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Abstract

Cardiotoxicity induced by anti-cancer treatment has become a
significant threat as the number of cardiotoxic anti-cancer agents
is growing. Cancer patients are at an increased risk of contracting
coronavirus disease 2019 (COVID-19) because of immune sup-
pression caused by anti-cancer drugs and/or supportive treatment.
Deterioration in lung functions due to COVID-19 is responsible
for many cardiac events. The presence of COVID-19 and some of
its treatment modalities may increase the chance of cardiotoxicity
development in cancer patients receiving potentially cardiotoxic
agents. This review provides evidence-based information on the
cardiotoxicity risk in cancer patients clinically diagnosed with
COVID-19 who are receiving potentially cardiotoxic anti-cancer
agents. Proposed strategies relating to the management of this
patient cohorts are also discussed.
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Introduction

Coronavirus disease 2019, more commonly referred to as
COVID-19, is a novel viral infection that has affected more than
185 countries worldwide.! Following its declaration as a pandem-
ic by the World Health Organisation (WHO) in March 2020,
COVID-19 has been responsible for as many as 1,178,475 deaths
globally as of 30 October 2020.% Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) is the causative strain of
COVID-19. Common features among infected individuals include
fever, continuous cough and anosmia, however in more severe
cases complications such as pneumonia and acute respiratory fail-
ure have been reported.> The continuous pressure of providing
patient care while maintaining strict infection control measures
has revealed and accumulated inadequacies in health-care systems
that make it harder to manage patients with acute respiratory dis-
tress syndrome (ARDS) as a result of COVID-19.* Although the
majority of admitted patients were discharged without any serious
respiratory deteriorations, the number of patients requiring respi-
ratory support remains significant.’ In addition to the burden of
providing intensive respiratory intervention, there is some evi-
dence to suggest a relationship between COVID-19 and the devel-
opment of cardiotoxicity among some patients. Cardiovascular
complications among those diagnosed with COVID-19, such as
myocardial injury and cardiac dysfunction, have been attributed to
an increase in mortality in these acutely unwell patients.®” During
this pandemic, a subset of the population was defined as vulnera-
ble and in need of shielding. People living with cancer are one
example and have been shown to be more susceptible due to
immune suppression and overlapping toxicities. A study published
in The Lancet demonstrated the clinical outcomes of cancer
patients with COVID-19.8 Analysis of 928 patients showed high
30-day mortality of cancer patients with COVID-19 which was
associated with general or unique risk factors to cancer patients.
Older ager, male sex, smoking status, increased number of comor-
bidities, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status 2 or higher, active cancer were the independent fac-
tors associated with increased 30-day mortality. Many anti-cancer
drugs play a role in the development of cardiotoxicity leading to
an increase in patient mortality.?-14 1t is therefore not unreasonable
to assume that patients exposed to both COVID-19 and certain
anti-cancer agents are at a greatly increased risk of severe and
potentially life-threatening cardiotoxic complications.

This review presents the evidence base of the cardiotoxicity
risk in cancer patients clinically diagnosed with COVID-19 along-
side proposed management strategies.
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Cardiovascular complications of COVID-19

The development of cardiac muscle injury can be attributed to
a number of factors or events. Adverse drug reactions, existing
comorbidities and other potential confounders such as age, smok-
ing and body mass index have a role to play.!> Interestingly, the
work by Ruane et al.'¢ has shown patients suffering from respira-
tory infections experience an increase in the occurrence of acute
cardiovascular abnormalities, namely myocardial infarction
(MI).'¢ Relative risk (RR) for MI was found to be elevated among
participants (17.0, 95% CI 13.2-21.8), even in those with milder
symptoms (13.5, CI 10.2-17.7). Similarly, in a recent study by
Wang et al.'” on 138 COVID-19 patients, cardiotoxicity developed
in nearly 24% of the sample cohort.!” This 24% comprised two
major cardiac pathologies including arrhythmia (16.7%, P<0.001)
and acute cardiac injury (7.2%, P<0.001). For patients admitted to
the intensive care unit, the incidence of arrhythmia (44.4%) and
acute cardiac injury (22.2%) was much higher. In a report by the
National Health Commission of China, 11.8% of the hospitalised
COVID-19 patients experienced a cardiac arrest or increase in car-
diac troponin I levels (cTnl), without any previous history of
underlying cardiovascular disease.'® A meta-analysis, including 30
studies and a total of 6389 COVID-19 patients, presented critical
cardiovascular complications.!® Arrhythmia (16.6%), acute cardiac
injury (15.7%) and heart failure (11.5%) were within the most
prevalent cardiovascular complications. Presence of previous car-
diac disease contributes to high mortality rates in COVID-19
patients. Although the development of cardiovascular toxicities is
sometimes associated with COVID-19, pre-existing cardiovascular
morbidities are also playing a role in the conditions of the patients
with COVID-19. According to a meta-analysis, heart failure was
associated with poor outcome in COVID-19 patients. Higher mor-
tality and hospitalisation were also more common in COVID-19
patients with heart failure than without.2® This underscores the
importance of management of patients with pre-existing heart dis-
ease during COVID-19. Beside the effects of heart failure during
COVID-19, endothelial dysfunction further increases the chance
of cardiotoxicity development in patients diagnosed with COVID-
19. The relationship between endothelial dysfunction and COVID-
19 associated coagulopathy and vascular inflammation has been
demonstrated.?! Viral infections in endothelial cells play a role in
endothelial activation and dysfunction. The presence of COVID-
19 relatively contributes to endothelial damage which can further
affect other organs such as the heart.22 In the presence of already
existed endothelial damage along with further diagnosis of
COVID-19, cardiotoxicity risk increases even more as COVID-19
also facilitates the endothelial damage.

Apart from effects of previous cardiac disease in COVID-19,
several case studies show development of multiple cardiovascular
events in patients without having any pre-existing cardiac disease.
The majority of COVID-19 patients do not develop serious cardio-
vascular side-effects whereas some patients exhibit multiple and
life-threatening cardiovascular conditions despite having no pre-
existing cardiovascular disease. The outcomes for these patients
were demonstrated with case reports. In a case study of a 37-year
old patient with COVID-19, myocardial injury was also reported.?
The electrocardiography (ECG) showed ST-segment elevation,
acute myocardial infarction and a significant increase in cardiac
markers [cTnl, brain natriuretic peptide (BNP), creatine kinase
isoenzyme (CK MB)]. Echocardiography also revealed ventricular
systolic dysfunction, showing 27% left ventricular ejection frac-
tion (LVEF). Elevated cTnl and N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels, together with left ventricular dys-
function (LVEF: 32%), were present in another case study of a 63-
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year old COVID-19 patient having no previous history of cardiac
disease.?* Aside from elevations in cardiac biomarkers and left
ventricular dysfunction, COVID-19 and the resulting pharma-
cotherapy have been attributed to other cardiovascular events, such
as QTc prolongation, as shown in Table 1.25:26

Cardiovascular effects of pharmacotherapies used
in COVID-19

To date, there is no finalised treatment strategy demonstrating
the exact therapeutic approach for COVID-19, however numerous
agents are being investigated for their therapeutic effect including
antiviral agents, corticosteroids, anti-inflammatory and immune-
based therapies and hydroxychloroquine. In this review, we
focused on cardiovascular effects of hydroxychloroquine, remde-
sivir, lopinavir/ritonavir, favipiravir, tocilizumab and dexametha-
sone. Both COVID-19 and its currently proposed treatment regi-
mens can contribute to cardiac abnormalities.?’-3* Concurrent
administration of hydroxychloroquine and azithromycin (a
macrolide antibiotic) was a treatment strategy employed to tackle
COVID-19 in the beginning of pandemic.? This combination was
believed to have a favourable effects on patient outcomes, however
they were associated with several clinically significant cardiovas-
cular adverse events including QTc prolongation, drug associated
torsades de pointes and sudden cardiac death.31-33 Evidence com-
paring the use of chloroquine or hydroxychloroquine alone versus
in combination with a macrolide antibiotic was provided by a large
scale multi-national project which included results for 96,032
patients hospitalised with COVID-19.34 Ventricular arrhythmias
were demonstrated to be the highest incidence in patients receiving
a combination of hydroxychloroquine together with a macrolide
antibiotic. This paper is retracted by The Lancet due to issuing an
expression of concern on 5 June 2020. Although hydroxychloro-
quine treatment was authorised to be used as emergency by Food
and Drug Administration (FDA), its authorisation withdrawn
because of the not effective results and the severe side effects.?
This regimen has now since been abandoned due to reports of no
added benefit and increased hospitalisation associated with its use.

Multiple research studies have reported on remdesivir, an
antiviral drug, to be effective in the treatment of adult COVID-19
patients.3¢-38 Clinical improvements were observed in hospitalised
patients. Even though its application showed improved patient out-
comes, cardiovascular side-effects such as severe hypotension
(8%), atrial fibrillation (6%), hypernatremia (6%) and multi-organ
dysfunction were observed.?® A case of cardiac arrest was demon-
strated in another study by Wang et a/l. in which the efficacy and
safety of remdesivir in COVID-19 patients in comparison with the
placebo group were tested.3® There is a need for increased amount
of clinical trials, especially multi-centre, demonstrating efficacy
and cardiac safety of remdesivir in COVID-19 patient populations.
There are ongoing trials investigating the therapeutic efficacy of
remdesivir in COVID-19 patients.*?

Table 1. Demonstration of several potential cardiovascular com-

plications in patients clinically diagnosed with COVID-19.

Cardiovascular complications
in COVID-19 patients

QTc prolongation

Acute myocardial infarction

Left ventricular dysfunction
Ventricular arrhythmia (ventricular
tachycardia, ventricular fibrillation)
Sudden cardiac death
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Lopinavir/ritonavir, a protease-inhibitor and antiretroviral
agent, is in use to check whether it is effective in the treatment of
COVID-19. Findings from a recent study showed some benefits of
lopinavir/ritonavir for secondary endpoints (i.e. shorter stay in
intensive care unit, duration of hospital stay, etc.).*! According to
a pharmacovigilance data in France, lopinavir/ritonavir was asso-
ciated with numerous cardiotoxicities in COVID-19 patients.*
These include ventricular arrhythmias, QTc prolongation, brady-
cardia and bundle branch block. Another case report demonstrated
the outcomes of the two patients received lopinavir/ritonavir for
human immunodeficiency virus (HIV).4> Both patients developed
severe cardiac arrhythmia within a month after the onset of drugs.
There are ongoing clinical trials testing the efficacy and safety of
lopinavir/ritonavir.*?

Favipiravir is a synthetic prodrug and believed to be effective
in the treatment of COVID-19 due to its inhibitory effect of specif-
ic viral enzyme called RNA-dependent RNA polymerase (RdRp)
as Shannon et al. found SARS-CoV-2-RdRp complex is 10 times
more active than other viral RARp known.** Trials show favipiravir
to be effective in viral clearance, disease progression and relief of
cough and pyrexia.*>#0 The cardiotoxicity incidence and safety
profile of favipiravir is relatively safe although there is one pub-
lished case study showing QTc interval prolongation in patient
who received favipiravir for Ebola virus.#’ Use of other agents
such as vitamin C, dexamethasone, interferon-alpha, and mono-
clonal antibodies are under extensive research to find maximum
efficacy and safety in the treatment of COVID-19. These drugs are
also associated with several forms of cardiotoxicity either for
COVID-19 or other indications.*3-3!

Monoclonal antibody agents are one of the most popular ther-
apeutic strategies for the treatment of COVID-19. Trials with
tocilizumab, a recombinant monoclonal antibody, targeting the
interleukin (IL)-6 receptor has been shown to be an effective treat-
ment of COVID-19 with reduced mortality rates.’2According to a
meta-analysis published before pandemic in non-COVID-19
patients, tocilizumab was found to be safe in terms of cardiovascu-
lar side-effects than other anti-rheumatoid agents.> Tocilizumab is
believed to reduce the effects of COVID-19 on the heart because
of its ability to improve endothelial functions and reduce inflam-
mation and oxidative stress.>* Of particular relevance, the oxida-
tive stress theory is the proposed cardiotoxicity mechanism of
anthracycline chemotherapy.>® The most significant ongoing trial
testing the efficacy of tocilizumab and other agents such as dexam-
ethasone is the RECOVERY trial (clinicaltrials.gov no:
NCT04381936) with an aim to reach to estimated sample size of
20,000 patients.>°

According to the published preliminary results of the RECOV-
ERY trial, dexamethasone, a glucocorticosteroid, was found to
improve 28-day mortality among hospitalised patients with
COVID-19 receiving respiratory support.’’” National Health
Service (NHS) United Kingdom suggested the use of dexametha-
sone in critically ill patients with COVID-19 with a letter in accor-
dance with WHO suggestions.>® Although the exact cardiovascular
safety of dexamethasone in patients with COVID-19 was not
demonstrated in available literature, dexamethasone has a known
cardiovascular side-effect profile. The evidence of increased blood
pressure, tachycardia and other cardiac events were demonstrat-
ed.59-64

There are several agents under investigation for the treatment
of COVID-19. Some of these are known to trigger cardiovascular
events and some are relatively safe. However, the majority of phar-
macotherapies used in COVID-19 has at least one event of cardio-
vascular toxicity as explained above. Cardiac monitoring should
become an integral part of patient care, particularly in those with
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other risk factors, such as exposure to anti-cancer agents, which in
turn may contribute to the risk of cardiotoxicity.

Cardiotoxicity of several anti-cancer drugs

Anthracycline and trastuzumab induced cardiotoxicity:
Increased risk when used as concurrent

Beyond the scope of the evidence provided by the various
cohort and case studies identifying cardiotoxicity associated with a
COVID-19 diagnosis and treatment alone, another significant sam-
ple of patients at risk includes those receiving anti-cancer therapies
that are also associated with cardiotoxicity.®> The cardiotoxicity of
anthracyclines, particularly doxorubicin and the human epidermal
growth factor receptor-2 (HER-2) antagonist trastuzumab, were
extensively studied in breast cancer patients, which found an
increase in risk as high as 34% when administered as combination
therapy.®6-7% The type of cardiovascular event for these anti-cancer
treatments ranged from asymptomatic reduction in LVEF to sud-
den cardiac death.”-72 Doxorubicin and trastuzumab exhibit their
cardiotoxic effects via different pathways, hence they synergisti-
cally increase the risk of cardiovascular events when given concur-
rently. Doxorubicin is responsible for permanent cardiac muscle
death, whereas trastuzumab promotes reversible cardiomyocyte
dysfunction.” In addition, doxorubicin cardiotoxicity is cumula-
tively dose-related, in contrast trastuzumab related myocardial
injury is dose-independent and can occur at any time. The risk of
cardiotoxicity with trastuzumab treatment alone is low but the dox-
orubicin-trastuzumab combinational regimen for HER-2 positive
breast cancer increases the risk of cardiotoxicity.(70) The mecha-
nism of cardiotoxicity for both agents intersect at HER-2 activity.
Doxorubicin binds to topoisomerase 2f in the heart causing DNA
double strands to break. This results in mitochondrial dysfunction
and free radical generation promoting cellular death.”* Myocardial
tissue has a regenerative mechanism through HER-2 upregulation,
however, inhibition of HER-2 with the addition of trastuzumab
inhibits the myocardial repair, which further increases the risk of
cardiotoxicity.”

Cardiotoxicity of new agents: tyrosine-kinase inhibitors
and immune check-point inhibitors

Tyrosine-kinase inhibitors

Dramatic improvements in cancer survival-rates have been
observed with the introduction of tyrosine-kinase inhibitors (TKIs)
and immune check-point inhibitors.”®-81 Although they are current-
ly employed to treat a range of cancers, their cardiotoxic side
effects restrict their overall usability.®2#3 While anthracycline and
trastuzumab cardiotoxicity is related to changes in systolic func-
tion, TKI associated cardiotoxicities are more specifically related
with hypertension and ECG findings such as QTc prolongation,
bradycardia, tachycardia and T-wave inversion (e.g. atrial fibrilla-
tion, ventricular arrhythmia).$*-8% The exact mechanism of TKI-
induced cardiotoxicity has not been completely identified. One
theory suggests vascular endothelial growth factor inhibition may
be a pathway through which the decrease in the amount of avail-
able nitric oxide (NO) results in an increasing abundance of reac-
tive oxygen species that contribute to various cardiovascular com-
plications.?® A meta-analysis of clinical trials using TKIs to target
the vascular endothelial growth factor receptor by Ghatalia e al.%!
found an increased risk of QTc prolongation.’! Vantedanib, suni-
tinib, and pazopanib were the particular drugs of interest. QTc pro-
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longation was observed in 4.41% (n=165/3737) and 0.25%
(n=7/2811) of the patients receiving TKI and non-TKI drugs,
respectively. Patients receiving TKIs were at higher risk of QTc
prolongation than patients receiving other drugs (RR=8.66, 95%
CI 4.92-15.2, P<0.001). In addition, the TKI cohort were at a
greater risk of high-grade QTc prolongation than non-TKI group
(RR=2.69, 95% CI 1.33-5.44, P=0.006). Other TKIs used in the
treatment of non-small cell lung cancer such as osimertinib, crizo-
tinib, ceritinib and brigatinib were also associated with several
types of cardiotoxicity including: QTc prolongation, hypertension,
bradycardia, etc.9%%

Immune check-point inhibitors

Newer therapeutic options, such as immune check-point
inhibitors, are also an effective treatment choice for several can-
cers. Chemotherapy, radiotherapy, and targeted treatments were
designed to directly inhibit cancer cell growth. Immune check-
point inhibitors utilise the immune system in order to recognise
cancer cells more effectively.?®%7 Currently, there are eight
approved immune check-point inhibitors each with a different tar-
get receptor. Ipilimumab and tremelimumab target cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4), pembrolizumab and
nivolumab target programmed cell death protein 1 (PD-1). The
remaining three immune check-point inhibitors, atezolizumab,
durvalumab and avelumab target programmed death-ligand 1 (PD-
L1) receptor. Ipilimumab, most commonly used in the treatment of
melanoma, has been associated with incidence of pericarditis,
myocardial fibrosis and cardiomyopathy.?®-190 Furthermore, there
are case studies demonstrating the development of myocarditis
with nivolumab and pembrolizumab.!%:192 Aside from myocardi-
tis, additional cardiovascular events, including ventricular arrhyth-
mia and Takotsubo-like cardiomyopathy, have been observed with
a number of immune check-point inhibitors.!% Given the rise in
availability of cardiotoxic anti-cancer agents, the need for collabo-
ration between cardiologists and oncologists has become even
more pertinent in the management of patient care. From this neces-
sity, a novel discipline of cardio-oncology has emerged.!%* Cardio-
oncology is a field that not only seeks to provide patient care fol-
lowing the development of cardiovascular events, but also aims to
determine and establish risk factors, early diagnosis, cardiac
biomarkers, preventative and early treatment strategies as key prin-
ciples of patient management.

Pharmacotherapies used in COVID-19 and
cardiotoxic anti-cancer drugs: common cardiac
side-effects

It is not unsurprising that those receiving treatment for cancer
are included in the high-risk group for COVID-19 given the effects
of immunosuppressant therapies and the impact of compromised
immune systems on contracting communicable diseases.!
However, despite this, the number of studies examining the inci-
dence of cancer in COVID-19 patients are limited. In a COVID-19
cohort study search, cancer comorbidity was reported in 10 studies
(Table 2).

Severe cases of COVID-19, pharmacotherapeutic approach
and receiving cardiotoxic anti-cancer treatment are all risk factors
for the development of cardiotoxicity. Therefore, cancer patients
receiving COVID-19 treatment should be monitored even more
closely given the potential synergistic risk posed by the numerous
factors that contribute to cardiotoxicity. Anti-cancer drug induced
cardiotoxicity can develop as an early- and/or late-onset. Some of
the cardiovascular events associated with anti-cancer treatments
can develop right after first cycle whereas some may develop years
after the termination of chemotherapy.

Early-onset cardiotoxicity

Hydroxychloroquine, azithromycin and some anti-viral agents
should be used cautiously among cancer patients whose anti-can-
cer regimen contains a TKI given the shared tendency for QTc pro-
longation.31-334247 QTc prolongation is a predominantly early-
onset which may develop days to weeks after anti-cancer drug
administration. Concurrent use of agents may lead to a sudden
increase in QTc levels (>60 ms) resulting in value and to a level
>500 ms, which may further contribute to ventricular arrhythmias
and sudden cardiac death, especially in older populations.'%%:107 In
addition, COVID-19 patients treated with doxorubicin alone or in
combination with trastuzumab require additional monitoring as
both COVID-19, and some pharmacotherapies can increase the
risk of left ventricular dysfunction. A decrease in LVEF >10%
from baseline, associated with a drop to a level below 50% is an
accepted definition for left ventricular dysfunction.!98:19 Left ven-
tricular dysfunction can be an early- or late- onset event.!!”
Therefore, stopping cancer treatment in patients receiving doxoru-
bicin and trastuzumab in order to commence COVID-19 therapy

Table 2. Studies showing the incidence of cancer in patients clinically diagnosed with COVID-19.

Liang et al. "2 1590 18 11
Zhang et al" 1276 28 2.2
Guan et a/ " 1099 8 0.7
Onder et al. 1 355° 87 24.5
Shi et a/ 116 416 9 2.2
*Report from China!!? 44672 107 0.5
Richardson ef al. 118 5700 320 6

Nikpouraghdam et al. 18 2964 17 0.5
Cai et /120 383 5 1.3
Lei et al12! 34t 5 14.7
Biran et a1 764 98 128
Guaraldi et al. 1 354 10 2.8

*Nationwide investigation from China; °all patients were dead; *all patients underwent to a surgical operation for another reason.
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may not always be preferable, particularly in the long term.
Although lower cumulative doses of doxorubicin are associated
with a lower incidence of cardiotoxicity development, cardiac
events resulting from trastuzumab are dose-independent and can
occur at any time, from days after first cycle to years after the final
dose of chemotherapy.!!! As a result, the predictability of left ven-
tricular dysfunction is poor in patients receiving anthracyclines
and trastuzumab therapy. It is logical to assume that the potential
for the development of cardiotoxicity might strongly increase with
the presence of COVID-19 and concurrent administration of phar-
macotherapies.

Late-onset cardiotoxicity

There is not enough current evidence to definitely outline the
time-onset of cardiotoxicity. Anthracycline-induced cardiotoxicity
can be classified under three main types: acute, early-onset chronic
and late-onset chronic.!'2113 Late-onset chronic progressive car-
diotoxicity generally develops following one year from the termi-
nation of anthracycline chemotherapy and can present as dilated
cardiomyopathy and arrhythmias.!'2 In a prospective study by
Tassan-Mangina et al.!'* of adults receiving anthracycline therapy,
late-onset left ventricular function alteration was observed.!'* The
LVEF of the patients was recorded at its lowest value (LVEF:
56+8%) 3.5 years after completion of anthracycline treatment
when compared with readings at baseline and 1-3 months after the
termination of chemotherapy, which reported LVEF values of
72+6% and 71+8%, respectively. In another study by Tsai et al.,'1
the cardiac function was evaluated of long-term survivors of
Hodgkin’s lymphoma that received radiotherapy with or without
anthracycline chemotherapy.!'® Echocardiography was performed
2242 years after treatment cessation that confirmed myocardial
function alteration among both study groups, however it should be
noted that additional long-term negative left ventricular systolic
function effects were observed in the anthracycline treatment
group. When considering the needs of cancer patients with
COVID-19 and their available treatment options, it is essential to
discuss their treatment history, particularly given the potential car-
diotoxic impact of anthracyclines even decades after completion of
chemotherapy. Newly diagnosed COVID-19 patients who have a
history of cardiotoxic anti-cancer regimen may be more suscepti-
ble to develop new cardiotoxicities in the case of COVID-19 and
the administration of its potential pharmacotherapies.

Paediatric COVID-19 populations: overlapping
risks

Cardiotoxicity risk is significant and life-threatening for paedi-
atric populations. In developed countries, 5-years survival rate is
around 85% for paediatric cancer patients.!!¢ Late chronic condi-
tions such as cardiovascular system abnormalities had increased
with prolonged life expectancy in children with cancer.'!”
According to a long term follow-up study, 27% of the childhood
cancer survivors exhibited abnormalities in cardiac dysfunction
which was associated with cumulative anthracycline dose, radia-
tion and young age at the time of diagnosis.!'® The majority of chil-
dren with COVID-19 experience mild symptoms and do not
require hospitalisation. However, small number of children with
COVID-19 demonstrated the incidence of paediatric multisystem
inflammatory syndrome (PIMS) alike to Kawasaki disease which
affects multi-organ system including cardiovascular system.!?
Paediatric patients who exhibited PIMS showed serious cardiac
events such as biventricular dysfunction, left ventricular systolic
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impairment and coronary vessel abnormalities.!'” The increased
incidence of hyperinflammatory events affecting multi-organ sys-
tem, has been proposed to overlap with COVID-19 diagnosis.
Although the reason remains unclear, it is pretty well known that
the multisystemic inflammation accelerates the incidence of car-
diovascular events as one of its proposed mechanisms.!2% Children
with cancer should be closely and carefully monitored because
bidirectional risk of cardiotoxicity of both morbidities is severely
life-threatening. Children with cancer who receive cardiotoxic
anti-cancer agents and diagnosed with COVID-19 can be at higher
risk to cardiotoxicity than older patients due to higher incidence of
cardiovascular events associated with anti-cancer treatment and
severity of potential cardiac risks of multi-inflammation affecting
multi-organ system during COVID-19.

Thoracic radiotherapy

Administration of thoracic radiation in addition to anti-cancer
treatment is a frequent strategy used to target a number of cancers.
As single therapy, in combination or post- chemotherapy radiother-
apy can result in several pulmonary and cardiovascular complica-
tions.12! Fibrotic changes in cardiac valves, coronary artery dis-
ease, and damage to the peri- and myocardium have all been asso-
ciated with radiation therapy.'?? Thoracic radiation can also cause
permanent damage to pulmonary tissue resulting in respiratory
dysfunction in up to 30% of patients.'?* Changes in the morpholo-
gy of respiratory and cardiac tissue are associated with severe
COVID-19 infections, as well as treatments such as hydroxy-
chloroquine, and therefore may further exacerbate the burden of
pulmonary fibrosis experienced by patients receiving thoracic radi-
ation. Concurrent use of thoracic radiotherapy together with car-
diotoxic anti-cancer drugs in COVID-19 cancer patients will
potentially increase patient mortality as a result of the augmented
risk to this patient group, therefore careful consideration should be
take prior to the initiation of treatment, especially in those with
breast and lung cancers (Figure 1).

Hypertension

Cardiovascular risk factors in cancer patients such as age, renal
failure, previous cardiac disease and hypertension might increase
the chance of cardiotoxicity development in patients suffering both
from cancer and COVID-19 (Figure 2).!2* According to European
Society of Cardiology (ESC), hypertension is a cardiovascular risk
factor for cancer patients receiving treatment with anthracy-
clines.'?* Incidentally, the presence of hypertension is believed to
increase the severity of COVID-19 due to the administration of
antihypertensives such as angiotensin-converting enzyme
inhibitors (ACEls) and angiotensin receptor blockers (ARBs). The
proposed linked to an increased susceptibility COVID-19 is theo-
rised as a result of upregulation of angiotensin converting enzyme-
2 (ACE-2) expression in lungs with ACEI and ARB therapy.!25-127
ACE-2 facilitates viral transmission into cells which may poten-
tially increase the development of ARDS.!28 However, ESC and
International Society of Hypertension (ISH) announced statements
advocating not to discontinue ACEI/ARB treatment.!?%139 Their
statement follows a recent meta-analysis that describes the overall
benefit for continued ACEI/ARB treatment in COVID-19 patients,
which found an overall reduction in severity and mortality.!3! The
authors note that individual factors such as ACE-2 polymorphism
however still require further evaluation to help stratify patient risk
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on a case by case basis. ACE-2 is not only expressed in lungs but
also widely presented in the myocardium which may shed some
light on the underlying mechanism contributing to the high inci-
dence of cardiotoxicity in patients with hypertension. However,
further investigation is warranted given the overall paucity of evi-
dence and disagreement across the current literature. Taking the
current findings into account, management of patients presenting
with cancer, COVID-19 and hypertension should be comprehen-
sive in its approach to monitoring and assessing patients on a case
by case basis while we await further clarification on best practice
for this cohort.

Management of COVID-19 in patients living with
cancer

Finding the cardiovascular-associated links between anti-can-

cer drugs, COVID-19 and its proposed pharmacotherapies is pos-
sible by comprehensive evaluation of drug history at the baseline.

Importance of baseline and serial cardiovascular
evaluation

Baseline cardiovascular assessments are an integral part of
patient care for those with cancer and receiving cardiotoxic anti-
cancer agents.!3 A comprehensive baseline evaluation should
include ECG, echocardiography, biochemical marker testing,
physical cardiology check and a comprehensive evaluation of drug
history. Each potentially cardiotoxic anti-cancer treatment were
identified with different forms of cardiotoxicity with different
onsets. The use of biochemical markers in early diagnosis/predic-
tion of cardiotoxicity in cancer patients is controversial in the lit-
erature and their role has not become clear yet together with con-
siderable amount of studies could not show any predictive value.
The use of biochemical markers can be misleading in patients with
COVID-19 and cancer as biomarkers may rise due to other rea-

Pulmonary indirect efrecy srecaeffect Anti-cancer
infection treatment
Pharmacotherapies | ... efect : Thoracic
id- . . Cardiotoxici direct effect . Cancer
Covid-19 used in Covid-19 L radiotherapy

1y
d/rsq o
Scp

Radiation-induced
pulmonary fibrosis

Figure 1. Demonstration of several factors (Z.e. pulmonary function alteration due to COVID-19, pharmacotherapies used in COVID-
19, administration of potentially cardiotoxic agents and thoracic radiotherapy-induced pulmonary fibrosis) inducing cardiovascular

toxicity development.
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Figure 2. Factors that increase cardiotoxicity development risk in COVID-19 cancer patients receiving cardiotoxic anti-cancer treat-

ments.
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son(s) during the viral infections. Therefore it is hard to attribute
the marker elevation and cardiovascular events to anti-cancer ther-
apy or to COVID-19.132 The baseline evaluation provides an
opportunity for comparison of future results with pre-chemothera-
py data. Serial monitoring is another key practice of cardio-oncol-
ogy. Serial ECGs and echocardiography assessments pave the way
for detecting potential cardiovascular events as early as possible.
In addition to routine assessments, patients should be evaluated at
the time of and serially following a clinical diagnosis of COVID-
19 (Figure 3). A respiratory assessment should also be an integral
part of patient management given the correlation between the
severity of respiratory infection and the development of cardiotox-
icity.!® Under normal circumstances, cardiologists, oncologists,
and nurses make up the bulk of the cardio-oncology team.!33.134
For severe COVID-19 cases, in which there is respiratory function
alteration, intervention from respiratory teams is vital in support-
ing the role of cardio-oncology. This also extends to pharmacists

Ppress

who can offer critical insights on medicines management includ-
ing: safety and efficacy of prescribed treatments and doses, com-
prehensive drug history and medicines reconciliation and the mon-
itoring of treatment response and adverse effects, particularly car-
dio-toxicity.

Cardiovascular toxicity guidelines for cancer patients:
minor modifications for COVID-19

There are existing cardiovascular toxicity guidelines for cancer
patients.24135.136 The wide spectrum of guidance was created with
the aim to counteract the risk of cardiotoxicity among this patient
group. Aside from the principles and considerations discussed in
this article, the guidelines encourage the uptake of consistent base-
line and serial assessments including the use of the same imaging
tools throughout the evaluation process. Echocardiography might
not provide similar or reliable readings when different devices are
used, which may lead to misinterpretation of results.!3” Myocardial

Baseline cardiovascular evaluation
« Electrocardiography

« Echocardiography

« Cardiac biomarker testing

« Risk factor assessment

« Physical cardiology check

h

y

Initiation of cardiotoxic anti-cancer
treatment

4 Covid-19 diagnosis

v

Cardiovascular monitoring with the
same assessment at the baseline
together with respiratory assessment

Cardiotoxicity development

h 4

+ Reassess the drug used in Covid-19
* Respiratory check

» Reassess the anti-cancer drugs (e.g.
dose reduction, termination)

= Consider cardiovascular
pharmacotherapy

v

Cardiovascular assessment

v

No cardiotoxicity

h 4

No cardiotoxicity

v

Long-term and close follow-up

Figure 3. Outlines possible step by step management of cancer patients receiving cardiotoxic anti-cancer agents clinically diagnosed

with COVID-19.
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strain imaging is a new approach that has been found to be more
sensitive than LVEF for detecting subclinical left ventricular sys-
tolic dysfunction.!3® However, validation of biomarkers has not
been definitively confirmed yet. To date, only early diagnosis of
left ventricular impairment has been studied. Therefore, the only
recommendation can be made for early diagnosis of left ventricular
dysfunction and no other ECG related abnormalities such as QTc
prolongation. According to the guidelines, the use of intensity
modulated and 3D conformal radiotherapy are preferred tech-
niques for thoracic radiotherapy as they are associated with a
reduced risk of early or late cardiovascular toxicity development.
Prophylactic use of ACEIs or ARBs and/or beta blockers and/or
statins to reduce the risk of cardiotoxicity is another highlighted
recommendation within the guidelines that requires individual
patient assessment. As there is still continuing debate related to
COVID-19 and anti-hypertensives, the patients should be moni-
tored serially and closely. The use of ACEI can potentially be used
to reduce the chance of occurrence of cardiotoxicity but with cau-
tious and close monitoring in COVID-19 patients until the topic is
clear. It should also be clearly known that these agents are not
interchangeable, and their preventive activity does not support
asymptomatic patients.

Conclusions

COVID-19 has taken the global centre stage in recent months;
however, it is important to consider the patients beyond the disease
itself and the increased exposure to risk that they may face in light
of this current pandemic. Both cancer and COVID-19, as well as
their respective therapy options are known to contribute to car-
diotoxicity. The long-term cardiac health impact of a previous
COVID-19 diagnosis is yet to be understood. For these reasons, a
holistic approach to management is essential in supporting cancer
patients to achieve the most positive outcomes while navigating
the challenge of patient therapy. It is imperative to recognise the
overlap in symptoms and treatment side effects associated with
both COVID-19 and cancer treatment. In practice and whilst
awaiting further evidence, this would come down to understanding
the nature of symptoms and toxicity in addition to frequency
alongside a holistic clinical history taking including comprehen-
sive screening of drug history at the baseline. Education and train-
ing should take place in this regard in order to allow early recog-
nition and timely management. Furthermore, close monitoring and
an enhanced multi-disciplinary team are essential in providing
optimal care for these patients. A proactive approach in the evalu-
ation of emerging evidence, guidelines and patient case studies
will provide the best foundation for effective decision making to
ensure patients receive the full benefit from their treatment whilst
avoiding cardiotoxicity.
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