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Abstract
Purpose of review The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), continues to spread with rising new cases and deaths. Patients with cancer represent a uniquely
vulnerable population not only with higher susceptibility to COVID-19 but also at increased risk for its complications. This
review focuses on the implications of COVID-19 in the cardiovascular health of patients with cancer.
Recent findings Patients more susceptible to COVID-19 with increased severity of disease include those with cancer and cardio-
vascular comorbidities. In addition, the cardiovascular complications of COVID-19 including acute myocardial injury, thrombo-
embolism, cardiomyopathy, myocarditis, and pericardial disease overlap with many of those encountered during cancer treatment.
Summary Despite the absence of large studies of patients with both cancer and cardiovascular disease, the incidence of cardio-
vascular complications in cancer patients with COVID-19 is expected to be high. This has implications for cardiac monitoring,
chemotherapy administration, and the diagnosis and treatment of cardiovascular disease during COVID-19.
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Introduction

Since its emergence from Wuhan, China, in December of
2019, the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has spread rapidly around the globe with 13
million confirmed cases and more than 570,000 deaths as of
July 14, 2020 [1]. Multiorgan involvement, including cardio-
vascular system manifestations, has been associated with the
novel coronavirus disease 2019 (COVID-19) or its treatment
[2, 3]. Acute myocardial injury, acute myocarditis, arrhyth-
mias, and thromboembolic events have all been observed

during COVID-19 infection [4–6]. The early experiences
from China suggest that some patient characteristics (e.g.,
age, gender, pre-existing disease conditions including cardio-
vascular disease and cancer) as well as exposure to certain
med i c a t i o n s i n c r e a s e a n i n d i v i d u a l ’ s r i s k o f
COVID-19-related adverse outcomes [2].

Patients with cancer represent a unique population during
the era of COVID-19 pandemic, not only because of their
susceptibility to infections in the setting of a compromised
immune system but also due to their already elevated risk
for thromboembolic events, myocarditis in the setting of treat-
ment with immune checkpoint inhibitors, and QT prolonga-
tion related to cancer therapeutics, all of which also represent
known complications of COVID-19 and its treatment (Fig. 1).
In the current review, we summarize existing evidence on the
susceptibility of patients with cancer and/or cardiovascular
disease to COVID-19 and its complications.We also elaborate
on the impact of the COVID-19 pandemic on timely cardio-
vascular and cancer care.

Pathophysiology of COVID-19

Coronaviruses are single-stranded RNA viruses known to
cause the common cold as well as being responsible for sev-
eral outbreaks including the severe acute respiratory syndrome
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(SARS) in 2002–2004, Middle East respiratory syndrome
(MERS) in 2012–2013, and now the current SARS-CoV-2
outbreak causing COVID-19. The SARS-CoV-2 life cycle
in human cells starts with binding to cell membrane receptors
resulting in phagocytosis into cells. This is followed by the
virus taking over cellular machinery to replicate itself. This
eventually leads to the cell recognizing the process and initi-
ating apoptosis thus leading to release of the replicated virus.

SARS-CoV-2 has spike (S) proteins on its cell surface that
bind with high affinity to angiotensin-converting enzyme
(ACE2) receptors. After binding, the viral cellular membrane
fuses with the host cell membrane and the virus enters into the
host cell [7••]. There are many human cells that express ACE2
receptors including the lung epithelium, which explains the
local lung pathology caused by SARS-CoV-2 and its trans-
mission through respiratory droplet and possibly, airborne
pathways [8]. ACE2 receptors are also expressed by human
cardiac cells and might be implicated in the mechanism of
cardiac injury during COVID-19 infection [8, 9].

The host immune response to SARS-CoV-2 is likely a
double-edged sword that is important in early control of the
virus, but if unchecked can lead to increased tissue injury from
the inflammatory response. Clinically a biphasic response has
been observed that matches this early and late phase of im-
mune response which has been associated with longer hospital
stays [10]. Innate and adaptive immunity is involved in the
SARS-CoV-2 immune response. Lymphopenia has been not-
ed in those hospitalized with COVID-19 with reductions in
absolute counts of CD4+ and CD8+ T cells. Along with this, a

pro-inflammatory “cytokine storm” syndrome has been de-
scribed with elevations in various cytokines, particularly
interleukin-6 (IL-6), tumor necrosis factor α (TNF-α), and
granulocyte-macrophage colony-stimulating factor
(GM-CSF) [11]. It is postulated that this leads to local lung
tissue injury and systemic effects such as thrombosis and
myocardial injury.

Susceptibility of Patients with Cancer to COVID-19
and its Complications

Patients with cancer are often immunocompromised due to the
disease process itself and/or due to cancer treatment. As a
result, patients with cancer are susceptible to infections and
their complications [12]. Initial reports from China suggested
that patients with COVID-19 were more likely to have a his-
tory of cancer compared with the general population,
supporting a potential susceptibility of the cancer population
to COVID-19 [13•]. Although patients with cancer are more
likely to demonstrate behaviors of social distancing and wear-
ing a mask, the reported infection rate of COVID-19 among
cancer patients was double the rate of COVID-19 in the gen-
eral population of Wuhan [14]. More specifically, among
1524 patients with cancer admitted to the Zhongnan
Hospital inWuhan, 0.79% had COVID-19. This infection rate
was significantly higher than the cumulative incidence of all
diagnosed COVID-19 cases that were reported in the city of
Wuhan over the same time period (0.37%; OR of cancer

Fig. 1 Cardiovascular complications of COVID-19 in cancer patients. COVID-19, coronavirus disease 2019
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history in patients with COVID-19 was estimated as 2.31,
95% CI 1.89–3.02) [14].

Furthermore, reports from China also support that patients
with cancer are at higher risk of COVID-19 complications.
Patients with cancer infected with SARS-CoV-2 in Wuhan
were significantly more likely to be admitted to the intensive
care unit (ICU) or die compared with patients without cancer
(39% vs 8%, respectively; p < 0.001) [13•]. The case fatality
rate was estimated at 5.6% in patients with cancer compared
with 2.3% in the general population [15]. In another report
from Wuhan, out of 28 patients with cancer and COVID-19,
54% required care in an intensive unit and 29% died [16].
Furthermore, patients who received cancer treatments within
the last 14 days required intensive care more frequently (haz-
ard ratio [HR] 4.1, 95% confidence interval [CI] 1.1–15.3, p =
0.037) [16]. It was suggested that not only patients actively
treated for cancer but also cancer survivors are more suscep-
tible to COVID-19 and its complications [13•, 14]. Although
the above reports suggest an increased susceptibility of cancer
patients to COVID-19 and its complications, they are based on
observations of a small number of patients. A larger prospec-
tive study from the UK (United KingdomCoronavirus Cancer
Monitoring Project [UKCCMP]) included 800 cancer patients
with COVID-19. Interestingly, 88% of patients were hospital-
ized. The mortality rate in that cohort was 28%, while factors
that increased the risk of death included advanced age (odds
ratio [OR] 9.42, 95% CI 6.56–10.02, p < 0.001), male gender
(OR 1.67, 95% CI 1.19–2.34, p = 0.003), history of hyperten-
sion (OR 1.95, 95% CI 1.36–2.80, p = 0.002), and cardiovas-
cular disease (OR 2.32, 95% CI 1.47–3.64, p = 0.002). These
factors have similarly been associated with worse outcomes in
the non-cancer population [17]. In contrast to the initial reports
from China, the authors of the UKCCMP study reported that
after adjusting for risk factors such as age and comorbidities,
receiving cytotoxic chemotherapy within 4 weeks of develop-
ing COVID-19 had no significant effect on outcomes (OR
1.18, 95% CI 0.81–1.72, n = 281) [18•]. Furthermore, com-
pared with patients not on these therapies, patients on immu-
notherapy (OR 0.59, 95% CI 0.27–1.27, n = 44), hormonal
therapy (0.90, 95% CI 0.49–1.68, n = 64), radiotherapy (0.65
[0.36–1.18], n = 76), and targeted therapies (0.83, 95% CI
0.45–1.54, n = 72) did not demonstrate an increased risk of
mortality. The numbers in the subgroups are smaller, and
more data is needed to better define the susceptibility risk
and outcomes of cancer patients to SARS-CoV-2, and its as-
sociation with recent cancer therapy.

Cardiovascular Comorbidities and Risk of COVID-19

Cancer and cardiovascular disease have many shared risk fac-
tors including but not limited to hypertension, diabetes, and
obesity [19]. Recent studies suggest that patients with these
risk factors are more likely to develop COVID-19 and have a

more severe disease course. One of the initial studies out of
China, including 138 hospitalized patients with COVID-19,
reported that 31.1% had a baseline diagnosis of hypertension,
while 14.1% had a baseline diagnosis of cardiovascular dis-
ease. Furthermore, patients with baseline hypertension, diabe-
tes, cardiovascular disease, or cerebrovascular disease were
more likely to need ICU care [20]. Similar results were
reproduced by Li et al. in a meta-analysis of 6 studies com-
prising of 1527 patients. Hypertension was the most common
comorbidity which was found in 17.1% of patients followed
by cardio-cerebrovascular disease at 16.4%, and diabetes in
9.7% of patients with COVID-19. In addition, having these
comorbidities resulted in a two- to threefold increased risk of
requiring admission to an ICU [21]. Beyond having a more
severe disease course requiring ICU stays, those with hyper-
tension, coronary heart disease, and diabetes are also more
likely to die with COVID-19 with higher rates of acute myo-
cardial injury [22]. These findings were further supported by
two large cohort studies. In the UKCCMP study, increased
mortality was associated with history of hypertension (OR
1.95, 95% CI 1.36–2.80, p = 0.002) and cardiovascular dis-
ease (OR 2.32, 95% CI 1.47–3.64, p = 0.002). A large multi-
center study from the USA, Canada, and Spain, which includ-
ed 928 cancer patients with COVID-19, reported that indepen-
dent factors associated with death included increased age (per
10 years; partially adjusted OR 1.84, 95%CI 1.53–2.21), male
gender (1.63, 1.07–2.48), smoking status (former smoker vs
never smoked: 1.60, 1.03–2.47), and number of comorbidities
(two vs none: 4.50, 1.33–15.28) [23].

Interestingly, it was noted that patients with more severe
illness in the ICU also had statistically higher blood pressures.
One of the initial reports reported an average systolic blood
pressure of 145 mmHg for those in the ICU, compared with
hospitalized patients outside of intensive care with average
systolic blood pressure of 122 mmHg (p value 0.017) [2].
The elevation in blood pressure for those with more severe
illness was postulated to be secondary to alterations in the
renin-angiotensin-aldosterone system due to entry of
SARS-CoV-2 through the ACE2 receptor. The hypothesis is
that binding of a high viral load to ACE2 receptors results in
down-regulation of the ACE2 receptor on host cell walls.
ACE2 is responsible for the conversion of angiotensin I to
angiotensin (1,9) and angiotensin II to angiotensin (1,7).
Therefore, with down-regulation of ACE2, it was postulated
that there are increased levels of angiotensin contributing to
increased blood pressure during illness and potentially worse
outcomes due to angiotensin’s effect on acute lung injury,
adverse cardiac remodeling, vasoconstriction, and vascular
permeability [24]. This further led to early theoretical con-
cerns that use of the common antihypertensive classes,
angiotensin-converting enzyme inhibitors and angiotensin re-
ceptor blockers (ACEI/ARB) could potentially exacerbate this
harmful effect. Soon after, the Heart Failure Society of

Curr Cardiol Rep          (2020) 22:171 Page 3 of 10   171 



America, American College of Cardiology, and the American
Heart Association released a joint statement regarding the lack
of data for beneficial or harmful outcomes with the use of
ACEI/ARB and that patients should be continued on these
medications when prescribed for indications such as heart
failure, hypertension, or ischemic heart disease, pending fur-
ther data [25]. This was followed by a large retrospective
cohort of almost 5000 patients with COVID-19 in which
20% were on ACEI/ARB. After matching for confounders
such as age and comorbidities, it was found that those on
ACEI/ARB had similar outcomes with an adjusted HR of
0.83 (95% CI 0.67–1.03) [26]. Another retrospective study
found beneficial outcomes for patients on ACEI/ARB with
an adjusted HR of 0.42 (95% CI 0.15–0.89, p value 0.03).
In addition, patients with baseline hypertension on
ACEI/ARB had a mortality benefit when compared with other
antihypertensives (adjusted HR 0.30, 95% CI 0.12–0.70, p =
0.01) [27•]. Given patients with cancer have cardiovascular
comorbidities, and the encouraging observational data, pa-
tients already on ACEIs and ARBs who contract COVID-19
should be continued on these agents unless they are acutely ill
with lower blood pressures or frank hypotension.

Myocardial Injury in Patients with COVID-19
and Cancer

Myocardial injury in cancer patients can have many dif-
ferent etiologies; these include, but are not limited to,
acute coronary syndrome, type II myocardial infarction,
myocarditis, and stress cardiomyopathy [28]. The reporting
of cardiovascular complications in patients with cancer and
COVID-19 is limited (Table 1), but many studies have
separately described either cancer patients or cardiovascu-
lar disease. The National Health Commission of China
documented that approximately 12% of patients without
prior cardiovascular disease (CVD), who expired in the
setting of COVID-19, had either elevated cardiac troponin
I levels or a cardiac arrest during hospitalization [6]. Guo
et al. demonstrated that 27.8% of patients with COVID-19
had myocardial injury as defined by elevation in troponin
T [7••], while another retrospective study of 416 patients
found that 19.7% developed acute myocardial injury.
Those with myocardial injury were more likely to have
comorbidities, more often required non-invasive and/or in-
vasive ventilation, and had higher mortality [34]. Zhou
et al. found one of the most marked differences in acute
myocardial injury in which 59% of non-survivors were
found to have acute myocardial injury compared with only
1% of survivors [22]. Also, we have previously found that
when patients with cancer present with troponin elevation
and possible acute coronary syndrome, the majority are
confirmed to have type II myocardial infarction [35].
Therefore, in alignment with recommendations of cardiac

societies, we suggest that troponin levels should only be
checked in patients with cancer and COVID-19 if signif-
icant cardiac involvement in the form of acute coronary
syndrome or myocarditis is suspected, and if the findings
of troponin elevation would change management [36].
Furthermore, even in the setting of ST elevation myocar-
dial infarction (STEMI), defined as typical symptoms with
localized ST segment elevation or new left bundle branch
block, up to 40% of COVID-19 patients did not have an
identifiable culprit artery on angiography [37]. This is
clinically relevant, given that many hospitals have been
using fibrinolytics as first-line treatment for COVID-19
patients presenting with STEMI, partly due to infection
control logistics for cardiac catheterization laboratories dur-
ing the COVID-19 pandemic and to reduce the exposure
of health care personnel to SARS-CoV-2 [38]. However,
cancer patients typically have absolute or relative contra-
indications to fibrinolytic therapy with a higher risk of
bleeding with administration of these agents, and if a sig-
nificant proportion may not have an acute thrombotic cor-
onary event requiring revascularization, an upfront inva-
sive strategy may be more appropriate, to determine the
etiology and correctly manage the STEMI-like presentation
in this population.

Stress Cardiomyopathy in Patients with COVID-19
and Cancer

The incidence of stress cardiomyopathy (SCM), or Takutsubo
syndrome, has been reported to be higher in patients with
cancer than the general population. In an analysis of the
InterTAK (International Takotsubo) Registry, a large, multi-
center Takotsubo syndrome population database, 16.6% of
1604 patients with SCM carried the diagnosis of cancer [39].
Similarly, Tornvall et al. reported that among 505 patients
with SCM, 14.3% had a history of malignancy compared with
11.0% of 1007 controls (p = 0.07) [40]. In a meta-analysis
study by Brunetti et al., including 123,563 patients with
SCM, cancer was associated with development of adverse
clinical outcomes including arrhythmias, cardiogenic shock,
thromboembolism, and need for respiratory support [41].
Reported triggers of SCM in cancer patients include the emo-
tional stress related to diagnosis and prognosis of cancer and
the physical stress from cancer itself or its treatments [42].

Similar to cancer, COVID-19 causes significant emotional
and physical stress to affected individuals. A retrospective
study of 1914 patients by Jabri et al. reported a significant
increase in the incidence of SCM during the COVID-19 peri-
od compared with the pre-pandemic time (7.8% vs 1.5–1.8%,
respectively, p < 0.001) [43]. Although there is no published
data at the time of this review regarding the incidence of SCM
in patients with cancer and COVID-19, it is suspected to be
increased due to the combination of these two risk factors.
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Thromboembolism in Patients with COVID-19
and Cancer

The prothrombotic state of patients with cancer and side effects
of certain cancer therapeutics, such as vascular endothelial path-
way inhibitors, proteasome inhibitors, radiotherapy, and
fluoropyrimidines, place these patients at higher risk for both
venous and arterial thromboembolism [44]. In general, the rates
of myocardial infarction and stroke have been shown to be
higher in patients with cancer compared with non-cancer pa-
tients [45]. In addition to cancer increasing the risk of throm-
boembolism, there have been reports of pulmonary embolism
and increased thromboembolic risk with severe infections and
COVID-19 [46]. Furthermore, a report from 2 Dutch hospitals,
including 184 ICU patients with COVID-19, reported that the
incidence rate of thromboembolic events among these patients
was 31% (27% venous, 4% arterial) [47]. Thromboembolic
events included pulmonary embolism, deep-vein thrombosis,
ischemic stroke, myocardial infarction, or systemic arterial em-
bolism [47]. There is suspected microvascular and
macrovascular dysfunction that occurs with COVID-19, with
endothelial involvement by the virus [48]. Elevations in
d-dimer with mild reductions in platelet counts and a coagula-
tion disorder resembling disseminated intravascular coagulation
are observedwith COVID-19 infection [49, 50]. In addition, the
presence of these coagulation abnormalities has been associated
with worse clinical outcomes [49, 50]. Several venous throm-
boembolism prophylaxis anticoagulation strategies have been
applied to patients with COVID-19 but whether these should be
modified for those with cancer is unclear [51].

Furthermore, whether therapeutic doses of anticoagulation,
given prophylactically, will prevent adverse outcomes in pa-
tients with COVID-19 is unknown. Two retrospective studies

compared patients with COVID-19 who received therapeutic
dose anticoagulation vs those who did not [52, 53]. Although
both failed to show a difference in mortality, a sub-analysis
showed possible mortality benefit among patients with severe
disease and abnormal coagulation biomarkers (platelets,
prothrombin time, d-dimmers) [52, 53]. However, it is not
known how many of these patients had underlying thrombotic
events already, and whether the therapeutic dose of
anticoagulation was given truly prophylactically. The benefit
of prophylactic therapeutic dose anticoagulation is not known
presently but studies are ongoing.

Cancer carries the paradox of having an increased throm-
botic risk at the same time as conferring an increased bleeding
risk. A common tool for the use of venous thromboembolism
prophylaxis in patients with cancer is the Khorana score; how-
ever, its applicability to those with COVID-19 is not studied
[54]. Thus, although large studies of patients with cancer and
COVID-19 are missing, it is expected that the incidence of
thromboembolism will be higher in those patients compared
with the general population of COVID-19 patients. Therefore,
a higher level of vigilance along with prophylactic dose
anticoagulation in most hospitalized COVID-19 cancer pa-
tients, unless contraindicated due to high risk of bleeding,
may be prudent, based on general guidance in all hospitalized
COVID-19 patients [55].

Myocarditis in Patients with COVID-19 who are
Treated with immune Checkpoint Inhibitors

Immune checkpoint inhibitors (ICI) are used in several malig-
nancies, and as front-line therapy in some [56]. While prom-
ising in their cancer efficacy, these drugs have led to the emer-
gence of immune-related adverse events (irAE) including the

Table 1 Epidemiologic studies reporting data on cancer patients with COVID-19

Author Journal Publication
date

Location Total number of
patients with
COVID-19

Number of cancer
patients with
COVID-19

Number of cancer patients
with COVID-19 and elevated
cardiac biomarkers or adverse
cardiac events

Liang W et al. [13••] Lancet Oncology 03/2020 China 1590 18 Not reported

Yu J et al. [14] JAMA Oncology 03/2020 Wuhan, China 1524 12 Not reported

Zhang L et al. [16] Annals of Oncology 03/2020 Wuhan, China 28 28 1 (acute myocardial infarction)

Dai M et al. [29] Cancer Discovery 04/2020 Hubei Province,
China

641 105 Not reported

Lee LYW et al. [18•] Lancet 05/2020 UK 800 800 Not reported

Kuderer NM et al. [23] Lancet 05/2020 USA, Canada, Spain 928 928 Not reported

Bogani G et al. [30] Gynecologic
Oncology

06/2020 Milan, Italy 355 19 Not reported

Pinato DJ et al. [31] Cancers 07/2020 UK, Italy, Spain 204 204 3 (acute cardiac injury)

Garassino
MC et al. [32]

Lancet Oncology 07/2020 Europe 200 200 1 (heart failure)

Mehta et al. [33] Cancer Discovery 07/2020 New York 218 218 Not reported
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severe, albeit uncommon, event of ICI myocarditis.
Cardio-oncology centers are well aware of ICI myocarditis,
especially given a high reported mortality rate of 25–50%
[46]. Blockade of immune checkpoints allows T cells in the
immune system to become activated and attack tumor cells.
Due to molecular mimicry and shared epitopes between tumor
and cardiac substructures, the activated T cells can also attack
the myocardium leading to an autoimmune myocarditis. In
addition to the increased risk of ICI myocarditis among pa-
tients with cancer, there have also been increasing reports that
COVID-19 is associated with the development of myocarditis,
with one autopsy report suggesting an inflammatory cellular
infiltrate similar to that seen in ICI myocarditis [6, 57]. There
are even reports of successfully treating COVID-19 myocar-
ditis with immunomodulation, glucocorticoids, and human
immunoglobulin, which is similar to the various immunomod-
ulatory therapies used by cardio-oncologists to treat ICI myo-
carditis [5, 58]. Given these similarities, identifying whether
ICI vs COVID-19, vs the combination of the two, is the cause
of myocarditis in SARs-CoV-2 positive patients, who have
received ICI, may be challenging. It is also unknown if ICI
therapy will allow for unregulated T cells to cause an in-
creased frequency of myocarditis in COVID-19 patients with
cancer. This has led some academic centers to hold doses of
ICI during the COVID-19 pandemic or testing patients for
COVID-19 prior to starting ICI, depending on the clinical
scenario and indication for ICI [59]. One study demonstrated
that patients with cancer had a more severe course of
COVID-19 if the patient had received ICI within the prior
90 days [60]. This was contrasted by the UKCCMP prospec-
tive study of 800 patients with cancer and COVID-19 which
demonstrated no higher risk for poor outcomes with
COVID-19 in those who had received immunotherapy within
the prior 4 weeks [18•]. Further systematic research is needed
to identify whether this particular cancer therapy has an effect
on the course of disease with SARs-CoV-2 and on irAEs,
including myocarditis. Until such data become available, the
potential risks of initiating or continuing this therapy will have
to be weighed against the potential adverse effects on the
progression of cancer in individual patients. Of course, if a
patient on such therapy or any cancer chemotherapy or radia-
tion therapy develops COVID-19, the cancer treatments are
held until complete clinical recovery of the patient, and if
possible until the community risk of infection decreases.

Pericardial Disease in Patients with COVID-19
and Cancer

There are case reports describing pericardial involvement of
patients presenting with COVID-19 that range from pericar-
ditis to pericardial tamponade [5, 61, 62]. Many of the cases
describe acute myocardial injury in addition to a decline in left
ventricular ejection fraction at the same time as the

development of a large pericardial effusion causing cardiac
tamponade. It is suspected that the patients developed
myopericarditis due to COVID-19 [61, 62]. There are current-
ly no large studies evaluating the incidence of pericardial ef-
fusion or pericarditis in patients with COVID-19. Patients
with cancer can develop pericardial disease from either cancer
itself or cancer therapeutics with cardiac tamponade also oc-
curring [63, 64]. In patients with cancer and COVID-19, it
may be challenging to differentiate whether pericardial dis-
ease is due to the cancer, COVID-19, or a combination of
the two. Regardless of the etiology, if patients are presenting
with tamponade, pericardiocentesis should be performed
emergently. If signs of pericarditis are present then providers
should consider initiating anti-inflammatory medications such
as non-steroidal anti-inflammatory drugs and/or colchicine
with steroids reserved for refractory disease.

QT Prolongation and Ventricular Arrhythmias
in Patients with COVID-19 and Cancer

Cancer patients are treated with numerous medications and
many of them cause QT prolongation such as tyrosine kinase
inhibitors, histone deacetylase inhibitors, arsenic trioxide, an-
tiemetics, antidepressants, and anxiolytics [65]. Furthermore,
the medications that received emergency use approval by the
United States Food and Drug Administration (FDA) for treat-
ment of COVID-19, including hydroxychloroquine, chloro-
quine, and azithromycin as well as the antivirals such as
lopinavir/ritonavir are all known to cause QT prolongation
[66•]. QT prolongation can increase the risk of development
of torsades de pointes [67]. Thus, patients with cancer already
on QT prolonging medications, receiving the above named
empiric therapies for COVID-19, would likely be at an in-
creased risk of this fatal arrhythmia. The effect on QTc pro-
longation was described in an observational study of 90 pa-
tients with COVID-19 (no data on cancer in this cohort).
Those receiving concomitant hydroxychloroquine and
azithromycin had a greater increase in QT interval (median
23 msec, interquartile range 10–40 msec) compared with
those receiving hydroxychloroquine alone (5.5 msec, (− 15.5
to 34.25 msec); p = .03). Of the 37 patients who were treated
with hydroxychloroquine monotherapy, 7 patients had QTc
prolongation to > 500 msec; of the 53 patients treated with
the combination of hydroxychloroquine and azithromycin,
11 patients developed QTc > 500 msec. Also, the likelihood
of prolonged QTc was greater in those who received concom-
itant loop diuretics (adjusted OR 3.38, 95% CI 1.03–11.08) or
had a baseline QTc of 450 msec or more (adjusted OR 7.11,
95% CI 1.75–28.87). Of the 90 patients, one developed tor-
sades de pointes and had recurrent ventricular arrhythmias
which needed treatment with lidocaine [66•]. Since then the
FDA has revoked the emergency use authorization for these
agents, given data suggesting that hydroxychloroquine or
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chloroquine has no benefit in COVID-19 and, in observational
studies, may be associated with higher mortality [68–70].
Remdesivir is an antiviral therapy that has demonstrated a
decrease in time to recovery for patients with COVID-19.
However, QT prolongation has not been described with
remdesivir. In a randomized controlled trial of 1063 patients
receiving remdesivir for COVID-19, no arrhythmias were ob-
served but data regarding QT prolongation and monitoring
were not reported [71]. How cancer, cancer therapies, and
polypharmacy often associated with cancer will impact the
rate of QTc prolongation, and clinically significant arrhyth-
mias is unclear at this time but caution in this patient popula-
tion with close cardiac monitoring while on COVID-19 treat-
ment is warranted, especially given potential cardiac involve-
ment with the infection.

Cardiovascular Monitoring of Cancer Patients During
COVID-19 Pandemic

Cardiovascular disease is a common cause of death among
cancer survivors [72]. Therefore, cardiovascular screening
and surveillance strategies are used to monitor patients with
cancer. However, not every cancer patient needs the same rig-
orous cardiovascular screening and surveillance strategy. In a
retrospective study of 448 patients with breast cancer, routine
cardiac imaging after treatmentwith trastuzumab led to changes
in care of only 2.8% of patients [73]. This becomes especially
important during COVID-19 pandemic, when the risk of
spreading the SARS-CoV-2 virus among immunocompro-
mised patients with cancer, during in-person visits for cardio-
vascular screening, may outweigh the benefit for all patients.
Limiting cardiovascular screening to only high-risk patients,
such as those with a history of cardiovascular disease, cardio-
vascular comorbidities, or advanced age, is prudent. Modified
protocols to reduce the frequency of cardiac imaging surveil-
lance for cancer patients during the COVID-19 pandemic,
stressing the above principles, have been suggested [74].

Prevention of COVID-19 in Cancer Patients
with Cardiovascular Disease

Cancer patients, especially those with underlying cardiovas-
cular risk factors or cardiovascular disease, represent a
high-risk group for COVID-19 infection and its complications
as outlined above. Strict precautions for the prevention of
COVID-19 in cancer patients are of the utmost importance.
Implementation of infection control measures among cancer
patients and cancer providers, including screening for symp-
toms, travel, or family members with COVID-19, universal
use of face masks by patients and providers, as well as social
distancing in waiting rooms, establishment of telehealth, no
visitor policies in the hospitals, quarantine policies, and testing
asymptomatic patients for SARS-CoV-2 before procedures,

such as stem cell transplant or initiation of chemotherapy, as
well as before aerosol generating procedures are some of the
preventive measures that several cancer centers have adopted
[75]. However, it should be emphasized to patients that con-
cerns about acquiring COVID-19 should not be the reason for
delays in seeking medical care. During the COVID-19 pan-
demic, late presentations of patients with acute myocardial
infarction and subsequent development of complications or
even death have been reported [76]. Although this observation
can be attributed to several factors, patient fears of exposure to
SARS-CoV-2 on presentation to health care facilities is one of
them. This fear could be evenmore prevalent among high-risk
patients such as those with cancer.

Lessons Learned from CAR T Cell Therapy Provide
Insights for the Treatment of COVID-19 in High-Risk
Patients

Chimeric antigen receptor (CAR) T cell therapy has emerged
as a standard and potentially curative approach for pediatric B
cell acute lymphoblastic leukemia and adult B cell
non-Hodgkin lymphomas [77]. One of the common toxicities
associated with CAR T cell therapy is cytokine release syn-
drome (CRS) [78]. IL-6 is a chemokine associated with in-
flammation and plays a key role in the pathophysiology of
CRS that follows CAR T cell therapies [78]. Tocilizumab, a
monoclonal antibody targeting the IL-6 receptor, has been
shown to be effective against CRS and is approved by the
FDA for treatment of severe or life-threatening CAR T cell
therapy–associated CRS [79].

Observational studies in patients with COVID-19 inflam-
matory manifestations have demonstrated elevated cytokine
levels, including IL-6, similar to patients with CRS post
CAR T cell therapy. A meta-analysis of 9 studies, including
1426 patients with COVID-19, showed that elevated IL-6
levels were associated with more severe disease course and
higher mortality [80]. Given the similarities with CRS post
CAR T cell therapy, tocilizumab has been proposed as a treat-
ment for severe COVID-19. In a large, retrospective,
case-control study of 544 patients admitted to the hospital
with severe COVID-19, treatment with tocilizumab correlated
with a reduced risk of mechanical ventilation or death (adjust-
ed HR 0.61, 95% CI 0.40–0.92; p = 0.02) [81]. Multiple on-
going clinical trials aim to confirm the above findings and
establish the clinical benefit of tocilizumab or other IL-6 re-
ceptor antagonists in high-risk patients with COVID-19, in-
cluding those with cardiovascular comorbidities [82].

Conclusions

Increasing reports support that patients with cancer are at in-
creased risk of infection with SARS-CoV-2 as are patients
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with baseline cardiac comorbidities. Given that older patients
with cancer often have cardiovascular disease, this population
remains vulnerable to contract COVID-19 as well as have
worse outcomes. Large studies are needed to better define
the magnitude of the risk and to tailor treatment for this select
group.
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