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Abstract

Pediatric cancer is a rare disease with a low annual incidence, which presents a significant
challenge in being able to collect enough data to fuel clinical discoveries. Big data registry
trials hold promise to advance the study of pediatric cancers by allowing for the combination of
traditional randomized controlled trials with the power of larger cohort sizes. The emergence of
big data resources and data-sharing initiatives are becoming transformative for pediatric cancer
diagnosis and treatment. This review discusses the uses of big data in pediatric cancer, existing
pediatric cancer registry initiatives and research, the challenges in harmonizing these data to
improve accessibility for study, and building pediatric data commons and other important future
endeavors.
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Introduction

Pediatric cancer is relatively rare, with an estimated 11,000 new cases diagnosed among
children from birth to 14 years of age in the United States in 2019 [1]. Although the
mortality rate for this age group has declined by 65 percent from 1970 to 2016, cancer
remains the leading cause of death among children, with about 1,200 children expected

to die in the United States in 2019 from cancer [1]. If adolescents are included, then the
total number of new cancer diagnoses (from birth to 19 years of age) is more than 14,500
children and young adults per year in the United States [1, 2]. In stark contrast, there were
1.7 million new cases of adult cancer in the United States in 2016 [3]. Thus, while each
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diagnosis and death of a child or adolescent from cancer represents an unfathomable tragedy
for a family, pediatric cancer remains a rare disease with a low annual incidence. Even the
most common types of pediatric cancer, including leukemias, central nervous system tumors,
and lymphomas, present a significant challenge in being able to collect enough data to fuel
clinical discoveries [1].

There are obvious benefits to improved evidence-based guidelines for the management of
pediatric cancers, as childhood cancers are successfully treated in approximately 80% of
cases in high-income countries [4]. This reduction in mortality can be attributed to advances
in diagnosis, risk stratification, better supportive care, and treatment. Given the paucity of
childhood cancer cases and the challenge in amassing sufficient numbers of patients for
meaningful study, big data registry trials hold promise to advance the study of pediatric
cancers by allowing for the combination of traditional randomized controlled trials (RCTs)
with the power of larger cohort sizes. The emergence of big data resources and data-sharing
initiatives are becoming transformative for pediatric cancer diagnosis and treatment. This
review discusses the uses of big data in pediatric cancer, existing pediatric cancer registry
initiatives and research, the challenges in harmonizing these data to improve accessibility for
study, and building pediatric data commons and other important future endeavors.

Big data in pediatric cancer

Big data has been defined as information assets “characterized by such a high volume,
velocity and variety to require specific technology and analytical methods for its
transformation into value” [5, 6]. In oncology, big data has many possible components
including biological, clinical, and administrative data about cancer patients in both
structured and unstructured formats. These data can be mined to answer questions about
genomics, outcomes, and therapeutic efficacy [7].

Big data have been extensively utilized in adult oncology research due to the relatively large
number of patients and the availability of large connected patient registries [8]. Yet, the

use of big data in pediatric cancer is not as well-developed. The National Cancer Institute
(NCI) has spearheaded efforts to promote collaborative use of big data across oncology
subspecialties, including the creation of the Childhood Cancer Data Initiative, a $50 million
initiative with an *“aggressive focus” on data sharing that was announced in 2019 [9]. This
initiative is exciting for big data advocates, as coordinated data-sharing initiatives can enable
the pooling of patient-level data for children across the country, and in some cases across
the globe, to accelerate the pace of and possibility for discovery. While the creation of large,
collaborative data commons in pediatric cancer is in the early stages, there already exist
many smaller patient registries that are disease-, society- or geography-specific, which can
lay the foundation for robust data sharing and discovery [10].

There are a number of existing data-sharing initiatives that include pediatric cancer data,
sponsored by various sub-discipline interest groups, national health agencies, and academic
consortia. Key US-based data sources and initiatives are summarized in Table 1. Many of
these were detailed in an earlier publication, and therefore the focus here is on updates and
new initiatives [10].
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The NCI has combined a number of data resources into a Cancer Research Data
Commons (CRDC) Ecosystem [11]. The goal of the ecosystem is to create data commons
nodes and sources to co-locate data storage and computing infrastructure with services,
tools, and applications [12]. Within the ecosystem are several data sources, including

the Therapeutically Applicable Research To Generate Effective Treatments (TARGET),

the Proteomics Data Commons (PDC), the Imaging Data Commons, the Genomic Data
Commons (GDC), the Integrated Canine Data Commons, and the Human Tumor Atlas
Network, among others that are emerging. Currently, the GDC is the only data source in the
CRDC that includes pediatric cancer data.

The TARGET consortium is a collaboration of investigators comprised mainly of members
of the Children’s Oncology Group (COG), a clinical trials group devoted exclusively to
childhood and adolescent cancer research [13]. TARGET researchers collaborate with the
COG to access clinical expertise and biospecimens across the network, with the goal of
producing genomics data that will facilitate molecular discoveries and aid translation of
those findings into effective therapies. TARGET includes data from children with acute
lymphoblastic leukemia (ALL), acute myeloid leukemia, kidney tumors, neuroblastoma, and
osteosarcoma [14, 15].

The GDC centralizes, standardizes, and makes accessible data from large-scale NCI
programs such as TARGET and its adult equivalent, The Cancer Genome Atlas [16, 17].
Within the GDC, genomics data and associated clinical data can be stored and analyzed,
allowing researchers to compare findings across studies. One of the key GDC initiatives has
been to harmonize the NCI’s cancer genomics data, including both processing the genomic
data with uniform pipelines as well as developing a data model with uniform terms and
definitions for biospecimens and clinical data.

The Surveillance, Epidemiology, and End Results (SEER) Program is a registry sponsored
by the National Cancer Institute that collects cancer incidence and survival data from 19
U.S. geographic areas and represents approximately 34% of the United States population
[18]. SEER includes data on all ages and has been used extensively for childhood cancer
research.

The Children’s Oncology Group (COG) is the largest international pediatric oncology
research consortium and executes both late-phase and early-phase clinical trials through an
extensive clinical trial network in conjunction with the NCI. The COG network is made up
of over 150 academic medical centers in the US, Canada, and Australia. Most children in
the US are treated on or according to a COG trial. COG has maintained several large patient
registries, including the Childhood Cancer Research Network and Project: EveryChild,
which represent greater than 90% of pediatric oncology cases under age 15 in the United
States [19]. In addition, the COG and the NCI established a prospective precision medicine
trial in 2017, entitled Molecular Analysis for Therapy Choice (Pediatric MATCH), with the
goal of building a genomic registry to study early-phase therapies in pediatric solid tumors
[20].
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The Pediatric Cancer Data Commons (PCDC) at the University of Chicago works with
stakeholders to create data commons for pediatric cancer data [21]. Through an iterative
consensus-building process, the PCDC team creates and ballots consensus data dictionaries
for pediatric cancer. So far, the PCDC has created stable versions of international

data dictionaries for neuroblastoma, rhabdomyosarcoma, germ cell tumors, and acute
myelogenous leukemia. The PCDC team negotiates data sharing and use agreements with
the data owners, permitting the harmonization and movement of data into the commons

for subsequent sharing and analysis. As of January 2020, the PCDC contains data on

over 25,000 children and is growing rapidly. By using a common COG identifier assigned
to every child, data in the PCDC can be linked in real time to other sources, including
genomic data in TARGET and tissue availability in the Nationwide Children’s Biopathology
Center. An expansion of the PCDC is underway, as new diseases are being added rapidly,
including acute lymphocytic leukemia, acute myelogenous leukemia, Hodgkin lymphoma,
osteosarcoma, Ewing sarcoma, and germ cell tumors. In addition to facilitating the
harmonization of data from completed trials, the consensus data dictionaries will be used to
power the next generation of clinical trials. The PCDC team works closely with the National
Cancer Institute to update the NCI thesaurus [22] and caDSR [23] repositories, allowing
clinical trialists to select balloted elements for future data collection forms. The PCDC has
been built to be part of the Cancer Research Data Commons Ecosystem. By leveraging the
Gen3 technical infrastructure, developed for the Genomic Data Commons, the PCDC will
more easily integrate and interoperate with the other data commons nodes in the CRDC.

The Treehouse Childhood Cancer Initiative is a registry of gene expression data from
over 11,000 pediatric tumor samples that is freely available to researchers for comparative
genomic analysis and the development of novel targeted therapies [24]. Nine hospital and
consortia partners have shared gene expression data on tumors along with patient-privacy
protected clinical data, including age, gender, and disease type. These data are available for
public download.

St. Jude Children’s Hospital has developed a large cloud-based pediatric cancer registry
called SICARES that was specifically designed for low- and middle-income countries

to enable international collaborative research [25]. St. Jude also sponsors a large source

of international genomic data called the PeCan Data Portal, which provides “interactive
visualizations of pediatric cancer mutations across various projects at St. Jude Children’s
Research Hospital and its collaborators” [26]. PeCan currently has data from 4,877 patients
with 23 different diagnoses and over 88,000 mutations [26]. Most recently, St. Jude Cloud
was launched, which houses high-throughput genomics data from patients at St. Jude in a
searchable interface with advanced analytic tools [27, 28].

The Gabriella Miller Kids First Pediatric Research Program is a cloud-based pediatric
genomics registry that aims to examine the genetic causes of childhood cancer and
structural birth defects and to advance personalized medicine for the detection, therapy,
and the management of these diseases in children [29]. The Kids First Data Resource is
distinguished from other data commons by its goal to understand the genetic causes and
links between childhood cancer and structural birth defects.
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The National Program of Cancer Registries, which is sponsored by the Centers for
Disease Control and Prevention (CDC), supports state-based cancer registries in the United
States and represents approximately 97% of the United States population [30]. In 2014,
the NPCR established a Pediatric and Young Adult Early Case Capture program to register
pediatric cancer cases within 30 days of diagnosis [31].

Pediatric cancer registry-based research

To determine how childhood cancer registries are currently being used in pediatric oncology
research, a literature review was performed using the PubMed database and “pediatric
cancer” and “registry” search terms between years 2018-2020 [32]. The search returned
751 articles; the authors reviewed all articles and determined 214 articles to be relevant

to the present review. Studies were included if they presented research that utilized a
multi-site registry for the study of pediatric or adolescent and young adult (AYA) patients
with malignant tumors. Studies were excluded if they only presented research on benign
tumors or if they only used single-institution data sources/registries. Each study was coded
by its dominant research domain, which were selected a priori. The overall results in terms
of the number of publications in each domain are summarized in Figure 1. The full list of
publications reviewed are available in the Appendix.

This review strategy is limited in several ways including: very recent publication time frame,
limited to a single publication database, and inclusion only of research and registries that
have resulted in a published peer-reviewed paper. It is important to note that other important
registries exist and have had an impact on the study of pediatric cancer. Rather this literature
review serves as a summary of recent activity with the aim of showing trends in publication
and potential gaps in the field.

Descriptive epidemiologic research

The largest domain consisted of epidemiological research that used registry data
retrospectively to describe pediatric cancer in terms of risk stratification, prognosis, health
outcomes, and health services research. The SEER database was prominently used in many
studies, including by research groups not based in the United States, to study a wide range
of outcomes. For example, using SEER, Deng et al found that several prognostic factors,
including age, use of radiotherapy, and gross total resection were associated with improved
survival in pediatric pineoblastomas [33].

Many of the registries performing epidemiologic research were country-based, such as the
Finnish Cancer Registry, Canadian Cancer Registry, French National Registry of Childhood
Solid Tumors, and the Italian Neuroblastoma Registry. There were also several multinational
consortium registries represented, including the International Society of Paediatric Oncology
(SIOP), Cooperative Weichteilsarkom Studiengruppe, and European Rhabdoid Registry, as
well as the large bone marrow transplant research groups CIBMTR, EBMT, ABMTRR,
JSHCT, and the Asia-Pacific Blood and Marrow Transplantation Group which represents 18
countries. The EUROCOURSE group, a network of regional or national cancer registries

in 12 countries in Southern and Eastern Europe, produced several studies on Wilms tumor
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and neuroblastoma to demonstrate the power of pooling individual patient data from a large
region, as well as to demonstrate inferior outcomes in the region [34].

The ability to pool data into a large data commons is a key feature of many of these
consortium-sponsored studies, and would also benefit smaller registries. For example, the
Cancer Registry of New Caledonia, a French territory in the Pacific Ocean, described 162
total cases of pediatric cancer between 1994 and 2012 [35]. Pooling these cases into a larger
multinational registry would help with comparison of New Caledonia to other nations, as
well as enable the registry to participate in larger pediatric cancer trials.

One prospective observational registry, the Thai Acute Leukemia Working Group, part

of the Thai Society of Hematology, was identified. This registry assessed survival in

AYA vadult patients with acute lymphocytic leukemia (ALL), and found improved survival
in patients who underwent stem cell transplantation [36]. The ability to conduct prospective
epidemiologic research is a highlight of registries and data commons, although the majority
of research continues to be retrospective with the exception of large treatment protocol-
generating groups such as SIOP and COG.

Several studies used large registries for the study of rare pediatric cancers, such as solid
pseudopapillary pancreatic tumors with the Italian Pediatric Rare Tumor Registry [37] or
Merkel cell carcinoma with SEER [38]. For rare tumors, it is clear that large datasets can
improve research quality; a single-center registry in Kerala, India, of pediatric brain tumors
was unable to achieve statistical significance due to small sample size, and specifically
called for the establishment of a brain tumor registry for the Indian population [39].

Survivorship research

The second most-represented domain was survivorship research, which used registry data

to study late effects, secondary malignancies, and toxicities in survivors of childhood

cancer. There were several large registries that produced the majority of this research,
including the Swiss Childhood Cancer Registry, the Nordic Adult Life after Childhood
Cancer in Scandinavia group, and PanCareSurFup. The PanCareSurFup registry includes an
impressive cohort of over 83,0 0 0 5-year survivors of childhood cancer diagnosed from
1940 to 2011, pooled from registries in 12 European countries [40]. Based on this cohort,
PanCareSurFup has released comprehensive evidence-based guidelines for childhood cancer
survivors, including surveillance for breast cancer, cardiovascular disease, infertility, and
thyroid cancer [40].

Two prospective registry trials of childhood cancer survivors included the Utah Cancer
Registry and the Swedish Childhood Cancer Registry. Examples of studies include focus
group research to assess follow-up preferences in survivorship [41] and an internet-based
cognitive behavioral therapy intervention for psychological distress [42]. The ability to
both retrospectively and prospectively recruit patients from these registries for survivorship
studies is a highlight of data commons.

The limits of the literature review are evident in the failure to identify publications from key
registries of survivor data. For example, the St. Jude LIFE study of survivors of pediatric
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cancer has relevant studies such as a description of health outcomes, quality of life, and
social attainment among adult survivors of neuroblastoma [43]. Also from St. Jude, the
Childhood Cancer Survivor Study (CCSS) has resulted in a number of studies on survivors
of childhood cancer, such as research on the risk of thyroid cancer, factors associated with
physical activity, and neurocognitive concerns [44—46].

Genomics research

Several studies used pediatric cancer registries to perform genomic research including
pharmacogenomics, germline predisposition, and genetic risk scoring. The PanCareLIFE
registry, which represents childhood cancer survivors across Europe treated with cisplatin,
carboplatin, or cranial radiotherapy, performed genotyping to assess for gene variants
associated with ototoxicity [47] and infertility [48]. The TARGET database was also used
in one study by Kim et al in conjunction with the International Pleuropulmonary Blastoma/
DICER1 Registry to study for the presence of germline DICER1 mutations in various types
of pediatric cancer [49].

New registry description

The literature review also identified several newly-established pediatric cancer registries,
including a new SIOP registry for Wilms tumor [50] and the Pediatric Proton Consortium
Registry [51]. Several new registries focused specifically on the needs of low- and middle-
income countries, including a Caribbean cancer registry hub described by Spence et al [52]
and a real-time pediatric cancer case reporting system entitled VIGICANCER in Columbia
described by Ramirez et al [53].

Data harmonization

Prospective

Several studies specifically presented data harmonization initiatives in pediatric cancer
registries, including a study by the European Society for Blood and Marrow Transplantation
(EBMT), which developed a universal system for benchmarking of outcomes in stem cell
transplantation reporting among EBMT members [54]. There were also several studies that
specifically addressed disparities for smaller registries, including Mazzucco et al, which
compared the Palermo Province Cancer Registry with larger Italian and Southern European
cancer registries. The authors found comparable cancer incidence and survival in pediatric
populations [55], arguing that smaller registries can play a vital role in pediatric cancer
surveillance of local communities in conjunction with large population-based registries.
Thus, the need for data harmonization to allow integration and comparison across data
sources is critical.

registry-based therapeutic trials

Reqgistry-based randomized clinical trials (RRCT) are an emerging type of study design
in oncology, used more commonly in cardiology, which enable rapid patient recruitment
and randomization through a previously-established registry to study interventions in
real-world populations [56]. Although the literature review did not identify any RRCTs
for pediatric cancer patients, there were several prospective registry-based trials studying
specific therapeutic interventions. Yamasaki et al performed a prospective multicenter
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registry study with 30 institutions of pediatric patients with medulloblastoma, stratifying
patients to one of several treatment protocols based on their risk profiles and assessing
outcomes [57]. There were also several prospective, non-randomized single-center registry
trials of radiotherapy for rhabdomyosarcoma [58, 59] and craniopharyngioma [60], although
single-center registries were not included in the literature review.

Other research types

The literature review also found smaller numbers of studies on pediatric registries used for
radiology research, supportive and palliative care, hereditary pediatric cancer syndromes,
EHR integration, and consensus guidelines (see Appendix). Notably, there was a prospective
registry established by the National Cancer Institute entitled Adolescent and Young

Adult Health Outcomes and Patient Experiences which recruited AYA patients to a large
multicenter registry study of care quality and psychosocial outcomes throughout treatment
and survivorship [61].

Cross-disciplinary big data collaborations

Several instances of collaborative registry development between oncology groups and other
professions or disciplines were found. For instance, at least two studies devoted to pediatric
oncology nutrition were derived from data in the Swiss Childhood Cancer Registry [62—64].
A recent review of big data for pediatric oncology nutrition highlights some of the main
sources of data for research (claims data, EHR data) [65]. A group of pediatric oncology
radiologists formed a photon/proton consortium with the aim of collecting and standardizing
data [66]. Additionally, there were a significant number of studies describing long-term
toxicities in childhood cancer survivors, which would be relevant to primary care, general
practitioners, and cardiologists, but there is little registry-based data on how to maximize
follow-up and long-term surveillance of toxicities. The survivor registries at St. Jude may
provide a model for other data commons efforts [67, 68].

Technical challenges and barriers to data sharing

Despite the wide variety of disparate registries identified in the literature review, there are
clear efforts by large consortia to implement intra-registry data harmonization. For example,
one of the studies utilized Delphi consensus methodology to harmonize the numerical

units of busulfan reporting in stem cell transplant registries [69]. However, there were no
reports of studies that intended to harmonize data between registries. Rather, the review
identified multiple registries that already exist within larger geographic or disease-specific
international registries. While the case has been made that regional registries are redundant
and national registries are more cost-effective [70], improved harmonization and creation of
data commons would allow these regional registries, such as the Palermo Province Cancer
Registry identified in our literature review, to participate in clinical trials on the international
stage [55].

The goal should always be to collect standardized data from children with cancer and then
connect sources of disparate data. Where standardized data are not available, they may be
harmonized to a common standard after collection, as is now common practice. An example
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is the collection of clinical, biospecimen, and genomic data for a child with cancer. The
clinical data from COG can be harmonized to a common standard and made available

in the Pediatric Cancer Data Commons, the standardized genomic data available in the
Gabriella Miller Kids First Data Resource Center or the Genomic Data Commons, and the
information about biospecimen availability in the Biopathology Center (BPC) at Nationwide
Children’s Hospital. Connecting these three sources of data are the Universal Specimen
Identifier assigned by the BPC. The user can then query for a specific cohort of patients and
immediately see for which patients genomic data and biospecimens are available. Without
rigorous data standardization and harmonization processes, this would not be possible.

There are many challenges in collecting, aggregating, and using big data for pediatric
oncology research, many similar across all areas of medicine. For instance, rapid reporting
for children’s cancer remains difficult and error-prone, hindering fast dissemination of
results [71]. Using genomic data remains difficult, as highlighted by the Treehouse Project
group, and includes issues such as data location, characterization, quality assessment, use
approval, and compliance [72]. Leveraging data from electronic health records (EHR)

is especially challenging owing to customized implementations and a general lack of
adherence to data standards [73]. Aggregating clinical data remain extremely challenging,
largely due to lack of standardization and especially the rampant use of free-text notes.
Identifying cohorts of children for oncology studies requires custom development of criteria
[74]. Variations in EHR implementations and rampant customization of the installations
continue to plague efficient sharing of data for research [75]. The MIRACUM consortium
in Germany has started to tackle the issues of data quality and suggests a framework for

a unified, standardized, and harmonized EHR for clinical research. Similarly, the PEDSnet
national network strives to be a platform for discovery for pediatric research [76], but it
remains to be seen whether or not standardization of data components will exceed a small
handful of clinical features.

Data sharing agreements remain a significant barrier to effective and timely research. A
recent survey of academic researchers revealed that rather than the legal team being a
bottleneck for data use agreement execution, the problems mostly stemmed from procedural
inefficiencies, incomplete information, a lack of incentives and familiarity with academic
practices, and unresponsiveness of faculty [77].

Patient consent issues remain a major factor in the use of data for research. Most consents
for pediatric studies are paper-based and stored as scanned files or as printed and bound
pages. Often, documentation of consent for specific studies or tests will require manual
abstraction from the paper consent into an electronic data capture system. For maximal use
of data, patients should be consented for broad use of their data, and the consent should be
captured as granular, computable data. Informed consent for children is also complicated by
the need to be re-consented when patients reach the age of majority.

Future directions

The literature review identified many types of pediatric cancer registries, from small single-
institutions to large multinational consortia. The wide diversity of registry studies published
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in the past 2 years indicate a growing interest in the field of pediatric oncology to answer
both clinical and basic science questions with large datasets. However, it is clear from

the literature review that the landscape of big data in pediatric oncology is heavily siloed,
with small and large registries collecting disparate types of data with poor inter-registry
harmonization and lack of data standardization across the field. Further, the literature review
demonstrates disparities in pediatric cancer registries for developing nations and resource-
poor economies, with some nascent efforts to better integrate these patients into clinical
trials. Many opportunities exist to help solve these problems and improve care for children
with cancer.

Prospective clinical trials and developing novel therapies

There is a considerable lag time in approval of oncologic therapies for children, estimated

at a 6.5 year median interval between first-in-human and first-in-child drug approvals by

the FDA [78]. Off-label prescribing in children approaches 90% [79]. As such, there is
growing pressure to increase the throughput of clinical trials in pediatric oncology, including
hastening real-time registration of pediatric cancer patients in registries.

However, the literature review demonstrated that the vast majority of pediatric cancer
registry studies over the past several years have been retrospective, with very few
prospective studies and even fewer prospective registry trials to study novel therapies or
treatment protocols. Although there have been previous attempts to use observational data

to replicate RCTs in adults, there are very few of these studies in pediatrics or pediatric
oncology, and their methodological accuracy has not been verified [80]. As such, prospective
protocol trials and RCTs remain the standard in studying new therapies; however, only the
largest international pediatric registries have historically generated this kind of research,
including COG (North American), SIOP, and Cooperative Weichteilsarkom Studiengruppe
(European) consortia.

The implementation of RRCTsmay enable a larger group of registries, including small
or geographically-isolated registries, to participate in clinical trials [56]. Further, with
appropriate integration of real-time registration systems, these registries may also enable
more rapid clinical trial enrollment to expedite the study of novel therapies.

Although clinical trial enrollment of pediatric patients has been increasing over time [81],
there are barriers among parents [82] and investigators [83] towards clinical trial enrollment.
For parents, important factors influencing participation in a clinical trial include trust,
appropriate timing, a transparent discussion of the risks and benefits, and a motivation for
children to participate [82]. For providers, barriers include a lack of awareness of available
trials, risk of studies, distance to a site that could provide the trial, and the time required to
discuss the trial with parents [82, 83].

The EU Paediatric Regulation [84], the United States’ Pediatric Research Equity Act
(PREA), the Best Pharmaceuticals for Children Act [85], and the recent Paediatric
Investigation Plan [86] all serve to provide incentives for the development of drugs with
pediatric indications. But successful clinical trials in children require the collection of
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robust, high-quality research data. Standardization of data collection across studies and
disease types will massively enable pediatric cancer research.

Pediatric cancer in developing nations

An encouraging finding was several publications from smaller registries in developing
nations, with several groups specifically calling for the creation of larger registries to
promote pediatric cancer research. There are clearly disparities in collection and use of
big data for childhood cancer in low- and middle-income nations.

These articles highlight the burden of pediatric cancer in lower- and middle-income
countries where incidence rates are higher than in higher-income countries (384,000 145,000
new cases per year), and 5-year survival rates are much lower (30% 180%) [4, 87].
Additionally, efforts are underway to attempt to predict the global burden and amount of
undiagnosed cases [88]. The pediatric cases of cancer in low- and middle-income countries
are not included in cancer registries [89]. There are several high-impact opportunities

in developing countries to improve diagnosis and treatment of children with cancer by
leveraging data. For example, the International Network for Cancer Treatment and Research
cancer registry program is coordinating an African Cancer Registry Network [90]. To make
real progress in big data-driven research, data collection and ‘an accurate appraisal of the
global burden of childhood cancer is a necessary first step’ [4]. Big data-based registry
protocols are already being used in developing nations, for example a 2001 SIOP Wilms
tumor protocol being used in southern India [91]. The logistics of enrolling patients to a
registry may present a significant barrier in some developing nations. The literature review
found an example of how this barrier to entry can be lowered, in a study by Shen et

al in which the Pediatric Oncology Network Database, a web-based patient registration
system designed by St. Jude Children’s, was used to enroll pediatric patients with ALL
onto a clinical trial of a treatment protocol [92]. Overall, low- and middle-income countries
represent an enormous potential for improvement in pediatric cancer diagnosis and survival.
Harnessing big data techniques to aid in the collection, storage, and study of data from
these countries will enable data-driven methods for risk stratification and better treatment
outcomes.

The data commons

Data commons are essential to the study of pediatric cancer big data. A data commons is a
repository of harmonized data, available in a cloud-based infrastructure, with accompanying
tools to support analysis [93]. Transparent governance policies should help define how
researchers can interact with the data. As outlined previously by our group, the steps
necessary to build a cancer data commons include gaining support for developing

the platform, creating and balloting an international data standard, and harmonizing
retrospective data for inclusion in the commons [10]. Further, the stable, balloted data
dictionary will be used to update the NCI’s thesaurus as well as the caDSR, thus allowing
the standardized terms to be incorporated into data collection forms for subsequent studies.

The Pediatric Cancer Data Commons remains the only multi-disease international clinical
trials data commons for pediatric cancer. The PCDC team works with clinical disease
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leaders to develop an international consortium and then simultaneously execute data sharing
agreements and iteratively developing a balloted, consensus data dictionary. Data are then
transformed prior to incorporation into the commons, and any new terms are harmonized
with the NCI’s thesaurus and caDSR. A standardized process is defined to allow researchers
to apply for line-level data access to facilitate subsequent analyses. Outcome data is
periodically updated, requiring reports and updates from the consortia data managers. To
truly be characterized as a data commons, the platform must link the clinical data to other
data sources through a common identifier, the COG USI in the case of the PCDC. Finally,
analytic tools should be available to the user, allowing cloud-based studies and obviating the
need for data download.

The PCDC is one of a growing number of data commons that can be part of the NCI’s
Cancer Research Data Commons ecosystem, a cloud-based infrastructure with interactive
portals that give users access to data and facilitate in-depth data analyses [94]. Currently,
the main nodes in the CRDC include the Genomic Data Commons [95], the Proteomic Data
Commons [96], the Integrated Canine Data Commons, the Imaging Data Commons, and
the Human Tissue Atlas Network data coordinating center. Other data sources include the
Gabriella Miller Kids First Data Resource Center [97] and the St. Jude Genomics Cloud
[98]. New initiatives like the recently-launched Center for Cancer Data Harmonization [98,
99] and the upcoming Cancer Data Aggregator will serve as platforms/resources to help the
data nodes connect and harmonize data, while assisting end users in data preparation and
submission.

Conclusions

The volume and variety of data available for pediatric cancer research is increasing quickly.
The amount of genomic data generated annually is projected to exceed 2 exabytes, perhaps
up to 40 exabytes [100]. To effectively harness this torrent of data for research requires
integration of multiple kinds of data, including clinical information. Currently, most data
collection is siloed and performed with little regard for data standardization, leaving
valuable troves of information isolated and often useless for subsequent integration and
analysis. But the landscape is changing for the better. The use of common data standards
when developing data collection tools is increasing, and there is a growing appreciation
among researchers and clinicians that data collected as discrete, standardized elements will
be much more easily harmonized with other sources of data and thus be much more useful
for research.

Outlined here is the landscape of big data for pediatric cancer research. The growing
number of interconnected repositories for these data represent an enormous opportunity

for clinicians and researchers. Data standardization will play a key role in ensuring
interoperability of data. The maturing NCI Cancer Research Data Ecosystem - especially the
Cancer Research Data Commons - provides an environment for harmonized data collection,
remote storage, aggregation of disparate data, and cloud-based tools for analysis. There
remains much work to be done to enable the tools and services that will guarantee that

the diverse kinds of data will be usable for research, including broad consents, more easily
implemented data sharing and use agreements, and cooperation among data stakeholders to
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agree on standardized means of data capture. This is an incredibly exciting time for pediatric
oncology research, and the availability of high-quality data will be transformative for the
field, and hopefully lead to new ways to diagnose and improve the treatment of children with
cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Literature review results of current (2018-2020) pediatric registry research articles by
domain (N = 214).
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