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CANCER MOONSHOT

In 2016, Vice President Joseph Biden launched the
Cancer Moonshot with the goal of accelerating the
rate of progress against cancer.1 It was intended to
catalyze areas of cancer research that could rapidly
scale up and have a significant impact on the treat-
ment and care of cancer patients. The US National
Cancer Institute (NCI) developed a series of expert
panels to identify key areas of focus and gather
stakeholder feedback through meetings, town halls,
and a public website.2 The priority research areas are:

� Establish a network for direct patient engagement;
� Create an adult immunotherapy network;
� Create a pediatric immunotherapy discovery and

development network;
� Develop ways to overcome cancer’s resistance to

therapy;
� Build a national cancer data ecosystem;
� Intensify research on the major drivers of child-

hood cancers;
� Minimize cancer treatment’s debilitating side

effects;
� Enhance prevention and early detection of hered-

itary cancers;
� Expand use of proven cancer prevention and early

detection strategies;
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� Support retrospective analyses of patient data and
biospecimens from past clinical trials to predict
future patient outcomes;

� Generate human tumor atlases; and
� Develop new enabling cancer technologies.

The Cancer Moonshot implementation plan had 3
primary goals: accelerate scientific discovery, foster
greater collaboration, and improve data sharing. To
date, over 70 consortia and 240 new projects have
been funded through this initiative,3 including cross-
grantee and data-sharing collaborations. The priority
areas emphasize the need to accelerate the develop-
ment of novel therapeutics for which unique and
currently unknown cardiovascular complications may
occur. The priority to “minimize cancer treatment–
related side effects” has resulted in one consortium
that is developing approaches to analyze patient-
reported symptomatic adverse events along with
clinician-reported adverse events, whereas a second
consortium is implementing symptom management
approaches in the delivery of routine cancer care.

Although the Cancer Moonshot did not explicitly
call out cardio-oncology as a focus, the cardiovascular
complications from cancer treatment impact the
quality of life and the survival of cancer patients, and
directly pertain to the priority area of minimizing
cancer treatment’s debilitating side effects. Before
the initiation of the Cancer Moonshot, many of the
cardiovascular complications of specific chemother-
apies and radiation were well known, but effective
strategies for mitigating these complications were
lacking.4,5 To address these challenges, staff from the
National Heart, Lung, and Blood Institute and the NCI
convened a workshop in 2013 to identify knowledge
gaps and prioritize the research opportunities by
bringing together clinicians and investigators in car-
diovascular disease and cancer.6 Over 40 scientific
research gaps were identified. The workshop
https://doi.org/10.1016/j.jaccao.2022.08.004
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FIGURE 1 NIH Funding for Cancer Treatment–Related Cardiotoxicity Research Projects (FY 2011-2021)

The number of funded research projects are shown in blue bars. The total funding for each year is shown as the red line and adjusted for the

Biomedical Research and Development Price Index. Complementary to the chart is a timeline for workshops and availability of targeted

funding opportunities. Awards for a subsequent budget period within a previously approved project are not counted as new awards. This figure

is adapted with permission from Adhikari et al.7 NIH ¼ National Institutes of Health; NOSI ¼ Notice of Special Interest; PA ¼ Program

Announcement.
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facilitated the development of collaborations be-
tween cardiovascular and cancer researchers and
identified translational projects as a critical need.6

When the initial funding opportunity announce-
ments for Improving Outcomes in Cancer Treatment-
Related Cardiotoxicity (PA-16-035, PA-16-036) were
released, investigators were strongly encouraged to
collaborate through the multiple principal investi-
gator mechanisms, including at least 1 cardiovascular
investigator and 1 cancer investigator. These funding
opportunities were renewed, and together with the
first workshop and a follow up workshop in 2018,
resulted in an increased number of funded projects in
the basic and translational science of cardiovascular
complications from cancer treatment (Figure 1).7

These basic and translational projects focus on the
early and late mechanisms of cardiovascular injury,
the influence of sex differences, and innate immune
mechanisms,7 which are critical to identify effective
means to detect and mitigate cardiovascular disease.
Consistent with the increased number of funded
research projects, the total amount of research fund-
ing (in 2021 dollars) in cardio-oncology science has
been increasing over the last 10 years (Figure 1).

One notable finding in this portfolio of projects is
that many continue to focus on anthracycline
cardiotoxicity. Anthracyclines have been an essential
component of treatment for breast cancer, leukemia,
lymphoma, sarcoma, and other malignancies. As cli-
nicians have a better understanding of the long-term
risks from anthracyclines, and newer therapies are
available for specific cancer subtypes, oncologists are
reassessing anthracycline use in different clinical
scenarios. Despite overall declines in cancer-related
cardiovascular mortality, chemotherapy-induced
cardiotoxicity remains an important target to further
improve survivorship outcomes.8

Even with the efforts to stimulate rigorous research
projects in cardio-oncology science, the pace of can-
cer drug development can result in rapid approval
and use of regimens without a full understanding of
the potential cardiovascular risks. Although the acute
adverse events are carefully collected and reported
on cancer clinical trials, assessment of the extent of
chronic or progressive adverse effects and long-term
complications remains challenging,9 but needed.
Moreover, many cancer patients receive combination
therapy and multiple regimens over time. Each agent
carries different cardiovascular risks; both the com-
bination and the sequential receipt of these agents
may have a cumulative impact and potentially impact
overall survival. Altered immunity, severe hormonal
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deprivation, and frailty are examples of conditions
that influence cardiovascular resilience and are
underinvestigated.

Typically, patients on cancer clinical trials have
fewer comorbidities; hence, the risk–benefit of novel
regimens may not be fully understood in patients
who do have comorbidities. A national survey of over
5,000 cancer patients demonstrated that most (65%)
have 1 or more comorbidities, the most common be-
ing hypertension.10 Pre-existing cardiovascular risk
factors and disease increase the susceptibility of
injury from cardiotoxic cancer therapies. As a result,
the dose and schedule of cancer treatment may need
to be modified when delivering newer regimens to
broader populations.

With the rapidly changing landscape of novel ap-
proaches to cancer treatment, the need for rigorous
and clinically meaningful cardio-oncology science is
greater than ever. Yet, it can be quite daunting to
understand how best to address the spectrum of is-
sues in cardio-oncology.11 Although overall cancer
death rates are decreasing,12 cardiovascular mortality
appears to be overtaking cancer mortality,13 particu-
larly in older patients. There is a significant, ongoing
need to understand and manage cardiovascular
complications from novel cancer therapies in patients
during and after treatment.

A key principle from the Cancer Moonshot is
collaboration. One way to approach the development
of collaborative cardio-oncology research is through
understanding risk. The cardiology community has
long used models of risk to predict mortality from
cardiovascular disease. The oncology community has
long triaged cancer treatment based upon disease
stage and risk of recurrence. Together, cardiology and
oncology experts can develop new models for guiding
both cardiovascular protection and cancer treatment
with data generated from the next generation of
cardio-oncology studies.

Many of the investigators within the NCI Clinical
Trials Network and the NCI Community Oncology
Research Program (NCORP) are invested in partnering
with cardiology and cardio-oncology to determine
how best to evaluate cardiovascular toxicity within
cancer treatment trials, and symptom management
and toxicity mitigation trials. Researchers are
embedding cardiotoxicity endpoints and risk assess-
ments into treatment trials and seeking supplemental
funding for specific cardiovascular assessment. Car-
diovascular toxicity is a priority research area within
the NCORP symptom science portfolio. NCORP in-
corporates community practices to ensure that
research goes beyond academic medical centers,
including minority underserved NCORP sites that
recruit from underrepresented populations, who
often have a high prevalence of cardiovascular risk
factors.

The cancer patient’s risk of cardiovascular adverse
events from treatment must be balanced with the
necessity to treat the patient’s cancer (including the
aggressive nature of that cancer and the risk for
cancer recurrence). Frequently, the level of accept-
able potential toxicity can be high if the patient has a
cancer that is highly aggressive or refractory to
treatment. For example, 1 of the several tyrosine ki-
nase inhibitors used in chronic myelogenous leuke-
mia, ponatinib, has significant cardiovascular risk,
and yet, remains a useful agent for those patients
with refractory disease.14

Now is the time for cardiovascular and cancer in-
vestigators to jointly develop studies grounded in
basic and translational science that evaluate cardio-
vascular injury and resilience from new anticancer
agents and combination therapy. Potential car-
dioprotective mechanisms need to be evaluated
prospectively both during cancer treatment and after
completion. There remains a great need to incorpo-
rate both relevant cardiovascular and cancer
endpoints while evaluating new therapies and con-
ducting cardio-oncology studies.15 Research gaps
identified in the subsequent 2018 NCI–National Heart,
Lung, and Blood Institute workshop (Figure 1) high-
light this ongoing need,16 including: developing car-
diovascular risk assessment and stratification tools;
developing and implementing strategies for the pre-
vention and management of cardiovascular risk fac-
tors; and developing and validating screening and
detection modalities for monitoring cardiovascular
injury during and after cancer treatment, both short
and long term.

With the growth of cardio-oncology clinics in aca-
demic and community settings, there are more op-
portunities for collaboration, including facilitating
strategies to assess cancer patients’ baseline cardio-
vascular function and supporting the ongoing use of
cardioprotective interventions during and after can-
cer treatment. Longitudinal studies can be developed
to better understand the natural history of subacute
cardiovascular injury and the resilience of cardio-
vascular function based upon both individual patient
factors and cancer therapies, and these studies need
to include representative populations. As learned
from the COVID-19 pandemic, structural bias in access
to health services and literacy remains a challenge
that needs urgent attention as it contributes to un-
derrepresented groups having poorer outcomes.
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The cardio-oncology community has grown over
the past decade, initiating important studies and
clinical trials, and developing guidelines for assessing
the cardiovascular status and monitoring of patients
receiving cardiotoxic cancer treatment. JACC: Cardio-
Oncology has been at the forefront providing a variety
of clinical and scientific resources.17 As the NCI pre-
pares for the reignited Cancer Moonshot,18 the goals
are identified as: 1) reduce the death rate from cancer
by at least 50% in the next 25 years; and 2) improve
the experience of people and their families living with
and surviving cancer. Collaboration across cardio-
oncology science has the potential to develop new
risk models incorporating both cardiovascular and
cancer risk to facilitate better delivery of anticancer
therapy while minimizing cardiovascular complica-
tions, and thus plays a pivotal role in improving the
experience of cancer patients and survivors by
reducing cancer treatment-related cardiovascular
morbidity and mortality.
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