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Abstract

Performing drug trials in pediatrics is challenging. In support of the Best Pharmaceuticals for
Children Act, the Eunice Kennedy Shriver National Institute of Child Health and Human
Development funded the formation of the Pediatric Trials Network (PTN) in 2010. Since its
inception, the PTN has developed strategies to increase both efficiency and safety of pediatric drug
trials. Through use of innovative techniques such as sparse and scavenged blood sampling as well
as opportunistic study design, participation in trials has grown. The PTN has also strived to
improve consistency of adverse event reporting in neonatal drug trials through the development of
a standardized adverse event table. We review how the PTN is optimizing operational efficiencies
in pediatric drug trials to increase the safety of drugs in children.
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1. Introduction

Performing drug trials in infants and children is challenging. Barriers include low circulating
blood volumes, developmental changes in drug-handling systems, perceived risk by
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providers and parents, and low parental consent rates. Optimizing enrollment and increasing
operational efficiency is critical for on-time, within-budget drug trials in children.

Several drugs used in children are prescribed “off-label” according to regulatory
requirements of the Food and Drug Administration (FDA). “Off-label” means that the dose,
the population treated, the duration of treatment, or the efficacy has not been established. For
example, caffeine citrate is labeled for use in infants 28-33 weeks’ gestational age at birth
for the short-term (<10 days) treatment of apnea of prematurity. Using caffeine in lower
gestational age groups (i.e., <28 weeks’ gestation) is considered off-label. The FDA requires
that a drug show both safety and efficacy in a specific population at the correct dose before
approval for clinical use. This information is then included in the drug label. Due to
underrepresentation of pediatric patients in initial drug trials, few drugs are specifically
labeled for children (A). The American Academy of Pediatrics identified this problem as far
back as 1977 when it stated that the system was unethical because it forced physicians to
perform an uncontrolled experiment every time they wrote a prescription [1].

To address this inequality in drug research for children, the U.S. government has passed
several pieces of legislation in recent years. The Pediatric Research Equity Act (PREA)
requires that most new drugs include children in their studies if there is potential for the drug
to be used in the pediatric population. The Best Pharmaceuticals for Children Act (BPCA),
passed in 2002, works in conjunction with PREA and allows an additional six months of
market exclusivity if the sponsor includes pediatric studies. In addition, the BPCA directed
the National Institutes of Health (NIH) to develop a program to improve pediatric drug
development, so the Director of the NIH directed responsibility to the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD) to establish
pediatric drug development activities [2]. These efforts ultimately led to the creation of the
NICHD Pediatric Trials Network (PTN; http://pediatrictrials.org/) in 2010. The PREA and
BPCA together have resulted in more than 500 pediatric drug label changes [2].

The PTN is a coalition of research sites located primarily in the United States that
collaborate to design and conduct pediatric drug trials, and to help fulfill the legislated
requirements of the BPCA (B). Since its inception, the PTN has completed 11 clinical trials,
submitted data to the FDA for six different products, enrolled approximately 4,300 patients,
and has several projects currently under way (see Table 1) (B). Through experience gained,
the investigators and staff of the PTN have overcome challenges in conducting multi-site
large pediatric drug trials and worked to optimize operations. We present our collective
experience in optimizing operational efficiencies in pediatric drug trials while improving
safety.

2. Solutions to Pediatric Research Obstacles

2.1. Optimizing sampling

Drug trials in the pediatric population are challenging due to several factors. One problem is
the number and volume of blood samples required for pharmacokinetic (PK) studies. In
adults, PK studies traditionally require up to 15 blood samples and relatively high (3 mL)
sample volumes [3]. However, children, especially neonates (infants up to 28 postnatal
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days), have limited blood volume, and taking a large number or volume of samples is not
realistic or safe (e.g., a premature infant weighing 500 g may have a circulating blood
volume of only 40-50 mL). Parents are reluctant to allow their children to undergo additional
venipunctures or arterial sticks to obtain the blood for these studies.

To address these problems, the PTN has developed techniques that minimize the blood
volume and number of additional sticks needed for PK studies. The first technique, sparse
sampling, entails population PK modeling to decrease traditional PK study sampling by
using only two to three blood draws per patient. Another advantage offered by this method
of sampling is flexibility in timing for acquiring samples, as staff can cluster the blood
samples with routine care or samples obtained for the other studies. The second method,
scavenged sampling, relies on using remaining blood or plasma after laboratory tests for
clinical care have been performed on the sample. By performing PK studies on the residual
sample, investigators gather information without subjecting the child to any extra punctures
or any extra blood loss [4]. The final technique, opportunistic sampling, is used by the PTN
whenever possible. This technique requires taking extra fluid at the time of routine sampling.
Most of the sticks can be obtained during times of routine blood draws or during times of
clinically indicated cerebrospinal fluid sampling. Investigators in the PTN have published
several studies using sparse, scavenged, and opportunistic blood samples, and this work has
led to increased knowledge of safer antimicrobial doses in neonates [5-10].

To further reduce sample volume, the PTN has used dried blood spot (DBS) sampling. DBS
sampling involves ultra-low sample volumes (15-30 pL) collected in a manner similar to
newborn metabolic screening tests. Only a few drops of whole blood are placed on blotting
paper. This sampling technique requires a very small blood volume, minimal staff training,
and easy storage and transport of samples [4]. DBS sampling is a relative newcomer in the
field of PK studies, but its use is increasing with both pharmaceutical companies and clinical
researchers [11]. In addition, DBS sampling is optimal for neonatal studies because nurses
are familiar with blotting whole blood on paper for state newborn screening programs. Since
the development of DBS technology, the PTN has published two studies demonstrating
effective dosing strategies based on postmenstrual age using DBS [12,13].

An evolving technique is the use of multiple-drug assays that allow researchers to detect
levels of more than one drug by using liquid chromatography and mass spectrometry in
ultra-low-volume plasma samples [4]. Because most neonates are treated with more than one
drug at a single point in time, this technique holds great potential value.

2.2. Maximizing enrollment

Another strategy developed by the PTN to increase drug study participation is called
opportunistic design. In this study design, researchers approach parents of children who are
already receiving a drug off-label as part of standard-of-care treatment and obtain informed
consent to collect samples for PK data. As noted above, since most drugs used in children
are off-label (i.e., a different dose, duration, or indication than listed on the FDA label),
those drugs are available for the PTN to study. Wade et al. demonstrated the viability of this
study design when they examined fluconazole dosing in premature infants [14]. The
investigators gathered PK samples when clinicians used fluconazole as part of their local
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standard-of-care guidelines. Wade et al. established that most published references for
fluconazole dosing in this vulnerable population were suboptimal. The group found that for
the treatment of invasive candidiasis in young infants, a dose of 12 mg/kg/day is needed. The
previous dosing range recommended a range of 3-12 mg/kg/day, which means some infants
were being undertreated [14].

The PTN Pharmacokinetics of Understudied Drugs Administered to Children Per Standard
of Care (POPS) study (ClinicalTrials.gov Identifier: NCT01431326) is an example of an
opportunistic study that also uses opportunistic sampling (C). This study includes drugs
from the BPCA priority list and enrolls children from different age groups into gaps
identified by review of the current FDA label and the medical literature. To date, the POPS
study has enrolled more than 1,200 participants across more than 38 sites receiving
approximately 35 different drugs. These data have been used to augment data from PK trials
(e.g., rifampin, clindamycin) and to design phase 2 trials (e.g., the Antibiotic Safety in
Infants With Complicated Intra-Abdominal Infections [SCAMP] trial, examining
metronidazole, piperacillin-tazobactam, clindamycin, and gentamicin; ClinicalTrials.gov
Identifier: NCT01994993). A disadvantage to these data is that there are limited (if any)
safety data and no efficacy data because the study is only designed to characterize the
pharmacokinetics of the medications, not to evaluate medication side effects or
effectiveness.

The PTN has also broadened inclusion and limited exclusion criteria for phase 1 and 2
studies. During typical study design, researchers establish inclusion and exclusion criteria to
establish the optimal study population. For phase 1 and 2 studies, the primary endpoint is
generally PK or safety rather than a clinically important endpoint as for a phase 3. In late-
phase trials, it is critical to include only participants who might benefit and exclude
individuals who might have conditions that would cloud the primary endpoint, and generally
these criteria are extensive. However, those designing phase 1 and 2 studies often have the
same approach as phase 3 trials, which results in a narrow population for these studies
(Table 2). Due to these stringent requirements, few patients may actually qualify as
participants. The PTN has worked to broaden inclusion criteria and reduce exclusion criteria
for early-phase trials, thus increasing the number of eligible patients. An example is the
Pharmacokinetics of Sildenafil in Premature Infants study (ClinicalTrials.gov Identifier:
NCT01670136) (D). The study includes infants <365 days of age who are currently
receiving sildenafil as part of their clinical treatment (Cohort 1) and infants of gestational
age <28 weeks requiring respiratory support (Cohort 2) (Table 2). The exclusion criteria for
the study have been minimized to capture the largest possible number of participants while
maintaining the safety of the participants.

Another innovative approach to increasing study participation (while also saving time and
improving efficiency) is combining multiple drugs in one study. By including multiple drugs
in one study design, investigators need to submit only one Institutional Review Board
application, develop one protocol, and participate in one research conference call per week.
The POPS study is an example of this innovation—Dby including over 35 drugs in a single
study, efficiency is significantly increased. A further example of a study currently under way
to determine appropriate dosing and safety of drugs used in neonates is the
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Pharmacokinetics of Antistaphylococcal Antibiotics in Infants (Staph Trio) study
(ClinicalTrials.gov Identifier: NCT01728363). This study is examining the PK properties of
three drugs: rifampin, clindamycin, and ticarcillin-clavulanate in term and premature infants
(E). Again, by combining multiple drugs in one study protocol, more data are obtained in an
expedited manner.

An additional approach used by the PTN to increase study participation is the concept of
empiric, or “add-on,” therapy. Some antimicrobials may rarely be used at a particular
institution, but thousands of infants at institutions across the United States are exposed each
year to those drugs. Using an opportunistic study design to gather data on such drugs would
require hundreds of sites for multiple years for a single drug and thus would be impractical.
Becausea child cannot ethically be enrolled in a drug trial as a “healthy volunteer” but must
have or be at risk of developing a disease to participate in the trial,. Empiric therapy is when
researchers add an additional drug that might be beneficial to an individual participant to the
treatment regimen already established at a particular institution. For example, if an
institution traditionally treats necrotizing enterocolitis in infants with oxacillin and
gentamicin, researchers can add meropenem to the treatment regimen to gather PK data
about that particular drug. In this case, the infant might be infected with a resistant gram-
negative rod at the time of the infection and meropenem would be of benefit to the infant.
Using add-on therapy, members of the PTN have gained valuable PK information for
multiple antimicrobial agents in understudied patient populations [6,8,13,15-19]. In addition
to adding valuable information to the literature, the work done by the PTN using add-on
therapy has had practical implications. The FDA recently changed the drug label for
meropenem [18] (F).

3. Organizational Improvements to Increase Efficiency

The PTN has discovered that study participant recruitment is not the only barrier to pediatric
clinical research. The PTN is composed of over 160 individual institutions across the
country, each of which has their own organizational boards and governing bodies. As any
investigator who has performed a multi-center trial has learned, research contracts take
months, sometimes more than a year, to secure approval, depending on the site. In addition,
some sites require that a contract is in place before submitting to their local Institutional
Review Board or gathering other regulatory documents. To streamline efficiency, the PTN
developed a single master service agreement for each site. Once that master contract is
approved by a particular research location, each additional study in which that institution
participates is added to the master contract as an addendum. This innovation has cut the
contract processing time by half, in some cases down to 4 weeks. Furthermore, the time to
execute additional study contracts decreases because contracts for further studies are merely
added as addendums to the already existing contract.

Another method used by the PTN to increase efficiency is optimal site selection and site
management for research studies. Historically, the top quintile of research sites enrolls the
majority of patients. The PTN ranks each site prior to site selection with weight placed on
previous collaboration with the PTN, past successful recruitment, site investigator
experience and enthusiasm, and site coordinator experience. For optimal site management
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and to engage sites, a monthly phone call is held so that sites with successful recruitment can
share experiences with other sites about recruitment optimization, answer questions, and
troubleshoot barriers (such as drug shortages). The PTN distributes a newsletter for every
trial that explains how the top sites are recruiting patients and describes their successes.
These newsletters usually have examples or cases which illustrate questions that might have
been sent to the central study team. The PTN also generates a network-wide newsletter to all
participating and potential sites that summarizes progress and results. These newsletters
engage current sites and generate interest from new investigators.

For sites that are having trouble with recruiting, the PTN generally takes a stepwise
approach. First, a member of the central study staff reviews the screening log and identifies
possible barriers. Second, the study protocol principal investigators review possible barriers
and solutions with site investigators and staff at underperforming locations to help
troubleshoot some of their institutional barriers. And, finally, principal investigators are
willing to visit locations with low recruitment to improve organizational buy-in. Experience
has shown that these practices can increase enrollment throughout the PTN.

Operational efficiency has been gained through the development of standard working
instructions and templates. Individual clinical trial teams tend to have little interaction with
other trial teams. The PTN discovered quickly that this “silo” approach would not sustain a
large network long-term. Therefore, network-specific processes were created, and all team
members were trained in these procedures. Templates were created for repeating documents
such as protocols, informed consent forms, and the manual of procedures. Different
templates for each step of the study—from Institutional Review Board submissions to data
collection forms—allow clinicians to spend more time analyzing data and recruiting
patients, and less time completing necessary paperwork. The work instructions and
templates provide consistency between the different network trials, which has decreased the
time and number of personnel required to operationalize a trial.

By improving organizational efficiency through these various techniques, the PTN has been
able to undertake more research projects and produce valuable results. The decreased time
from the start of a study to completion decreases both research fatigue and costs. This
streamlined approach to organizational operations is key to the PTN’s ongoing success.

4. Safety Across and Within Pediatric Trials

The FDA has defined safety-reporting requirements for drugs (G). Adverse events (AEs), as
described by the FDA, are any untoward medical occurrence in any human using the drug.
The AE is considered a “suspected AE” if there is any reasonable possibility that the drug
caused the AE. Study investigators must also track serious adverse events (SAES), which are
AEs that are life-threatening, cause hospitalization or prolong the current hospitalization,
prevent the ability to conduct normal life functions, cause congenital defects, or result in
death (G).

Although the FDA has established safety-reporting guidelines, the agency leaves the actual
definitions of what qualifies as an AE versus SAE to each individual study sponsor or
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investigator. This policy can lead to wide variations between sites and between studies
regarding which outcomes are reported to the FDA as SAEs. To provide consistent safety
standards across studies while improving efficiency, the PTN has designed a Neonatal
Adverse Event Table. This innovative table defines abnormal laboratory values and common
clinical entities as either AEs or SAEs (Table 3) [20-39]. By providing consistent definitions,
safety events can be compared across sites and across studies. These definitions do not limit
site investigators or study staff to these events. For example, if an infant receives a drug and
has an event that is not listed, then the site investigator may deem that event an AE or SAE.
The AE table also increases efficiency during protocol development, because the study team
can use the same table for each protocol.

The first step in composing the reference safety table was identifying a common list of
laboratory values and clinical events. We identified laboratory values and clinical events
applicable to premature infants from the National Institutes of Health’s Division of AIDS
and the National Cancer Institute’s toxicity tables (H,l). Laboratory values and clinical
entities applicable to neonates were pulled from these tables, and premature infant specific
events (e.g., intraventricular hemorrhage) were added to the list.

We then divided the laboratory values and clinical events into AEs and SAEs. We performed
literature searches in Medline using the terms premature infant, normal value, normal range,
and definition of neonatal x, with x defined as the specific parameter desired. We identified
gold standard articles as those that defined the normal range of laboratory values in
neonates. For clinical events, we identified gold standard articles as those that defined the
point within the disease where outcomes significantly worsened. For laboratory values, an
AE was defined as two standard deviations away from the mean of the normal range, and an
SAE was defined as three standard deviations away from the mean (Table 3). For clinical
entities, an AE was defined as having the actual disease process present, and an SAE was
defined at the point where hospital length of stay was prolonged (Table 4) [40-52]. If an
article meeting the gold standard could not be found, other studies citing normal ranges were
sought. These were identified from articles that were found in the previous search. Once the
laboratory values and clinical entities were determined, multiple investigators at different
research sites determined whether the values correlated with clinical significance. If an
article citing reference ranges or long-term outcomes could not be found, then the AEs and
SAEs were decided on by group consensus.

This table is the first tool developed to use the existing literature to design an evidence-based
approach to define AE and SAEs. The goal is to standardize safety standards for neonatal
drug trials and provide more consistent criteria for AEs and SAEs.

5. Conclusion

The PTN continues to lead the way in the realm of pediatric trials through innovative study
design, efficient operations, and improved safety. Our goal is for other research networks
and investigators to utilize some of the same productive techniques we have learned over the
years. Through innovative study designs, improved safety standards, and efficient
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operations, we continue striving to produce accurate pediatric drug information, allowing
pediatricians and those who treat children to give evidence-based doses of medications.
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Table 1

PTN Trials
Trial Enrollment  ClinicalTrials.gov ID
Metronidazole PK in infants 24 NCT01222585
Acyclovir PK in infants 32 NCT00491426
TAPE device trial 625 NCT01507090
Hydroxyurea PK 40 NCT01506544
POPS 2100 NCT01431326
Lisinopril PK in children with renal transplants 26 NCT01491919
Staph trio 63 NCT01728363
Sildenafil PK in infants 25 NCT01670136
Clindamycin in obese children 23 NCT01744730
Methadone PK in children 26 NCT01945736
SCAMP 140 NCT01994993
Pantoprazole PK in obese children 41 NCT02186652
Baby TAPE 2000 N/A
Furosemide safety in infants 5 NCT02527798

POPS = Pharmacokinetics of understudied drugs administered to children per standard of care; SCAMP = Safety study of Clindamycin,
Ampicillin, Metronidazole, and Piperacillin-tazobactam in infants with complicated intra-abdominal infections.
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Table 2

Differences in Inclusion/Exclusion Criteria Between Typical Industry and PTN Trials

Trial Criteria
Typical industry Inclusion
. Written informed consent from parent/guardian
. Infant’s postnatal age 7-28 days
. Gestational age 23-30 weeks
. Birth weight 500-1250 g
. Receiving mechanical ventilation
. FiO, oxygen requirement >0.30, sustained for 30 minutes, to account for suctioning
. Chest X-ray consistent with respiratory distress syndrome
. EKG normal
. Intravenous line in place
Exclusion
. Infant moribund or likely to die in the next 24-48 hours
. Prolonged QT (>500)
. Congenital heart defect, except for patent ductus arteriosus, atrial septal defect, or small (<5 mm)
ventriculoseptal defect
. Pulmonary hypoplasia, congenital diaphragmatic hernia, congenital pulmonary airway
malformation, or known congenital genetic surfactant deficiency (e.g., surfactant protein B
deficiency)
D Chromosomal abnormality (e.qg., trisomy 21, 18, or 13)
. Congenital CNS malformation (i.e., myelomeningocele, encephalocele, hydrocephalus)
. Congenital infectious disease (herpes, toxoplasmosis rubella, syphilis, HIV, etc.)
. Positive blood, urine, or CSF culture for pathogen
. Necrotizing enterocolitis
. Intraventricular hemorrhage with grade 3 or 4
D Participation in other clinical trials
. Unlikely to follow up (in the opinion of the principal investigator)
. f\n)ll reason that, in the opinion of the principal investigator, the infant would be ineligible for the
rial
PTN - Inclusion
Pharmacokinetics
of Sildenafil in Cohort 1:
(P’{‘ecrrjraél{g(l)rl?g)ts Gestational age 28 weeks or less receiving sildenafil as standard of care < 365 postnatal days
Cohort 2:
. Gestational age 28 weeks or less
. 7-28 postnatal days of age
. Mechanical ventilation or nasal continuous positive airway pressure or high-flow nasal cannula
. Intravenous line in place
Exclusion
Cohort 1:
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Trial

Criteria

Cohort 2:

Any condition that would make the infant, in the opinion of the investigator, unsuitable for the
study

Previous exposure to sildenafil within 7 days prior to enroliment

Any condition that would make the infant, in the opinion of the investigator, unsuitable for the
study

History of allergic reactions to sildenafil
AST > upper limit of normal or ALT > 3x upper limit of normal
Currently on a vasopressor for hypotension

Known sickle cell disease
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