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The ESC document attempts to
summarize a large and diverse
spectrum of clinical experience, limited
clinical research, and historical reports
on the topic.
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The document is organized according
to these 9 conditions and generally

describes CV complications of cancer
therapy, strategies for prevention and

myocardial dysfunction and heart failure (HF);
coronary artery disease (CAD);

valvular disease;

arrhythmias, especially those induced by QT-prolonging drugs;
arterial hypertension;

thromboembolic disease:

peripheral vascular disease and stroke;

pulmonary hypertension and

pericardial complications.

: : : Key Phrases/Words:
attenuation of CV complications, long- Complexity
term surveillance for cancer survivors, Optimal CV care
and suggests future directions. Interactions between disciplines

Define a curriculum

Engagement in the development of new therapies
Survivorship

Appropriate evaluation of CV events




Table 1 Incidence of left ventricular dysfunction
associated with chemotherapy drugs'ﬂ-li

Chemotherapy agents Incidence (%)

Anthracydines (dose dependent)

C rublcin (Adriammycing

rael
Monoclonal antibodies
Trasouzumab

Ba zumakb

Sm molac tyrosine kinase inhibitors
Sunidnib

Milotinib

Proteasome inhibitors

Bortezomib 2-5

Temsirolimus




Table I Factors associated with risk of cardiotoxicity
following treatment with anthracyclines®

» Cumulative dose
» Femnale sex
' ,ﬁ,gg
- =65 years old
- Paediatric population (< |8 years)
» Renal fallure
» Concomitant or previous radiation therapy Involving the heart
» Concomitant chemotherapy
- alkgylating or antdmicrotubule agents
- Immung- and targated theraples
» Pre-exdsting conditions
- Cardiac diseases assoclating Increased wall stress
- Arterial hypertension
- Genedc factors

"Anthracycdlines (daunorubicn, dosxonbicin, epinibicn, idarubicing or

anthracenedione (mitoxantronme).
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Table 3 Factors associated with risk of cardiotoxicity
following anti-HER2 compounds and VEGF
inhibitors

Agent

- Antibodies
- Trastuzumab
- Pertuzumab
-FDMI

- Tyrosine kinase inhibicor

- Lapatinib

+ Previous or conComiltnt

anthracycline reatment (short Gme
betwean anthracyaline and ang-HER2

treatment]
«Aga (=65 years)
* High BMI =30 kg/mg®
* Previous LV dysfunction
«Arterial hypertension
« Previous radiation therapy

- Antibodies
- Bavaclzumab
- Ramucirumab

Pre-axtsting HF, significant CAD
or left side'vVHD (eg. mitral
regurgitacion], chronic ischaemic

cardiomyopathy
« Prevlous anthracycline

- Tyrasine kinase inhibioars
- Sunignib
- Pazopanib
- Axdtinb
- Meratinib
- Afatnib
- Sorafenib
- Daszatinib

« Arterial hypertension
« Pro-goisting cardiac dizease

Table 4 Baseline risk factors for cardiotoxicity

Current myocardial disease

Demographic and ot her
C¥ risk foctors

+ Heart fallure {with elther preserved
or reduced ejection fraction)
Azymptomatic LV dysfunction
(LVEF <50% or high natriuretic
peptida®)

Evidence of CAD (previous
myocardial Infarction, angina, PCl or
CABG, myocardial schaemia)
Miderate and severaVHD with
LvH ar LY impairment
Hypertensive heart disease with

LY hypertrophy

Hypertrophic cardiommyopathry
Drlared cardiomyopathy

Restrictive cardiomyopathy

Cardiac sarcoldosts with myocardial
Involverment

Significant cardiac arrhythmias
(e.g. AR, wentricular tachyarrhiythmias)

+ Age (paediatric populaton
<8 years; »50 years for
trastuzumaly; =65 years for
anthracyclines)

Famity history of prematura
CV disease (<50 years)
Artertal hypertensian
Diabetes mellitus
Hyparcholesterolaemia

Previous cardiotoxic cancer
treatmeant

Lifestyle risk factors

+ Prior anthracycline use
+ Prior radictherapy to chest or
mediastimm

+ Smoking

+ High alcohol Intake
+ Oibesity

+ Sedentary habit

AF = atrtal fibrllation; CABG = coronary artery bypass graft; CAD = comnary
artery disesse CV = candiovasoular; LYV = left ventriculan, LVEF = left ventricular
ejection fraction; L'VH = lef ventricular hypertrophy; WHD = vabal ar heart
disease

"B-type natriurete peptide = 100paiml or M-terminal pro-B-type natruetc
peptide =400pgiml with no alternathe case.

BMI = body mass indes; CAD = coronary artery disease; HER2 = human
epidermal growth factor receptor 2 HF = heart faflure; M| = myocandial
nfarction; VEGF = vesoular endothelial growth Bctor; VHD = vahaslar heart

disease




Table & Proposed diagnostic tools for the detection of cardiotoxicity

Technique

Echocardiography:
- 3D-based LVEF
- 1D Simpson’s LYEF
- GLS

Currently avallable diagnostic
criteria

« LWEF: = [} parcentage points
decrease to 2 value below the LLM
suggests cardlotoxicity

» GL5: =1 5% relative percentage
reductlion from baseline may suggest
risk of cardiotoxicity.

Advantages

+ Wide avallability.

» Lack of radiation.

+ Assessment of haemedynamics and
other cardlac structures.

Major limitations

« Inter-observer variabilicy.

* Image qualicy.

« GL5: Inter-vendor vartabllity, technical
requiremerns.

Muclear cardiac imaging
(MUGA)

« > | percentage points decrease n
LVEF with a value <50% Identifles
patlents with cardiotoxicity.

« Raproducibiliy.

» Cumnulative radiation exposure.

» Limnited structural and functional
Information on other cardiac
structures.

Cardiac magnetic resonance

« Typlcally used If other techniguas
are non-diagnostic or to confirm the
prasence of L'V dysfunctlion If LVEF Is
borderiines.

+ Accuracy. reproducibility

» Detecton of diffuse myocardial
fibrosts using T1/T2 mapping and
ECVF evaluation.

+ Limitad avallability.
« Patlent’s adaptation (daustrophobia,
breath hold, long acquisition dmes).

Cardiac biomarkers:
= Troponin |
- High-sensitivity Troponin |
- BNP
= NT-proBMP

* A rise Idendfies patlents recelving
anthracyclines who may benefit from
ACE-s.

* Routine role of BMP and MT-proBMNP
In survelllance of high-risk patient
needs futher Investigation.

» Accuracy. reproducibility
+ Wide avallabllity
» Higf-sansiovity.

* Insuffidient evidence w0 establish the
significance of subtle rises.

« Variations with differant assays.

* Role for routine survelllance not
clearly established

ACEE = anglotensin oonert ing enryme inhibitors:; BhP = B-type natriurete peptide: BOYF = esctar dllulsr vol wine fraction: GLS = global longitudinal straing LY = lafit vemtrico] ar;
LLM = lower limit of normality; LVEF = lefit ventricul ar ejection fraction; MUGA = muliigated radionudide angiography: MNT-proBMNP = M-terminal fragment B-type natfurete

pentide.




1.1.3 Key points

Cancer patients treated with potentially cardiotoxic therapy are at
high risk of developing HF and should therefore receive medical
care aimed at obtaining strict control of cardiovascular risk factors.
LVEF should be determined before and periodically during treat-
ment for early detection of cardiac dysfunction in patients

receiving potentially cardiotoxdc chemotherapy, with a method

that provides sufficient image quality and, preferably, using the

same method during follow-up.

This grouphas decided to consider the lower limit of normal of LVEF
in echocardiography as 5084, in line with the definition of @rdiotoi-
city commonly used in registries and trials in patients with cancer.

A patient with a significant decrease in LVEF (eg. a decrease
=10%). to a value that does not drop below the lower imit of
normal, should undergo repeated assessment of LVEF shortly
after and during the duration of cancer treatment

If LVEF decreases > 10% to a value below the lower limit of normal
(considered as an LVEF <<50%), ACE inhibitors (or ARBs) in com-
bination with beta-blockers are recommended to prevent further
LY dysfunction or the development of symptomatic HF, unless
contraindicated, as these patients are at high risk of developing HE.
ACEinhibitors (or ARBs) and beta-blockers are recommended in
patients with symptomatic HF or asymptomatic ardiac dysfunc-
tion unless contraindicated.




Table 7 Pathophysiological mechanisms of coronary artery disease in cancer treatment - 8172117123

Agent Pathophysiological mechanism Risk of coronary artery disease and acute
Coronary syndrome

Fluoropyrimidines » Endothelial Infury = Up to | 8% manfest myocardial lschasmia
(5-FU, capecitabine, gemcitabine) * Vasospasm + Up to7-10% shent myocardal ischaemia Table 10 Risk factors for QT prolongation in cancer

Platinum compounds (cisplating + Procozgulant status = M-year absolute rick of up to 8% after tecticular canoer
« Artemal thrombosis = 1% risk of arteral thrombosis

YEGF inhibitors (bevacirumab, sorafenib, * Procoagulant status # Rigk of arterial thrombaosis: bevactrumab 3.8%, sorafenib

sunitinib) « Artenal thrombosts | 7%, sunimnib |43 Risk factors for QT prolongation
» Endothelial Infury q =

Radiotherapy + Endothelial ingury + 1-T-fold Increased relative risk of myocardial nfarction Correctable Mon-correctable
* Plaque rupture + Cumulative 30-year coronary events incidence of 10 In

T Hogdkin lymghoma survivors Electrolyte imbalance « Family history of sudden
» Rusk proportional to irradkrion dose « Mausea and emests death (occult congenital
+ Ditarrhioea LTS or genetic

En il LT WA A D St T » Traatment with loop diuretics polymorphisms)

+ Hypokalaemia (<3.5 mEqgil) + Personal history of syncope
* Hypomagnesaemia (<1.6 mgfdl) | = Bazeline QTc Interval

+ Hypocalcaemia {=8.5 mgfdL) prolongation

+ Female gander
Hypothyroldism + Advnced age
Bradycardia Arsenic tricodde, bortezomib, capecitabine, dsplatn, cyclophosphamide, doxorubicing, epirublcine, 3-FU., fosfamide, « Hoart discase

IL-2. methotrexata, mitgxancrone, paclizaxel, ricwamab, thalidomide. Concurrent use of » Myocardial infarction
Sinus tachycardia Anthracyclines, carmusting, qT'Pml'DnEI“E de'g » Impa]red renal function
Atrioventricular block Anthracyclines. arsenic tricsdde, bortezomib, cycdophosphamide, 5-FU, mitcoantrone, rituwdmab, txanes, thalidomide. + Antiarritythmic * Impaired hepatic drug

» Anti-nfectve metabolism

+ Antiblatic
Atrial fibrillation Alkylating agents (clsplatin, cyclophosphamide, fosfamide, melphatan). anthracydines, antmetabolites (capecitabine, A - |
5-FlJ, gemeicabine), IL-2, Interferons, ricuwamab, romidepsin, small molecule TKIs (ponatinib, sorafenib, sunitinib, * ANTFINga
Ibrutinib), topoisomerase Il Inhibitors (amsacrine, etoposide), tuanes, vinca alkaloids. » Psychowropic

Supraventricular tachycardias Alkylating agents (cdlsplatin, cycophosphamide, ifosfamide, melphalan), amsacrine, anthracydines, antimetabalites * Antldepressant
(capeci@bine, 5-FU, methotraxate), bortezomib, doxorublein, [L-2, Interfercns, paclitxel, ponatinib, romidapsin. . |‘!'-FIT|F5:I"C|'IDUE

Ventricular tachycardiafibrillation Alkylating agents (cisplan, cyclophosphamide, ifosfamide), amsacrine. antmetabolltes (capecitabine, 5-FU, * Antlemetic
gemcltabine), arsenic trioxide, doxorubidn, Interfercns, IL-2, mathothrexate, paclitaxel, proteasome Inhilbitors » Antlhiszamine
(bortezamib, carfilzomib), riomdmab, romidapsin,

patients

Table 8 Cancer drug agents associated with cardiac arrhythmias

Conduction disturbances Anthracyclines. cisplatin, 3-FL, imatinib, @xanes.

Sudden cardiac death Anthracyclines (reported as very rare), arsenic triowide (secondary to torsade de pointes). 5-FU (probably related

o Ischaemia and coronary spasm). Interferons, nilotinib, romidepsin, LOTS = lang QT syndrame.

5-FU = S5-fluoruradt; IL-2 = interleukin 2; TKl = tyresine kinase inhibitor.




Table 11 Clinical factors associated with increased .
. . . Supplementary Table Most recent reviews and
risk of cancer-associated venous thromboembolism

(modified from Khorana et al.'™) meta-analyses on the incidence of hypertension with
major YEGF inhibitor treatment

Cancer-related factors

+ Primary site of cancer (mostly pancreas, brain, stomach, kidney, lung,
lymphoma, myeloma)

+ Histology (speclally adenocardinomal)

+ Advanced stage (metastatc)

+ Initlal period after cancer dizgniosts

Patient-related factors
» Demographics: older age, female sex, African ethnicity Bevacizumab'®

+ Comorbidites (infection. chronic kidney disease, puimonary disease, -
atherothrombotic disaase, ohesity) Sunitinib

+ History of venous thromboembaolism, Inherttad thrombaophilta -

+ Low performance status Sorafenib

Treatment-related factors Axitinib'® 208
+ Major surgery -
» Hospitalization Yandetanib'™ 3154

» Chemotherapy and ant-anglogenic agents

» Hormonal therapy Regorafenib' 750

+ Transfuslons
« Ceniral venous catheters

HTH = hypertension; VEGF = vascular endothelial growth factor.




ESC Position Paper on Cancer treatments and Cardiotoxicity

A very ambitous task that was completed in a relatively
short time

The pocket guidelines and smart phone app are unique
advantages

The content was an excellent summary of a broad
constellation of topics

Complete guidelines will be done in 1-2 years

A call for concerted research is a must!
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