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Introduction
Life expectancy after the diagnosis and treatment of
cancer has increased significantly in the past two decades,
and therefore more patients survive either cancer-free
or with cancer as a chronic, manageable disease.1,2

Unfortunately, many anticancer drugs have been
associated with the development of cardiovascular
complications such as left ventricular dysfunction and
heart failure, myocardial, cerebral and peripheral ischae-
mia, pericarditis and myocarditis, hypertension, throm-
boembolism, QTc prolongation and arrhythmias.3,4 Each
of these is likely to have significant effects on patient
outcomes. Therefore, a new discipline, that is ‘cardio-
oncology’, was born in an effort to study, prevent,
recognize and treat the cardiovascular sequelae of anti-
tumour drugs.5 As anticancer drugs save lives, the logical
goal of cardio-oncology, besides preventing or mitigating
cardiotoxicity (CTX), is to promote an acceptable balance

between the potential cardiovascular side effects and
the vital benefit of anticancer treatment.6

This document has been prepared with the main
objective of promoting cooperation between the oncol-
ogist and the cardiologist and to support the growth of
cardio-oncology among cardiologists. It is specifically
addressed to the cardiologist who is asked to make
strategic decisions in the management of cancer patients,
but has not accumulated enough experience in the field
of cardio-oncology.

This opinion paper and the others in this issue do not
address the wide spectrum of cardiovascular compli-
cations of cancer therapy, but rather, they discuss left
ventricular dysfunction, focusing on possible strategies to
prevent or manage the CTX of the three major classes of
drugs: anthracyclines (ANTs), anti-Her-2 and tyrosine
kinase inhibitor. Not all treatments affect the heart the
same way. In fact, there are important differences
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Le tre maggiori classi di farmaci che inducono cardiotossicità sono:

• Antracicline
• Farmaci anti-Her-2
• Gli inibitori della tirosin chinasi

Le Antracicline sono il perno del trattamento di numerose patologie oncologiche, sia tumori solidi (k
mammella, gastrico, sarcoma) che ematologici (leucemia acuta e cronica, linfoma di Hodgkin e non
Hodgkin, mieloma multiplo).
L’uso in terapia delle antracicline è limitato da una cardiotossicità dose-correlata che può alla lunga
determinare una forma severa e irreversibile di cardiomiopatia.
E’ questa la ragione per cui è necessaria la stretta collaborazione tra cardiologo ed oncoematologo.

Farmaci cardiotossici



Peripheral and coronary artery disease (CAD) (HR, 1.31
and 1.58, respectively), diabetes (HR, 1.74), hypertension
(HR, 1.45), as well as emphysema and chronic bronchitis
(HR, 1.68), represent additional predictors of increased
risk for cardiac dysfunction.29 The risk of HF remains
higher for patients who receive anthracyclines compared
with those who receive other agents, even after excluding
elderly patients and those with relevant comorbidities.18,29

Cancer treatment-induced HF occurs with several other
traditional chemotherapeutic agents, including cyclophos-
phamide (7%-28%)21and docetaxel (2.3%-8%)26

(Table 1).30-44 The potential for permanent cardiac dam-
age with exposure to anthracyclines has led to the adop-
tion, in some clinical settings (ie, early stage breast
cancer), of chemotherapy regimens with lower cumulative
anthracycline exposure.

Many targeted therapies, particularly monoclonal anti-
bodies and tyrosine kinase inhibitors (TKIs), targeting
human epidermal growth factor receptor 2 (HER-2) (ie,
trastuzumab, pertuzumab, etc), vascular endothelial growth
factor (VEGF), and VEGF receptors (ie, bevacizumab,
sunitinib, sorafenib, etc), and Abl kinase activity (ie, imati-
nib, nilotinib, dasatinib, etc), have been demonstrated to
interfere with molecular pathways crucial to CV health.12,13

LVD associated with targeted therapies has been most
extensively evaluated in the breast cancer population treated
with trastuzumab. Trastuzumab binds to the extracellular
domain of the erb-b2 receptor tyrosine kinase 2 (ErbB2)/
HER2 and leads to reduced ErbB2 signaling via several
mechanisms. It has been speculated that the cardiac dys-
function associated with trastuzumab is a direct conse-
quence of ErbB2 inhibition in cardiomyocytes.15 Mice with
cardiac-specific deletion of ErbB2 develop dilated cardio-
myopathy and demonstrate exaggerated systolic dysfunc-

tion in response to pressure overload compared with
normal mice.15 Therefore, it would appear that ErbB2
receptor signaling is important in the maintenance of myo-
cardial function.15 In contrast to anthracycline-induced car-
diotoxicity, trastuzumab exposure can result in LVD and
HF that appears mostly reversible.45 At highest risk for car-
diotoxicity from trastuzumab exposure are those aged >50
years, patients with underlying heart disease or hyperten-
sion, those with baseline LVEF between 50% and 55% or
lower, and those who have also received anthracycline ther-
apy. The introduction of adjuvant trastuzumab for patients
with HER2-positive, early stage breast cancer has reduced
the risk of breast cancer recurrence by 50% and mortality by
33%.46 However, in the 5 major adjuvant trastuzumab trials
(summarized in Table 2),47-50 symptomatic, severe HF/car-
diac events, ranging from 0% to 3.9%, were observed with
the addition of trastuzumab to traditional chemother-
apy.51-53 Long-term follow-up of the pivotal adjuvant trials
have demonstrated the cardiac safety of trastuzumab with
no substantial increase in CV events over 8 to 10 years,
even with longer term trastuzumab therapy.49,54 However,
it is difficult to generally define cardiac toxicity across stud-
ies, as criteria vary by trial. Current clinical trials in early
breast cancer are taking advantage of the role of dual
HER2 blockade, including the synergistic activity of pertu-
zumab and trastuzumab. To date, there has not been any
additional cardiac safety concern when those agents were
combined55,56; however, we await the results of a large, pro-
spective, randomized trial (Aphinity trial) exploring this
combination in the adjuvant setting.57 Two neoadjuvant
studies (Neosphere, Tryphaena) demonstrated higher path-
ological complete response rates in women with breast can-
cer treated with chemotherapy and dual HER2 blockade
(pertuzumab, trastuzumab) compared with chemotherapy

TABLE 1. Potential Cardiac Toxicity Induced by Anticancer Chemotherapeutic Agents

DRUG STUDY TOXIC DOSE RANGE CARDIAC TOXICITY
FREQUENCY OF
OCCURRENCEa

Doxorubicin Chlebowski 197930 > 450 mg/m2 Left ventricular dysfunction Common

Epirubicin Tjuljandin 199031 > 900 mg/m2 Common

Idarubicin Anderlini 199532 150-290 mg/m2 Intermediate

Paclitaxel Perez 199833 Conventional dose Left ventricular dysfunction Intermediate

Docetaxel Kenmotsu & Tanigawara 201534 Intermediate

Cyclophosphamide Gottdiener 1981,35 Goldberg 198636 >100-120 mg/kg Left ventricular dysfunction Intermediate

Ifosfamide Kandylis 1989,37 Tascilar 2007,38 Cancer Care Ontario39 >10 mg/m2 Uncommon

Capecitabine Sent€urk 200940 Conventional dose Cardiac ischemia Intermediate

Fluorouracil Sent€urk 2009,40 Schimmel 2004,41 Chanan-Khan 200442 Intermediate

Paclitaxel Perez 199833 Conventional dose Cardiac ischemia Uncommon

Docetaxel Kenmotsu & Tanigawara 201534 Intermediate

Trabectedin Lebedinsky 201143 Conventional dose Cardiac ischemia Intermediate

Arsenic trioxide Brana & Taberno 201044 Conventional dose QTc prolongation Common

Paclitaxel Perez 199833 Conventional dose QTc prolongation Uncommon

aCommon indicates that more than 5% reported incidence; intermediate, between 1% and 5% reported incidence; uncommon, less than 1% reported incidence.

Cardiotoxicity of Anticancer Treatments

312 CA: A Cancer Journal for Clinicians

Potenziale tossicità cardiaca
indotta dagli agenti

chemioterapici d’uso comune CA CANCER J CLIN 2016;66:309–325

Incidence 
•Common= > 5% 
•Intermediate= 1%-5% 
•Uncommon=<1% 



Ø Intercalazione nel DNA
Ø Inibizione topoisomerasi II
Ø Formazione ROS 

Ca mammario
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Ca gastrico

Linfomi
Mieloma multiplo
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Ipotesi di danno cardiaco da antracicline
Disfunzione contrattile del ventricolo sx (left ventricular
dysfunction)

Perdita della funzione contrattile dei cardiomiociti per
meccanismi di apoptosi (forse l’inibizione della topoisomerasi 2b
è causa di rotture nel doppio filamento di DNA il che determina
difetti nella genesi mitocondriale e aumento dei ROS con morte dei
cardiomiociti)

Formazione di complessi marziali e di ROS che risultano in
disfunzione mitocondriale

Alterazioni dell’omeostasi calcica

Effetto sui progenitori cardiaci?

DANNO TARDIVO/CRONICO (anche ad 1 anno o molto tardiva)
Rilevante, correlato alla dose cumulativa e sommantesi

all’aging, all’effetto della RT toracica, a preesistenti condizioni di 
rischio come l’ipertensione

without cancer. Several randomized trials have demon-
strated a significant thromboprophylactic effect of low-
molecular-weight heparins (LMWH) in ambulatory cancer
patients who are receiving chemotherapy.166,167 However,
routine thromboprophylaxis is currently not recommended
for ambulatory cancer patients by ASCO because of the
limited absolute risk reduction demonstrated with
LMWH and the concern with bleeding complications.

The prophylactic use of LMWH may be considered for
highly selected, high-risk patients only, according to the
risk-assessment model validated by Khorana et al167 (Table
7), ie, in patients with scores !3 and a low bleeding
risk.167,168 Data about the new oral anticoagulants (dabiga-
tran, apixaban, rivaroxaban) for either prophylaxis or treat-
ment of VTE in patients with cancer are still limited, and
their use is currently not recommended (ASCO).168

Conclusions
Modern cancer treatment strategies have led to a significant
improvement in the chances of surviving a diagnosis of can-
cer for many years. These gains in overall outcome may be
offset by the potential negative impact of cancer therapy on
CV health. Cancer therapies may have short-term and
long-term side effects involving the heart and circulation,
as well as exacerbating and/or unmasking existing heart dis-
ease. The development of CV disease during the course of
cancer treatment can adversely impact the management of
the underlying malignancy by interfering with the optimal
doses and timing of lifesaving cancer therapy. In addition,
the development of a potentially important cancer therapy

TABLE 7. Predictive Model for Chemotherapy-
Associated Venous Thromboembolism

VARIABLE
RISK

SCOREa

Site of cancer
Very high risk (stomach, pancreas) 2
High risk (lung, lymphoma, gynecologic, bladder, testicular) 1

Prechemotherapy platelet count !350 3 109/L 1
Hemoglobin level <10 g/dL or use of red cell growth factors 1
Prechemotherapy leukocyte count >11 3 109/L 1
Body mass index !35 kg/m2 1

aRisk categories included low risk (score 0), intermediate risk (score 1–2),
and high risk (score !3). Modified from Khorana AA, Kuderer NM, Culakova
E, Lyman GH, Francis CW. Development and validation of a predictive model
for chemotherapy-associated thrombosis. Blood. 2008;111:4902–4907.167

FIGURE 1. Cardiotoxicity Diagnosis and Management. AMPK, 50 adenosine monophosphate-activated protein kinase; CV, cardiovascular; BNP, B-type
natriuretic peptide; LV, left ventricle; LVD, left ventricular dysfunction; LVEF, left ventricular ejection fraction; MUGA, multiple-gated acquisition; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; ROS, reactive oxygen species.
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Giorgio Minotti et al. Pharmacol Rev 2004;56:185-229

Evento più frequente
disfunzione ventricolare sinistra moderata ed 

asintomatica

• possibile evoluzione a forme severe
• richiede un monitoraggio clinico-strumentale e
trattamenti farmacologici mirati
• costi psicologici e socio-sanitari



Il rischio di scompenso cardiaco indotto da
doxorubicina aumenta con la dose cumulativa:

• dal 3% al 5% con 400 mg/m2,
• dal 7% al 26% con 550 mg/m2, 
• dal 18% al 48% con 700 mg/m2

Von Hoff, Ann Intern Med 1979

Doxorubicina (o Adriblastina – Adriamicina)



Ø Analogo di seconda generazione
Ø Migliora l’indice terapeutico
Ø Non riduce il rischio di sviluppare cardiomiopatia

Epirubicina



Adapted from ESMO 2020 guidelines

Algoritmo per la gestione del danno cardiaco da antracicline
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Introduction
Life expectancy after the diagnosis and treatment of
cancer has increased significantly in the past two decades,
and therefore more patients survive either cancer-free
or with cancer as a chronic, manageable disease.1,2

Unfortunately, many anticancer drugs have been
associated with the development of cardiovascular
complications such as left ventricular dysfunction and
heart failure, myocardial, cerebral and peripheral ischae-
mia, pericarditis and myocarditis, hypertension, throm-
boembolism, QTc prolongation and arrhythmias.3,4 Each
of these is likely to have significant effects on patient
outcomes. Therefore, a new discipline, that is ‘cardio-
oncology’, was born in an effort to study, prevent,
recognize and treat the cardiovascular sequelae of anti-
tumour drugs.5 As anticancer drugs save lives, the logical
goal of cardio-oncology, besides preventing or mitigating
cardiotoxicity (CTX), is to promote an acceptable balance

between the potential cardiovascular side effects and
the vital benefit of anticancer treatment.6

This document has been prepared with the main
objective of promoting cooperation between the oncol-
ogist and the cardiologist and to support the growth of
cardio-oncology among cardiologists. It is specifically
addressed to the cardiologist who is asked to make
strategic decisions in the management of cancer patients,
but has not accumulated enough experience in the field
of cardio-oncology.

This opinion paper and the others in this issue do not
address the wide spectrum of cardiovascular compli-
cations of cancer therapy, but rather, they discuss left
ventricular dysfunction, focusing on possible strategies to
prevent or manage the CTX of the three major classes of
drugs: anthracyclines (ANTs), anti-Her-2 and tyrosine
kinase inhibitor. Not all treatments affect the heart the
same way. In fact, there are important differences
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Prevenzione - Cardioprotezione

Regimi terapeutici senza antracicline

Antracicline meno cardiotossiche

Farmaci cardioprotettivi

Antracicline liposomiali







Dexrazoxane

Ø Azione chelante sui complessi di Ferro ed 
effetto inibitorio sul legame Doxo-Topo IIB

ØDubbi sulla riduzione dell’efficacia delle 
antracicline

Ø Ipotizzato un effetto induttivo sullo sviluppo 
di seconde neoplasie

Ø Poco usato



Antracicline liposomiali (peghilate e non-peghilate)

2009

Preferite a quelle convenzionali nel ca mammario 
metastatico e rischio cardiaco





ACE inibitori – Angiotensin receptor blockers

Enalapril riduce il rilascio di Troponina I con conseguente: 

Cardinale, Circulation 2006



Cardio-prevenzione farmacologica





Antracicline e Radioterapia

La RT non dovrebbe essere somministrata simultaneamente a 
trattamenti antiblastici che contengano derivati antraciclinici e/o taxani, 
in considerazione dell’aumentato rischio di effetti collaterali sui tessuti 

molli e cutanei, con possibile peggioramento del risultato estetico. Deve 
essere altresì essere considerato il potenziale aumento del rischio di 

tossicità polmonare e cardiaca, qualora sia irradiata la regione 
mammaria sinistra

È consigliabile che il trattamento radiante venga avviato 
entro 4-6 settimane dal termine della chemioterapia, per non 

perdere l’efficacia dell’integrazione terapeutica

Si ritiene indicato posticipare la RT al 
termine del trattamento sistemico



Antracicline e Radioterapia

Radiation-Related Heart Disease (RRHD) 

Radiation-Induced Heart Disease (RIHD)



Radiation-Induced Heart Disease (RIHD)



Raccomandazioni:

• la dose media cardiaca al di sotto dei 5 Gy
• la V25Gy del cuore inferiore al 5% 
• la dose alla LAD al di sotto di 20 Gy

Radiation-Induced Heart Disease (RIHD)
Coronary Artery Disease – CAD

Frazionamento convenzionale

• non vi sono dati dosimetrici definitivi che 
possano essere utilizzati come riferimenti certi

• dosi soglia biologicamente equivalenti 

Ipofrazionamento moderato correlazione tra la dose media al cuore ed 
il rischio di eventi coronarici maggiori 

+7.4% per ogni incremento di 1 Gy di MHD 



Antracicline e Radioterapia



Strategie di prevenzione 
IMRT-VMAT

DIBH



Intensità modulata
I dati dosimetrici mostrano un miglioramento 

significativo nella riduzione delle alte dosi al 
cuore, rispetto alla 3D-CRT

La IMRT non può essere sempre raccomandata 
per ridurre gli effetti collaterali 

(basse dosi agli organi sani circostanti, possibile 
aumento delle sequele cardiopolmonari e di 

tumori secondari)



Deep Inspiration Breath-Hold (DIBH)

Riduzione della MHD fino a 3,4 Gy

Riduzione del rischio di malattie cardiache del 
13,6% e degli eventi coronarici maggiori del 25,2%



Protonterapia

Eccellente potenziale di 
minimizzare il rischio di 

eventi cardiaci, mantenendo 
la MHD ⩽ 1 Gy



• copertura dosimetrica del volume target 
(PTV) significativamente migliore con il 
posizionamento supino rispetto a quello 
prono

• netta riduzione della dose al polmone in 
posizione prona 

• dati non conclusivi relativamente alla dose 
alle cavità cardiache e alla LAD 
(dislocazione anteriore)

• riproducibilità inferiore rispetto a quelle in 
posizione supina, ad oggi maggiormente 
consolidate

Posizione Prona in Radioterapia mammaria



Strategie di prevenzione 



Antracicline e Radioterapia:  tossicità cutanea

Dermatite da radiazioni
• determinata dal danno radioindotto a livello del tessuto dermo-epidermico
• può comparire entro 1-4 settimane dall’inizio del trattamento o manifestarsi più tardivamente 

generalmente entro 90 giorni dopo la fine dello stesso
• Il quadro si risolve generalmente entro 1 mese dal termine della radioterapia
• Gli effetti tardivi possono comparire ad almeno 3 mesi dal termine del trattamento e sono generalmente 

caratterizzati da fibrosi cutanea ed eventuale comparsa di teleangectasie
• Riduzione del risultato cosmetico e detrimento della qualità di vita dei pazienti

Fattori di rischi di tossicità cutanea
• la precedente terapia con antracicline e taxani risulta associata con lo sviluppo di tossicità acuta e 

tardiva e pertanto ne è sconsigliata la somministrazione concomitante con il trattamento radiante
• indicato intervallo di 4-6 settimane fra uso di antracicline e Radioterapia 



Tossicità cutanea



Tossicità cutanea  - Sarcomi dei tessuti molli
• La radioterapia preoperatoria che postoperatoria possono essere 

eseguite in modo concomitante o embricato con la chemioterapia. 

• Non esiste uno standard di cura

• La scelta dei farmaci chemioterapici e la concomitanza con la radioterapia 
deve essere oggetto delle scelte multidisciplinari del centro di riferimento.

• Qualora venga adottato il trattamento sequenziale, lo schema più 
comunemente utilizzato prevede: tre cicli di chemioterapia di induzione 
(rappresentata da una combinazione di un’Antraciclina ed Ifosfamide) seguita 
da trattamento radiante con dose convenzionale di 50 Gy in frazioni 
giornaliere da 2 Gy, seguita eventualmente dalla chirurgia. Qualora si opti per 
il trattamento concomitante il regime più comunemente utilizzato nel periodo 
preoperatorio prevede l’uso della la radioterapia a partire dal primo o secondo 
ciclo chemioterapico, a dosi comprese tra 44 e 50 Gy in 25 frazioni giornaliere 
di 2 Gy.



Tossicità cutanea  - Sarcomi dei tessuti molli

These complications occurred in 26 patients (17.1%) 
when preoperative RT was added to chemotherapy.

We observed that patients treated with preoperative 
concurrent chemotherapy-RT had only limited 
worsening of toxicities compared with patients 

receiving preoperative chemotherapy alone



Radiation recall dermatitis
• Uncommon and unpredictable phenomenon

• Acute inflammatory reaction confined to previously 
irradiated areas that is triggered by the administration of 
precipitating systemic agents after radiation treatment

• It can occur months or even many years after irradiation

• The development of radiation recall is drug-specific for 
any individual patient, and it is not possible to predict 
which patients will react to which drugs

• The drugs for which radiation recall reactions have been 
most commonly reported include the anthracycline
doxorubicin, the taxanes and the antimetabolites 




