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Abstract
Purpose of Review To describe the role of big data in cardio-oncology.
Recent Findings There is a trend towards developing cloud-based, integrated registries to improve data collection, access, and
analysis.
Summary Using a template from pediatric oncology, a cardio-oncology data commons is a novel opportunity to integrate data
elements into a cloud-based platform. A cloud-based registry provides advantages of multi-institutional collaboration, rapid data
access, a virtual visualization, and analytic tools to reduce infrastructure redundancy. The data commons would include integrated
clinical data, blood samples, and genomic data to streamline discovery and analysis for researchers. A cardio-oncology data
commons would be a large step forward in bringing cardio-oncology to the forefront of big data.

Keywords Cardio-oncology . Big data . Data commons . Pediatric oncology

Introduction

Cardio-oncology is an important field that has developed at
the intersection of cancer and cardiac care [1, 2•]. Although
survival after cancer has improved, an emerging side effect of
cancer therapy is cardiac dysfunction [1, 2•, 3]. Cardiac dys-
function can occur in two forms: (1) direct toxicity in the form

of cancer therapy damaging the heart muscle or (2) indirect
toxicity by cancer therapy negatively impacting cardiac risk
factors [1]. In addition to toxicity, survivorship has increased
the burden of cardiovascular disease as there is a growing
number of cancer survivors who are living longer and
reaching an age where cardiac disease becomes more preva-
lent [2•, 4•, 5].

To address these issues, specializedmultidisciplinary teams
of cardiologists and oncologists have developed tomanage the
cardiac health of cancer patients [1, 6]. As a relatively young
field, cardio-oncology lacks a large body of literature [6]. As a
result, several consensus documents and clinical practice
guidelines have been developed to assist in management of
this growing population [1, 2•, 3, 6, 7, 8•]. In this review, we
explore the role of big data and registries to inform and im-
prove care in cardio-oncology and use initiatives in pediatric
oncology as a template for cardio-oncology.

Big Data

Big data comprises three features that separate it from conven-
tional data [9]. First, big data is data that is more complete and
collected in significantly larger amounts than conventional
data. Second, big data is analyzed using more advanced
methods, like neural networks or clustering analysis, rather
than traditional statistical tools like t tests. For example, neural
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networks are a statistical method where a computer algorithm
can be trained to recognize outputs based on labeled inputs
[10]. They have been used to assist in medical image analysis
and to illustrate complex co-morbid interactions from large
inputs of data [11, 12]. Lastly, conventional data is typically
used to answer a defined question. Conversely, big data can be
used to both answer questions as well as develop new
hypotheses.

There is potential in cardio-oncology to leverage big data
and registries. Prior examples of big data in cardio-oncology
are projects from the Surveillance, Epidemiology, and End
Result-Medicare to better understand incidence rates of cardi-
ac toxicity [13] as well as develop risk prediction models [14]
A. separate group of researchers at the University of
California-Los Angeles used administrative data from the
Healthcare Cost and Utilization Project to demonstrate that
patients with cancer and heart failure were associated with
worse outcomes [15]. There are also attempts to develop
multi-institutional collaborations among cardio-oncology cen-
ters to better understand rare events like immune checkpoint
inhibitor myocarditis [16]. However, often with a low event
rate of cardiac toxicity, for instance an approximately 0.1–1%
of immune checkpoint inhibitor myocarditis [17], the need for
aggregation of large amounts of data in a collaborative manner
is apparent.

Lessons from Pediatric Oncology

One big-data framework to learn from is that of childhood
cancer. Similar to cardio-toxicity, pediatric cancer is not a
common occurrence and it can be difficult for researchers
due to a low sample size at a single institution [18]. As a result,
the pediatric community has a strong track-record of collabo-
ration to improve care. One such example is the Childhood
Cancer Survivor Study, a registry-based collaborative retro-
spective cohort of over 30,000 survivors of childhood cancer
with data starting in 1970 [19]. Data from this registry has
yielded several insights into the cardiac care of pediatric can-
cer survivors. Researchers have shown the importance of
modifiable cardiac risk factors in childhood cancer survivors.
[20] In addition, Mulrooney and colleagues have used the
Childhood Cancer Survivor Study to show the dose-
response effect of anthracyclines and radiation on cardiac out-
comes in survivors of childhood cancer [21].

As technology improved, big data in pediatric cancer also
advanced. The International Neuroblastoma Risk Group
(INRG) was a consortium of international pediatric cancer
centers contr ibuting data on neuroblastoma [18]
Unfortunately, the INRG database was difficult to access
and analyze as data was fragmented among various sources.
In 2012, the University of Chicago took the lead in integrating
these data sources and created a novel cloud-based platform to

streamline the process. Currently, the Neuroblastoma Data
Commons has data on over 18,000 pediatric neuroblastoma
patients. The cloud-based commons is accessible to re-
searchers after a formal request. Importantly, it is an integrated
platform of clinical, biospecimen, and genomic data, it re-
duces time from request to data access, and includes cloud-
based tools to facilitate analysis [18].

Building on the push towards cloud-based data, St. Jude
has launched the St. Jude Cloud, a cloud-based platform with
the goal to advance pediatric cancer research by making ge-
nomic data available to researchers. At its introduction in
2018, the St. Jude Cloud had genomic data on over 5000
pediatric cancer patients with an anticipated growth to
10,000 patients by 2019. The St. Jude Cloud was created by
an academic-private collaboration between St. Jude
Children’s Hospital, DNAnexus, and Microsoft. Similar to
the INRG Data Commons, it is an integrated platform, it re-
duces data access times, and includes cloud based tools, such
as enhanced data visualization features and statistical pack-
ages [22, 23]. Using the background of pediatric cancer’s need
for collaboration and the prior successes of data integration,
the National Cancer Institute (NCI) recently introduced the
Childhood Cancer Data Initiative (CCDI), a large-scale pro-
posal to integrate pediatric cancer data. With a budget of $500
million dollars over 10 years, the goal of the project is to
improve the collection, access, and analysis of pediatric can-
cer data [24, 25].

Faced with similar limitations of low event rates of cardio-
toxicity and fragmented data sources, cardio-oncology can
learn valuable lessons from the pediatric cancer community
in creating a big-data infrastructure. First, it appears that a
cloud-based research platform is essential in modern day re-
search. It facilitates data entry, data access, data querying, and
data analysis [18]. Second, big data projects require multi-
institutional collaborations with a governance structure for
data collection, storage, security, access, and analysis [18].
Lastly, success in big data initiatives will be most successful
with public-academic-private partnerships, as suggested in the
initial vision for the CCDI [25] as well as was the case of the
St. Jude Cloud [23].

Cardio-oncology Data Commons

With this template, we propose the concept of a cardio-
oncology data commons (Fig. 1), a multi-institutional consor-
tium with the goal to collect and analyze toxicity from cancer
therapy. We envision a joint venture between the National
Cancer Institute and the National Heart, Lung, and Blood
Institute (NHLBI) with representatives from academic cen-
ters, community centers, cooperative oncology groups, the
Food and Drug Administration, and pharmaceutical compa-
nies. It would contain granular data on patients who are high
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risk for developing cardiac toxicity from cancer therapy as
well as those who develop acute cardiac toxicities from cancer
therapy. De-identified clinical data, blood samples, and geno-
mic data would be cataloged and integrated into a cloud-based
platform. Similar to the INRG Data Commons and the St.
Jude Cloud, data can be queried and analyzed using a virtual
server, avoiding replication of informatics infrastructure at
individual centers. We believe such a cardio-oncology data
commons is essential for the field.

A cardio-oncology data commons will not be an easy task.
Due to the multidisciplinary nature of cardio-oncology, the
data elements collected in the data commonsmust be inclusive
of both granular cardiac and oncologic information. For in-
stance, for a breast cancer patient, data elements would need to
include information on demographics, cardiac risk factors,
cardiac diagnostics, labs, oncologic stage, pathology, and a
detailed therapy plan. Unlike many other registries, this will
require specialized input from personnel trained in cardiology
and oncology working together. The alternative of using ad-
ministrative data or data specific to one field will be limited in
its ability to answer critical questions such as the toxicity of
cumulative dosing or pre-clinical markers of toxicity. The sec-
ond barrier is a common definition of cardiotoxicity.
Cardiotoxicity has variable definitions depending on the con-
sensus guideline. For instance, the America Society of Echo
(ASE) defines heart failure from cardiotoxicity as a decrease
in left ventricular ejection fraction (LVEF) by greater than
10% to an absolute ejection fraction of less than 53%.
However, the Common Terminology Criteria for Adverse

Events (CTCAE) provides a more subjective definition of
heart failure than varies from grade 1 to grade 5 with a less
specific focus on ejection fraction [26]. Further complicating
the equation is literature suggesting that a 10% difference in
LVEFmay bewithin the error range for inter-reader variability
[27]. Ultimately, for big data to be meaningful in cardio-on-
cology, the field needs to resolve taxonomy differences and
adopt universal definitions for the spectrum of cardio-toxicity.

Conclusion

Cardio-oncology is an emerging field with tremendous oppor-
tunity to help cancer patients. However, there is a growing
need for data. Unlike more established fields, cardio-
oncology has the unique opportunity to develop its research
framework from scratch and can use lessons from recent suc-
cesses in big data like the Childhood Cancer Survivor Study,
the INRG Data Commons, and the St. Jude Cloud. The path
forward to aggregate data will be on display in the implemen-
tation of the CCDI. Although challenges exist, a cardio-
oncology data commons, a cloud-based, integrated platform
with virtual analytic tools, is the future of big data in cardio-
oncology.
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