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Summary

Nine-year-old brain tumor patient Gabriella Miller challenged members of Congress to “stop talking and start doing” when providing
federal funding for research into cures for pediatric cancer and congenital anomalies. Though she ultimately lost her life to that cancer,
her advocacy efforts resulted in the 2014 Gabriella Miller Kids First Research Act, launching the Gabriella Miller Kids First Pediatric
Research Program at the National Institutes of Health (NIH). The overarching goal of the Gabriella Miller Kids First Pediatric Research
Program is to help researchers uncover new insights into the biology of childhood cancer and congenital anomalies. Following the
signing of the Gabriella Miller Kids First Research Act 2.0 in January 2025, the program has been extended at NIH through 2028 to
advance the groundwork laid in the program’s first ten years. The Gabriella Miller Kids First Data Resource Center has since honored
her legacy by building a comprehensive data resource for genomic research into pediatric conditions. Data from more than 30,000
participants annotated with demographic and clinical information related to their diagnoses have been released for secondary research
and analysis using the center’s web-based platforms. This paper analyzes the outcomes of the initiative and highlights breakthroughs
made by the larger research community resulting from the availability of this data resource. We explore the future expansion of the
data resource to include new modalities and tools for supporting life-saving research for children like Gabriella Miller.

Introduction

Pediatric cancer and congenital anomalies are the two
leading causes of death by disease in children up to age
14.' Only 1% of cancer cases in the United States occur
in people younger than 20 years old, making pediatric
cancer much rarer than cancer in adults.” Pediatric cancers

mutations playing a smaller role and germline mutations
in cancer predisposition genes playing a larger role
compared to adult cancers. It is hypothesized that these
differences are due to the embryonic origin of many pedi-
atric cancers, with their genetic causes lying in the dysre-
gulation of developmental pathways.”

Congenital anomalies, sometimes called structural birth

differ from adult cancers at the genetic level, with somatic  defects, are more common than pediatric cancer,
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estimated to affect 3% of births in the United States.* The
most prevalent congenital anomalies include heart defects
such as pulmonary valve atresia and stenosis, trisomy 21,
cleft lip with and without cleft palate, and clubfoot.”
Congenital anomalies are the leading cause of death in in-
fants less than 1 year old and decrease the quality of life in
both the children diagnosed with them and their parents
and caretakers."®’ The genetic causes of congenital
anomalies are as multiform as the conditions themselves,
with studies identifying many different genes associated
with conditions such as orofacial clefts and congenital
diaphragmatic hernia.®”’

Pediatric cancer and congenital anomalies are linked,
with several studies indicating that people born with a
congenital anomaly are more likely to be diagnosed with
cancer as children and adults.'”"'? Continued research
into the identification of the shared genetic pathways of
these conditions is essential for the development of ther-
apies for the children who receive these life-changing
diagnoses.

Gabriella Miller was one of these children. Nine-year-
old Gabriella was diagnosed in 2012 with diffuse intrinsic
pontine glioma (DIPG), an aggressive type of pediatric
brain tumor with a median overall survival of 11.2 months
following diagnosis despite decades of research.'*'* Ga-
briella became an outspoken advocate for fellow pediatric
patients with cancer while receiving treatment, starting
her own research foundation and challenging the mem-
bers of the United States Congress to “stop talking and
start doing” for pediatric cancer research by increasing
federal funding for diseases such as DIPG.

Although Gabriella Miller passed away less than a year
after her diagnosis, her advocacy efforts resulted in the
signing of the Gabriella Miller Kids First Research Act in
2014, which allocated $126 million over 10 years for pedi-
atric research. In the decade since, the Gabriella Miller
Kids First Data Resource Center (Kids First DRC) has
worked to honor Gabriella’s legacy as a collaborative pedi-
atric research effort to understand the genetic causes of
and links between childhood cancer and congenital
anomalies.

The goal of this perspective is to highlight the successes,
challenges, and limitations of building such a data
resource. Clinical, phenotypic, or biospecimen informa-
tion for 38,180 participants has been publicly released as
of the end of 2025. Of this information, genomic data
are available for 30,854 participants, all hosted on cloud-
based platforms to support analysis for authorized re-
searchers. Here, we describe how genomic files are gener-
ated and processed from patient-consented samples, are
associated with clinical metadata, and are made available
via our cloud-based infrastructure. We also describe some
of the program’s unique features, place Kids First in
context with other large genomics consortia, and present
a summary analysis of the peer-reviewed publications us-
ing Kids First data. We conclude with a look to our future
on how we improve upon what we have built and how we

can connect these basic science discoveries to impacts in
the clinic.

Our datasets

The Kids First DRC curates and harmonizes multimodal
data (clinical, genomics, and transcriptomics) from
selected research studies into a single data resource across
pediatric conditions. Each study originates as an indepen-
dent research project focused on a specific condition or a
set of related conditions (Figure 1). Investigators leading
these projects with participants who have consented to
allow broad research use of their deidentified genomic
data can apply to the National Institutes of Health (NIH)
for sequencing support through the X01 resource access
program.

Genomic and other omics data files are processed using
a core set of bioinformatics pipelines. By running each
Kids First study through the same bioinformatic pipelines,
the output files are rendered functionally equivalent and
suitable for combined, cross-study analysis within the pro-
gram. Kids First’s structure of individual cohorts of
research participants harmonized together for combined
analysis is similar to other large-scale publicly funded hu-
man genomics research data platforms, such as the Na-
tional Cancer Institute (NCI)’s Genomic Data Commons
(GDC)'® and Therapeutically Applicable Research to
Generate Effective Treatments (TARGET) programs.'®
Kids First built upon some of the successes of TARGET
and shares similarities with the older program, including
the release of multiple output formats from standardized
bioinformatic workflows. Kids First has an expanded
scope compared to TARGET, including congenital anom-
aly studies and genomic data from unaffected family
members, which can be used for trio-based de novo variant
identification.

Each genomic file is accompanied by a collection of
metadata information about its associated participant(s)
and biospecimen(s). Clinical data fields are received
from the original investigator and harmonized for cross-
study search and cohort development using two ontol-
ogies to describe participants’ clinical conditions: the Hu-
man Phenotype Ontology (HPO) for phenotypes'’ and
the MONDO Disease Ontology for diseases.'® Each of
these ontologies is organized hierarchically, where specific
conditions are nested within broader conditions, enabling
searching at multiple levels for combining cohorts of pa-
tients across studies.

Currently, there are 36 Kids First studies available for
research use, representing data from more than 30,000
participants, each of which can be explored on the Kids
First Data Resource Portal (see our integrated platforms).
Summary-level information about the participants in the
Kids First Portal with either whole-genome sequencing
(WGS) or RNA sequencing (RNA-seq) data files is pre-
sented in Table 1. The Kids First DRC shares self-identified
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Figure 1. Disease areas of interest of the Gabriella Miller Kids First Data Resource Center

Kids First datasets are organized into studies based on conditions of interest from the submitting principal investigators. While struc-
tured in this manner, individual patients may also have conditions outside their study’s original area of interest. For example, a partic-
ipant enrolled in the congenital diaphragmatic hernia study may also have heart or kidney defects. The Kids First Portal’s ontology
search tools allow secondary investigators to query and identify participants of interest for their own research projects.
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Table 1. Self-reported participant demographics of the 36 studies on the Kids First Portal

Total participants on the Kids First Portal

with WGS or RNA data 30,854
Sex

Male 16,042
Female 14,472
Not available 340
Race

White 17,497
Asian 3,037
Black or African American 1,847
More than one race 1,580
American Indian or Alaska Native 84
Native Hawaiian or other Pacific Islander 36
Not available 6,773
Ethnicity

Hispanic or Latino 3,834
Not Hispanic or Latino 19,238
Not available 7,782
Clinical

Participants who are study probands 15,100
Participants with at least one HPO term 14,409
Participants with at least one MONDO term 14,114
Genomic

Participants with WGS germline data 30,473
available

Participants with WGS somatic data 3,240
available

Participants with RNA-seq data available 4,090
Participants with long-read sequencing data 88
available

Participants with registered-tier data 4,794

available

race and ethnicity as provided by the participants and
does not carry out its own genetic ancestry testing. Of
the participants with genomic data for whom race and
ethnicity data are available, large majorities of partici-
pants identify themselves as White (72.7%) and not His-
panic or Latino (83.3%), though some individual studies
have higher proportions of minority groups, such as
Kids First: Orofacial Clefts in African and Asian Ancestry
and Kids First: Genetics of Microtia in Hispanic
Populations.

Genomic data files on the Kids First Portal are released
under one of two tiers. Register-tier files, such as somatic
variants and gene expression counts, are accessible to re-
searchers who register for the portal, with no additional
permissions required. Controlled-tier files, such as aligned

reads and germline variants, represent more sensitive data
and can only be accessed by a user who is approved by the
Kids First Data Access Committee (DAC) through the Na-
tional Center for Biotechnology Information (NCBI)’s
Database of Genotypes and Phenotypes (dbGaP) Autho-
rized Access System.'?

Advances in sequencing technology, software, and
genome annotations have all challenged the Kids First
DRC to maintain high-quality datasets that are relevant
to today’s scientific community. With each new version
of a bioinformatic tool, the Kids First DRC must weigh
the benefits of any improvements against the costs associ-
ated with rerunning and updating existing data. The Kids
First DRC has also provided annotations from databases
such as ClinVar”’ and scores from the Combined
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Figure 2. Platforms of the Kids First Data Resource

The Kids First Data Resource Center supports three major platforms for data discovery and analysis. Users typically start their workflow
on the Kids First Portal and search for participants of interest using the data exploration filtering tool. From there, users can push data
files to CAVATICA for cloud-based analysis and collaboration. Users can also analyze somatic data in the PedcBioPortal, where they can
look for correlations between clinical and genomic features within Kids First’s cancer studies.

Annotation Dependent Depletion (CADD)*' tool within
its variant files, helping to support rapid variant discovery
by users. These annotations go stale as new versions of
annotation databases are released. One solution to ad-
dressing this issue is to support variant exploration and
annotation with user-friendly tooling in our cloud-based
platforms, as described in the following section.

Kids First has expanded into other modalities
beyond short-read sequencing. Proteomics data from
three Kids First studies are available via NCI’s Clinical Pro-
teomic Tumor Analysis Consortium (CPTAC)’s Data Por-
tal.”> The proteomic samples are paired with short-read
samples for combined, multimodal analyses. Long-read
sequencing technologies from the Pacific Biosciences
(PacBio) and Oxford Nanopore Technologies (ONT) plat-
forms outperform short-read methods in structural
variant detection and tandem repeat expansion, as re-
viewed in the context of rare disease”” and cancer.”* The
Kids First Program has selected ten cohorts for long-read
sequencing across both platforms, three of which are
available on the Kids First Portal today.

A limitation of Kids First clinical data is that they only
represent a snapshot of an individual’s condition at the
time each study is awarded. Because Kids First studies orig-
inate from different institutions and are organized by
different investigators, the quality and depth of pheno-
typing vary from study to study. Each study typically
has detailed phenotype information on its condition of
focus but may not be as deep in others. For example, the

Kids First: Congenital Heart Defect study has very specific
cardiac phenotypes of its participants, while a participant
in a cranial development study might only be described as
having a “heart defect” without further detail. This un-
even phenotyping can make it difficult to build a cohort
of participants from multiple studies for a combined anal-
ysis. Furthermore, Kids First does not have a mechanism
to update clinical data records longitudinally to track par-
ticipants’ health and change their records after their study
has been released on the Kids First Portal. Because partici-
pants are consented under different protocols at different
hospitals by different research groups, follow-ups led by
the Kids First DRC are not possible, and clinical data up-
dates are much more limited than they are in similar pro-
grams such as St. Jude Cloud and All of Us (described
further in our data resource).

Our integrated platforms

Beyond the production of high-quality clinical and
genomic datasets, the Kids First DRC is responsible for
building and maintaining the technical infrastructure
required to make these data available to approved users
around the world. We support three integrated platforms:
the Kids First Data Resource Portal, CAVATICA, and
PedcBioPortal (Figure 2). Each of these is powered by
cloud-based computing technologies equipped to address
the challenges of operating a data commons, such as
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managing petabytes of data and authenticating data ac-
cess to users worldwide with reduced data duplication.”®

Cloud computing adheres to the NIH requirement for
data to be consistent with the FAIR (findable, accessible,
interoperable, and reusable) data principles.”® As a pub-
licly funded data resource, the Kids First DRC’s platforms
are built according to the FAIR principles and focused on
making data “FAIR” for all users.”**’

The Kids First Data Resource Portal (https://portal.
kidsfirstdrc.org; Kids First Portal) is the main platform
through which users can discover and access Kids First
data. The portal’s data exploration tool allows users to
apply data filters to identify cohorts of participants,
biospecimens, or genomic files of interest. Files within
a cohort that have been selected by a user on the Kids
First Portal can be pushed to a private workspace
on CAVATICA (https://cavatica.sbgenomics.com), Kids
First’s cloud-based analysis platform built by Seven
Bridges Genomics (a Velsera company). CAVATICA offers
a repository of publicly available bioinformatic workflows
suitable for data analysis, maintained by the Velsera and
Kids First DRC teams. Experienced users can build their
own apps and bring their own pipelines into the
CAVATICA environment to run custom analyses. The
CAVATICA Data Studio feature offers interactive access
to private files in the project, allowing additional analysis
through either RStudio or Python-based Jupyter Note-
book environments.

PedcBioPortal (https://pedcbioportal.kidsfirstdrc.org) is
an installation of the cBioPortal for Cancer Genomics,>®>’
which enables analysis of somatic data from Kids First’s
cancer studies using a point-and-click interface. Users
can group participants based on clinical features or so-
matic variants before comparing patient outcomes and
identifying correlated genomic features. Because partici-
pant and biospecimen IDs are consistent across all Kids
First platforms, information from one can be used to con-
nect to the others. For example, users can define cohorts of
participants based on somatic variants in PedcBioPortal,
identify germline files associated with those participants
in the Kids First Portal, and push those files to
CAVATICA for further analysis.

All Kids First DRC platforms are built atop an Amazon
Web Services (AWS) cloud-based infrastructure, with pub-
licly available tooling in GitHub (https://github.com/
kids-first). CAVATICA also supports Google and Azure
workspaces for analysis. By avoiding a locally managed
deployment of web services hosted at a member institu-
tion, the Kids First DRC has largely benefited from the
commonly cited advantages of working in the cloud,
including scalable storage, collaborative development
across international institutions, and portable workflows
to support users.>>*%3!

While the cloud-based design of the Kids First DRC’s
infrastructure allows the data resource to grow easily,
some challenges still emerge. Being built atop scalable
cloud infrastructure requires more careful management

of billing and costs than a system operating locally. We
partnered with the NIH Science and Technology Research
Infrastructure for Discovery, Experimentation, and Sus-
tainability (STRIDES) Initiative to support the manage-
ment of cloud costs. Additional challenges arise when
we need to move the cloud locations of portions of the
data resource. This occurred recently with a data migra-
tion from storage buckets managed by the Kids First
DRC to a new set managed by NCI. It also occurred on
the platform level when we changed the underlying infra-
structure to draw from a new Fast Healthcare Interopera-
bility Resources (FHIR)-based standard*? in place of our
original data model. We address such challenges by
leveraging APIs that facilitate the exchange of data from
multiple locations, which coalesce into a final, produc-
tion-level layer that users access via the interface on our
platforms. These production-level data remain un-
changed, while the source of the underlying data is
updated without disrupting the user experience.

Our data resource

The intersection of Kids First’s genomic datasets and
cloud-based platforms results in the Kids First Data
Resource, empowering discoveries in pediatric cancer
and congenital anomalies. The Kids First DRC has worked
to build tools to quickly search for variants of interest
within the Kids First datasets on our platforms that are
accessible to biomedical researchers of all types, including
those with limited computational biology expertise.

The Variant Explorer on the Kids First Portal allows re-
searchers to query for variants of interest using a point-
and-click interface within their browser. After providing
a list of genes of interest, the Variant Explorer quickly re-
turns a table of variants in those genes identified within
samples from Kids First participants. Further context
about the variants is also provided, including gnomAD
allele frequencies (v.3.1.2),”* annotations from the
ClinVar database,”” and scores from tools such as the
Variant Effect Predictor (VEP)** and CADD.?! Because
Variant Explorer does not allow the direct identification
of the individual participants with those variants, the
Kids First DRC can make Variant Explorer usable by
anyone who logs into the Kids First Portal, without any
additional data access requirements, making Variant Ex-
plorer a useful tool for rapid searches to identify studies
to apply for full access for further investigation.

The Variant Workbench on CAVATICA is a more power-
ful alternative to Variant Explorer. Variant Workbench is a
Jupyter notebook tool within CAVATICA’s interactive
Data Studio environment that allows users to query Kids
First variant data and annotation tools using PySpark
SQL. This environment combines Kids First genetic and
clinical data for more advanced queries, connecting the
same variant annotations described above with the partic-
ipants themselves and the health conditions they were
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diagnosed with. Because it allows direct identification of
individual participants’ germline variants, Variant Work-
bench requires prior access approval for the underlying
datasets via dbGaP to utilize these advanced features.

The Kids First Data Resource shares similarities with the
St. Jude’s Cloud Genomics Platform.*>> Both are large
cloud-based repositories with genomic data from thou-
sands of patients connected to analysis platforms for
research and visualization. The St. Jude’s Cloud features
datasets from pediatric cancers, though it does not have
the same amount of data from children with congenital
anomalies. The St. Jude’s Cloud does have longitudinal
cancer survivorship data, which exceeds Kids First’s cur-
rent capabilities for following up with participants and
presenting up-to-date clinical outcomes. Beyond the data-
sets, the policy and governance of the two resources are
quite different. As a publicly funded data resource, access
to Kids First’s controlled-tier data is mediated by the
Kids First DAC via dbGaP, not the individual hospitals at
which Kids First participants enrolled in their respective
studies.

The Kids First Data Resource is also compared to All of
Us, another NIH-funded program that integrates clinical
and genomic data for large-scale analyses.*® All of Us is a
much larger program, primarily focused on human health
in unrelated adults. Kids First shares genomic data from
probands as well as affected and unaffected family mem-
bers but does not capture environmental and exposure
data at the scale of All of Us. Kids First and All of Us
have similar data modalities, including short-read WGS
and long-read data that could be compatible for cross-pro-
gram analysis. The All of Us limitation on bringing
participant-level data out of their Researcher Workbench
contrasts with Kids First, which is more broadly interoper-
able beyond the platforms we directly support. All of Us
governance also differs from Kids First; because All of Us
directly recruits and consents participants, they can
draw from electronic health records and recontact partic-
ipants about data they self-report. Kids First is a harmo-
nized collection of participants enrolled in different
studies at different institutions. Kids First clinical data
are submitted by researchers running each trial, which al-
lows for an additional level of curation but makes the
collection and processing of subsequent clinical events
on the Kids First Portal more challenging. The Kids First
DRC is interested in incorporating new tooling that can
unlock longitudinal updates and the introduction of
new data elements for the community to research (see
our future).

The Kids First Data Resource combines pediatric cancer
and congenital anomaly cohorts into one harmonized
collection of data for cross-study genetic discoveries. The
trio-based structure of most anomaly studies allows for
de novo and inherited variant analysis within individual
families, with tumor-normal pairs allowing for somatic
mutation identification within cancer cases. All of these
are directly interoperable with other large publicly funded

consortia. As members of the NIH’s Common Fund Data
Ecosystem (CFDE),*” the Kids First DRC collaborated
with the Genotype-Tissue Expression (GTEx) Program®®
to make our transcriptomic datasets functionally equiva-
lent, enabling researchers to combine Kids First DRC
expression data with tissue-specific controls from GTEx.
The Kids First DRC’s cloud-based data resource allows us
to efficiently partner with other large-scale cloud-based
research efforts. As members of the NIH Cloud Platform
Interoperability Program (NCPI),*” we have enabled Kids
First data to be analyzed on other bioinformatic workspa-
ces not directly managed by Kids First DRC staff members,
such as the Broad Institute’s Terra platform.*” Likewise, we
have enabled users to be able to bring cloud-based data
from outside Kids First into CAVATICA, such as dbGaP,"”
the NCI Cancer Genomics Cloud,'® the NHLBI’s BioData
Catalyst,*! and the INCLUDE (investigation of co-occur-
ring conditions across the lifespan to understand
Down Syndrome) Data Hub.*” Connecting these plat-
forms allows for seamless interoperability of data, empow-
ering users to more easily combine datasets and make
their own choices about where they carry out their
analyses.

The Kids First DRC supports researchers looking to learn
more about the platforms and how to use them in research
projects, with documentation and videos outlining major
Portal functions available online within the Kids First DRC
Help Center (https://kidsfirstdrc.org/help-center). The
Kids First DRC regularly participates in educational,
training, and outreach events focused on using our data-
sets and platforms. These have included presentations
and exhibits at major academic conferences, such as the
American Society of Human Genetics (ASHG) Annual
Meeting and the American Association for Cancer
Research (AACR). The Kids First DRC hosts three public
webinars each year, which typically feature presentations
on research findings, new portal features, and the promo-
tion of federal funding opportunities for research projects
working on Kids First data. One webinar is focused specif-
ically on addressing the interests of the patients and fam-
ilies affected by the conditions represented in our data
resource, allowing for the return of information to these
communities, which have been influential in the shaping
of the program. All these activities serve to benefit the
research community by enhancing data utilization
through both the awareness of our data resource and
training in how to carry out omics-level research.

Our impact

The Kids First Data Resource is actively used by genomic
researchers around the world to identify the genetic
causes of pediatric conditions. As of the end of 2025, the
Kids First Portal has more than 5,300 registered users,
while CAVATICA has more than 4,000 registered ac-
counts. In that time period, 1,168 data-use applications
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Figure 3. Impact of the Kids First Data Resource

(A) Controlled-tier data on the Kids First Portal are only accessible to users who have applied to access the study via dbGaP. As of the
end of 2025, 1,168 data access requests were approved for Kids First studies.

(B) Research using Kids First datasets is published in peer-reviewed journal articles. The number of articles in each calendar year is pre-
sented for two categories of authors. Primary investigators (shown in dark purple) are the investigators who consented patients and
submitted the cohorts for sequencing. These articles include at least one primary investigator as an author. Secondary researchers
(shown in yellow-orange) are researchers unaffiliated with the original study and who only accessed the data via secondary use on
our platforms. These articles do not include a primary investigator as an author.

(C) The same list of publications, organized by subject matter. Most of the articles focus solely on congenital disorders (104) or pediatric
cancer (85) conditions. A small number investigate the intersection of both cancer and congenital disorders (21). Publications listed as

other typically feature the development of a piece of bioinformatics software and use Kids First as a benchmarking dataset.

for Kids First studies have been approved via dbGaP
(Figure 3A), indicating interest from the broader research
community in using these data for their research.

To investigate the types of research being done using
Kids First datasets, we conducted a literature search using
Google Scholar. We searched for articles that include
either the exact text phrase “Gabriella Miller Kids First”
or one of the dbGaP accession numbers for a Kids First
study, as typically found in a methods or data availability
section. We manually reviewed the output to remove re-
sults that were not written articles (such as conference
posters or presentations), not peer reviewed (such as pre-
prints), or only mentioned Kids First in passing. To match
the data-use application quantification, we limited our
search to papers published in 2025 or earlier. To put
Kids First into context, we also looked at publication met-
rics for comparator programs described above. The St. Jude
Cloud directs researchers to cite their 2021 paper in Cancer
Discovery,®>® which had 151 citations in PubMed during
this same time period. All of Us requests that researchers
who are publishing manuscripts share their publications
back with the program; their website shows 1,178 publica-
tions during this time period.

We found 244 papers and categorized them by year of
publication, author group, and subject. Scholarship using
Kids First data has steadily increased since 2018
(Figure 3B). 60% of the publications we identified listed
a principal investigator (PI) of the original Kids First study
as an author. The PI is the leader of the research group
responsible for consenting the patients and collecting
specimens (“primary investigators”). On the contrary,
40% of the publications did not list the original PI as an

author (“secondary researchers”), demonstrating the util-
ity of Kids First datasets not just to the original research
group but for secondary analysis as well. The subject mat-
ter of the papers was broadly categorized to look for trends
(Figure 3C). Most focus specifically on congenital anoma-
lies (42.6%) or pediatric cancer (34.8%), with a smaller
amount looking across both congenital anomalies and
cancer (8.6%). Of note, a large percentage of manuscripts
we categorized as “other” (13.9%); these are largely papers
focused more on the development of bioinformatics soft-
ware tooling and less on research into specific biological
conditions, whereas the Kids First dataset is used as a large,
harmonized collection of genomes for testing and bench-
marking. Below, we summarize some of the findings made
by researchers using Kids First data. Examples of use of
Kids First pediatric cancer data have been discussed
previously.*?

Kids First datasets have been used to support genome-
wide association studies (GWASs), including gene discov-
ery experiments investigating orofacial clefts,** develop-
ment of the face and ear,”” and craniosynostosis.**
Because Kids First datasets are harmonized using the
same bioinformatic workflows, datasets can be easily
joined together for a combined analysis to enhance statis-
tical power and increase the likelihood of discoveries. This
is demonstrated through the combination of multiple
Kids First orofacial cleft studies,*” the Kids First Microtia
and Craniofacial Microsomia study,*® and by using the
Kids First: Ewing Sarcoma study to validate findings in
cleft lip/palate data.*’

The enhanced interoperability of Kids First datasets and
platforms facilitates the combination of Kids First data
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with those of other major consortia, allowing for more
advanced cross-disease analyses. Foss-Skiftesvik et al. iden-
tified that variants in CDKN2B-AS1 increased the likeli-
hood of developing pediatric gliomas by combining Kids
First data with other pediatric cancer datasets, including
the Glioma International Case-Control Study and valida-
tion using data from GTEx.”° Nabbi et al. combined Kids
First pediatric brain tumor data with datasets from
TCGA and TARGET programs to identify immune re-
sponses to nervous system tumors at the transcriptional
level.”! Spendlove et al. used publicly available summary
statistics from GWASs on the UK Biobank cohort to calcu-
late polygenic risk scores associated with congenital heart
defects, which were then tested against the Kids First:
Congenital Heart Defects study.’” Investigators also com-
bined Kids First datasets with those of their own research
groups, as was used to identify the role of variants in DNA
damage repair genes in predisposition to Ewing sarcoma®*
and non-coding de novo variants in congenital heart
disease.”*

Kids First datasets also serve as a readily available
resource for answering research questions outside the
scope of variant discovery. Investigators can bring their
own expertise to the harmonized genomic files and
rapidly execute their own custom workflows on Kids First
data. For example, Kaneva et al. measured mitochondrial
ancestry in the Kids First: Ewing Sarcoma dataset to study
the role of the mitochondrial genome in the correlation of
the incidence of Ewing sarcoma and race.”” Kids First data
have been used in the development of bioinformatic soft-
ware.’® The trio-based structure of many studies allowed
for the specialized calling of compound heterozygous var-
iants across multiple Kids First cohorts.>” Kids First data
have also been combined with work in model systems,
validating human variants associated with esophageal
atresia in Xenopus,”® human variants associated with
craniofacial development in zebrafish,>” and human en-
hancers in variants associated with congenital heart
defects in human induced pluripotent stem cell-derived
cardiomyocytes.”’ Researchers have also worked in the
opposite direction, investigating the larger role of a gene
that affects heart development in mice by searching for
variants in Kids First’s human data.®"

While Kids First data are used to make discoveries for in-
dividual conditions, one of the goals of the program is to
find shared underlying genetic pathways between pediat-
ric cancer and congenital anomalies. A 2025 study used
Kids First data to identify seven genes with mutations en-
riched in both congenital heart defect and neuroblastoma
cohorts, supporting a shared developmental mechanism
for these conditions.®” A different study from the same
year compared copy-number variants in Kids First data
from patients with cancer and congenital anomalies vs.
those with congenital anomalies alone; their results found
a high degree of heterogeneity at the gene level but more
commonalities at the pathway level, with genes associated
with the synapse organization pathway being enriched in

patients with both cancer and a congenital anomaly.®* We
are excited by these findings, but overall, the amount of
scholarship in this “cross-condition” research has lagged
behind that of the individual conditions (Figure 3C). We
are hopeful that Kids First datasets can be used to further
investigate these pathways and find new ones.

The most impactful findings using Kids First data are
those that can benefit the health of pediatric patients.
Specific genomic variants in the Kids First congenital dia-
phragmatic hernia,®* neuroblastoma,®® and T cell acute
lymphoblastic leukemia cohorts were identified to be
associated with worse outcomes for patients diagnosed
with these conditions.®® Screening for these variants
upon diagnosis can identify more severe cases earlier, di-
recting better treatments from clinical care teams. Kids
First datasets were also used to identify risk factors in the
genome that predispose individuals to neuroblastoma®’
and lymphoma,®® thus empowering better screening and
early detection methods. Finally, the large collection of
Kids First data has been used to identify molecular
subtypes that can categorize or subtype diagnoses, as
was done by Li et al. for children diagnosed with acute
lymphoblastic leukemia and Down syndrome,®® enabling
targeted therapies and treatments.

Our future

The Gabriella Miller Kids First DRC was founded on the
goal to identify the genetic causes of and links between pe-
diatric cancer and congenital anomalies. We believe we
have achieved success toward this goal, as seen in the
scientific literature, and the synthesis of datasets and plat-
forms into the Kids First Data Resource will continue to
allow future researchers to make further discoveries in
the future. At the same time, true success would represent
a world where patients with these conditions have
improved treatment options, better outcomes, and longer,
happier lives with their families. As we enter the second
decade since the passage of the Gabriella Miller Kids First
Research Act, we look to continue building the Kids First
Data Resource while acknowledging that the legacy of
the Kids First DRC will lie not with the academic scholar-
ship but with how these resources and discoveries impact
patients in the clinic.

In the next calendar year, the Kids First DRC is planning
several major data releases to significantly expand and
enhance the Kids First Data Resource. These include a re-
release of every Kids First germline WGS genomic file
with a new output generated using Illumina’s DRAGEN
bioinformatics tooling, which has improved runtimes
and accuracy compared to the GATK-based tooling our
pipelines are currently based on.”’ We anticipate upload-
ing thousands of additional short-read genomes, expand-
ing existing studies, and releasing entirely new datasets. In
addition to releasing the genomic files for these, we will
also make the variants available in our Variant Explorer
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and Variant Workbench tools along with up-to-date
annotations such as gnomAD frequencies. Beyond short--
read data, we will enhance our long-read data with hun-
dreds of additional long-read samples. Methylation data
will also be made available, a first for the Kids First Portal.
These user-facing improvements are powered by upgrades
to our underlying clinical data infrastructure and a new
data workflow developed in partnership with NCI's CCDI.

Beyond the next 12 months, the Kids First DRC is re-
searching ways to better integrate our database with the
active medical records of the participants represented on
our platforms. At present, clinical information presented
on the Kids First Portal only shares a snapshot in time of
participants’ health. As highlighted above, Kids First’s
clinical data are not as robust as similar large-scale efforts
such as the St. Jude’s Cloud or the All of Us Research Pro-
gram, without a longitudinal element to track participants
through their treatment journey. Better incorporation of
ongoing information about how participants receive
treatment and are diagnosed with additional conditions
will expand the types of research that can be done using
our data resource and ensure that any analyses have the
most up-to-date clinical information. Just as important
as these new data modalities is building technical infra-
structure that will allow the return of knowledge to the
clinic—connecting information about the genetics, treat-
ment, and outcomes of Kids First participants with clini-
cians worldwide who can use the platform to search for
similar cases to those of the patients they are caring for.

To achieve these goals, we will explore better ways to auto-
mate and extract clinical data from electronic health re-
cords. One of the biggest bottlenecks in the clinical research
space is the process of reading information and transform-
ing it into other formats for research uses. This labor-inten-
sive work is slow and expensive to manually review records
and extract specific pieces of data for downstream projects.
Automating this work will increase the amount of data avail-
able and unlock longitudinal updates for Kids First partici-
pants with near-real-time extraction of information. This
acceleration will not only improve research quality but
will also improve the return of research findings to guide
care. Clinicians will be able to review more data in one loca-
tion to find participants similar to their patients to inform
clinical trial outcomes and treatment decisions. One such
initiative is the Pediatric Care Expansion (PCX), funded by
the Advanced Research Projects Agency for Health
(ARPA-H). We are exploring the use of their tooling to
demonstrate how better clinical data integration can
improve Kids First projects in the future.

Precision medicine offers a great promise of improved pa-
tient health as we enter the middle of the century with big
data in space and time. The Kids First DRC’s expertise in
data generation and platform development uniquely posi-
tions it to address the technical challenges associated with
augmenting pediatric care at scale, with much more work
needed. We conclude as Gabriella urged us, choosing to
“stop talking” and get back to the “doing” that lies ahead.
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