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ABSTRACT: Coronavirus disease 2019 (COVID-19) has emerged as a global pandemic and public health crisis. Increasing
waves of intermittent infectious outbreaks have dramatically influenced care among broad populations. Over the past 2
decades, there has been a rapid increase in cancer survival, with >400 000 new survivors each year. The increasingly
common presence of cardiovascular disease in patients during or after cancer treatment led to the rapid growth of the
field of cardio-oncology with a mandate of identifying, treating, and preventing the various forms of cardiovascular disease
seen among this population. This review evaluates the implications of the pandemic on the practice and study of cardio-
oncology. The evolving understanding of the relationship between comorbid disease and clinical outcomes among this
population is assessed. With the impetus of the pandemic, cardio-oncology can be deliberate in embracing changes to
cardiac screening, monitoring, and intervention during oncology care. Bridging 2 specialties, consideration of the les-
sons learned in cancer and cardiovascular may pivotally inform ongoing therapeutic efforts. Further, the development of
multicenter registries focused on understanding and optimizing outcomes among these patients should be considered.
Together, these insights may critically inform strategies for the care of cardio-oncology patients in future phases of the
COVID-19 pandemic and beyond.
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oronavirus has emerged as a global pandemic

and public health crisis.'® Increasing waves of

intermittent infectious outbreaks have influenced
care among broad populations. However, coronavirus
disease 2019 (COVID-19) has much further reaching
implications than many of the previous contagious out-
breaks. As of late May, the virus has already resulted in
the death of over 350 000 patients worldwide.

Over the past 2 decades, there has been a rapid in-
crease in cancer survival, with >400 000 new survivors
each year. Much of this survivorship has been driven
by the use of novel anticancer therapies, including the
nearly 160 new therapies approved since 2000 alone.*
However, this population, particularly those with co-
morbid or complicating cardiovascular disease (CVD),
is susceptible to adverse outcomes.

The common presence of CVD in patients during
or after cancer treatment led to the development of
the field of cardio-oncology with a mandate of iden-
tifying, treating, and preventing the high burden of
CVD seen among this population. The growing inter-
est in this new subspecialty of medicine has led to
the formation of national and international cardio-on-
cology groups, peer-reviewed journals, and research
initiatives aimed at meeting the needs of oncology
patients in the 21st century. Moreover, available data
have suggested that these patients may be among
those at disproportionate risk for adverse outcomes
after COVID-19 infection.>=® Providing optimal care
for patients with cancer, particularly those infected
with COVID-19, is challenging, given that our under-
standing of the COVID-19 pandemic and its effects

Correspondence to: Daniel Addison, MD, Division of Cardiovascular Medicine, Davis Heart & Lung Research Institute, 473 West 12th Avenue, Suite 200,

Columbus, OH 43210. E-mail: daniel.addison@osumc.edu
*Dr Addison and Dr Campbell contributed equally to this work.

This manuscript was sent to John Jefferies, MD, MPH, Guest Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 9.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and

is not used for commercial purposes.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2020;9:e017787. DOI: 10.1161/JAHA.120.017787


https://orcid.org/0000-0002-9113-8333
mailto:﻿
https://orcid.org/0000-0002-0803-0429
https://orcid.org/0000-0003-0253-1174
https://orcid.org/0000-0002-8754-358X
mailto:daniel.addison@osumc.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha

Addison et al

Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

CTLA-4 cytotoxic T-lymphocyte-associated
protein 4

PD-1 programmed cell death protein 1

PD-L1 programmed death ligand 1

on various populations continues to evolve on a daily
basis.

Barring any game-changing therapy and until a
vaccine is widely available, the COVID-19 pandemic
may remain a constant within medicine for the near
future, and the need to develop policies to provide safe
clinical care under the ongoing specter of COVID-19
is paramount. Many changes implemented will persist
after the initial phase of the pandemic is over. As we
continue to progress through the subsequent phases
of this crisis, a more comprehensive cardio-oncology
strateqy is clearly needed.

Within this review, we evaluate the implications of
the pandemic for the practice and study of cardio-on-
cology. We specifically focus on the evolving under-
standing of the relationship between comorbid disease
and clinical outcomes among this population. We also
discuss potential insights gained, which may critically
inform strategies for the care of cardio-oncology pa-
tients in future phases of the COVID-19 pandemic and
beyond.

VULNERABILITY OF PATIENTS WITH
CANCER AND CARDIOVASCULAR
DISEASE TO COVID-19

The populations with cancer and CVD are particularly
vulnerable to COVID-19 because of increased health-
care exposure and infection risk. Patients with cancer
have an ongoing need for anticancer therapy irrespec-
tive of the COVID-19 pandemic necessitating frequent
interactions with health care. Patients with CVD have
ongoing healthcare needs with the development of
acute cardiovascular events and routine surveillance
visits. Patients with cancer and underlying CVD and/
or treated with potentially cardiotoxic cancer thera-
pies are vulnerable to both short- and long-term ad-
verse cardiac events, needing increased healthcare
interactions for risk mitigation. Increased healthcare
interactions amplify potential exposure to COVID-19.
In addition, patients with underlying cancer or CVD
are generally considered more susceptible to infec-
tions. The majority of infection risk in cancer is attrib-
uted to cancer types and cancer treatments that result
in immunosuppression.'®'! For instance, cytotoxic
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therapies for hematological malignancies diminish
lymphocyte populations. Cardiovascular disease is
exacerbated by infection. Recent studies have linked
acute myocardial infarction to respiratory infections,
especially influenza.’? In addition, an increase in heart
failure hospitalizations is linked to influenza illness.'®
Yearly flu shots are offered annually in recognition of
this increased risk in patient populations with CVD
and cancer. Based on this underlying vulnerability to
infection and poor outcomes, initial publications have
emphasized the susceptibility to COVID-19 of both pa-
tients with cancer and with CVD.>™ Multiple govern-
ments have issued guidance that categorizes patients
with cancer and patients with CVD as high risk for
severe COVID-19 illness.'®® These guidelines recom-
mend increased diligence in shielding these patients
from unnecessary exposures.

Patients With Cancer and COVID-19:
Susceptibility and Outcomes

The first study of COVID-19 patients with cancer was
published by Liang et al.'® In a prospective cohort, they
identified 18 of 1590 (1%) patients with COVID-19 who
had a history of cancer, higher than the overall Chinese
cancer incidence of 0.29%. Patients with cancer were
significantly more likely to have severe clinical courses,
defined as requiring invasive ventilation or resulting in
death, than the patients without cancer, 39% versus
8%, respectively. Four of the patients had received
chemotherapy or surgery within 1 month of their hos-
pitalization, and 3 (75%) had severe clinical courses.
Compared with patients without cancer, patients with
cancer deteriorated more rapidly, within 13 days com-
pared with 43 days.

Although these cancer cases were heterogenous,®
subsequent studies have confirmed an increased
prevalence of cancer in patients infected with COVID-
19 and an increased risk of death.®2° Antitumor ther-
apy within 14 days placed patients with cancer at a
significantly increased risk of a severe clinical course.”
In a meta-analysis of 10 studies that included data on
patients with cancer and COVID-19, the overall prev-
alence of cancer in patients with COVID-19 was esti-
mated at 2.0%.%" In another meta-analysis, the odds
ratio of a severe complication was 2.29 for a patient
with cancer infected with COVID-19 compared with a
patient without cancer.??

In the first US COVID-19 and cancer publication,
334 of 5688 (6%) patients, admitted in the Mount Sinai
Health System, had a history of cancer.?® Patients with
cancer were more likely to require mechanical venti-
lation but had no significant difference in mortality.
However, cancer stage and cancer treatment data were
not available. The results of a New York study found a
significant increase in case fatality rate for patients with
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cancer: 25% in patients with solid tumors and 37% in
patients with hematological malignancies.?*

A multicenter COVID-19 case-control study of
105 patients with cancer and 536 age-matched
patients without cancer showed that patients with
hematological malignancies, lung cancer, or met-
astatic cancer had the highest frequency of severe
events.?® However, patients with nonmetastatic can-
cer had similar event frequencies compared with pa-
tients without cancer. A study of 423 patients with
cancer diagnosed with COVID-19 at Memorial Sloan
Kettering Cancer Center demonstrated 20% devel-
oped severe respiratory illness and 12% died within
30 days.?® Age older than 65 years and treatment
with immune checkpoint inhibitors were predictors
of hospitalization and severe disease. An intriguing
ltalian study found that patients with prostate can-
cer receiving androgen deprivation therapy were at
lower risk of COVID-19 infection.?” Although based
on a small number of patients, these studies overall
suggest that patients with cancer are at higher risk
of COVID-19 infection and at risk of having an early,
severe COVID-19 clinical course.

Patients With Cardiovascular Disease and
COVID-19: Susceptibility and Outcomes

The specific impact of underlying cardiovascular dis-
ease in patients with COVID-19 was first analyzed by
Guo et al. In a retrospective case series of 187 hos-
pitalized patients with COVID-19 at a single hospital in
Wuhan, 66 (35.3%) patients had underlying CVD that
included hypertension, coronary artery disease, and
cardiomyopathy. Patients with underlying CVD were
more likely to have elevated troponin levels (54.5%
versus 13.2%). Regardless of underlying cardiovas-
cular disease status, patients with elevated troponin
levels were significantly more likely to have a severe
clinical course, requiring mechanical ventilation or
dying (59.5% versus 8.9%). Shi et al® evaluated 426
hospitalized patients with COVID-19 in the Wuhan re-
gion, identifying 82 (19.7%) patients with cardiac injury
and 334 (80.3%) patients without cardiac injury based
on troponin | (0.19 versus <0.006 pg/L) and creatine
kinase-MB (3.2 versus 0.9 ng/mL) levels. Patients
with cardiac injury were older and more likely to have
comorbidities, including hypertension, diabetes mel-
litus, and coronary artery disease. Complications
in patients with cardiac injury included significantly
more acute respiratory distress syndrome, acute kid-
ney injury, and coagulation disorders. A significantly
higher percentage of patients with cardiac injury died
compared with those patients without cardiac injury
(42 [561.2%)] versus 15 [4.5%], respectively).

In a larger risk factor analysis, underlying CVD had
an odds ratio (OR) of 5.19, and hypertension had an OR
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of 2.72 for critical care need or death after COVID-19
infection.?® A meta-analysis of 6 studies demonstrated
a 2- and 3-fold increased risk of severe COVID-19 in-
fection in patients with hypertension and cardiovas-
cular disease, respectively.?® Together this early data
highlights the increased risk of patients with underlying
cardiovascular disease of having a more severe dis-
ease course and risk of death.30

Severe acute respiratory syndrome coronavirus
2, the virus causing COVID-19, binds the angioten-
sin-converting enzyme 2 (ACE) receptor to enter host
cells.®? Given the increased risk of death in patients
with CVD and hypertension infected with COVID-19,
there has been concern about ACE inhibitor use.33:34
A smaller, retrospective study of 1128 patients in
China found that inpatient use of ACE inhibitor or
angiotensin receptor blocker was associated with
lower risk of all-cause mortality compared to non-us-
ers among hospitalized patients with COVID-19 and
coexisting hypertension.®® A retrospective study of
18 472 patients within the Cleveland Clinic Health
System found no association with ACE inhibitor or
angiotensin receptor blocker use and the likelihood
of a positive COVID-19 test.®® In another study of
12 594 patients in New York, there was no increase
in the likelihood of a positive COVID-19 test nor a risk
of severe COVID-19 infection with previous treatment
with ACE inhibitors, angiotensin receptor blocker,
beta blockers, calcium-channel blockers, or thiazide
diuretics.?’

Healthcare Utilization for Patients With
Cancer and Cardiovascular Disease in
COVID-19

Beyond the immediate medical complications of
COVID-19 infections, the sweeping changes to our
healthcare system likely will have unintended conse-
quences. As nonemergent screening tests are post-
poned, delays in cancer diagnosis are inevitable. Given
the increased risk of COVID-19 infection and death, any
nonurgent treatments are being deferred. Clinical trial
enrollment has, in many instances, has been halted.
Patients with cancer are avoiding hospitals to limit
COVID-19 exposure but also may be delaying appro-
priate care for cancer-related complications. The pan-
demic largely has put a pause on cancer care across
the country. Decreased access will unavoidably result
in increased cancer-related deaths by up to 20% ac-
cording to 1 study.®®

Changes to cardiac care as a result of the COVID-
19 pandemic have already emerged. There is a de-
cline in ST-segment—elevation myocardial infarction
presenting to the hospital.3®4% Subsequently, there
has been a rise in late presentation myocardial infarc-
tions with increased fatality and complication rates.*!
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The hypothesis is that fear of contracting COVID-19
from the hospital is deterring patients from calling the
ambulance or going to the emergency room when
they experience chest pain or other symptoms. In ad-
dition, nonemergent cardiovascular studies such as
stress tests or echocardiograms have been delayed.
The extent of these delays has not yet been fully de-
termined and may result in a subset of our clinic popu-
lation with more advanced cancer and cardiovascular
disease than before the pandemic era. The true im-
pact of delayed care has yet to be fully appreciated.

STRATEGIES IN CLINICAL CARE OF
THE CARDIO-ONCOLOGY PATIENT

During the pandemic, medicine has undergone an
unprecedented upheaval in the face of COVID-19.
With the cancellation of routine appointments and
procedures, initial hospital lockdown measures have
resulted in a plateau of new COVID-19 infections, the
opportunity to obtain appropriate personal protec-
tive equipment, and the time to develop long-term
measures to mitigate risk. Nonemergent care has
been postponed. The emergence of this crisis has
led to acute alterations in the care of many patient
populations, with limited evidence available to guide
the management of disease in the era of this rapidly
spreading infection. Increasingly societies and au-
thors have moved to provide guidance through gen-
eral statements and recommendations to attempt
to mitigate adverse outcomes among at-risk patient
populations.?242-46 Chief among these groups have
been patients with preexisting or newly diagnosed
cancers as well as CVD.

Cardio-Oncology Specific Considerations
Cardiology, oncology, and cardio-oncology patient
populations are at increased risk not only directly from
COVID-19 but also from disruption of their routine care.
Creative ways to address this care gap are essential.
As an emerging field that is not bound by traditional,
inflexible patient-care pathways, cardio-oncology has
been a beacon of innovation in developing multispe-
cialty clinics, creating novel clinical care pathways,
and designing collaborative research to address the
unmet need of the cardiovascular care of the oncol-
ogy patient. This flexibility provides the opportunity for
the field of cardio-oncology to lead by example—not
only for other models of multidisciplinary care—but for
medicine as a whole.

At some institutions, cardio-oncology clinics have
had difficulty gaining traction given logistical issues.
Patients with cancer travel from near and far for on-
cology appointments. Appointment days can be filled
with imaging, blood draws, and therapy infusions.
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Adding additional specialty appointments and tests
can require more time, energy, and financial invest-
ment from the patient and the healthcare systems
standpoint. Clinic time and testing increase contact
with the healthcare system, which increases their risk
of healthcare-acquired infection.

Changes in the Location of Care Delivery
and the Use of Telehealth

To mitigate risk, the shift to telehealth visits has been
a dominant undertaking for many medical specialties.
The switch to virtual visits for cardio-oncology prac-
tices minimizes hospital and healthcare worker ex-
posures.*” Furthermore, it provides an opportunity to
integrate into oncology care more seamlessly. For rou-
tine follow-ups, virtual visits with different specialists
can be scheduled back to back without considering
travel time or transportation issues. Cardio-oncology
or other specialist telehealth visits could also be incor-
porated into an otherwise quiet chemotherapy infu-
sion visit—if deemed appropriate by the oncologist.
Multidisciplinary survivorship clinics can be conducted
more readily in the virtual setting with less coordina-
tion of clinic space and clinician workspace.

Virtual visits have many advantages, but they do
not fully replace a face-to-face clinical visit. Cardio-
oncology can create pathways to appropriately tri-
age patients with cancer into higher risk groups that
should be seen for face-to-face consultation or test-
ing. A proposed approach is presented in Figure 1.
The specific cardiac triage algorithm can be devised
by each institution. Ideally, big data could be lever-
aged to generate a broadly applicable cardio-oncol-
ogy risk profile to aid the triage decision, but more
research and development are needed. Initial triage
can be conducted by the referring physician or the
cardio-oncology clinic staff depending on institu-
tional work flow. After this triage, patients with high
cardiac risk can be scheduled to be seen virtually by
a cardio-oncologist. Patients with low or uncertain
risk can be scheduled to be seen virtually by a car-
dio-oncology nurse navigator first. Depending on the
institution, this person may be an advanced practi-
tioner or clinical nurse. The navigator can obtain fur-
ther clinical information and relevant patient records
to appropriately assess the cardiac risk prior to a vir-
tual or in-person cardio-oncologist visit.

SPECIFIC SCENARIOS AND
STRATEGIES

Cardiac Imaging

Although cardio-oncology patients are at a high risk
of both COVID-19 infection and complications from
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Figure 1.
pandemic and early recovery.

delayed care, cardiac imaging is still a critical and es-
sential part of patient management. Multiple socie-
ties have developed guidelines for cardiac imaging
during COVID-19: European Society of Cardiology,
American Society of Echocardiography, Society of
Cardiovascular Computed Tomography, and Society
of Cardiovascular Magnetic Resonance.*®-%" Specific
scenarios for decreasing cardiac imaging in the car-
dio-oncology population in the short term have been
suggested.®® However, when considering the pos-
sible years that the COVID-19 pandemic may disrupt
clinical care, establishing new pathways is important.
Similarly, surveillance echocardiography is necessary
for the capture of early or impending cardiotoxicity. In
this pathway, increasing the interval for serial echocar-
diogram screening for patients at lower cardiotoxicity
risk, based on cancer treatment regimen and underly-
ing risk factors, is feasible. For example, the interval
between serial echocardiograms could be stretched
from 3 to 6 months in stable, asymptomatic patients.
This pathway can be supplemented by serial bio-
marker surveillance during routine lab work with slight
elevations prompting subsequent imaging. Cardiac
magnetic resonance imaging will continue to remain
a growing aid in the understanding and treatment of
cancer-treatment associated CVD (Table).%®> We pro-
pose the development of “clean” clinical testing path-
ways for the highest risk patients in recognition of the
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real threat of the asymptomatic spread of COVID-19.
This pathway could be achieved through full personal
protective equipment of specific staff that is perform-
ing cardiac testing to prevent the potential spread or
routine COVID-19 testing of a subset of staff to ensure
no asymptomatic viral shedding. A low threshold for
pre-outpatient screening for COVID related symptoms
should underlie most effective strategies. Additionally,
the duration of potential exposure to COVID-19 can
be decreased with point-of-care ultrasound and fo-
cused echocardiogram.®* Bedside point-of-care
ultrasound by physicians can quickly answer straight-
forward questions, such as presence or absence of a
pericardial effusion, and obviate the need for a formal
echocardiogram. In an acute care setting, a focused
echocardiogram to answer only the specific clini-
cal question will also limit patient and staff exposure.
Patients who have serial echocardiograms, such as
patients on anthracyclines or trastuzumab, would ben-
efit from shorter study duration to only assess gjection
fraction. These approaches should be considered for
patients with cancer or CVD who are high risk.

Cardiac Arrhythmias, Biomarkers, and
Monitoring

Cardiac arrhythmias are an
nized manifestation of cancer

increasingly recog-
therapy-related
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General Considerations and Recommendations for Cardio-Oncology Care During the COVID-19 Pandemic

COVID-19 Consideration and Recommendations for Cardio-Oncology

General clinical
care

¢ Increase telehealth utilization for both inpatient and outpatient care, with the degree of use depending on local healthcare resource
allocation and COVID-19 infection risk

e Consider consolidation of care with telehealth visit during chemotherapy infusion

e Incorporate cardiac risk profiling for triaging and identifying patients who can benefit from telehealth versus in-person visits

* Aggressive anti-COVID treatment when hospitalized (ex. remdesivir)

Cardiac imaging

e Assess the risk of cardiotoxicity based on cancer treatment regimen and underlying treatment

e Consider increased serial imaging intervals and/or cardiac biomarker prompted imaging

¢ Direct use of definitive imaging in challenging scenarios (ex. cardiac magnetic resonance imaging for low left ventricle ejection
fraction), if available

e (Clean testing pathways with PPE and/or COVID-19 staff testing to mitigate the risk of asymptomatic or presymptomatic spread

Heart failure

e Optimize heart failure therapy
e Continue use of ACEi/angiotensin receptor blockers
e Assess the likelihood of exacerbation on ongoing anticancer therapy

cardio-oncology)

Arrhythmias ¢ Remote patch-based rhythm monitoring for cancer treatment arrhythmia side effects

e Consider cardiac CT to evaluate for left atrial appendage thrombus before cardioversion for atrial fibrillation versus invasive

transesophageal echocardiogram

e Consider delaying elective ablations until sufficient hospital PPE
Ischemic e Urgent cardiac catheterization for acute coronary syndrome for cardio-oncology patients—underused even pre-COVID-19
disease e Consider coronary CT for preoperative evaluation or to exclude ischemia in newly diagnosed cardiomyopathy
Valvular e Severe aortic stenosis can significantly increase mortality of patients with cancer, and many cardio-oncology patients do not
interventions (ie, quality for surgical aortic valve replacement
TAVR, TMVR) e Elective TAVR can be delayed at peak COVID-19 hospital resource utilization but should be a priority for rescheduling

e FElective TMVR can be delayed at peak COVID-19 hospital resource utilization but should be a priority for rescheduling
Research e Cardio-oncologists have unique expertise in treating hyper-inflammation related to novel immune-based therapies (ex. chimeric
(COVID-19 antigen receptor-T cell therapy, immune checkpoint inhibitors, etc)
related, and e Cardiotoxicity vigilance needed when repurposing cancer treatments to treat COVID-19 in clinical trials

® Vaccine research is paramount; cardio-oncology patients should receive priority for COVID-19 immunization because of enhanced
susceptibility to poor outcomes of infection

e Multicenter clinical research trials needed to assess and validate cardio-oncology patient COVID-19 risk mitigation strategies while
maintaining clinical care excellence

e Consider working off site during pandemic peak

e Focus on modifying research strategies based on lessons learned during the pandemic

ACEi indicates angiotensin-converting enzyme inhibitor; COVID-19, coronavirus disease 2019; CT, computed tomography; PPE, personal protective
equipment; TAVR, transvalvular aortic valve replacement; and TMVR, transcutaneous mitral valve repair or replacement.

cardiotoxicity.5%¢ For common complaints of palpita-
tions or syncope, monitoring for potential arrhythmias
is standard of care. To socially distance from patients,
patch-based cardiac rhythm monitors are an excellent
approach to monitoring for arrhythmic side effects of
cancer treatment.®” The whole process of placing the
patch, monitoring, interpretation, and debriefing can be
done from the comfort of the patient’s home. Beyond
arrhythmias, patch monitoring can also be used for QT
interval monitoring to identify patients at risk for fatal
arrhythmia, torsades de pointes. Confirmation that the
patch monitor available is appropriate for QT interval
assessment is important. Patients with baseline pro-
longed QT interval, a history of induced QT prolonga-
tion, or started on cancer treatment that may prolong
QT interval may benefit from remote patched based
monitoring rather than in-person 12 lead electrocardio-
gram. In addition, rhythm monitors can be used as sur-
rogates for measuring physical activity. Assessing the
R-R dispersion and chronotropic changes may provide
insight into patient activity level when direct assess-
ment with the 6-minute walk test and other exams are

not feasible.

From the standpoint of social distancing and mean-
ingful use while not compromising care, incorporating
a cardiovascular biomarker-based monitoring strat-
egy into existing imaging monitoring system should
be considered.%8-%° These lab tests, such as troponin
or NT-proBNP (N-terminal pro-B-type natriuretic pep-
tide), may be able to replace or allow spacing out of
the serial echocardiograms, which are standard car-
dio-oncology practice. Biomarkers are relatively lower
cost, lower risk, less invasive, and less COVID-19 ex-
posure approach compared with imaging. Obtaining
labs during oncology or chemotherapy infusion visits
would reduce the burden on the patient. Nevertheless,
current data show only a modest correlation between
biomarkers increases and ejection fraction decreases
in cardiotoxicity surveillance. Moving to a primarily bio-
marker-based monitoring could compromise sensitiv-
ity and specificity of cardiotoxicity detection. Further
research is needed on biomarkers to detect cardiotox-
icity. This strategy can be considered on an individual
basis, balancing risk of COVID-19 exposure and the
patient’s cardiotoxicity risk. Patients with known immu-
nocompromise due to cancer therapy or have lower
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relative risk of cardiotoxicity may benefit more from
more biomarker-based screening than primarily imag-
ing-based screening.

Invasive Cardiac Procedures
The most common invasive procedures for cardio-on-
cology patients are transesophageal echocardiogram
and cardiac catheterization. Patients with cancer are
at high risk of arrhythmia and thromboembolic com-
plications. In the setting of atrial fibrillation, this sce-
nario often means a transesophageal echocardiogram
to rule out left atrial appendage thrombus to minimize
stroke risk before a direct cardioversion to achieve
sinus rhythm. To avoid an invasive procedure, we
suggest shifting to computed tomography imaging to
evaluate for left atrial appendage thrombus, if this op-
tion is available at one’s institution.®"? Furthermore,
cardiac catheterization is often used to assess pa-
tients with cancer, whether after an abnormal stress
test result during preoperative evaluation or to exclude
coronary disease in a newly diagnosed cardiomyopa-
thy. Transition to coronary computed tomography to
evaluate for coronary perfusion when able can further
decrease cardio-oncology patient exposure to health-
care staff. Nevertheless, urgent cardiac catheteriza-
tion for acute coronary syndrome for this population
should still be considered. Noninvasive therapy for
acute coronary syndrome in patients with cancer is
associated with worse overall survival.®® The Society
for Cardiovascular Angiography and Interventions has
published COVID-19 guidance.®

Valve replacement in aortic stenosis can be con-
sidered an elective procedure, but in severe aor-
tic stenosis, intervention becomes more urgent.
Options for intervention include surgical aortic valve
replacement and transcatheter aortic valve replace-
ment. These cases may be delayed at the peak of
COVID-19 hospital resource usage but should be a
priority for rescheduling. Many patients with cancer
are not eligible for surgical aortic valve replacement.
Transcatheter aortic valve replacement is associated
with lower periprocedural complications and better
disposition in patients with cancer and should be
pursued where feasible.®®

RESEARCH CONSIDERATIONS

COVID-19 Investigational Treatments

Cytokine storm-like syndromes are thought to contrib-
ute significantly to the morbidity of COVID-19.96 Some
cancer therapies and immunomodulatory agents are
being considered for COVID-19 treatment and are
under investigation in ongoing clinical trials, such as
ibrutinib (NCT04375397), imatinib (NCT04394416), tha-
lidomide (NCT04273529), baricitinio (NCT04421027),
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and tocilizumab (NCT04331795).6-%° Previous experi-
ence in treating hyper-infammation associated myo-
cardial injury with immune checkpoint inhibitors and
chimeric antigen receptor T cell therapy positions
cardio-oncologists as unique experts.”® In addition, the
use of anticancer therapies to treat COVID-19 can have
cardiotoxic side effects such as hypertension, arrhyth-
mia, and venous thromboembolism. Cardiac vigilance
must be maintained when using these therapies in this
novel infectious setting.

Cardio-Oncology Basic Science Research
Considerations

The pandemic has dramatically shifted basic science
research focuses toward COVID-19. Vaccine devel-
opment is at the forefront of the current efforts. The
contrast of an often mild viral response phase followed
by a more potent host immune response phase has
inspired novel ways of thinking about inflammation.
Recent advances in cancer therapies have used the
immune system to attack malignant cells specifically.
Chimeric antigen receptor T cells are genetically modi-
fied autologous T cells.”" Current iterations target CD-
19, a B-lymphocyte antigen commonly expressed in
diffuse large B cell lymphoma. Immune checkpoint
inhibitors are monoclonal antibodies directed at PD-1
(programmed cell death protein 1), PD-L1 (programmed
death ligand 1), and CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4) receptors.”? Immune checkpoint
inhibitors remove the brakes placed on T cell-medi-
ated response and increase the immune system’s abil-
ity to scavenge for and identify foreign cells. Yet each
of these therapies can have the side effect of overacti-
vation of the immune system, which shares similarities
with the inflammatory response seen in some cases
of COVID-19.#2 The treatment of immune checkpoint
inhibitor-induced inflammation may also ameliorate
COVID-19 induced inflammation. In addition, the path-
ways targeted to stop cancer angiogenesis, such as
vascular endothelial growth factor, may also play a role
in vascular permeability resulting in increased tissue
inflammation in the lung.”

Cardio-Oncology Clinical Research
Considerations

During the pandemic, all caution should be taken
to minimize unnecessary visits, particularly where
a COVID-19 conscientious approach is not in place.
However, much of the work central to cardio-oncol-
ogy will continue in the face of the need for continued
anticancer care. When approaching these situations,
risks and benefits must be routinely considered. If a
patient or subject is without clear symptoms or re-
cently tested negative, inclusion in an ongoing study
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may be considered. Some clinical trial enrollment was
put on hold at the beginning of the pandemic. Cardio-
oncology as a field can advocate for clinical trial re-
sumption in the pandemic era and the inclusion of
cardiotoxicity vigilance.

With the impetus of the pandemic, cardio-oncology
can be deliberate in embracing changes to cardiac
monitoring during oncology care. Ongoing develop-
ment of multicenter biomarker-based trials to mitigate
risk without comprising patient care should be a prior-
ity. In addition, uniform care pathways should be vali-
dated in a research context. Big data will be essential
in assessing the success of cardiotoxicity monitoring,
modified care pathways in cardio-oncology care, and
the impact of COVID-19 mitigation efforts. The pan-
demic should inspire innovation to develop new ways
to overcome barriers to ongoing research and to de-
velop new research to address patient risk.

SUBSEQUENT PANDEMIC PHASES
(INCLUDING RECOVERY)

In the face of the ongoing COVID-19 pandemic, car-
dio-oncology can emerge with flexible, uniform care
strategies. These approaches can be stratified into
phases (Figure 2). As local outbreak levels ebb and
flow, plans to shift from urgent-only care to the recov-
ery phases and back again should be in place. Plans

Cardio-Oncology During COVID-19

for subsequent waves of COVID-19 infections are es-
sential. This postsurge recovery phase will consist of a
new normal with routine mask use and the embracing
of telehealth options. Careful accounting of deferred
cardiac testing should be made to keep patients from
slipping through new COVID-19-created cracks. A
concerted outreach effort by administrative and clini-
cal staff in educating patients, along with making car-
diovascular appointments, will help close these gaps.

Given the high infection risk and morbidity of car-
dio-oncology patients infected with COVID-19, these
patients, along with healthcare workers, should be a
top priority and at the front of the line for a COVID-19
vaccine, once developed. Cardio-oncology patients
are vulnerable and have a frequent need for health-
care utilization. Protecting this population early with
a vaccine will mitigate risk throughout the healthcare
system.

As we move into the postpandemic world, the rip-
ple effects of the COVID-19 pandemic with its collat-
eral damage will affect our patients for years to come.
These costs cannot be underestimated. Medical con-
sequences of deferred testing, imaging, screening, and
procedures will be appreciated fully only in retrospect.
Economic losses such as job losses, decreased in-
comes, and loss of health insurance can severely limit
many patients’ ability to afford medication, screening
tests, and doctors’ appointments. Concerted socio-
political measures and policies at local, national, and

Phases in Cardio-Oncology Care during the COVID-19 Pandemic and Beyond

Peak

« Cardiac cath for ACS only

+ Emergent cardiac imaging studies only evaluations

« Focused echocardiogram to limit duration of
staff/patient exposure

« CT for thrombus evaluations (vs. TEE) “
when feasible

« Electronic consults for inpatients

« Outpatient video visits predominantly, with
rare exceptions

« Pause non-interventional, non-COVID-19-
risk mitigation

related trial enroliment

COVID-19 Pandemic

Initial Recovery

+ Cardiac cath for ACS and ischemic

« Dedicated staff for high risk patient imaging
studies (echo, MRI, CT, etc.)

« CT for thrombus evaluations (vs. TEE) and
coronary evaluations

« Physician discretion for in-person or electronic
consults for inpatients

« Triage outpatients for in-person vs video visits

+ Cautious clinical trial enrollment

« Focused clinical trials to assess COVID-19

Non-Pandemic Care

Recovered

.

Cardiac cath for all indications
« Cardiac imaging for all indications (echo,
MRI, CT, etc.)
l l + Consider CT for thrombus evaluations

(vs. TEE) and coronary evaluations as
indicated

Physician discretion for in-person or
electronic consults for inpatients

Physician discretion for in-person or video
outpatient visits

.

Full enrollment in clinical trials

Healthcare Resource Utilization

Figure 2. General phases (stages) in cardio-oncology care during the coronavirus disease 2019 (COVID-19) pandemic and
recovery.

ACS indicates acute coronary syndrome; CT, computed tomography; echo, echocardiogram; MRI, magnetic resonance imaging; and
TEE, transesophageal echocardiogram.
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international levels may assist with such aftermath.
Cardio-oncology practitioners should continue to ad-
vocate for patient’s access to health care and afford-
able treatment options.

The cardio-oncology field will be transformed after
the COVID-19 pandemic. Telehealth use will become
routine, particularly for follow-up Vvisits, routine car-
diac monitoring, and patients who live far away from
healthcare centers.*? Clinical trials will address disease
phenotypes and therapeutic responses in the face of
the COVID-19 pandemic. Basic science will explore
COVID-19’s impact on cellular mechanisms and pre-
disposition to infection.

CONCLUSIONS

Despite initial challenges, the era of COVID-19 is
teaching us new paradigms of medicine that will
change the face of how we practice. Now is the
time to implement some of our learnings into mak-
ing cardio-oncology endeavors more effective, easy,
and far reaching. Vigilance and planning will help al-
leviate downstream consequences of delayed and
deferred cardio-oncology care. As these new para-
digms emerge as part of our daily practice, it will be
important to evaluate the effectiveness of these new
strategies.
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