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Challenges and opportunities for improving access to approved
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Neonatal drug and device development has lagged behind other patient populations. Oftentimes, providers are using drugs and
devices without adequate study of safety and efficacy. Neonates deserve dedicated drug and device development programs, which
will require novel approaches and unique collaborations between multiple key stakeholders. Legislative efforts, infrastructure,
clinical trial methodology, and international collaborations have all contributed to improvements in neonatal drug and device
development, but more work is still needed. Leadership from neonatologists, clinical care providers, and parents is essential to
implement needed changes.
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INTRODUCTION
Despite several global initiatives, neonates are often treated with
drugs, biologics, and devices that are not approved for use in this
population. In addition, there are few new products designed
exclusively for neonates. This is due to: (1) gaps in understanding
complex pathophysiology, (2) a small market with mostly rare
diseases, (3) few appropriate animal models, (4) challenges in the
design and execution of trials, and (5) difficulties with the assessment
of safety and efficacy due to high rates of co-morbidities and the
need for prolonged follow-up. Novel approaches are urgently
needed since the smallest neonates may be exposed to multiple
drugs (most used off-label) and few innovative devices marketed in
the past decade have been approved for pediatric use. In a 2014
review of the 406 medications that were studied in the pediatric
population to achieve 6 months of exclusivity, only 28 (7%) had been
studied in neonates and most of these were not routinely used in the
Neonatal Intensive Care Unit (NICU) [1].
Neonatologists, researchers, regulators, nurses, and parents

have all advocated for improved drug and device development.
Major areas for advocacy are: (1) promoting legislation that
mandates neonatal drug and device studies and streamlines
regulatory approvals (e.g., enhanced “breakthrough” designation
programs), (2) increasing federal funding for neonatal drug and
device development (e.g., Pediatric Trials Network (PTN), Pediatric
Device Consortium), (3) new public–private partnerships to
develop neonatal drug formulations and novel devices, and (4)
using real-world data (RWD) to generate real-world evidence
(RWE) to facilitate drug/device approvals. It is also crucial that
there is equitable racial/ethnic representation in neonatal clinical
trials to enhance the generalizability of results [2, 3]. This
manuscript describes current and emerging efforts to improve
neonatal drug and device research and to improve the efficiency
of regulatory science in this unique population.

LEGISLATIVE EFFORTS TO IMPROVE PEDIATRIC DRUG AND
DEVICE DEVELOPMENT
The most urgent need for novel therapies is in extremely preterm
neonates who have high rates of morbidity and mortality. Legislative
efforts in the US have required the study of drugs, biological and
nutritional products, devices, and other therapies through high-
quality regulatory and clinical trials, quality improvement initiatives,
and observational studies. The Pediatric Research Equity Act (PREA)
requires the industry to test the safety and efficacy of new drugs/
biologics in children [4]. The Best Pharmaceuticals for Children Act
(BPCA) provides financial benefits to companies who voluntarily study
new drugs/biologics in children. The FDA Safety and Innovation Act
(FDASIA) permanently reauthorized BPCA and PREA and requires
neonatal studies to be added to the submitted study plan if relevant
and justified. FDASIA also renewed and strengthened the Pediatric
Medical Device Safety and Improvement Act (PMDSIA, Fig. 1), with
new “breakthrough designation” programs introduced to accelerate
product development. The use of alternative study designs, extra-
polation, and the potential for the use of RWD represent innovative
methods to accelerate new product development in neonates [5].

NEONATAL CLINICAL TRIAL INFRASTRUCTURE
Despite exponential increases in new therapeutics/technologies
for adults and pediatric patients, neonates still have limited
product development. One major success has been the establish-
ment of cooperative neonatal research networks that have offered
operational efficiencies including infrastructure, trial support,
methodologic advances, and coordination of multicenter research
sites. The PTN (https://pediatrictrials.org/) was established by
NICHD in response to BPCA and serves as a focal point to
pharmaceutical and device trials for children. Over the last decade,
PTN has grown to support >100 clinical sites providing scientific,
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technical, and administrative infrastructure. PTN has advanced
methodologies and streamlined processes needed to study
medicines efficiently and safely by the use of microblood volumes
and advanced pharmacokinetic (PK) modeling methods, minimal
sampling techniques, left-over blood specimen analysis, and data
mining of electronic health records (EHR) to enhance drug safety
information. Recently, PTN partnered with the IDeA States
Pediatric Clinical Trial Network to expand research opportunities
to underserved and rural communities [6].
The Institute for Advanced Clinical Trials (I-ACT) for Children is

an independent non-profit organization dedicated to promoting
the development of innovative medical therapies for children
(https://www.iactc.org/). As a public–private partnership, I-ACT for
Children supports clinical trial networks by bridging pediatric and
research institutions, industry sponsors, patient advocacy groups,
and others to advance innovation in pediatric research. In Europe,
the Pediatric Clinical Research Infrastructure Network developed a
toolkit to facilitate the conduct of neonatal clinical trials (https://
ecrin.org/projects/pedcrin/pedcrin-tools). The toolkit is compre-
hensive and addresses all aspects of neonatal clinical trials
including trial design, consent, outcome measures, data collection,
data analysis, formulations and excipients, and the inclusion of
parents in protocol development. They have provided three
publicly available webinars which also include one on engage-
ment with families and pediatric patients.
Several international organizations are building global

neonatal collaborations with multidisciplinary expertise. The
International Neonatal Consortium (INC) works within the pre-
competitive space to improve the measurement/assessment of
clinical outcomes through data sharing to advance regulatory
science. INC addresses the most common medical conditions
seen in the NICU by engaging multiple global stakeholders
(regulators, industry, investigators, nurses, families, advocacy
groups) in discussions to advance drug development processes.
The System of Hospitals for Innovation in Pediatrics Medical
Devices (SHIP-MD) was formed as the operational arm of the
Pediatric Device Consortium to facilitate the development of
advanced technologies for children (https://c-path.org/ship-
md/). SHIP-MD will: (1) de-risk and accelerate developmental
processes, (2) stimulate investment and innovation, and (3)
establish predictable regulatory and reimbursement pathways
to make more products available for children. Connect 4
Children (c4c) is a large European network designed to facilitate
product development for children. The goal of c4c is to
establish a sustainable infrastructure to conduct multinational
clinical trials, primarily by engaging key stakeholders in the
public and private sectors (https://conect4children.org/).

NEW PARADIGMS IN NEONATAL CLINICAL TRIAL
METHODOLOGY
Improved neonatal outcome through novel therapeutics requires
smart, feasible, high-quality clinical trials. These trials need to
optimize the use of existing data sources and develop clinically
meaningful outcomes (to investigators, families, regulators) while
minimizing any potential adverse effects on neonates and their

families. A consensus for standardized clinical practices is needed
to accurately assess morbidities for neonatal conditions. Innova-
tive study protocols using adaptive, Bayesian, or platform designs
and master protocols for multi-drug and multinational studies can
reduce the number of neonates in a clinical trial. One example of
multi-stakeholder consensus is the published recommendations
for the design of therapeutic trials of drugs for neonatal seizures
[7]. This publication offered an expert opinion on the essential
components for the development of a master protocol, helping
researchers conduct more efficient studies while supporting safe,
effective, and innovative treatments for neonates. Other attempts
to increase efficiency involve the centralization of Institutional
Review Boards (IRBs). Neonatal studies involve a vulnerable
population, rare diseases, increased morbidity and mortality, and
numerous ethical issues. These trials often include time-sensitive
enrollment, complicated consent forms, long study durations
(including long-term follow-up), and complex endpoints. Multi-
center neonatal studies may be delayed by inconsistencies and
inefficiencies associated with multiple site local IRB reviews. The
NICHD neonatal research network reviewed one clinical trial and
found that 50% of IRBs approved the protocol while 50% found
major concerns regarding the comparator arm, inclusion criteria,
and consent [8]. A central IRB (cIRB) for neonatal studies would
provide a streamlined, consistent approach for review and
approval of a multicenter neonatal trial. The regulatory require-
ment for a community person on the IRB panel could include a
parent of a neonate. The FDA, NIH, Office Human Research
Protections support the use of cIRBs for multicenter studies to
improve operational efficiencies of trial conduct [9]. cIRBs also
serve to optimize trial start-up times and increase opportunities
for patients to participate in research at smaller institutions close
to their home. For example, the National Cancer Institute (NCI)-
independent central IRB (CIRB, https://www.ncicirb.org/) serves as
the IRB of record for all NCI-funded studies ensuring that clinical
trials are reviewed efficiently with the highest ethical and quality
standards to protect participants. As of January 20, 2020, studies
subject to the Revised Common Rule Cooperative Research
Provision (45 CFR 46.114(b)) must use a single IRB as required
by the terms and conditions of the award. The Central IRB is an
entity offered by some academic institutions or commercial
entities that may require a fee. The individual site IRBs would need
to rely on the Central IRB review, which is already standard with
most NIH multicenter studies.
RWD and RWE are increasingly important in drug development,

drug safety, and health care decisions, yet how these data will be
used to inform neonatal studies is not yet clear [10, 11]. RWD
specifically refers to data relating to patient health status and/or the
delivery of health care collected from a variety of sources including
EHR, claims and billing activities, product and disease registries, and
patient care data. RWE is derived from analysis of RWD and can be
generated by different study designs including prospective, retro-
spective, observational, and randomized. The FDA has issued draft
guidance for the use of RWD and RWE for drugs, biologics, and
devices (https://www.fda.gov/science-research/science-and-research-
special-topics/real-world-evidence). In 2020, the FDA funded a
pivotal neonatal project supporting the use of RWD to generate
RWE in neonates. This INC/Critical Path Institute project supports the
collection and systematic integration of global neonatal data from
EHR, national neonatal databases, and clinical trials (https://c-path.
org/fda-awards-c-path-grant-to-use-real-world-data-to-generate-real-
world-evidence-in-neonates/). These data are being deposited into a
RWD and Analytics Platform by data scientists from the Critical Path
Institute and could potentially provide a shared global data resource.
The first two projects aim to define actionable reference ranges for
common laboratory values in neonates and develop natural history
disease progression models for bronchopulmonary dysplasia (BPD).
The formation of these types of sharable data resources is critical to
therapeutic advances and medication safety assessments.

Fig. 1 Timeline of Medical Device Legislation.
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Adverse event (AE) reporting systems provide the foundation
for patient safety in clinical trials and knowledge of medication
safety. Critically ill neonates have significant rates of AEs,
morbidities, and mortality related to intensive care interventions,
prematurity, and other disease processes (e.g., birth asphyxia,
infection, congenital disorder, etc.). Neonatal trials often report a
high incidence of AEs and it can be difficult to distinguish the
effects of a clinical illness from an investigational product.
Standardization of AE data collection, reporting, and assessment
would allow for a better understanding of important medication
safety signals within this high background of AEs. International
efforts have produced standard terminology for pediatric and
neonatal AEs mapped to larger dictionaries such as the Medical
Dictionary of Regulatory Activities [12]. Recently, a Neonatal
Adverse Event Severity Scale (NAESS) was developed using a
Delphi method and may be used by clinicians, neonatal care staff,
and investigators to develop capability and consistency in
documenting the severity of many AEs routinely encountered in
the NICU [13]. Since the NAESS tool has now been independently
validated using existing clinical trials data, this approach can be
routinely incorporated into neonatal clinical trials [14]. In the
future, laboratory-based AEs will be included in the NAESS when
age-appropriate reference values become available. These efforts
to standardize AE reporting and assessment will lead to more
reliable and comparable information to improve safety evalua-
tions of drugs.
Harmonization of consent language, research design for PK/PD-

derived dosing recommendations, and clinically meaningful
endpoints will help facilitate global efforts to ensure that research
outcomes meet regulatory standards and provide meaningful
improvements in survival or functional health. Consensus
recommendations have described key elements of safety, dosing,
and pharmaceutical quality for studies of the medicinal product in
neonates [15]. This manuscript has been used by multiple
regulatory agencies worldwide to issue guidance with respect to
the conduct of neonatal clinical trials. Importantly, the age range
for neonates was clarified to include birth to 44 weeks post-
menstrual age to account for the impact of prematurity. In
addition, a Neonatal Core outcome set of 12 conditions has been
proposed as the minimum outcome measures for neonates
receiving care in high-resource settings [16]. This minimum
dataset includes key items agreed upon by previous patients,
parents, nurses, physicians, and researchers. Further details
regarding specific measurement tools and timing of measure-
ments are needed to standardize and imbed this core outcome set
into trials. Additional efforts have been focused within disease-
specific areas such as prevention/treatment of BPD/chronic
pulmonary insufficiency of prematurity [17]. This is crucial to
better understand natural disease progression, define optimal
time points for interventions, and develop clinically meaningful
endpoints. These global efforts provide the critical foundation
needed to support drug development programs and therapeutic
innovations for the neonatal population.

“TEAM SCIENCE” AND KEY STAKEHOLDER ENGAGEMENT
To accelerate high-quality neonatal trials and support drug/device
innovation, multidisciplinary teams should bring together physi-
cians, nurses, parents, researchers, sponsors, funding agencies,
regulators, advocacy groups, and biostatisticians with shared data
sources. Parents and patient advocacy groups are critical partners
in neonatal drug development from the early stages of trial design
through trial completion and the dissemination of research results
[18, 19]. Families have provided critical insight into inclusion
criteria, consent processes, outcome measures, enrollment,
participant engagement, retention, and the need for long-term
follow-up. Drug development programs that value the voice of
children and their families are more likely to succeed. The

International Children’s Advisory Network is an international
consortium working to elevate the voices of children and families
for medicine, research, and innovation. Neonatal nurses and nurse
practitioners are also critical partners in neonatal research.
Advancing neonatal therapeutics requires input from all key
stakeholders invested in improved neonatal care and outcomes.
Clinical pharmacologists provide important input into develop-

mental physiology, pharmacogenomics (e.g., response to specific
treatments), and pharmacometrics. Term and preterm neonates
represent a vulnerable sub-group of pediatric patients in whom
special attention is needed to rationalize dose selection based upon
PK/PD and safety studies in neonates. Fortunately, methodologic
advances in minimal blood sampling techniques, population PK,
and pharmacometric modeling and simulation have made this
work more feasible [20, 21]. These techniques facilitate the
quantitative evaluation of drug exposures, predict variations in
drug exposure with the maturation of organ function, and have
helped optimize treatment strategies for growing neonates. Recent
advances include the use of physiologically based modeling or
machine learning approaches to improve predicted drug exposures
in young infants of different age groups [22]. Maximizing a
multidisciplinary approach, the PTN recently used these methodol-
ogies to predict PK guided dosing of investigational treatments for
children hospitalized with COVID-19 [23].

ADVANCES IN GENETIC DIAGNOSTICS AND PRECISION
THERAPEUTICS
With advancing genetic diagnostics, more patients are diagnosed
with rare diseases at early ages and novel therapeutics targeting
specific mutations are becoming more available. Several rare
diseases are included in newborn screening programs thereby
offering very early detection. Families, advocacy groups, and rare
disease networks are partnering with industry and researchers to
promote drug and device development. Novel precision therapies
for cystic fibrosis represent an excellent example of how advocacy
and team science can lead to targeted drug development [24].
The Orphan Drug Act of 1983 gave the FDA authority to use
federal subsidies and grant protection against generic competi-
tion. Advocacy for drug reform has facilitated processes at FDA to
expedite the review of treatments for serious conditions and
thereby fill unmet medical needs [25]. This includes both financial
incentives (delaying generic competition) and specific designa-
tions including “fast track, breakthrough therapy, and accelerated
approval pathways” that allow surrogate measures of effective-
ness while waiting for more definitive research [26]. In 2018, 73%
of new drug approvals qualified for expedited review and 50% of
new drug approvals were for drugs used to treat rare diseases [27].
Recent studies have indicated that improved diagnostic technol-
ogies can be used to identify many neonatal conditions due to
rare diseases and genetic disorders [28]. These new methods
should be harnessed to introduce therapies earlier (for better
long-term outcomes) and to more rapidly advance drug develop-
ment for rare and genetic diseases in neonates.
It is clear that multiple ongoing efforts to improve neonatal

drug and device development are underway. Academic and
clinical neonatologists should join with all stakeholders and
continue to collaborate and advocate for regulatory studies to
support approval for safe and effective therapies to improve the
care of neonates globally.
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