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The COVID-19 pandemic and its impact on patients with cancer and cardiovascular
disease have confirmed the particular vulnerability of these populations. Indeed, not
only a higher risk of contracting the infection has been reported but also an in-
creased occurrence of a more severe course and unfavourable outcome. Beyond the
direct consequences of COVID-19 infection, the pandemic has an enormous impact
on global health systems. Screening programmes and non-urgent tests have been
postponed; clinical trials have suffered a setback. Similarly, in the area of cardiology
care, a significant decline in STEMI accesses and an increase in cases of late present-
ing heart attacks with increased mortality and complication rates have been
reported. Health care systems must therefore get ready to tackle the ‘rebound
effect’ that will likely show a relative increase in the short- and medium-term
incidence of diseases such as heart failure, myocardial infarction, arrhythmias, and
cardio- and cerebrovascular complications. Scientific societies are taking action to
provide general guidance and recommendations aimed at mitigating the unfavourable
outcomes of this pandemic emergency. Cardio-oncology, as an emerging discipline, is
more flexible in modulating care pathways and represents a beacon of innovation in
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the development of multi-specialty patient management. In the era of the COVID-19
pandemic, cardio-oncology has rapidly modified its clinical care pathways and imple-
mented flexible monitoring protocols that include targeted use of cardiac imaging, in-
creased use of biomarkers, and telemedicine systems. The goal of these strategic
adjustments is to minimize the risk of infection for providers and patients while main-
taining standards of care for the treatment of oncologic and cardiovascular diseases.
The aim of this document is to evaluate the impact of the pandemic on the manage-
ment of cardio-oncologic patients with the-state-of-the-art knowledge about severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease
(COVID-19) in order to optimize medical strategies during and after the pandemic.

Introduction

Cancer and cardiovascular diseases (CVD) represent the
two most frequent causes of morbidity and mortality
worldwide. In recent decades, due to widespread screen-
ing programmes and improved care, we have seen a rapid
increase in cancer survival, with more than 400 000 new
cured or long-survivors each year. The COVID-19 pandemic
and its impact on patients with cancer and cardiovascular
disease have confirmed the particular vulnerability of
these populations. Severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2), the causal agent of coronavirus
disease (COVID-19) is a novel, zoonotic, single-stranded
RNA betacoronavirus1 whose strong ability to spread has
rapidly transformed the disease in a pandemic with a dev-
astating impact on health all over the world. In the first
outbreak of infection fever was themost common symptom
in hospitalized patients (almost 90% of patients) followed
by dry cough (60–86%) and shortness of breath (53–80%),
other symptoms were fatigue (38%) nausea, vomiting or di-
arrhoea (15–39%), headache and myalgia (15–55%), olfac-
tory and gustatory dysfunction in 64–89% of patients; in
almost 3% of patients anosmia and ageusia were the only
symptoms. Laboratory abnormalities of hospitalized
patients included lymphopoenia (83%), elevated inflamma-
tory marker such as ESR, CPR, ferritin, TNF-a, IL-1, IL-6,
and abnormal coagulation parameters: prolonged pro-
thrombin time, thrombocytopenia, elevated D-dimer, and
low fibrinogen. The hallmark of the disease was bilateral
lower-lobe infiltrates on chest radiographic imaging and bi-
lateral peripheral lower-lobe ground-glass opacities and/
or consolidation on chest computed tomographic imaging.
Complications included pneumonia (75% of patients); acute
respiratory distress syndrome (ARDS) (15%); acute liver in-
jury (19%); cardiac injury with troponin elevation (7–17%),
acute heart failure (HF), arrhythmias, and myocarditis;
coagulopathy with venous and arterial thrombo-embolism
(10–25%); acute kidney injury (9%); neurologic manifesta-
tions: impaired consciousness (8%) and acute cerebrovas-
cular disease (3%); and shock (6%). In critically ill patients
with COVID-19, cytokine storm and macrophage activation
syndrome were observed.2 After the first outbreak in
December 2019, we have increased our knowledge about
the virus and the disease.We have learned that SARS-CoV-2
transmembrane spike protein (S) has a strong affinity to
angiotensin-converting enzyme (ACE2) receptor and uses

this receptor to enter the host cells.3 We have also learned
that ACE2 receptors are expressed in lung epithelial cells,
but are also abundant in the cardiovascular system, making
COVID-19 both a pulmonary and vascular disease.4 Beyond
the direct consequences of COVID-19 infection, the pan-
demic has had an enormous impact on global health sys-
tems. Screening programmes and non-urgent tests have
been postponed. Delays and postponements involved not
only non-urgent treatments but also clinical trials that suf-
fered a setback. Themedia impact of the pandemic has sig-
nificantly reduced the access of cancer patients to
hospitals for fear of infection as a further deleterious ef-
fect. The pandemic has led to reductions and delays in the
identification of new cancers and in the delivery of treat-
ment in the UK and it is expected that this will result in ex-
cess preventable deaths for the more frequent types of
malignancies.5 Similarly, in the area of cardiology care,
there is a significant decline in STEMI accesses and an in-
crease in cases of late presenting heart attacks with in-
creased mortality and complication rates; in an Italian
Region (Emilia Romagna) a 17% cardiac out-of-hospital ex-
cess death rate in the first semester of 2020 has been docu-
mented with a peak of þ62% in April 2020.6 Recent
observations from Europe and the USA have reported a re-
duction of �40% in interventional cardiology accesses for
STEMI.7,8 A monocentric Italian study has showed a 37% re-
duction of hospital admission for acute coronary syndrome
(with a sharp increase in the beginning of the lock-down
period), an increased number of patients with late present-
ing myocardial infarction, and a reduced number of inter-
ventional cardiology procedures.9

Health care systems must therefore get ready to tackle
the ‘rebound effect’ that will likely show a relative in-
crease in the short- andmedium-term incidence of diseases
such as HF, myocardial infarction, arrhythmias, and cardio-
and cerebrovascular complications. Scientific societies are
taking action to provide general guidance and recommen-
dations aimed at mitigating the unfavourable outcomes of
this pandemic emergency. While awaiting for an effective
novel treatment or an adequate herd immunity obtained
with extensive vaccination, we have to struggle with the
challenge of the pandemic in our medical practice. We
have to engage in health policies that have the priority of
safeguarding both patient and staff while avoiding undue
delays in care delivery to patients. The aim of this docu-
ment is to evaluate the impact of the pandemic on the
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management of cardio-oncologic patients with the state-
of-the-art knowledge about SARS-CoV-2 and COVID-19 in
order to optimize medical strategies during and after the
pandemic.

Epidemiology

To better describe the impact of a pandemicwe have to de-
fine10 the following items:

The full spectrum of the disease severity (from
asymptomatic to severe)
Severe acute respiratory syndrome coronavirus 2 infection
has a wide spectrum of clinical manifestations that ranges
from asymptomatic carriers to patients with fatal disease.
A small proportion of SARS-CoV-2 infected patients develop
severe illness (8–15%) with respiratory failure, ARDS, multi-
ple organ failure. Case fatality rates ranges from 0.3 deaths
per 1000 cases among patients aged 5–17years to 304.9
deaths per 1000 cases among patients aged 85years or
older in the USA. Case fatality rates in patients hospitalized
in the intensive care unit may reach 40%. Approximately 5%
of patients with COVID-19, and 20% of those hospitalized,
experience severe symptoms necessitating intensive care.2

The transmissibility of the virus
Severe acute respiratory syndrome coronavirus 2 infection
has a great ability to spread, higher than SARS-CoV, emerg-
ing genetic variants of SARS-CoV-2 seem to have an even
greater ability to spread. The WHO reports (July 2020) that
transmission of SARS-CoV-2 can occur through direct, indi-
rect, or close contact with infected people through
infected secretions such as saliva and respiratory secre-
tions or their respiratory droplets, which are expelled
when an infected person coughs, sneezes, talks, or sings.
Indirect contact transmission involving contact of a suscep-
tible host with a contaminated object or surface (fomite
transmission) may also be possible. Airborne transmission
of SARS-CoV-2 can occur during medical procedures that
generate aerosols (‘aerosol generating procedures’).11

The infectors (asymptomatic and pre-
symptomatic patients), the duration of the virus
in respiratory secretion
Asymptomatic, pre-symptomatic, and symptomatic car-
riers can spread the infection. The average time from ex-
posure to symptomatology onset is 5 days, the majority of
symptomatic people (97.5%) manifest their symptoms
within 11.5days of infection. The basic reproductive num-
ber (R0), is defined as the expected average number of ad-
ditional infectious cases that one infectious case can
generate, it was thought to range from 2.2 to 2.7 for SARS-
CoV-2 infection in the early stages of the epidemic in
China, meaning that one person infected with SARS-CoV-2
could spread the infection to�2.2–2.7 people.12

The risk factors for severe illness or death, the
identification of patients with a high propensity
to a poor outcome
Even though individuals of all ages and sexes are suscepti-
ble to COVID-19, CVD and cancer emerge as catalysts for
Sars-CoV-2, making patients with these comorbidities more
vulnerable to the infection and more prone to a fatal out-
come.13 Patients with established CVD and cancer will suf-
fer the worst effects of SARS-CoV-2 infection.14 Obesity
also constitutes a major contributor to mortality, a Public
Health England report of July 2020 estimated that ‘having
a BMI of 35 to 40 could increase a person’s chances of dying
from covid-19 by 40%, while a BMI greater than 40 could in-
crease the risk by 90%’.15

Cancer, cardiovascular diseases, and
COVID-19

Cancer and COVID-19
Early reports from China suggested that patients with
COVID-19 were more likely to have a history of cancer than
the general population, supporting a potential susceptibil-
ity of the cancer population to COVID-19; the infection rate
reported among cancer patients was twice the rate of
COVID-19 in the general population in Wuhan. Specifically,
among 1524 cancer patients admitted to Zhongnan
Hospital in Wuhan, 0.79% had COVID-19 vs. 0.37% in the
general population. Patients with cancer had a higher risk
of serious events, defined as the percentage of patients ad-
mitted to the intensive care unit requiring invasive ventila-
tion or death, than patients without cancer (39% vs. 8%;
P¼ 0.0003); in addition, patients receiving chemotherapy
in the previous 14 days required more frequent admission
to the intensive care unit (HR 4.1, 95% CI 1.086–15;
P¼ 0.037) .16 In a study of 218 patients admitted to a New
York hospital, a COVID-19 mortality of 28% was observed in
cancer patients with a mortality rate of 37% for haemato-
logical malignancies and 25% for solid tumours.
Haematological patients are probably more severely immu-
nocompromised by being treated with myelosuppressive
therapy and may be more susceptible to cytokine storm
syndrome.17,18 It should be noted, however, that not only
patients with active cancer but also cancer survivors were
more susceptible to COVID-19 and advanced age was the
only risk factor for serious events (OR 1–43, 95% CI 0.97–
2.12; P¼ 0.072).19

Although the above-mentioned studies have shown that
cancer patients are more susceptible to COVID-19 infection
and to more severe consequences, the results were
obtained on cohorts with small numbers of patients.
Subsequently, studies were conducted on larger cohorts. In
one of them, 928 patients were enrolled and a 30-day mor-
tality of 13% was observed; cancer-specific factors such as
ECOG (Eastern Cooperative Oncology Group performance
status) of 2 or higher and active cancer were associated
with increased mortality.20 In another study of 800 patients
with cancer and COVID-19, a 30-day mortality of 28% was
observed and the factors that increased the risk of death
were: older age (OR 9.42, 95% CI 6.56–10.02, P< 0. 001),
male sex (OR 1.67, 95% CI 1.19–2.34, P¼ 0.003), history of
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hypertension (OR 1.95, 95% CI 1.36–2.80, P¼ 0.002), and
cardiovascular disease (OR 2.32, 95% CI 1.47–3.64,
P¼ 0.002). It was also observed that neither cytotoxic che-
motherapy given within 4weeks of the development of
COVID-19 nor immunotherapy, target therapy, hormone
therapy, and radiotherapy (RT) resulted in an increased risk
of death.21 In another study, immunotherapy during the
40days preceding COVID-19 infection was shown to be a
predictor of hospitalization and poorer outcome in patients
treated for both lung cancer and othermalignancies.22

In terms of tumour type, mortality was particularly high
in a thoracic malignancy registry and smoking was the
strongest predictor of death inmultivariate analysis.23

Cardiovascular system and COVID-19
Risk factors such as smoking, hypertension, diabetes, obe-
sity, and pre-existing CVD have been observed to be associ-
ated with increased susceptibility to SARS-CoV-2 infection,
as well as increased disease severity.24–26 Since the first
studies published in China, the prevalence of risk factors
and CVD has been observed in patients hospitalized for
COVID, and in addition to a more severe course of the dis-
ease, higher case fatality rates have also been observed.27

A study conducted on 138 patients admitted to Zhongnan
Hospital in Wuhan showed the coexistence of hypertension
in 31.2% of cases, diabetes in 10.1%, CVD in 14.5%, with an
increased frequency of admission to intensive care units
(ICUs).28 The case fatality rate observed in a large Chinese
population (44 672 confirmed cases) was 2.3% and was
higher in patients with pre-existing comorbidities: 10.5%
for CVD, 7.3% for diabetes, 6.3% for chronic respiratory dis-
ease, 6.0% for hypertension, and 5.6% for cancer.29

A meta-analysis of six studies confirmed a two-fold in-
crease in severity of the disease in hypertensive patients
and a three-fold more severe increase in patients with
CVD.30

There is a bidirectional relationship between risk fac-
tors/CVD and COVID-19. Risk factors and CVD result in in-
creased susceptibility to infection; indeed, the SARS-CoV-2
spike protein has a high affinity for individuals with pre-
existing risk factors or CVD who have increased expression
of ACE2 receptors at the level of vascular endothelium,
pericytes, cardiomyocytes, fibroblasts, and myocardial
adipocytes. Angiotensin-converting enzyme counteracts
the negative effects of angiotensin II with vasodilatory,
anti-inflammatory, antioxidant, and antifibrotic effects.
Activation of ACE2 results in its endocytosis and down-
regulation of activity followed by up-regulation of inflam-
matory cytokines, decreased degradation of angiotensin
(AT) II and decreased AT1–7. Increased ATII and hyperacti-
vation of AT1 receptors results in endothelial dysfunction,
vasoconstriction, inflammation, myocardial hypertrophy,
decreased NO, increased endothelin resulting in hyperten-
sion, myocardial damage, known as ‘myocardial injury’,
and arrhythmias. A decrease in AT1–7 leads to a reduction
in the activation of Mas receptors on platelets, which in
combination with the up-regulation of inflammatory cyto-
kines results in platelet dysfunction and intravascular
thrombosis (myocardial infarction, stroke, venous
thrombo-embolism).

In conclusion, myocardial damage can occur through a
triple pathway: activation of ACE2, systemic inflammatory
activation leading to immune activation and cytokine
storm, hypoxaemia, and infection-induced increase in the
adrenergic drive (Figure 1).
Clinical cardiovascular manifestations in patients with

COVID-19 infection includemyocarditis, stress cardiomyop-
athy, arrhythmias, and acute coronary syndromes with the
prevalence of type 2 forms induced by hypoxaemia or mi-
crovascular dysfunction elicited by pericyte infection, con-
tributing to myocardial infarction with non-obstructive
coronary arteries.31,32

It has been observed that up to 28% of patients with
COVID have myocardial injury, expressed by increased tro-
ponin values33 and the presence of myocardial injury is
more often accompanied by significantly higher complica-
tions and in-hospital mortality. It has also been recently ob-
served that the injury is accompanied not only by
electrocardiographic abnormalities but in nearly two-
thirds of patients also by echocardiographic abnormalities
that include segmental abnormalities or left ventricular
dysfunction, Grade II or III diastolic dysfunction, right ven-
tricular dysfunction, and pericardial effusion.34

During the early phase of the pandemic, there was theo-
retical uncertainty regarding the safety of the use of angio-
tensin-converting enzyme inhibitors (ACEIs)/angiotensin II
receptor blockers (ARBs) in patients with COVID-19. Since
ACE2 is a receptor for SARS-CoV-2, concern was initially
raised in the medical and scientific community that the use
of ACEIs and ARBs could result in increased mortality and
severity from COVID-19.35

As a matter of fact, the goals of ACE and ACE2 are differ-
ent despite the high structural similarity between the two
enzymes. Angiotensin-converting enzyme converts ATI to
ATII, whereas ACE2 degrades ATII to AT (1–7). Angiotensin-
converting enzyme inhibitors prevent the conversion from
ATI to ATII, whereas ARBs inhibit the AT1 receptor of ATII.
Therefore, neither class of drugs acts directly on ACE2.
Even recent studies have removed initial fears by not

only demonstrating the potential benefit of ACEIs/ARBs
in the treatment of hospitalized patients with hypertension
with COVID-19 but also a reduction in all-cause mortality
from COVID-19 in treated versus untreated patients.36

A recent meta-analysis of 26 studies confirmed that
treatment with ACEIs and ARBs compared with other anti-
hypertensive drugs or no treatment was associated with re-
duced mortality as well as a lower risk of ventilatory
support among COVID-19-infected hypertensive patients.37

Many scientific societies such as the American Heart
Association, the American College of Cardiology, the Heart
Failure Society of America, the ESC Council on
Hypertension, and the Chinese Society of Cardiology have
provided recommendations in favour of continuing treat-
ment with ACEIs and ARBs in patients with hypertension,
HF, and ischaemic heart disease.38–40

Cardio-oncology and COVID-19
Not many studies regarding CVD complications in patients
with cancer and COVID-19 are available in the literature
because studies have described cancer patients and those
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with cardiovascular disease separately. In the cardio-
oncologic population, there is an additional level of diag-
nostic complexity due to ‘overlapping’ phenomena be-
tween COVID-19 complications, cancer complications, and
cardiovascular effects of cancer treatments. Indeed, tro-
ponin increasesmay also be indicative of subclinical cardio-
toxicity induced by treatments with anthracyclines and/or
anti-HER2 agents as well as it may be observed in patients
receiving tyrosine kinase inhibitors at high prothrombotic
risk (ponatinib) or fluoropyridines that induce coronary
vasospasm.

Elevated cardiac biomarkers have been associated with
cytokine release syndrome (CRS) from chimeric antigen
therapy,41,42 HF from proteasome inhibitor (carfilzomib)
use, myocarditis during treatment with immune check-
point inhibitors (ICI), which are associated with 25–50%
mortality.43 To date, few data are available to draw defini-
tive conclusions about the clinical outcome of ICI-treated
cancer patients with COVID, but since ICI treatment cannot
be considered highly immunosuppressive, avoiding treat-
ment to reduce coronavirus infections could deprive these
patients of a highly effective class of drugs as shown by
data from a recently published review.44 Indeed, recent
studies not only confirm the safety of ICI treatment of
patients with cancer and COVID but also indicate its poten-
tial utility as an immunostimulant.45

Many of these intricate processes can be confounding
in the treatment of patients with cancer also affected
by COVID-19 and therefore a multidisciplinary evaluation,
particularly by a cardio-oncologist, may be crucial in
ensuring the optimal management in this high-risk
population.

General approach strategies to the oncologic
patient in COVID-19 pandemia

The problem of cardio-oncology services in the COVID-19
era has different aspects in different settings. Cancer
patients need to be protected from SARS-CoV-2 infection,
and this can only be guaranteed with dedicated COVID hos-
pitals and COVID-free hospital.

Thus, the dedicated oncologic hospitals are—as far as
possible—COVID-free. All patients undergo nasopharyn-
geal/oropharyngeal swab testing before admission to a
medical or surgical ward or to the day-hospital treatments.
The access of visitors and relatives is restricted.
Oncological patients who need visits/exams have a struc-
tured triage before entering the hospital (Table 1). In some
Italian regions, a reassessment of the sanitary offer has
been performed, with dedicated COVID hospitals and other
hospitals COVID-free to guarantee a regular activity of
departments as neurosurgery, stroke units, cardiac or on-
cology surgery, oncology, and geriatric medicine.46

On the contrary, most of the general hospitals with on-
cology and radiation therapy facilities may also have sec-
tions dedicated to COVID patients; the oncologic section
usually follows the same precautions of the Cancer
Hospitals (test before admission for cures), but the risk of
infection in other areas must be considered. Some hospitals
have planned separated ‘clean’ accesses and pathways in
order to avoid any contact between frail patients—who
must be protected—and infected (or even possibly
infected) patients.47,48

In order to limit the risk—for a cancer patient—to get
infected, different paths should be planned.

Figure 1 Pathways of myocardial damage.
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Infected or swab positive patients have usually their
treatments postponed by the oncologists, if this does not
interfere with the oncologic prognosis.49 Those who need
urgent surgery or medical treatments should be sent to a
general hospital with dedicated COVID facilities, even if
they were usually followed in a cancer hospital.

As a general rule, Cancer COVID-free hospitals and gen-
eral hospitals should be open to a cooperation, offering the
possibility to cancer patients, wherever usually followed,
to have their cardiologic evaluation in the safest way for
both themselves and other patients.

Both in these hospitals and in general hospital, cancer
patients who need in-person visits or diagnostic tests follow
a structured triage before entering the hospital.

The general recommendations for reducing the transmis-
sion of COVID infection are summarized in Kampf et al.50

and Zhou et al.51 papers.
To reduce the risk of infection, it is important to reduce

the ‘face-to face’ consultation when it is possible, accord-
ing to a careful evaluation of both the oncologic and the
cardiologic risk of patients, and also the COVID-19-related
risk.52 When a consultation is indicated, visits, exams, and
therapies should be concentrated in the same day if

possible, mostly for patients living far away from the
healthcare centres.
The European Society of Medical Oncology (ESMO) and

the American Society of Clinical Oncology (ASCO) have al-
ready published their specific recommendations for the
management of cardiac disease in cancer patients53 and
clinical practice guidelines for the management of myocar-
dial dysfunction54 due to cardiotoxic treatment. In the era
of pandemic disease, these recommendations must be re-
vised without exposing the cancer patients to further risk
of cardiac complications.52,55

Cardio-oncological counselling in COVID-19
pandemia

Cardio-oncology studies and treats the intersection of two
pathologies that both affect, by definition, ‘fragile’
patients. For this reason, during the COVID-19 pandemic,
the Cardio Oncology Services and the Cardiology
Department that deal with cancer patients with or without
cardiovascular history, have had to face a series of particu-
larly delicate problems, which have essentially affected
both the clinical and organizational areas:

Table 1 A proposal for the cardiotoxicity surveillance during COVID-19 pandemic

Treatment Recommendations before pandemic Recommendations during pandemic

Anthracyclines: basal evaluation • Cardiological visit only in intermediate and
high-risk patients (age �60 years, cardiopa-
thy, high-dose RT, high cumulative anthracy-
cline dose, �2 CVR factors)

• Echocardiography to all patients

• Cardiological visit only in high-risk patients
(cardiopathy, high dosage of RT, high cumula-
tive anthracycline dose)

• Echocardiography only in high-risk patients

Anthracyclines: during treatment • Echocardiography at mid-cycle if high CVR
• Echocardiography at the end of treatment to

all patients

• No screening in asymptomatic patients
• Echocardiography in patients with symptoms

and signs of HF; high-dose RT, high cumula-
tive anthracycline dose (>400mg/m2) or
with doses of 250mg/m2 in presence of CVR
factors or cardiopathy

Anthracyclines: follow-up • If no cardiotoxicity echocardiography at 6–
12months and after 2–3–5 years

• In presence of cardiotoxicity echocardiogra-
phy at 3–6–12months and each year until
5 years

In asymptomatic patients defer the echo-
imaging

Trastuzumab: basal evaluation Echocardiography to all patients Echocardiography only in high-risk patients.
Trastuzumab: during treatment • If LVEF is normal, echocardiography every

3months.
• If LVEF 40–49%, optimize HF therapy with

ACEI and beta-blockers. Continue treatment
if LVEF stable after 4weeks and repeat echo-
cardiography after 4weeks.

• If LVEF <40% stop trastuzumab treatment,
optimize HF therapy with ACEI and beta-
blockers, and evaluate the patient after
4weeks

• In low-risk patients with no previous anthra-
cycline treatment, echocardiography at 6–
12months; if metastatic disease echocardi-
ography every 6months

• In high-risk patients, echocardiography as
usual every 3months

• If left ventricular dysfunction during treat-
ment or signs and symptoms of HF follow
pre-pandemic recommendations

Trastuzumab: follow-up The same as anthracyclines In asymptomatic patients defer the echo-
imaging.

Adapted from Calvillo-Argüelles et al.111

ACEI, angiotensin-converting enzyme inhibitor; CVR, cardiovascular risk; HF, heart failure; LVEF, left ventricular ejection fraction; RT,
radiotherapy.
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(1) The subgroups most at risk seem to be represented
by all those who are on therapy for the active onco-
logical disease, in particular those with signs/symp-
toms attributable to cardiotoxicity, by patients
being treated with immunosuppressive drugs (e.g.
for onco-haematological diseases) and by those tak-
ing specific antineoplastic treatments or who have
undergone stem cell transplantation, always in the
context of onco-haematological pathologies.17,18

For this reason, the absolute need to protect these
subgroups of patients from the possibility of con-
tracting COVID-19 has emerged since the very be-
ginning of the pandemic.

(2) In addition to the risk represented by possible
SARS-CoV2 infection, cancer patients with or with-
out pre-existing cardiovascular disease were in any
case indirectly involved in the profound reorganiza-
tion of both territorial and hospital health services,
dictated by the need to reduce the chances of con-
tagion in the hospital, as well as by the reallocation
of human and structural resources to the manage-
ment of COVID-19 patients. This has led to the post-
ponement and reprogramming, both at a
cardiological and oncological level, of diagnostic
tests, especially of advanced imaging and therapeu-
tic procedures, with effects that will already be ev-
ident in the near future56–59 and that, for cancer
patients, have already been estimated in their im-
pact on outcome.5,60

As far as cardio-oncological counselling is concerned,
this has been heavily involved in the reallocation of medi-
cal and technological resources aimed at identifying and
treating COVID-19 patients. For cardio-oncological
patients, a first distinction must bemade between the out-
patient and hospital level, with a further differentiation,
not irrelevant in this area, between ‘Cancer Centers’ (gen-
erally without an Emergency Department andwhich by def-
inition should be COVID-free) and general hospital. In both
contexts, the keyword is appropriateness.

The COVID-19 pandemic has represented and represents
a unique opportunity for a reasoned review on the appro-
priateness of our clinical practice which, thanks to the
rapid and tumultuous growth of cardio-oncology, still lacks
shared guidelines, and is frequently anchored to local hab-
its that are not reflected in literature (that is in any case
growing exponentially) and often involve a waste of
resources.

Cardio-oncological consulting in outpatients
In consideration of the easy transmissibility and particu-
larly high mortality of COVID-19 in high-risk patients, the
only effective strategy to contain the spread of the disease
immediately appeared that of social distancing.61 For can-
cer patients, this translates into the need to limit access to
the hospital only to those for whom it is really essential.

Figure 2 indicates a platform designed ad hoc, supported
by four pillars which are: the limitation of hospital access,
the spread of telemedicine, the restriction of imaging ses-
sions, and the more extensive and reasoned use of

biomarkers, with the last two points which also affect hos-
pitalized patients, howwewill see later on.

In the case of cancer patients with no previous CVD,
more frequent contacts between oncologist and cardiolo-
gist can help in a first selection of patients for whom a clini-
cal or instrumental cardiological evaluation is really
necessary through an accurate risk stratification based on
the anamnestic criteria alone, which should be done in the
oncology clinic. The cardiologist’s task is to provide the on-
cologist with simple flowcharts, the application of which
allows to quickly and safely identify low-risk patients, for
whom cardiological consultation in presence is not neces-
sary once a baseline Electrocardiogram (ECG) and a pre-
treatment echocardiogram (if needed) have been
acquired.

For patients with known cardiovascular pathology, it is
not always possible to safely defer or to skip clinical or in-
strumental checks: this evaluation can and must be done
directly by the cardiologist, and in the pre-COVID era this
almost always took place through a cardiological visit.
Today, in order to limit access to hospital or outpatient clin-
ics to patients who really need it, a first approach could in-
clude an initial telephone contact aimed at ascertaining
the clinical stability of the patient by the cardiologist, de-
fined as absence in the last 6–12months of hospital admis-
sions for cardiological reasons and onset/progression of
symptoms such as dyspnoea on exertion, chest pain, and/
or syncope. This evaluation can possibly be integrated by
one of the telemedicine tools, for example for the trans-
mission and subsequent filing of the instrumental tests
held by the patient. The coronavirus pandemic has put
telemedicine in the spotlight, especially in the USA, where
in 2020 Congress approved a regulation (Public Law 116-
123, Coronavirus Preparedness and Response Supplemental
Appropriations Act, 2020),62 which allows certain providers
to charge Medicare for some healthcare services provided
through telemedicine platforms.

Before the COVID-19 pandemic, the use of telemedicine
in the cardiology field was not so common, even if it was
gradually growing.63 The first experiences concerned hy-
pertensive patients and patients with advanced chronic HF,
the latter ones inmanyways similar to cancer patients.64

In the first months of 2020, following the pandemic out-
break of COVID-19, there was a rapid spread and increas-
ingly frequent use of online platforms, some already
known, others even conceived ‘ad hoc’, as a tool to keep
the access of patients to the hospital to a minimum and
therefore to contain infections.65,66 However, it must be
said that in many countries, the regulatory framework and
the possibility of reimbursement for telemedicine activi-
ties are still very poor. Furthermore, even if it is certainly
very useful for patients residing in rural or decentralized
areas compared with tertiary reference centres, the im-
possibility of having the technology at the basis of telemed-
icine could accentuate the inequalities in access to
specialized medical care that are already the prerogative
of the most disadvantaged population groups, such as
patients of low socioeconomic status, the elderly and
immigrants.67 As far as telemedicine in the cardioncology
field is specifically concerned, an international survey con-
ducted between March and April 2020, which involved over
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1400 cardiologists and oncologists from 43 countries, the
vast majority from Europe, North America, and Latin
America, showed a rapid growth in telemedicine already in
the first months of the pandemic (from March to April), es-
pecially in academia and universities.68 This paper reports
that on one hand, a high global percentage of cardiologists
and oncologists had early resorted to telemedicine, with a
significant increase between March (82%) and April 2020
(91.5%), on the other, there were significant differences
between different geographical areas, with Europe (81%)
and Latin America (64%), significantly behind the USA (88%,
with P¼ 0.021 for EU vs. USA and<0.001 for Latin America
vs. USA).

In this work, it is interesting to note how cardiologists
more often than oncologists (92% vs. 63%, P¼ 0.01)
reported the need to cancel or postpone elective visits or
treatments, that can partly be explained by the fact that
cardiologists more often than oncologists (46% vs. 25%, P <
0.001) were asked to change their area of expertise, with a
more frequent temporary relocation to departments dedi-
cated to the care of COVID-19 patients.

Cardio-oncological counselling in hospitalized
patients
In this context too, the primary need is to protect ‘frag-
ile’ patients, minimizing the chances of contagion.
Within non-COVID-free general hospitals, it is necessary
to provide and organize protected pathways for cancer
patients. More extensive use of biomarkers to reduce
imaging sessions and the use of portable hardware

(POCUS, point-of care ultrasound) could find application
in hospitalized patients even more than in outpatient
ones. In this patient population, a problem that could
arise from the wider use of biomarkers is represented by
the differential diagnosis between manifestations of car-
diotoxicity and possible cardiac involvement in the
course of SARS-CoV-2 infection, considering, however,
that the former is much more frequent than the latter.
Finally, the clinical and instrumental preoperative cardi-
ological evaluation of patients to be sent to oncological
surgery which, especially in Cancer Centres, is widely
used often in an inappropriate manner, should even
more be limited to cases in which the result of the con-
sultation is able to modify the surgical choices and/or
the subsequent therapeutic conduct.69

Pre-treatment risk stratification

Three kinds of risk should be considered and balanced in
the decision-making on clinical interventions in cancer
patients: (i) the risk of getting infected by SARS-CoV-2; (ii)
the risk of delaying or discontinuing the antineoplastic
therapies; and (iii) the risk of cardiovascular side-effects of
antineoplastic therapies.

• The patients with active cancer and even the long-
term survivors may be at higher risk of getting
infected by SARS-CoV-2, mostly the patients with lung
or colon cancer.70 A worse clinical outcome has been
reported by several studies.71,72 In Italy, 20% of the
patients who died of COVID-19 during the early phase

Figure 2 Modified from Addison et al.52
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of the outbreak had active cancer.73 In a Chinese
study, cancer was amongst the risk factors for cardiac
injury during COVID-19.74 However, other studies did
not confirm the risk of a more severe outcome in can-
cer patients.75,76 Noteworthy, not only the patients
with active cancer, or recently treated, but also many
long-term survivors might be at increased risk of both
SARS-CoV-2 infection and more severe COVID-19
course. Lymphopoenia, altered neutrophil/lympho-
cytes ratio, thrombocytopenia, and pancytopenia are
all risk factors for both infection and poor outcome
identified by retrospective and prospective studies on
COVID-19.71,77,78 Lymphopoenia, thrombocytopenia,
and pancytopenia are common during cytotoxic thera-
pies and expose to an increased risk of bacterial and
viral infections. A retrospective study on 205 Chinese
patients with cancer confirmed that lymphocytopae-
nia and recent chemotherapy was a risk factor for
poor outcome.79 It should also be emphasized that on-
cology patients may present a pulmonary fragility re-
lated to the outcomes of antineoplastic treatments. A
wide variety of anticancer drugs, from the oldest ones
(as bleomycin, alkylating agents, and antimetabolites)
to the more recently introduced in therapy (as several
monoclonal antibodies) may induce an acute or
chronic lung injury.80,81 Chest radiation therapy (espe-
cially when used for lung cancer or mediastinal
masses) can result in acute lung damage and chronic
pulmonary fibrosis, and even patients who have made
a complete recovery from cancer may have severe
lung dysfunction many years later, as we have learned
by the experience with the long-term childhood and
adolescents cancer survivors.82,83

• With respect to oncology, it is necessary to stratify
patients as being at high or low risk of disease progres-
sion without oncologic therapy. In high-risk patients,
therapy will be started according to standard criteria,
while in low-risk patients, the type of treatment, the
mode of administration, and the timing can be
remodulated. Oncology societies and national authori-
ties have issued guidelines on cancer care during the
pandemic, with specific indications for different
tumours; there is a general consensus that urgent,
life-saving therapies should be continued.84,85

• the role of co-morbidities, such as hypertension,
ischaemic heart disease, diabetes, and left ventricular
dysfunction in affecting the prognosis of COVID-19 has
emerged in all the epidemiological studies on SARS-
CoV-2 infection; these co-morbidities are common in
cancer patients, both as common risk factors for can-
cer, and as a consequence of antineoplastic treat-
ments: hypertension may be induced or worsened by
antiangiogenic therapies, as well as cardiac ischae-
mia; diabetes may be a side effect of steroid therapy,
ischaemic heart disease may be also a late sequel of
chest RT, or of platinum treatments.86,87

The first step is to assess the risk of cardiotoxicity in a
given patient with a given therapy.

Cardiovascular risk (CVR) can be defined by using simple
flow charts, which allow the rapid and safe identification
of low-risk patients. Pre-treatment cardiological evalua-
tion can be omitted in patients at low risk of cardiotoxic-
ity,88 including those without

• a history of cardiovascular disease
• two or more CVR factors
• history of cardiotoxicity
• history of previous cardiotoxic therapy and/or RT.

In the high-risk patient, a tailored therapeutic strategy
should be planned together by the cardiologist and the on-
cologist, as well as a strict and timely follow-up.

Essentially, we can have several scenarios:

(1) Patients at high risk of (or in course of) infection
and low oncologic risk, who may defer treatment.

(2) Patients who have a high oncologic risk and normal
infectious risk (overlapping with the general popu-
lation, followed in ‘safe’ hospitals, in areas where
the risk of infection is lower) can do therapies with
the normal treatment and follow-up schemes.

(3) Patients with a strong indication for cancer therapy,
high infectious risk, and high risk of cardiotoxicity.
These patients should possibly receive therapies
with reduced risk of cardiotoxicity (e.g. liposomal
anthracyclines instead of standard anthracyclines,
regimens that exclude the most dangerous drugs for
that patient) and that require the minimum number
of accesses for treatment (oral therapies preferable
to infusional therapies, except in the case of those
at risk for acute ischaemia) and for monitoring.

Use of echocardiographic techniques

Point-of-care ultrasound can be used to improve patient
management, especially in this long pandemic period89 by
ruling out ‘unnecessary’ examinations and reducing the
physician–patient contact. Bedside POCUS is focused on a
specific clinical issue in different clinical scenarios
such as ICU (Focused Intensive Care Echo—FICE),90 emer-
gency room (Focused Echocardiography in Emergency
room—FEEL),91 or cardiac examination (Focused cardiac
Ultrasound—FOCUS).92

Recently, the acronym FECO (Focused Echo in Cardio-
Oncology)93 has been proposed as a protocol to be used in
cardio-oncology patients, mainly during pandemic. The
FECO should give answer to some specific issues during an-
tineoplastic treatment by the use of an ECG-gating echo-
graph with standard protocols (linked to an electronic
storage system) allowing the evaluation of both the heart
and other organs such as the lung. The FECO has a problem-
oriented, semi-quantitative, repeatable, and ‘time saving’
approach, which must give unambiguous answers with bi-
modal response (yes/no) using dedicated projections.

In the symptomatic patient, the FECO is guided by the
symptomswhile in the asymptomatic patient, the examina-
tion is guided by the risk of a specific cardiac toxicity. The
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approach is aimed at the heart, lung, and vena cava, but
with a problem-oriented and not organ-oriented ‘vision’.94

In the differential diagnosis between cardiac and respira-
tory dyspnoea,95 it is mandatory to perform a chest scan in
search of pulmonary B lines (‘comets’) with the near cer-
tainty that their absence with the presence of A lines rules
out a cardiac cause.96 In case of hypotension, an echoscopy
of the left ventricle might show a ‘kissing ventricle’ with a
collapsed vena cava97 and absence of pulmonary comets. In
asymptomatic patients at risk for ventricular dysfunction,
the FECO has been proposed in follow-up period98 depend-
ing on the basal risk for cardiac toxicity and on the drug
used. In the case of a foreseeable valvular pathology, it is
fundamental to describe only the severity of valvular dys-
function and the right/left ventricle function. Pericardial
involvement may be the result of radiation therapy, chemo-
therapy, or specific tumours, such as lung, breast, laryn-
geal, leukaemia, or lymphomas,99–102 but it has also been
reported in COVID-19 patients, therefore, aetiologic diag-
nosis may be complex. Repeated FECO exams should be
aimed at the identification of pericardial effusion and its
quantification through careful measurement and accurate
description of the patient’s decubitus, ultrasound projec-
tion, and location where the different measurements oc-
curred, thus allowing a proper monitoring. Confirmation of
tamponade, constriction, and restriction must take into ac-
count the clinical and haemodynamic context and requires
a standard complete echocardiographic study.

It has been widely described that COVID infection is
known to induce a pro-thrombotic state103,104 that can
overlap with a similar condition related to cancer itself or
anticancer treatments.

When pulmonary hypertension is a possible side-effect of
cancer treatments in a COVID-19 patient, differential diag-
nosis could be a hard challenge. The FECO protocol in this
setting includes measurement of ventricular size and de-
tection of right-section overload signs. The presence of
pericardial effusion as a negative prognostic sign should
also be highlighted.

It can be concluded that FECO performed in the outpa-
tient cardiology clinic can play a central role in the man-
agement of cancer patients, ensuring a wide and cost-
effective access during and after treatment. The FECO
could select patients with high probability of cardiac toxic-
ity requiring a full echocardiographic examination. The
FECO can allow an effective evaluation of the patient
avoiding unnecessary hospital visits and therefore reducing
the risk of infection not only for patients but also for
healthcare providers.

Monitoring cardiotoxicity in course of
pandemia

Cardiovascular screening andmonitoring in patients receiv-
ing potentially cardiotoxic cancer therapies are a pillar of
the cardio-oncology practice in order to decrease cardiac
side-effects resulting in a global survival gain.105 Given the
risks of infection for both physicians and patients during in-
person consultation, consideration should be given to pro-
vide a new organization in the current practice of cardiac

screening, monitoring, and follow-up during cancer treat-
ment.52 It is important to remember that the present rec-
ommendations have been written during the pandemic
period and is based on the consensus of experts and must
be considered as temporary. It is suggested to continue car-
diac surveillance in those cancer patients with a higher
probability to develop cardiotoxicity in a short time and/or
when an appropriate cardiological treatment could be use-
ful to avoid delays or early interruptions of anticancer
treatment programme.
A multidisciplinary and multi-professional involvement is

mandatory to get this goal. In accordance with the oncolo-
gists/haematologists, cardiological visits should coincide
with cancer therapy administration to reduce the need of
hospital accesses. Cardiac imagingmonitoring should be fo-
cused on the predicted toxicity such as the evaluation of
left ventricular ejection fraction (LVEF) for anthracyclines
and anti-Her2 therapy. Alternative imaging techniques [as
computed tomography (CT) scan, cardiac magnetic reso-
nance, and nuclear medicine techniques],106,107 although
increasing social distance, are not universally available in a
timely way.
During pandemic, it could be reasonable to reduce the

general duration of echo examination and to postpone
global longitudinal strain analysis.108 Monitoring with serial
troponin (T) and/or brain natriuretic peptide has been pro-
posed to reduce the frequency of imaging given its high
negative predictive value.109 It can be reasonable to delay
examinations in those asymptomatic patients with persis-
tent negative values (<99� percentile) but this approach
should be reserved to those centres with a specific
expertise.
The proposed recommendations are focused on the gen-

eral surveillance schedule for patients receiving anthracy-
clines and anti-HER2 agents but they should be tailored on
each single cancer patient needs. To date, there are no
common recommendations for patients monitoring during
fluoropyrimide but it could be appropriate to use stress im-
aging instead of exercise stress technique when needed.
Cardiac side-effects of immunotherapy (myocarditis and
CRS-associated myocardial injury) may mimic cardiovascu-
lar complications secondary to COVID-19 andmay delay the
diagnosis and the appropriate management.110 Therefore,
the cardiology consultation is of primary importance.

Baseline evaluation of cancer patient
Anthracyclines
Baseline cardiac imaging should be offered to patients with
a known or suspected cardiac disease, to those with signs
or symptoms of ventricular dysfunction and/or with two or
more cardiotoxicity risk factors (age �60 years, hyperten-
sion, diabetes mellitus, dyslipidaemia, smoking, or obe-
sity). It may thus be reasonable to temporarily delay basal
evaluation in asymptomatic and low-risk patients.
However, for adult patients whose only risk factor is a
planned high cumulative anthracycline dose (�250 mg/
m2), it may be reasonable to delay imaging until this
threshold dose is reached or at the end of treatment.111
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Trastuzumab
Basal screening should be reserved to those patients with a
known cardiac disease, with signs or symptoms of ventricu-
lar dysfunction and/or with 2 or more cardiotoxicity risk
factors (age �60years, hypertension, diabetes mellitus,
dyslipidaemia, smoking, or obesity) in association with
anthracyclines. In patients without valvular disease and a
normal ventricular function (LVEF �55%) assessed in the
previous 6months, it is reasonable to avoid basal
evaluation.111

Surveillance during treatment
Anthracyclines
A recent multi-centre observational study in patients re-
ceiving anthracycline reported a high cumulative incidence
of cardiac dysfunction of about 37.5%, but severe toxicities
were very rare. The majority of cardiac dysfunction were
mild and moderate with a very low mortality rate.
Therefore, it could be reasonable to delay routine imaging
during anthracycline therapy in the general population and
reserve it to the following cases: signs and symptoms of HF
or anthracycline dosages >400mg/m2 or cardiac risk fac-
tors and need for anthracycline therapy >250mg/m2 par-
ticular when there is a potential clinical impact of cardio-
protective strategies.

In those centres where biomarkers are routinely tested,
we suggest to use routine cancer treatment-related blood
draws to minimize exposures. In case of significant rise of
biomarkers, the patients will undergo cardiological
evaluation.111

Trastuzumab
In the adjuvant setting, asymptomatic women without CVR
factors and not previously treated with anthracycline may
undergo echocardiography at 6 and 12months only. In the
metastatic setting, an echocardiogram could be performed
every 6 months in asymptomatic patients. In patients with
risk factors such as previous anthracycline treatment, age
�60years, hypertension, diabetes, dyslipidaemia, smok-
ing, and obesity, it is necessary to keep cardiac surveillance
every 3 months as ESMO guidelines suggested. Patients
with borderline [ejection fraction (EF) 50–55%] or reduced
LVEF or with signs or symptoms of HFmust continue to have
imaging as per clinical practice.

In those centres where biomarkers are routinely tested,
we suggest to use routine cancer treatment-related blood
draws to minimize exposures. In case of significant rise of
biomarkers, the patients will undergo cardiological
evaluation.111

Follow-up
It may be reasonable to delay routine follow-up in asymp-
tomatic survivors of paediatric, adolescent, and young
adult cancers during pandemic. Immediate cardiological
consultation will be provided in case of symptoms or signs
of cardiac toxicity (Table 1).

Telemedicine, patient, and caregiver
empowerment
Pandemic has forced many patients to stay at home for
long time. The availability of electronic devices together
with the closeness of caregivers could promote a wider use
of telemedicine or web-based platforms for consultations.
This obviously applies to cardio-oncology monitoring strat-
egies. Patient (or caregiver)-reported symptoms coupled
with electronic devices able to monitor cardiovascular
parameters could represent the first step to select patients
needing an in-person visit. A dedicated nurse is the key to
successfully manage this process.

Modulation of therapeutic strategies in
cancer patients with COVID-19

Heart failure
The patients with chronic HF have an increased risk of
ARDS and death when infected by common influenza vi-
ruses, because of increased viscosity during febrile ill-
nesses, heightened coagulation systems, proinflammatory
effects, endothelial cell dysfunction, and bacterial infec-
tion.112 The same mechanisms are common in the COVID-
19 patients, with the additional frequent manifestation of
interstitial pneumonia and pulmonary thrombo-
embolism.27,113

• Diuretics. The doses must be adjusted considering
both the risk of lung congestion, worsening of EF and
the risk of hypovolaemia, dehydration (from losses
due to fever, sweating, anorexia, increased respira-
tory rate, shift from intravascular and extravascular
space, gastrointestinal losses), and/or COVID-19-re-
lated hypotension.114

• Angiotensin-converting enzyme inhibitors, ARBs, or AT
receptor–neprilysin inhibitors. Arterial hypotension
due to COVID infection, antiviral treatment, or an
evolution to the cardiogenic shock may require dose
reduction or discontinuation of the drug.

• Beta-blockers may be started or up-titrated if
patients, as frequently happens, have tachycardia or
rapid atrial fibrillation (AF). Caution should be used in
case of hypotension, and in patients treated with anti-
viral agents, which can decrease heart rate.

• Ivabradine is a valid alternative or integration to beta-
blockers in the patients in sinus rhythm.

• Anticoagulants are indicated in all hospitalized
patients with COVID-19, because of the increased risk
of thrombo-embolic complications especially with ele-
vated D-dimer levels or signs of sepsis-induced coagul-
opathy.115 This suggestion can be extended to patients
with HF and is even stronger in patients with active
cancer, who are already at high thrombotic risk.
Prophylactic doses of low molecular weight heparin
(LMWH) are recommended for all cancer patients with
HF and COVID-19.

Myocardial infarction
Primary angioplasty is the standard therapy for acute ST-
elevation myocardial infarction (STEMI). While fibrinolytic
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therapy is proposed for patients without cancer disease
when coronary angiography is not feasible, cancer patients
typically have absolute or relative contraindications to this
therapy with a high risk of bleeding. Although a significant
percentage of these patients do not require myocardial re-
vascularization because of a high prevalence of non-
obstructive coronary artery disease,116 evaluating the risks
and benefits in this particular context, an initial invasive
strategy may be appropriate. The Cardiac Angiography and
Interventions Society and the American College of
Cardiology recommend this approach even during the pan-
demic period.117 The majority of cancer patients with
COVID-19 has a type 2 myocardial infarction, secondary to
acute stress, hypoxaemia, or excessive inflammation sec-
ondary to cytochine release,118 in these cases, a conserva-
tive approach, aimed to treat the acute underlying
condition, is suggested.119 In patients with COVID-19 and
diagnosis of NSTEMI or unstable angina, a conservative
strategy should be considered, too. A dual antiplatelet
therapy is usually suggested in cancer patients; with aspirin
proven to be safe even in presence of thrombocytope-
nia.120,121 However, the possible interactions with other
drugs (mostly antivirals), which might be prescribed for
COVID-19 must be taken into account: Aspirin and
Prasugrel are less affected, while the activity of clopidog-
rel may be reduced, and that of ticagrelor increased.122,123

Although no significant clinical data are available, based
on its potential benefits and safety data, it is recom-
mended that statins continue to be administered in all
patients. As far as beta-blockers are concerned, the same
pros and contras already mentioned above should be
considered.

Takotsubo syndrome
Takotsubo syndrome (TTS) is frequent in cancer patients:
in a wide multicentre database, 16.6% of patients were af-
fected by cancer.124 Since emotional stress is one of the
leading causes of TTS, it is not surprising that during
COVID-19 pandemic the incidence of TTS increased from
1.5–1.8% to 7.8%.125 The haemodynamically stable patients
may be treated following the guidelines above described
for the low EF Congestive Heart Failure (CHF).126 Beta-
blocker therapy can prevent stress triggers and subsequent
catecholamine spikes, it may be associated with an ACEI or
ATII receptor blocker (ARB) and/or diuretics when there is
volume overload.

Myocarditis
Myocarditis has been described in COVID-19 patients, even
if its true incidence is unknown, because the clinical pre-
sentation and the ECG and biomarkers changes may be sim-
ilar to those observed in ACS, STEMI, CHF, or cardiogenic
shock.127 The rationale of therapy depends on the nature
of myocarditis: cytopathic (by virus replication) vs.
immune-mediated. The presence of SARS-CoV-2 virus in
the myocardium has been seldom reported128 and the
delayed onset of signs of myocarditis (up to 10–15days af-
ter the onset of symptoms) is consistent with other patho-
genic mechanisms: endothelitis, a cytokine-related
autoimmune myocarditis, or an autoimmune reaction

secondary to myocardial damage.129,130 Current data on
the use of glucocorticoids remain controversial, because
no studies have been conducted to confirm their efficacy in
COVID-19 myocarditis. While it has been reported that cor-
ticosteroid therapy may delay virus clearance, in contrast,
a Wuhan study involving 84 patients with ARDS secondary
to COVID-19, administration of corticosteroids reduced
mortality.131 Immunoglobulins have been found to be use-
ful in some types of myocarditis.132 To date, there is still no
evidence-based treatment for COVID-19 myocarditis; the
patients reported in the literature were treated with a va-
riety of approaches beside support and CHF therapy, with a
mortality of 27%.133–136 In the setting of cancer patients, it
is of utmost importance to make a differential diagnosis
betweenmyocarditis secondary to SARS-CoV-2 andmyocar-
ditis due to antineoplastic therapies (mostly to ICI), the lat-
ter being responsive to high-dose steroid therapy.137

Valvular heart disease
During and after the COVID-19 pandemic, limited resources
in ICUs or hospital beds may make it difficult to schedule
valve surgery. In this context, less invasive procedures with
a low/reasonable risk of complications and minimal use of
resources, as well as limited risk of exposure for health
care staff, should be promoted. The Transcatheter Aortic
Valve Implantation (TAVI),138,139 to improve the patient’s
condition is reported to be safe and effective even in can-
cer patients, whose traditional surgery is considered high
risk.140 However, when the patient’s clinical condition
allows a delay, percutaneous valve replacement should be
postponed with a priority for rescheduling. Selected
patients with mitral regurgitation or tricuspid regurgitation
may receive transcatheter treatment rather than tradi-
tional cardiac surgery. However, these patients should be
carefully evaluated taking into account the increased risks
to the medical team associated with aerosol during trans-
oesophageal echocardiography.141 If possible, in patients
with severe mitral insufficiency, therapy should be opti-
mized to delay implantation of the Mitraclip until the
COVID-19 infection has resolved.

COVID treatments
Steroids
Steroids are used in severe COVID-19 pneumonia (in the
RECOVERY study the incidence of death was lower in the
dexamethasone group than that in the usual care among
patients receiving invasive mechanical ventilation [29.3%
vs. 41.4%; rate ratio (RR) 0.64; 95% CI 0.51–0.81] and
among those receiving oxygen without invasive mechanical
ventilation (23.3% vs. 26.2%; RR 0.82; 95% CI 0.72–0.94]),
even if they had no effect on the mortality rate of those
patients with a mild form of the condition.142–144 The com-
mon side-effects of corticosteroids used for pneumonia in-
clude diabetes and hypertension, but not an increase of
cardiac adverse events and superinfections.145

Experimental drugs
A wide variety of antiviral agents and anti-inflammatory
drugs have been tested for COVID-19 treatment; many of
themmay have cardiac adverse side effects (as QT interval
prolongation and potentially severe arrhythmias, for
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instance) or metabolic interaction with some cardiovascu-
lar drugs. Amongst these treatments, drug interactions in-
volving the HIV protease inhibitor lopinavir/ritonavir were
the most frequent, followed by chloroquine, hydroxychlor-
oquine, and ruxolitinib, with anakinra, baricitinib, favipir-
avir, interferon-b, nitazoxanide, ribavirin, remdesivir,
sarilumab, and tocilizumab having low propensity for drug
interactions.146,147 Due to the continuous evolution of the
treatment approved for clinical use, a constantly updated
website as https://www.covid19-druginteractions.org
should be consulted before prescribing any new drug.

Atrial fibrillation in cancer patients:
management in the COVID-19 era

One of the arrhythmic complications of COVID-19 is AF, the
treatment of which is notoriously complex in cancer
patient.

Inflammation and atrial fibrillation in COVID-19
Inflammation, which is high in cancer patients, becomes
even higher when these patients contract COVID-19 infec-
tion. The physiopathology underlying this process is linked
to an abnormal immune response that can result in cyto-
kine storm syndrome. In fact, there is an increase in a large
number of inflammation markers including TNF-alpha, in-
terleukin IL 1-b, IL-1RA, IL-7, IL-8, IL-9, IL-10, fibroblast
growth factor, granulocyte colony-stimulating factor),
granulocyte-macrophage colony-stimulating factor, inter-
feron gamma, interferon gamma-induced protein 10,
monocyte chemoattractant protein-1, macrophage inflam-
matory proteins 1A, 1B, platelet-derived growth factor,
and vascular endothelial growth factor.148 Some cytokines
may affect cardiomyocytes, and thus cause AF. Many cyto-
kines are regulated by the multi-protein complex NLRP3
inflammasome. The hyperactivation of this complex in-
duced by the SARS-CoV-2 virus triggers strong inflammation
in cardiomyocytes and endothelial cells, which in turn
results in the hypersecretion of growth factors and chemo-
kines that increase fibrosis and apoptosis. Selective inhibi-
tors of NLRP3 are currently used to mitigate respiratory
distress and prevent AF and myocarditis in COVID-19
patients. There is evidence that hydroxychloroquine may
reduce the activity of NLRP3 in inflammatory cells.
Tocilizumab, which is an inhibitor of IL-6, has also been
used in trials to treat COVID-19.

Management of atrial fibrillation
The European Heart Rhythm Association has cleared the
use of direct oral anticoagulants (DOACs) to treat AF.149

The sub-analyses of the ARISTOTLE,150 ENGAGE,151 and
ROCKET152 studies support the use of apixaban, edoxaban,
and rivaroxaban in cancer patients. More recently, in a
meta-analysis, Cavallari et al.153 reported that, in patients
with both AF and cancer, DOACs are at least as effective as
vitamin K antagonists (VKAs) in preventing thrombotic
events. Moreover, DOACs reduce intracranial bleeding and
may be a valid and more practical alternative to VKAs in
these high-risk patients. Deng et al.154 reported that, in
patients with AF and cancer, DOACs had similar rates of

thrombo-embolic and bleeding events and a reduced risk of
venous thrombo-embolism and intracerebral haemorrhage.
Therefore, DOACs are increasingly used in cancer patients.
The Scientific and Standardization Committee of the
International Society on Thrombosis and Haemostasis rec-
ommendations regarding the use of DOAC are shown
below155:

• A DOAC is recommended over a VKAs or LMWH as anti-
coagulant therapy if no clinically relevant drug-to-
drug interactions are expected in cancer patients with
de novo non-valvular AF receiving chemotherapy,
exceptions being patients with luminal gastrointesti-
nal cancers with an intact primary and patients with
active gastrointestinal mucosal abnormalities such as
duodenal ulcers, gastritis, esophagitis, or colitis.

• In cancer patients with non-valvular AF who were on
an anticoagulant regimen before starting chemother-
apy, continuing the same anticoagulation regimen is
recommended, unless there are clinically relevant
drug–drug interactions.

Obviously, in case of COVID-19 infection, all the aspects
linked to the virus-induced hypercoagulable state have to
be considered. The rates of hypercoagulability are higher
in patients with COVID-19 than in the general population,
and more than one-fourth of COVID-19 patients have ve-
nous thrombo-embolism, which is known to be related to
fibrin hyperpolymerization. Moreover, vein thrombosis is
more likely in cancer patients, since venous thrombo-em-
bolism is the second leading cause of death after cancer.

Drug interactions, too, must be taken into account and
managed accordingly in patients simultaneously affected
by CVD, cancer, and COVID-19—and undergoing treatment
for active cancers. Both interactions between DOACs and
anti-cancer drugs and interactions between DOACs and
drugs used to treat COVID-19 need to be carefully
addressed (Table 2).

All DOACs are P-glycoprotein substrates, whereas only
rivaroxaban, apixaban, and—to a lesser extent—edoxaban
are substrates of cytochrome P450. The interactions occur
because anti-cancer drugs (traditional, biological, and hor-
mones) and COVID-19 drugs are either inductors or inhibi-
tors of these metabolic pathways.

Even though some DOACs have a mild effect on the activ-
ity of cytochrome P450 enzymes, they do not affect the
plasma level, effectiveness, and/or toxicity of cancer
drugs. However, haemorrhagic toxicity is possible depend-
ing on cancer location, characteristics of patients, and co-
administration of cancer drugs that have intrinsic gastroin-
testinal toxicity. On the contrary, cancer drugs may in-
crease or decrease the plasma levels of DOACs depending
on whether they induce or inhibit the metabolic pathways
of cytochrome or glycoprotein and thereby affect the
safety and efficacy of DOACs.156

Direct oral anticoagulants and drugs used to treat
COVID-19
Chloroquine and hydroxychloroquine may increase plasma
levels of dabigatran and edoxaban, the doses of which
should be reduced accordingly, but they do not affect the
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Table 2 Predictable pharmacokinetic interactions between oral anticancer agents and direct oral anticoagulants modified from
Gatti et al.156

 DDI with DOACs 
 

Dabigatran Rivaroxaban Apixaban Edoxaban 
P-gp substrate yes yes no (minimal) yes 

CYP3A4 substrate no yes (moderate 
-18%) 

yes (moderate  
-25%) 

no (minimal 
- 4%) 

BCRP substrate no yes yes no 

OATP1B1 substrate no no no yes 

Oral agents Metabolic Pathway  
VEGFR associated TKI   
Axitinib CYP1A2/2C8 inhibitor     
Lenvatinib No activity on CYP or P-gp     
Pazopanib Weak inhibitor of CYP3A4     
Regorafenib P-gp inhibitor (in vitro)     
Sorafenib P-gp inhibitor     
Sunitinib P-gp inhibitor     
EGFR  associated TKI  
Afatinib Moderate P-gp inhibitor 

BCRP inhibitor 
    

Erlotinib CYP3A4/2C8 inhibitor 
Strong P-gp  inhibitor 
BCRP moderate inhibitor 

    

Gefitinib CYP2D6/2C19 inhibitor 
P-gp strong inhibitor 
BCRP strong inhibitor 

    

Lapatinib Intestinal CYP3A4  weak inhibitor  
P-gp inhibitor 

    

Neratinib P-gp inhibitor (in vitro)     
Osimertinib P-gp inhibitor (in vitro) 

BCRP inhibitor (in vitro) 
    

BCR-ABL TKI   
Bosutinib No activity on P-gp or  CYP     
Dasatinib CYP3A4 weak inhibitor     
Imatinib CYP3A4-2C9 moderate inhibitor     
Nilotinib CYP3A4 weak inhibitor 

CYP2C8-2C9 inhibitor (in vitro) 
P-gp inhibitor (in vitro) 

    

Ponatinib P-gp inhibitor (in vitro)     
ALK TKI   
Alectinib P-gp inhibitor  

BCRP inhibitor  
    

Brigatinib CYP3A4/5 inducer (in vitro)      
Ceritinib CYP3A4/2C9 inhibitor (in vitro)     
Crizotinib P-gp inhibitor (in vitro)     
Lorlatinib CYP3A4/2B6 inducer (in vivo) 

P- gp inhibitor (in vitro) 
BCRP inhibitor (in vitro) 

    

BRAF  kinases  inhibitors 
Dabrafenib CYP3A4/2C9 strong inducer 

P-gp inducer (minimal risk) 
    

Encorafenib CYP3AA inducer/inhibitor 
P-gp inhibitor (in vitro) 
BCRP  inhibitor (in vitro) 
OATP1B1 inhibitor (in vitro) 

    

Vemurafenib CYP3A4 moderate inducer 
CYP1A2 moderate inhibitor 
CYP2C8 weak inhibitor 
P-gp inhibitor (in vitro) 
BCRP inhibitor (in vitro) 

    

MEK kinases  inhibitors 
Binimetinib CYP1A2/2C9 weak inhibitor     
Cobimetinib  CYP1A2 inducer (in vitro) 

BCRP inhibitor (in vitro) 
OATP1B1weak inhibitor 

    

Trametinib CYP2C8 weak inhibitor 
BCRP weak inhibitor 

    

(continued)
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Table 2 Continued

Ciclin dependent protein kinases  (CDK) inhibitors  
Abemaciclib P-gp inhibitor  

BCRP inhibitor 
Palbociclib CYP3A4 weak inhibitor 

Intestinal P-gp inhibitor 
Ribociclib CYP3A4 moderate/strong inhibitor  

CYP1A2 (weak) 
P-gp inhibitor (in vitro) 
BCRP inhibitor (in vitro) 

Other protein kinase inhibitors
Everolimus P-gp inibithor  

BCRP inhibitor 
Ibrutinib P-gp inhibitor in gastrointestinal tract 
Ruxolitinib CYP3A4 inhibitor 

P-gp inhibitor (in vitro) 
c-MET  inhibitors
Cabozantinib CYP2C8 weak inhibitor 

P-gp inhibitor (in vitro) 
Capmatinib CYP1A2 inhibitor 

P-gp inhibitor  
BCRP inhibitor 

Histone Deacetylase(HDAC)  inhibitors
Panobinostat CYP3A4 weak inhibitor 
Proteasoma inhibe tors 
Ixazomib  No activity on CYP or P-gp  
B cell lymphoma (BCL)-2 protein  inhibitors
Venetoclax P-gp inhibitor in gastrointestinal tract 

at therapeutic doses 
Poly (ADP-Ribose)-Polimerase (PARP) inhibitors
Niraparib P-gp weak inhibitor (in vitro) 

BCRP weak inhibitor (in vitro) 

Olaparib P-gp inhibitor 
BCRP inhibitor (in vitro) 

Rucaparib CYP3A4/2C9/2C19 weak inhibitor 
CYP1A2 moderate inhibitor 
P-gp and  BCRP inhibitor (in vitro) 

Hormonal agents, aromatase  inhibitors,  anti-androgens
Anastrozole CYP3A4/1A2/2C8/2C9 inhibitor (in 

vitro) 
Letrozole CYP2A6/2C19 inhibitor (in vitro) 
Abiraterone CYP3A4/2C8 weak inhibitor 
Enzalutamide CYP3A4 strong inducer 

CYP2C9/2C19/1A2 weak/moderate 
inducer 
P-gp inibithor (in vitro) 

Red: avoid co-administration (contraindicated or not recommended) 
Orange: potential interaction  
Yellow: potential weak interaction  
Green: no interaction expected based on pharmacokinetic properties,  no clinical data actually exist. 
BCRP, breast cancer resistance protein; CYP, cytochrome P450; DDI, drug–drug interaction; EGFR, Epidermal 
Growth Factor Receptor; OATP1B1, organic anion transporting polypeptide; P-gp, P-glycoprotein; TKI, Tyrosine 
Kinase Inhibitors; VEGFR, Vascular Endothelial Growth Factor Receptor.
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levels of rivaroxaban or apixaban. Remdesivir, a widely
used antiviral medication does not affect the plasma level
of any DOAC whereas other antiviral drugs such as
Lopinavir/Ritonavir and Atazanavir are CYP3A4 inhibitors
and moderately increase the plasmatic level of dabigatran
and edoxaban while greatly increasing the level of apixa-
ban and rivaroxaban.156,157 Tocilizumab and sarilumab,
both interleukin inhibitors, may increase the plasma levels
of rivaroxaban and apixaban. The mechanism underlying
the increase in plasma levels of these two DOACs is related
to the fact that high levels of IL-6 suppress the activity of
cytochrome P450 and glycoprotein metabolic path-
ways.158,159 Treatment with tocilizumab or sarilumab
restores enzyme activity to its pre-COVID infection
level.160,161 Therefore, caution should be exercised in
COVID-19 patients undergoing treatment with IL-6 receptor
antagonists and in using DOACs metabolized by cytochrome
P450 as apixaban and rivaroxaban. Thus, in some cases, it
is advisable to switch to LMWH at anticoagulant doses
when administering antiviral drugs that may affect plasma
levels of DOACs. Moreover, managing macrolides is also
very important, the most widely used one being azithromy-
cin. Macrolides are mild inhibitors of P-glycoprotein and an
over exposure to DOACs can occur during concomitant
treatment156; therefore, a switch to LMWH at anticoagu-
lant doses may be suggested during macrolide treatment.

In conclusion, patients with AF infected with SARS-CoV-2
are at a high risk of thrombo-embolism, they need a tai-
lored antithrombotic treatment that takes into account
the interactions between DOACs and antiviral or cancer
drugs.

Prophylaxis and treatment of thrombo-
embolic complications in severe acute respi-
ratory syndrome coronavirus 2 infection

Cancer disease and some anticancer therapies are estab-
lished risk factors for venous thrombo-embolism (VTE)162

and COVID-19 seems to be an additional risk factor.
Scientific literature has documented a higher rate of VTE

in patients hospitalized with COVID-19 when compared
with hospitalized patients without COVID-19.163 In a popu-
lation of cancer patients (in and outpatients) with COVID-
19, the reported rate of VTE complications was 3.5%.
Furthermore, VTE was more common in patients on anti-
cancer therapy than in those without recent or ongoing an-
ticancer treatment (5.2% vs. 2.2%) and in patients with the
progressive disease compared with those in remission (7.1%
vs. 2.0%).164

Although the exact pathophysiologic mechanisms under-
lying thrombotic complications are not clearly defined, a
severe systemic inflammatory response and endothelial ac-
tivation due to endothelial cell infection seem to be the
main causes of a prothrombotic state in patients with
COVID-19.165 In these patients, COVID-19-associated coa-
gulopathy has been reported, which is characterized by in-
creased D-dimer and fibrinogen levels, a modest decrease
in platelet count and prolongation of prothrombin time.166

These coagulation abnormalities have been found to be as-
sociated with an increased risk of adverse events, such as

subsequent mechanical ventilation, ICU admission, and
death. Of note, SARS-CoV-2 RNA has been documented in
platelets of COVID-19 patients.167 It has been postulated
that COVID-19 VTE pathophysiology could involve platelet
hyper-reactivity and be more platelet-dependent than in
non-COVID-19 conditions.168 A Chinese nationwide study
that evaluated VTE risk with the Padua Prediction Score
found that 40% of hospitalized patients with COVID-19
were at high risk of VTE.169 In a meta-analysis including 18
093 hospitalized patients with COVID-19, the overall
pooled reported incidence of VTE was 17%.170 Venous
thrombo-embolism risk should be evaluated in all hospital-
ized COVID-19 patients utilizing risk-assessment tools, such
as the Caprini model or Padua score.171 Since patients with
COVID-19 can rapidly develop severe complications, in-
cluding renal, respiratory, and liver failure, that can im-
pact both VTE and bleeding risk, antithrombotic treatment
should be implemented early and cautiously in hospitalized
patients.
COVID-19 amplifies the risk of VTE of cancer and antineo-

plastic therapies. In a retrospective study that first com-
pared patients hospitalized for COVID without cancer vs.
patients with active cancer, a high rate of thrombosis was
observed among patients hospitalized with COVID-19 with
a cumulative incidence of 18% at 28days among those with-
out cancer and 14% among those with cancer. Considering
that the incidence of hospitalization-related thrombosis in
patients with cancer ranges from 2% to 22% the study sur-
prisingly found similar VTE data between COVID-19
patients with cancer and without cancer. This could reflect
the considerable thrombo-inflammatory state of active
COVID-19 overshadowing the hypercoagulable state of
cancer.172

Venous thrombo-embolism management in hospi-
talized patients
Prophylaxis of venous thrombo-embolism in patients
hospitalized with COVID-19 and malignancies
In clinical practice, VTE prophylaxis must be considered in
all hospitalized COVID-19 patients. Firstly, bleeding risk
and coagulation parameters, including complete blood cell
count, prothrombin time, and activated partial thrombo-
plastin time (aPTT), fibrinogen, and D-dimer levels, should
be assessed in all patients. A comprehensive evaluation
must also consider comorbidities such as renal or hepatic
dysfunction. In the absence of randomized clinical trials
conducted in the COVID-19 patient population and in the
COVID and cancer population, pharmacologic management
should take into account the recently published recom-
mendations of the COVID-19 Thrombosis Collaborative
Group166 and the guidelines on VTE in oncology.173,174

Patients with COVID-19 and cancer should receive phar-
macological thromboprophylaxis unless contraindicated.
First-line treatment should be with LMWH [i.e. enoxaparin
40mg subcutaneous (sc) once a day], a possible alternative
is fondaparinux 2.5mg sc once a day. It seems reasonable
to suggest that, due to very high thrombotic risk, patients
with active cancer and severe COVID-19 would receive in-
termediate doses of LMWH and that monitoring of anti-Xa
levels could optimize anticoagulation. If pharmacologic
prophylaxis is contraindicated,mechanical VTE prophylaxis

Cardio-oncology in the COVID era C143



(intermittent pneumatic compression) should be consid-
ered in immobilized patients.175

Actually, due to the lack of clear benefits of therapeutic
or intermediate anticoagulant doses, and pending findings
of ongoing randomized trials investigating the most effec-
tive VTE prophylaxis in COVID-19 patients, standard throm-
boprophylaxis anticoagulant dosing is currently recom
mended by the World Health Organization.176 Once-daily
LMWH or fondaparinux are preferred over unfractionated
sodium heparin (UFH) due to lower healthcare professional
exposure and a more stable anticoagulant effect over
time. Of note, particular clinical settings such as obesity or
renal failure may require dosing adjustments or different
strategies.177,178

Post-hospital discharge venous thrombo-embolism pro-
phylaxis in patients hospitalized with COVID-19 and
malignancies
The role of extended prophylaxis after hospital discharge
has not been studied in COVID-19 patients. However, in
patients with active cancer, extended thromboprophylaxis
with LMWH (for up to 6weeks) seems reasonable after hos-
pitalization for COVID-19, especially in cases of reduced
mobility and low bleeding risk.176

Venous thrombo-embolism prophylaxis in home-
managed cancer patients with COVID-19
Asymptomatic COVID-19 patients or those with mild symp-
toms are often managed at home. Overall, the role of
thromboprophylaxis in this setting is not well established.
However, the presence of active cancer associated with
COVID-19 and reduced mobility due to quarantine are all
conditions that increase VTE risk, therefore, the use of
pharmacological thromboprophylaxis should be considered
in these patients.173

Venous thrombo-embolism treatment in hospitalized
patients with COVID-19 and malignancies
In hospitalized patients, parenteral anticoagulation (LMWH
or UHF) is preferred as it can be temporarily discontinued
and has no known drug interactions with experimental
COVID-19 therapies. In patients hospitalized with COVID-19
and already on oral anticoagulant treatment, a switch to
parenteral anticoagulant therapy should be considered.175

Indeed, as compared with parenteral anticoagulants, oral
anticoagulants have a higher risk of drug interaction with
experimental COVID-19 pharmacological treatment. We
have already described some interactions, further informa-
tions on potential drug interactions of oral anticoagulants
with anti-COVID-19 drugs are available at https://www.
covid19-druginteractions.org/.

Another advantageous aspect of parenteral anticoagula-
tion is the shorter duration of the anticoagulant effect,
which may be crucial if urgent invasive procedures are re-
quired. Moreover, it is necessary to consider that patients
treated with UFH require monitoring of the therapeutic ef-
fect through blood samples to be performed several times
a day to control the aPTT, thus exposing the health care
personnel to a greater risk of infection.

It is necessary to consider that in patients with onco-hae-
matologic diseases severe thrombocytopenia may be

present and may require platelet transfusion (e.g. if the
platelet count is<30 000/mL) before starting anticoagulant
treatment.179

In COVID-19 patients imaging examinations should be
promptly performed in case of pulmonary embolism (PE)
clinical suspicion. However, in ICU patients, the difficulty
in mobilizing mechanically ventilated patients to CT
machines and the need to limit healthcare exposure to
COVID-19 may hinder CTexamination. Lower extremity ul-
trasound may also be limited due to patient positioning.
When it is not possible to obtain lung CT angiography, the
occurrence of sudden respiratory decompensation or evi-
dence of acute unexplained right ventricular dysfunction
on echocardiography may raise the suspicion of acute PE.
Due to the common presence of increased levels of D-dimer
in critically ill COVID-19 patients and the absence of estab-
lished cut-off values to identify a higher risk of VTE in these
patients, elevated D-dimer values are not enough to raise
the suspicion for VTE. Furthermore, it should be considered
that increased D-dimer levels are also dependent on tu-
mour-related factors in cancer patients.180

In COVID-19 patients with a high suspicion of acute PE
that cannot be confirmed with diagnostic imaging, a thera-
peutic dose of parenteral anticoagulants is suggested un-
less specific contraindications exist.181 Even in VTE
treatment, parenteral anticoagulation is suggested over
oral anticoagulation due to the high risk of an abrupt de-
cline in clinical status.182 In patients with a VTE diagnosis
and spontaneous prolonged clotting times (especially
aPTT) or thrombo-embolism recurrence despite appropri-
ate anticoagulation, lupus anticoagulant testing is sug-
gested.162 At discharge, parenteral anticoagulation may be
switched to oral anticoagulation. In order to limit patient
access to healthcare services, DOACs may be preferred
over VKAs, which require coagulation monitoring. Antico-
agulation therapy is recommended for at least 3
months.181–183

In conclusion, VTE prophylaxis and treatment in cancer
patients with COVID-19 is challenging. Due to the scarcity
of data, current management is based on available recom-
mendations and on VTE guidelines in oncology. However,
the particularly high risk of thrombosis and bleeding events
requires a tailored approach in each clinical case.
Prospective randomized trials are needed to validate the
most appropriate antithrombotic strategy in this specific
clinical setting.

Management of arrhythmic complications
and devices in the oncologic patient
affected by COVID-19

Management of arrhythmias in cancer patients with SARS-
CoV-2 infection is of utmost importance because both car-
diotoxicity from oncologic treatment and SARS-CoV-2 in-
fection may elicit arrhythmias.

On the one hand, the increase of the average age of peo-
ple is strictly correlated to the increase of cancer and
arrhythmias; on the other hand, the wide use of chemo-
therapy, targeted therapy, immunotherapy, and RT causes
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a huge increase in arrhythmic complications,184 due to
myocardial ischaemia and HF.185

The most common arrhythmic complications are AF and
supraventricular arrhythmias, but a QT prolongation along
with ventricular arrhythmias including torsade de pointes
can also occur (Table 3).

The scenario of cancer treatment-induced arrhythmias
has been complicated by SARS-CoV-2 intrinsic arrhythmo-
genic potential. Arrhythmias can be due to a direct viral ef-
fect, or may be caused by the systemic consequences of
the infection and the pharmacological interactions.

The association of the viral infection with cancer and
CVD is of great concern because cancer and CVD are highly
common in the population and both have a worse impact
on COVID-19 patients; therefore, risk stratification and
measures of prevention should become a public health ob-
jective and a prompt valuation of syncope and palpitations
should be part of the standard of care.

The National Health Commission of China Report
shows that some patients have cardiac symptoms as
chest pain and palpitations before any pulmonary
manifestations.118

Ventricular arrhythmias can be the first clinical sign of
COVID-19.186 Atrial fibrillation, atrial flutter, heart block,
monomorphic, polymorphic, multifocal ventricular tachy-
cardia, and ventricular fibrillation have been also de-
scribed. These arrhythmias have also been associated to
SARS-CoV-2-inducedmyocarditis that can be due to a direct
toxic effect of the virus and myocardial involvement, but
also to extrapulmonary macrophages migration which
could damage the conduction system.

Severe acute respiratory syndrome coronavirus disease
determines a huge release of inflammatory agents, which
play a crucial role in arrhythmogenicity. Cytokine storm
and T lymphocytes cause an immune activation feedback,
and a myocardial injury with increase of cardiac markers
such as troponin,187,188 a trigger for arrhythmias,189 with
an incidence of 44% in patients with severe COVID-19 infec-
tion,190 leading to a higher mortality risk.74 Interleukin-6,
tumoural necrosis alfa factor and interleukin 1 release de-
termine a prolongation of potential ventricular action act-
ing on potassium and calcium channels.191 Interleukin 6
increase can cause QT prolongation favouring Torsade de
Points.192 Myocardial localization of the virus, electrolytic
alterations, and myocardial remodelling associated with
myocarditis cause life-threatening arrhythmias, due to
metabolic disarray, hypoxia, inflammation neuro-hormonal
stress,193 and a possible concomitant coagulopathy causing
hypoxia-related thrombosis.194

Cardiac arrhythmia incidence is significantly higher in
patients with poor outcome with a rate of 48%195; it can be
considered a marker of poor prognosis.

Bradyarrhythmias are associated with particularly high
values of inflammatory markers and a high short-termmor-
tality rate. The management strategy of these patients
should take into account both the potential adverse out-
come of invasive pacing and the physician’s potential risk
of transmission.

In patients with pre-existing cardiovascular comorbid-
ities, the viral infection can have a highly negative ef-
fect due to the increased metabolic demand associated

with reduced cardiac reserve.196 This precarious bal-
ance, added to the direct myocardial damage and the
inflammatory response triggered by the viral agent, can
increase the risk of acute coronary syndrome, HF, and
cardiac arrhythmias.197

Finally, an increasing number of cancer patients have
implantable cardiac devices (pacemakers or defibrilla-
tors), so that the problem of RT comes up; this treat-
ment, although usually safe, in some circumstances can
cause safety trouble to the devices and it is essential for
cardiologists to have adequate knowledge in order to
choose the best and safest treatment for their
patients.198

Management of the cardio-oncology patient with
COVID-19
Drug interactions are an important issue in the treatment
of COVID-19 especially between antineoplastic, antiar-
rhythmic drugs, and anticoagulants drugs; therefore, it is
necessary to evaluate possible interactions in each case. In
COVID-19 patients, drugs that prolong QT, such as azithro-
mycin and hydrochloroquine,199 are frequently used, in-
creasing the risk of cardiac arrhythmias.
Some recent studies have investigated the risk of ven-

tricular arrhythmias linked with hydrochloroquine and
azithromycin therapy.200,201 It is also possible to use the
Tisdale score202 for predicting the lengthening effect of
the QTc interval and to apply it for choosing drugs to be
used in patients with COVID-19. This effect is even more
relevant if COVID-19 and neoplastic disease occur together
since in this case, drugs that lengthen the QTare frequently
used, and there is an additional intrinsic risk of developing
arrhythmias.
The strategies of monitoring the QT interval and arrhyth-

mias are constantly evolving. Although the standard 12-
lead ECG is the most accurate method for assessing the QT
interval and any cardiac arrhythmias, it is important to
make some considerations on the resources to be used and
on the management in the setting of COVID-19 patients.
The acquisition of the standard 12-lead ECG involves both
personal exposure and the equipments; therefore, the exe-
cution of electrocardiograms should be limited and only
some equipment should be dedicated to COVID patients to
limit possible contamination. Additionally, telemetrymoni-
toring should be considered in high-risk patients. Other
alternatives could also be considered, such as wearable
devices and digital devices.
During the lockdown, a 50% reduction in the number of

elective Pace Maker (PM) and Implantable Cardioverter
Defibrillator (ICD) implants procedures, and AF ablation
has been registered along with a decrease in emergency
procedures, with a reduction of more than 50% in the num-
ber of urgent pacemaker implants for severe bradyarrhyth-
mia. At the same time, there was an overuse of Remote
Monitoring (RM), although with large differences between
the various centres, The use of RM was strongly recom-
mended by the consensus document of the Heart Rhythm
Society COVID-19 Task Force.194 The consensus document
splits the electrophysiological procedures into urgent,
semi-urgent, non-urgent, or elective, considering urgent

Cardio-oncology in the COVID era C145



only procedures that considerably reduce the risk of clini-
cal worsening, hospitalization, and death. Patients under-
going urgent procedures should always be evaluated for
fever, COVID-19 symptoms, and tested for COVID-19; the
infectious risk must always be limited with the use of

Personal Protective Equipment (PPE) not only by the opera-
tor but also by the patient by wearing surgical masks. If it is
necessary to intubate the patient, notably a procedure
that generates aerosols, it is recommended to use negative
pressure chambers both in the room and in the pre-room. It

Table 3 Potential arrhythmic adverse effects of antineoplastic drugs

Antineoplastic drugs Potential arrhythmic adverse effect

Anthracyclines
• Doxorubicin
• Daunorubicin
• Epirubicin
• Idarubicin
• Mitoxantrone

• Arrhythmias

Alkylating agents
Melphalan

• Arrhythmias

Inibitori delle tirosin chinasi
• Axitinib
• Cabozantinib
• Cetuximab
• Crizotinib
• Dabrafenib
• Dasatinib
• Imatinib

• Bradyarrhythmias
• QT interval prolongation
• Atrial fibrillation

Osimertinib • QT interval prolongation
• Atrial fibrillation

Pazopanib • Bradyarrhythmias

Trametinib • Bradyarrhythmias
• QT interval prolongation

Vandetanib • QT interval prolongation

Vemurafenib • QT interval prolongation

Immune checkpoint inhibitors
• Cemiplimab
• Nivolumab
• Pembrolizumab

• Myocarditis
• Arrhythmias
• Cardiac sudden death

PD-L1 inhibitors
• Atezolizumab
• Avelumab
• Durvalumab

CTLA-4 inhibitors
• Ipilimumab

Histone deacetylase inhibitors
• Belinostat
• Vorinostat

• QT interval prolongation

Terapia endocrina
Modulatori selettivi dei recettori oestrogenici
• Tamoxifen
• � Toremifen

• QT interval prolongation

Endocrine therapy selective modulators of oestrogen receptors
• Tamoxifen
• Toremifene

• Tachycardias
• Arrhythmias

Ribociclib • QT interval prolongation

Arsenic dioxide • QT interval prolongation
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is also recommended to limit the number of staff in the
room during intubation and extubation, and to follow the
protocols relating to the length of time spent in the operat-
ing theatre which should be between 15 and 30min. Local
anaesthesia should also be preferred, if the patient’s safety
is not compromised. Electrocautery, a procedure routinely
used in the electrophysiology room during device implants,
should also be limited as it generates aerosols, producing
smoke with a high viral load, so in addition to masks, it is
recommended to use glasses to limit exposure of the
conjunctiva.

Conclusions

One year after the COVID-19 crisis broke out, the pandemic
is still in full swing. The emergence of aggressive viral var-
iants and the difficulties in achieving vaccination coverage
in the general population do not allow us to define with
certainty when we will be able to overcome the COVID-19
epidemic. What we do know for sure is that social distanc-
ing and controlled access to places at greatest risk of infec-
tion, such as hospitals, are already the most effective
measures to contain SARS-CoV-2 infection. In addition, the
management of COVID-19 disease has led to a significant
change in the organization of healthcare systems, as entire
hospitals or hospital wards have been shifted to the exclu-
sive treatment of the disease, limiting the resources dedi-
cated to the management of other diseases The pandemic
has challenged cardio-oncologists who must consider not
only patients CVR but also the risk of deferring cancer
treatment, and the infectious risk. Consequently, the
COVID-19 pandemic had a significant impact on the man-
agement of diseases not directly related to SARS-CoV-2 in-
fection. The uncertainty in predicting when the COVID-19
crisis will be overcome requires substantial reflection also
in cardiology practice in order to effectively prevent and
treat cardiotoxicity.

The fundamental question that the COVID-19 crisis
forces us to ask is therefore: how can we create an effec-
tive and efficientmanagement programmewhile maintain-
ing social distances and limiting access to the hospital? One
positive fact that emerged during the COVID-19 era was
the impetus given to the development and dissemination
of telemedicine, which can be a valuable tool for respect-
ing distances and avoiding infections without reducing con-
trol. The progression towards electronic medical records
can facilitate the sharing of information between the dif-
ferent categories of specialists involved in patient care and
in different environments (hospital and outpatient clinics)
thus improving continuity of care. Virtual platforms can be
particularly useful for multidisciplinary specialist discus-
sion on the care of the cardio-oncological patient and in
general can also be used for video consultation with the
staff involved in cardio-oncological care and with the pa-
tient himself. If telemedicine is an answer to the question
of how to follow patients, it is also crucial to understand
which patients should be followed. In this perspective, the
basal assessment before the start of therapy becomes fun-
damental to intercept and select the high-risk conditions

that in the cardio-oncology field are always to be related
to the therapeutic programme.
In the near future, it may be useful to have virtual-

hybrid clinics that provide virtual and in-person visits from
the outset to address, in a more personalized way, the
needs of cancer patients.203

The SARS-CoV-2 pandemic has also stimulated the study
of thrombogenicity and inflammation, preparing us for a
unique challenge for translational investigations that may
pave the way for tailored therapeutic interventions. The
tremendous impact of the virus on CVD and cancer patients
should fuel a vigorous campaign to implement healthy life-
styles to reduce the burden of CVD and cancer and improve
the health of our planet.
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Erichsen S, Schiergens TS, Herrler G, Wu N-H, Nitsche A, Müller
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Mediavilla G, González-Juanatey JR, Martı́nez Monzonis A, Gómez
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111. Calvillo-Argüelles O, Abdel-Qadir H, Ky B, Liu JE, Lopez-Mattei JC,
Amir E, Thavendiranathan P. Modified routine cardiac imaging sur-
veillance of adult cancer patients and survivors during the COVID-
19 pandemic. JACC CardioOncol 2020;2:345–349.

112. Nguyen JL, Yang W, Ito K, Matte TD, Shaman J, Kinney PL. Seasonal
influenza infections and cardiovascular disease mortality. JAMA
Cardiol 2016;1:274–281.

113. Di Pasquale G. Coronavirus COVID-19: quali implicazioni per la
Cardiologia? G Ital Cardiol 2020;21:243–245.

114. Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR, Nalla
AK, Greninger AL, Pipavath S, Wurfel MM, Evans L, Kritek PA, West
TE, Luks A, Gerbino A, Dale CR, Goldman JD, O’Mahony S,
Mikacenic C. Covid-19 in critically ill patients in the Seattle re-
gion—case series. N Engl J Med 2020;382:2012–2022.

115. Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, Clark C,
Iba T. ISTH interim guidance on recognition and management of
coagulopathy in COVID-19. J Thromb Haemost 2020;18:1023–1026.

116. Stefanini GG, Montorfano M, Trabattoni D, Andreini D, Ferrante G,
Ancona M, Metra M, Curello S, Maffeo D, Pero G, Cacucci M,
Assanelli E, Bellini B, Russo F, Ielasi A, Tespili M, Danzi GB, Vandoni
P, Bollati M, Barbieri L, Oreglia J, Lettieri C, Cremonesi A, Carugo
S, Reimers B, Condorelli G, Chieffo A. ST-elevation myocardial in-
farction in patients with COVID-19. Circulation 2020;141:
2113–2116.

117. Mahmud E, Dauerman HL, Welt FGP, Messenger JC, Rao SV, Grines
C, Mattu A, Kirtane AJ, Jauhar R, Meraj P, Rokos IC, Rumsfeld JS,
Henry TD. Management of acute myocardial infarction during the
COVID-19 pandemic. A position statement from the Society for
Cardiovascular Angiography and Interventions (SCAI), the American
College of Cardiology (ACC), and the American College of
Emergency Physicians (ACEP). J Am Coll Cardiol 2020;76:
1375–1384.

118. Zheng Y-Y, Ma Y-T, Zhang J-Y, Xie X. COVID-19 and the cardiovascu-
lar system. Nat Rev Cardiol 2020;17:259–260.

119. Levy BI, Heusch G, Camici PG. The many faces of myocardial is-
chaemia and angina. Cardiovasc Res 2019;115:1460–1470.

120. Feher A, Kampaktsis PN, Parameswaran R, Stein EM, Steingart R,
Gupta D. Aspirin is associated with improved survival in severely
thrombocytopenic cancer patients with acute myocardial infarc-
tion. Oncologist 2017;22:213–221.

121. Radmilovic J, Di Vilio A, D’Andrea A, Pastore F, Forni A, Desiderio
A, Ragni M, Quaranta G, Cimmino G, Russo V, Scherillo M, Golino P.
The pharmacological approach to oncologic patients with acute
coronary syndrome. J Clin Med 2020;9:3926.

122. Neumann F-J, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP,
Benedetto U, Byrne RA, Collet J-P, Falk V, Head SJ, Jüni P, Kastrati
A, Koller A, Kristensen SD, Niebauer J, Richter DJ, Seferovic PM,
Sibbing D, Stefanini GG, Windecker S, Yadav R, Zembala MO; ESC
Scientific Document Group. 2018 ESC/EACTS Guidelines on myocar-
dial revascularization. Eur Heart J 2019;40:87–165.

123. Egan G, Hughes CA, Ackman ML. Drug interactions between antipla-
telet or novel oral anticoagulant medications and antiretroviral
medications. Ann Pharmacother 2014;48:734–740.

124. Cammann VL, Sarcon A, Ding KJ. Clinical features and outcomes of
patients with malignancy and Takotsubo syndrome: observations
from the International Takotsubo Registry. J Am Heart Assoc 2019;
8:e010881.

125. Jabri A, Kalra A, Kumar A, Alameh A, Adroja S, Bashir H, Nowacki
AS, Shah R, Khubber S, Kanaa’N A, Hedrick DP, Sleik KM, Mehta N,
Chung MK, Khot UN, Kapadia SR, Puri R, Reed GW. Incidence of
stress cardiomyopathy during the coronavirus disease 2019 pan-
demic. JAMA Netw Open 2020;3:e2014780.

126. Bybee KA, Kara T, Prasad A, Lerman A, Barsness GW, Wright RS,
Rihal CS. Systematic review: transient left ventricular apical bal-
looning: a syndrome that mimics ST-segment elevation myocardial
infarction. Ann Intern Med 2004;141:858–865.

127. Imazio M, Klingel K, Kindermann I, Brucato A, De Rosa FG, Adler Y,
De Ferrari GM. COVID-19 pandemic and troponin: indirect myocar-
dial injury, myocardial inflammation or myocarditis? Heart 2020;
106:1127–1131.

128. Tavazzi G, Pellegrini C, Maurelli M, Belliato M, Sciutti F, Bottazzi A,
Sepe PA, Resasco T, Camporotondo R, Bruno R, Baldanti F, Paolucci
S, Pelenghi S, Iotti GA, Mojoli F, Arbustini E. Myocardial localization
of coronavirus in COVID-19 cardiogenic shock. Eur J Heart Fail
2020;22:911–915.

129. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R,
Zinkernagel AS, Mehra MR, Schuepbach RA, Ruschitzka F, Moch H.
Endothelial cell infection and endotheliitis in COVID-19. Lancet
2020;395:1417–1418.

130. Chen C, Zhou Y, Wang DW. SARS-CoV-2: a potential novel etiology of
fulminant myocarditis. Herz 2020;45:230–232.

131. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang H, Zhang L, Zhou X,
Du C, Zhang Y, Song J, Wang S, Chao Y, Yang Z, Xu J, Zhou X, Chen
D, Xiong W, Xu L, Zhou F, Jiang J, Bai C, Zheng J, Song Y. Risk fac-
tors associated with acute respiratory distress syndrome and death
in patients with coronavirus disease 2019 pneumonia in Wuhan,
China. JAMA Intern Med 2020;180:934–943.

132. Huang X, Sun Y, Su G, Li Y, Shuai X. Intravenous immunoglobulin
therapy for acute myocarditis in children and adults. Int Heart J
2019;60:359–365.

133. Kow CS, Hasan SS. Glucocorticoid versus immunoglobulin in the
treatment of COVID-19-associated fulminant myocarditis. Infection
2020;48:805–806.

134. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji MY,
Cooper LT, Chahal CAA. Recognizing COVID-19-related myocarditis:
the possible pathophysiology and proposed guideline for diagnosis
and management. Heart Rhythm 2020;17:1463–1471.

135. Hu H, Ma F, Wei X, Fang Y. Coronavirus fulminant myocarditis
treated with glucocorticoid and human immunoglobulin. Eur Heart
J 2021;42:206.

136. Ho JS, Sia C-H, Chan MY, Lin W, Wong RC. Coronavirus-induced myo-
carditis: a meta-summary of cases. Heart Lung 2020;49:681–685.

137. Tocchetti CG, Galdiero MR, Varricchi G. Myocarditis in patients
treated with immune checkpoint inhibitors. J Am Coll Cardiol 2018;
71:1755–1764.

138. Hosoba S, Yamamoto M, Shioda K, Sago M, Koyama Y, Shimura T,
Kagase A, Tada N, Naganuma T, Araki M, Yamanaka F, Shirai S,
Watanabe Y, Hayashida K. Safety and efficacy of minimalist ap-
proach in transfemoral transcatheter aortic valve replacement:
insights from the Optimized transCathEter vAlvular interventioN–
Transcatheter Aortic Valve Implantation (OCEAN-TAVI) registry.
Interact Cardiovasc Thorac Surg 2018;26:420–424.

139. Wood DA, Sathananthan J. ‘Minimalist’ transcatheter aortic valve
implantation during the COVID-19 pandemic: previously optional
but now a necessity. EuroIntervention 2020;16:e451–e452.

140. Guha A, Dey AK, Arora S. Contemporary trends and outcomes of
percutaneous and surgical aortic valve replacement in patients
with cancer. J.Am Heart Assoc 2020;9:e014248.

141. Shah PB, Welt FGP, Mahmud E, Phillips A, Kleiman NS, Young MN,
Sherwood M, Batchelor W, Wang DD, Davidson L, Wyman J,
Kadavath S, Szerlip M, Hermiller J, Fullerton D, Anwaruddin S.
Triage considerations for patients referred for structural heart dis-
ease intervention during the COVID-19 pandemic: an ACC/SCAI po-
sition statement. Catheter Cardiovasc Interv 2020;96:659–663.

142. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ;
HLH Across Speciality Collaboration, UK. COVID-19: consider cyto-
kine storm syndromes and immunosuppression. Lancet 2020;395:
1033–1034.

143. Horby P, Lim WS, Emberson JR; RECOVERY Collaborative Group.
Dexamethasone in hospitalized patients with Covid-19. N Engl J
Med 2021;383:693–704.

144. Ahmed MH, Hassan A. Dexamethasone for the treatment of corona-
virus disease (COVID-19): a review. SN Compr Clin Med 2020;31:
1–10.

145. Stern A, Skalsky K, Avni T, Carrara E, Leibovici L, Paul M.
Corticosteroids for pneumonia. Cochrane Database Syst Rev 2017;
12:CD007720.
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