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Cancer and cardiovascular (CV) disease are the most prevalent diseases in the developed world. Evidence increasingly
shows that these conditions are interlinked through common risk factors, coincident in an ageing population, and are
connected biologically through some deleterious effects of anticancer treatment on CV health. Anticancer therapies can
cause a wide spectrum of short- and long-term cardiotoxic effects. An explosion of novel cancer therapies has
revolutionised this field and dramatically altered cancer prognosis. Nevertheless, these new therapies have
introduced unexpected CV complications beyond heart failure. Common CV toxicities related to cancer therapy are
defined, along with suggested strategies for prevention, detection and treatment. This ESMO consensus article
proposes to define CV toxicities related to cancer or its therapies and provide guidance regarding prevention,
screening, monitoring and treatment of CV toxicity. The majority of anticancer therapies are associated with some
CV toxicity, ranging from asymptomatic and transient to more clinically significant and long-lasting cardiac events. It
is critical however, that concerns about potential CV damage resulting from anticancer therapies should be weighed
against the potential benefits of cancer therapy, including benefits in overall survival. CV disease in patients with
cancer is complex and treatment needs to be individualised. The scope of cardio-oncology is wide and includes
prevention, detection, monitoring and treatment of CV toxicity related to cancer therapy, and also ensuring the safe
development of future novel cancer treatments that minimise the impact on CV health. It is anticipated that the
management strategies discussed herein will be suitable for the majority of patients. Nonetheless, the clinical
judgment of physicians remains extremely important; hence, when using these best clinical practices to inform
treatment options and decisions, practitioners should also consider the individual circumstances of their patients on
a case-by-case basis.
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INTRODUCTION

Heart disease and cancer are the two major causes of
morbidity and mortality worldwide, accounting for at least
70% of the medical reasons for mortality across the globe.1

Cancer patients often have multiple comorbidities [e.g.
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Table 1. Levels of evidence and grades of recommendation (adapted from
the Infectious Diseases Society of America-United States Public Health
Service Grading Systema)

Levels of evidence
I Evidence from at least one large randomised, controlled trial of good
methodological quality (low potential for bias) or meta-analyses of
well-conducted randomised trials without heterogeneity

II Small randomised trials or large randomised trials with a suspicion of
bias (lower methodological quality) or meta-analyses of such trials or
of trials with demonstrated heterogeneity

III Prospective cohort studies
IV Retrospective cohort studies or caseecontrol studies
V Studies without control group, case reports, expert opinions

Grades of recommendation
A Strong evidence for efficacy with a substantial clinical benefit, strongly

recommended
B Strong or moderate evidence for efficacy but with a limited clinical

benefit, generally recommended
C Insufficient evidence for efficacy or benefit does not outweigh the risk or

the disadvantages (adverse events, costs, etc.), optional
D Moderate evidence against efficacy or for adverse outcome, generally

not recommended
E Strong evidence against efficacy or for adverse outcome, never

recommended
a By permission of the Infectious Diseases Society of America.7
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diabetes, hypertension (HTN)] that can profoundly influence
their cancer care and clinical outcomes.2 Additionally, the
concern for survivorship care is particularly relevant, given
that, for many forms of cancer, the 5-year survival rate has
dramatically risen over the past 30 years.3

Many anticancer therapies are known to have deleterious
effects on the cardiovascular (CV) system.4,5

The anticancer therapies with associated CV complica-
tions or toxicities are summarised in supplementary
Table S1, available at Annals of Oncology online. Although
many health care providers are aware of the potential
short-term cardiotoxicities associated with anticancer ther-
apies, there is frequently less appreciation for the long-term
consequences of such treatments on cardiac health.

The majority of clinical trials of anticancer therapeutics
associated with CV toxicity are lacking in the ascertainment
of relevant cardiac outcomes.6

A fundamental aspect of caring for a patient undergoing
potentially cardiotoxic anticancer therapy is interdisciplinary
communication, especially between cardiology, oncology
and haematology departments and, ultimately, primary care
providers. In particular, the cardiologist should have a
thorough understanding of the prognosis, intended treat-
ment plan, estimated benefit of the proposed treatment,
cardiac and relevant non-cardiac toxicities and alternative
treatment options. Conversely, oncologists and haematol-
ogists should be informed of the patient’s CV risk factors
and the status of pre-existing CV disease (CVD) along with
their prognosis.

These ESMO consensus recommendations attempt to
summarise best practices for the care of cancer patients
exposed to potential cardiotoxic therapy, including chemo-
therapeutic agents, targeted therapies and radiotherapy
(RT).

METHODS

These ESMO consensus recommendations were developed
in accordance with the ESMO standard operating proced-
ures for Consensus Conference development https://www.
esmo.org/Guidelines/ESMO-Guidelines-Methodology.

A writing group was convened by ESMO, consisting of
multidisciplinary experts in the fields of oncology and car-
diology. Being active members of the International Cardio-
Oncology Society (ICOS), the Cardio-Oncology Council of
the American College of Cardiology (ACC) and the European
Society of Cardiology (ESC) Cardio-Oncology Council, they
were invited in their capacity as acknowledged individual
experts.

Bimonthly webinars and accompanying teleconferences
were held in 2015e2018 with an extensive literature re-
view, consensus discussions and the development of prac-
tical recommendations. The level of evidence and grade of
each recommendation proposed was defined based on in-
formation shown in Table 1.7 The recommendations that
are detailed represent a unanimous agreement among the
writing group. The literature review was done at the onset
172 https://doi.org/10.1016/j.annonc.2019.10.023
of deliberations, ongoing through the collaborative discus-
sions, and then was finalised in June 2018. A complete
literature search was done through PubMed index and
included adult studies published from 1975 to the present.
The author search incorporated the text words and Medical
Subject Headings (MeSH) for chemotherapy (ChT), targeted
therapy, RT, immunotherapy, individual drug names,
adverse events, cardiac events, cardiotoxicity, cardio-
oncology and vascular toxicity. References of reviewed ar-
ticles were also searched for relevant titles. Priority was
given first to evidence from randomised, controlled trials
(RCTs) or meta-analysis (levels I and II), then to evidence
from cohort and case control studies (level III), and finally to
expert opinion based on the synthesis of retrospective or
observational studies and clinical practice (levels IV and V).
The authors also searched clinicaltrials.gov for any ongoing
appropriate clinical trials.

RESULTS

1. General principles

Anticancer therapy, including RT and some ChT drugs/tar-
geted agents, can substantially affect the heart and vascular
system. Any anticancer therapy that impacts cardiac safety
requires monitoring.

Screening. Cancer patients with pre-existing CVD or CV risk
factors are at a greater risk of cardiac complications from
anticancer therapies. The treatment of CV risk factors in any
patient is important and the significance of this principle is
equally valid in a patient population that has cancer.8e10 In
many contexts of anticancer therapy, there is ample infor-
mation to validate the recommendation to treat CV risk
factors effectively.11e17
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Anticancer therapy risk factors for CV toxicities. Many
large-scale randomised prospective clinical trials and follow-
on studies have indicated certain ChT and/or targeted thera-
pies are associatedwith CV toxicities (supplementary Table S1,
available at Annals of Oncology online).18e23 It is also widely
recognised that radiation to CV structures has an important
impact on CV health,5,24e26 with radiation exposure poten-
tially having a profound impact on the vascular structures,
valves, pericardium/myocardium and conduction system, as
well as the autonomic system.5,27e32 When planning anti-
cancer therapy, the potential adverse CV effects of anticancer
therapy should be balanced against the expected benefits.

Collaborative approach. There is a high level of evidence
that cardiac monitoring in certain anticancer settings helps
limit the cardiac impact of a patient’s cancer therapy.18e21

The cardiology consultation can be associated with
improved cardioprotection, therapy adherence and survival
in patients receiving anthracyclines.33 The multidisciplinary
team’s goal should be a balanced approach to minimising
CV toxicity while also limiting reduction or discontinuation
of anticancer therapy. Intensive, multidisciplinary team
intervention, compared with usual care to prevent car-
diotoxicity, is currently being tested in an RCT (TITAN,
NCT01621659), with results expected soon.34

Recommendation 1.1. Screening for known CV risk fac-
tors in patients with cancer is recommended; treatment of
identified CV risk factors according to current guidelines is
recommended [I, A].

Recommendation 1.2. Many types of cancer therapy,
especially mediastinal and left-sided chest radiation and
certain ChT and targeted agents, can substantially affect the
heart and vascular system and it is recommended that CV
safety be monitored [I, A].

Recommendation 1.3. Close and early collaboration be-
tween cardiologists, oncologists, haematologists and radia-
tion oncologists is recommended to ensure lifelong CV
health and to avoid unnecessary discontinuation of cancer
therapy [III, A].

2. Screening before anticancer therapy

Baseline CV risk assessments (pre-anticancer therapy).
While CV risk factors should be controlled in all patients
with cancer, a thorough CV risk factor assessment is
essential before the initiation of anticancer therapies,
especially those therapies with known CV toxicities. A
comprehensive evaluation with appropriate initiation of risk
reduction strategies may decrease the likelihood of devel-
oping cancer-related CV complications and/or disease.35e37

A comprehensive proposed monitoring and management
approach for patients undergoing potentially cardiotoxic
anticancer therapy is shown in Figure 1.

Baseline measurement of cardiac biomarkers. Various ChT
regimens are associated with a wide range of potential CV
Volume 31 - Issue 2 - 2020
toxicities and in selected situations cardiac biomarkers may
help detect or predict CV toxicities, particularly cardiomy-
opathy and/or heart failure (HF). The exact role and the
timing of biomarker measurement in each patient under-
going potentially cardiotoxic ChT is yet to be determined.
The specific timing of when to measure cardiac biomarkers
in relation to ChT has varied significantly in different clinical
studies. In selected high-risk patients, such as those with
relapsed multiple myeloma, or those receiving high doses of
cardiotoxic ChT (particularly anthracyclines), a baseline
biomarker evaluation before the initiation of ChT should be
considered, as this may identify individuals at greatest risk
for developing CV dysfunction.38e42 The most compelling
initial data relate to troponin elevations associated with
anthracycline exposure. In one study of 703 cancer patients,
normal troponin I levels before and after anthracycline-
based ChT were associated with a low incidence of
cardiac events (1%) during the >3-year follow-up, while
patients with elevations in troponin I during the course of
ChT had a greater incidence of major adverse cardiac
events.43 A more recent study demonstrated that absolute
changes in high-sensitive (hs)-troponin levels were espe-
cially predictive of future cardiotoxicity in patients treated
with anthracyclines,44 though this study needs further
validation. There is some evidence to suggest that an
elevated hs troponin level at baseline may also indicate a
higher risk of cardiac events.45 The benefit of troponins to
predict trastuzumab cardiotoxicity is somewhat equivocal
and appears to be more helpful in those with prior exposure
to anthracyclines.46,47 The utility of natriuretic peptides
(NPs) [B-type NP (BNP), N-terminal pro-BNP (NT-proBNP)] to
identify those at risk for anthracycline-induced CV
dysfunction is less clear,45,48,49 but may be of value as a
screen for patients at high risk.50 In a prospective study of
95 patients with relapsed multiple myeloma who were
being treated with proteasome inhibitor therapy, the
baseline NP level was the most predictive clinical tool for
predicting a cardiac event. Early rises in NP levels during
initial therapy in this study was highly predictive of the
development of a cardiac event and the detection of a
cardiac event had a major negative impact on the overall
survival (OS) of these patients.42 Larger prospective studies
are ongoing to more fully evaluate these issues.

Baseline electrocardiogram. The importance of drug-
induced QTc prolongation as a key drug safety parameter is
widely acknowledged. The QT interval is a surrogate marker
for cardiac repolarisation abnormalities, with significant pro-
longation associated with the development of potentially life-
threatening ventricular arrhythmias such as torsade de
pointes.51 While QT interval prolongation is common in can-
cer patients, clinical events are rare,52 but may be lethal. The
QTc interval should be calculated by either of the two most
standardised formulas, Bazett’s QT/(RR1/2) or Fridericia’s QT/
(RR1/3), and the comparativemeasurements during treatment
should all utilise the same chosen method. Fridericia’s for-
mula may be preferable in the cancer population as there is
less over- and under-correction in patientswith tachycardia or
https://doi.org/10.1016/j.annonc.2019.10.023 173
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Potential use of cardiotoxic agents

Careful cardiac exam, ECG, 
baseline LVEFa, cardiac 
biomarkersb, lipid panel

LVEF >50%

Yes No

Start cancer 
treatment

If high-risk features 
present, refer to 

cardio-oncology for 
optimal management

Cardioprotective therapy;

therapy with cardio-
oncology input and/or 

non-cardiotoxic second-line 
cancer treatmentsc

Periodic cardiac assessment,
monitor LVEF, cardiac 

biomarkers

LVEF ≤40% to <50%

Consider alternative 
non-cardiotoxic treatments

LVEF <40%

Cardioprotective 
therapyd

Cardioprotective therapy

Absolute LVEF decrease 
<10% to >50%

Continue cancer 
treatment

Absolute LVEF decrease 
>10% to <50%

Temporary cancer 
treatment withholding

Persistent 
reduced LVEF

LVEF return 
to baseline

Absolute LVEF 
decrease of >20%

Symptomatic HF

Figure 1. Proposed monitoring and management approach for patients undergoing potentially cardiotoxic anticancer therapy.
ECG, electrocardiogram; GLS, global longitudinal strain; HF, heart failure; LVEF, left ventricular ejection fraction.
a LVEF assessment may include GLS as well if available.
b Cardiac biomarkers include: troponin and natriuretic peptides.
c Under certain circumstances, if cardiotoxic therapy is the only viable option for anticancer treatment, it can be considered after close collaboration with cardio-
oncology.
d Cardioprotective therapy includes: angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, carvedilol, spironolactone � statin.
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Table 2. Classes of cardiovascular therapeutics that have some clinical
trial evidence to suggest cardioprotection during anticancer therapya

Class of CV therapy Examples

ACE-I Enalapril
ARB Candesartan
MRA Spironolactone
Statin Pravastatin (many statins)

Atorvastatin
Iron chelation/topoisomerase II inhibitor Dexrazoxane
Antiplatelet Aspirin
Anticoagulant Enoxaparin

Rivaroxaban/apixaban
BB Carvedilol

Nebivolol
Combination of ACE-I/BB Enalapril

Carvedilol

ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BB, beta blocker; CV, cardiovascular; MRA, mineralocorticoid receptor antagonist.
a Cardioprotection: any evidence that indicates the medication attenuates any CV
dysfunction that may occur with potential cardiotoxic anticancer therapy.
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bradycardia, respectively.53e55 Anticancer therapies with
known potential for QT interval prolongation include, for
example, arsenic trioxide, histone deacetylase inhibitors (e.g.
vorinostat), tyrosine kinase inhibitors (TKIs)56 and cyclin-
dependent kinase 4/6 inhibitors (e.g. ribociclib).57 Among
the TKIs, for example, sunitinib, sorafenib, vandetanib, crizo-
tinib, vemurafenib, dasatinib, lapatinib and nilotinib have
product labellingwith standard or specific warnings to serious
or life-threatening risks for QT interval prolongation. Cancer
treatments that can prolong the QT interval should be given
with caution to patients with hypokalaemia or hypo-
magnesaemia, genetic long QT syndrome and those on other
QT prolongation medications such as certain antibiotics or
antiemetics. Any electrolyte imbalance should be promptly
corrected before initiating, as well as during therapy, and
electrocardiograms (ECGs) should be monitored periodically
for QT prolongation and arrhythmia. Specifically, an ECG
should be obtained at baseline, once steady-state levels are
achieved, with dose adjustments and with the initiation of
newmedications thatmay prolong theQT interval, orwith the
development of an electrolyte imbalance.58,59

Baseline evaluation of left ventricular ejection fraction.
Currently, therapies associated with a significant risk of HF
or left ventricular (LV) dysfunction (LVD) include, but are
not limited to, anthracyclines, human epidermal growth
factor receptor 2 (HER2) molecular-targeted therapies (such
as trastuzumab or pertuzumab), vascular endothelial
growth factor (VEGF) signalling pathway inhibitors (such as
sunitinib, sorafenib and bevacizumab) and some protea-
some inhibitors (carfilzomib). Quantitative evaluation of LV
ejection fraction (LVEF) and diastolic function before the
initiation of potentially cardiotoxic ChT can help to identify
individuals at higher risk of future CV complications and to
establish a baseline, should symptoms suggestive of CV
dysfunction occur during treatment. This approach is sup-
ported by multiple governing organisations including the
American Society of Clinical Oncology (ASCO), the American
Society of Echocardiography (ASE), the European Associa-
tion of Cardiovascular Imaging (EACVI) and the ESC.60e62

Moreover, the assessment of LV function before the initia-
tion of therapy is recommended by the United States Food
and Drug Administration (FDA) for certain therapeutics
including trastuzumab and pertuzumab. For patients
monitored with global longitudinal strain (GLS) evaluations,
a baseline assessment is also essential for comparison.

Recommendation 2.1. Routine use of cardiac biomarkers
[hs-cardiac troponins (TnI or TnT), BNP or NT pro-BNP] for
patients undergoing potentially cardiotoxic ChT is not well
established. However, for high-risk patients (with pre-
existing significant CVD) and those receiving high doses of
cardiotoxic ChTsuch as anthracycline, baselinemeasurement
of such cardiac biomarkers should be considered [III, A].

Recommendation 2.2. For patients with a cancer diag-
nosis that requires treatment with a potentially cardiotoxic
treatment, a baseline ECG, including measurement of heart
rate QTc, is recommended [I, A].
Volume 31 - Issue 2 - 2020
Recommendation 2.3. In patients scheduled to undergo
anticancer therapy associated with HF or LVD, baseline eval-
uation of LVEF and diastolic function according to accepted
comprehensive imaging practice is recommended [I, A].

3. Primary prevention therapy

Patients receiving anticancer therapies known to be asso-
ciated with cardiotoxicity should be considered as stage A
HF patients (at risk of HF but without structural heart dis-
ease or symptoms of HF).63

Prevention with CV therapeutics. In patients with pre-
existing CVD who are receiving potentially cardiotoxic ther-
apy (doxorubicin, trastuzumab or both), there is often a
measurable change in LVEF over the span of 3 years, and this
is not limited to higher CV risk patients.64 Patients treated
with these therapies are at higher risk for the development of
subsequent HF and therapy directed at prevention of the
progression of LVD is warranted.There are a small number of
studies to suggest that angiotensin-converting enzyme in-
hibitors (ACE-Is), angiotensin receptor blockers (ARBs) or
selected beta blockers (BBs) such as carvedilol and nebivolol
may be the preferred agents to reduce the risk of car-
diotoxicity (Table 2).65,66 In a single-centre trial in Spain of 90
subjects with certain haematological malignancies, patients
randomly assigned to receive enalapril and carvedilol
showed a significant reduction in a combined end point of
death, HF or final LVEF <45% at 6 months compared with
placebo.67 In another single-centre trial in Norway (n¼ 130),
patients undergoing anthracycline-based therapy, with or
without trastuzumab and radiation, were independently
randomly assigned to receive candesartan, metoprolol suc-
cinate or matching placebo(s) in a 2 � 2 factorial design.68

Candesartan, but not metoprolol, was associated with
preservation of LVEF. It is notable that the study population
did not have a high percentage of comorbid conditions or
cardiac risk factors, and the absolute rate of cardiotoxicity
was low. A third study of breast cancer patients receiving
HER2 antagonists (n ¼ 94) randomised patients to peri-
ndopril, bisoprolol or placebo.69 Preservation of LVEF was
https://doi.org/10.1016/j.annonc.2019.10.023 175
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observed with both perindopril and bisoprolol; however,
there was no statistical difference in the prevention from LV
remodelling (measured by changes in LV volume), the pri-
mary end point of the study.

More recently, a randomised, placebo-controlled trial of
200 breast cancer patients initiated on anthracycline therapy
found no difference in LVEF at 6 months with carvedilol but
did show improvement in diastolic function and protection
from troponin elevations.70 The studywas limited to 6-month
follow-up. Another study of patients with HER2-positive
breast cancer demonstrated that trastuzumab-induced car-
diotoxicity was more frequent in patients with prior exposure
to anthracyclines comparedwith thosewithout anthracycline
exposure (38% versus 25%, P ¼ 0.002). Both lisinopril and
carvedilol were effective in preventing cardiotoxicity in pa-
tients receiving trastuzumab with prior exposure to anthra-
cycline.71 In a separate therapeutic class, the aldosterone
antagonist spironolactone has also been studied in a single
trial of 83 breast cancer patients on anthracyclines, with
improvement in LVEF compared with placebo.72

These studies offer evidence of modest clinical benefit,
but overall results are a mixed reflection of different study
populations including many low-risk patients, different
anticancer therapies and clinical trial end points. Further
studies are needed to delineate the optimal patient selec-
tion and therapeutic regimen for effective toxicity preven-
tion, focusing on patients at highest risk for developing
cardiotoxicity based on the ChT regimen prescribed and
known CV risk factors (Table 3).

Dexrazoxane is primarily an iron chelator and may reduce
the production of free radicals formed at the time of
anthracycline therapy. It also modifies topoisomerase II to
prevent its binding with anthracycline. This therapy has been
established to be effective in children and is approved in
metastatic breast cancer when the total doxorubicin dose (or
equivalent) is>300 mg/m2.73e75 However, this strategy does
not address the challenge faced by patients with pre-existing
cardiomyopathy when they require anthracyclines. In a small
number of such patients, concomitant administration of
dexrazoxane from the beginning of anthracycline therapy,
regardless of the type of cancer, was shown to be effective
and permitted successful delivery of anthracycline-based ChT
without cardiac decompensation.76 Although larger pro-
spective trials are warranted to examine the use of dexra-
zoxane as a cardioprotectant in patients with pre-existing
Table 3. Common clinical factors that may indicate a patient at higher risk
for cardiovascular dysfunction during contemporary anticancer treatment

Prior anthracycline-based treatment
Elderly (>75 years old)
Prior mediastinal or chest radiotherapy
HTN (before or at the time of treatment)
Smoking exposure (current or previous)
Very young (<10 years of age)
Previous combined treatment with trastuzumab and an anthracycline
Elevated cardiac biomarkers before initiation of anticancer therapy
Baseline abnormal systolic LV function with LVEF <0.50
Pre-existing DM

DM, diabetes mellitus; HTN, hypertension; LV, left ventricular; LVEF, left ventricular
ejection fraction.

176 https://doi.org/10.1016/j.annonc.2019.10.023
cardiomyopathy who require anthracyclines, it is a reason-
able strategy in the meantime for patients who do not have
an effective alternative therapy.

Treatment of hyperlipidaemia during anticancer therapy.
There is recent evidence that hyperlipidaemia has a
contributory effect to inflammation in patients with can-
cer.77 A propensity-matched, cohort study (n ¼ 201) found
benefit to continuous statin treatment (compared with no
or non-continuous treatment) in patients with breast cancer
treated with anthracyclines.78 A small randomised study
(n ¼ 40) suggested a benefit to statins as a cardioprotective
therapy as well, though it did not reach its primary end
point.79 Additionally, there are retrospective data indicating
that statins improve OS when given to patients with renal
cell cancer undergoing treatment, with these patients at
higher risk of vascular events.80 Treating patients’ CV risk
factors is most appropriate for those patients with extended
life expectancies and/or those in whom anticancer treat-
ment may be curative. There is an ongoing prospective
randomised study testing the hypothesis that statins are
protective during anthracycline-based ChT (PREVENT study,
NCT01988571).

Recommendation 3.1. In patients with a normal LVEF and
CV risk factors who are scheduled to undergo anticancer
therapy with known cardiotoxic agents, particularly those
exposed to multiple cardiotoxic agents, prophylactic use of
ACE-Is or ARBs (if intolerant to ACE-Is) and/or selected BBs
may be considered to reduce the development of car-
diotoxicity [II, B].

Dexrazoxane has been validated as a primary prevention
cardioprotectant in selected populations who are receiving
>300 mg/m2 anthracycline-based ChT, though not widely
used due to its potential risk of reducing the efficacy of
anthracyclines [II, C]. In patients with pre-existing cardio-
myopathy, who require anthracycline-based ChT, concomi-
tant administration of dexrazoxane from the beginning of
anthracycline therapy can be considered regardless of the
type of cancer [III, C].

Recommendation 3.2. Patients with evidence of hyper-
lipidaemia may benefit from treatment during active anti-
cancer therapy, especially cardiotoxic ChT [II, C].
4. During cancer treatment: cardiac safety surveillance

Surveillance strategies to detect potential CV complications
may allow early intervention that is likely to have poten-
tially life-saving implications.

Non-irradiating imaging

Evidence for recommendation 4.1(a). Accurate, repro-
ducible, quantitative volumetric analyses are preferred.
Three-dimensional (3D) echocardiography, CV magnetic
resonance (CMR) imaging and multi-gated acquisition
(MUGA) scanning provide quantitative volumetric analysis
with superior accuracy and serial reproducibility compared
with two-dimensional (2D) echocardiography,
Volume 31 - Issue 2 - 2020
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predominantly due to direct volume measurement without
geometric assumptions.81e84 Non-ionising radiation mo-
dalities may be most appropriate due to concerns regarding
cumulative radiation dose in cancer patients,85 as tradi-
tional MUGA scanning can expose patients to significant
radiation with each exam.86 It is also recognised that
echocardiography provides substantial additional informa-
tion on cardiac structure, valve function, haemodynamics
and physiology not typically found with MUGA scanning.
The use of CMR imaging is increasing, but limitations in
availability, cost and expertise may impede a wide adoption
of this technique.60 Quantitative 2D echocardiography using
Simpson’s biplane method is the most appropriate method
when 3D echocardiography and CMR imaging are not
routinely available; echocardiographic contrast agents are
helpful when endocardial definition is inadequate with
routine imaging.87 The most appropriate modality will vary
with patient characteristics as well as centre availability and
local expertise.

Evidence for recommendation 4.1(b). Due to variability
in the techniques of the measurement of LVEF, it is
generally recommended for comparison with previous
measurements that the same technique be utilised.60 This
approach may minimise intertechnique variability but still
does not address inter- and intra-observer variability.82

Evidence for recommendation 4.1(c). Myocardial defor-
mation imaging may facilitate early detection of subclinical
cardiac dysfunction,47,88e90 or provide reassurance when
there are serial changes of LVEF potentially due to mea-
surement variability rather than truly anticancer treatment-
emergent LVD (variation in LVEF of <6% with non-contrast
3D echocardiography and <10% with 2D echocardiogra-
phy).82 The incorporation of GLS assessment into the
cardio-oncology echocardiographic protocol published by
the ASE and EACVI demonstrates a major step towards
wider adoption of this useful modality.60 Contemporary
myocardial deformation imaging for evaluation of GLS is
most commonly carried out with 2D speckle tracking
echocardiography,91 which has established normal but
vendor-specific ranges (18%e22%)92 and superior repro-
ducibility (5.5%e9.5% variability) compared with conven-
tional LVEF assessment (12%e15% variability).93,94 Strain
measurement is more sensitive to subtle damage of the
myocardial ultrastructure that would otherwise be unde-
tectable by echocardiography.47,95,96 Early indicators of LV
systolic dysfunction (LVSD) such as GLS may be useful for
identifying patients at risk of anthracycline-based car-
diotoxicity before the development of HF.97 Studies have
consistently shown significant GLS reductions in patients at
cumulative doses of doxorubicin as low as 100e200 mg/m2,
despite normal LVEF at the time of GLS assessment.98e101

Reduced GLS is predictive of anthracycline-based car-
diotoxicity 3e6 months later.90 This finding may represent a
window of opportunity to initiate cardioprotective therapy
before the development of reduced LVEF, which occurs in
6%e8% of anthracycline-treated patients.102
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Surveillance for risk stratification in asymptomatic
patients

Evidence for recommendation 4.2(a). The exact timing of
when to measure cardiac biomarkers in relation to ChT has
varied significantly.103,104 Whether the measurement is done
just before the cycle of anthracycline-based ChT or after
therapy, an abnormal biomarker appears to predict a higher
risk of reduced LVEF and, in many cases, HF.50,105 As more
definitive studies become available, the timing of biomarker
measurement can be refined. A combination of biomarkers
and sensitive echocardiography tools (e.g. GLS) can be utilised
to increase the sensitivity to detect earliermyocardial toxicity.
In this scenario, oncology treatment should not be inter-
rupted if early changes in cardiotoxicity are detected. Instead,
either early implementation of cardioprotective medication
or closer monitoring is recommended. More data are needed
to better understand the precise role for GLS (if any) in the
cardio-oncology population.

Evidence for recommendation 4.2(b). Serial monitoring
of LVEF while on anthracycline treatment demonstrates a
cumulative percentage of significant LVSD (LVEF drop by
>10%e15% or to <50%) of �7% at 200 mg/m2, �16% at
400 mg/m2, �20% at 500 mg/m2 and �2% at �550 mg/m2

equivalent dosage.106e110 A treatment-emergent reduced
LVEF identifies patients at higher risk for developing HF
after anthracycline treatment, although not every study has
shown early LVEF changes to be strongly predictive of later
events. This is likely due to poor sensitivity of LVEF in
detecting early ultrastructural LV remodelling.106,111 Almost
12% of patients with normal LVEF at the time of completing
anthracycline-based ChT develop LVSD in subsequent
years.112 Subclinical cardiac damage may be present as early
as the first dose of anthracycline, despite normal LVEF.39,113

Furthermore, once reduced LVEF develops, irreversible
cardiac injury may have potentially occurred.106,114

Surveillance in adjuvant trastuzumab treatment. Quarterly
imaging has demonstrated a cumulative percentage of
reduced LVEF (LVEF drop by >10%e15% or to <50%) while
on trastuzumab treatment of 10% at 3 months, 19% at 6
months and 25% at 12 months of therapy, respectively, in
patients with prior anthracycline exposure.47,115 About 10% of
patients without prior anthracycline exposure will develop
reduced LVEF by the completion of 1 year of therapy.18,115e118

The serial assessment of GLS in patients undergoing trastu-
zumab therapy has demonstrated superior predictive value
for future cardiotoxicity compared with changes in
LVEF.47,89,90 Studies have consistently shown that abnormal
GLS precedes diagnostic reductions of LVEF by about 3
months, which may provide a window of opportunity to
initiate cardioprotective therapy aimed at preventing car-
diotoxicity and the subsequent interruption or discontinua-
tion of potentially life-saving anticancer treatment.

Surveillance biomarker in adjuvant trastuzumab treat-
ment. An abnormal biomarker elevation appears to predict
higher risk of LVD and HF in patients undergoing
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trastuzumab therapy.46,119 Nevertheless, the timing of when
the laboratory test should be carried out and the exact
methods of each test are unclear with respect to the ac-
curate assessment of cardiac damage, especially during
trastuzumab-based therapy.45 In the situation in which a
patient receives anthracycline and trastuzumab treatment,
troponin measurements may be more valuable.44

Surveillance in metastatic disease of anti-HER2-based
treatment. The risk of cardiotoxicity has been higher in
metastatic trials compared with adjuvant trials, often with
�10% experiencing HF and�25% experiencing reduced LVEF
while on therapy. This is likely related to higher prior cumu-
lative doses of anthracycline, concomitant treatment and
relatively older patients with more comorbidities.116,120e125

Nonetheless, there was a marked survival advantage with
trastuzumab in these trials, with a relatively low discontin-
uation rate due to cardiotoxicity. The willingness to continue
trastuzumab despite reduced LVEF likely reflects a shift in
benefit/risk related to the poor survival in metastatic breast
cancer (22% at 5 years) compared with early stage disease
(97% and 77%, respectively, at 5 years).126 It has been
observed that breast cancer survivors are at a higher risk for
CVD-related mortality compared with age-matched coun-
terparts without cancer, and these patients have nearly twice
the overall risk of mortality.127

Anticancer therapeutics associated with risk of HTN
management. Systemic HTN has gained interest in oncology
practice with the advent of angiogenesis inhibitors, especially
those targeting the VEGF signalling pathway (e.g. bev-
acizumab, sorafenib, pazopanib, axitinib, lenvatinib). How-
ever, a number of established chemotherapeutics (e.g.
cisplatin, paclitaxel, vincristine) and newer cancer drugs (e.g.
everolimus, carfilzomib, rituximab), other than VEGF in-
hibitors, have been noted to cause blood pressure (BP)
elevation. HTN is an established risk factor for ChT-induced
cardiotoxicity, and poorly controlled BP can significantly in-
fluence therapies and outcomes for cancer patients.128e134

In a recent meta-analysis of 77 studies, angiogenesis in-
hibitors (VEGF signalling pathway inhibitors) were associated
with a higher risk of HTN {odds ratio [OR] 5.28 (4.53e6.15),
number needed to harm [NNH] 6}, severe HTN [OR 5.59
(4.67e6.69), NNH 17], cardiac ischaemia [OR 2.83 (1.72e
4.65), NNH 85] and cardiac dysfunction [OR 1.35 (1.06e
1.70), NNH 139]. VEGF inhibitors were also associated with
an increased risk of arterial thromboembolism [OR 1.52
(1.17e1.98), NNH 141], as shown in supplementary
Table S2, available at Annals of Oncology online.135 BP in-
creases occur within 1 day of therapy; in fact, they can be
noted even within hours. A plateau is usually reached within
6e10 days, as steady-state concentrations of the drug
equilibrate, but with significant interindividual variation.136

Predictors of a hypertensive response include age �60
years, body mass index �25 kg/m2 and pre-HTN, each
adding an absolute 10% increase in risk over baseline risk
which is 30% (no risk factors).137 Not all studies, however,
were able to verify these or any other predictors.136
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Accordingly, all patients should undergo BP monitoring,
especially as this is an easy and inexpensive tool. There is no
guideline regarding which type of BP monitoring to use
(office single measurement, office average of multiple
readings, home monitoring or ambulatory BP monitoring).
Resting BPs should be monitored daily during the first cycle
of VEGF inhibitor therapy.128 In patients with pre-existing
HTN and those known to be at higher CV risk (especially
anti-VEGF-based therapy), more frequent BP monitoring is
recommended. Once stable BPs are achieved, depending on
the level of risk for complications, the evaluation schedule
might be more conveniently aligned with home BP moni-
toring or routine clinical evaluations, at least every 2e3
weeks for the remainder of the treatment.

The HTN treatment target for the general population has
recently been reset to 130/80 mm Hg in the 2017 ACC/
American Heart Association (AHA) guidelines; however, this
threshold for treatment has not been tested in the cancer
population.138 While in cancer trials and most commonly
used in clinical practice, HTN has been classified according
to the Common Terminology Criteria for Adverse Events
(CTCAE), the ESC or the Journal of Nuclear Cardiology
grading systems see supplementary Table S3, available at
Annals of Oncology online. In agreement with the Cardio-
vascular Toxicities Panel of the National Cancer Institute,
attentive screening and active BP management should be
used with a goal of avoiding BP elevations that pose a
threat for CV complications (myocardial infarction, cere-
brovascular accident, HF, death). Once anti-VEGF-based
therapy is stopped, the management of HTN should be
modified and the withdrawal of antihypertensive therapy
may be required to prevent hypotension.

It is unclear whether one specific antihypertensive agent is
superior to another in this patient population in the absence
of a detailed RCT. Recent clinical data have suggested that
renin-angiotensin-aldosterone system inhibition is a critical
component in the BP management of these patients.139

Dihydropyridine calcium channel blockers, such as nifedi-
pine and amlodipine, are direct vasodilators and may be very
useful in complex BP control of these patients, although they
are negative inotropes.140 However, the non-dihydropyridine
calcium channel blockers (diltiazem and verapamil) are typi-
cally contraindicated, since they are inducers of cytochrome
P450 3A4 (CYP3A4) resulting in increased VEGF inhibitor drug
levels.141 Factors that can contribute to BP elevation need to
be addressed, such as obstructive sleep apnoea, excessive
alcohol consumption, nonsteroidal anti-inflammatory
drugs, adrenal steroid hormones, erythropoietin, oral
contraceptive hormones and sympathomimetics, such as
methylphenidate.128 Discontinuation or dose reduction of
the VEGF inhibitor might become necessary to control HTN in
a certain subset of patients not responding to any of the
outlined measures.

The risk of clinical HF related to TKI therapy appears to be
highly related to those with anti-VEGF activity and the
range of CV toxicities is broad.22 However, there appears to
be a differential risk of HF with specific anti-VEGF agents
(<1% for vandetanib and ramucirumab; 2%e4% for
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bevacizumab, sunitinib, sorafenib and axitinib; and 6% for
pazopanib).142e144 The risk of HF is highest in the initial
stages of therapy with anti-VEGF agents,145 and >10% of
patients on sorafenib, sunitinib and pazopanib will develop
LVSD on treatment.146,147

Recommendation 4.1. The following general principles
are recommended for medical imaging in patients with
cancer at risk for cardiac complications, particularly for the
periodic assessment of LV systolic function:

� 4.1(a) Highly reproducible, quantitative volumetric, non-
irradiating imaging with quality control is recommended
(quantitative 2D/3D echocardiography and CMR imaging
provide these characteristics) [I, A].

� 4.1(b) For each patient, the same imaging modality at
the same facility is recommended for serial testing [I, A].

� 4.1(c) LV GLS imaging may be considered, when avail-
able, for baseline and serial monitoring of LV systolic
function [III, C].
Recommendation 4.2. Asymptomatic patients with
normal LVEF receiving anthracycline treatment should un-
dergo surveillance for risk stratification and the early
detection of cardiac toxicity consisting of the following:

� 4.2(a) Periodic (every 3e6 weeks or before each cycle)
measurement of troponin I or troponin T, BNP or NT
pro-BNP (if these biomarkers are available), using the
same institutional laboratory, with an acceptable 99%
upper limit of normal reference range being the
threshold for abnormal [III, C].

� 4.2(b) Reassessment of LV function following the general
imaging principles is recommended after a cumulative
dose of doxorubicin 250mg/m2 or its equivalent anthracy-
cline, after approximately each additional 100 mg/m2 (or
approximately epirubicin 200 mg/m2) beyond 250 mg/m2

and at the end of therapy, even if <400 mg/m2 [I, A].
Recommendation 4.3. Aligned to the current recom-
mendation by the FDA for asymptomatic non-metastatic
patients undergoing adjuvant trastuzumab treatment,
routine surveillance consisting of cardiac imaging every 3
months should be considered for the early detection of
cardiac toxicity. However, the effectiveness of this strategy
in patients at low CV risk, with no early evidence of LVD, has
not been demonstrated and conversely high-risk patients
may require closer monitoring [II, B].

Recommendation 4.4. Cardiac biomarker assessment
may be considered as a valuable tool for cardiac safety
surveillance in patients receiving adjuvant anti-HER2-based
treatment [III, C].

Recommendation 4.5. Asymptomatic patients undergo-
ing anti-HER2-based treatment of metastatic disease should
Volume 31 - Issue 2 - 2020
have general surveillance for CV toxicity that may consist of
periodic cardiac physical examination, cardiac biomarkers
and/or cardiac imaging [I, B].

Recommendation 4.6. For patients receiving cancer
therapeutics associated with a risk of systemic HTN, espe-
cially anti-VEGF-based therapy, establishment of a baseline
BP measurement and serial BP monitoring is recommended
along with surveillance for the early detection of CV toxicity
that may consist of periodic cardiac physical examination,
cardiac biomarkers and/or cardiac imaging [I, A].

5. Asymptomatic, new laboratory abnormalities (or
preclinical toxicity)

Multiple stressors may lead to reduced LVEF in cancer pa-
tients; however, anticancer therapy-related cardiac
dysfunction is a common cause. It is recommended that a
close collaborative relationship be established when anti-
cancer therapy is discontinued due to reduced LVEF or when
choices about anticancer therapy are significantly modified
due to pre-existing cardiac disease.148,149 Several recent
studies have used the cut-off for significant toxicity as �15
percentage points frombaseline, as long as the absolute LVEF
remains>50%, while historically 10% was the cut-off, even if
the absolute LVEF remained >50%.117,150 Generally, if there
is a reduction in LVEF of �10 points, and especially if the
number is below the institutional lower limit of normal (LLN)
(or LVEF <50%), this is considered potential evidence of
cardiotoxicity.116 Exact definitions of cardiotoxicity have
varied over the decades; if other components such as
vascular events or rhythm disturbances are included, the
meaning of cardiotoxicity is dramatically altered.151 It is
important to recognise that asymptomatic patients with a
significant reduction in LVEF are classified as stage B HF and
should be treatedwith HF-specificmedications in accordance
with societal guidelines.152e155 In many instances, standard
cardiac-based therapy can stabilise or correct abnormalities
that would allow for the completion of prescribed anticancer
therapy.151

Asymptomatic patients and LVEF decrease. Cardiology
consultation, preferably by a cardio-oncology specialist,156

has been associated with better rates of cardioprotective
medication adherence and improved survival compared
with patients without cardiology consultation in a retro-
spective study of patients with anthracycline cardiotox-
icity.33 In a small study of 120 patients, it was shown that
patients with anthracycline-induced reduced LVEF have a
<10% chance of significant LVEF recovery with no medical
therapy.106 There is a >50% chance of partial LVEF recovery
on ACE-I therapy, in combination with carvedilol if
possible.157 Treatment is associated with improved cardiac
event-free survival, and the clinical benefit appears greatest
if the medication is started early (within 6 months) versus
late (>1 year).158,159 No specific trials have evaluated the
efficacy of ARB or BB therapy alone in patients with
anthracycline-induced reduced LVEF.
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Patients with reduced LVEF (<50%) at baseline are high-
risk and should be treated with anthracyclines cautiously
due to the risk of recurrent or progressive irreversible car-
diotoxicity with additional cumulative anthracycline
dosing.106,107,109 If there are acceptable alternative anti-
cancer agents to anthracycline, these should be considered.
If anthracycline ChT is essential, LVEF should be measured
before at least every other cycle of ChT. Multiple lines of
high-level evidence demonstrate the efficacy of reducing
anthracycline cardiotoxicity with dexrazoxane, often with a
three- to fourfold or more reduction in LVD.74,160 However,
concerns regarding reduced antitumour efficacy (with no
definitive data) and significant myelosuppression have
limited its clinical impact. Dexrazoxane may be appropriate
in patients with the highest risk of cardiotoxicity, such as
those with pre-treatment reduced LVEF,74 provided that it is
prescribed before each anthracycline dose (primary pre-
vention). Although liposomal doxorubicin preparations may
reduce anthracycline cardiotoxicity, its widespread use in
patients at high risk is not currently supported by high-level
evidence.161

Asymptomatic patients and LVEF decrease treated with
trastuzumab. Original trastuzumab-related FDA prescription
instructions called for a cardiology consultation and with-
holding trastuzumab for 4 weeks if the LVEF falls by �16%
frombaseline, or if LVEF falls�10%below baseline and below
the LLN. Per the prescribing information, trastuzumab can be
safely restarted if the LVEF returns to normal and within 15%
of baseline. However, more recently, a retrospective review
reported worsening in cardiac dysfunction in patients who
were continued on trastuzumab therapy despite evidence of
mild LVD during screening by transthoracic echocardiography
(LVEF >50%).162 The authors recommend considering
continuing to treat patients with trastuzumab despite mild
asymptomatic LVD by first starting cardioprotective therapy
without withholding trastuzumab.163
Asymptomatic patients with normal LVEF but decrease in
average GLS. There is early evidence that carvedilol may be
helpful in improving GLS in patients undergoing ChT,
especially when it is reduced during treatment.89 Use of
ACE-Is and ARBs in this setting is based on expert opinion
and the established successful use in patients with
depressed LVEF. It should be noted that the utility of GLS in
the cardio-oncology population requires further research. It
is unclear, for example, if improvement in GLS itself corre-
lates with overall CV health or improved mortality in this
population.

Asymptomatic patients and an elevation in cardiac
troponin. Troponin elevation has been studied to allow for an
early diagnosis of cardiac injury during cancer ChT. It has been
shown to predict the development of future ventricular
dysfunction as well as its severity.43,65 This strategy might be
particularly helpful and should be considered in high-risk pa-
tients.60,65 Early initiation of cardioprotective therapy with
ACE-Is in patientswith elevated TnI has been shown to prevent
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late cardiotoxicity in the form of cardiomyopathy and HF.65,164

For patients undergoing anthracycline-based ChT, concomi-
tant dexrazoxane use may also be considered.76,165,166

Although BBs, especially carvedilol in combination with ACE-
Is, have been shown to have a cardioprotective effect in pre-
venting anthracycline-induced cardiomyopathy, when used for
primary prevention,67,70 there are no specific data regarding
the use of BBs with elevated TnI without LVSD. However, it is
clinically reasonable to use cardioprotective therapy in this
setting. Minor troponin elevation without substantial LVD
does not necessarily warrant permanent discontinuation of
anticancer therapy, but rather a careful evaluation and the
addition of cardioprotective therapy with close cardiac sur-
veillance should be considered.

Recommendation 5.1. In asymptomatic patients under-
going treatment with anthracyclines, with an LVEF decrease
of�10% from baseline to 50%, or a decrease in LVEF to�40%
but <50%, the following evaluations are recommended:

� Cardiology consultation (preferably a cardio-oncology
specialist).

� Consider initiation of cardioprotective treatments (ACE-
Is, ARBs and/or BBs), if not already prescribed. A statin
may be considered if concomitant coronary disease is
present.

� Consider cardiac biomarkers (BNP or NT-proBNP and TnI
or Tnt) and a cardiac-focused physical exam after each
dose of anthracycline.

� Repeat LVEF assessment after alternate doses of
anthracycline-based ChT.

� If further anthracycline-based ChT is planned, the
benefit-risk assessment of continued anthracycline use
as well as options of non-anthracycline regimens should
be discussed, and the use of dexrazoxane and/or lipo-
somal doxorubicin should be considered [III, A].
Recommendation 5.2. In asymptomatic patients under-
going treatment with trastuzumab, with an LVEF decrease
of �10% from baseline or a drop in LVEF to �40% but
<50%, the following evaluations are recommended:

� Cardiology consultation, preferably a cardio-oncology
specialist.

� Consider initiation of cardioprotective treatments (ACE-
Is, ARBs and/or BBs), if not already prescribed.

� Consider cardiac biomarkers (BNP or NT-pro BNP and TnI
or Tnt) monthly and periodic cardiac-focused physical
exams for ongoing monitoring of cardiac toxicity.

� If trastuzumab is stopped, repeat LVEF within 3e6
weeks, and resume trastuzumab therapy if LVEF has nor-
malised to >50%.

� It is possible that trastuzumab therapy may be continued
with mild asymptomatic reductions in LVEF [III, A].
Recommendation 5.3. In asymptomatic patients under-
going treatment with any cardiotoxic anticancer therapy,
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with normal LVEF but a decrease in average GLS from
baseline assessment (�12% relative decrease or �5% ab-
solute decrease), the following evaluations/treatments
should be considered:

� Consider initiation of cardioprotective treatments (ACE-
Is, ARBs and/or BBs) if not already administered.

� Repeat LVEF/strain measurement every 3 months unless
a cardiac physical exam is required or symptoms develop
(if this occurs, LVEF/strain should be repeated with sus-
pected cardiac toxicity).

� Life-saving ChT should not be altered solely based on
changes in LV strain [III, B].
Recommendation 5.4. In asymptomatic patients under-
going treatment with cardiotoxic anticancer therapy and an
elevation in cardiac troponin, the following measures
should be considered:

� Cardiology consultation, preferably a cardio-oncology
specialist.

� Consider LVEF and GLS assessment with
echocardiography.

� Appropriate evaluation to exclude ischaemic heart dis-
ease as a comorbidity.

� Consider initiation of cardioprotective treatments (ACE-
Is, ARBs and/or BBs), if not already prescribed.

� Consider initiation of dexrazoxane in patients undergoing
anthracycline-based ChT.

� It is possible that anticancer therapy may be continued
without interruption if only mild elevations in cardiac
biomarkers occur without significant LVD [III, C].

6. Clinical cardiac dysfunction

The mortality rate of patients with clinical cardiac
dysfunction with symptoms of HF induced by cancer ther-
apy is worse than that of many cancers.126 Furthermore,
essential antitumour therapy is interrupted in a significant
number of patients due to HF.18,115,117 It is recommended
that a close collaborative relationship be established be-
tween oncologists, haematologists, radiotherapists and
cardiologists, when anticancer therapy is discontinued due
to HF, or when choices about anticancer therapy are
significantly modified due to pre-existing or coexistent car-
diac disease.

Symptomatic patients with significant reduction in LVEF
are classified as stage C HF (structural heart disease with
prior or current symptoms of HF) and should be treated
with HF-specific medications in accordance with clinical
practice guidelines.167,168 In many instances, standard
cardiac-based therapy may stabilise or correct abnormalities
that would allow anticancer therapy to continue.151 How-
ever, these interventions are only likely to be effective when
initiated early in the course of HF.157,169 Thus, early
recognition of the clinical signs and symptoms of HF are
vital to facilitate early intervention. Acute HF is a life-
threatening but treatable medical condition. If acute HF
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occurs, the patient should be managed intensively in an
emergent setting.

Patients with abnormal LVEF (<50% but ‡40%). There is a
broad consensus recommendation from many professional
organisations that strongly supports the treatment of any
identified LVD. In essence, this would be consistent with an
AHA/ACC stage B patient who has evidence of structural
heart damage. All such patients should be optimised, if
possible, before beginning potentially cardiotoxic therapy.153

Patients with abnormal LVEF (<40%). Due to the fact that
moderate to severe LVD may progress, if not treated
effectively, and has a substantial impact on HF morbidity
and mortality, patients with this degree of LVD should
generally not be treated with anthracyclines. All other op-
tions for anticancer therapy should be explored.

Patients with unexplained signs and symptoms. Regardless
of the type of anticancer therapy contemplated, all patients
with symptoms or signs suggesting HF should be evaluated
further, including an assessment of LVEF and other tests as
needed, which may be extensive or limited in scope. Pa-
tients should be diagnosed rapidly to ensure appropriate
management of symptoms, reduction of recurrent events
and safe continuation and completion of anticancer therapy
if possible.149

Patients with signs and symptoms of HF, or an asymp-
tomatic patient with an LVEF treated with HER2-targeted
molecular therapy. The incidence of HF in the adjuvant
setting utilising trastuzumab varies depending on the pres-
ence of an anthracycline versus non-anthracycline-
containing regimen (1%e2% at 1 year without prior anthra-
cycline versus 2%e4% at 1 year with prior anthracy-
cline).18,117,118 Given the known cardiotoxic effects of
trastuzumab, especially with prior anthracycline exposure,
any new symptoms of HF should be investigated with at least
an LVEF assessment and selected cardiac biomarkers.
Because of the concern for potential continuing decline in
LVEF and its effect on anticancer treatment, it is suggested
that a cardiologist with cardio-oncology expertise participate
in the care of these patients.149,170 A thorough evaluation
should be carried out and coordination ofmedication choices
needs to be clarified with the treating oncologist.

Symptomatic HF is immediately life-threatening if not
recognised and treated effectively. Trastuzumab may acutely
exacerbate HF in certain patients and should be withheld
until stabilisation is ensured. It is acknowledged that after a
period of stability, these patients may be rechallenged with
trastuzumab with close monitoring.163 If reduced LVEF is
persistent (LVEF <50%), all patients should be given stan-
dard HF therapy with renin-angiotensin system blockade
and BBs if tolerated throughout the anticancer therapy, and
perhaps for an extended period.

Patients in whom HER2-targeted molecular therapy has
been interrupted with resolved symptoms. Standard HF
medication is efficacious in virtually all patient subgroups;
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the presence of cancer and/or ChT does not alter this
principle. There are several reports that suggest that pa-
tients who developed reduced LVEF with trastuzumab can
improve and should be maintained on medical therapy for
HF.125,163 Although this is generally agreed upon, there is
concern that cardiotoxicity may not always be reversible;
thus, increased monitoring is recommended.171 An LVEF
assessment every 3 months is the minimum suggested
amount, although more frequent monitoring might be
necessary initially. It is not established whether monitoring
with physical examination, cardiac biomarkers or LVEF
assessment provides a more effective screen for cardiac
dysfunction.

Patients in whom HER2-targeted molecular therapy has
been interrupted with no resolved symptoms. For patients
in whom trastuzumab therapy (or any HER2-targeted mo-
lecular therapy) has been interrupted, whose signs and
symptoms of HF do not resolve and/or LVEF remains <40%,
resumption of trastuzumab therapy may be considered if no
alternative therapeutic option exists. There are no studies to
clearly support this recommendation; however, in advanced
cancer that only responds well to trastuzumab, the risk-
benefit ratio may warrant continued therapy if other op-
tions remain limited. Device therapy (cardiac resynchroni-
sation) may be considered for appropriate patients with
reasonable life expectancy (�1 year) even in metastatic
HER2-positive cancer.

Patients with anti-VEGF-based therapy with signs and
symptoms of HF. The risk of HF related to TKI-based therapy
is specific to those with anti-VEGF activity; however, there
appears to be differential risk with specific anti-VEGF agents,
including a 2%e4% risk for bevacizumab, sunitinib, sorafenib
and axitinib and a 6% risk for pazopanib.142,143,172,173 The
greatest risk of HF is during the early stage of therapy with
anti-VEGF agents.144 Given the known cardiotoxic effects of
TKI/anti-VEGF therapies, any new symptoms of HF should be
investigated with at least an LVEF assessment and measure-
ment of selected cardiac biomarkers. Because of the concern
for asymptomatic-reduced LVEF and the potential to aggra-
vate this finding, resulting in symptomatic HF, it is suggested
that a cardiologist (preferably a cardio-oncology specialist)
participate in the care of these patients.146,149 A thorough
evaluation should be done and coordination of medication
choices needs to be clarified with the treating oncolo-
gist.80,139 The available evidence suggests significant revers-
ibility of TKI/anti-VEGF therapy-induced HF, often with
appropriate HF therapy in the interim.146,174 Repeat LVEF
assessment within 4 weeks of withholding therapy and initi-
ating standard HF therapy allowed for safe TKI/anti-VEGF
agent re-challenge to complete the course of therapy in
one study.146

Recommendation 6.1. In patients with an abnormal LVEF
<50% but �40%, medical therapy with an ACE-I, ARB and/
or BB is recommended before potential cardiotoxic treat-
ment [I, A].
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Recommendation 6.2. For those with an LVEF <40%,
anthracycline therapy, in particular, is not recommended
unless there are no effective alternative anticancer treat-
ment options [IV, A].

Recommendation 6.3. For a patient undergoing treat-
ment with any cardiotoxic agent presenting with unex-
plained signs and symptoms such as (but not limited to)
sinus tachycardia, rapid weight gain, dyspnoea, peripheral
oedema or ascites, obtaining a cardiology consultation,
reassessing of LVEF and potentially measuring cardiac bio-
markers is recommended [III, A].

Recommendation 6.4. For a patient undergoing treatment
with trastuzumab (or any HER2-targeted molecular therapy)
with signs and symptoms of HF, or an asymptomatic patient
with an LVEF <40%, the same assessments as those for an
LVEF �40% are recommended. In addition, trastuzumab (or
any HER2-based therapy) should be withheld until the car-
diac status has stabilised. A discussion regarding the risks and
benefits of continuation should be held with the multidisci-
plinary team and the patient [I, A].

Recommendation 6.5. For a patient in whom trastuzu-
mab therapy (or any HER2-targeted molecular therapy) has
been interrupted, whose LVEF is �40% and/or whose signs
and symptoms of HF have resolved, resumption of trastu-
zumab therapy should be considered, supported by:

� Continued medical therapy for HF and ongoing cardiol-
ogy care.

� Periodic cardiac biomarker assessments.
� Periodic LVEF assessments during ongoing treatment
[III, B].
Recommendation 6.6. For a patient in whom trastuzu-
mab therapy (or any HER2-targeted molecular therapy) has
been interrupted, whose signs and symptoms of HF do not
resolve and/or LVEF remains <40%, resumption of trastu-
zumab therapy may be considered if no alternative thera-
peutic option exists. The risk-benefit assessment of
prognosis from cancer versus HF should be discussed with
the multidisciplinary team and the patient [IV, C].

Recommendation 6.7. For a patient undergoing treat-
ment with sunitinib (or other anti-VEGF-based therapy),
who shows signs and symptoms of HF, assessment and
optimisation of BP control is recommended and measure-
ment of LVEF and/or cardiac biomarkers should be consid-
ered. In addition, sunitinib (or other anti-VEGF-based
therapies) should be interrupted. The patient should be
assessed to determine whether reinstituting those thera-
pies is appropriate [III, A].

7. Post-treatment: survivors of anticancer therapy

The concept of cancer survivorship has increased in signif-
icance over the past decade, largely due to improved sur-
vival related to superior cancer therapy, multidisciplinary
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collaboration and improved supportive care.175 There were
an estimated 15 million cancer survivors in the United
States in 2016 with over 20 million estimated by 2026.176

There is a major unmet need to address important CV
comorbidities that may coincide or result from anticancer
therapy in survivors and effectively address appropriate
follow-up of such patients.

Asymptomatic patients with normal cardiac function.
Many intercurrent illnesses may unmask reduced cardiac
reserve in patients with prior anthracycline exposure. The
timing of prior anthracycline-based ChT is largely irrelevant,
since patients may develop LVD many years later, with no
other plausible explanation for the development of HF. As
per the ACC/AHA guidelines for the management of HF,
these patients are considered high-risk for the development
of HF (stage A). Therefore, screening with an LVEF assess-
ment should be considered at 6e12 months, and possibly 2
years post-treatment, and consideration for reassessment
periodically thereafter.13,62,177 It is accepted that the
increased risk of LVD is lifelong and tends to increase pro-
portionally with the total dose of anthracyclines given.62,178

LVEF measurement and cardiac biomarker assessment
should be carried out with cardiac symptoms or physical
findings suggestive of HF, at any point in clinical follow-up.179

Patients who developed LVD or HF. A strategy of early
identification and optimal treatment of identified LVD can
result in a substantial percentage of patients who normalise
LV function or return to pre-treatment values.157,169 There
is no randomised study available to provide evidence for
the recommendation to continue HF-based therapy indefi-
nitely; however, the removal of guideline-directed HF-based
therapy in patients with previous LVD may place patients at
a higher risk for serious adverse events.64,171 The current
recommendation is to continue typical HF-based therapy
indefinitely, if tolerated, unless a long period of stability is
ensured and no further anticancer therapy is planned.

Patients with a history of mediastinal chest radiation. The
incidence of coronary artery disease (CAD) occurs at an
increased rate beginning 2e4 years after treatment, and
the degree of increased risk of cardiac events is propor-
tional to the dose of radiation received. In breast cancer
patients receiving >10 Gy of RT to the heart there was a
>100% increased relative risk of major cardiac events.13

Similarly, in patients with chest RT for lung cancer, there
was a >10% chance of serious cardiac events, and that risk
was higher with pre-existing heart disease.26

Radiation-induced valvular disease is an increasingly
recognised entity occurring late after mediastinal RT with a
median time to diagnosis of 22 years.31 RT induces thick-
ening, fibrosis, retraction and calcification of valvular tissue
that continues for at least 20 years, regardless of patient
age and traditional risk factors. Regurgitation related to
leaflet retraction predominates in the first decade, followed
by progressive stenosis due to fibrosis and calcification in
the second decade and later.32 The incidence of moderate
Volume 31 - Issue 2 - 2020
or greater valvular stenosis or regurgitation is 1% at 10
years, 4% at 15 years, 6% at 20 years and 9% at 25 years.31

Left-sided lesions predominate, with the aortic valve the
most commonly affected valve, followed by the mitral valve.
A minority of patients have normally functioning aortic
valves at 20-year follow-up.30 Affected patients are often no
longer under the care of an oncologist at the time of
valvular disease diagnosis and the cancer history and
treatment is not detailed in the patients’ medical records.29

For patients who are followed longitudinally by a non-
cardiologist, the accuracy of clinical examination for
detecting significant valvular disease is limited, with a
positive predictive value of <25% for a systolic murmur to
detect significant aortic stenosis or mitral or tricuspid
regurgitation and a sensitivity of 5% for a diastolic murmur
to detect mild or greater aortic regurgitation.30

The ASE and the EACVI recommend a targeted yearly clin-
ical history and physical examination with echocardiography
for symptomatic patients.180 For asymptomatic patients, the
ASE/EACVI recommends a screening transthoracic echocar-
diogram at 10 years post-RT and serial exams every 5 years
thereafter. The National Comprehensive Cancer Network
(NCCN) has similar period recommendations for stress echo-
cardiography.180,181 Specific transoesophageal, 3D and phys-
iological stress echocardiography can be considered for the
evaluation of RT-inducedmitral valve disease anddobutamine
stress echocardiography for detection of low-flow aortic ste-
nosis. CMR may also be useful, specifically in those with
suboptimal echocardiography or discrepant results.182

Long-term cancer survivors and exercise. Numerous
studies have demonstrated the therapeutic benefits of ex-
ercise during primary anticancer treatment.183,184 It is rec-
ommended during anticancer treatment, but can also
improve physical functioning, fatigue and quality of life
(QoL).185 Some studies have also suggested that physical
activity may even increase the rate of completion of ChT.186

Exercise has been shown to improve CV fitness, muscle
strength, body composition, fatigue, anxiety, depression
and overall QoL in cancer survivors. Based on current
guidelines, patients undergoing anticancer therapy and
long-term cancer survivors should be encouraged to exer-
cise at least 150 minutes per week.187

Long-term cancer survivors and dietary habits. Cancer is
considered to be a disease associated with weight loss, rather
than obesity. However, overweight and obesity are clearly
associated with an increased risk of developing many cancers
such as breast, colorectal and ovarian. A growing number of
patients beginning their anticancer treatment are already
overweight or obese,188 and additional weight gain is a
frequent complication of anticancer treatments.189 Increasing
evidence indicates that being overweight increases the risk of
recurrence and reduces the likelihood of disease-free survival
and OS among those diagnosed with cancer.190e195 These
findings suggest that the avoidance of weight gain and weight
maintenance throughout treatment may be important for
survivors who are normal weight, overweight or obese at the
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time of diagnosis.196 There is growing evidence to support
intentional weight loss post-treatment in cancer survivors,
which may result in improved prognosis and OS.190 A low fat
diet and weight loss have been shown to reduce the risk of
recurrence among postmenopausal breast cancer survi-
vors.189 Dietary patterns characterised by a high intake of
vegetables/fruits and whole grains have been shown to be
associated with reduced mortality and cancer recurrence
when compared with a high intake of refined grains, pro-
cessed and red meats and high-fat dairy products.197e199

Recommendation 7.1. For asymptomatic patients who
have been treated with cardiotoxic agents and have normal
cardiac function, periodic screening for the development of
new asymptomatic left ventricular dysfunction with cardiac
biomarkers and potentially cardiac imaging should be
considered at 6e12 months, at 2 years post-treatment and
possibly periodically thereafter [III, B].

Recommendation 7.2. For patients who developed LVD
or HF due to trastuzumab (or any HER2-targeted molecular
therapy), anthracyclines or other anticancer therapies, CV
care including medical treatment with ACE-Is, ARBs and/or
BBs and regular cardiology review (e.g. annual if asymp-
tomatic) should be continued indefinitely, regardless of
improvement in LVEF or symptoms. Any decision to with-
draw HF-based therapy should only be done after a period
of stability, no active cardiac risk factors and no further
active anticancer therapy [III, B].

Recommendation 7.3. For patients with a history of
mediastinal chest RT, evaluation for CAD and ischaemia, as
well as valvular disease is recommended, even if asymp-
tomatic, starting at 5 years post-treatment and then at least
every 3e5 years thereafter [I, A].

Recommendation 7.4. Patients undergoing anticancer
therapy and long-term cancer survivors should be encour-
aged to exercise on a regular basis [III, B].

Recommendation 7.5. Patients undergoing anticancer
therapy and long-term cancer survivors should be encour-
aged to have healthy dietary habits (high intake of fresh
fruits/vegetables and whole grains as compared with
refined grains, processed and red meats and high-fat foods)
and to maintain a normal weight [IV, B].

8. Immune checkpoint inhibitor-associated CV toxicity

There has been a revolution in cancer therapy over the past
5e10 years in which previously resistant malignancies are
effectively treated with immune-based therapies known as
immune checkpoint inhibitors (ICIs). In general, these
therapies are remarkably well tolerated and highly effective
across a number of malignancies. A complete review of the
contemporary indications and efficacy are beyond the scope
of this document; however, the concerning reports of CV
toxicity rarely associated with ICI therapy require some
discussion. In fact, several professional societies have
184 https://doi.org/10.1016/j.annonc.2019.10.023
established current recommendations regarding ICI therapy,
though the evidence and strength of recommendations for
the management of CV toxicity as part of these guidelines is
preliminary and relatively scant in practical detail.200e202

The ongoing reporting and representation of the diagnosis
and management of ICI-related CV toxicity is rapidly
changing. At the present time, there are several clinical
reports that inform the current recommendations.203e211

As such, these recommendations are formulated based on
mostly expert opinion from a few prospective observational
studies, case series and/or retrospective data analyses.

Recommendation 8.1. For patients who develop new CV
symptoms or are incidentally noted to have any arrhythmia,
conduction abnormality on ECG or LVSD on echocardio-
gram, while undergoing (or after recent completion) of ICI
therapy, further appropriate work-up (ECG, troponin, BNP
or NT-pro-BNP, C-reactive protein, viral titre, echocardio-
gram with GLS, cardiac MRI) for ICI-associated CV toxicity,
particularly myocarditis and other common differential di-
agnoses should be carried out promptly [IV, C].

Recommendation 8.2. Endomyocardial biopsy for diagnosis
should be considered if the diagnosis is highly suspected
with otherwise negative work-up [IV, C].

Recommendation 8.3. With either suspicion or confirma-
tion of ICI-associated myocarditis, further therapy with ICIs
should be withheld and high-dose corticosteroids (methyl-
prednisolone 1000 mg/day followed by oral prednisone 1
mg/kg/day) should be initiated promptly. Corticosteroids
should be continued until resolution of symptoms and
normalisation of troponin, LV systolic function and con-
duction abnormalities [IV, C].

Recommendation 8.4. For steroid-refractory or high-grade
myocarditis with haemodynamic instability, other immu-
nosuppressive therapies such as anti-thymocyte globulin,
infliximab (except in patients with HF), mycophenolate
mofetil or abatacept should be considered [IV, C].

Recommendation 8.5. For patients with cardiomyopathy
and/or HF, appropriate guideline-directed medical therapy
and haemodynamic support should be provided as indi-
cated [IV, C].

Recommendation 8.6. For patients with atrial or ventricular
tachyarrhythmia or heart block, appropriate medical and
supportive care should be provided as indicated [IV, C].

Recommendation 8.7. ICI therapy should be permanently
discontinued with any clinical myocarditis. The decision
regarding restarting ICI therapy in the absence of alternative
available antineoplastic therapy needs to be individualised
with multidisciplinary discussion considering the cancer sta-
tus, response to prior therapy, severity of cardiotoxicity,
regression of toxicity with immunosuppressive therapy and
patient preference after weighing the risks and benefits. If ICI
therapy needs to be restarted, monotherapy with an anti-
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programmed cell death protein 1 (anti-PD-1) agent might be
considered with very close surveillance for cardiotoxicity
development [V, C].

FUTURE DIRECTIONS AND CONCLUSION

Concerns about potential CV damage resulting from anti-
cancer therapies should be weighed against the potential
benefits, including benefits in OS.

CVD in patients with cancer is complex, and it is para-
mount that individual patient management and treatment
is personalised. Although cancer treatment-related car-
diotoxicity was initially observed as early as the 1970s,212

the current landscape has changed dramatically with the
introduction of novel targeted therapies. The scope of
cardio-oncology is wide and includes not just prevention,
detection, monitoring and treatment of CV toxicity related
to anticancer therapy, but also the development of future
novel anticancer treatments that have minimal impact on
CV health.

Close collaboration between oncologists, cardiologists
and allied health care professionals will ensure delivery of
optimal care for cancer patients, based on current best
clinical practices, without compromising CV health.213

Research will help define best strategies for prevention,
early detection and management of CV complications
related to anticancer therapy. The incorporation of surveil-
lance strategies in cancer survivors will help prevent the
potential long-term CV morbidity and mortality associated
with oncological treatments. Education of health care pro-
viders, particularly the next generation of cardiologists and
haemato-oncologists, along with patients, on the impor-
tance of CV health and anticancer treatment should trans-
late into better cancer and CV clinical outcomes.214,215
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