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INTRODUCTION

The bloodstream is essential to deliver oxygen and nutrients
to the tissues and remove catabolites through endothelial
cells of vessels. New vessels are important for the growth
and development of tissues. Experiments conducted since
the mid-1950s revealed that tumors stimulated endothelial
cells to become highly active from a resting state. As in
physiological settings, the formation of new vessels is fun-
damental for growth of the tissue or tumor. Angiogenesis
is driven by the tumor in a sort of mutualistic relationship.
This evidence led to Judah Folkman's idea of blocking the
process of vascularization, which he called “antiangiogen-
esis” in order to limit tumor growth. This opened up a new
research field [1-6]. Over the years, control of the angio-
genic process has become an important therapeutic target.
Antiangiogenic therapy supports the action of old therapies.
such as chemotherapy and radiotherapy, and in some cases
exceeds their limits. Two main types of molecules have
been developed. These are monoclonal antibodies (such as
bevacizumab and ramucirumab) and tyrosine kinase inhibi-
tors (TKIs) (such as sorafenib, sunitinib. regorafenib. etc.).
Another molecule has been developed acting as VEGF-trap.
It is aflibercept [7-13).

In this chapter we will discuss about the biology of
VEGF and its pathway. and will also focus on how TKIs act
in cells and how they lead to cardiotoxic side effects.

ANGIOGENESIS: A TWO-EDGED SWORD

Development of new blood vessels from pre-existing blood
vessels is called angiogenesis and is a normal physiologic
process. particularly during the development of the embryo
and fetus, and in adults during the ovarian cycle and in
wound healing. Angiogenesis is the product of the balance
between proangiogenic factors and antiangiogenic factors.
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Proangiogenic factors promote angiogenesis and comprise
two categories: classical and nonclassical factors. Classi-
cal factors are vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF), hepatocyte growth
factor (HGF). angiopoietins (Ang). insulin-like growth
factors (IGFs), fibroblast growth factors (FGFs), which
are basicFGF (bFGF also called FGF-2) and acidicFGF
(aFGF also called FGF-1), tumor necrosis factor (TNF), in-
terleukins {ILs), in particular IL-6 and IL-8, transforming
growth factor-o¢ (TGF-o) and TGF-P. Nonclassical factors
are stem-cell factor (SCF). tryptase and chymase. Antian-
giogenic factors inhibit angiogenesis and comprise two
categories: matrix-derived and non-matrix-derived factors.
Matrix-derived factors are arresten, canstatin, endorepel-
lin, endostatin, thrombospondins (TSPs): TSP-1 and TSP-
2. tumstatin. Non-matrix-derived factors are interferons
(INFs), interleukins (ILs. e.g. IL-4 and IL-12), angiostatin,
chondromadulin 1, tissue inhibitors of matrix metallopro-
teinases (TIMPs), soluble Fms-like tyrosine kinase 1 (sFlt-
1), platelet factor-4. troponin I, and vasostatin (Fig. 5.1}
[14-29).

Conditions such as blood-vessel constriction or obstruc-
tion, or systemic hypoxia (e.g.. due to lung disease or high al-
titude) stimulate production of proangiogenic factors which
attempt to compensate for the deficit through the production
of new blood vessels. Hypoxia-inducible factor-1 (HIF-1),
in the cytosol, is the key regulator of oxygen homeostasis.
HIF-1 is constituted by two subunits ¢ and . HIF-1f3 is an
aryl hydrocarbon nuclear receptor translocator (ARNT).
The two subunits ¢« and B possess basic helix-loop-helix
(bHLH) and PER-ARNT-SIM homology (PAS) domains in
their amino-terminal half, which are required for heterodi-
merization. The subunits o and  are part of a transcription
tactor family. In normoxic conditions HIF-la is hydroxyl-
ated by prolyl hydroxylase enzymes (PHDs) on proline resi-
dues in the position 402 and 564, which are located within
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ODDD (O;-dependent degradation domain). This hydroxyl-
ation determines the interaction with the von Hippel-Lindau
(VHL) E3 ligase complex which results in ubiquitination of
HIF-1o, leading to its proteasomal degradation. On the other
hand, in hypoxic conditions there is a reduction in the quan-
tity of substrates and coactivators of hydroxylation, such
as O,, Fe(Il), and 2-oxoglutarate resulting in a decrease of
HIF-To hydroxylation and its accumulation in the cytosol.
HIF-1a is then translocated to the nucleus, where HIF-1§ is
constitutively present. The interaction of coactivators, such
as CBP/p300, with the two domains C-TAD and N-TAD
on the C-terminus of the protein HIF-lo, helps the dimer
HIF-1c/B for DNA binding on hypoxia response elements
(HREs) and for the subsequent transcriptional activation.
HRESs are located within O-regulated genes. The transcrip-
tion of target genes by HIF-1 includes angiogenic and he-
matopoietic growth factors, glycolytic enzymes. and glucose
transporters. Among them. there is. for example. erythropoi-
etin (EPO), which is necessary for red-blood-cell produc-
tion, The production of erythrocytes increases the transport
of oxygen to tissues so as to reach O; homeostasis. Other
wranscriptional products are endothelin-1 (ET-1), glucose
transporter | and 3, IGF-IL nitric oxide synthase 2 (NOS2),
VEGF and VEGF receptor FLT-1. HIF-ct is a member of a
family which also includes HIF-2¢r, also known as EPAS
(endothelial PAS protein). and HIF-3c, also called [PAS (in-
hibitory PAS). HIF-2c is present in endothelium, lung. and
cartilage. HIF-3ar acts as a dominant negative inhibitor of
HIF-1o DNA binding [30-34}

The angiogenic process is the result of the equilibrium between pi

Arresten Canstatin | INFs -4
TSP TSP.2 IL-12 sFIt-1
Endorepelin TIMPs  Vasostatin
Endostatin Angicstatin
Tumstatin Chondromodulin |
Platelet factor4
Troponin |
ic factors and antiangl ic factors,

The transcription of target genes by HIF-1 leads to the
production of several molecules. importantly including
VEGE. The mcreased production of VEGF and other pro-
angiogenic factors stimulate the creation of new vessels.
VEGF isoforms interact with their receptors, VEGERs.
which are tyrosine kinases present on endothelial cell mem-
branes. The interaction of VEGF with VEGFR activates an
intracellular signal transduction pathway promoting surviv-
al, proliferation, and migration of the endothelial cells and
tube formation. Angiogenesis consists of multiple process-
es: (1) endothelial cell division. Under the stimulus of pro-
angiogenic factors endothelial cells become highly active.
They have a significant mitotic index and develop the ca-
pability to migrate and disrupt the extracellular matrix (in-
cluding tight junctions and gap junctions). (2) Pre-existing
basement membrane rupture. (3) Endothelial cell migration.
Endothelial cells invade the perivascular tissue, where they
further proliferate. (4) New basement membrane develop-
ment. (5) Tube formation. (6) Pericyte recruitment.

At first the growing tumor is in balance with blood sup-
ply and all cells receive sufficient nutrients and oxygen.
However. as the tumor grows. it outstrips the blood supply
needed for continued growth. The hypoxic tumor cells pro-
duce proangiogenic factors (e.g.. VEGF) in excess of am-
bient antiangiogenic factors, so angiogenesis is triggered.
These cells also interact by autocrine and paracrine path-
ways. The excessive cell growth and production of growth
factors produce an uncontrolled angiogenesis. which result
in a chaotic microvascular bed with ineffective blood flow
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and regions of hypoxia. A vicious cycle is created that fa-
cilitates tumor growth and metastasis [35-42],

VASCULAR ENDOTHELIAL GROWTH
FACTOR AND VEGFR SIGNALING
PATHWAY

VEGEF family members include VEGF-A. VEGEF-B. VEGF-
C, VEGF-D, and placental growth factor (PIGF). Among
them, the most important one is VEGF-A, which has at
least six splice varants (VEGF,,;. VEGF,;, VEGF;.
VEGEF 43, VEGF 3. and VEGF; ). The most common iso-
form contains 165 amino acid residues (VEGF 45). Euach of
these growth factor isoforms interacts with VEGF recep-
tors on endothelial cells to activate them and to start the
angiogenic process. VEGFRs are a family of homodimeric
tyrosine Kinase receptors that include VEGFR1, VEGFR2,
and VEGFR3. VEGFR1 and VEGFR2 are involved in vas-
cular angiogenesis and VEGFRI can transphosphorylate
VEGFR2. Besides. between these two. VEGFR2 has a
major part in angiogenesis. VEGFR3 features lymphangio-
genesis and it does not interact with VEGF-A. When VEGF
is secreted, it binds to VEGFR. triggering homodimeriza-
tion and autophosphorylation, thus allowing the activation
of several cytoplasmic signaling molecules. There are two
main signaling cascade pathways, which start from VEGF/
VEGEFR interaction: the RAS-RAF-MEK-ERK pathway
and phosphatidylinositol-3-kinase (PI3K)/PTEN/Akt path-
way. These signaling pathways lead to the transcription of
genes involved in proliferation and survival of pre-existing
endothelial cells. The first pathway is called the MAPK cas-
cade. It starts from RAS, which is part of the protein family
of small GTPases. RAS isoforms are KRAS. NRAS. and
HRAS. When activated. RAS changes its state from the in-
active form with GDP bound to the active form which binds
GTP. There 15 a conformational switch. which facilitates its
binding to RAF, the first kinase of the pathway. RAF is a
serine/threonine Kinase, with three isoforms [ ARAF, BRAF,
and CRAF (this last one also called Raf-1)]. Activated RAS
recruits RAF to the membrane and activates it. RAF in turm
phosphorylates and stimulates the kinase MEK, which acti-
vates the kinase ERK through phosphorylation. Lastly ERK
phosphorylates several molecules, which include other ki-
nases and transcription factors. This sequential activation
of molecules starts various cellular phenomena linked to
cell-cycle progression. cell proliferation or differentiation.
protein translation and evasion from cell death related to the
intensity and time duration of the signal.

The second pathway is the PI3K/PTEN/Akt pathway,
which induces cell growth and survival. PI3K is the start-
ing point of the cascade. It is possible to distinguish three
classes of PI3Ks in correlation with structure and function,
of which class 1A is the main class involved in cancer. Class
IA PI3Ks are initiated through receptor tyrosine kinases

(RTKSs) by growth factors (such as VEGF). Class IA PI3Ks
are heterodimers composed by two parts: a regulatory sub-
unit, p8S, and a catalytic subunit, p110. When the p85 regu-
latory subunit interacts with the phosphotyrosine residues
on RTKs or adaptors or activated Ras, it releases p110 to
the plasma membrane where it phosphorylates phosphati-
dylinositol 4.5-bisphosphate (P [4.5] P2) on the 3’OH po-
sition, generating PI(3.4.5)P3. PIP3 attracts phosphoinosit-
ide-dependent kinase 1(PDK1) and Akt. so that PDKI
phosphorylates Akt at threonine 308, thereby activating
it. Activated Akt moves from cell membrane to cytoplasm
to phosphorylate intracellular substrates but it also moves
to the nucleus. It activates various regulators involved in
transcription, such as CREB, E2F, and nuclear factor kB
(NF-xB). Normally NF-xB is constitutively inhibited in the
cytoplasm by IxB (inhibitory x B protein kinase). When
NF-xB is activated, it translocates to the nucleus where it
stimulates the expression of several target genes governing
cell proliferation, invasion, and inflammation. Thus, Akt
has & part in survival, invasion, metastasis, cell cycle pro-
gression, migration, senescence. drug resistance, and DNA
damage repair. Akt favors cell survival through the phos-
phorylation and inhibition of proapoptotic Bel-2 family
members and Mdm2. involved in p33-mediated apoptosis.
Akt also inhibits the tberous sclerosis complex-2 (TSC2)
gene product tuberin by phosphorylating it. Tuberin is nor-
mally bound to hamartin, which is the product of TSCI.
Tuberin is a GTPase-activating protein and consequently it
is an inhibitor of the Ras-like small G protein Rheb. When
TSC2 is phosphorylated. Rheb is activated which in tumn ac-
tivates the mammalian target of rapamycin (mTOR)—con-
taining protein complex mTORCI. This activated complex
on one hand triggers the p70 ribosomal S6 kinase (S6K1).
whereas on the other hand inhibits the elongation-initiation
factor 4E binding protein-1 (4E-BP1) through phosphoryla-
tion. These events lead to increased protein synthesis result-
ing in cell growth. The S6K through a feedback mechanism
limits PI3K activation. It also inhibits the adaptor protein
insulin receptor substrate I, which is involved in insulin and
IGF-1-mediated PI3K activation. Another mTOR complex
mTORC2. phosphorylates Akt on serine 473 [43-50)].

MECHANISMS OF ACTION OF TYROSINE
KINASE INHIBITORS TARGETING VEGFR

The study of the VEGF/VEGEFR pathway revealed the central
role of this pathway in angiogenesis and led to the develop-
ment of various drugs designed to inhibitit. The present-day
armamentarium includes antibodies targeting VEGF and/or
VEGFRs, soluble VEGEF receptors, or receptor hybrids. Ad-
ditionally there are TKIs that selectively target one or more
than one VEGFR. TKIs have been developed to target not
only VEGF receptors but also other targets, not only earn-
ing the name of “multikinase™ inhibitors but also giving rise
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TABLE 5.1 Molecular Targets of Anti-VEGFR Tyrosine Kinase Inhibitors

Molecular Target
Drug VEGFR-1| VEGFR-2 | VEGFR-3 | PDGFRet | PDGER | c-KIT | FLT3 | CSFIR | RET | Rai-1 | BRAF | TIE2 | FGFR1
Sunitinib v v v v v v 4 v s
Sorafenib v v v v v v v v
Regorafenib | v v v v v v v v v |/
Axitinib v v v
Nintedanib v s 4 v s v v v
Vandetanib v v v v v
Pazopanib v v v v v v v/
Vatalanib v v v v 4
Cediranib v v v v v v v
Cabozantinib | v v v v v v v
Lenvatinib v v v v v v s
Linifanib v ' 4 v v
Telatinib v v v
Brivanib v v v v
Foretinib v v v v v v 4 s
Motesanib v v v v v v
Lucitanib % v v v v v
Fruquintinb. |/ v v
Tivozanib v v v
Apatinib v

to off-target toxicity (Table 5.1). For example, regorafenib
and sorafenib also inhibit RAF-1, B-RAF, PDGF receptor-
(PDGFRf). and ¢-KIT. In particular, drugs targeting both
VEGFRs and PDGFRs carry out inhibition on two fronts,
blocking VEGFR on endothelial cells and PDGFR on peri-
cytes as well as on VEGFRs expressed in tumor cells. TKls
affect not only tumor vasculature but also normal vascula-
ture, which explains the cardiovascular toxicity evinced by
this class of drugs. Acting on tumor vasculature they limit
twmor growth and metastasis. TKIs mainly inhibit the tyro-
sine kinase activity of the receptor thus blocking the trans-
mission of the signal after the interaction between VEGF
and its receptor VEGFR. VEGF signaling promotes several
cell functions. including cell survival and migration. Block-
ade of the receptor suppresses tumor cell survival, migra-
tion, and invasion (4951 .52].

CARDIOTOXIC EFFECTS BY
ANTIANGIOGENIC DRUGS
TKIs act both on tumor and normal cells, thus leading to
side effects including hypertension, renal vascular injury,
and heart failure (HF), The cardiovascular side effects

involve HE, hypertension, coronary artery vasospasm, and
acute coronary syndrome, QT interval prolongation, as-
ymptomatic or less commonly, symptomatic reduction of
left ventricular ejection fraction (LVEF), and acute myo-
cardial infarction (MI). It is possible to differentiate two
types of toxicity. on-target toxicity, and off-target toxicity.
In the first one. the toxicity is target related, which means
that the kinase inhibited by the TKI carries out a crucial
role in heart or vasculature. This cannot be overcome by
developing more specific inhibitory molecules. Off-target
toxicity is due to the fact that TKls are multikinase inhibi-
tors limited in their selectivity. Thus if the drug inhibits a
kinase that is unrelated to tumor cytotoxicity but plays a
role in cardiovascular function, off-target toxicity would
develop. An example of off-target toxicity is the mhibition
of AMPK (AMP-activated protein kinase) by sunitinib, an
inhibitor of VEGFRs, PDGFRs, and ¢-KIT. AMPK has an
important role in the metabolic homeostasis of the heart
through regulation of energy stress. It is activated if the
level of energy is decreased in the cardiomyocyte result-
ing in an increase in AMP levels. After activation, AMPK
inhibits the energy-consuming pathways such as protein
and fatty acid synthesis, and it stimulates the production
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of energy by activating fatty acid oxidation and glycolysis.
The inhibition by sunitinib has opposite effects because the
energy consuming pathways are not suppressed and activa-
tion of energy-generating pathways is limited. This state of
energy depletion paves the way to the activation of apopto-
sis {including mitochondrial membrane depolarization and
cytochrome ¢ release). Studies have demonstrated that there
is myocardial cell loss by this drug which may be due to
AMPK inhibition as well as loss of survival signals through
VEGFR, PDGFR. and ¢-KIT [49,53-55|.

The most frequent cardiovascular complication is hyper-
tension. which is tightly linked to VEGF/VEGFR pathway
inhibition. Indeed the increase in blood pressure is closely
related to the treatment scheme, with hypertension occurring
during cycles of drug administration and regressing between
cycles. The interaction between VEGF and VEGFR2 acti-
vates the receptor, signaling through Src, PI3K, and phos-
pholipase C (PLC). resulting in conversion of PIP2 to PIP3
by PI3K. PIP3 and PDI1K activate Akt which in turn induces
endothelial nitric oxide synthase (eNOS) to produce nitric
oxide (NO). The activated enzyme PLC otherwise converts
PIP2 to inositol trisphosphate (IP3) and diacylglycerol. IP3
is a second messenger which promotes Ca®* influx into the
cell, which also contributes to stimulate eNOS activity to
produce NO. The latter activates guanylyl cyclase, increas-
ing cGMP which leads to vasodilation, limits platelet ag-
gregation, and suppressed growth of smooth muscle cells.
Thus when TKIs inhibit signal transduction the final effect
is a remarkable reduction in NO synthesis, resulting in va-
soconstriction (thus hypertension) and endothelial dysfunc-
tion (microvascular impairment). These considerations are
confirmed by the evidence that reduced VEGF-A produc-
tion contributes to HF due in part to modified microvascu-
lar growth and reduced capillary density. Normally, VEGF
helps to mitigate hypertension, but anti-VEGF therapy com-
promises this effect. Uncontrolled hypertension contributes
1o left ventricular hypertrophy; pathologic cardiac remodel-
ing is characterized by cardiomyocyte hypertrophy that is
not matched by an increase in capillary density. Studies in
animal models indeed demonstrated an impairment in mi-
crovascular density, thinned ventricular walls, and lowered
contractile function after deletion of the VEGF gene. These
cenditions favor the evolution from myocardial hypertrophy
to HE even though there are also other factors such as im-
paired calcium homeostasis in cardiomyocytes, interstitial
fibrosis, and changes in energy metabolism. It has to be not-
ed that the reduction in NO production not only determines
vasoconstriction and endothelial dysfunction but also alters
renal sodium handling, which supports in the long term the
persistence of hypertension and renovascular injury.

Studies revealed that sunitinib plays a role in regulat-
ing ET-1 levels in blood. The increment in ET-1 quantity
indicates that ET pathway is important in TKI-induced hy-
pertension development. The VEGF/VEGFR interruption

alters the equilibrium between NO and ET-1. facilitating
vasoconstriction, ET-1 induces vasoconstriction through
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase and the production of reactive oxygen radicals. Va-
soconstriction facilitates hypertension. Another concurrent
factor in maintaining hypertension in the long term is thy-
roid dysfunction. It has been reported that TKIs can cause
hypothyroidism detected by a nise in TSH levels. Regard-
less of the etiology of the hypertension. it is important to
control it with antihypertensives [49.56].

PDGF is an important glycoprotein that acts as a growth
factor in various cell types. Among these cell types are
smooth muscle cells, stromal cells. cardiomyocytes, and en-
dothelial cells. The two PDGF receptors (o and f}) are pres-
ent in cells that have an oncogenic potential. contributing to
the growth of gastrointestinal stromal tumor (GIST). glio-
blastoma. and chronic myelomonocytic leukemia. A study
by Edelberg et al. revealed that PDGF mediates the interac-
tion between cardiomyocytes and endothelial cells nearby.
This interaction sustains angiogenesis and endothelial func-
tion, an interaction that is impaired in aged heart tissue. De-
letion of the gene for PDGFRP in cardiomyocytes results in
impaired adjustment to afterload stress accompanied by a
decrease in cardiac capillary density and consequently lo-
cal tissue hypoxia. These processes contribute to pathologic
remodeling characterized by ventricular hypertrophy and
chamber dilation culminating in HE. Thus HF is the result
of two combined effects. On the one hand the impairment in
the production of NO causes hypertension, which is respon-
sible for afterload stress of the heart. On the other hand the
suppression of PDGFRP limits the normal capacity to adapt
to afterload stress. A recent study of sunitinib showed that
the drug reduces the number of pericytes in the coronary
microcirculation, thereby altering coronary microvascula-
ture and further contributing to local tissue hypoxia, which
underlies cardiac dysfunction [49.57 58].

Another important cardiovascular adverse event due to
TKIs is thromboembolism. The interaction of VEGF with
VEGEFR activates the MAPK pathway and upregulates the
prosurvival factor Bel-2 in endothelial cells. The related
protein Bel-xy. is an antiapoptotic factor that upregulates
VEGF-A production in endothelial cells and in platelets and
contributes to microvascular stability, VEGF-A/VEGFR2
also regulates the expression of proteins of the intercellu-
lar junctional complexes. VEGF-A modifies the endothelial
cell through the increase of vascular permeability. upregu-
lation of urokinase, tissue plasminogen activator, and the
vascular-cell-adhesion molecule (VCAM). The three ma-
jor isoforms of VEGF-A are present in megakaryocytes
and platelets and are released during thrombin stimulation.
Platelet activating factor (PAF), which is a proinflammatory
molecule, stimulates the expression of VEGF-A by endo-
thelial cells. VEGF released by cells activates VEGFR2 via
autocrine and paracrine signaling. The paracrine pathway
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supports vascular permeability in abnormal conditions such
as inflammation, and is therefore crucial for angiogenesis
in cancer and inflammation. The VEGFR blockage dur-
ing TKI therapy lowers Bel-x; and Bel-2 levels, leading
to apoptosis. Endothelial cell apoptosis exposes the suben-
dothelial basement membrane, activating the coagulation
cascade and paving the way for thromboembolic events.
Furthermore. platelets release VEGF, which activates the
fibrinolytic system, further contributing to thromboembolic
events. VEGF is not only implicated in the production of
NO by the endothelium but also in the production of PGI2.
the reduction of which contributes to thrombosis, having an
antiplatelet activity. The suppression of VEGF activity de-
termines a consequential inversely proportional increase of
EPO. which is responsible for the increase in hematocrit and
blood viscosity. further contributing to the prothrombotic
state. Elevated levels of proinflammatory cytokines also ex-
pose the patient to a higher risk of thrombosis (Fig. 5.2). Fi-
nally. the tumor itself contributes to the prothrombotic state
through the release of procoagulant factors in response to
TKI therapy [49.59].

during TKI therapy.

ANTI-VEGFR TYROSINE KINASE
INHIBITORS

Sunitinib

Sunitinib is a small orally administered multitarget inhibi-
tor of tyrosine kinase receptors that carries out its antican-
cer activity on different targets that regulate angiogenesis,
survival, and cell proliferation including VEGFRs 1-3,
PDGFRo and PDGFRP. ¢-KIT, FMS-like tyrosine kinase-3
(FLT3), CES-1 receptor (CSFIR), and the product of the
human RET gene (RET).

At present sunitinib is used for the treatment of various
neoplasms such as unresectable GIST [60.61] and unresect-
able or metastatic well-differentiated pancreatic neuroendo-
crine tumors |57} In all these trials sunitinib demonstrated
a cardiotoxicity profile peculiar enough to be further evalu-
ated. Although sunitinib is a generally well-tolerated medi-
cation. hypertension is the most common side effect with a
grade >2 hypertension risk ratio (RR) of 23 compared to
placebo, as shown by a meta-analysis of approximately 5000
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patients. Rini et al. further demonstrated that this adverse
event required a dose adjustment or the addition of a drug in
6.8% of cases and that sunitinib is associated with a higher
incidence of left ventricular dysfunction than other TKIs.
Cardiac involvement was confirmed by an observational
study in which Schmidinger et al. reported an increased
incidence of cardiac event defined as elevated cardiac en-
zymes, symptomatic arrhythmia requiring treatment. new
left ventricular dysfunction, or acute coronary syndrome
in one third of patients treated with sunitinib. In another
observational study, Schmidinger et al. reported that pa-
tients with advanced renal cancer receiving chemotherapy
with sunitinib or sorafenib developed a higher incidence of
cardiovascular events and. in particular, 40.5% of them reg-
istered ECG rhythm changes including conduction distur-
bances, axis change. QRS amplitude changes, ST segment
depression, and elevation. T wave changes and QT prolon-
gation: 18% of these were symptomatic, with clinical symp-
toms such as angina, dyspnea, and dizziness. Subsequently.
many of these patients developed reduced LVEF, regional
contractile dysfunctions, relaxation disturbances greater
than grade 1, and pericardial effusion. In the GIST setting,
researchers have documented an increased incidence of car-
diovascular events. Chu et al. reported in patients with GIST
previously treated with imatinib, that sunitinib treatment
caused cardiac events in [1% of patients, with reductions in
LVEF =15%. and increased blood pressure > G2 in 17%
of patients. The authors also noted that many of the patients
treated with sunitinib or sorafenib exhibited in an increase
of cardiac biomarkers such as creatine kinase myocardial
band (CK-MB; 54.5% vs. 78.6% ) and troponins (54.5% vs.
21.4%) [56-58.60-64].

Sorafenib

Sorafenib is an orally administered multitarget small mol-
ecule inhibitor of tyrosine and serine/threonine Kinases
including VEGFR2 VEGFR3. PDGFRo and PDGFRS,
¢-KIT. FLT3, v-raf-1 murine leukemia viral oncogene ho-
molog | (RAFI) including BRAF kinases. This molecule
is currently approved for the treatment of various cancers
and in particular advanced hepatocellular carcinoma Child-
Pugh Class A or B and advanced renal-cell carcinoma
(RCC).

Sorafenib was evaluated by Llovet et al. in a phase-
Il randomized controlled trial in which it was compared
against placebo in two cohorts of patients with advanced
HCC never treated with chemotherapy. Sorafenib showed
a significant benefit in terms of overall survival and a good
profile of cardiovascular tolerability (fatigue >G2 4% vs.
3%: blood pressure >G2 2% vs. 1%). Cardiac ischemia or
infarction occurred in 3% versus 1% of patents. Cardiac
events were also reported in another phase-11I randomized
trial by Cheng et al. in which the incidence of heart attack

or cardiac ischemia occurring during treatment was 2.7% in
sorafenib-treated patients and 1.3% in the placebo-treated
group.

In another randomized controlled phase-111 trial
sorafenib was compared with placebo for the treatment of
previously treated metastatic RCC demonstrating a sig-
nificant benefit in terms of overall survival. The increased
incidence of cardiovascular toxicity (fatigue >G2 14% vs.
5%: blood pressure >G2 4% vs. 09%) was similar to that
recorded in the expanded access cohort of 2504 patients
(blood pressure >G2 5% ). Subsequent retrospective analy-
sis showed that the increase in pressure was predictive of
tumor response to treatment with sorafenib. Escudier et al.
reported 22 events of myocardial ischemia (4.9% vs. 1.4%)
and CHF (1.7% vs. (.79%) among patients treated with
sorafenib versus placebo. They also attributed an increase
of the QT/QTc interval with consequent alteration of ven-
tricular repolarization to sorafenib. In conclusion, sorafenib
is a well-tolerated drug with a cardiotoxicity profile asso-
ciated with higher incidence of hypertension (usually well
controlled with a standard antihypertensive therapy). cardi-
ac ischemia and infarction, with a higher risk for thrombo-
embolic events (RR 3.03) as showed by a meta-analysis of
more than 10,000 patients [65-6Y9].

Regorafenib

Regorafenib is an oral multikinase inhibitor with a triple
mechanism of action against targets involved in the regula-
tion of angiogenesis, cell proliferation, and tumor stroma,
including VEGFR1-3. TIE2. FGFR1 and PDGFR. ¢-KIT.
and RET, along with the intracellular signaling Kinases c-
RAF/RAF-1. and its BRAF V60OE mutant. Regorafenib is
currently indicated for the treatment of refractory advanced
colorectal cancer and advanced GIST resistant to imatinib
and sunitinib chemotherapies. Like the other TKIs, rego-
rafenib has a cardiotoxic profile. A recent meta-analysis
assessed the sk of hypertension in patients taking rego-
rafenib and reported a RR of hypertension >G2 of 8.39
and an incidence of hypertension >G2 of 12.5%. The au-
thors point out that the overall incidence of hypertension
differs significantly on the basis of the type of pathology
(56.1% among patients with GIST, 49.0% among patients
with RCC, 27.8% among patients with metastatic colorectal
cancer, and 36.1% among patients with hepatocellular car-
cinoma). The incidence was highest with GIST and lowest
with RCC, but it was clinically manageable with treatment
interruption or dose reduction. Of note, in the randomized
controlled phase-1I1 GRID trial. authors reported one pa-
tient with cardiac arrest. Regorafenib was also studied in
metastatic colorectal cancer in two large phase-11l random-
ized controlled trial. the CORRECT trial and the CONCUR
trial (the first on a western population and the second on an
Asian population). Hypertension >G2 was reported in 7%
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and 11%. whereas fatigue >G2 was reported in 9% and 3%.
respectively. Furthermore, in the CONCUR study. I patient
had an atrial fibrillation, 1 patient had mesenteric ischemia,
and 1 patient had dyspnea. whereas in the CORRECT trial,
authors reported all-grade dyspnea in 6% and nosebleeds in
7% of patients [70-72],

Axitinib

Axitinib is a third-generation selective inhibitor of VEGF
receptors 1-3 and is indicated for the treatment of patients
with advanced renal cancer after failure of prior treatment
with sunitinib or a cytokine. Axitinib also has a cardiovas-
cular toxicity profile revealed by the various trials in which
it was evaluated. Axitinib is associated with a significant
increase in cases of hypertension. as demonstrated by a re-
cent meta-analysis of Abdel-Rahman where the subgroup
of patients treated with Axitinib had a RR of hypertension
(all grades) of 2.63: this value is not significantly different
from the other drugs studied in this analysis (sunitinib RR
3.48: cediranib RR 2.26). In contrast, treatment with suni-
tinib significantly increased the risk of bleeding (sunitinib
RR 2.80 vs. axitinib RR 1.02 vs. cediranib RR 1.11) and
venous thromboembolism (sunitinib RR 2.05 vs. axitinib
RR 0.53 vs. cediranib RR 0.51). There was no subgroup
analysis of arterial hypertension >G2 but this information
can be extrapolated from the analysis of outcomes of indi-
vidual trials reported in the meta-analysis (axitinib 15.5%
vs. 5.5% in controls). No information on high-grade left-
ventricular dysfunction was reported. The cardiovascular
profile of axitinib was also investigated in another meta-
analysis by Qi et al. which included tnals involving vari-
ous tumors (metastatic RCC, metastatic melanoma, meta-
static breast cancer, advanced non-small-cell lung cancer
(NSCLC). pancreatic cancer, and all histological subtypes
of advanced thyroid cancer), although the majority of cases
were renal and pancreatic advanced neoplasms. The re-
ported incidence of all grades hypertension was 40.1% (RR
3.00). whereas the incidence of hypertension >G2 was
13.1% (RR 1.71) and was associated with treatment inter-
ruption or reduction of the dose of the drug. Furthermore,
the increase in the incidence of all grades of hypertension
was greater in patients with renal neoplasms (57.6%) com-
pared to other neoplasms (28.4%), which was also the case
for hypertension >G2 (28.4% vs. 7.2%). Finally in a recent
analysis of the phase-111 AXIS published by Rini et al. in
which axitinib was compared with sorafenib. the authors
reported an incidence of 40% for hypertension of all de-
grees and 16% for hypertension >G2 (trial not blinded);
the causes for drug discontinuation were fatigue (1%: 4)
and transient ischemic attack (<1%: 3). Further analysis
also revealed a relationship between diastolic blood pres-
sure > or equal to 90 mmHg and tumor response: thus hy-
pertension may not only predict efficacy of treatment with

axitinib but also suggests that antitumor effect and cardio-
vascular toxicity may be inseparable [ 73-76].

Nintedanib

Nintedanib is a novel oral selective TKI against all subtypes
of VEGF, FGF and PDGFRa and §, together with RET and
FLT3. Nintedanib is usually very well tolerated. with a fa-
vorable cardiovascular safety profile tested in various neo-
plastic diseases including RCC. HCC, ovarian/endometrial
cancer, lung cancer, breast cancer, prostate cancer, gliomas.
and colorectal cancer. In a phase-1l trial in advanced renal
neoplasms, Eisen et al. reported that nintedanib, unlike oth-
er TKI molecules. does not give rise to QTc interval prolon-
gations. Furthermore. cardiovascular adverse events were
not encountered. Nintedanib has been studied as a single
agent and in association with chemotherapeutic regimens,
with the best results in the treatment of advanced lung and
ovarian cancers. Nintedanib was investigated in the LUME-
Lung 1 phase-11l, randomized. double-blind trial. which
compared nintedanib plus docetaxel versus docetaxel plus
placebo in patients with locally advanced/metastatic non-
small-cell lung cancer after failure of first-line therapy. The
most common adverse events in patients in the experimen-
tal arm included diarrhea responsive to supportive care and
reversible elevation of liver enzymes managed with dose
reduction. Furthermore. the only reported cardiac adverse
event was hypertension <G2 in 15.4% of the patients. Re-
cently du Bois et al. reported their experience in patients
suffering from advanced ovarian cancer and treated upfront
with a standard first-line chemotherapy regimen containing
carboplatin and paclitaxel plus nintedanib or placebo. In
this randomized phase-11I trial the most common adverse
events were gastrointestinal too: in particular, diarrhea >G2
had an incidence of almost 22% in nintedanib arm versus
2% in the placebo arm. Drug-related adverse events leading
to death occurred in three patients in the nintedanib group
but none of these was correlated to cardiovascular events
(diarrhea, kidney failure, and peritonitis) [77.78].

Vandetanib

Vandetanib is another oral small molecule TKI with mul-
titarget action against receptors including VEGFR1. VEG-
FR2, VEGFR3, EGFR, RET, PDGFRB. This drug has
been approved for the treatment of advanced medullary
thyroid cancer and has also been studied in the treatment
of advanced NSCLC. This drug has a cardiotoxic profile
like the other TKIs and has been the subject of several
meta-analyses. Zang et al. analyzed alterations of the QTc
interval in patients with neoplasms and treated with van-
detanib and observed a 3.7% incidence of high-grade pro-
longed QTc interval in patients with nonthyroid cancers
and 12.0% in patients with medullary thyroid cancer. A
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subsequent meta-analysis of W-X Qi et al. included 11
trials and more than 3000 patients with advanced NSCLC
and advanced thyroid cancer; they reported an increased
incidence of hypertension >G2 in patients with lung
cancer (7.6%, RR 10.22) and thyroid cancer (8.8%). but
incidence was lower in patients with other neoplasms
(3.4%). This suggests that incidence of hypertension may
be significantly influenced by the type of neoplasia. This
suggests that all patients receiving vandetanib should be
monitored for hypertension. and in cases of severe or per-
sistent hypertension despite the initiation of antihyper-
tensive treatment, dose reduction or interruption may be
necessary. The risk of developing high blood pressure in
patients with advanced NSCLC was also the subject of a
recent meta-analysis performed by Y. Liu et al., in which
the authors showed that vandetanib compared to control
was responsible for a significant increase in the risk of
hypertension (RR 5.58) and prolongation of QT¢ interval
(RR 7.90). Cardiovascular toxicity may be underestimated
in the first-line treatment due to the small amount of data
from only two studies: further studies are needed to define
the risk of patients in this setting [ 79-81].

Pazopanib

Pazopanib is another multitarget oral TKI that exerts its ac-
tion against VEGFR1, VEGFR2, VEGFR3, PDGFRa and
B, FGFR1. FGFR3, ¢-KIT, LCK, and macrophage colony-
stimulating factor-1 receptor. It is currently available for
reatment of patients with advanced renal cancer and soft-
tissue sarcomas, although it has also been studied in ad-
vanced epithelial ovarian cancer.

Like the other TKIs. pazopanib has a particular cardio-
vascular toxicity profile that has been evaluated in detail by
WX Qi et al. in a meta-analysis of the major studies, which
showed that pazopanib significantly increased the risk of
high blood pressure >G2 (RR 2.87) with an incidence of
6.8% among patients with advanced RCC and 6.2% among
other malignancies without statistically significant differ-
ences between the groups: it was associated with an increase
in morbidity and interruption of chemotherapic treatment.
Pazopanib is also responsible for abnormal ventricular re-
polarization. AM Pick et al. in their review recommended a
close monitoring of ECG and cardiac enzymes in patients
with existing heart disorders or QT prolongation, due to an
increased incidence of torsades de pointes (less than 2%);
they recommended avoiding other drugs with direct action
on the same cardiac phase. The same authors point out that
Pazopanib is also associated with thromboembolic events
with an incidence of MI and cerebrovascular accidents of
about 3% versus 0% in placebo group. These data were
similar to those of another study about ovarian cancers in
which CN Sternberg et al. reported an increased incidence
of cardiovascular events (Ml/ischemia 2%, cerebrovascular

accident <1%. and transient ischemic attack <1% com-
pared with the none reported in the placebo arm). In treat-
ment of advanced soft tissue sarcomas (PALETTE trial).
pazopanib was associated with increased incidence of fa-
tigue (fatigue >G2 13%) and hypertension (>G2 7%) with
a significant reduction in LVEF compared with placebo
(5% vs. 3%) [82-84].

Vatalanib

Vatalanib is a small molecule TKI that interferes with the
ATP-binding site of VEGFRI-3. with an inhibitory action
also against ¢-KI'T and PDGFR. The safety profile of vata-
lanib has been evaluated in several malignancies although
larger studies were performed in the treatment of metastatic
colorectal cancer and in advanced NSCLC. In colorectal
cancer, vatalanib was evaluated in two randomized phase-I11
trials. In the CONFIRM 1 study, previously untreated meta-
static colorectal cancer patients were randomly assigned to
receive FOLFOX chemotherapic regimen plus valatanib or
placebo. The authors reported a significant increase in car-
diovascular toxicity >G2 among patients assigned to the
experimental treatment compared to placebo (hypertension
23.0% vs. 6.8%. pulmonary embolism 5.7% vs. 1.7%. with
no significant difference in venous thromboembolism inci-
dence (5.2% vs. 3.5%). In the study CONFIRM 2. patients
with advanced colorectal neoplasm whose disease had re-
curred or progressed during or within 6 months of treatment
with irinotecan in combination with fluoropyrimidine were
randomly assigned to a FOLFOX chemotherapic regimen
plus vatalanib or placebo. The cardiac toxicity profile re-
ported by the authors was very similar to that reported in the
CONFIRM 1 trial and in particular they noted an increase
in >G2 hypertension (21.8% vs. 6.0%) and fatigue (14.7%
vs. 7.4%). In vatalanib arm, there was also a higher inci-
dence of deep vein thrombosis, pulmonary embolism, and
thromboembolic events. Vatalanib was evaluated in an un-
controlled phase-11 trial in patients with NSCLC (stage I1IB
or IV) who had disease progression on a first-line platinum-
containing or chemoradiotherapy regimen. They reported
an incidence of hypertension >G2 of 12%. fatigue >G2 of
2% and pulmonary embolism >G2 of 6%: two patients died
from causes probably related to the treatment (pulmonary
hemorrhage) [85-87].

Cediranib

Cediranib is an indole-ether quinazoline molecule and a
potent small TKI, orally taken. It is a pan-VEGF receptor
TKI(VEGFR-1. VEGFR-2, VEGFR-3). with greater selec-
tivity for VEGFR-2: it also inhibits PDGFRs (PDGFRao.
PDGFRB) and ¢-KIT. Studies revealed that this molecule
has an ICq, of <0.001 uM for VEGFR2. <0.003 uM for
VEGFR3, <0.002 uM for ¢-KIT, <0.005 pM for PDGFRf.
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<0.036 uM for PDGFRa, and <0.026 pM for FGFR-1. It
has been studied in patients with recurrent glioblastoma
that failed standard therapy, in epithelial ovarian cancer
combined with platinum-based chemotherapy. in advanced
biliary tract cancer. in NSCLC. in colon cancer. breast can-
cer. metastatic renal cancer, and hormone-refractory pros-
tate cancer. Hypertension and fatigue are the main side
effects reported. The Recentin in Glioblastoma Alone and
With Lomustine (REGAL) study is a randomized. phase-
ITI. placebo-controlled, partially blinded study evaluating
the efficacy of cediranib in monotherapy or in combination
with lomustine versus lomustine alone in 325 patients with
recurrent glioblastoma who previously received radiation
and temozolomide. They were assigned 2:2:1 to receive
cediranib (30 mg) in monotherapy, cediranib (20 mg) plus
lomustine (110 mg/m?), or lomustine (110 mg/m?) plus
placebo. Among grade 3 and 4 adverse events the authors
noted hypertension and pulmonary embolism. Hyperten-
sion was present in 18 patients (14.1%) receiving cedira-
nib alone, but occurred in only 8 patients (6.5%) receiving
cediranib plus lomustine. No G > 2 hypertension was en-
countered in the group placebo plus lomustine. Pulmonary
embolism occurred in four patients (3.1%) with cediranib,
in six patients (4.9%) receiving cediranib plus lomustine.
and in four patients (6.3%) in the group receiving placebo
plus lomustine. Unfortunately the study did not satisfy the
primary end point of demonstrating a benefit in progres-
sion-free survival for either cediranib-containing arm ver-
sus lomustine, even though preclinical studies suggested
synergistic activity of anti-VEGF therapy in combination
with radiation. For this reason cediranib has been stud-
ied in combination with chemoradiotherapy in a phase-Il
trial. A randomized. open-label. phase-1l study recruited
90 women with measurable platinum-sensitive. relapsed.
high-grade serous or endometrioid ovarian, fallopian tube.
or primary peritoneal cancer, and women with deleterious
germline BRCA /2 mutations. They were divided in two
groups: 46 women received olaparib 400 mg twice daily,
whereas 44 received the combination of cediranib 30 mg
daily and olaparib 200 mg twice daily. The most common
G > 2 side effects were fatigue. diarrhea, and hypertension.
Incidence of these adverse events was higher in the cedi-
ranib plus olaparib group. confirming the phase-I findings.
No hypertension was observed in the olaparib group. In the
cediranib plus olaparib group, hypertension of varying se-
verity was encountered: G1, two patients (5%), G1-2, fif-
teen patients (34%). G3, seventeen patients (39%), and G4,
one patient (2%). Fatigue of grade 2-3 was increased about
twofold in the group cediranib plus olaparib in comparison
with the olaparib group (54% vs. 26%). Another phase-11
study evaluated the use of cediranib in this group of cancers.
Of 23 women who received the drug at a dose of 45 mg.
10 patients (43%) had grade-1-2 hypertension, 8 patients
(35%) had grade 3. whereas 2 patients (9%) had grade-4

hypertension. Eleven patients (48%) had grade-1-2 fatigue
and seven patients (30%) had grade-3 fatigue. Two patients
(9%) had grade-1-2 chest pain and two patients (9%) had
grade-4 myocardial ischemia. In the same study 51 patients
were treated with cediranib at the dose of 30 mg, among
them 22 patients (43%) had grade-1-2 hypertension, 14 pa-
tients (27%) had grade-3 hypertension. whereas no grade-4
hypertension was reported. Fatigue (grade 1-2) was report-
ed in 26 patients {51%) and grade 3 in 10 patients (20%).
Three patients (6%) had grade-1-2 chest pain. Different
results were reported in a placebo-controlled, randomized.
double-blind phase-1l trial of patients with metastatic carci-
noma or who developed metastatic disease or local pelvic
recurrence after radical treatment. Sixty-nine patients re-
ceived carboplatin AUC of 5 plus paclitaxel 175 mg/m? by
infusion every 3 weeks for a maximum of six cycles with
cediranib 20 mg or placebo orally once daily until disease
progression. Among the 34 patients receiving standard che-
motherapy plus cediranib grade-1/2 hypertension was pres-
ent in 19 patients (59%): no grade 3 or 4 was reported. Dys-
pnea grade 1/2 was present in 4 patients (13%). whereas no
grade 3 or 4 was noted. Fatigue grade 1/2 was present in 26
patients (81%). grade 3 in 4 patients (13%). with no grade
4 fatigue. A randomized. double-blind. placebo-controlled
phase-III trial (ICON 6. NCT00532194) compared cedi-
ranib versus placebo in combination with carboplatin and
paclitaxel in platinum-sensitive recurrent ovarian cancer
patients. In this study 456 women were randomly assigned
to receive standard therapy with carboplatin and paclitaxel
plus placebo followed by placebo as maintenance therapy.
or carboplatin and paclitaxel plus cediranib 20 mg/day
followed by placebo as maintenance therapy or cediranib
20 mg/day as maintenance therapy. In this study grade-3
hypertension was encountered in 4 patients (7%). A recent
multicenter. placebo-controlled, randomized phase 1l trial of
124 patients with histologically confirmed or cytologically
confirmed advanced biliary tract cancer were treated with
first-line cisplatin and gemcitabine chemotherapy (25 mg/
m? cisplatin and 1000 mg/m? gemcitabine. on days | and
8§ every 21 days, for up to eight cycles) with either 20 mg
cediranib or placebo once a day until disease progression.
Cediranib was received by 62 patients. Grade-1/2 fatigue
was seen in 36 patients (58%) and grade-3/4 fatigue in 16
patients (26%) in the cediranib group. Grade-1/2 hyperten-
sion was present in 19 patients (31%). while grade 3/4 was
present in 23 (37%). Fifteen patients (24%) had grade-1/2
dyspnea, whereas only one patient {2%) had grade-3/4 dys-
pnea. MI grade 3/4 occurred in one patient (2%). Unfortu-
nately, cediranib did not enhance the progression-free sur-
vival of these patients. Ongoing phase-111 trials are studying
cediranib for the first-line treatment of metastatic colorectal
cancer (mCRC). These are HORIZON II and HORIZON
IL The HORIZON 11 trial compares chemotherapy (FOLF-
OX or XELOX) with cediranib or placebo in patients with
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metastatic colorectal cancer, while the HORIZON 11 com-
pares mFOLFOX6 (modified 5-fluorouracil [5-FU|/leu-
covorin/oxaliplatin) in combination with cediranib versus
mFOLFOX6 in combination with bevacizumab. An open-
labeled, single-agent, phase-II study evaluated the develop-
ment of hypertension and proteinuria in 46 patients with
recurrent epithelial ovarian carcinoma receiving cediranib.
The authors reported a rapid onset of hypertension: by the
third day of drug administration, 67% patients developed
hypertension, 73% by day 7. and 87% by the end of the
study. Grade-3 hypertension developed in 43% of patients,
and 24% developed grade 3 fatigue [88-100].

Cabozantinib

Cabozantinib is a TKI approved for the treatment of pa-
tients with progressive, metastatic medullary thyroid can-
cer (mMTC). It has been also studied in advanced prostate
cancer and advanced RCC. Studies revealed that it inhibits
the activity of multiple kinases including RET, MET, VEG-
FR-1.-2 and -3, KIT, TRKB. FLT-3, AXL, and TIE-2. Elisei
et al. conducted a double-blind, phase-III trial in which they
compared cabozantinib (140 mg per day) to placebo in a
2:1 ratio in 330 patients with documented radiographic pro-
gression of mMTC. Among these patients, 219 were treated
with cabozantinib. Common cardiovascular side effects in
cabozantinib-treated patients included fatigue. hyperten-
sion, asthenia, and dyspnea. All grades fatigue was present
in 86 patients (40.7%). with grade 3-4 in 20 patients (9.3%).
All grades hypertension was present in 70 patients (32.7%).
with grade 3-4 in 18 (8.4%). All grades asthenia was pres-
ent in 45 patients (21%). with grade 3-4 in 12 (5.6%).
All grades dyspnea was reported in 29 patients (13.6%),
whereas grade 3-4 dyspnea occurred in 5 patients (2.3%).
Severe adverse events were more frequent in cabozantinib-
treated patients (214 patients). These included pulmonary
embolism in 5 patients (2.3% vs. 0% in placebo group)
and hypertension in 5 patients (2.3% vs 0%). Among the
grade-5 adverse events which occurred within 30 days of
last dose of cabozantinib, treatment-related events included
respiratory failure. sudden death, and cardiopulmonary fail-
ure (total three patients). Cabozantinib (140 mg per day) in
this study achieved a statistically significant enhancement
of progression-free survival in these patients. In a phase-
Il study by Smith et al.. 144 patients with chemotherapy-
pretreated metastatic castration-resistant prostate cancer
(mCRPC) received open-label cabozantinib: 93 patients re-
ceived a daily dose of 100 mg, whereas the other 51 patients
received 40 mg daily unul tumor progression or intolerable
toxicity. Cardiovascular side effects reported in the study
were dose-related fatigue. dyspnea, hypertension, and pul-
monary embolism. In the 100-mg cabozantinib cohort 77
patients (83%) had all grades fatigue, of which 25 patients
(27%) presented grade 3-4 fatigue. All grades dyspnea was

present in 30 patients (32%), of which 6 patients (6%) had
grade 3-4 dyspnea. All grades hypertension was present in
23 patients (25%), of which 14 patients (15%) had grade
3-4 hypertension. In the 40-mg cabozantinib cohort 32
patients (63%) had all grades fatigue. of which 7 patients
(14%) suffered grade 3-4 fatigue. All grades dyspnea was
present in 13 patients (25%), of which one patient (2% ) had
grade 3-4 dyspnea. All grades hypertension was present in
10 patients (20%). of which 6 patients (12%) had grade 3-4
hypertension. Incidence of grade 34 pulmonary embolism
was 8% in the 100-mg cohort, versus 18% in the 40-mg
cohort. The study found that the drug exhibited significant
clinical activity in mCRPC. Cabozantinib has also been
studied in a randomized, open-label, phase-llI trial. the
METEOR trial, comparing the efficacy of cabozantinib to
everolimus, in 658 patients with RCC and disease progres-
sion after VEGFR-targeted therapy. Patients received cabo-
zantinib 60 mg daily (330 patients) or everolimus 10 mg
daily. The cardiovascular side effects were fatigue, hyper-
tension. asthenia, dyspnea and peripheral edema. All grades
fatigue was present in 186 patients (56%), grade 34 fatigue
was present in 30 (9%). All grades hypertension developed
in 122 patients (37%), with grade 3-4 hypertension in 49
(15%). All grades asthenia occurred in 62 patients (19%),
with grade 34 asthenia in 14 (4%). All grades dyspnea was
present in 62 patients (19%), with grade 3-4 in 10 (3%). All
grades peripheral edema was present in 31 patients (9%).
with no grade 3 or 4. The study revealed longer progression-
free survival in the cabozantinib group than in the everoli-
mus group. Other studies showed that there was a higher
incidence of thrombotic events using the drug in compari-
son with placebo. Venous thromboembolism showed an in-
cidence of 6% versus 3% and arterial thromboembolism 2%
versus (%. The studies in patients with mMTC evaluated
the effect of this drug on QTc¢ interval. There was a mild in-
crease in QTcF of 10-15 ms after four weeks of treatment.
but none of the patients had a QTcF > 500 ms [101-104].

Lenvatinib

Lenvatinib. another TKI, inhibits mainly VEGFR1 (FLT1),
VEGFR2 (KDR). and VEGFR3 (FLT4). but it also inhib-
its other kinases including FGF receptors FGFR1. 2. 3, and
4, PDGFRa, KIT. and RET. It has been approved for the
treatment of patients with locally recurrent or metastatic,
progressive, radioactive iodine-refractory differentiated
thyroid cancer. It has also been studied in advanced hepato-
cellular carcinoma and metastatic RCC.

The SELECT trial, a randomized, double-blind, mul-
ticenter phase-111 study. evaluated 612 patients with pro-
gressive thyroid cancer refractory to 1odine-131 treatment,
of which 392 were randomized to receive lenvatinib at a
dose of 24 mg per day in 28-day cycles (261 patients) or
placebo (131 patients). The authors observed all grades
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hypertension in 67.8% patients, with grade 3-4 hyperten-
sion in 41.8%. All grades fatigue or asthenia was present
in 59%. with grade 3-4 in 9.2%. All grades peripheral
edema occurred in 11.1%. grade 3-4 in 0.4%. All grades
pulmonary embolism was present in 2.7%, with grade 3-4
in 2.7%. This study showed improvements with lenvatinib
compared to placebo in progression-free survival and tumor
response rate. although patients who received lenvatinib had
more side effects. Recently Schlumberger et al. conducted a
phase-1l multicenter, open-label. single-arm trial in patients
with medullary thyroid carcinoma. Lenvatinib was admin-
istered to 59 patients once a day at a starting dose of 24 mg
in 28-day treatment cycles for eight cycles in the absence of
disease progression, uncontrolled toxicities. or death. They
reported all grades fatigue in 31 patients (53%). with grade
34 in 3 (5%). All grades hypertension was present in 30
patients (51%). of which 4 (7%) had grade 3-4. All grades
dyspnea occurred in 16 patients (27%). of which one patient
(2% had grade 3-4. One patient (2%) interrupted treatment
due to hypertension. Among serious adverse events that oc-
curred in 51% of patients. pulmonary embolism occurred
in 3.4%. Motzer et al. studied this drug in a randomized,
phase-1L, open-label. multicenter trial in advanced or meta-
static clear-cell RCC, enrolling patients to receive lenvatinib
plus everolimus or single-agent lenvatinib or single-agent
everolimus. The treatment was taken once a day in 28-day
continuous cycles. Patients received the single-agent thera-
py with lenvatinib 24 mg daily (two capsules of 10 mg and
one capsule of 4 mg). Single-agent lenvatinib was received
by 52 patients. Of these, 22 (42%) had grade 1-2 fatigue
or asthenia, whereas 4 patients (8%) had grade-3 fatigue or
asthenia: no grade 4 was reported. Grade 1-2 hypertension
was present in 16 patients (31%), whereas Y patients (17%)
had grade-3 hypertension: no grade 4 was registered. Pe-
ripheral edema was present only grade 1-2 in eight patients
(15%). Grade 1-2 dyspnea was experienced by 10 patients
(19%): only one patient had grade-3 dyspnea (2%). and no
patient developed grade-4 dyspnea. One patient receiving
single-agent lenvatinib had a fatal MI [105-109].

Linifanib

Linifanib is another oral TKI drug. Its actvity is selective
for the VEGF and platelet-PDGF receptors. thereby block-
ing two of the most important signaling pathways involved
in tumor progression. The activity and efficacy of linifanib
has been studied in many tumors (NSCLC, renal cancer, he-
patocellular cancer, colorectal cancer, and breast cancer).
The major results were achieved in the field of advanced
NSCLC. A prospective randomized phase-11 study evalu-
ated linifanib at two different doses (7.5 and 12.5 mg) ver-
sus placebo in combination with carboplatin and paclitaxel.
The addition of linifanib significantly improved progression
free survival (PES) [5.2 months for placebo vs. 10.2 months

(7.5 mg dose) or 8.3 months (12.5 mg dose}]. Both treatment
arms containing linifanib authors reported an increased in-
cidence of adverse events. the most common of which in-
cluded diarrhea (27.7%), anemia (14.3%). and high blood
pressure (4.3%); thrombocytopenia was the most frequent
cause of treatment interruption and/or reduction of the as-
sociated chemotherapy regimen. The tolerability profile of
linifanib was already investigated in previous phase-I stud-
ies. In particular. Chiu YL et al. conducted a careful study
of linifanib’s effects on cardiac ventricular repolarization.
Although the study was small (24 patients. in a crossover
design), they concluded that linifanib, unlike other TKIL
does not cause an increased risk of QTc prolongation at the
highest concentration for the maximum tolerated dose of
the drug [1TO.1T1].

Telatinib

Telatinib is an orally active small molecule TKI with ac-
tivity toward VEGFR2-3 and PDGFRP. The activity of
this molecule has been assessed in several Kinds of cancer.
Mross et al. published a multicenter phase-I study in which
29 heavily pretreated patients with advanced colorectal can-
cer were treated with telatinib at 600 up to 1500 mg twice
daily showing that the molecule had a substantial effect on
tumor shrinkage and also showed a favorable safety profile.
High blood pressure was the most common adverse event
(all grades, 36%. grade 3. 28%) but was clinically manage-
able with appropriate antihypertensive therapy. although in
three patients it was necessary to reduce the dose, interrupt
treatment, or discontinue treatment. Authors also observed
fatigue (2% grade 1-2 in non-continuous dosing schedule,
and 7% in the continuous dosing schedule) and diarrhea as
specific toxicities requiring dose reduction or interruption
of treatment. At the time of this writing. results of phase-11
trials have not been published. One phase-11 trial will evalu-
ate telatinib in combination with chemotherapy in patients
with advanced gastric cancer (NCT00952497) [ 112}

Brivanib

Much scientific evidence has also shown that among the
tactors responsible for angiogenesis, a key role belongs to
the FGFE, For this reason. new molecules were synthesized
with the ability to selectively block VEGF and FGF simul-
taneously with the intent to overcome drug resistance to
VEGF pathway inhibitors.

Brivanib is an oral dual inhibitor of the growth sig-
nals from the activation of VEGFR and FGFR that dem-
onstrated a tenacious antitumor and antiangiogenic activ-
ity. This drug has been tested in several cancers including
colorectal cancer, hepatocellular cancer, renal cell cancer,
and NSCLC. A phase-I study demonstrated high activity
of brivanib in solid tumors; the main toxicities of the drug
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at the maximum tolerated dose (80{) mg continuous, in-
termittent 800 mg. and 400 mg bid) consisted of nausea,
diarrhea, fatigue (15-25% G3-4), dizziness. hypertension
(15-25% G3-4), headache and anorexia; cardiac ventricular
repolarization changes were not reported. Two randomized
phase-11I studies evaluated brivanib at 800 mg orally daily
in advanced hepatocellular carcinoma. The study BRISK-
FL is a noninferiority study that compared brivanib with the
standard sorafenib in patients with advanced hepatocellular
carcinoma without prior chemotherapy. The study BRISK-
PS evaluated patients who progressed onfafter or were
intolerant to sorafenib that were randomly assigned (2:1)
to receive brivanib 800 mg orally once per day plus best
supportive care (BSC) or placebo plus BSC. Both studies
failed to demonstrate any benefit in terms of overall survival
and also reported a characteristic dose-dependent increase
in the icidence of toxicities with brivanib (BRISK-FL fa-
tigue >G2 14.5%: blood pressure >G2 13.3%—BRISK-PS
fatigue >G2 13%: bload pressure >G2 16%) which were
responsible for a decrease in performance status in patients
assigned to brivanib. The authors of both studies report
deaths that were considered possibly related to treatment
in the experimental arm not clearly attnibuted to cardiovas-
cular function abnormalities. Finally another randomized
phase-I1I study investigated the efficacy of brivanib in com-
bination with ceruximab (anti EGFR moAb) compared to
single-agent cetuximab plus placebo in patients with che-
motherapy-refractory advanced colorectal cancer. Authors
did not demonstrate any significant benefit in terms of sur-
vival global but only in terms of progression free survival at
the cost of a significant increase in related toxicity (fatigue
>(G2 25%: blood pressure >G2 11%: dyspnea >G2 8%)
and a more rapid deterioration of patient performance sta-
tus, terminating further experimental trials with this drug
[113-117].

Foretinib

Foretinib is an oral multikinase inhibitor targeting MET,
RON, AXL. Tie-2, VEGFR, ¢-KIT. Flt-3, and PDGFR sig-
naling pathways.

Foretinib activity was evaluated in several preliminary
studies where it was found to be particularly active against
gastric and renal cancer. In particular MA Shah et al. studied
Foretinib in a phase-Il trial in which the drug was adminis-
tered on an intermittent or daily schedule in a single cohort
of unselected previously treated patients with advanced or
metastatic gastric cancer. Although neither mode of drug
administration caused significant toxicity. including the
cardiovascular profile (fatigue >G2 4.2% and 3.8%; blood
pressure >G2 6.3% and 15.4%), foretinib as a single agent
did not show significant effect on tumor regression except
for patients carrying a MET gene amplification. In another
phase-1I study, TK Choueiri et al. evaluated the activity of

foretinib with the same ntermittent or daily schedules in
74 patients with locally advanced, bilateral multifocal, or
metastatic sporadic papillary RCC or known hereditary
papillary RCC. and observed appreciable antitumor activity
(overall response rate 13.5%). especially in the subgroup
of patients carrying a germline mutation of the MET gene.
Drug treatment was also associated with significant cardio-
vascular toxicity for both intermittent and daily regimens
{blood pressure >G2 35.1% and 68%: fatigue >G2 5.4%
and 8.0%: proteinuria >G2 5% and 5%). They also reported
nine events of nonfatal pulmonary embolism of which three
were only recognized at the time of disease progression
[118.119].

Motesanib

Motesanib is an angiogenesis inhibitor that targets VEG-
FR1-3 and also exerts direct antitumor activity by acting
as an antagonist PDGFR and ¢-KIT. Its chemical structure
and mechanism of action make motesanib a very promis-
ing molecule against tumor-mediated angiogenesis. Mote-
sanib has been evaluated in several phase-1 and -1l and
preclinical trials, but in large phase-IIl randomized trals,
it has not shown significant benefits on major clinical end-
points of overall survival or progression-free survival. In
the phase-111 randomized controlled MONET-1 study, GV
Scagliotti et al. did not detect any improvement in overall
survival and minimal cardiotoxicity comparing motesanib
to placebo when used in combination with carboplatin and
paclitaxel in patients with lung cancer, squamous cell non-
small-cell stage V. However, a preplanned analysis of an
Asian subgroup conducted by Kubota et al. found encourag-
ing results in terms of objective response rate. progression-
free survival, and overall survival. providing a strong ra-
tionale for the phase-111 randomized controlled MONET-A
study among Asian patients in Japan, South Korea, Taiwan,
and Hong Kong. This trial of 401 patients with Stage IV or
recurrent nonsquamous NSCLC randomized patients in a
I:1 ratio to paclitaxel and carboplatin plus either placebo
or motesanib. Although Motesanib exhibited no significant
difference in cardiovascular toxicity >G2 between mote-
sanib and placebo. the drug failed to demonstrate efficacy in
terms of objective response rate, progression-free survival,
and overall survival [120,121].

Lucitanib

Lucitanib is a newer oral FGFRI-2. VEGFRI-3, and
PGFRu-f inhibitor, although preclinical proteomics
analyses suggest it may exert its antitumor activity through
additional unidentified targets. Lucitanib assessment in the
clinical setting is still at a very preliminary stage. It has been
tested 1n a single phase-I/11a trial on solid tumors. showing
promising results in terms of effectiveness (complete + par-
tial response 26-50% depending on tumor subgroup) with a
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maximum tolerated dose of 15 mg/day. Cardiovascular tox-
icity was frequently enountered including hypertension (all
grades 91%; >G2 57.9%) requiring antihypertensive medi-
cation, dose reduction, or discontinuation, as well as asthe-
nia (42%) and proteinuria (57%). Based on the preliminary
findings of efficacy, lucitanib will be investigated in further
trials (NCT02202746. NCT02053636) [122.123].

Fruquintinib

Fruquintinib is another recently-developed oral TKI which
exerts its antitumor activity through the selective blocking
of VEGFRI-3. Fruquintinib is still at an early stage in clini-
cal trials. In a phase-Ib trial fruquintinib has shown good
efticacy with a sufficient safety profile when used at 5 mg
once daily dose in cycles of 3 weeks on and 1 week off in
patients with previously treated advanced colorectal cancer.
The most significant toxicities were hand-foot syndrome
(HFS). hoarseness, proteinuria, hypertension. and fatigue
(no incidence data are reported). Further studies are ongo-
ing (NCT02415023, NCT02691299, NCT02314819) [ 124].

Tivozanib

Tivozanib is an oral TKI that selectively inhibits the signal
transduction pathway activated by VEGFRI1-3 receptors.
Preclinical studies of tivozanib demonstrated activity on
xenograft models of RCC and have justified its extensive
testing in this clinical setting. Phase-I studies of Tivozanib
at a dose of L5 mg/day for 4 weeks on and 2 weeks off
reported promising clinical responses with side effects of
arterial hypertension, fatigue. and headache. On the basis
of these data, tivozanib was evaluated in a discontinuation
phase-II randomized trial in patients with advanced RCC;
the most common severe adverse event (G3-4) was hyper-
tension {12%). and elevation of GGT (16%). Subsequently,
tivozanib was evaluated in a large confirmatory phase-111
randomized, controlled trial (TIVO-1) in which tivozanib
1.5 mg/day for 3 weeks on and | week off was compared
with sorafenib 400 mg/day in patients with advanced RCC
not previously treated with VEGF or mTOR inhibitors.
Tivozanib study showed particular cardiovascular toxic-
ity characterized by blood pressure >G2 in 27% (vs. 18%
on the sorafenib arm) and from fatigue >G2 5% (vs. 4%
with sorafenib). Hypertension was the leading cardiovas-
cular cause dose reduction (2% vs. 4%). In tivozanib arm
it should be noted that many deaths were associated with
cardiovascular complications (two deaths resulted from
myocardial infarction. two from cardiac failure, and one
each from hypertension. dyspnea, cerebrovascular accident.
aortic aneurysm rupture, coronary arteriosclerosis artery,
cardiac arrest, apnea. pulmonary embolism). and for these
reasons. in addition to the negative trend shown in median
overall survival (28.8 vs. 29.3 months) and to the poor US

study accrual (only 3%) the FDA denied permission to reg-
ister this drug for this indication [125-127].

Apatinib

Apatinib is another oral TKI that acts by selective inhibition
of VEGFR-2 signal transduction. The first studies that eval-
uated the antitumor activity in solid tumors demonstrated
safety of apatimib at a dose of 500 mg/day. Experimentation
with apatinib has been mainly in the field of gastric and
breast cancer. X. Hu et al. evaluated apatinib in previously
treated advanced non triple-negative breast neoplasm. The
apatinib cardiovascular profile was very similar to that of
other TKIs, with hypertension >G2 in 21.1%, with almost
half of the patients requiring dose reduction. A similar ex-
perience was encountered in the triple negative patients at
the same dose, with hypertension >G2 in 11.9% of patients
in combination with fatigue >G2 in 3.4%. In this study.
authors also reported one symptomatic pericardial effusion
and one uncontrolled atrial fibrillation thought to be treat-
ment related. Apatinib has shown promise in the treatment
of advanced gastric cancer, where two schedules of admin-
istration were evaluated (850 mg daily vs. 425 mg twice
daily) in a randomized controlled phase-11 study in heavily
pretreated patients. The cardiotoxicity profile was charac-
terized by high blood pressure >G2 and fatigue > G2 simi-
lar in the two groups (8% vs. 11%; 2% vs. 2%). but show-
ing a better overall safety profile when used in the schedule
425 mg twice daily [ 128-130].

CONCLUSIONS

The goal of this chapter is to provide to the reader a quick
and useful guide regarding the use of TKls in oncology with
a focus on cardiovascular toxicity. To do this we have tried to
collect all the data available in the literature, although some
of the agents in this drug class are still at an early stage of
experimentation. The TKIs exert their anticancer activity
by inhibiting signal transduction of ligands and their recep-
tors regulating tumor proliferation, its relationship with the
microenvironment and particularly with angiogenesis. The
angiogenesis mechanisms involve several key molecules
such as VEGF and the corresponding receptor (VEGFR),
whose action is crucial for the development and spread of
solid tumors. It was amply demonstrated by preclinical stud-
ies that angiogenesis increases the metastatic potential of
various malignancies such as hepatocellular carcinoma. The
main TKIs studied in the antineoplastic field are sunitinib,
sorafenib, regorafenib, axitinib, and pazopanib. They have
proven to be effective in the treatment of various cancers
such as colorectal, kidney, and liver. The management of
adverse events related to the drug is crucial to increase the
overall survival of patients maintaining a good quality of
life. Surely, among the most important side effects. also in
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consideration of the aforementioned mechanism of action,
there are those of the cardiovascular type. which require
dose reductions and/or discontinuation of treatment, thereby
limiting their efficacy. The nisk for a cardiovascular event is
related to the underlying cardiovascular risk of the patient.
Patients with pre-existing chronic disease such as hyper-
tension. diabetes, renal disease. or previous cardiovascular
event are considered at highest nisk. so proactive manage-
ment of these conditions is warranted before administering a
TKL As revealed by the pivotal clinical trials, the occurrence
of 4 G3 type event, however rare, must necessarily result in a
temporary interruption of the treatment and/or a reduction of
50% of the dose of the drug on the basis of individual toler-
ance. Among the main events reported in the tnals include
high blood pressure, the incidence of which is significantly
different depending on the type of cancer (RCC vs. non-
RCC 25.9% versus 20.4%. RR 1.27. 95% CI: 1.13-1:43, p
<0.001), although patients with RCC may have higher blood
pressure at the outset. For Sunitinib, RR was 8.20 for patients
with RCC (95% CI: 4.70 to 14:29), and only 142 for pa-
tients with GIST (95% CI: 0.81 to 4.2). This may be refated
to the higher levels of VEGF found in patients with clear cell
RCC due to loss of function in Von Hippel-Lindau (VHL), or
more likely because of the increased rate of nephrectomies.
with reduction of nephrons and glomerular filtration rate in
patients with RCC responsible for a reduced urinary excre-
tion of the drug and perhaps also impaired sodium clearance.
The use of TKIs is responsible in tumn for cardiac and renal
damage. It was reported that high blood pressure was as-
sociated with reduction of left ventricular function during
treatment with sunitinib in patients with RCC. although the
mechanism is still unclear, and although it was not possible
to exclude direct cardiotoxicity of the drug. Some authors
postulate that ventricular dysfunction may depend on the di-
rect action of the VEGF pathway causing an alteration of the
vascular architecture responsible for a lower microvascular
density and diminished production of NO. The treatment
schedule influences the nisk of developing high blood pres-
sure. In particular, H. Zhu et al. showed in a meta-analysis
that the continuous administration of TKIs has an increased
risk of higher blood pressure than the intermittent schedule
(RR 1:32. 95% CIL: 1.18-1.48. P < 0.001). probably due to
the unremitting action of the drug on the vasculature. With
regard to kidney damage, it has been shown that this may
arise from cardiovascular abnormalities. The TKIs can con-
tribute to renal injury through hypertension as well as direct
effects on VEGFR signaling in the renal tubules and glom-
cruli. While arterial hypertension is one of the most common
challenges managing patients receiving TKIs, hypertension
has also been recognized as a predictor of tumor response.
suggesting that antitumor effects and cardiovascular side ef-
fects may be inseparable.

Management of patients receiving TKls should nev-
ertheless provide for close blood pressure monitoring

and appropriate medical management of hypertension.
Treatments may include the use of angiotensin converting
enzyme (ACE) inhibitors or angiotension-I1 receptor block-
ers (ARBs) that have demonstrated antiangiogenic effects
in xenograft models. Nondihydropynidine calcium channel
blockers that induce secretion of VEGF should be avorded
in preference to the dihydropyridines (amlodipine. nife-
dipine). Despite these suggestions. the best therapeutic ap-
proach is not fully established, and is further complicated
by interactions between TKIs and antihypertensive agents.
necessitating further studies. Some authors suggest avoid-
ing drugs that interfere with the CYP3A4 because of the
potential increase in TKI effect. Blood pressure control can
also include diuretics, alpha blockers, and beta blockers, al-
though most data are from studies using bevacizumab. The
limits of interpretation of data about hypertension are nu-
merous. First, many trials reported hypertension as values
>150/100 mmHg or an increase of 20 mmHg rather than
values >140/90 mmHg, and no randomized controlled tri-
als were designed with the aim to standardize this measure-
ment. In addition, baseline blood pressure was not always
reported. although such information is essential in nephrec-
tomized patients may already have secondary hypertension.

Cardiovascular toxicity should not. however, limit the
use of these drugs. as they have demonstrated great util-
ity in the treatment of some cancers such as RCC, which
until recently had few or no medical treatment options.
Several authors, having noted the correlation between high
blood pressure (> 140/90 mmHg) and tumor response, have
suggested hypertension may predict efficacy and might
be helpful in selecting subgroups of patients most likely
to benefit from the therapy. Because of the increased nsk
of cardiovascular complications including end-stage heart
disease in these patients, there is great interest in early de-
tection of cardiovascular toxicity. Recently KA. Bordun
et al. recreated hypertension in mice treated with bevaci-
zumab or sunitinib and showed that the echocardiographic
assessment by tissue velocity imaging (TVI) could detect
early LV systolic dysfunction before the appearance of ab-
normalities in conventional echocardiographic indices. Of
course. much more needs to be done in the development
of these techniques but these encouraging findings suggest
that this approach may help to prevent more severe cardio-
vascular events [56,57.60,62 131144,

REFERENCES

(1] Clacxson-Welsh L Blood vessels as trgets in wmor therspy, Ups )
Med Sci 2002:01712):178-86.

[2] WOOD S Jr. Pathogenesis of metastasis formuation observed in vive
tn the rabbit ear chamber. AMA Arch Pathol 1958.66(4):550-68,

[3] Greenblat M, Shub: P Tumor angiogenesis transhltee diffusion
studies in the hamster by the tansparent chamber technique. J Natl
Cancer Inst 19684101 111-24,



84 Cardio-Oncology

Ehrmann RL, Knoth M. Choriocarcinoma. Transtiltee stimalation of
vasoproliferation in the hamster cheek pouch. Studied by light and
electron microscopy. ] Natl Cancer Inst 1968,41(6): 132044 1.
Folkman J. Tumor angiogenests: therapeotic inplicatons. N Engl 1
Med 1971385{21):1182-6

Tannock IF. The relation between cell profiferation and the vascu-

Lar system i a transplunted mouse mammary tumor. Br § Cancer

1968:22(2):258-73.

I7) Schlacppi IM, Wood JM. Targeting vascular endothelial growith

factor (VEGF) for anti-tunwr therapy. by unti-VEGF neutralizing

moenoclonal antibodies o by VEGF receptor tyrosime-kinnse inhubi-
ters. Cancer Metustusis Rey 1999, 18(4):473-81,

Manley PW, Bold G, Bruggen J, Feadeich G, Furet P, Mestn J.

Schnel! C. Stolz B, Meyer T, Meyhack B, Stark W, Strsuss A, Wood

J. Advances in the suucturad biology, design and climeal develop-

ment of VEGF-R kinuse inhibirors for the treatiment of angiogen-

esis. Biochim Biophys Actu. 2004:1697(1-2):17-27,

[9] Yang JC. Haworth L. Sherry RM, Hwu P, Schwartzentruber DI, To-
palian SL, Stemberg SM, Chen HX, Rosenberg SA. A randomized
trial of bevacizumab, an anti-vascular endothe lal growth factor anti-
body. for metastutic renal cancer. N Engl J Med 2003.349%5):427-34.

[10] Muller KD, Chap LI Holmes FA, Cobleigh MA. Murcom PK. Fehren-
bucher L, Dickler M, Oveemoyer BA, Retmann JD, Sing AP, Lungnuir
V, Rugo HS. Randomized pluse HI trial of copecitabine compared
with bevacizumb plus capeciubine in patients with previously treated
metastane breast cancer. J Clin Oncol 2003.23(4) M2-9,

[11] Geng L, Donpelly E McMahon G, Lin PC, Sieera-Rivers E. Oshinks
H. Hallahun DE. Intibition of vascular endothelial growth factor re-
ceptor signuling leads to reversal of tumor restsiance to radiotherapy
Cancer Res 2001,61(6):2413-9,

[12] Ferrara N, Vascular endothelnd growth factor as a tanget for antican-
cer therupy. Oncologist 2004:9 Suppl 1:2-10,

[13] Zhuo Y, Adjer AA Targeung anglogenesis in cancer theeapy:
moving bevond  vascular endothelial growth Tt Oncologist
20£5.2046).660-73.

[14] Folkiman J. Angiogenesis: an organizing principle for deug discov-
ery ! Nat Rev Drug Discov 2007.6(4):273-86.

[15) Marek-Trzonkowska N, Kwicczy ski A, Reiwer-Gostomska M.
Kol ski T. Molisz A, Swebert J. Arterial hypertension bs charscterized
by unbalance of pro s fuctors. PLoS
One 2015,10(5),

[16) Frates-Schrider M, Risau W, Hallmaon R, Guutschi P, Bohlen P
Tumor necrosis factor type alphs, u potent inhibitor of endothelial
cell growth in vitro, 15 angrogenic m vivo. Proc Natl Acad Sci USA
1OR7. 844 13):5277-81.

{17} Marech L Leporing C. Aminendola M, Porcells M. Gaduleta CD.
Russo E, De Sanu G, Ranten G. Classical and non-classical proan-
glogenie factors as & target of antiznglogenic therapy in tumor micro-
cavironment. Cincer Lett 20052 pif- SU3(M-3835{ 15)100453-8,

{18} Herbst RS, Hong D, Chup L. Kuezrock R. Juckson E, Silverman JIM.
Rasmussen E- Sun YN, Zhong D, Hwang YC. Evelhoch JL. Oliner
ID, Le N, Rosen LS. Safety. phamacokinetics, and satitunmon setiv-
Lty of AMG 386, u selective angiopoietin inhubstor, in udult patients
with advanced solid tmors: § Clin Oncol 200927 21):3557-65.

{19] Seghezar €. Pare! S, Ren CJ, Gualandris A, Pineer Go Robbins

ES. Shapiro RL, Galloway AC, Rifkin DB, Mignut P Fibroblast

growth factor-2 (FGF-2) mduces vascular endothelial growth factor

(VEGF) expression i the endothelial cells of forming capillanes:

4

>
<4

16

=

¢ VETSUS anti-ang

BOE BIEs

an autocrine mechansm contributing to angiogenests, J Cell Biot
19O8:141(7):1659-73.

[20) Nyberg P. Xie L. Kallun R. Eadogenous inhibitors of angiogenesis
Cancer Res 2005:.65(10):3967-79,

[21]) Standker L, Schrader M, Kanse SM, Jirgens M. Forssmunn WG,
Presssner KT. lsolanon and churactenzation of the circulating form
of human endostatin. FEBS Len 1997.42002-3):129-33.

{22] Good D), Polverini PJ, Rustinejad F, Le Beuu MM, Lemons RS,
Frazier WA, Bouck NP A tumor suppressor-dependent inhibitor of

Z0Zeacsls s logically and functionally ndistinguish-
able from o frugment of thrombospondin. Proc Natl Acad Sci USA
1000 87(17).6624-8.

{23) Lingen MW. Polversi PJ. Bowck NP. Reunoie acid und interferon
wphi act synergistcally us antiang : and antt

s

M dgents
against human bead and neck squamous cell curcinoma. Cancer Res
E908:58(23):5551-8.

[24] Velpert OV, Fong T, Koch AE, Peterson JD, Walteabaugh C. Tep-
per RL Bouck NP Inhibition of angiogenests by intedeukin 4, 1 Exp
Med. 1998 188(6): 1039-16.

{25] Voest EE. Kenyon BM. O'Reilly MS, Truit G, D' Anato RJ, Folk-

man J. [nhibiton of anglogenesis i vivo by interdeukin 12 J Natl

Caneer [nst [995.87(8).58 1 -6,

Comelius LA, Nebring LC, Huding E. Bolsnowski M. Welgus HG.

Kobayvashi DK. Pierce RA, Shapiro SD. Mawix metlloprotein-

ases penenite angiostatin: effects on peevisculunzation. J lomunol

1998:161(12):6845-52.

[27) Hagedom M, Zilbesberg L. Wilting J, Camron X, Cammabba G. Gi-

ussams C, Pludert M. Bello L. Bikfalvi A. Domain swapping o

COOH-termingd fragment of platelet factor 4 gencrates potent angio-

geoesis inhibitors. Cancer Res 2002:62(23):6884-90.

Maoses MA, Wiederschain D. Wu I Fernandez CA, Glnzizadeh V.

Lune WS, Flynn E, Svtkowski A, Tao T, Langer R. Troponin 1 is pres-

ent in hunan cartilage and inhibuts angiogenesis. Proc Natl Acid Sci

USA 1999:96(6). 2645-50,

[29] Fike SE, Yuo L. Jones KD, Chemey B, Appella E, Sakaguchi
K. Nakhisi H. Teruya-Feldstemn ). Warth P, Gupta G, Tosuo G
Visostaun, o calreticulin fragment, Infubits angiogenesis and sup-
presses tumor growth. J Exp Med 1998:188(121:2349-56,

[30) Wang GL, Jiang BH, Rue EA, Semenza GL. Hypoxis-mdocible fac-
tor 1 is 4 hasse-helix-Joop-helix-PAS heterodimer regulated by cel-
lular Oy teasion. Proc Natl Acad Sci USA 1995:92(12):5510-4.

[31] Wang GL, Semenza GL. Punfication and charactenzaton of hypox-
ta-inducible factor 1 Biol Clem 1993.270,3):1230-7.

{32] liang BH. Semenza GL. Buuer C, Marti HH. Hypoxia-inducible fac-
tor | levels vary exponentially over a physiologicully relevant range
of O tension, Am J Phystol 19962714 P 1y,

[33] Semenzs GLHIF-1: mediator of physiological asd pathophysiologi-

cal responses 1o hypoxia. J Appl Physiol (1983) 2000:88(4):1474-80.

Guldeano C, Gadd MS. Seares F. Scaffids S, Van Molle 1, Birced

L Hewitr S, Dias DM. Cuulli A, Structare-guided design and opti-

ization of small molecules turgeting the protein-protein interiction

between the von Hippel-Lindou (VHL) E3 ubsquitin hgase and the
bypoxia inducible factor (HIF) alpha subanr with in vitro nanomotar

uftinities, J Med Chem 2014.57(20) 8657-63.

{35] Karumysheva AF Mechansms of anglogenesis
(Mose) 2008,73(7):751-62.

[36] Dvorak HE Angrogenesss: update 2005, 1 Thromb Haemost 20065, 3(8)
183542,

f37) Sun IE. Phung T, Shiojima I, Felske T. Upalakulin IN, Feng D.
Komaga T, Dor T. Dvorak AM. Walsh K, Benjanun LE. Micrmvas-
cular patterning s controlled by fine-tuning the Akt signal. Proc Natl
Acad Sei USA 2005:102(11:128-33.

{26

-

{28

134

Biochemistry



Cardiotoxic Effects of Anti-VEGFR Tyrosine Kinase Inhibitors Chapter | 5 85

[38] Zeng H, Dvorak HE. Mukhopadhyay D. Vascalar permeability factor
IVPFvascular endotheliul growth factor IVEGE) peceptor-1 down-
ndulates VPF/VEGF receptor-2-mediated endothelial cell profif-
cration, but not nugravon, through phosphatidylinesitol 3-kinase-
dependent pathways. J Biod Chem 20002761 29): 2696479,

[39] Ucuzian AA, Gassman AA, East AT. Greisler HP. Molecular medis-
tors of angiogenesis: J Burm Care Res 201003 §(1):158-75,

[40] Armulik A, Abramsson A, Betsholtz C. Endothelial/perieyte interac-
tions. Cire Res 2005:97(6):512-23.

[41) Folkmun J, Haudenschild C. Angiogenesis in vito. Nature

1080, 288(5791),551-6,
[42] Wakui S, Furusato M, Ohshige H, Ushigome S. Endothelink-pericyte
tnterdigitations in st subc cous dise impl | ungiog Mi-

crovase Res 1993460 1):19-27.

[43] Ferrara N, Gerber HE, LeCourer J. The biology of VEGF und s re-
ceptors. Nat Med 2003.96) 669-76.

[44] Cross ML Dixelius J, Matsumoto T, Claesson-Welsh L. VEGF-
receptor signal wansducaon. Trends Biochem Ser 2003;28(9)
JHE-94.

[45) Ferraa N, Kerbel RS, Angiogenesis ws a therapeutic target. Nature
2005:4387070):967-74.

{46) Ellis LM, Hicklin D) VEGF-taggered therapy: mechansms of ann-
tumor seviey. Nat Rev Cancer 2008:8(8):579-91.

[47) Lee SH, Jeong D, Han YS, Back MJ. Pivotsl role of vascular endo-
thelial growth factor pathway o tumor angiogenesis. Ann Surg Treat
Res 201589¢ 1) 1-8.

(48] Caragha M, Santini D, Brente G, Rizzo S, Sotino G, Rini GB, Di
Fede G, Russo A. Predicung efficacy und toxicity in the ¢ea of tar-
geted therapy! focus on unt-EGFR and anti-VEGF molecules. Cure
Drug Metab 201 1,120 10).904-55,

[49) Bronte G, Broate E, Novo G, Pernice G, Lo Vullo F, Musso E, Bronte
F, Gulotts E, Rizzo 8. Rolfo C, Silvestris N, Buzan V, Nova S, Russo
A. Conquesis and perspecuves of cardio-oncalogy in the field of w-
mor angiogenesis-targeting tyrosine kinase inhibitor-based therapy.
Expert Opin Drug Suf 2015,14¢2).253-67.

[50) Coustney KD Corcoran RB. Engelmun JA. The PI3K pathwuy s
drug target in human cancer. J Clin Oncol. 2010,28(6): 1075-83,

[51] Ells LM, Hscklin D). VEGF-targeted therapy: mechanisms of anti-
tlumor setivity. Nat Rev Cancer 2008.8(8):579-01.

[52] Bronte E. Bronte G, Novo G, Broate F, Bavetta MG, Lo Re G, Brun-
cutelli G, Buzan V, Natolt C. Novo S, Russo A, What links BRAF 10
the hewrt function? New msights from the cardiotoxicity of BRAF
inhibitors in cancer treatment. Oncotanget 201 5:6i34).35589-601.

53] Kerkelu R, Woulfe KC. Durand ¥B, Vagnozzi R. Kramer D, Chu TE.
Beahm C, Chen MH, Faree T § nib-isduced cardiowsieity s
mediated by off-taggel whibition of AMP-uctivased protein Kindse.
Clin Teansl Sei 2009, 2(1).15-25.

[54]) Gremneder CF. Kohnstamm S, Ky B. Heant failure assocusted with
stnitinih: lessons leamed from animal models. Cun Hypertens Rep
200E1346):436-41.

[55) Kappers MH, van Esch JH. Sleiifer S, Danser AH, van den Meinucker
AH. Cardiovascular und renal toxsgity dunng ungiogenesis inhibi-
tion: clinical and mechanistic aspects. J Hypertens 2009.27¢12):
2207-309.

[36) Motzer RJ, Hutson TE Tomezak P, Michaelson MD, Bukowski RM.
Rixe O, Oudard S, Negrier S, Szeaylik C. Kim ST, Chen [, Byeont
PW, Buum CM, Figlin RA: Sumitinth versus interferon alfy i meta-
static renal-cell carcinoma. N Engl J Med 2007 356(20:1 15-24;

[57) Raymond E. Dahun L, Raoul JL. Bang Y), Borbath 1, Lombard-
Bohas C. Vadle ). Metakos P. Smith DD, Vinik A. Chen JS, Horsch

D, Hommel P, Wiedenmann B, Van Cutsem E, Patyna S, Lu DR,
Blanckmeister €, Chao R. Rusaniewski P Sunitib malate for
the treatment of pancreatic newroendocrine tumors. N Engl 1 Med
200 13646150113,

[58) Rims Bl Cohen DP, Lu DR. Chen 1, Harihuan 8, Gore ME, Figlin
RA, Baum MS. Motzer RJ. Hypertension as u biomsarker of efficucy
in patients with metaseatic renal cell carcinoma treated with sunitinib,
I Natl Cancer Inst 201 1:103(9):763-73.

[39) Greineder CE Kohnstamm S, Ky B. Heant Llwre associsted with

sunitinib: lessons kearned from anemal models. Cunr Hyperens Rep

20013061 430-41.

Chu TF. Ruposck MA, Kerkela R, Dallabinds SM, Zueakowsks D,

Nguyen L, Woulfe K. Pravda E, Cassiola F. Desai ), George S, Mor-

gan JA, Hareis DM, Ismail NS, Chen JH, Schoen FL Van dea Ab-

beele AD, Demerri GI, Force T. Chen MH, Cardiotxicity assoctat-
ed with tyrosioe Kinase inhubator suninnib, Lincet 200737009604 )

2001-9.

[61] Llovet IM, Ricer S, Mazzaferro V. Hilgud P, Gane E Blane JE de

Oliveira AC, Santoro A, Raoul IL. Fomner A, Schwartz M. Poru C,

Zeuzem S, Bolondi L, Greten TE Galle PR, Seitz JE, Borbath |

Hiussinger D, Grannans T, Shun M. Moscovicr M, Voliotis D, Bruix

1, Investgaors Study SHARP, Group. Sorafenib in advanced hepato-

celluly carcinoma. N EnglJ Med 200835%4 ):378-09(}

Pemeri GD, vun Oosterom AT, Garrewt CR, Blackstein ME. Shah

MH. Verweij J. MeArthur G, Judson IR, Hemnich MC. Morgan JA.

Desal J. Flacher €D, George S, Bello CL, Huang X, Baum CM,

Casali PG. Efficacy and sufety of sunitinib in patients with sdvineed

(60

62,

gustointestinal stromal numor after failure of imatinib: u randomised
controlled trul. Lancet 2006,368(9544):1329--38.
[63] Gupta R, Maitland ML Sunitinib, hypeetenston, and heart failuse: o
todel for Kinase inhibitor-medisted cardiotoxicity. Cuer Hypenens
Rep 201 1:13(6):430-5,
Schimdinger M, Ziclinski CC, Vogl UM, Boyie A, Bojie M, Schukeo
C, Rubsam M, Hegna M, Schunidinger H. Cardiae toxicity of suni-

164

tinsb and sorafenib in patients with metastatic renal cell carcinoma, J
Clin Oncol 2008;26432):5208-12.
[65) Cheng AL Kang YK. Chen Z, Tsao C). Qun 8, Kim IS, Luo R. Feng
J.Ye S, Yang TS, Xu ). Sun Y, Lisng H. Lis J, Wang ), Tak WY,
Pan H. Burock K. Zou J. Voliotis D. Guun Z. Efficacy und ssfety of
sorafensh in patsents in the Aia-Pacific region wath advanced hepi-
tewellulir carcinoma: & phase I rssdomised, double-blind, placebo-
controlled trnl. Lapcet Oncol 2009, 1011),25-34,
Escudier B, Eisen T, Stadler WM, Szezylik C, Oudard S. Stachler
M, Negrier §; Chevieau C. Desa AA, Rolland F, Demkow T, Hui-
son TE, Gore M, Anderson 8. Hofilena G, Shan M. Pena €, Lathia
C, Bukowski RM. Sorafeaib for teatment ofrenal cell curcinoma:

(66

Final efficacy and safety results of the phase I treatment approach-
5 In renal cancer global evaluation traal J Clin Oneol 20092720
3312-8.
[67) Stacler WM. Figlin RA. McDermwott DF, Dutcher JP, Knox 11, Miller
WH I, Hatnsworth 1D, Henderson CA, Gearge JR. Haydenberg J,
Kindwull-Keller TL, Ernstoff MS, Deabkin HA, Curtd BD, Chu L,
Ryan CW, Hotte SJ, Xu C, Cupit L. Bukowsks RM. Stdy ARCCS,
Investigators. Safety and efficacy results of the advinced renal cetl
carcinoma sorafeath expunded access progeam i Nonth Amenca
Cancer 20001 16¢5):1272-80.
Choueins TK, Schutz FA, Je Y. Rosenberg JE, Bellmunt J. Risk of
arterul thromboembolic events with sunitinib and sorafenib: a sys-

(68

tematsc review and meta-analysss of clinical mals. J Clin Oacol
201028 13):2280-5,



86 Cardio-Oncology

[69) Wang Z. Xu J, Nie W, Huang G, Tang J, Guan X. Risk of hyper-
tension with regorafenid in cancer patients: o systematic review and
mety-analysis. Eur J Clin Phaemacol 2014:70¢2).225-31.

{70] Demewn GD, Reichardt P, Kang YK, Blay 1Y, Rutkowski P, Gelder-
blom H, Hohesberger P Leshy M, von Melrea M, Joensus H,
Badalamenti G, Blackstein M, Le Cesne A, Schoffski P, Maki RG,
Bawer S, Nguyen BB, Xu I, Nishada T, Chung J. Kappeler C, Kuss
L Lawrent D, Casale PG, GRID study investigators. Efficacy and
safety ef regorafenib for advanced gastrointestinal stromal fumuoes
after Faulure of mmaunib and supitinib (GRIDY. an nternational.
multicentre, randomised, placebo-controlled, phase 3 mal. Lascet
2013,381(9863):295-302.

[71) Li), Qs S, Xu R, Yau TC, Mu B, Pun H, Xu J, Bai Y, Chi Y, Wang
L. Yeh KH, Bi F, Cheng Y, Le AT, Lin JK, Liu T, Mu D, Kappeler
C, Kalmus J, Kim TW, CONCUR lnvestigators. Regorafenib plus
best supportive care veesus placebo plus best supportive cane i Asian
patients with previously treated metastatic colorectul cancer (CON-
CURY: u randomssed, doable-blind, placebo-controlled, phase 3 tral.
Lancer Oneol 2015:16(6).619-29,

[72] Abdel-Rahman O, Fousd M. Risk of cardiovasculur toxscities in
patients wath solid tumors treated with sunitinb, uxitnib. cediantb
or segorafenih; an updated systematic review and comparanve meta-
unalysis. Cnt Rev Oncol Hematol 2004:92(3),194-207.

173] Qi WX, He AN, Shen Z, Yuo Y. Incidence and risk of hypertension
with a novel muli-targeted kinase inhibitor axitinib in cancer pu-
nents: a systemane review and meig-analysis. Br 1 Chin Pharmocol
2013.76(3):348-57.

[74) Rim: BL Quinn DL Bavm M. Wood LS, Turazi J, Rosbrook B, Anuda

LS, Cisar L, Roberis WG, Kim S, Motzer RJ. Hypenension among

putients with renal cell carcimoma receiving watinib or sorafenib:

wnalysia from the randomized phase 11 AXIS il Target Oncol

200510 1):45-53.

Rins BI, Schiller JH, Fruehuuf JP, Cohen EE, Turaz JC, Rosheook

B, Bur AH, Ricurt AD, Olszanski AL, Letrent KJ, Kin S, Rixe O,

Diastolic blond pressure as a biomarker of axatinib efficacy i solid

tumors. Clin Concer Res D 2000171 E23841-9.

{76] Eisen T. Shparyk Y, Macleod N, Jones R, Wallenstein G, Temple G,
Khder Y. Dallinger C, Studeny M. Locmbe AB. Bondarenkn 1. Effect
of sruldl angrokinase mhibiter nintedanib (BIBF 11200 on QT inter-

175

val i patients with previousty untreated. advanced renal cell can-

cer insn open-hibel, phase 1 study. Invest New Drugs 2013.31(5);

1283-03,

du Bois A, Krisiensen G, Ray-Coquard L Reuss A, Pignuea 8§, Co-

lombo N, Demson U, Vergowe L, Del Campo IM, Otevinger P. Heu-

bser M. Minarik T, Sevin E, de Gregorio N, Bidzs ski M, Pristerer ).

Malunder S. Hilpent F, Mirza MR, Scambia G, Mezer W, Nicoletio

MO, Byorge L, Lortholury A, Sailer MO, Merger M, Hacter P AGO

Study Group led Gynecologic Cancer Inteegroup (GC1G)European

Netwark of Gynaccologie Oncology Teals Groups (ENGOT) Inter-

group Consortium. Standard fiest-line chemothesapy with o with-

out nintedanib for advanced ovanun cancer (AGO-OVAR 12); a

randomised, double-blind. placebo-controllid phase 3 rial. Lancet

Oncel 20016,17(13.78-89.

[78} Zang ), Wu S, Tang L. Xu X, Bai J. Ding C, Chang Y, Yue L, Kang
E, He J. Incadence and nisk of QTc imterval prolongaton among can-
cer patients trested with vandetanib: o systematic review and meta-
analysis. PLOS One 20112:7(2):030353.

[791 Qi WX, ShenZ, Lin F, Sun YJ, Min DL, Tang LN, He AN, Yoo Y. In-
cidence and nisk of hyperension with vandetanib i cancer patients:

177

=

80

{81

182

[83)

84

[85]

86

{87

88

189)

190

o

u systematic review and meta-analyses of clinical trials. Br J Clin
Pharmacol 2013.75(4):419-30,

Liu Y, Liv Y. Fan ZW, Li J. Xu GG. Met-analysis of the risks of
byperension and QTe prolonganon in patients with advanced non-
small cell luny cuncer who were recewving vandetunib. Eur J Clin
Pharmacol 20057155417,

Qi WX, Lin F, Sun YJ, Tang LN, He AN, Yao Y. Shen Z. Iscidence
und nsk of hyp sion with pazopanib in patients with cancer: o
meta-analysss, Cancer Chempthee Pharmacol 200 3.7 1421 431-9,
Prck AM, Nystrom KK, Pazopanid for the treatmweat of metastatic
renal cell carcinoma. Clin Ther 2012:34¢3):511-20,

van der Graaf WT, Blay JY, Chawly SP. Kim DW, Bui-Nguyen
B, Cusali PG, Schofiski P, Aglicns M. Staddon AP, Beppa Y. Le
Cesne A, Gelderblom H. Judson 1R, Araki N, Ouali M. Murreaud
S. Hodge R, Dewji MR, Coens C, Demets GD, Flewher CD, Det
Tos AP. Hohenberger P, Soft Tissue EORTC, Bone Suwcoma Group
PALETTE. study group. Pazopanib for metastatic soft-tissue sar-
comu (PALETTE): o randommised, double-blind. placebo-conteollied
phase 3 trial, Lancet 201 237K 98291 187956

Hecht JR. Trurbach T, Hansworth JD, Major P, Jager E, Wolll RA,
Lloyd-Salvant K. Bodoky G. Peadergruss K. Berg W, Chen BL. Ju-
lava T. Memnhardt G. Eaurent D, Lebwoh! D, Kerr D. Rundomuzed,
placebo-controlled, pluse [ stwdy of fise-lse oxaliplaun-based
chemetherapy plus FTKTR7/ZK 222584, un oral vaseular endothelial
growth factor receptor inhibitor, in patients with metastatic colorectal
udenocarcinoma, J Clin Oncol 208 1:29{15)11997-2003.

Van Cutsems E, Bujerta E, Valle J, Khne CH. Heclit JR. Moore M,
Germond C. Berg W. Chen BL. Jalava T, Lebwobl D, Meinharde G,
Laurent D, Lin E. Randomuzed, placebo-controlled, phase [1 study
of oxaliplatn, Auorourscil, and leucovorin with or without PTK787/

ZK 222584 in pabents with previously trested metastatic colorectal
adenocarcinomi J Clin Oncol 200 1290155200810,

Guuler TC, Besse B, Mouguen A, Menc JB, Gounant V. Fischer B,
Overbeck TR, Kiissel H. Laurent D, Tugnen M, Commo F, Sonu
JC. Ebethurdt WE. Phase 1T wid of PTK787/ZK 222584 (vatalamb)
administered orally once-daily or in two divided duily dosex as
second-line monotherapy i relapsed or progressing patients with
stage HIBAV nop-souadl-cell lung cancer (NSCLCH Ann Oncol
2012:23(3):678-87.

Norden AD, Druppatz ). Wen PY. Novel ant-angiogensc therapies for
nualignant ghomas. Lancet Newrol 2008,7(12):1152-61),

Batchelor TT, Seeensen AG. di Tomiso E, Zhang WT. Duds DG, Co-
len KS, Kozak KR, Calill DP, Chen PI, Zlue M, Ancukicwic 2 M, Mru-
gala MM, Plotkin S, Drappatz ). Louis DN, vy B Scadden DT, Benner
T. Loeffler JS, Wen PY. Jun RK. AZD2ITL, a pun-VEGF receptor
tyrosine Kindse inhibitor, nommalizes tumor vasculsture and alleviates
edema in ghioblastoma patients, Cancer Cell 20071 1(1):83-95.
Ruscito [, Gasparm ML, Marchetn C, De Medic: C, Beacehi C, Palisa
L Imboden S, Mueller MD, Papudia A, Muzii L. Panict PB. Cedira-
nib i ovanan cancer state of the art und fawre perspectives. Tumor
Biol 2016,37(3)2833-0

Robinson ES, Matlonis UA, Ivy P, Bedlin ST, Tybueski K, Penson
RT. Humphieys BD. Rapid development of hypertension and pro-
teinuria with cediranib, en orl vascular endothelinl growth factor
recepior inhibitor. Clin J Am Soc Nephrol 2010,5(3),477-83,

Rapa FA, Gnftin CL, Qian W, Hine H. Parmar MK, Swat AM,
Ledermunn JA. Initial wxicity assessment of ICONG: o randomised
trial of cediranid plus by hevapy i platinum-seasitive relupsed
ovarsan cancer. Be J Cancer 2011, 105718849,




92)

1931

(%4

{95

96

97

198

199

[100]

[on

1102

Cardiotoxic Effects of Anti-VEGFR Tyrosine Kinase Inhibitors  Chapter | 5 87

Heckman CA, Holopainen T, Wirzenius M, Keskitalo S, Jeltsch M.
Yli-Hertuala S, Wedge SR, Jurgensmeicr JIM, Alitalo K. The tyto-
sine kinase inhibitor cediranid blocks ligand-induced vascular en-
dothelial growth factor receptor-3 acuvity and lvmphangiogenesis.
Cancer Res 2008,68(12):4754-62,

Robertson 1D, Botwood NA, Rothenberg ML, Schmoll H1 Phase
I trial of FOLFOX plus bevacizumab or cedimumb (AZD2I71) as
fiest-line treatmeat of patients wath metastatic colorectal cancer:
HORIZON 111 Clin Colorectad Cancer 2000,8(1).50-60.
Barchelor TT, Mullwllund . Neyns B, Nabors LB, Campone M.
Wick A, Mason W, Mikkelsen T, Phuphansch S. Ashby LS. Degroot
J, Guttumanend R, Cher L. R hal M, Payer F, Jligeasmeser M,
Jain RK, Sorensen AG, Xu J. Liv Q, van den Beat M. Phase 11 un-
domized uind companing the efficacy of cediranid as moaotherapy,

and 10 combinauon with lomustine, versus lomusune alone i pa-
tients with recurrent ghoblastorm, J Clin Oneed 2003:31(26):3212-8.
LiuJE, Barry WT. Birrer M. Lee JM. Buckanovich RJ. Fleming GF.
Rimel B. Buss MK, Nattam S, Husteau J, Luo W, Quy P, Whalen C.
Obermayer L. Lee H, Winer EP, Kohn EC, lvy SP, Matuloms UA.
Combnation cedirantb and olaparib versus aliparib alone for wem-
en with recurrent plutinume-sensitive ovarian cabeer: i rundomised
phuse 2 study. Lancet Oncol 20041 5¢111:1207-14.

Richter 8. Seah JA, Pund GR. Gan HK, Mackenze M), Hote S),
Mukherjee SD. Murruy N, Kollmannsberger C, Heng D, Haider
MA, Halford R. Ivy SP. Moore MI, Sridhar SS. Evaloation of sec-
ond-line and subsequent targeted therapies m metastste renal cell
cancer (mRCC)H putieats treated with first-line cediranih Can Urol
Assoc 1. 200480 11125398402,

Hurte H. Lhewreux S, Flenung GF, Sugimoto A. Morgan R, Biagi §,
Wang L. McGill §, Ivy SP. Oza AM. A phase 2 study of cediranib in
recurrent or persistent ovarisn, perttoneal or Billoplan tube cancer.
u trind of the Princess Murgaret. Chicago and California Phase 1
Conserta, Gynecol Oncol 2015:138(1135-61,

Vulle W, Wasan H, Lopes A, Backen AC. Palmer DH. Morsis K,
Duggan M, Cunniigham D, Anthoney DA, Corne P. Madhusudan
S. Murnuveyas A, Ross PY. Waters JS, Steward WP, Rees C, Beare S,
Dive C. Brudgewaser JA. Cediranib or placebo in combinanion with
cusplatin and gemeitabine chemotherapy for patients with advanced
biliary wact cancer (ABC-03): 4 randomised phase 2 wial. Lancet
Oncol 2085160896778,

Jiang Yo Allen D, Kersemuns V. Devery AM. Bokobza SM. Snurt S,
Ryan AJ. Acute vascular response 1o cediranib tréatment in human
non-smadl-cell lung cancer xenografis with different tumor stromal
archuecture. Lung Cancer 2015:890(2):191-8.

Symonds RE, Gourley €. Davadson 8, Cany K, McCiunmney E.
Rai D. Banegee S, Juckson D, Lord R, McCormuack M, Hudson
E. Reed N, Flubacher M, Jenkowska B Powell M, Dive C, West
CM. Paul 1. Cediranib combined with carboplatin and paclitaxel in
patients with metastatic or recusrent cervical cancer (CIRCCu): o
randomised, double-blind, placebo-controlled phase 2 trial. Lancet
Oncol 2015:16(153:1515-24.

Elisei R, Schlumberger M), Muller SP Schéfiski P, Brose MS,
Shah MH, Licitra L Jarzub B, Medvedey V, Kreisst MC, Niedetle
B, Cohen EE. Wirth LY Al H, Hessel C, Yaron Y, Bull D, Nelkin B,
Shermun S, Cabozanumb in progressive medullary thyrod cancer.
J Clin Oncol 2013;3129):3639-16,

Smith DC, Smith MR. Sweeney C. Eltiky AA. Logothetis C, Coen
PG, Vogelzang NJ, Small EJ. Hurzsturk AL, Gordon MS, Viusham-
payan UN, Haas NB. Spira AL Lara PN Jr, Lin OC. Srinivas S, Sella

(103}

[104)

[105]

[106)

1107}

(108)

[109)

(110}

[

(112

A, Schotfski P, Scheffold C. Weitzman AL, Hussain M. Cabozan-
tinib in putients with asdvinced prostate cancer: results of a phase I
randomized discontinuation il § Clin Oneol 2013314414 12-9.
Smuth MR, Sweeney CJ, Com PG, Rathkopt DE. Smuth DC, Hus-
s M, George DI, Higane CS. Harzstk AL Sarter AO, Vogel-
zang NJ, Gurdon MS, de Bono JS, Haas NB, Logothetis CJ, Elfiky
A, Scheffold C. Laud AD, Schimmoller E, Basch EM, Scher HI
Cabozantinib in chemotherapy-peetieated metastatic castration-fe-
slstianmt prostate cancer: results ol a phase [ noncandomized expan-
sion study. J Clin Oncol 2014:32(30):3301-9,

Chouein TK, Escudier B, Powles T, Mainwiuring PN, Rini BL Don-
skov F, Hansmers H. Hutson TE, Lee JL, Peliols K, Roth BJ, B
nason GA, Géezi L, Keam B, Matota P. Heng DY, Schmidinger M,
Kantoff PW, Borgman-Hugey A, Hessel C, Scheffold C, Schwab
GM, Tunnie NM, Mowzer RI lvestgators METEOR. Caboz: b
sersuy everolimus in advanced renal-cell carcinoma, N Engl J Med
2085373019018 14-23.

Schiumberger M. Tabara M. Winth LI, Rolinson B, Brose MS,
Ehsel R, Habre MA. Newbold K, Shah MH, Hoff AO, Glunnu-
kukis AG, Kiyots N, Taylor MH, Kim SB, Krzyzanowsks MK,
Dutcus CE. de las Heras B, Zhu 1, Sherman SE Lenvatinib veesus
placebo 1 radivodine-refeactory thyrond ¢ancer. N Engl 1 Med
205,3727):621-3(L

Fala L. Leavima envatntb), o multireceptor tysosine Kinase in-
hibitor. Approved by the FDA for the teatment of patients with dif-
ferentuted thyroid cancer. Am Health Drug Benefits 2015:8(Spec
Feature):176-9.

Schlumberger M. Jarzab B, Cabanillas ME, Robinson B, Pacim F,
Ball DW, McCaffrey J, Newhold K. Allison R, Murting RG, Licatra
LF, Shah MH. Bodenner D, Elises R. Burmeister L. Funohashi Y,
Ren M, O"Braen JP, Sherman SLA phase 1Tl of the multitargeosd
tyrosine kinase ihibitor fenvatinib (E7080) in advanced medullucy
thyroid cancer. Chin Cancer Res 200162201 44-33,

Ikeda M, Okusaky T, Mitsunaga S, Ueno H. Tamad T, Suzuki T,
Huyato §, Kadowaki T, Okits K, Kumada H. Safety and pharmao-
cokmnetics of lenvatinib in patients with advanced hepatoceliulur
carcinoma. Clin Cancer Res 2016, 22(6); 138504,

Metzer RJ. Hutsen TE, Glen H, Michaelson MD, Molina A, Eisen
T. Jussem J. Zolmerek J. Maroto JP. Melludo B, Melichar B, Toma-
sk 1, Kremer A, Kim HI, Wood K, Dutcus C. Larkin 1. Lenvatinib.
eversl . sl the b my s with metastatic reaal
cell carcinoma: s randomised, phase 2, open-label. multicentre winl.
Luncet Oncold 2015, 16(15):1473-82.

Ramaolingam 88, Shuvelband M, Soo RA. Bamios CH, Mukhson
A, Segulla JG, Patman KB, Koluan P, Pereiru JR. Stkalovie G, Be-
Lant CP. Axelrod R. Owomkoko TK. Qin Q, Qiun J, McKeegun EM.
Devanarayan V, MeKee MD. Ricker S, Carlson DM, Gorbunova
VA, Randomized phase 11 study of carboplatin and paclitasel with
cither linifanib or placebo for advinced nansquameus non-small-
cell lung cancer. J Clin Oncol 2013335143341,

Chiu YL, Lorusso P, Hosmane B, Ricker JL. Awm W, Curlson DM
Results of g phase 1, open-label, randomized. ceossover study evalu-
uting the effects of hufanb on QT¢ Intervals in patients with solid
tumors. Cancer Chenother Pharmacol 2004.73¢1):213-7.

Mross K, Frost A, Scheulen ME, Krauss 1, Swumberg D, Schulthe-
155 B, Fasol U, Bischert M, Krlitzschmer ). Delesen H. Rajagopalan
P Chrastensen 0. Phase ['study of telatinib (BAY §7-9352). analy-
st of safety, pharmacokinetics, tumor efficacy, and biomurkers in
putients with colorectal cancer. Vase Cell 2011:3:16.




88 Cardio-Oncology

[13)

[114)

[115)

[116]

(7

18]

(19

[120]

(2

(122

Bergers G, Hanahan D, Modes of resistance to anti-anglogenic
therapy. Nat Rev Cancer 2008,8(8).392-603.

Jonker D), Rosen LS. Sawyer MB, de Braud F, Wilding G, Sweency
CJ. Jayson GC, McAnthur GA, Rusun G, Goss G. Kantor 1, Velus-
yuez L, Syed S, Mokhatehouk O, Feltquate DM, Kollia G, Nuyten
DS, Galbraith S. A plise Istudy to determine the safety, phurmaco-
kinetics end pharmacedynamics of a dual VEGFR and FGFR inhib-
itar, brivanib, in patients with advanced or metastatic solid tumors.
Ann Oneol 2011:2246): 14139,

Johnson PI, Qin S, Park IW. Poon RT. Raoul JL, Plalip PA. Hsu
CH. Hu TH. Heo J, Xu J, Lu L. Chao Y, Buocher E, Han KH, Paik
SW, Robles-Avian J, Kudo M. Yan L, Sobhooslidsuk A, Konwoy
D, Decusens T, Tok WY, Jeng LB, Liu D. Exzeddine R, Walters L
Cheng AL. Brivanib versus sorafenid as fise-line therapy in pa-
uents wath unresectable. advanced hepatocellular carcinoma: re-
sults from the randomized phase 11T BRISK-FL swudy. 1 Clin Oncol
2013:31(28):3517-24.

Llovet JM, Decaens T, Raoul JL, Boocher E. Kudo M, Chang C.
Kang YK. Assenat E, Lim HY, Boige V. Mathunn P. Fartoux L,
Lin DY. Bruix J, Poon RT, Sherman M, Blane IF, Finn RS, Tak
WY. Chao Y. Ezzeddine R, Liv D. Walters L. Park JW. Brivanib
i patients wath advanced hepatocellular carcimoma who were
miolerant 1o sorfenid or for whom soradenth failed: results
from the rundomezed phase 111 BRISK-PS swdy. J Clin Oncol
2003:3528):3500-16,

Matoon §: Leroux JC. Recent advances an the reatment of hypee
wmmonerie. Adv Diug Deliv Rev 2015.90:55-68,

Shalh MA. Wainberg ZA. Catenuccel DV. Hochister HS, Ford ).
Kunz P Lee FC, Kallender H. Cecchi F, Rabe DC, Keer H, Mur-
tin AM, Liu Y. Gagnon R. Bonate P, Liu L. Gilmer T, Bottazo
DP. Pluse 11 study evalusting 2 dosing schedules of oral foretinib
1GSK1363089), e MET/VEGFR2 inhibior. in patients with meta-
satie gasine cancer. PLoS One 2013 8(31e34014,

Chouetrs TK. Vasshampayan U, Rosenberg JE, Logan TF, Hurzsturk
AL. Bukowski RM, Rini BL Sranivas S, Stein MN, Adams LM, Or-
tesen LH, Laubseher KH, Sherman L, MeDermott DF, Haas NB.
Flzherty KT, Ross R. Eisenberg P. Meltzee PS, Menino MJ. Bottaro
DP. Linchan WM, Srinivasan R Phase 1 and biomurker study of
the dual MET/VEGFR2 inhibitor foretinth in patieats with papillury
renal cell carcinoma. § Clin Oncol 2013:31 21 (8 1-6.

Scughoi GV, Vynsychenko L Park K, lchinose Y, Kubota K.
Blackhall F, Pirker R, Guliulin R, Ciuleanu TE. Sydorenko 0. De-
diu M. Pagai-Szekely Z, Banaclocha NM, McCoy S. Yao B, Hei
Y1, Galent F, Spigel DR. Intesnanonal. randonuzed, placebo-con-
trolled, double-blind phiase 1 stisdy of motesanid plug carboplatin/
puchitaxel in patients with advanced nonsquamous non-seall-cell
lung cancer: MONET1.  Clin Oncol 2012;304231:2820-36.
Novello S, Scagliott GV, Sydorenko O, Vynaycheako I, Volovar C,
Schoeider CP. Blackhall F McCoy S, Hei Y1, Spigel DR. Motesanib
phus carboplataypuclicaxel in patsents with advunced squamous
nop-small-cell lung cancer: results from the randomized conwolled
MONET study. J Thorae Oacol 2014982 LES4-61,

Sorta JC, DeBroud F, Bahleda R, Ademo B, Andre F, Dienstmann
R, Delmonte A. Cereda R, Isaacson J, Liten 3, Allen A, Dubwis F.
Saba €. Robent R. D' Incales M, Zucchern M, Camboni MG, Tab-
ernero ). Phuse Ul study evaluating the safety, efficscy, pharma-
cokinetics. and pharmacodynamics of lucitanib i advanced solid
tumors. Ans Oncol 2088.25(113:2244-51.

1123}

[124)

1125)

[126)

127

(128)

(129)

{130

(131

(132}

[133)

[134]

Colzami M, Noberini R. Romanenghi M, Colella G, Pasi M,
Fancell: D, Varast M, Minuced S, Bonalds T. Quantitative chemacal
proteomies identifies novel turgets of the anti-cancer multi-Kinuse
Iinhubicor E-3810. Mol Cell Proteonues 2014, 1361 1495-500,

A Phase Ib Study of VEGER inhibitor fruquintinib i patients with
pre-treated advanced colorectal cancer—ASCO 2014 Presentation
Abstracts; Abstract # 3548; 2014,

Nosov DA, Esteves B, Lipatov ON, Lyulko AA, Antschenko AA,
Chacko RT. Doval DC, Strshs A, Shichenmyer W, Bhargava P
Antitumor activity and safety of tivozamb (AV-951) in a phase 11
randomized discontinuation trial o patients wath renal cell carci-
nonsa. J Clin Oncol 2012300 14); FRTR-RS.

Eskens FA, de Jonge MJ, Bhurgava P, Isoe T, Cotreau MM. Esteves
B, Haywshi K, Busger H, Thomeer M, van Doom L, Verweij 1, Bio-
logic and ¢liniesl acuvity of tvozanih (AV-95F, KRN-931), o selee-
tive shibitor of VEGF receptor-1, -2, and -3 tyrosine Kinuses, in
ud-week-on, 2-week-off schedule m patients with sdvanced solid
tumaors, Clin Cancer Res 201 1:17(22),7156-63.

Motzer R), Nosov D, Eisen T, Bondarenko L. Lesovay V, Lipatoy O,
Tomezak P, Lyulka O, Alyasovi A, Harza M, Kogan M, Alekseey
BY, Stemberg ON. Szezylik C. Cella D, Ivunescu C. Kriveshik A,
Strabs A, Esteves B, Beskeablit A, Huon TE. Tivozanib versus
sotufenib as inital targeted therapy for patieats with metastatic
renal cell carcinons. resules from o phase W1 twisl J Clin Oneol
2003:31{30):3791-9.

Li ). Zhao X, Chen L. Guo H. Lv F Ju K. Yv K, Wang F i C,
Quun ). Zheng C. Zoo Y Safety and pharmuscokinetics of novel
selective vascular endothelial growth factor receptor-2 inhibitor
YNOOEDI in pauents with advanced mulignancies. BMC Cancer
2010:10:529,

Hu X, Zhang J. Xu B, Jiung Z, Ragaz ), Tong Z, Zhang Q, Wang
X. Feng 1, Pang D, Fan M. Li J, Wang B, Wang Z. Zhang Q, Sun S.
Liao C. Mulucenter phase 1l study of apuunib, & novel VEGFR in-
hibitor i heavaly pretreated patients with metastatic triple-hegative
breast cancer, Int J Cancer 2004, 135(8):1961-9,

LiJ, Qin S, Xu J. Guo W, Xiong J, Bai Y. Sun G, Yang Y, Wang L.
Xu N. Cheng Y, Wang Z, Zheng L. Tao M, Zhu X. Ji D, Liv X, Yu
H. Apatiniby for chemotherapy-refractory sdvanced metastgic gus-
trie cancer: results from o nandomized. placebo-conuolled. paruliel-
arm, phase Il J Clin Oneol 2013;31026):3219-25.
Abdel-Rabman O, Abdelwalab M, Shaker M, Abdelwahab S,
Elbassiony M, Ellithy M. Sorafenid for Egyptin paticats with

udvanced hepatocellular carcinoma: single center experience. J
Egypt Natl Canc 1nst 2004226(1):9-13.
Abdel-Raluman ©, Abdel-Wahals M, Shaker M, Abdel-Wabab
S. Elbassiony M. Ellithy M. Sorafenily versus capecitabine in the
nunagenent of advanced hepatocellular carcinoma, Med Oncol
200334 3):635.

foshiji H, Kursyama S, Yoshis ), Tkenuka Y. Noguchi R, Hicklin DJ.
Wu Y, Yunase K. Namisaki T. Kitade M. Yamuozaki M. Tsujinoue
H. Masaki T, Fuka H Halung the mteraction between vascular
endotheleal growth factor and its receptoes stenuates liver cucing-
genesis in mice. Hepatology 2008.39(6): 1517-24,
Mayer EL, Dhakil S, Patel T, Sundaram S, Fabian C, Kozloff M.
Qamar R, Volterra F. Parmar H, Samamt M, Burstein HI SABRE-B
un evaluation of paclitaxel wnd bevacizumab with or without suni-
tintb as Arst-line treatment of metastutie breast cancer. Ann Oncol
2000211223706,



1135)

[136]

[137)

[138)

1139)

Cardiotoxic Effects of Anti-VEGFR Tyrosine Kinase Inhibitors  Chapter | 5

Mauttand ML, Bakris GL, Black HR; Chen HX, Durand JB. Elliont
WI. vy SP, Leler CV, Lindenfeld J. Liu G, Remick SC, Steingunt
R, Tung WH. Cardiovascular Toxicities Panel. Convened by the
Angiogenests Tusk Force of the Natonal Cancer Insutute Lnvest-
gationud Drug Steeting Comminee, Initial ussessment, suryveillance.
and munagement of blood pressure in patients receaving vasculur
endothelial growth factor signaling pathwuy inhibitors. J Natl Can-
cer Inst 20000 HO2¢0) 596604,

Kaplan NM, Opie LH. Controversies in hypertension, Lancet
2006:367(9505): 168-76.

Pelerson JC, Adier S, Burkart IM, Greene T, Hebent LA, Hunsicker
LG, King Al, Klar S, Massry SG, Seifter JL. Blood pressure
control, proteinusia, and the progression of renal discase. The
Moditication of Diet in Renal Disease Study. Ann Iniern Med
1995 123(10):754-62

Muurad 1), des Guetz G, Debbubi H, Levy BL Blood pressuse rlse
following angiogenesis inhibition by bevacizumab A crocul role
for microctreulation: Ann Oncol 200810 31.927-34

Veronese ML, Mosenkis A, Flaherty KT, Gallagher M, Stevenson
JP. Townsend RR. O'Dwyer P). Mechanisms of hypenension as-
socuted with BAY 43-9006. J Clin Oncol 2006, 24(9):1363-9.

(140}

(141)

(142

[143)

[144)

89

Zhu X, Stergiopoulos K, Wu S Risk of hyperension and renal dys-
function with an angiogersesss mhibitos sunitinib: systematic review
und met-analysis. Acta Oacol 2000:48(13.9-17,

Miura S, Fujine M, Matsuo Y, Tamgawse H, Saku K. Nifedipine-
Induced vascular endode lal growth factoer secretion from coronary
smooth muscle cells promotes endothelial tube formation vie the
kinase nsert domumn-contuining receptor/fetal liver kinase-1INO
puthway, Hypertens Res 2005,28(2); 14733,

Bordun KA, Premecz S, daSilve M. Mandal §, Goyal V. Glavinovie
T. Cheung M, Cheung D, White CW. Chaudhary R, Freed DH. Vil-
Llurraga HR, Herrmann 1, Kohli M. Ravandi A, Thliveris J, Patz M.
Singal PK. Mulviagh 8§, Jassal DS, The uiility of cardise biomarkers
und echocurdiography for the early detection of bevicizumush-and
sunitinib-mediated cardiotoxicity. Am J Physiol Heart Cuc Physiol
20153004 1 HO6R-T01.

Goel HL, Mercuno AM. VEGE tugets the tumor cell. Nat Rev Can-
ver 2013130 12):871-82.

Nuib T, Steingart RM, Chen CL. Sorafemb-associated multvessel
coconary artery vasospasm. Herz 201 1,36(4).348-51,



