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Abstract

Purpose of review The COVID-19 pandemic has disrupted healthcare and has dispropor-
tionately affected the marginalized populations. Patients with cancer and cardiovascular
disease (cardio-oncology population) are uniquely affected. In this review, we explore
the current data on COVID-19 vulnerability and outcomes in these patients and discuss
strategies for cardio-oncology care with a focus on healthcare innovation, health equity,
and inclusion.

Recent findings The growing evidence suggest increased morbidity and mortality from
COVID-19 in patients with comorbid cancer and cardiovascular disease. Additionally, de
novo cardiovascular complications such as myocarditis, myocardial infarction, arrhythmia,
heart failure, and thromboembolic events have increasingly emerged, possibly due to an
accentuated host immune response and cytokine release syndrome.

Summary Patient-centric policies are helpful for cardio-oncology surveillance like remote
monitoring, increased use of biomarker-based surveillance, imaging modalities like CT scan,
and point-of-care ultrasound to minimize the exposure for high-risk patients. Abundant
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prior experience in cancer therapy scaffolded the repurposed use of corticosteroids, IL-6
inhibitors, and Janus kinase inhibitors in the treatment of COVID-19 infection. COVID-19
vaccine timing and dose frequency present a challenge due to overlapping toxicities and
immune cell depletion in patients receiving cancer therapies. The SARS-CoV-2 pandemic
laid bare social and ethnic disparities in healthcare but also steered in innovation to
combat problems of patient outreach, particularly with virtual care. In the recovery phase,
the backlog in cardio-oncology care, interplay of cancer therapy-related side effects, and

long COVID-19 syndrome are crucial issues to address.

Introduction

The COVID-19 pandemic brought forth unforeseen
challenges in cancer and cardiovascular (CV) care.
CV disease (CVD) and its risk factors like diabetes
and hypertension are associated with a higher inci-
dence of adverse outcomes, including mortality [1].
In addition, there is substantial evidence suggesting
that patients with cancer on immunosuppressive
therapy have an increased risk of acquiring COVID-
19 infection and developing severe illness [2]. Cancer,
unfortunately, became the “forgotten C” due to fear of

Vulnerability and Outcomes

presentation due to exposure risk, precipitous drop in
routine screening, and delayed treatment for identified
oncology patients. The field of cardio-oncology suf-
fered setbacks from difficultly navigating surveillance
for cardiotoxicity while attempting to minimize the
COVID-19 exposure to both patients and healthcare
workers. This review addresses the unique challenges
for cardio-oncology patients and strategies to care for
this highly vulnerable population during the ongoing
COVID-19 pandemic.

In early 2020, Liang et al. brought to light that ~1% of COVID-19 patients
had a history of cancer which was higher than the total incidence of cancer
(0.29%) in the overall Chinese population [2]. A meta-analysis estimated
an increased risk of severe and death in the cancer population [3]. Another
study showed that patients with COVID-19 and a history of cancer had a
3-fold higher risk of death, with cancer being an independent risk factor
for severe disease [4*¢]. Complications like venous thromboembolism and
arrhythmias were more commonly noted in COVID-19 with a history of
cancer [4¢¢]. Additionally, patients on active or recent chemotherapy have a
higher incidence of severe COVID-19-related disease [4°¢].

On the other side, CV risk factors like older age, diabetes [5], hyperten-
sion, and dyslipidemia [6] are also associated with a higher risk of in-hospital
mortality in the COVID-19 population. Preexisting CVD poses an even higher
risk of mortality than CV risk factors alone [7].

A retrospective study demonstrated that patients with comorbid cancer
and CVD (cardio-oncology patients) had a higher likelihood of developing
complications such as arrhythmia and encephalopathy as compared with
patients with cancer only [4*¢]. Similarly, COVID-19-associated severe disease
and mortality were noted at a significantly higher rate in cardio-oncology
patients as compared with those with either cancer or CVD alone [4¢°].
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Strategies for Cardio-Oncology Care during the COVID-19

Pandemic

Telemedicine

While there is no one specific way of taking care of this high-risk patient
population, and recommendations are likely to change time to time as our
knowledge evolves, we provide some suggestions based on the lessons learnt
during the pandemic so far (Fig. 1).

Impetus from the pandemic has brought innovation to healthcare delivery. For
close to 2 years now, telemedicine spearheaded navigation around the need to
abate unnecessary healthcare exposure while providing high-quality care. The
cardio-oncology population, at the pinnacle of vulnerability, sought to gain
the most from telehealth. It became imperative to reduce visits to the hospi-
tal for investigations, consultations, or treatments to mitigate their exposure
risk. Careful stratification of patients, who do not necessarily need a physical
examination, to a virtual visit alleviates the added stress of in-person visit [8].
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Fig. 1 Strategies for cardio-oncology care during the COVID-19 pandemic. This figure suggests various strategies and
dimensions to effectively care for cardio-oncology patients during the COVID-19 pandemic. Abbreviations: Al, artificial
intelligence; CT, computed tomography; CIEDs, cardiac implantable electronic devices; CVD, cardiovascular disease; HCPs:
healthcare providers; ICU, intensive care unit; ILRs, implantable loop recorders; POCUS, point of care ultrasound.
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Scrupulous care coordination by scheduling tests like cardiac biomarkers for
cardiotoxicity vigilance during pre-booked oncology treatment sessions would
forestall frequent hospital exposures. Collaboration with oncology colleagues
as they navigate clinical conundrums like chemotherapy regimen modifica-
tions to reduce the risk of infection in their patients is crucial [9]. Tele-visits
ensure equitable care by obviating transportation costs, loss of income, and
the need to arrange for childcare.

On the flip side, to avoid complacency, it is vital to be cognizant of the
limitations of telehealth like loss of subconscious visual cues, inability to
perform a physical exam, need for interstate licensing when caring for patients
across state lines, disparities in access to technology and high-speed Internet
at home [10], and also the inability to use technology, particularly, in the
elderly who may not be ready [11] for the telehealth revolution.

An unprecedented escalation in demand for intensivists due to the “surge”
in COVID-19 admissions has also led to the adoption of tele-ICU care. Par-
ticularly in the rural parts of the USA, it has improved mortality outcomes
[12]. In addition, virtual rehab programs utilizing digital health monitoring
can facilitate controlled indoor rehabilitation allowing both cancer patients
and COVID-19 survivors to remain physically active while at home [13].

Surveillance Strategies

Imaging

Use of CV imaging in the context of COVID-19 is complex especially when
intertwined with its implications in cardio-oncology patients [14, 15]. This is
particularly nuanced in patients requiring cardiovascular surveillance during
and after cancer treatments with known cardiotoxicity, such as trastuzumab
and anthracyclines [16, 17]. Strategies such as utilizing point of care ultra-
sound to answer specific questions like left ventricular function, strain or
presence of a pericardial effusion, minimizing acquisition time to reduce
the duration of interaction with healthcare professionals, and increasing the
interval between surveillance echocardiograms in low-risk patients and those
on drugs with lesser cardiotoxic effects have been suggested [18]. Temporarily
deferring routine cardiovascular imaging in asymptomatic long-term cancer
survivors is practical during the peak of the pandemic. Post-COVID infec-
tion cancer patients with either overt or subclinical myocardial injury should
undergo repeat imaging before initiating the next treatment cycle. Atrial fibril-
lation is common in the cardio-oncology population, and drugs like ibruti-
nib and tyrosine kinase inhibitors are known precipitators [19]. Reckoning
with the risk of aerosolization that transesophageal echocardiogram (TEE)
would bring, cardiac computed tomography (CCT) might serve as an accept-
able alternative to rule out intracardiac thrombus before cardioversion [20].
Its accuracy and quick acquisition time, ensuring reduced exposure, have
brought CCT to the forefront during the pandemic. Coronary CT angiogra-
phy is utilized in ruling out coronary artery disease (CAD) in those with no



Curr Treat Options Cardio Med (2022) 24:137-153 141

prior CAD presenting with acute chest pain by excluding high-risk anatomy
with or without the CT-fractional flow reserve [21-23]. Measures to protect
technicians and patients include appropriate PPE, surveillance COVID-19
testing, frequent disinfection of echo machines and environment, and using
preassigned machines for COVID-19 patients [23].

I ——————
Remote monitoring

Leveraging digital health technology to monitor heart rate, blood pressure
(BP), and weight expands our reach when caring for patients at home. For
example, patients on VEGF inhibitors [9] can digitally transmit their BP
recordings to their providers. Those diagnosed with anthracycline-induced
heart failure can have their weights monitored remotely, preemptively avoid-
ing hospital admission. Patients with cardiac implantable electrical devices
(CIEDs) [24, 25], CardioMEMs [26], and implantable loop recorders can be
alerted by their cardiologists with clinical status changes with remote moni-
toring. These devices can serve as proxies for physical activity [27]. Data from
commercially available wearable devices like smartwatches can also be linked
to the patient’s electronic medical records for review.

|
Biomarkers

While imaging-based surveillance is considered superior, cardiac troponin
I for anthracycline-based therapy is a valid alternative. Other cardiac bio-
markers—natriuretic peptides, such as B-type NP (BNP) and N-terminal pro-
BNP (NT-proBNP)—have been successfully used in patients with multiple
myeloma undergoing treatment with carfilzomib [28]. Serial biomarker-
based cardiotoxicity surveillance can be particularly helpful in minimizing
exposure to SARS-CoV-2. Such a strategy can be used as a “gatekeeper” and
reserve imaging surveillance to when only clinically needed. This approach
was adapted by various centers and recommended in the consensus statement
by the International Cardio-Oncology Society (ICOS) [29¢¢]. Further efforts
are needed to validate this approach in a broad range of patients receiving
antineoplastic therapies. Cardiac troponin or BNP/NT-proBNP elevation may
also occur due to COVID-19 infection, and hence, high index of suspicion is
required for prompt diagnosis.

Hypercoagulability and Anticoagulation (AC) Strategies

The prevalence of venous thromboembolism (VIE) ranges between 8% in
non-hospitalized COVID-19 patients and 22.7% in those admitted to the
ICU [30]. The pooled prevalence of deep vein thrombosis and pulmonary
embolism are 14.8% and 15.8% [31], respectively. Approximately 10% of
hospitalized patients with COVID-19 develop atrial fibrillation [32]. Thera-
peutic anticoagulation is indicated in all these situations.



142

Curr Treat Options Cardio Med (2022) 24:137-153

Increased risk of thrombogenic events in hospitalized patients with
COVID-19 has sparked a significant interest in examining the role of thera-
peutic dose anticoagulation in this population. Sadeghipour et al. demon-
strated that there was no difference in venous or arterial thrombosis, treat-
ment with extracorporeal membrane oxygenation, or mortality within 30 days
in COVID-19 patients who were treated with intermediate vs. standard-dose
prophylactic AC [33]. The ACTION trial did not show any benefit of therapeu-
tic AC over prophylactic AC in COVID-19 patients with an elevated D-dimer
[34]. Three international trials (ATTACC, ACTIV-4, and REMAP-CAP) were
prematurely terminated in the ICU arm due to the futility of therapeutic AC
and a signal towards harm [35].

In contrast, in the moderately ill group of patients, therapeutic heparin
or low molecular weight heparin (LMWH) increased survival until hospital
discharge, however with an increased risk of major bleeding [35]. Therefore,
the CDC currently only recommends prophylactic AC in hospitalized SARS-
CoV-2 patients in absence of thromboembolic event. While active or recent
cancer and many antineoplastic therapies increase the risk of thromboem-
bolic complications, there is also an increased risk of bleeding complications
in these patients. Severe COVID-19 infection in this subset of patients adds
complexity in determining the role of therapeutic AC in the absence of an
established indication. Currently, most experts recommend only prophylactic
dose anticoagulation in this high-risk population [36]. However, an individu-
alized approach is warranted.

Overlaps between Cardio-Oncology and COVID-19

The presenting symptoms of COVID-19 infection, cancer, de novo cardiovas-
cular disease, and adverse effects of antineoplastic therapy have considerable
overlap which brings on several diagnostic conundrums (Fig. 2). Patients on
immune checkpoint inhibitors presenting with troponinemia may have ICI-
associated myocarditis. However, due consideration for other diagnoses such
as COVID-19 infection-related myocardial injury, COVID-19 vaccine-related
myocarditis, or even type 2 myocardial infarction from the underlying cancer
physiology itself may need to be entertained. A known catastrophic adverse
effect of CAR-T cell therapy is the development of cytokine release syndrome
(CRS). If these patients contract COVID-19, severe infection may mimic CRS
which can pose a diagnostic dilemma. Similar situations may arise in patients
presenting with venous thromboembolism or acute coronary syndrome
where it may be muddling to determine the primary cause as cancer-related,
antineoplastic therapy-related or COVID-19-related. Detailed clinical history
with emphasis on the chronology of events along with biomarker testing
and imaging may help delineate these diagnoses. The upmost care should
be taken to avoid false diagnoses to ensure appropriate cancer therapy and a
robust vaccination coverage in this population.
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Fig. 2 Overlap in cardiovascular manifestations between cancer, cardiovascular disease, adverse effects of anti-neoplastic
therapy, COVID-19 infection, and COVID-19 vaccine-related side effects. This figure demonstrates the potential overlapping

cardiovascular manifestations in cardio-oncology population (from cancer, de-novo cardiovascular disease, adverse effects
of antineoplastic therapies, COVID-19 infection, and COVID-19 vaccine adverse effects) along with strategies for diagnosis.

Repurposing Cancer and Cardio-Oncology Therapies for COVID-19

Research exploring the links between the pathophysiology of cancer, mecha-
nism of cytokine storm in CAR-T therapy, and severe COVID-19 infection is
breaking new ground with several clinical trials testing the benefit of repur-
posed cancer drugs in SARS-CoV-2 infection [37].

Severe COVID-19 Infection Pathophysiology

The hyperinflammatory stage of COVID-19 leads to multiorgan dysfunction
and poses a poor prognosis. Mechanistically, SARS-CoV-2 enters the cell via
the angiotensin-converting enzyme-related carboxypeptidase 2 (ACE2), which
are present on macrophages and alveolar type 2 pneumocytes [38]. The acti-
vation of NF-xB [39, 40] and JAK/STAT pathways [41] elicit the production
of pro-inflammatory cytokines leading to CRS. IL-1B, IL-6, IL-7, IL-2, and
TNF-a are upregulated in patients with severe infection and contribute to
the perturbed immune response seen in severe COVID-19 infection. Elevated
IL-6 levels are considered a marker of an overzealous immune response and
indicate grave outcomes. Similar mechanism has been noted in cytokine
storm related to variety of cancers and therapies, particularly with CAR T-cell
therapy [42, 43]. Several anti-inflammatory and anti-cytokine agents such as
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corticosteroids, anti-IL-6 agents, and JAK1/2 kinase inhibitor [36] have been
explored in COVID-19 management and the currently used drugs are listed
in Table 1.

COVID-19 Vaccination in Patients With Cancer

In a remarkable feat in the history of medical science, the COVID-19 vaccines
represented the fastest vaccine rollout. The response to the available COVID-
19 vaccines is less robust in cancer patients than the general population [58,
59]. The poor efficacy of one dose of the BNT162b2 (Pfizer-BioNTech) vaccine
in patients with solid tumors and hematological malignancies [59] improves
significantly within 2 weeks of the second dose at day 21, which supported the
prioritization of these patients for an early second dose. Increased prevalence
of breakthrough infections in the immunocompromised prompted the CDC
to approve the third dose of an mRNA vaccine at least 28 days after the sec-
ond dose of either the Pfizer-BioNTech or Moderna COVID-19 vaccine [60].

The timing of vaccines is critical since overlapping toxicities/adverse
effects, particularly hypersensitivity reactions, can confound the tolerability
of either the vaccine or anticancer therapy. A gap of > 3 months is endorsed
for those post-transplant or on adoptive cell therapies (e.g., CAR-T cell ther-
apy) to avoid graft-vs-host reaction and the effects of immunosuppressive
therapy [61]. Astute navigation of vaccine timing around chemotherapy infu-
sions causing thrombocytopenia, lymphopenia, and neutropenia is essential.
Anti-CD 20 antibodies like rituximab and ocrelizumab induce B cell deple-
tion and have the potential to annul the efficacy of vaccination against SARS
CoV-2 [62]. In one study, patients with at least partially repopulated B cells
mounted a measurable antibody response. All patients had a robust T cell
response irrespective of the presence of B cells [63]. It may be reasonable to
await ample repopulation of B cells in clinically stable patients [64]. Prioriti-
zation of non-professional caregiver vaccination is another strategy to extend
immunity coverage in their families.

Oncology and Cardio-Oncology Clinical Trials in the Pandemic Times

There was a rapid disruption in oncology clinical trial accrual with the
COVID-19 outbreak [65]. The need to combat the SARS-CoV-2 virus with-
out trepidation redirected investigators towards COVID-19-related research.
Most of the trials on COVID-19 vaccinations excluded patients with malig-
nancies, thus limiting the data on the safety and efficacy of the vaccines in
patients with cancer. Oncology patients were posed with a “catch-22" of
choosing between investigational oncology drugs and being vaccinated. For
many patients, trial drugs may be the best or only available treatment option.
Receiving the COVID-19 vaccine under EUA does not constitute treatment
with an investigational agent. Therefore, enrollment in an oncology clinical
trial should not prohibit one from the vaccination as it can be recorded as
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concomitant therapy [66]. Conversely, if eligible, simultaneous admission to
a vaccine trial should not prevent acceptance in an oncology trial.

Special considerations during screening for trials may be required. For
instance, in breast cancer trials, screening exams should be done before the
first dose or 4-6 weeks after the second dose of the COVID-19 vaccine because
of its propensity to cause axillary lymphadenopathy [67]. In general, deferral
of vaccination during the first cycle of most novel anticancer agents, including
immunotherapy, is pragmatic. An interlude of 72 h to 2 weeks after vaccine
administration is recommended to avoid intersection of adverse effects [66].

In patients that receive whole-body radiation, vaccination may be delayed
to allow for immune reconstitution®®. In addition, a few cases of radiation
recall phenomenon [68-70] (an acute inflammatory skin reaction localized
to an area of skin previously irradiated) have been described after inoculation
against COVID-19.

Variants of Concerns (VOC)

The current COVID-19 variants of concern (VOC) in the USA are Alpha
-B.1.1.7, Beta - B.1.351, Gamma - P.1, and Delta - B.1.617.2, with Delta being
highly contagious causing rapid spread. The Omicron variant is the most
heavily mutated variant so far, with enhanced transmissibility and partial
resistance to vaccine induced immunity [71]. More data is awaited regard-
ing this variant. mRNA vaccine efficacy against new variants such as Delta is
around 79-88% in the average population after the second dose, but lower
in solid organ transplant and immunocompromised patients [72]. In addi-
tion, approximately half of cardiac transplant recipients do not generate IgG
antibodies following two doses of SARS-CoV-2 mRNA vaccine [73].

Hence, CDC currently recommends that moderately to severely immuno-
compromised people (active cancer treatment, solid organ transplant recipi-
ents including cardiac transplant and stem cell transplant, on immunosup-
pressive medications including steroids) receive an additional dose at least 28
days after completing the initial mRNA COVID-19 vaccine series. In a recent
RCT [74], only 55% of the transplant recipients had an antibody level above
the protective threshold of 100 U per milliliter after the third dose. Therefore,
social distancing, protective measures like wearing a mask, and vaccination
of relatives of these patients are strongly warranted.

Social and Ethnic Disparities

Disproportionate mortality and morbidity in the African American (AA)
and Latino community with COVID-19 infection has exposed the preexist-
ing equity chasm in healthcare [75]. A report released by the CDC showed
that counties with the highest social vulnerability index, particularly those
with a higher percentage of ethnic minority patients, crowded housing, and
high-density housing structures, were at higher risk of becoming a COVID-19
hotspot [76].
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There has been a precipitous decline in cancer screening with the pan-
demic, including colon, cervical, and breast cancer screening. This could
overturn the gains on early cancer detection in the most vulnerable popu-
lation. The impact is significantly higher in socially and economically
marginalized population [77]. To catch up with the swift decline in newly
identified cancers, measures like home-based self-sampling (HPV DNA
sampling in cervical cancer screening and fecal DNA sampling for colon
cancer screening) should be adopted along with efforts to increase aware-
ness regarding the importance of timely preventative care.

AAs experience higher rates of cardiotoxicity from anthracyclines and
trastuzumab than Caucasians [78] due to increased CV risk factors and
likely due to suboptimal surveillance as well as management of such risk
factors, driven by th e social determinants of health (SDOH). There is also
insufficient representation in research, including medications that prevent
cardiotoxicity like statins and dexrazoxane [79]. Environmental racism
encompassing housing, working conditions, food, air, water, and soil can
be the root cause of cancer and infectious diseases like COVID-19 (e.g.,
living in places with air pollution near chemical plants).

While there has been a significant gap in healthcare accessibility and
outcomes, it has exponentially increased in this challenging time of the
pandemic. Healthcare policy changes to help bring the marginalized pop-
ulation to the benefits of advanced healthcare infrastructure enjoyed by
the mainstream and targeted resource allocation are required to minimize
such inequities. Recognition of SDOH is crucial but we need to go a step
forward and integrate them in the real-time clinical healthcare delivery
system.

Other Aspects

Precision and innovation

While healthcare has adopted digital health technology, we have been
relatively cautious and slow in using them to its maximum potential.
The pandemic accelerated the adaption of existing digital technology and
innovation to meet the compelling need and provide care. Using artificial
intelligence and machine learning, novel and individualized risk strati-
fication tools to identify cancer patients at high risk for complications
with COVID-19 such as CORONET has been developed [80]. Molecular
docking techniques using computational software (in silico medicine)
have been utilized to identify potential antiviral agents for COVID-19.
One such example is baricitinib, a JAK1/JAK2 inhibitor currently approved
for COVID-19 treatment with remdesivir [57]. Genomic sequencing and
-omics technology enables identification of genetic variants with increased
susceptibility to drug-specific cardiotoxicity helping to minimize in-person
interactions [81].
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|
Social media

With 61% of healthcare workers (HCW) using social media (SoMe), it helped
to continue networking opportunities, distribute educational materials, and
raise public awareness during the pandemic [82]. SoMe platforms, particu-
larly Twitter, have helped in real-time navigation of novel research findings at
a time that in person conferences were cancelled [82]. SoMe will continue to
play an important role not just in connecting people, but also in shaping the
narrative. HCWs are usually seen as a reliable source of unbiased information,
and hence, it is important that we leverage our societal influence responsibly
for scientific information dissemination, vaccination and preventative care
campaigns, research study recruitments and equally importantly to combat
the misinformation.

I I———
Education and training

There has been a dramatic paradigm in inpatient training for fellows with
a large number of trainees being re-deployed to care for non-cardiac inten-
sive care unit and for COVID-19 patients. Although this translated to less
dedicated time for trainees to pursue cardio-oncology electives or see cardio-
oncology inpatient consults, commonalities between COVID-19 and cardio-
oncology care can strengthen overall clinical decision-making skills. Expo-
sure to telehealth and virtual classrooms opened new realms of learning.
Access to experts in the field has surpassed geographic boundaries leading to
a global classroom and thus democratizing cardio-oncology education and
that should continue.

Recovery Phase

The consequences of staggered surveillance for cardiotoxicity, delayed cancer
screening, delay in preventative CV care, and necessary procedures like TAVR
and atrial fibrillation ablation in this vulnerable population are profound.
There is growing evidence that cancer patients are lost to follow-up, and
new cancers are being missed [83]. Vigilance and active scrutiny of patients
at risk of cancer and cardiovascular disease are necessary to avoid delays in
diagnosis. Continued utilization of telehealth services may partially assist in
overcoming this backlog in cardio-oncology care. However, with the provi-
sion of adequate personal protective equipment and widespread vaccination
coverage, transitioning to in-person visits in those who need more closer
follow-up should no longer be deferred as delay in such care may have det-
rimental effects.

The most frequent symptoms of long COVID (Post-Acute Sequelae of
SARS-CoV-2 infection (PASC)) are fatigue and dyspnea, which overlap with
cancer symptoms posing a risk of under-recognition of early cancer [84]. In
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addition, physicians face the challenges of further delaying cancer treatment
due to debilitating symptoms like extreme fatigue, cough, dyspnea, chest
pain, and palpitations.

There have been theoretical considerations for cancer as a sequela of
COVID-19 infection. Major signaling pathways implicated in aberrant cel-
lular growth are activated; the ensuing cytokine storm weakens the immune
system'’s response to tumors, and patients may develop cancer as a result of
superimposed mutagenic and/or carcinogenic events [85]. COVID-19 and
cancer intersect through 4 common signaling pathways: cytokine, IFN-I,
androgen receptor (AR), and immune checkpoint signaling [85]. COVID-
19-associated T cell depletion and activation of oncogenic pathways like
JAK-STAT, MAPK and NF-kB [86] potentially increase the risk of cancer in
this population. Due to inflammation and virus-induced ACE-2 depletion,
hypoxia can lead to oxidative stress resulting in DNA damage and subsequent
carcinogenesis. The SARS-CoV virus nonstructural protein 3 is implicated in
degradation of p53 (a tumor suppressor protein) [87]. Multiorgan dysfunc-
tion with extensive tissue damage from COVID-19 is also a likely oncogenic
driver.

Conclusion

Patients with comorbid cancer and CVD are at higher risk for adverse out-
comes when affected with COVID-19 as compared to patients with cancer
or CVD alone. Additionally, even those who have not acquired the infection
themselves, face enormous challenges due to the pandemic-related strain on
healthcare infrastructure leading to suboptimal or delayed care. As the pan-
demic waxes and wanes, patient-centric recovery policies are required in all
realms of healthcare, prioritizing high-risk populations such as those afflicted
with a dual diagnosis of cancer and CVD (cardio-oncology population) with
the focus on minimizing the interruptions in routine disease specific and pre-
ventative care while avoiding exposure to COVID-19. Widespread education
and awareness among stakeholders and inclusion of cardio-oncology in our
training curricula at the outset would help lay the foundation. Policy meas-
ures are needed to improve equitable access drawing attention to the social
disparities in cardio-oncology care delivery. Though this is a moving target,
disruptive innovation like digital health technology, telemedicine, genomics,
and artificial intelligence will serve as driving forces towards health equilib-
rium for these patients.
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