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Purpose of review

With growing emphasis on data-driven research in pediatric oncology, particularly in the context of
advances in molecular characterization and precision medicine, there is an urgent need for comprehensive
data-sharing initiatives. This review explores how the Childhood Cancer Data Initiative (CCDI) addresses
this critical need.

Recent findings

CCDI plays a key role in enhancing pediatric cancer research by improving data integration, sharing, and
collaboration. Its Molecular Characterization Initiative advances the field by leveraging detailed molecular
data to inform clinical trials and therapeutic strategies. For small patient populations, such as those with
rhabdomyosarcoma, CCDI’s efforts in integrating data across institutions are vital for advancing risk-based
treatment strategies to achieve meaningful clinical outcomes.

Summary

CCDI’s advancements in data sharing have profound implications for both clinical practice and research.
By enabling precise diagnoses, tailoring treatments based on individual genetic profiles, and addressing
the challenges associated with small patient populations, CCDI is driving transformative changes in
pediatric oncology. Continued support and expansion of such initiatives are crucial to fully realizing their
potential in improving outcomes for children with cancer.
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INTRODUCTION

Cancers in children, adolescents, and young adults
(AYAs) represent unique challenges in oncology.
Despite the marked improvement in outcomes for
children with cancer over the past five decades,
cancer remains the leading cause of death from
disease. Also, the quality of survival for more than
30% of successfully treated children is painfully
diminished by debilitating and potentially life-
threatening persistent and/or late effects of conven-
tional treatments [1*]. While certain cancers in chil-
dren and AYAs (the patient group extending to age
39 who have been diagnosed with a pediatric can-
cer) are now curable, survival rates vary widely
depending on the specific cancer diagnosis and
extent of disease, with some cancers, including
some brain tumors and metastatic sarcomas still
having very poor prognoses [2,3]. Survivors of child-
hood and AYA cancers require long-term follow-up
care due to the risk of late effects from cancer
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treatments, which can include secondary cancers,
cardiovascular complications, and impaired growth
and development [4].

Causes of childhood cancers are multifaceted,
involving both genetic and environmental factors.
Approximately 8-10% of childhood cancers are
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KEY POINTS

e The Childhood Cancer Data Initiative (CCDI) is
addressing the urgent need for comprehensive data-
sharing in pediatric oncology.

e CCDI is building a robust data infrastructure, the CCDI
Data Ecosystem, which promotes data integration,
sharing, and collaboration across the
research community.

o CCDI’s Molecular Characterization Initiative leverages
detailed molecular data to define potentially druggable
targets and inform clinical trials and precision
medicine strafegies.

o CCDI is driving transformative changes in pediatric
oncology by addressing the challenges associated with
the unique biology of pediatric cancers and small
patient populations.

linked to inherited genetic mutations, such as those
seen in retinoblastoma and other familial cancer
syndromes [S]. Environmental exposures may also
contribute, but identifying specific environmental
causes is challenging due to the rarity and complex-
ity of these cancers in contrast to the known asso-
ciation of lifestyle-linked exposures and association
with many adult cancers [6%,7]. Lack of full under-
standing of risk factors for children with cancer,
other than known genetic predisposition syn-
dromes, makes both screening and prevention strat-
egies difficult to develop. Screening and prevention
have had a substantial impact on reducing adult
cancer incidence and mortality given the well docu-
mented, over many years, association between cez-
tain lifestyle-linked exposures and risk of many
common adult cancers [8].

Despite the very collaborative nature of pedia-
tric oncology research, data from clinical trials have
not been easily or timely accessible for secondary
research purposes. Several reports highlight the crit-
ical need for ‘big data’ and improved opportunities
for broader access to data for new analyses, which
could lead to significant discoveries in pediatric
healthcare, particularly in cancer [9,10"-12%,13,14].

A specific call for the sharing of genomic data
from children with cancer has been made to
decrease the global burden of cancer [15]. The Child-
hood Cancer Data Initiative (CCDI) is a significant
effort aimed at addressing this need [16%,17"]. By
facilitating the sharing and harmonization of
genomic data, CCDI seeks to accelerate research
and improve clinical outcomes for pediatric cancer
patients. This initiative is critical to advancing our
understanding of pediatric cancers, identifying
new therapeutic targets, and ultimately improving

1040-8703

patient care. Through the CCDI Data Ecosystem, we
can make substantial progress toward these goals,
highlighting the need for continued support and
innovation. This overview underscores the impor-
tance of ongoing investment in pediatric oncology
research and clinical care to achieve better outcomes
and enhance the quality of life for children and
AYAs affected by cancer.

NAVIGATING CHALLENGES: SMALL
PATIENT POPULATIONS IN PEDIATRIC
CANCER RESEARCH

A significant challenge in pediatric cancer research is
the relatively small patient population, which pro-
foundly impacts clinical trials and treatment, partic-
ularly new drug development. Rhabdomyosarcoma,
affecting approximately 400 patients annually in the
United States, exemplifies this issue [18,197]. Patients
are subclassified now based on factors like stage,
extent of disease, primary tumor site, and molecular
characteristics, necessitating high participation rates
in clinical trials for timely meaningful results [20].
This requirement mandates multiinstitutional col-
laborations, often extending across continents. The
small patient population also means there is no free-
market incentive for conducting or supporting the
infrastructure for clinical trials designed to demon-
strate the safety and effectiveness of new drugs,
which could lead to regulatory approval [21].

The Research to Accelerate Cures and Equity
(RACE) for Children Act addresses several challenges
in pediatric cancer drug development. It mandates
that new adult cancer drugs be evaluated in children
earlier in development when the drug’'s molecular
target may be relevant to one or more pediatric
cancers. This legislation ensures that promising
therapies developed for adults are also considered
for children when appropriate, helping to bridge
the gap between adult and pediatric cancer research.
By requiring pharmaceutical companies to include
preliminary pediatric assessments early in their drug
development process, the RACE Act supports trans-
lational and clinical investigators in exploring new
treatment strategies for pediatric cancers [22]. This
complements the National Cancer Institute (NCI)’s
efforts to advance research and improve patient out-
comes, even in areas with limited market incentives.

GENETIC MUTATIONS AND
ABNORMALITIES IN PEDIATRIC CANCERS

A critical advancement in modern oncology is the
rise of precision medicine, made possible by molec-
ular characterization of tumors at diagnosis and
relapse to identify somatic aberrations when
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compared to germline, which has led to the develop-
ment of numerous molecularly targeted agents
[23,24]. The widespread application of molecular
characterization as part of routine diagnostic eval-
uation of cancers in children has been delayed,
causing subsequent delays in precision medicine
approaches for children with cancer.

However, research teams globally have made
significant strides over the past decade in uncover-
ing the genomic landscapes of childhood cancers
that may contribute to causation, influence disease
progression, and impact treatment outcomes [25"].
Initially hopeful that actionable oncogenes like acti-
vated tyrosine kinases would be prevalent, it is now
evident that childhood cancer genomics are diverse
and often distinct from adult cancers. Key genomic
abnormalities, such as NPM-ALK fusions in anaplas-
tic large cell lymphoma and BRAF alterations in
pediatric low-grade gliomas, have provided imme-
diate therapeutic insights [26].

Integrating molecular insights into clinical prac-
tice aims to tailor treatments based on individual
genomic profiles, improving long-term outcomes
for pediatric cancer patients [5,25"%,27]. Continued
research is essential to further elucidate the molec-
ular mechanisms underlying childhood cancers and
develop innovative therapeutic strategies directed at
improving efficacy while minimizing long-term
adverse effects.

BUILDING A COLLABORATIVE
COMMUNITY FOR ADVANCING
CHILDHOOD CANCER RESEARCH

CCDlis an NCl initiative supported by a $50 million
special Congressional appropriation passed in 2020,
with an additional $50 million proposed each fiscal
year for a total of 10 years. These funds allow NCI to
build a community centered around childhood can-
cer care and research data. This funding supports a
variety of projects to advance pediatric cancer
research. It includes strategic investments in molec-
ular and germline characterization of tumors,
including rare cancers, as well as the development
of preclinical models like patient-derived xenografts
and organoids for use in translational medicine. The
funding also facilitates data sharing and collabora-
tion by integrating clinical, research, and registry
data, employing federated data models, and provid-
ing visualization tools to enhance data accessibility
and utility.

As part of CCDI'’s goals, comprehensive-omics
characterization will offer a unique opportunity to
understand the genomic landscapes of a diverse
representation of cancers, creating a high-value
resource for the cancer research community.
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CHILDHOOD CANCER DATA INITIATIVE'S
MOLECULAR CHARACTERIZATION
INITIATIVE: A FLAGSHIP PROGRAM IN
COLLABORATION WITH THE CHILDREN'S
ONCOLOGY GROUP

Children and AYAs with cancer are typically treated
at specialized children’s cancer centers, where mul-
tidisciplinary teams provide comprehensive care
tailored to young patients’ unique needs. These
centers often participate in clinical trials through
networks like the Children’s Oncology Group
(COQG), facilitating access to cutting-edge treat-
ments and improving outcomes through evi-
dence-based research. COG, a component of NCI's
National Clinical Trials Network (NCTN), operates
across more than 200 sites in North America, Aus-
tralia, and New Zealand. Annually, COG enrolls over
10000 patients into research protocols, encompass-
ing both first-line clinical trials and myriad non-
therapeutic studies, including epidemiological
studies. The NCTN Operations, Biopathology Cen-
ter, and Statistical Data Management Core are col-
laborating to execute these protocols and several
other clinical trials. Specimens from NCI-sponsored,
phase 3 clinical trials are available through the
NCTN Navigator online request system. Other
NClI-supported specimens from earlier-phase COG
clinical trials and other COG research protocols are
available through a ‘direct-to-COG’ request process.

CCDl is sponsoring the Molecular Characteriza-
tion Initiative (MCI), a program that currently char-
acterizes molecular features of central nervous
system (CNS) tumors, soft tissue sarcomas, rare can-
cers, and high-risk neuroblastoma (NBL) in pediatric
and AYA patients. The goal of this initiative is to
enhance understanding of genetic factors in pedia-
tric cancers and to provide timely, clinically relevant
findings at no cost to patients and families, aiding in
treatment decisions. Nearly 66% of participants
were diagnosed with CNS tumors, 20% with soft
tissue sarcomas, 9% with rare tumors, 4% NBL, and
1% other tumor types. So far, nearly 4500 partic-
ipants have been enrolled.

MCI currently uses COG’s Project:EveryChild
(APEC14B1) protocol for enrolling participants, col-
lecting specimens, and annotating clinical informa-
tion. APEC14B1 serves as a comprehensive study
encompassing registry, eligibility screening, molec-
ular characterization, biology, and outcome assess-
ment for childhood cancer. This will also determine
eligibility for COG clinical trials. The Childhood
Cancer Survivorship, Treatment, Access, and
Research (STAR) Act aims to advance research
through support of biorepositories and research in
cancer survivorship. STAR Act funding supports the
critical infrastructure and resources necessary for
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MCI, including acquisition and management of
biospecimens and ensuring timely processing for
nucleic acid extraction, distribution of samples,
and residual material banking.

MCI supports the tests which are conducted in a
Clinical Laboratory Improvement Amendments
(CLIA)-certified environment that allows for return
of results to physicians, and patients, namely,
enhanced paired tumor-normal exome sequencing,
a targeted RNA solid tumor fusion assay (Archer
FUSIONPlex Pan Solid Tumor panel), and a DNA-
based methylation array assay for CNS tumor clas-
sification. Results from these tests are returned
within 21days of receipt of all required materials
at Nationwide Children’s Hospital’s Steve and Cindy
Rasmussen Institute for Genomic Medicine, and the
Biopathology Center. Separately, molecular charac-
terization data and deidentified clinical reports are
submitted to the CCDI Data Ecosystem, along with
additional data encompassing demographics, diag-
nosis, treatment, and follow-up directly from COG.
See the instructions on how to access MCI data
(accession number phs002790). For a preview of
MCI data prior to going through the data author-
ization process, visit MCI’s page in the CCDI Child-
hood Cancer Data Catalog.

FOSTERING DIVERSITY AND EQUITY IN
PEDIATRIC, ADOLESCENT, AND YOUNG
ADULT CANCER RESEARCH

CCDI is committed to enhancing diversity and
equity by extending MCI to non-COG sites and will
do so, in part, through the Coordinated Pediatric,
Adolescent, and Young Adult Rare Cancer Initiative
(CPAYARCI). This initiative focuses on pediatric and
AYA patients with very rare cancers, excluding com-
mon adult cancers not typically found in children.
This is an observational study aimed at collecting
structured and real-world data, building a registry
using standardized clinical and genomic data to
identify genomic vulnerabilities that might inform
drug discovery and development and future inter-
ventional trials, and potentially serving as a source
for fit for purpose real-world data the construction
of external controls.

By including non-COG sites, CCDI seeks to
ensure a more diverse and representative sample
of pediatric and AYA cancer patients. This expan-
sion addresses disparities in cancer research and
treatment, ultimately leading to better outcomes
for all patients. NCI's National Community Oncol-
ogy Research Program also helps expand MCI's
reach by enrolling patients in rural areas with lim-
ited access to COG institutions and in areas with
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large minority populations. CPAYARCI will further
expand MCI'’s reach to the young adult population
(up to age 39).

CHILDHOOD CANCER DATA INITIATIVE
ECOSYSTEM: ADVANCING PEDIATRIC
CANCER RESEARCH THROUGH DATA
INTEGRATION, VISUALIZATION, AND
ACCESSIBILITY

The CCDI Data Ecosystem is a network of tools and
resources designed to integrate and harmonize
data from clinical, research, and registry sources.
Its primary goal is to enhance data collection,
sharing, and analysis by consolidating disparate
data repositories, ultimately aiming to improve
patient outcomes.

DATA INTEGRATION AND
HARMONIZATION

Harmonization will enhance the utility of CCDI
data by providing standardized outputs, eliminating
the need for users to independently download and
process large, raw genomic files. This will enable
high-throughput and scalable analyses, driving cost
savings and increasing research efficiency. Research-
ers will benefit from immediate access to well cura-
ted, annotated data, allowing for cohesive
integration and data analysis from diverse sources
without extensive preprocessing. Comprehensive
data harmonization could foster a collaborative
research environment that accelerates scientific
breakthroughs in pediatric oncology.

The CCDI Data Ecosystem includes data from
multiple NCI pediatric programs, each potentially
using different protocols and platforms. Genomic
data collected from these projects are stored as static
files within NCI's Cancer Research Data Commons.
Due to the diverse origins and formats of these data,
integrating these data sets presents challenges and
requires postharmonization to ensure consistency,
accuracy, and interoperability. Initial efforts have
focused on collecting data and carefully curating
and harmonizing descriptive metadata, including
demographic and clinical phenotypic information.
The harmonized clinical data are available through
the Childhood Cancer Clinical Data Commons.
CCDI will focus on harmonizing genomic data to
align with common standards and making the uni-
fied data set accessible via visualization tools (Fig. 1).
Aligning data processing pipelines and implement-
ing quality control measures could significantly
improve the reliability of genomic data analysis
and interpretation.
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FIGURE 1. CCDI Data Ecosystem Data Integration, Harmonization, Visualization & Analysis. The figure is a high-level
illustration of how CCDI data are harmonized and made available for analysis and visualization through tools like cBioPortal.

DATA VISUALIZATION AND
ACCESSIBILITY

Genomic data visualization tools are essential for
both basic scientists and clinicians. For basic science
researchers, these tools facilitate the exploration of
genetic variations, gene expression patterns, and
genomic structures, aiding in the discovery of new
genes and pathways relevant to specific diseases. For
clinicians, visualizing genomic data in a clear and
interactive manner enhances their understanding of
underlying genetic factors contributing to a
patient’s condition, leading to more accurate diag-
noses and tailored treatment plans.

To support these needs, CCDI is developing a
data visualization capability using cBioPortal. This
open-source platform is designed for the interactive
exploration of multidimensional cancer genomics
data sets. cBioPortal aims to simplify access to com-
plex genomic data for cancer researchers by provid-
ing intuitive, easy access to molecular profiles and
clinical attributes from large-scale cancer genomics
projects. Users can explore specific genes or path-
ways across various cancer types, including querying
mutations, copy number alterations, mRNA expres-
sion, and clinical data. CCDI plans to establish a
bespoke instance of cBioPortal, ensuring seamless
integration of harmonized CCDI data and compat-
ibility with CCDI standards, particularly for clinical
data. This tailored instance will further enhance the
accessibility and utility of the data, supporting the
broader goals of the initiative.

CHALLENGES AND FUTURE DIRECTIONS

Retrospective harmonization presents significant
challenges compared to prospective efforts, due to
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the complexity of aligning data sets across different
versions. For example, primary DNA sequence data
from various projects exist in different forms, such
as unaligned reads or reads aligned to different
genome reference standards. Setting standards and
providing clear guidelines for harmonizing CCDI
data is a crucial milestone, as it establishes a robust
foundation for future efforts.

CONCLUSION

CCDI’s efforts aim to create unified, high-quality
federated data sets that integrate clinical, genomic,
transcriptomic, and epigenomic data from multiple
pediatric cancer projects. Given the rarity of child-
hood cancer, the ability to analyze large, harmon-
ized data sets is crucial for significant discoveries to
drive advancements in the field and beyond. The
long-term vision is to enhance data sharing, acces-
sibility, and usability in a way that is most broadly
beneficial. CCDI could serve as an example for how
the larger adult research and participant commun-
ities can maximize their data value to benefit cancer
research. By harmonizing diverse data types into a
consistent and compatible format, the CCDI Data
Ecosystem facilitates research that can uncover new
disease mechanisms, identify genetic markers of
cancer predisposition and molecular vulnerabilities
to support targeted drug development, and predict
patient outcomes.
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