induction and ibuprofen inhibition of inducible NOS through action of
nuclear factor kappa B. Semin Perinatol 2001;Apr;25(2):65-9.

Daphtary KM, Heidemann SM, Glibetic M. Ibuprofen attenuates early lung injury in
endotoxemic, neutropenic rats. Prostaglandins Leukot Essent Fatty Acids. 2001 Aug;65(2):59-
65.
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Appendix C

STRATEGIC PLANS: PRIORITIES AND NEEDS IN NEONATAL
PHARMACOLOGY — 2002

1. Pharmacokinetic data and drug dosing for various birth weight categories and
gestational ages in the newborn period. The newborn population is a very
heterogenous group. Very low birth weight newborns (less than 25 weeks gestational
age) receive the most number of drugs in the newborn. They also have the slowest rates
of elimination and require different drug dose and/or dosing intervals. Except for the
most commonly used antimicrobials, the pharmacokinetic data for most drugs used in
the newborn are not available for all levels of fetal maturity or birth weight categories.

2. Pharmacokinetic data, drug dose and dosing intervals for intrauterine growth
retarded newborns (also called Small for gestational age or fetal malnutrition..
Malnutrition is known to significantly influence drug metabolism and disposition. Fetal
malnutrition or intrauterine growth retardation or small for gestational age infants is
associated with increased neonatal morbidity and mortality. About 20 to 30% of
premature newborns also have obviously decreased growth for gestational age. Fetal
malnutrition has been suggested to decrease drug metabolism. However, there are no
data in newborns to determine the magnitude of the change in drug elimination and
individualized drug therapies for this neonatal population.

3. Pharmacodynamic data in newborns of all stages of fetal maturity: Drug effects for
preterm newborns may vary relative to the term newborns. The receptor sensitivity or
receptor number may be very different even among the preterm newborns themselves.
For example, the very low birth weight newborns (less than 750 grams at birth) has a
high risk of severe hyperglycemia and osmotic dehydration and electrolyte
abnormalities due to low basal production of insulin and due to lower insulin receptor
number and perhaps affinity.

4. Drugs designed for Unique diseases in newborns: The newborns have diseases
unique to their state of immaturity. These diseases include respiratory distress
syndrome, intracranial hemorrhage, necrotizing enterocolitis, apnea of prematurity,
bronchopulmonary dysplasia, retinopathy of prematurity, patent ductus arteriousus,
perinatal asphyxia, neonatal pulmonary hypertension and others. Drugs should be
developed for these unique diseases since molecular entities designed for adult use may
not be appropriate for newborns.

5. Neonatal formulations: Many drugs are available only in formulation for adults or older
children and must be diluted or prepared for neonatal use. This remains a source of
error and substantial cost in newborn drug therapy. Morever, accurate dosing cannot be
ensured particularly when several dilutions are made for newborn use. In sick newborns
almost all drugs are given via intravenous route, thus parenteral preparations should be
made available for this special population.

6. Efficacy and safety data obtained in newborns: These data are often extrapolated
from adults or older children. However, all physiologic, and biochemical processes are
functionally deficient relative to the older child or adults. Therefore, safety and efficacy
should be evaluated in newborns for drugs that will be sued in newborns. These studies
should include newborns of all stages of fetal maturity (from 23 weeks to 42 weeks
gestation) and postnatal ages (1 day to 4 weeks of postnatal life).
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7. Acute and long-term adverse effects: Drug development should include appropriate
studies for acute and long-term effects. Drugs used in the fetus and newborn may
cause long-term adverse effects (for example: three-fold increase in cerebral palsy due
to postnatal steroid treatment for chronic lung disease, vaginal adenocarcinoma in
women exposed to maternal progesterone in the fetal period). Unusual acute adverse
effects: (e.g. renal failure, Gl bleeding etc) should be explored in newborns whenever
these drugs are used for this population. Their effects on drug development and organ
function in later life should be included in the drug development plan.

8. Effects of drugs on Gene Expression in the newborn: As in number 7, mechanisms
underlying the long-term effects of these drugs should be examined. Their effects on
gene expression and cell memory should be explored.

9. Therapeutic superiority studies whenever more than one options are available.
Sometimes there are options for the management of a neonatal disease. Rationale and
scientific basis for establishing preferred drugs should be done. Examples of these are:
dopamine versus dobutamine, caffeine versus theophylline, surfactant A versus
surfactant B, ibuprofen versus indomathacin, etc. etc.......

10. Fetal drug therapy: Birth is a transition process that marks the change from fetal state
to neonatal state. Increasing evidence indicate that neonatal adverse events e.g.
perinatal brain damage and intrauterine infections) may begin even prior to birth.
Potential fetal drug therapies (as has been done with antenatal steroids for prevention
of respiratory distress syndrome) may be encouraged. Drug therapy for the prevention
or amelioration of perinatal damage due to asphyxia should also be examined.
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Appendix D: Proposed Organizational Structure (2003-
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