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Left ventricular dysfunction from anticancer drugs has emerged as a relevant problem in the clinical and scientific communities. Anthracycline
toxicity has always been the most relevant, but with the increasing use of biological targeted therapies in treatment protocols, with an in-
creasing number of cancer survivors, new toxicities have been increasing in more recent years. Cardiomyopathy after ErbB2 inhibitors has
been intensively studied. Another important class of biological anticancer drugs are vascular endothelial growth factor (VEGF) inhibitors.
VEGF signalling is crucial for vascular growth, but it also has a major impact on myocardial function. Also, it is important to note that
such angiogenesis inhibitors are multitargeted in most cases, and can produce a broad spectrum of cardiovascular side effects. Here we
review the mechanisms and pathophysiology of the most significant cardiotoxic effects of antiangiogenic drugs, and particular attention is
drawn to LV dysfunction, discussing the assessment and management on the basis of the most recent cardio-oncological findings and
heart failure guidelines.
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Introduction
While survival after cancer has improved, cardiotoxicity due to
antineoplastic treatments has emerged as a relevant issue.1 Poten-
tial cardiovascular toxicities linked to anticancer agents include QT
prolongation and arrhythmias, myocardial ischaemia and infarction,
hypertension and/or thrombo-embolism, LV dysfunction, and heart
failure (HF). The latter is variable in severity, may be reversible or
irreversible, and can occur soon after or as a delayed consequence
of anticancer treatments.2

The induction of late-onset HF after anthracyclines3 has histor-
ically been the most relevant problem. However, also biological
drugs, ‘targeted’ to affect specific growth signalling pathways, do
not act exclusively on cancer cells. This is particularly true for
the heart, especially during stress conditions, for instance when
in the presence of hypertension, hypertrophy, previous anthracy-
cline exposure, and in general any factor which can be deleterious
per se to the myocardium and might exacerbate the cardiotoxicity
of such drugs. With regard to cardiotoxic biological anticancer

drugs that induce HF, the best known are ErbB2 blockers, i.e. tras-
tuzumab.4 In addition, biological therapies which interfere with the
vascular endothelial growth factor (VEGF) signalling pathway are
effectively and widely used in cancer treatment. So far, at least
five VEGF targeting agents have been approved by the US Food
and Drug Administration (FDA): bevacizumab, sunitinib, sorafenib,
pazopanib, and vandetanib.5 By inhibiting VEGF signalling, these
compounds inhibit tumour angiogenesis;6 but since VEGF is also
a fundamental player in the maintenance of cardiovascular homeo-
stasis, not surprisingly, antiangiogenic drugs have been found to be
associated with LV systolic dysfunction and HF.

Effects of anticancer drugs with
antiangiogenic properties on the
cardiovascular system
Antiangiogenic drugs used in anticancer therapies include the
following.
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(i) Bevacizumab is a humanized monoclonal antibody directed
against VEGF-A that activates signalling in endothelial cells,
and is currently approved for the treatment of advanced carcin-
oma of the lung, breast, and colon–rectum.7,8 Results from ran-
domized trials suggest that bevacizumab increases the incidence
of HF, especially after prior chemotherapy (3%; 1% with bevaci-
zumab alone).9 In another study concerning metastatic breast
cancer, the concomitant use of bevacizumab and paclitaxel
(which binds to tubulin and inhibits the disassembly of microtu-
bules, thus inhibiting cell division), did not significantly change
the incidence of LV dysfunction compared with paclitaxel
alone (0.8% vs. 0.3%).10 A recent meta-analysis11 showed that
bevacizumab in metastatic breast cancer increases the risk of
grade 3 or 4 HF by five-fold, with an overall incidence of 1.6%.

Other FDA-approved agents are small multitargeted kinase
inhibitors.

(ii) Sunitinib malate is a multitargeted6 tyrosine kinase inhibitor
(TKI) with strong antiangiogenic activity, widely used in meta-
static renal cancer and in imatinib-resistant gastrointestinal
stromal tumour (GIST).1,12 Its targets include many receptors:
the VEGF receptors (VEGFR1, -2, and -3), c-Kit, platelet-
derived growth factor receptor (PDGFR) a and b, rearranged
during transfection (RET), FMS-related tyrosine kinase 3
(FLT3), and colony-stimulating factor 1 receptor (CSF1R). In
retrospective series and clinical trials, sunitinib has been asso-
ciated with a decrease in EF in up to 28% of treated patients,
and with clinically overt HF in 3–15% of patients.13– 16

(iii) The multitargeted TKI sorafenib inhibits VEGFR, PDGFR,
c-Kit, and the RAF-1 protein. It induces both tumour apop-
tosis and disruption of the tumour vasculature.17 Sorafenib
is approved for treatment of patients suffering from renal
cancer, as second-line treatment after failure of sunitinib,
and for hepatocarcinoma.18,19 In a pivotal trial, in advanced
hepatocellular carcinoma, the incidence of cardiac events
was similar between the sorafenib group and the placebo
group,19 but in another observational, single-centred study,
14 out of 25 sorafenib-treated patients had a cardiac event
(abnormal cardiac enzymes, symptomatic arrhythmias requir-
ing treatment, new LV systolic dysfunction, acute coronary
syndrome). Such cardiac events were associated with
increased creatine kinase- MB and cardiac troponin T; 3 of
the 14 patients showed abnormal EF at the moment of the
event.20

(iv) Pazopanib is currently used for treatment of advanced renal
cancer; cardiac dysfunction was observed in 4 out of 586
patients.21

(v) Vandetanib is used for medullary thyroid cancer: there are
known HF events in patients on this drug.5

In summary, among the five VEGF targeting agents approved by the
US FDA, bevacizumab, a monoclonal antibody directed against
VEGF-A, has been reported to induce HF. In contrast to bevacizu-
mab, the other four drugs are TKIs: among them, sunitinib and sor-
afenib are the best known. They are multitargeted, since they
inhibit both tumour angiogenesis (via VEGFR and PDGFR inhib-
ition), and cancer progression, which is mediated by other
kinases that also play important roles in other organs, including

the cardiovascular system. Inhibition of all these targets produces
cardiotoxic effects.6

Cardiovascular pathophysiology
induced by antiangiogenic
anticancer drugs
Angiogenesis plays a fundamental role in tumour progression.22 In
mammals, the VEGF family comprises VEGF-A (commonly re-
ferred to as VEGF), VEGF-B, -C, -D, and placental growth factor
(PlGF), along with their receptors VEGFR-1, -2, and -3.23

VEGF-C and -D have lymphangiogenic and angiogenic activities.
They are able to activate primarily VEGFR-3 on endothelial cells in
lymphatic vessels and VEGFR-2 on blood vessels.24

VEGF-A, secreted by up to 60% of human cancers,6,25 induces
microvascular permeability, formation of new blood vessels, vaso-
dilation, and hypotension when infused intravenously.23 It binds to
VEGFR-1 and -2, activating their kinase function and subsequent
downstream signalling cascades that lead to increased capillary per-
meability, production of nitric oxide (NO), endothelial cell prolif-
eration, and resistance to stresses, facilitating endothelial cell
migration and sprout formation, which results in tumour expansion
and metastasis.6

Along with its role in cancer growth and metastasis, the VEGF
pathway is also essential for maintenance of cardiovascular homeo-
stasis. Inactivation of endogenous VEGF with an adenoviral vector
encoding a decoy VEGFR led to a net reduction in capillary density,
impaired cardiac hypertrophy, and loss of contractile function after
pressure overload in mice subjected to transverse aortic constric-
tion (TAC).26 Microvascular plasticity allows adaptation of the vas-
cular network, and thus oxygen supply to enhanced metabolic
demand due to pressure overload. Inhibiting the VEGF pathway
blocks such plasticity, contributing to maladaptive hypertrophy of
cardiomyocytes (Figure 1).27 In line with this work, Zentilin and

Figure 1 Vascular endothelial growth factor (VEGF) signalling
as a link among myocardial demand, microvascular coronary
network, and cardiac hypertrophy or failure during myocardial
stress. Modified from Lévy.27
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colleagues28 showed that expression of VEGF after myocardial in-
farction (MI) improves contractility, prevents pathological remod-
elling, and preserves viable cardiac tissue.

Interestingly, Chiusa and colleagues29 suggested that cancer
therapy with anthracyclines modulates VEGF release and its cellu-
lar receptors in cardiac microvascular endothelial cells and adult
rat ventricular myocytes, therefore altering paracrine signalling in
the myocardium.

Placental growth factor binds to VEGFR-1 and its co-receptors
Neuropilin-1 and -2, stimulating endothelial growth, migration,
and survival, chemoattracts proangiogenic macrophages, and
determines the pre-metastatic niche, inducing tumour and
stromal cell proliferation and migration.23 Interestingly, VEGF-B
also binds to VEGFR-1 and Neuropilin-1, but, unlike PlGF, its
angiogenic activity seems restricted to the ischaemic heart.23,30

Additionally, PlGF and VEGF-B could provide novel angiogenic
therapeutic opportunities, since revascularization of ischaemic
tissues with local delivery of VEGF has been successfully achieved
in animal models, but several issues (insufficient efficiency of deliv-
ery, risk of adverse effects, and prolonged invasive procedures
feasible in animals but not acceptable in patients) have limited its
benefits in clinical trials.23

Interestingly, PlGF has also been identified as a key player in
tumour resistance to anti-VEGF therapies. This led to the develop-
ment of a monoclonal antibody against PlGF, which has been
tested in mouse models.31

Tumour angiogenesis is also regulated by PDGFR, another re-
ceptor tyrosine kinase (RTK).32 As for VEGF, PDGF signalling
also plays a crucial role in the heart: a very elegant and comprehen-
sive study12 shows how knock-out of PDGFR-b in cardiomyocytes
leads to cardiac dysfunction, HF, and a defect in stress-induced
cardiac angiogenesis. Indeed, sunitinib is the most potent concomi-
tant inhibitor of the PDGF pathway, and it has the highest inci-
dence of LV dysfunction and HF. Such a high incidence may also
be explained by inhibition of off-target kinases. One of these
kinases is the ribosomal S6 kinase (RSK) family: its inhibition
would suppress RSK inhibitory phosphorylation of the proapopto-
tic factor BAD, leading to activation of the intrinsic apoptotic
pathway and possibly to ATP depletion. Another off-target
kinase inhibited by sunitinib is 5’ AMP-activated protein kinase
(AMPK; a kinase that responds to energy stress). The myocardium
is very metabolically active, and AMPK inhibition would worsen
ATP depletion. These effects result in energy compromise and car-
diomyocyte dysfunction.32 In agreement with this, a very recent
paper33 shows direct contractile effects of sunitinib on different ex-
perimental myocardial preparations. Sunitinib elicited a dose-
dependent negative inotropic effect in myocardium, accompanied
by a decline in intracellular Ca2+. Myofilament Ca2+ sensitivity
was not altered, and there was increased reactive oxygen species
(ROS) generation.

The VEGF and PDGF pathways are inhibited not only by suniti-
nib, but also by sorafenib. This multitargeted kinase inhibitor also
blocks RAF-1 and BRAF kinase activity, disrupting ERK signalling,
important for myocyte survival during stress conditions.32

Indeed, in a mouse model, cardiac deletion of RAF-1 brought
about dilation and reduced contractility, with increased myocyte
apoptosis and fibrosis.34

Potential mechanisms for cardiovascular toxicities of the three
best known antiangiogenic drugs are summarized in Table 1.6,35

Importance of cardiovascular risk
factors in cancer patients requiring
treatment with vascular
endothelial growth factor
inhibitors
Cancer patients with cardiovascular side effects due to anticancer
drugs should be treated jointly by Cardiologists and Oncologists. In
patients with an indication for antiangiogenic therapy, a first step
would be to assess the cardiovascular risk. This should be done
on the basis of the identification of concomitant cardiovascular dis-
eases and potential cardiovascular complications before such ther-
apies are started, considering that pre-existing hypertension and
heart diseases are common in cancer patients.

Indeed, in 75 patients with imatinib-resistant metastatic stromal
tumours Chu and colleagues13 reported an 11% incidence of car-
diovascular events, including two cases of MI and six of symptom-
atic HF, with a 28% incidence of asymptomatic LV dysfunction
(absolute reduction in EF .10%). In this study, 75% of patients
with a history of CAD had a sunitinib-induced cardiovascular
event vs. 7% of patients without prior coronary events. Endomyo-
cardial biopsies showed swollen mitochondria and cardiomyocyte
hypertrophy, cytochrome c was released into the cytosol, and ac-
tivation of caspase-9 led to cell death. Troponin I was moderately
increased in 18% of patients.

Interestingly, the only significant univariate associations for the
composite cardiovascular endpoint of cardiovascular death, MI,
and HF were history of hypertension and history of CAD. Multi-
variable logistic regression analysis suggested that history of CAD
was the only significant independent predictor of a cardiovascular
event. The only significant univariate association for predictors of
HF was history of CAD. In the same paper, cardiomyocyte apop-
tosis was increased only in mice treated with sunitinib and phenyl-
ephrine (to induce hypertension), and not in animals treated with
sunitinib alone.

These data confirm that pre-existing cardiovascular conditions
are risk factors for sunitinib-induced LV dysfunction. In particular,
angiogenetic effects of anticancer drugs would appear extremely
relevant in the setting of pre-existing LV dysfunction/HF, given
the fact that (subendocardial) ischaemia and microvascular dys-
function are often present and play a big role in this setting even
in the absence of coronary disease.36,37 In conclusion, effective
co-treatment for cardiovascular diseases is warranted in cancer
patients with cardiovascular risk factors requiring antiangiogenic
drugs.

In recent years, the connection between renal disease and HF
has been brought more and more into focus. VEGF is expressed
in the kidney by glomerular podocytes, and glomerular endothelial
cells express VEGFRs. Podocyte-specific heterozygosity for
VEGF-A causes proteinuria and capillary endotheliosis in
rodents,38 and disrupted glomerular VEGF signalling is strongly
implicated in the pathogenesis of human pre-eclampsia.39

Cardiac dysfunction induced by antineoplastic angiogenesis inhibitors Page 3 of 8
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PDGF-b may also play a role in restructuring the foetoplacental
vasculature.40 Also, it has to be considered that in late gestation
the placenta itself secretes VEGF inhibitors such as soluble FLT1
(sFLT1). Thus, multiple gestations and pre-eclampsia may potenti-
ate this phenomenon. Patten and colleagues41 recently showed
that in women with pre-eclampsia, subclinical cardiac dysfunction
correlates with circulating levels of sFLT1. Interestingly, sFLT1
administered to wild-type mice produced diastolic dysfunction,
while it caused a more profound systolic dysfunction in mice
lacking cardiac PGC-1a (a regulator of VEGF expression in skeletal
muscle42,43). These data further support the hypothesis that inter-
play between pre-eclampsia pathogenic factors and loss of com-
pensatory factors in a stressed ventricle, through PDGFR and
VEGFR inhibition with sunitinib, might induce cardiac dysfunction.

All in all, clinicians need to recognize and treat cardiovascular
risk factors (hypertension, diabetes, current and previous cardio-
vascular disease, subclinical organ damage previously documented
by ECG, echocardiography, or carotid ultrasound study, estab-
lished or subclinical renal disease, age, smoking, dyslipidaemia,
family history of premature cardiovascular disease, and abdominal
obesity) in order to allow long-term continuous therapy with anti-
angiogenic drugs.5 In these patients, a thorough history and exam-
ination, with ECG and blood pressure measurement, are absolutely
indicated. The Cardiovascular Toxicities Panel of the National
Cancer Institute (NCI) recommends avoiding administration of
antiangiogenic drugs in patients with unstable myocardial ischaemia
or recent infarction or thrombotic event, uncontrolled HF,
arrhythmias or hypertension, or significant QT prolongation.5

Assessment and diagnosis of
cardiovascular side effects induced
by cardiotoxic antiangiogenic
drugs
Sunitinib, pazopanib, and especially vandetanib may increase the
risk of QT prolongation and Torsades de pointes.5 Sunitinib and
pazopanib should be used with caution in the presence of a
history of QT prolongation or concomitant antiarrhythmic treat-
ments, bradycardia, or electrolyte unbalances, while in such condi-
tions vandetanib should be completely avoided. When vandetanib
is used, an ECG should be performed at baseline, at 2–4 weeks,
and at 8–12 weeks after the beginning of treatment, and every
3 months thereafter.5

In the presence of asymptomatic ECG ischaemic ST- and T-wave
changes, the Cardiovascular Toxicities Panel of the NCI recom-
mends suspension of antiangiogenic treatment. After advanced
cardiac testing, the decision to resume oncological therapies with
aggressive supporting care is subordinated to the fact that benefits
should outweigh risks: this decision should be taken after a consult-
ation between Cardiologists and Oncologists. The presence of
angina or MI is per se a strong indication for discontinuation of anti-
angiogenic therapies.5

Hypertension is the most common side effect observed in
patients on VEGF inhibitors. This is a class effect of such drugs,
reported in every trial involving these inhibitors.44 The incidence
of hypertension varies according to the use of different inhibitors

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Summary of the characteristics and cardiovascular side effects of the main antiangiogenic drugs

Drug Area of application Targets Adverse effects Frequency Mechanism Reversibility

Bevacizumab Advanced lung, breast,
colon–rectum
carcinoma

Circulating VEGF Contractile
dysfunction/HF

Low Hypertension Reported

Hypertension Moderate, dose
dependent

Endothelial
dysfunction

Unknown

Thrombo-embolism Moderate Endothelial
dysfunction

Variable

Sunitinib Renal cell cancer, GIST VEGFR, PDGFR, c-Kit,
CSF-1R, FLT3, RET,
and .50 others

Contractile
dysfunction/HF

Low Mitochondrial
dysfunction

Partial

Hypertension Moderate, dose
dependent

Endothelial
dysfunction

Unknown

Thrombo-embolism Moderate Endothelial
dysfunction

Variable

Arrhythmia/QT
prolongation

Rare HERG K+
blockade

Unknown

Sorafenib Renal cell cancer,
hepatocarcinoma

VEGFR, PDGFR, c-Kit,
FLT3, Raf-1/B-Raf and
.15 others

Contractile
dysfunction/HF

Rare Cell signalling,
survival block

Unknown

Hypertension Moderate, dose
dependent

Endothelial
dysfunction

Unknown

Thrombo-embolism Moderate Endothelial
dysfunction

Variable

Modified from Cheng and Force6 and Suter and Ewer.35
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(Supplementary material, Table S1). The Cardiovascular Toxicities
Panel of the NCI recommends weekly blood pressure monitoring
during the first cycle of anti-VEGF drugs (indeed, drug-related
increases in blood pressure are more common early in treatment),
and then at least every 2–3 weeks for the duration of the entire
treatment.44 Interestingly, the occurrence of hypertension can be
considered a sort of pharmacodynamic marker of antitumour re-
sponse during anti-VEGF therapy. In the work of Scartozzi and col-
leagues45 on metastatic colorectal cancer patients, 20% of patients
developed grade 2–3 hypertension. A partial remission was
observed in 75% of patients with bevacizumab-related hyperten-
sion and in only 32% of those without hypertension. Furthermore,
patients who developed grade 2–3 hypertension had a significantly
longer progression-free survival than non-hypertensive patients.45

An interesting study46 evaluated the association of VEGF geno-
type with efficacy and toxicity in the E2100 phase III study (pacli-
taxel vs. paclitaxel plus bevacizumab in metastatic breast cancer).
An association between specific VEGF genotypes and median
overall survival as well as grade 3–4 hypertension was observed
with bevacizumab. Patients with such VEGF genotypes were
expected to have a better antitumour response, but also an in-
crease in blood pressure and possibly a decrease in EF.46

The rate and reversibility of cardiotoxicity induced by sunitinib
and sorafenib were not specifically pursued in phase III trials.
Most of the data concerning identification of cardiac side effects
derive from retrospective analyses.35 Only in the study of Schmi-
dinger and co-workers20 was cardiotoxicity assessed prospectively,
after elevated cardiac enzymes and ECG abnormalities were
observed in the first 10 patients. Other studies are needed to in-
vestigate cardiotoxicity in detail. In contrast to the many studies
published on trastuzumab,47 no specific publication on the poten-
tial adverse effects of antiangiogenic drugs on LV function has been
published to date. On these grounds, we believe that serial EF
monitoring should be performed at least in patients at risk of
developing cardiotoxic effects. Echocardiography should be the
strategy of choice, for its easy and relative inexpensive feasibility.
Nevertheless, traditional echocardiographic indexes of cardiac
function, namely fractional shortening and EF, may underestimate
subtle alterations in heart function. Indeed, the heart has a tremen-
dous recruitable contractile capacity; therefore, in order for
depressed EF to be manifested, the loss of large portions of
viable myocardium is needed.48 As with investigations involving
trastuzumab,4,49,50 more clinical and experimental studies are
also necessary in the case of antiangiogenic drugs, in order to
compare traditional echocardiography with tissue velocity
indexes and speckle tracking, real-time 3D echocardiography and
multiple gated acquisition (MUGA) scanning, and magnetic reson-
ance. The use of biomarkers (troponins and natriuretic pep-
tides)51,52 should be further investigated in this setting, too.

Management
The Cardiovascular Toxicities panel of the NCI recommends that
patients who develop stage I hypertension (≥140/90 mmHg or
increases in diastolic blood pressure of ≥20 mmHg from baseline)
should start antihypertensive treatment, or have their current
therapy titrated to better control, or have another agent

added.44 ACE inhibitors can lower blood pressure relatively
rapidly, while some dihydropiridine Ca2+ channel blockers can
take 3–5 days to achieve their effect. Therefore, ACE inhibitors
and ARBs are to be preferred, especially in view of the fact that
they are effective in preventing HF. For this same reason, the use
of beta-blockers is encouraged. In particular, carvedilol also
shows antioxidant properties, with a positive impact on cardiac
mitochondria, protecting myocytes against mitochondrial cardio-
myopathy.53 Indeed, carvedilol was the beta-blocker of choice in
the Cochrane database54 with anthracyclines, and was also used
with trastuzumab.51 However, other beta-blockers need to be
tested, and might be found to be more effective.

According to the 2009 Focused Update of the American Heart
Association (AHA) HF guidelines, in order to prevent the onset of
HF, patients on antiangiogenic drugs should be considered as stage
A HF patients.55 This stage identifies patients at high risk of devel-
oping HF, but without structural heart disease or symptoms of HF
as yet. On such a basis, patients on cardiotoxic agents (i.e. antian-
giogenic drugs) should undergo non-invasive evaluation of LV func-
tion with imaging tests and biomarkers. HF symptoms and signs
should be monitored and cardiovascular risk factors should be
addressed. In a recent study, the authors tried to develop a
common algorithm for management of all biological anticancer
drugs.56 The group of Professor van Veldhuisen showed reduced
myocardial blood flow in patients with asymptomatic LV dysfunc-
tion;57 hence such patients have to be considered with particular
attention. In the case of asymptomatic LV dysfunction, a very
recent paper by Suter and Ewer35 suggests continuing angiogenesis
inhibitors with mild (EF decrease .15%, with EF .50%) or mod-
erate (EF 50–40%) dysfunction, checking always for hypertension.
Only in severe (EF ,40%) LV dysfunction is it recommended to
stop cancer therapy, discuss alternative drugs, and treat LV dys-
function (Figure 2).

Symptomatic patients should be treated with ACE inhibitors;
diuretics and nitrates should be used with fluid retention. Beta-
blockers should be started 3–4 weeks after symptoms, once the
patient is stable, with titration of ACE inhibitors and beta-blockers
to the highest tolerated dose. After the EMPHASIS-HF trial,58 the
recent 2012 Heart Failure Association (HFA) of the European
Society of Cardiology (ESC) guidelines59 have extended the indica-
tion for aldosterone receptor antagonists also to NYHA II patients
with EF ,35%. Also, CRT can be beneficial already in NYHA II
patients with a life expectancy .1 year in good functional status
and sinus rhythm, and with EF ≤ 30%.

Antiangiogenic drugs should then be resumed upon EF improve-
ment and normalization, but the issue of reversibility of LV dysfunc-
tion, and the opportunity for re-administration of VEGF inhibitors
after improvement from NYHA III– IV is still unclear. In the work of
Schmidinger and colleagues,20 all symptomatic patients discontin-
ued the inhibitors, and started medical cardiac treatment. They
all recovered, but three patients showed abnormal cardiac
enzymes throughout the whole TKI treatment. All 11 patients on
sunitinib, and 11 out of 14 patients on sorafenib could resume
therapy. Patients who resumed TKIs in combination with cardio-
vascular drugs did not show more relevant cardiac events.
However, it remained unclear whether recovery had been
obtained because of interruption of anticancer treatment or
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thanks to cardiovascular therapies. In contrast to the very high rate
of recovery observed in this study, in another work16 seven
patients (15%) experienced symptomatic grade 3/4 LV dysfunction
with sunitinib; in spite of discontinuation of sunitinib and initiation
of HF therapy, three patients had persistent cardiac dysfunction.

Concluding remarks
Patients with cardiotoxicity from oncological treatments should be
monitored closely by both Cardiologists and Oncologists.4,35,56

The 2012 HFA ESC guidelines do not specifically mention antian-
giogenic drugs. However, they recommend pre- and post-
evaluation of EF in patients on anticancer cardiotoxic drugs, and
discontinuation of such treatments upon development of LV dys-
function, with initiation of HF therapies.59 Therefore, cancer
patients should be treated according to the standard guidelines.
As we previously discussed for trastuzumab, new strategies for
early detection4 and for prevention of cardiotoxicity from antineo-
plastic drugs are needed. This is an area of active research.60 Cor-
rection of cardiovascular risks factors is mandatory, and as trials on
antiangiogenic drugs with cardiotoxic effects are being performed
(NCT01370109, NCT00532064, and NCT01246778, clinicaltrials.-
gov), we agree with Schmidinger and colleagues20 that an ‘a priori’
cardiac protection with ACE inhibitors could be started together
with angiogenesis inhibitors. Protecting the heart from cardiotoxic
effects of antiangiogenic drugs will favour the administration of
these highly beneficial therapeutics.

Supplementary material
Supplementary material is available at European Journal of Heart
Failure online.

Acknowledgements
We are grateful to Nazareno Paolocci, MD, PhD, Assistant Profes-
sor of Medicine, Division of Cardiology, Johns Hopkins Medical
Institutions, Baltimore, MD, USA, for critically revising the manu-
script, and to Alessandra Trocino, Librarian, National Cancer Insti-
tute Pascale, Naples, Italy, for bibliographic assistance.

Conflict of interest: none declared.

References
1. Eschenhagen T, Force T, Ewer MS, de Keulenaer GW, Suter TM, Anker SD,

Avkiran M, de Azambuja E, Balligand JL, Brutsaert DL, Condorelli G, Hansen A,
Heymans S, Hill JA, Hirsch E, Hilfiker-Kleiner D, Janssens S, de Jong S,
Neubauer G, Pieske B, Ponikowski P, Pirmohamed M, Rauchhaus M, Sawyer D,
Sugden PH, Wojta J, Zannad F, Shah AM. Cardiovascular side effects of cancer
therapies: a position statement from the Heart Failure Association of the Euro-
pean Society of Cardiology. Eur J Heart Fail 2011;13:1–10.

2. Yeh ET, Bickford CL. Cardiovascular complications of cancer therapy: incidence,
pathogenesis, diagnosis, and management. J Am Coll Cardiol 2009;53:2231–2247.

3. Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ, Moens AL.
Doxorubicin-induced cardiomyopathy: from molecular mechanisms to therapeut-
ic strategies. J Mol Cell Cardiol 2012;52:1213–1225.

4. Tocchetti CG, Ragone G, Coppola C, Rea D, Piscopo G, Scala S, De Lorenzo C,
Iaffaioli RV, Arra C, Maurea N. Detection, monitoring and management of
trastuzumab-induced left ventricular dysfunction: an actual challenge. Eur J
Heart Fail 2012;14:130–137.

Figure 2 Considerations for management of LV dysfunction and heart failure induced by antiangiogenic therapies. Modified from Suter and
Ewer35 and Ederhy et al.56

C.G. Tocchetti et al.Page 6 of 8

 by guest on January 18, 2013
http://eurjhf.oxfordjournals.org/

D
ow

nloaded from
 

http://eurjhf.oxfordjournals.org/lookup/suppl/doi:10.1093/eurjhf/hft008/-/DC1
http://eurjhf.oxfordjournals.org/lookup/suppl/doi:10.1093/eurjhf/hft008/-/DC1
http://eurjhf.oxfordjournals.org/


5. Steingart RM, Bakris GL, Chen HX, Chen MH, Force T, Ivy SP, Leier CV, Liu G,
Lenihan D, Lindenfeld J, Maitland ML, Remick SC, Tang WH. Management of
cardiac toxicity in patients receiving vascular endothelial growth factor signaling
pathway inhibitors. Am Heart J 2012;163:156–163.

6. Cheng H, Force T. Molecular mechanisms of cardiovascular toxicity of targeted
cancer therapeutics. Circ Res 2010;106:21–34.

7. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, Lilenbaum R,
Johnson DH. Paclitaxel–carboplatin alone or with bevacizumab for nonsmall-cell
lung cancer. N Engl J Med 2006;355:2542–2550.

8. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W,
Berlin J, Baron A, Griffing S, Holmgren E, Ferrara N, Fyfe G, Rogers B, Ross R,
Kabbinavar F. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for meta-
static colorectal cancer. N Engl J Med 2004;350:2335–2342.

9. Miller KD, Chap LI, Holmes FA, Cobleigh MA, Marcom PK, Fehrenbacher L,
Dickler M, Overmoyer BA, Reimann JD, Sing AP, Langmuir V, Rugo HS. Rando-
mized phase III trial of capecitabine compared with bevacizumab plus capecitabine
in patients with previously treated metastatic breast cancer. J Clin Oncol 2005;23:
792–799.

10. Miller K, Wang M, Gralow J, Dickler M, Cobleigh M, Perez EA, Shenkier T,
Cella D, Davidson NE. Paclitaxel plus bevacizumab versus paclitaxel alone for
metastatic breast cancer. N Engl J Med 2007; 357:2666–2676.

11. Choueiri TK, Mayer EL, Je Y, Rosenberg JE, Nguyen PL, Azzi GR, Bellmunt J,
Burstein HJ, Schutz FA. Congestive heart failure risk in patients with breast
cancer treated with bevacizumab. J Clin Oncol 2011;29:632–638.

12. Chintalgattu V, Ai D, Langley RR, Zhang J, Bankson JA, Shih TL, Reddy AK,
Coombes KR, Daher IN, Pati S, Patel SS, Pocius JS, Taffet GE, Buja LM,
Entman ML, Khakoo AY. Cardiomyocyte PDGFR-beta signaling is an essential
component of the mouse cardiac response to load-induced stress. J Clin Invest
2010;120:472–484.

13. Chu TF, Rupnick MA, Kerkela R, Dallabrida SM, Zurakowski D, Nguyen L,
Woulfe K, Pravda E, Cassiola F, Desai J, George S, Morgan JA, Harris DM,
Ismail NS, Chen JH, Schoen FJ, Van den Abbeele AD, Demetri GD, Force T,
Chen MH. Cardiotoxicity associated with the tyrosine kinase inhibitor sunitinib.
Lancet 2007;370:2011–2019.

14. Khakoo AY, Kassiotis CM, Tannir N, Plana JC, Halushka M, Bickford C, Trent J
2nd, Champion JC, Durand JB, Lenihan DJ. Heart failure associated with sunitinib
malate: a multitargeted receptor tyrosine kinase inhibitor. Cancer 2008;112:
2500–2508.

15. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O,
Oudard S, Negrier S, Szczylik C, Kim ST, Chen I, Bycott PW, Baum CM,
Figlin RA. Sunitinib versus interferon alfa in metastatic renal-cell carcinoma.
N Engl J Med 2007;356:115–124.

16. Telli ML, Witteles RM, Fisher GA, Srinivas S. Cardiotoxicity associated with the
cancer therapeutic agent sunitinib malate. Ann Oncol 2008;19:1613–1618.

17. Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A, Rong H, Chen C,
Zhang X, Vincent P, McHugh M, Cao Y, Shujath J, Gawlak S, Eveleigh D,
Rowley B, Liu L, Adnane L, Lynch M, Auclair D, Taylor I, Gedrich R,
Voznesensky A, Riedl B, Post LE, Bollag G, Trail PA. BAY 43–9006 exhibits
broad spectrum oral antitumor activity and targets the RAF/MEK/ERK pathway
and receptor tyrosine kinases involved in tumor progression and angiogenesis.
Cancer Res 2004;64:7099–7109.

18. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, Negrier S,
Chevreau C, Solska E, Desai AA, Rolland F, Demkow T, Hutson TE, Gore M,
Freeman S, Schwartz B, Shan M, Simantov R, Bukowski RM; TARGET Study
Group. Sorafenib in advanced clear-cell renal-cell carcinoma. N Engl J Med
2007;356:125–134.

19. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de Oliveira AC,
Santoro A, Raoul JL, Forner A, Schwartz M, Porta C, Zeuzem S, Bolondi L,
Greten TF, Galle PR, Seitz JF, Borbath I, Häussinger D, Giannaris T, Shan M,
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