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IMPACT:

® This is an introduction to an article series devoted to the current state and future of pediatric research.
® The role of public-private partnerships, influencing factors, challenges, and recent trends in pediatric research are described,
with emphasis on funding, drug and device development, physician-scientist training, and diversity.

® Potential solutions and advocacy opportunities are discussed.
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INTRODUCTION

Children have unique and rapidly changing physical, psychosocial,
and developmental needs. Addressing early-life diseases and
adverse childhood experiences has lifelong benefits for indivi-
duals, families and communities. This may also limit or even
prevent many chronic adult-onset diseases that originate in early
life. However, most pediatric researchers face financial, regulatory,
institutional, ethical, and career challenges (Table 1), placing
pediatric research at a distinct disadvantage compared to adult
investigations (Fig. 1).

FEDERAL RESEARCH FUNDING

Pediatric research funding from the National Institutes of Health
(NIH), the largest public funding agency worldwide, has been
historically low compared to funding for adult diseases.?
Although pediatric NIH spending has increased over time, the
purchasing power of their pediatric and perinatal research
portfolio declined by 15.9% and 12.4%, respectively from 2004
to 2015.2 Fortunately, pediatric funding has recently significantly
increased due to fiscal and legislative responsiveness requiring
NIH to report pediatric research spending annually.®> Nonetheless,
high inflation and the COVID-19 pandemic may place future
pediatric research funding at risk. Furthermore, priorities for
federal pediatric research support may need to be adjusted to
account for rapidly changing healthcare needs® and pediatric
disease burden.’

DRUG AND DEVICE DEVELOPMENT
Pediatric drug and device development continues to lag behind
programs addressing adult conditions. Industry-sponsored trials
involving children remain limited due to expected lower
profitability. Heightened regulatory, ethical, and safety standards
for clinical trials involving pregnant women and children, and
issues with obtaining parental informed consent and child
assent highlight the considerable challenges. Most pediatric
diseases are considered rare, which often results in trial
prolongation and inadequate enrollment.® Pre-clinical models
for many childhood diseases are lacking and designing pediatric
studies requires multiple stakeholders; outcome measures are
not uniformly standardized” and assessing the impact of
interventions on neurodevelopmental outcomes can require
years of follow-up. Many pediatric clinical research sites do not
enroll a single patient, often due to limitations with a highly
trained workforce. Consequently, most drugs and devices used
in children are not approved by the US Food and Drug
Administration (FDA) and approximately two-thirds of FDA-
approved drugs and biologics with indications relevant to
children are marketed for longer than 5 years without adequate
pediatric safety and efficacy labeling.® Likewise, most FDA
approvals of high-risk pediatric devices are based on adult
trials, with few children exposed to these devices before market
availability.

To address these shortcomings, several legislative and regula-
tory changes have been enacted. The Best Pharmaceuticals for
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Table 1.

Stakeholders

Pediatric patient*>>*

Regulators and the public*?>2433

trials
* Recruitment

« Ethical and safety concerns for clinical trials in
children and pregnant women

+ Liability risk

Academic institutions and pediatric
departments'"
pediatrics
1 Provider costs
* 1 Regulatory requirements
+ | Institutional funding
» 1 Consumer expectations

Influencing factors and challenges

+ Rapid growth and development

* Unique and changing healthcare needs
* Low disease frequency and burden

» Emerging diseases (e.g., COVID-19)

+ Lifelong impact of early life conditions
* Fetal origins of adult-onset diseases

« Parental reluctance to enroll children in clinical

+ Pediatric payer mix (1 Medicaid recipients)
« Institutional funds flow disadvantageous to

Current challenges and potential solutions to promote pediatric research.

Potential solutions and opportunities

» Lifelong benefit of prevention and therapy of early life
diseases

« | Chronic adult disease burden

| Healthcare costs and utilization

* 1 Workforce productivity

+ Advocacy initiatives

» Community-based participatory research and parental
engagement

* Research network organizations

+ Centralized IRB approvals

» Policies for inclusion of children in human subject
research (e.g., NIH Inclusion Across the Lifespan Policy)

» Communicating science to the public

* Aligned strategic institutional funds flow

* Institutional networks

* Incorporation of pediatric research training and funding
into departmental funding models

» Adjusted compensation benchmarks and productivity
models

» Competing institutional missions (teaching,

research, and patient care)
* Impact of COVID-19
Extramural federal funding'=>>"*

research expenditures

+ | Pediatric research career awards
+ Limited industry and foundation funding
* Increased costs of pediatric clinical trials

« High inflation
* Impact of COVID-19

Investigator' 42233

workforce
« | Physician-scientist training

+ 1 Competing responsibilities (clinic,

administration, education)

* Individual career and lifestyle choices

* 1 Educational debt

» Gender, equity and diversity challenges
+ Impact of COVID-19 on young and mid-level

investigators

Experimental and trials design’'%*?

* Prolonged observation

* Impact on neurodevelopment

« Limited federal pediatric research funding
» Unequal distribution of federal pediatric

+ Declining and aging pediatric scientist

+ Limited pediatric disease models available
« Variation in pediatric and neonatal clinical
criteria and outcome measures

» Alignment of pediatric research funding with disease
burden

* NIH reporting requirements of pediatric research
spending

* Sustained growth of pediatric and perinatal federal
research funding

» Diversification of federal funding

* Incentives and requirements for industry-sponsored
pediatric trials

* Advocacy for pediatric care and research funding

* Programs fostering inclusion of women and minorities in
research

* Integration of IMGs in the pediatric research workforce

+ Formal research training during residency and fellowship

* Institutional and national research mentorship programs

+ Student debt forgiveness

» NIH Loan Repayment Program

* 1 Early and mid-level federal pediatric research career

awards
+ Science communication training

+ Defining pediatric disease and outcome parameters
internationally

» Collaborative science

* National and international research networks

* Increased costs of pediatric clinical trials

Pediatric drug and device

developmental®'° + Lack of FDA approval

+ Lack of safety and efficacy data for children

Dissemination, data sharing and
reuse™ "

single-center)
* Many uncompleted trials

* Limited and delayed dissemination of results

The most important factors are highlighted as bold text.

+ Limited pediatric drugs and devices

+ Limited peer-reviewed publications of
pediatric RCTs and systematic reviews
* Lower quality of pediatric studies (small-scale,

« Initiatives to improve pediatric clinical trial processes and
device development

o SHIP-MD

o I-ACT for Children

o International Neonatal Consortium

o Best Pharmaceuticals for Children Act

* Post-marketing surveillance and approvals

* Reporting of clinical trial results in registries and data
repositories
+ Data sharing and reuse
* Enforcement of existing NIH and FDA policies
o NIH Policy on Data Sharing
o FDA Amendment Act
o Communicating science

I-ACT for Children Institute for Advanced Clinical Trials in Children, IMG international medical graduate, N/IH National Institutes of Health, RCT randomized
controlled trial, SHIP-MD System of Hospitals for Innovation in Pediatrics-Medical Devices.

Children Act (2002) incentivizes pharmaceutical companies to test
drugs in children by giving them an additional 6 months of market
exclusivity. The Pediatric Research Equity Act (2003) and the NIH
Inclusion Across the Lifespan Policy (2017) mandate the inclusion
of participants of all ages in human subject research. Several
public-private partnerships and other national/international
research collaborations have recently emerged, designed to
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streamline pediatric clinical trial processes and drug and device
development. These include the International Neonatal Consor-
tium (oversight by the Critical Path Institute), a global collabora-
tion that focuses on novel regulatory pathways for evaluating the
safety and effectiveness of neonatal therapies,'® the FDA-
sponsored System of Hospitals for Innovation in Pediatrics-
Medical Devices initiative to accelerate pediatric device
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Fig. 1 Factors Influencing Pediatric Health and Disease. Factors influencing pediatric research, pediatric health and disease, as well as adult

health and disease are illustrated with arrows.

development, and the Institute for Advanced Clinical Trials for
Children to facilitate multicenter studies for pediatric drug
development.

PERSPECTIVE OF ACADEMIC INSTITUTIONS

Academic medical institutions face increasing financial constraints
due to: (1) external competition, (2) expanded regulatory
requirements, (3) limited funding, (4) rising provider costs, (5)
the need to educate junior physician-scientists, (6) increased costs
of conducting high-quality research, and (7) providing medical
care to a diverse population with limited reimbursement.'’'?
Pediatric departments are especially impacted by financial
burdens due to increasing proportions of Medicaid recipients,
heightened consumer expectations and regulatory requirements,
limited NIH and industry funding, and escalating medical costs."’
These limitations can reduce support for pediatric research
infrastructure and training. New organizational and aligned
strategic funding models incorporating departmental research
support may help to overcome these challenges."" Improved
federal funding is also essential to train the pediatric physician
workforce, as requested by the American Hospital Association and
25 other healthcare organizations.'

PHYSICIAN-SCIENTIST TRAINING

Pediatric NIH funding is increasingly concentrated in relatively
few research-intensive institutions, challenging diversity in
research and further impacting the physician-scientist pipeline.
Over a 5-year period, 15 institutions received 63% of all pediatric
RO1-equivalent NIH awards.'® The majority of RO1-funded
pediatric physician-scientists were male (63.6%), full professors
(58%), and held senior leadership positions (24%). Only 15% of
pediatric RO1-awards were granted to non-professor physician-
scientists.'® Furthermore, the success rate for NICHD career
development awards has declined since 2010."* The limited
support for junior pediatric physician-scientists, compounded by
individual career choices and competing clinical responsibilities,
has created a declining and aging pediatric research workforce.
This may limit future discoveries and innovative therapies for
children.'® Several recent initiatives are now addressing this gap.
One example is the National Pediatric Physician-Scientist
Collaborative Workgroup, a collaborative of physician-scientists,
graduate medical education leaders, department chairs, and
trainees from 19 pediatric programs across the US which aims to
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strengthen the pediatric physician-scientist pipeline.'® Mentor-
ship at the institutional, regional and national level fosters
networking opportunities and support for aspiring pediatric
researchers. Another important program includes the NIH Loan
Repayment Program to recruit and retain highly qualified health
professionals into research careers. Offering early-career
formal research education during medical school and physician
training can lead to greater future academic productivity and
funding success, thus strengthening the physician-scientist
workforce."”

GENDER AND RACIAL/ETHNIC DIVERSITY

Despite comparable enrollment in medical schools, women
account for only 18% of hospital chief executive officers and
16% of all deans and department chairs in the US.'"® Women
remain in the minority as senior authors (10%) and editors-in-
chief (7%) at high-ranking medical journals.'® They also
comprise less than one-third of NIH-awardees, even though
they are as successful as men in obtaining first-time grants.'®
Factors contributing to these disparities include implicit gender
bias and institutional policies disadvantaging women. Early-
stage investigator or career development grants sponsored by
NIH or other funders are limited to scientists who finished their
training within 10 years, which disproportionately disadvantages
women.?° Race and ethnicity also impact career trajectories of
physician researchers?’ The Coalition for Pediatric Medical
Research is now addressing the need to train the next
generation of diverse pediatric researchers. Furthermore, inno-
vative solutions to integrate international medical graduates
into the research workforce in addition to increased funding for
US-trained physicians represent one strategy to address the
current physician-scientist shortage.? Finally, clinical studies
must be designed to improve the participation of under-
represented populations,?® to ensure that drugs and devices
are studied in target populations who will benefit most from
such interventions. This can be accomplished through
community-based participatory research including parental
engagement for pediatric trials.**

DISSEMINATION, DATA SHARING AND REUSE

Timely dissemination of trial results through peer-reviewed
publications, registries, and data depositories are imperative to
facilitate evidence-based care and decision-making. The FDA
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Amendments Act (2007) and the NIH require that trials are
prospectively registered in CinicalTrials.gov and that summary
results of FDA-regulated or NIH-funded interventional trials are
made available within 12 months of primary study completion.
However, only 39% of registered pediatric trials reported results in
peer-reviewed publications and 23.5% in the ClinicalTrials.gov
registry by 3 years.® Notably, 11% of trials were discontinued
early, with recruitment failure as the most common cause.”® The
NIH Policy on Data Sharing (2003) requires a data-sharing plan in
all grant applications and the International Committee of Medical
Journal Editors (LCMJE) requires a data-sharing statement.
However, less than a third of LCMJE-affiliated journals have
implemented a data-sharing policy and only a few published trials
provided individual patient data in repositories.?*?” Improved
monitoring and incentives for data sharing and timely dissemina-
tion of trial results may overcome these problems.

IMPLICATIONS FOR PATIENT OUTCOMES

High-level evidence from clinical studies remains limited for many
pediatric diseases and interventions. Most pediatric studies
registered in ClinicalTrials.gov are small-scale, single-center, and
not funded by industry or the federal government, which
translates into fewer drugs being studied over time.?® Published
pediatric studies involve significantly fewer randomized controlled
trials (RCTs), systematic reviews, and therapeutic trials compared
to adults.?® This has significant implications for child health with
preterm birth and neonatal infections remaining the leading
causes of mortality during the first month of life, accounting for
approximately half of the 2.4 million neonatal deaths annually
worldwide; there has been limited progress over the past 2
decades due in part to a lack of quality RCTs in this area.>*~>2

ADVOCACY

There remains an urgent need to communicate®® and advocate
healthcare institutions, elected officials, funders, and the public
that promoting research focused on fetal and early life has lifelong
benefits for children, adults, and society.>* The COVID-19
pandemic has proven that advances in pediatric and adult
research can be achieved expediently, especially when govern-
ments promote the development of public—private partnerships
and global collaboration. Broad support for NIH-sponsored
pediatric and perinatal research, enforcement of existing NIH
and FDA mandates related to clinical trial reporting, data sharing
and reuse, inclusion of children in clinical research, collaborative
science, and advocacy hold great promise to advance research
and benefit children and future adults.

DATA AVAILABILITY

All data pertaining to this report are contained in this special article.
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