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 Introduction

Vascular endothelial growth factor and its recep-
tor (VEGF and VEGFR) play an important role 
in maintaining the regular homeostasis of vas-
cular walls. Endothelium is not a simple cellular 
monolayer that separates the blood from the 
vascular walls, but it plays a key role in the reg-
ulation of vascular function, by producing vaso-
constrictor and vasodilator substances, such as 
endothelin-1 (ET-1), angiotensin II (Ang II), 
thromboxane A2, reactive oxygen species, 
nitrogen monoxide (NO), and prostacyclin [1]. 
Mature endothelial cells (ECs), endothelial pro-
genitor cells, and circulating ECs participate in 

the physiological maintenance of cardiovascular 
tissue homeostasis, including vascular tone, 
permeability and intima thickness, vessel 
remodeling and angiogenesis, coagulation, and 
fibrinolysis. In contrast, endothelial dysfunction 
is involved in the pathophysiology of several 
diseases, including atherothrombosis, diabetes, 
sepsis, pulmonary hypertension, microangiopa-
thy associated with neurodegenerative diseases, 
hepatic steatosis, and cancer metastasis [2, 3]. 
VEGF and VEGFR transduce signaling that 
promote survival and function of endothelial 
cells. Thus inhibition of VEGF and VEGFR can 
cause cardiovascular toxic effects [4]. 
Bevacizumab is a monoclonal antibody that 
inhibits VEGF; it causes predominantly arterial 
hypertension and thromboembolic events. 
Tyrosine kinase inhibitors (sorafenib, sunitinib, 
pazopanib, regorafenib, axitinib, ponatinib) 
cause vascular toxicity directly through inhibi-
tion of VEGFR or indirectly by interfering with 
other tyrosine kinases. Heart failure caused by 
inhibition of VEGF and VEGFR has been rarely 
documented. Arterial hypertension and throm-
boembolic events are more frequent cardiovas-
cular side effects. In this chapter we will 
illustrate the mechanism of action of anti-
VEGF/anti-VEGFR drugs, their toxic effects, 
and the strategy to prevent, to diagnose, and to 
treat these cardiovascular complications.

G. Novo · D. Di Lisi (*)
Division of Cardiology, Biomedical Department of 
Internal Medicine and Specialities (DIBIMIS), 
University of Palermo, Palermo, Italy 

E. Bronte 
Department of Surgical, Oncological and Oral 
Sciences, Section of Medical Oncology,  
University of Palermo, Palermo, Italy 

M. Fiuza · F. J. Pinto
Department of Cardiology, University Hospital Santa 
Maria, CHLN University of Lisbon, Lisbon, Portugal 

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-93402-0_5&domain=pdf
https://doi.org/10.1007/978-3-319-93402-0_5


34

 VEGF and VEGFR

Vascular endothelial growth factor (VEGF) is the 
main member of a family of structurally and 
functionally related cytokines, which plays a crit-
ical role in angiogenesis and promotes cell sur-
vival and growth and proliferation of endothelial 
cells by binding to specific receptors (VEGFR-1, 
VEGFR-2, neuropilin) [5, 6]. VEGF includes a 
family of seven members such as VEGF-A, 
VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, 
and PIGF. They all have a common homologous 
domain. VEGF-A is the most representative com-
pound. VEGF-A mRNA is expressed in several 
tissues, including the lung, kidney, heart, and 
adrenal glands. VEGF-A is a glycoprotein that 
exists in at least seven isoforms, from 34 to 
42 kDa of molecular weight, which are derived 
by alternative splicing of the eight exons of the 
VEGF human gene. To date, researchers have 
identified three different receptors that bind 
VEGF, such as VEGFR-1 (Flt-1), VEGFR-2 
(KDR or Flk-1), and VEGFR-3. The binding of 
VEGF to its receptors activates signaling path-
ways that promote the growth of vascular endo-
thelial cells derived from arteries, veins, and 
lymphatic vessels. Each receptor has seven 
immunoglobulin-like domains in the extracellu-
lar portion, a single transmembrane portion, and 
an intracellular tyrosine kinase domain. The dif-
ferent receptors differ in activity and affinity for 
ligand:

 A. VEGFR-1 (Flt-1): it is the first VEGF recep-
tor discovered, although its function is not yet 
clear. The binding of VEGF-A with this 
receptor seems to modulate the division of 
endothelial cells during the early stages of 
vascular development, although with a weak 
activity [7].

 B. VEGFR-2 (KDR or Flk-1) appears to be the 
most important receptor in the regulation of 
mitogenesis and permeability by VEGF. The 
effects of VEGF binding to VEGFR-2 during 
angiogenesis include the production of 
platelet- activating factor by endothelial cells, 
stimulation of mitosis, and migration of these 
cells, as well as an increase in vascular per-

meability. It has been shown that Flk-1 null 
mice are characterized by the absence of vas-
culogenesis. This evidence highlights the 
importance of VEGF binding to VEGFR-2. 
VEGF binding to this receptor leads to activa-
tion of the inositol 3 phosphate kinase path-
way, which results in an increase in 
intracellular inositol triphosphate. This event 
leads to activation of protein kinase B (Akt/
PKB) and endothelial nitric oxide synthase. 
The first enzyme inhibits caspase-9, promot-
ing cell survival, while the second enzyme 
leads to NO formation which, in turn, pro-
motes vasodilation and increases permeabil-
ity and cell migration [8].

 C. VEGFR-3 differs from the other two recep-
tors because it moves toward proteolytic 
cleavage of the extracellular portion. Only 
VEGF-C and VEGF-D bind to this receptor, 
and its presence is limited to the endothelial 
cells of lymphatic vessels [9].

 Anti-VEGF and Anti-VEGFR Drugs

The inhibition of VEGF and its receptors repre-
sents the main (but not sole) mechanism by which 
antiangiogenic drugs can cause vascular toxicity 
(Table 5.1) [10].

Bevacizumab is a monoclonal antibody that 
targets VEGF-A, thus preventing its interaction 
with VEGFR and leading to inhibition of tumor 
angiogenesis. It can cause high blood pressure, 
left ventricular dysfunction (LV), heart failure 
(HF), myocardial ischemia, and atherothrom-
botic events (ATEs). The incidence of severe 
ATEs in patients treated with bevacizumab was 
reported to be around 1.8%, with an incidence of 
AMI equal to 0.6% [11–13]. Left ventricular dys-
function was reported in 1.7–3% of cases [14].

Sunitinib is a multi-target tyrosine kinase inhib-
itor (TKI). It targets the VEGF receptor (VEGFR) 
1–3, PDGFR, c-Kit, FMS-like tyrosine kinase-3 
(FLT3), colony-stimulating factor-1 receptor 
(CSF-1R), and the product of the RET human gene 
(RET, mutated in medullary thyroid carcinomas/
multiple endocrine neoplasia). It can cause high 
blood pressure and HF in 4–11% [14, 15].
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Sorafenib is a multi-target TKI that, at clini-
cally relevant concentrations in  vitro kinase 
assay, inhibits at least 15 kinases, including 
VEGFR, PDGFR, Raf-1, B-Raf, c-Kit, and FLT3 
[16]. It can cause high blood pressure, myocar-
dial ischemia, and, rarely, heart failure [17].

Pazopanib is a small molecule, multi-target 
inhibitor of PDGFR, VEGFR, and c-KIT. It can 
cause high blood pressure and congestive heart 
failure [18, 19].

Axitinib is a potent second-generation inhibitor 
of VEGFR. It can cause high blood pressure but 
also myocardial infarction and arrhythmias [20].

Regorafenib is a multi-target TKI.  It targets 
VEGFR-2–3, RET, KIT, PDGFR, and RAF.  It 
can cause high blood pressure and myocardial 
ischemia [21].

Cabozantinib is a potent inhibitor of receptor 
tyrosine kinases, including VEGF, MET, RET, 
KIT, Flt-3, AXL, and Tie-2. It can cause venous 
and, more rarely, arterial thrombosis (myocardial 
infarction and stroke) [22].

 Mechanisms of Cardiovascular 
Toxicity

VEGF cascade induces proliferation of endothe-
lial cells and promotes vascular integrity. Hence, 
inhibition of VEGF/VEGFR signaling pathway 
seems to be the main cause of vascular injury, 
endothelial dysfunction, and atherothrombotic 

events [23]. In fact, VEGF/VEGFR inhibition 
can lead to endothelial dysfunction and exposure 
of subendothelial collagen. This can facilitate the 
activation of the coagulation cascade by tissue 
factor binding and occurrence of thrombotic 
events. VEGF binding with the VEGFR-2 acti-
vates several intracellular signaling pathways, 
including the phosphatidylinositol-3-kinase 
(PI3K) and the mitogen-activated protein kinase 
(MAPK) pathways. When VEGF interacts with 
its receptors VEGFR-1, VEGFR-2, and 
VEGFR- 3, PI3K and phospholipase C (PLC) are 
triggered. On the one hand, PI3K induces the 
conversion of PIP2 into PIP3, which stimulates 
Akt supported by the action of PD1K. Akt deter-
mines the stimulation of eNOS (endothelial nitric 
oxide synthase), thus causing the production of 
NO. In addition, Akt inhibits caspase-9, promot-
ing cell survival. On the other hand, PLC deter-
mines the cleavage of PIP2 to inositol 
trisphosphate (IP3) and diacylglycerol (DAG). 
The second messenger IP3 facilitates the entry of 
Ca2+ ions in the cell. This can lead to eNOS 
induction and increase of NO production [24]. 
NO can increase cGMP production through 
induction of guanylyl cyclase activity. This pro-
duces vasodilation with a reduction of platelet 
aggregation and smooth muscle cell growth. 
Thus, anti-VEGF therapies promote an unbal-
ance between vasodilation and vasoconstriction 
through the reduction of NO and prostacyclin, 
leading to arterial hypertension and to an increase 

Table 5.1 Antiangiogenetic drugs, their targets, and their possible cardiovascular toxic effects

Drugs Targets Cardiovascular toxic effects
Bevacizumab VEGF-A Arterial hypertension+++, thromboembolism +++, heart failure 

(HF)++, myocardial ischemia++
Sunitinib VEGFR-1–3, PDGFR, c-kit, 

FLT3, CSF-1R, RET
Arterial hypertension+++, HF+++, myocardial ischemia++, 
thromboembolism ++, long QT, and arrhythmias +

Sorafenib VEGFR, PDGFR, Raf-1, 
B-Raf, c-kit, and FLT3

Arterial hypertension+++, myocardial ischemia++, ATEs++, 
HF++

Pazopanib PDGFR, VEGFR, and c-KIT Arterial hypertension+++, ATEs++, myocardial ischemia++, HF 
+

Regorafenib VEGFR-2–3, RET, KIT, 
PDGFR, and RAF

Arterial hypertension+++, myocardial ischemia +

Axitinib VEGFR-1–3 Arterial hypertension+++, myocardial infarction+, arrhythmias+, 
HF+

Cabozantinib VEGF, MET, RET, KIT, Flt-3, 
AXL, and Tie-2

Venous thrombosis+, arterial thrombosis+

5 Cardiovascular Damage Induced by Anti-VEGF Therapy
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of blood viscosity through the overproduction of 
erythropoietin [25]. Vasoconstriction is accompa-
nied by endothelial dysfunction. Hence, increased 
blood viscosity related to cancer, inhibition of the 
VEGF/VEGFR, and endothelial dysfunction can 
contribute to increase the risk of arterial throm-
bosis (stroke and myocardial infarction) in can-
cer patients (Fig. 5.1) [23].

 Arterial Hypertension

Several mechanisms of arterial hypertension have 
been postulated. These mechanisms include both 
functional (inactivation of eNOS and production of 
vasoconstrictors such as endothelin-1) and struc-
tural (capillary rarefaction) modifications [26].

VEGF inhibition decreases the production of 
NO leading to vasoconstriction, elevated peripheral 

vascular resistance, and hypertension. NO defi-
ciency also leads to increased proliferation of vas-
cular medial cells, creating a more resistant 
hypertensive state [27]. Additionally, impaired NO 
production affects renal sodium homeostasis, lead-
ing to sodium retention and further elevations in 
blood pressure [28]. Capillary rarefaction is another 
postulated mechanism through which VEGF inhi-
bition can lead to hypertension. This process 
involves a decrease in capillary density at the 
peripheral level leading to increased vascular resis-
tance. Rarefaction can be functional (vasoconstric-
tion of arterioles) or structural (true capillary loss), 
although both processes are often interrelated [29]. 
In a study evaluating 20 patients treated with the 
VEGF inhibitor bevacizumab, microvascular rar-
efaction and hypertension were observed in all sub-
jects [30]. This phenomenon is thought to be 
reversible after discontinuation of the VEGF inhib-
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itor [31]. Whether rarefaction is the cause of  
hypertension or a consequence of elevated pres-
sures remains uncertain [32]. The loss of pericytes 
due to inhibition of PDGFR, along with inhibition 
of angiogenesis, due to the VEGFR inhibition, is 
supposed to be the main mechanisms for capillary 
rarefaction [33].

VEGF inhibition may also lead to increased 
production of other vasoactive substances which 
can contribute to the development of hypertension. 
For example, VEGF inhibition causes endothelial 
dysfunction and increased endogenous sFlt-1 and 
endothelin-1 (ET-1) production, which leads to a 
phenotype resembling preeclampsia with signifi-
cant hypertension and proteinuria [34, 35]. Finally, 
hypertension due to anti-VEGF may be exacer-
bated by their effects on other organ systems. Renal 
dysfunction due to angiogenesis inhibition may 
also play a role in the development and mainte-
nance of hypertension. Thrombotic microangiopa-
thy has been observed and can lead to hypertension, 
proteinuria, and hemolysis. These agents can also 
lead to the deprivation of functional VEGF in the 
glomeruli resulting in deterioration of kidney func-
tion, reduced glomerular filtration rate (GFR), vol-
ume retention, and ultimately the hypertensive 
response [36, 37]. VEGF-mediated suppression of 
nephrin, which is important for the maintenance of 
glomerular function, can contribute to the develop-
ment of arterial hypertension [38]. In addition, vas-

cular injury can be “direct,” i.e., caused directly by 
the target therapies such as VEGF/VEGFR, or 
“indirect,” i.e., caused by arterial hypertension sec-
ondary to target treatment (Fig. 5.2).

Arterial hypertension was reported in patients 
treated with bevacizumab, axitinib, sorafenib, 
sunitinib, axitinib, pazopanib, and regorafenib. It 
is the most common cardiovascular adverse 
effect. In a meta-analysis including 13 clinical 
trials and a total of 4999 patients, the incidence of 
all-grade hypertension was 21.6%. The incidence 
of hypertension warranting the addition or adjust-
ment to dosing of more than one medication 
(grade 3 or grade 4) was 6.8%. The RR of grade 
3 or grade 4 hypertensions using sunitinib com-
pared to placebo was 23 [39, 40].

Qi et  al. in a meta-analysis showed that the 
average incidence of all-grade hypertension 
among patients receiving pazopanib was 35.9%. 
High-grade (grade 3 or grade 4) hypertension 
was associated with significant morbidity and 
subsequent dose reduction or discontinuation of 
pazopanib treatment. The trials reported an aver-
age incidence of high-grade hypertension among 
patients receiving pazopanib of 6.5% [41].

Arterial hypertension is also the most frequent 
cardiovascular adverse event associated with 
axitinib. Indeed, all-grade hypertension showed a 
frequency of 40%, while grade 3 or higher had a 
frequency of 13% [42].
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 Cardiac Dysfunction

Mechanisms of cardiac dysfunction induced by 
anti-VEGF drugs are not completely understood 
and some hypothesis has been formulated. For 
example, sunitinib may cause systolic dysfunc-
tion by inhibiting the mitogen-activated protein 
kinase (MAPK), a regulator of myocyte stress 
response. This inhibition leads to the reduction 
of energy production and mitochondrial and con-
sequently ventricular dysfunction [43]. In ani-
mal models treated with sunitinib, an increase in 
the expression of genes involved in the response 
to hypoxia was observed, including the prolyl 
hydroxylase domain-containing protein, which 
is important in the regulation of the hypoxia- 
inducible factor 1α (HIF-1α). Hypotheses have 
suggested that a chronic unregulated activation 
of genes involved in the response to hypoxia, 
especially HIF-1α, may result in cardiac dys-
function. Further confirmations are required 
[44]. Also PDGFR inhibition induced by 
sorafenib and sunitinib could contribute to car-
diac dysfunction. PDGFR plays an important 
role in promoting cell survival and cardiopro-
tection in conditions of pathological stress [45]. 
Inhibition of stem cell growth factor (c-Kit or 
CD 117) that is expressed by hematopoietic 
stem cell precursors and endothelial progenitor 
cells may also contribute to cardiac dysfunc-
tion [46]. VEGF inhibition, in mice subjected to 
pressure overload, resulted in reduced capillary 
density, reduced compensatory hypertrophy, left 
ventricular dilatation, and contractile dysfunc-
tion [47]. In animal models of nonischemic car-
diomyopathy, overexpression of VEGF resulted 
in a reduction of apoptosis and proapoptotic sig-
nals and delayed progression versus heart fail-
ure after tachy-pacing [48]. Data suggest that 
inhibition of VEGF may worsen myocardial 
function, especially in the course of pathologi-
cal stresses such as increased post- loading and 
arterial hypertension [46]. Moreover inhibition 
of the ERK factor favoring cell survival through 
inhibition of the BRAF proto- oncogene and 
other molecules was hypothesized [49, 50].

 Thrombotic Events

Arterial thrombotic events (ATEs) have been 
reported with bevacizumab through VEGF inhi-
bition [51]. Increased blood viscosity related to 
cancer and the presence of cardiovascular risk 
factors, in association to VEGF inhibition (endo-
thelial dysfunction, production of vasoactive sub-
stances, increased inflammation, and plaque 
instability), further increase the risk of arterial 
thrombosis in oncological patients [25].

Bevacizumab through VEGF inhibition may 
increase inflammation and plaque instability caus-
ing thrombus formation; it increases the release of 
inflammatory cytokines which activate the coagu-
lation system [52, 53]. The incidence of thrombotic 
events is greater in patients treated with bevaci-
zumab plus chemotherapy compared to patients 
treated with chemotherapy alone [54]. Particularly 
Economopoulou et  al. reported ATEs in 5.5% of 
patients treated with bevacizumab plus chemother-
apy compared to 3.1% of patients treated with che-
motherapy alone. The incidence of myocardial 
infarction was 1.5% in patients treated with bevaci-
zumab compared to 1% in the control group. Older 
age (>65 years) and a previous thrombotic episode 
can increase thrombotic risk [55].

In a recent meta-analysis of 12,617 patients, 
treatment with bevacizumab was associated with 
a significant increase of ATEs and particularly of 
myocardial ischemia but not stroke [56]. The 
incidence of ATEs (stroke and IMA) was 3.8% in 
patients with metastatic colonic carcinoma, non- 
small cell lung cancer, and breast cancer [57].

ATEs can also be caused by sorafenib, suni-
tinib, pazopanib, and axitinib. In a meta-analysis 
that included over 10,000 patients, the incidence 
of arterial thromboembolic events was analyzed. 
The relative risk (RR) of ATEs for TKI in com-
parison with controls was of 3.03. RR for 
sorafenib was 3.1, and it was 2.39 for sunitinib 
[58, 59].

In a trial by Sternberg et  al., the authors 
showed that arterial thrombotic events occurred 
in 3% of pazopanib-treated patients, among these 
MI/ischemia 2%, cerebrovascular accident <1%, 
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and transient ischemic attack <1% compared 
with the placebo arm, in which there were  
none [60].

Bevacizumab should be discontinued in 
patients who develop severe ATE during therapy; 
there are no guidelines regulating restart of the 
drug in these patients. Treatment of ATEs during 
anti- VEGF and anti-VEGFR treatment is the 
same as that used in the absence of treatment 
with anticancer drugs.

Pharmacological prophylaxis for thrombotic 
events using cardioaspirin could be considered in 
oncological patients at high cardiovascular risk, 
before starting treatment with anti-VEGF- 
VEGFR if there are no contraindications. 
Cardioaspirin has improved survival in patients 
with cancer and myocardial ischemia, regardless 
of thrombocytopenia [61].

Venous thromboembolic events can also occur 
in patients treated with bevacizumab although the 
incidence of this event is conflicting in the differ-
ent studies. From a meta-analysis, the risk of 
venous thromboembolic events was high in 
patients treated with bevacizumab; from a second 
one, no significant increase in the venous events 
was found [62].

Venous thromboembolic events are reported 
also in the course of treatment with TKI espe-
cially if used in combination with chemothera-
phy [63]. Venous thrombotic events are currently 
managed using low-molecular-weight heparin; 
however recent evidences suggest that direct oral 
anticoagulant is safe and effective (see chapter on 
venous thromboembolism) [64].

 Early Diagnosis of Cardiovascular 
Toxicity

In order to prevent the occurrence of cardiovas-
cular events in patients treated with anti-VEGF- 
VEGFR drugs and avoid the need of treatment 
discontinuation, it is important that patients 
undergo a comprehensive cardiovascular evalua-
tion before starting the treatment and during its 
course. Particularly it is mandatory to identify 

and manage cardiovascular risk factors and to 
optimize treatment of current cardiac disease [65, 
66]. Cardiovascular evaluation should include 
objective examination including peripheral 
pulses evaluation, blood pressure measurement, 
ECG, and echocardiography. Antihypertensive 
treatment should be started if high blood pressure 
is found or therapy implemented if at control it is 
found to be nonoptimal. During anticancer ther-
apy, according to the National Cancer Institute, 
blood pressure should be measured every week 
during the first cycle, subsequently every 2 to 
3 weeks [67]. Antihypertensive treatment should 
be individualized on the basis of the risk profile 
of the patient; only in same cases of resistant 
arterial hypertension, temporary suspension of 
anti-VEGF-VEGFR drugs should be considered.

Echocardiography beyond measurement of 
ejection fraction with biplane Simpson method 
should possibly include 3D evaluation and left 
ventricle global longitudinal strain analysis to 
identify early signs of left ventricular 
dysfunction.

Carotid ultrasound should be performed in 
patients with risk factors to refine risk stratifica-
tion. Recent studies reported the usefulness of 
carotid-femoral pulse wave velocity (cf-PWV) 
and augmentation index to early detect vascular 
damage in patients treated with anti-VEGFR 
drugs. Specifically, blood pressure (BP) and cf- 
PWV and systolic (global longitudinal strain) 
and diastolic function have been shown to change 
in patients after the initiation of the anti-VEGFR 
treatment [68]. Interestingly, changes in BP and 
stiffness seemed to be reversible upon discontin-
uation of treatment, while LV systolic and dia-
stolic functions were persistently abnormal [69].

 Treatment of Cardiovascular 
Toxicity

There are no specific guidelines or expert con-
sensus regarding the optimal treatment of anti- 
VEGF- induced arterial hypertension and other 
cardiovascular complications in oncological 

5 Cardiovascular Damage Induced by Anti-VEGF Therapy
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patients. Treatment of cardiovascular complica-
tion induced by anti-VEGF-VEGFR follows 
the current recommendations about heart fail-
ure, myocardial infarction, and arterial hyper-
tension [70, 71]. Standard recommendations on 
arterial hypertension can also be applied in this 
patient population (restriction of sodium intake, 
exercise, diet, lifestyle changes). ACEI/sartans, 
calcium dihydropyridine antagonists and beta-
blockers are the preferred drugs in this setting 
[65]. Some studies showed that ACEIs and sar-
tans have antitumor properties; they can reduce 
angiogenesis and microvascular rarefaction, 
although recent studies have suggested that 
these drugs can develop a pro-tumor microenvi-
ronment [72, 73].

Diltiazem and verapamil that inhibit the cyto-
chrome P450 should be avoided for their possible 
interference with anti-VEGF inhibitors, and 
diuretics are not drugs of choice for possible 
induction of electrolyte disturbances that may 
favor QT interval prolongation.

Considering mechanism of action of VEGF- 
VEGFR, drugs that increase the release of 
nitric oxide should be considered in resistant 
arterial hypertension [74]. In fact, some cases 
reported the efficacy of long-release nitrates in 

patients with antiangiogenic drugs induced 
hypertension despite optimized medical ther-
apy [75].

Also sildenafil (phosphodiesterase inhibitor) 
and nebivolol can potentiate the vasodilatory 
properties of NO, and they can be effective in 
such patients [76]. Nebivolol, B1 adrenergic 
antagonist, may enhance the nitric oxide signal; it 
may induce vasodilatation increasing the bio-
availability of NO. The exact mechanism is not 
known, but it may be secondary to nitric oxide 
synthase activation through the stimulation of 
β3-adrenergic receptors expressed in embryonic 
cells and the reduction of dimethyl arginine and 
free oxygen radicals [77]. Also antagonists of 
endothelin receptors may play a role in resistant 
hypertension even if their use has been validated 
in the treatment of pulmonary hypertension 
(Fig. 5.3).

In cases of resistant arterial hypertension, 
despite optimal medical therapy, dose reduction 
or temporary suspension of anti-VEGF treatment 
should be considered [78].

In patients at high cardiovascular risk, treat-
ment with aspirin could be warranted before 
starting anti-VEGF treatment [61]. In case of 
documented myocardial ischemia during angio-
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genic inhibitor therapy, treatment should be sus-
pended and eventually therapy resumed, after 
healing if benefits outweigh the risks. In case of 
myocardial infarction, the permanent discontinu-
ation of the drug should be considered.

If asymptomatic LV dysfunction occurs, 
angiogenic inhibitors should be continued in 
cases of mild (ejection fraction reduction >15%, 
with ejection fraction >50%) or moderate 
decrease (ejection fraction 50–40%). Only in 
case of severe LV dysfunction (ejection fraction 
<40%) and in symptomatic patients, it is recom-
mended to stop anticancer therapy [74].

LV dysfunction should be treated according to 
current recommendation. Resumption of the drug 
can be considered upon ejection fraction improve-
ment and the normalization of symptoms, but the 
evidences on this regard are still unclear [79].

 Conclusions
Anti-VEGF-VEGFR drugs cause cardiac and 
vascular toxicity, especially arterial hyperten-
sion and arterial thrombotic events. Given the 
high incidence of arterial hypertension 
induced by VEGF/VEGFR inhibitors, it is 
very important to control blood pressure 
before starting any treatment and accurately 
monitor its variations during the course of 
therapy. It is also mandatory for the control of 
cardiovascular risk factors such as diabetes 
mellitus and dyslipidemia, which can make 
patients more prone to vascular injury. 
Moreover, optimization of treatment of con-
comitant cardiovascular disease is advisable. 
Echocardiographic monitoring of cardiac 
function is also reasonable. There are no stan-
dardized guidelines regarding the timing of 
monitoring patients undergoing this treat-
ment; however baseline evaluation and routine 
periodical surveillance during treatment (i.e., 
every 3 to 6 months in the absence of symp-
toms) is reasonable.

More and wider prospective studies are 
needed to clarify pathophysiological mecha-
nism of cardiovascular damage induced by 
anti-VEGF inhibitors and to better delineate 
how to manage patients.
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