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We aimed to revise the increasingly accruing data about the association between anti-tyrosinkinase, “targeted”
cancer drugs and the development of arterial thrombotic events or acute coronary syndromes. Further insights
into the involved pathophysiologic mechanisms, and into the clinical implications are overviewed.
Antiangiogenesis has become a mainstream of cancer therapy, leading to development of a specific class of
drugs. Besides, a “wider” angiogenesis network made up of several growth factors, can be recognized as
target of a higher number of compounds. Their widespread use has been progressively favored over conven-
tional chemotherapy, because of their better safety/efficacy profile, even allowing a prolonged administra-
tion. However, there is a growing awareness of an association between these useful drugs and serious
cardiovascular side effects including myocardial infarction, stroke, heart failure and cardiovascular death,
in addition to the known relation with the most frequent hypertension onset. Observational studies indeed
report that combined cardiovascular events may reach figures of 20–40%, and, for their management, several
monitoring, diagnostic and therapeutic regimens have been suggested.
On the basis of the available data we recommend an active screening program for acute coronary syndromes
in the “at risk” period, immediately after the beginning of the “targeted” drug therapy, and during the whole
administration time. Likewise, a mandatory cardiological specialistic evaluation is warranted to plan a sched-
ule of follow-up evaluations for diagnostics, including ECG, echocardiogram, and multimarker evaluation. An
appropriate treatment with antiplatelet or anticoagulant drugs, endothelial protective agents or cardiovascu-
lar interventions is similarly advised.

© 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Inhibition of tumor angiogenesis has become a recent major thera-
peutic advance in cancer therapy. It is realized by the so called
“targeted” cancer drugs which inhibit a broad net of angiogenic factors,
including vascular endothelial growth factor (VEGF) as the “proper” an-
giogenic mediator, insulin-like growth factor-1 (IGF-1) as the central
angiogenic inducer, platelet-derived growth factor (PDGF) and epider-
mal growth factor (EGF) as interplaying, ranked for power, angiogenic
effectors (Fig. 1). In turn, angiogenic “wide” network itself is crucial to
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cardiovascular health [1] mainly due to its defending role against endo-
thelial cell apoptosis which, induced by different threats, maymodulate
both atheroma development/complication and coagulation activation
in cancer patients [2]. Anti-angiogenic-treated patients, while acquiring
cancer cure, may thus becomemore susceptible to (athero) thrombosis
[2]. Hence, besides hypertension as the most common side effect, they
may also develop cardiac ischemia or infarction with a 2–3% incidence
in randomized controlled trials [3] and meta-analyses [4], and even up
to a 40% incidence in patients with a previous history of coronary artery
disease in observational studies [5].

This brief review outlines the pharmacology of “targeted” drugs
with a wide anti-angiogenic effect. Moreover, pathophysiology, clini-
cal management and treatment of acute coronary syndromes (ACS),
the most typical arterial thrombotic event (ATE) presumably linked
to their administration, are revised.
cute coronary syndromes with cancer drugs: Are growth factors the
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Key messages box
Summary of key information on pharmacology of TKI cancer drugs, pathophysiology behind, clinical relevance and proposed management of
associated atherothrombotic side effects. ACE-I: angiotensin converting enzyme inhibitors; ACS: acute coronary syndromes; ATEs: arterial throm-
botic events; BNP: brain natriuretic peptide; BP: blood pressure; CABG: coronary artery bypass graft; ECG: electrocardiogram; EF: ejection fraction;
EGF: endothelial growth factor; EMP: endothelial microparticles; ESA: erythropoietin stimulating agents; FFAs: free fatty acids; GF: growth factors;
GIST: gastrointestinal stromal tumor; HCC: hepatocarcinoma; HF: heart failure; HT: hypertension; ICD: implantable cardiverter defibrillator; IGF-1:
insulin-like growth factor-1, IHD: ischemic heart disease; NSCLC: non small cells lung cancer; PDGF: platelet-derived growth factor; PLT: platelet-
derived factor; PM: pace-maker; RCC: renal cell carcinoma; TKI: tyrosine kinase inhibitors; and VEGF: vascular endothelial growth factor.

Key messages box
Drugs, mechanisms, clinical features, diagnostics and therapeutics

Anticancer “targeted” drug use and mechanisms of action
Mainly used in lung, kidney, colorectal, breast, GIST, hepatocarcinoma, prostate and pancreatic cancers (Tables 1 and 2) [14,15], achieving
relevant survival gains.
So-called “targeted” TKIs involved in counteracting a “wide” web of angiogenic factors [2,6] (Fig. 1) with some targeted drugs classifiable as
“proper”, other as “accidental” antiangiogenic therapies.
Angiogenesis inhibitors are relevant drugs in pathophysiological treatment of cancer, with potential cardiovascular side effects [1,2].
VEGF is the “proper” angiogenic mediator, IGF-1 the central angiogenic inducer, PDGF/EGF/cKIT are interplaying, ranked for power, angiogenic
effectors [2].
Pathophysiology of (coronary) atherothrombotic side effects
Early onset of atherothrombotic events after therapy initiation, with median time after drug beginning 7 months (2.5 if associated ESA) [2,31]).
Drug-induced endothelial apoptosis/damage is the pivotal step by which antiangiogenic drugs induce atheroma development/complication
and associated ACS [1,2,4].
Concurrent/triggering mechanisms: cancer-related thrombogenicity, drug-induced HT promoting high shear-stress at plaque sites [1], malignant
transformation with resulting increased prothrombotic apoptotic EMP [42,43,49], higher on-treatment PLT reactivity [47] and endothelial–PLT
interactions [48].
Drug-damaged endothelium shifts its anticoagulant into procoagulant properties by exposing subendothelial tissue factor and von Willebrand
factor [2,4,44] by increasing fibrin formation [51], by inducing complement activation and by sustaining vascular inflammation.
Leukocytosis [53] and cell free DNA (from cell lysis induced by inflammation and by anticancer drugs) cooperate to thrombosis [54], and
may ease autoimmune phenomena (anti-phospholipid antibodies [55–58]) contributing to atherothrombosis.
Antiangiogenic drugs hinder insulin anti-atherogenic actions (glucose uptake, lipogenesis and antilipolysis)with ensuing thrombophilic hypergly-
cemic, atherogenic lipoproteins- & FFAs-rich environment prone to atherothrombosis [1] (everolimus and temsirolimus almost invariably asso-
ciated with combined dyslipidemia [29] and hyperglycemia [28,29].
Individual variability in the effectiveness of growth factor network (variable serum levels or genetic background of IGF-1 or VEGF), finally
accounts for the patient susceptibility to the efficacy of anticancer drugs or for his different vulnerability to their side effects [2,4].
Clinical incidence of (coronary) atherothrombosis early after TKI therapy
Randomized: ACS (1.5%) in lung cancer treated with bevacizumab vs paclitaxel/carboplatin [28].
Stroke (respectively 2% and 3%) and pulmonary embolism (2%) with everolimus and temsirolimus [29,30].
Threefold as ATEs (2%) in a sorafenib/sunitinib meta-analysis (>10,000 patients) regardless of the type of malignancy or of TKI [3,4].
Myocardial ischemia and infarction in sorafenib-treated HCC (3%) [10] and RCC (4.9%) [10,31]. Stroke (1.5%) in sorafenib-treated RCC [31].
Cerebrovascular ischemia (2%), HF (1.6% absolute and 4.74 relative risk) in bevacizumab-treated metastatic breast cancer [34].
Markedly increased combined end point of myocardial infarction, HF or cardiovascular death (11%) in sunitinib-treated imatinib-resistant
GISTb7 months of drug beginning with high rate of new hypertension (47%), EF decline≥20% (15%), and troponin elevation (18%) [32].
Highest thrombosis rate (42%) with newest agents such as semaxanib, whose investigation was discouraged [36].
Cardiac adverse outcome (half less likely, 5 vs 9%, in patients with higher basal IGF-1 serum levels) and shorter overall survival in NSCLC
receiving adjunctive figitumumab vs standard chemotherapy [37–39], despite inducing a high tumor response rate of 64%.
Observational: peripheral and coronary atherothrombosis (30%) with nilotinib [23].
Global cardiovascular complications up to 40% [5] also requiring intensive care admission (10%) [5].
Suggested clinical monitoring, diagnosis and treatment
Clinical assessment: history, a priori IHD risk, GRACE risk score, symptoms, acute BP derangements, basal and on-symptoms ECG (ischemic and
QTc variations), proactive ACS detection and monitoring in the period at risk [2], with possible gain of 14,000 € for thrombotic event [86].
Blood determinations: 1 week–1 month troponin [70], BNPs [73], endothelial damage markers (for research purpose), insulin sensitivity
[75], GF levels [36].
Instrumental assessment: basal standard echocardiogram [2], with an emphasis on targeting regional a/dyskinesia areas, provocative ischemic
testing (myocardial scintigraphy, exercise stress test [75–80]), if needed coronary angiography.
Treatment: aspirin, enoxaparin [76–79], thienopyridines (?), ACE-I, statins, anti-hypertensives [85], if needed coronary percutaneous interven-
tion/CABG/PM/ICD.
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2. Pharmacology of angiogenesis inhibitors

Angiogenesis is a known critical determinant of cancer progres-
sion, and therefore a major goal of therapeutic drug development.
Please cite this article as: Conti E, et al, Arterial thrombotic events and a
missed link? Int J Cardiol (2013), http://dx.doi.org/10.1016/j.ijcard.2013.0
Consequently, angiogenesis inhibitors targeting VEGF have been pur-
posely developed. Nevertheless a first study by Kerbel [6] showed
that “accidental” anti-angiogenic properties could be assigned also
to so-called conventional antitumoral drugs, by the achievement of
cute coronary syndromes with cancer drugs: Are growth factors the
1.052

http://dx.doi.org/10.1016/j.ijcard.2013.01.052


Fig. 1. The “broad” anti-angiogenic network and inhibitors, with redundancies and feedbacks. In red: proper “intended” angiogenic pathways, inhibitors, receptors and ligand. In
green broad unintended or “accidental” angiogenic pathways, inhibitors, receptors and ligands. In light yellow intracellular pathways. In blue and light blue final effects on vascular
system. EGF: epidermal growth factor; EGFRs: EGF receptors (ERBB-1, ERBB-2, ERBB-3); IGF-1: insulin-like growth factor-1; PDGF: platelet-derived growth factor; PDGFRs: PDGF
receptors; SCF: stem cell factor; VEGF: vascular endothelial growth factor; and VEGFRs: VEGF receptors (-1, -2, -3). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
Modified with permission from [2].
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an indirect inhibition of VEGF synthesis. To this class of “accidentally”
antiangiogenic drugs other tyrosine kinase (TK) receptors blockers
also appear to belong, subsequently developed and named TK inhibi-
tors (TKI), currently representing a relevant therapeutic option for
metastatic or relapsing cancer patients.

In agreementwith the seminal paper by Kerbel it appears therefore
possible to classify cancer drugs as “proper” intended or “accidental”
antiangiogenic therapies, according to their direct or indirect inhibi-
tion of VEGF axis. Angiogenic process is indeed realized by a redun-
dant, intricate network, mainly effected by VEGF, but centrally
organized by IGF-1 [7], as the critical inducer of VEGF and other
growth factors, which all finally converge on serine treonine kinases
AKT and mammalian target of rapamycin (mTOR) [2]. The prototypi-
cal angiogenic player is VEGF-A, but IGF-1, PDGF, EGF [8], and c-Kit
are also involved in a “broad”, redundant, VEGF synthetizing and Akt
activating network, reciprocally interconnected by positive feedbacks.
All growth factors except VEGF, thus, are able to realize an “accidental”
unintended angiogenic effect [2], by promoting and enhancing VEGF
synthesis or by directly amplifying Akt andmTOR pathways, and final-
ly mediating a stronger endothelial cell survival and proliferation sig-
nal [2] (Fig. 1). Drugs targeting this “broad” angiogenic network,
consequently realize a “broad” antiangiogenic effect. The ensuing
antiangiogenic inherent activity of many of these anticancer drugs
has not been purposely investigated in clinical trials (Table 2), and
some informations come from observational studies or from
in-depth analysis of phase II or randomized trials.

Bevacizumab, which is the prototypical antiangiogenic drug as
being an anti-VEGF-A antibody, was firstly approved for metastatic
colon cancer in combination with standard chemotherapy, and subse-
quently for renal cell (RCC), non-small cell lung (NSCLC) and meta-
static breast cancers [9]. Subsequently, three more powerful drugs,
currently known as plain “anti-antiangiogenic” drugs, multiple TKIs
against VEGF receptor-1, -2, -3 (VEGFR-1, -2, -3), as well as against
PDGF receptor-α,-β (PDGFR-α,-β) and c-Kit have been approved:
sorafenib, for metastatic RCC and unresectable hepatocellular carci-
noma (HCC) [4,10], and sunitinib and pazopanib for metastatic RCC
[11,12].
Please cite this article as: Conti E, et al, Arterial thrombotic events and a
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Lastly, “targeted” cancer drugs, also including those not directly
interfering with VEGF pathway, have rapidly become a widespread
therapeutic strategy. Among them, those targeting PDGF, EGF and
ERBB-1/ERBB-2-2 are mainly used in colorectal, lung and breast can-
cers or gastrointestinal stromal tumor (GIST), while mTOR inhibitors
temsirolimus and everolimus have been approved for RCC [13,14].
Many available and ongoing studies aim to define the optimal use of
both drugs with intended “proper” (Table 1) or unintended “acciden-
tal” (Table 2) antiangiogenic effect in different tumor types. The most
recent frontier of investigation in this field is represented by the
development of new molecules interfering with IGF-1 receptor
(IGF-1R) pathway, alone or in combination with chemotherapy or
endocrine therapies (Table 2).

As a whole, the entire class of TKI drugs is believed to have a more
favorable efficacy/safety profile, as compared with conventional che-
motherapy, which indeed counteracts DNA replicating activities of
cancer and host cells, frequently achieving severe side effects, especially
in tissues at highmitotic index like blood or epithelia. The targeted ther-
apy has profoundly modified the management of many cancers includ-
ing colorectal, kidney, breast, non-small cell lung cancers, and GIST, as
simultaneously achieving improved anti-tumor activity and reduced
toxicity compared with traditional chemotherapy [15,16]. First-
line gefitinib in lung cancer could be representative of this outcome
benefit, achieving a prolonged progression-free survival (PFS) as com-
pared with systemic chemotherapy (HR for progression-free survival
0.43(95% CI 0.32–0.58, b0.001) [17]) or also bevacizumab in colorectal
cancer in addition to chemotherapy (median overall survival and
progression-free survival (PFS) gains respectively of 5 and 4 months)
[18] and sunitinib in renal cancer as compared with interferon alfa
(median PFS gain 6 months and higher objective response (31% vs 6%,
pb0.001)) [19]. The most striking advantage is realized in metastatic
GIST treatment, by the TKI imatinib as compared with traditional che-
motherapy (response rate 80 vs 10% and median overall survival gain
of 39 months [20,21].

Nevertheless, the TKI family, by targeting TKs, involved in a large
variety of cellular transductions, concurrently interferes with a large
body of enzymatic activities [22] and exhibits a wide series of side
cute coronary syndromes with cancer drugs: Are growth factors the
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Table 1
Contemporary “intended” angiogenesis inhibitors approved for clinical use or in phase III development. CRC: Colorectal Cancer; GIST: Gastrointestinal Stromal Tumors; HCC:
Hepatocarcinoma; NSCLC: Non Small Cell Lung Cancer; and RCC: Renal Cell Carcinoma.

Contemporary “intended” anti-angiogenic TKI

Generic name Commercial name Targeted kinase system Malignancy State

Bevacizumab Avastin ® VEGF-A, VEGFR-1, -2 CRC, NSCLC, glioblastoma multiforme Approved
Sunitinib Sutent ® VEGFR1-2-3, PDGFR α-B, Flt-3, c-Kit, RET, CSF-1R RCC, GIST Approved
Sorafenib Nexavar ® Raf, VEGFR-2-3, PDGFR-β, c-Kit RCC, HCC Approved
Pazopanib Votrient ® VEGFR1-2-3, PDGFR-α-β, c-Kit RCC Approved
Aflibercept (VEGF Trap) Zaltrap™ VEGF-A and PIGF CRC, NSCLC, prostate and pancreatic cancer Under investigation
Ramucirumab IMC-1121B VEGFR2 HCC, breast and gastric adenocarcinoma Under investigation
Vandetanib Zactima™ VEGFR-2, EGFR, RET NSCLC Under investigation
Cediranib Recentin™ VEGFR1-2-3, PDGFR-β, c-Kit NSCLC, CRC Under investigation
Semaxanib SU 5416 VEGFR inhibitor Solid tumors Under investigation
Axitinib AG-013736 VEGFR1-2-3, PDGFR, c-Kit Pancreatic cancer, RCC Under investigation
Vatalanib PTK787/ZK222584 VEGFR1-2-3, PDGFR-β, c-Kit CRC Under investigation
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effects. Atherothrombotic events, the clinical implications of which
are being increasingly recognized, represent a relevant portion of
these.
3. (Athero) thrombosis and ACS

Accelerated atherogenesis with superimposed thrombosis was dra-
matically represented, both in cardiac and in peripheral vessels, in a
small observational study on administration of nilotinib, an unintended
“accidental” angiogenesis inhibitor, not a direct VEGFR inhibitor, which
quantified an incidence of acute short-term vascular events up to 30%
[23]. This single report is paradigmatic of the relevant doubts possibly
arising about the vascular safety of this class of drugs,when it is not pro-
actively inquired, monitored and prevented. Although robust data from
prospective randomized studies are lacking, ACS are nonetheless con-
sidered a potential side effect of these drugs, on the basis of observa-
tional data showing cardiac complications up to 40% [3–5,24–27] and
even displaying a 10% rate of serious cardiovascular side effects requir-
ing intermediate or intensive care admission [5].

First data coming from randomized or phase II studieswere little im-
pressive in the initial stages of analysis. However these first investiga-
tions excluded at risk, multimorbid elderly patients, while later ones
considering different cohorts and cancers showedmore relevant higher
figures of cardiovascular complications. A significant 1.5% rate of ATEs
with bevacizumab compared with basal therapy (paclitaxel and
carboplatin) has been reported in the first study in advanced NSCLC
[28]. A similar incidence of arterial and venous thrombosis has been
described in patients with mTOR inhibitors such as everolimus (1.9%
cerebral infarction rate [29]) and temsirolimus (2.8% pulmonary embo-
lism rate [30]).
Table 2
Contemporary “accidental” angiogenesis inhibitors approved for clinical use or in phase I
Dermatofibrosarcoma protuberans; GIST: Gastrointestinal Stromal Tumors; HNT: Head and

Contemporary “accidental” anti-angiogenic TKI

Generic name Commercial name Targeted kinase Malignancy

Imatinib Glivec® ABL(bcr-abl), c-Kit, PDGFR GIST, CML, DFS
Nilotinib Tasigna® ABL(bcr-abl), c-Kit CML, GIST
Gefitinib Iressa® ERBB1 NSCLC
Erlotinib Tarceva® ERBB1 NSCLC
Cetuximab Erbitux® ERBB1 HNT, CRC
Panitumumab Vectibix® ERBB1 CRC
Trastuzumab Herceptin® ERBB2 Breast and gas
Lapatinib Tyverb® ERBB1, ERBB2 Breast cancer
Motesanib AMG-706 cKit, PDGFR NSCLC, GIST, th
Figitumumab CP-751,871 IGF-1R NSCLC, prostat
Temsirolimus Torisel® m-TOR RCC
Everolimus Afinitor® m-TOR RCC

Please cite this article as: Conti E, et al, Arterial thrombotic events and a
missed link? Int J Cardiol (2013), http://dx.doi.org/10.1016/j.ijcard.2013.0
A meta-analysis of trials with the TKIs sorafenib or sunitinib in
more than 10,000 patients, showed a similar rate of ATEs (three-fold
increased, 2% absolute risk) from these drugs, regardless of the type of
malignancy or of TKI [4].

Higher complication rates were conversely reported in sorafenib-
treated HCC [9] (5% all grade hypertension rate, 3% myocardial ische-
mia and infarction rate) and RCC (17% all grade hypertension rate,
4.9% myocardial ischemia or infarction reported rate and 1.5% cere-
bral ischemia rate [31]) along with sunitinib-treated GIST (4% grade
3/4 hypertension [32]) and RCC (8% grade 3/4 hypertension [33]).
Even more relevant results were reported in bevacizumab-treated
metastatic breast cancer, with a surprising rate of 15% severe hyper-
tension, 2% cerebrovascular ischemia [34], and 1.6% absolute and
4.74 relative risk of heart failure (HF) [35] compared with placebo-
treated patients.

The most striking case among randomized evidence, is that of
sunitinib-treated patients with imatinib-resistant GIST, experiencing,
within a median time of 7 months, a combined cardiovascular end
point as high as 11%, including myocardial infarction, HF or cardiovas-
cular death. In addition relevant and separate event rates were found
of new hypertension (47%), ejection fraction decline≥20% (15%), and
troponin elevation (18%) [31]. Most surprisingly, the investigation of
newest agents such as semaxanib, was discouraged because of the re-
markably higher thrombosis rate of 42% [36].

Lastly, the central knot of the wide angiogenic growth factor net-
work, namely IGF-1, has been targeted. IGF-1R inhibitors have been
recently investigated in first line studies and as a useful adjunct to
standard therapy against pancreatic cancer and NSCLC, and in
trastuzumab- and other drugs-resistant cancers, such as breast, colo-
rectal, prostate, and cervical tumors in which they have achieved du-
rable stable disease [37]. Regretfully, though inducing a high response
II development. CML: Chronic Myelogenous Leukemia; CRC: Colorectal Cancer; DFSP:
Neck Tumors; NSCLC: Non Small Cell Lung Cancer; and RCC: renal cell carcinoma.

State

P Approved
Approved under investigation
Approved
Approved
Approved
Approved

tric cancer Approved
Approved

yroid and breast cancer Under investigation
e, breast and colon cancers and Ewing's sarcoma. Under Investigation

Approved
Approved

cute coronary syndromes with cancer drugs: Are growth factors the
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rate of 64% [38], data from a large multicenter phase III trial in NSCLC
indicate a shorter overall survival in patients receiving adjunctive
figitumumab compared with standard chemotherapy, mainly due to
cardiac events, dehydration, hyperglycemia, and hemoptysis [39]. Re-
markably, the fatal adverse outcomes were half less likely (4.6 vs
8.6%) in patients with higher basal IGF-1 serum levels, compared
with those with lower levels [37,38] (Fig. 2).

4. Pathophysiology

Drug-induced endothelial cell damage is the pivotal step by which
antiangiogenic drugs may generate the atherothrombotic events under-
lying ACS [1,2,4]. Cardiovascular adverse outcomes are characterized by
their early onset after initiation of therapy, with a median time of event
occurrence after drug beginning of 7 months (1 to 12 months), or even
much shorter (2.5 months)when administration of erythropoietin stim-
ulating agents was associated [2]. As in spontaneous atherothrombosis
models [40,41], fissured endothelial lining and complicated athero-
sclerotic plaques induced by apoptosis [42,43], may represent the
established substrates of these atherothrombotic events. In addition
both drug and cancer activities promote damaged endothelium shifting
from its anticoagulant properties into procoagulant properties by ex-
posing subendothelial tissue factor and von Willebrand factor [44].
However, concurrent and triggering factors, including cancer-related
thrombogenicity, drug-related accelerated atherogenesis and drug-
induced hypertension generating high shear-stress at plaque sites [2]
are also involved in atherothrombosis associated with the administra-
tion of anti-angiogenetic drugs [45]. Proper VEGF inhibitors, TKIs [44]
and IGF-1R inhibitors [46] have been proved to be associated with a
higher on-treatment platelet reactivity [47], increased endothelial–
platelet interactions [48], and thrombosis risk compared with placebo.
Furthermore, malignant transformation itself has been associated with
higher thrombosis rate, due to an increased production of prothrombotic
apoptotic endothelial [49].

Endothelial cell apoptosis is a direct product of both cancer and
anti-cancer drugs [42,43], and has been related to atherothrombosis
Fig. 2. Most used “accidental” and “proper” antiangiogenic drugs with targeted

Please cite this article as: Conti E, et al, Arterial thrombotic events and a
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development [50]. It is both a marker of vascular damage and a
thrombosis enhancer, by binding tissue factor and by increasing
formation [51]. Furthermore, apoptotic endothelial blebs may sustain
vascular inflammation, by inducing complement activation [52].

Leukocytosis itself [53], and even cell free DNA produced through
cell lysis induced by inflammation and by anticancer drugs, have been
shown to promote thrombosis in this class of patients [54]. Besides,
autoimmune phenomena, arising in cancer natural history as anti-
phospholipid antibodies [55], or amplified by drugs as bevacizumab
[56], may contribute to atherothrombosis development [57,58].

Moreover antiangiogenic drugs are known to hinder the recognized
insulin anti-atherogenic actions, such as glucose uptake [59,60], lipo-
genesis and antilipolysis [61], ultimately producing a thrombophilic
hyperglycemic, atherogenic lipoprotein- and free fatty acid-rich envi-
ronment, prone to atherothrombosis [1,2]. In particular mTOR inhibi-
tors were almost invariably associated with combined dyslipidemia
[29] and hyperglycemia [28,29]. The two latter immune and metabolic
damage mechanisms both seem to participate in the peculiar “niche”
vasculitis termed cholesterol emboli syndrome, described by some
authors as the causal mechanism of vascular damage induced by
bevacizumab [62]. Lastly, individual variability in the effectiveness of
the described growth factor network, depending on both serum levels
or genetic background of IGF-1 or VEGF, accounts for patient suscepti-
bility to the efficacy of anticancer drugs or for different vulnerability
to their side effects [1,2,4] (Fig. 3).

5. Management

Although a much deeper and extensive future investigation is
deserved, some clues for diagnostics and therapeutics may be derived
by data available in patients subjected to proper or accidental
antiangiogenic TKI drugs and developing ACS and atherothrombotic
coronary heart disease. While frequently overlooked or misdiagnosed,
increasingly detected ACS represent a challenge for the common as-
sumption that the cardiotoxicity of anticancer drugs is mainly repre-
sented by dilated-hypokinetic cardiomyopathy [63].
cancers and organs and relative prevalence of cardiovascular side effects.

cute coronary syndromes with cancer drugs: Are growth factors the
1.052

http://dx.doi.org/10.1016/j.ijcard.2013.01.052


Fig. 3. Proposed pathophysiological mechanisms of vascular atherothrombosis in cancer. Multiple concurring pathways, finally converging on endothelial damage and thrombosis.
vWF: von Willebrandt factor.

6 E. Conti et al. / International Journal of Cardiology xxx (2013) xxx–xxx
The first diagnostic step in detecting ACS as a consequence of TKI
treatment, therefore crucially relies on the taking into consideration
of this often overlooked possibility. Secondly a clinical assessment
of the “a priori” cardiovascular ischemic risk of patients subjected to
proper or “accidental” antiangiogenic drugs appears useful both to as-
sess the likelihood of coronary heart disease and the appropriate
prognosis. Indeed, patients more than 65 years of age, with diabetes
or a previous cardiovascular event, especially in the absence of aspirin
prescription [64], and in the presence of a higher Framingham risk
score [65], were suggested to possibly identify susceptibility to
atherothrombotic effect of bevacizumab [2]. Nevertheless, large stud-
ies verifying the predictive role of this as well as of other models such
as GRACE [66], with reference to the evaluation of patients who are
“vulnerable” to the atherothrombotic effects of TKI, are lacking. It
would be particularly valuable to verify whether GRACE risk score,
featured by a better performance in secondary prevention after ACS,
incorporating renal function assessment, and performing as high as
troponin values [67] would acceptably fulfill the task of predicting
atherothrombotic events in cancer patients undergoing “targeted”
therapies. Troponin values have been indeed shown to early detect
a high proportion of patients with TKI-induced cardiac involvement
and to rule out cardiac complication with a higher than 70% rate
[68]. Troponin assay, as well, has been acknowledged by expert
panels as the ideal cardiac marker for the identification and monitor-
ing of drug-induced cardiac injury, for its high specificity, sensitivity,
wide diagnostic window (up to 15 days) and robustness [69]. More-
over, in the past, the robust and long-term negative predictive value
of basal and early (first week and first month) troponin for later de-
velopment of adverse cardiac event after traditional chemotherapy
[70] was consolidated.

As a result, by allowing a close and effective cardiological monitor-
ing, troponin evaluation has been suggested to be included at the
starting point of a decisional tree designed to evaluate cardiovascular
side effects of cancer drugs. Nevertheless, a correct differential interpre-
tation of the different causes of troponin elevation, ranging from coro-
nary atherothrombosis, of which this necrosis marker can be a proxy
[71,72], to acute cardiomyopathy/left ventricular (LV) dysfunction,
pulmonary embolism and myocarditis/pericarditis, plainly requires
cardiological expert consultation.
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Other studiedmarkers include natriuretic peptides such as brain na-
triuretic petide (BNP) and its fragment NTproBNP, which increase with
the development of HF after cancer treatment [73] and were suggested
as possible early predictors of long term cardiac outcome [74]. Interest-
ing final monitoring markers, possibly of major interest for research
than for diagnostic clinical purpose, are the markers of endothelial dys-
function such as serum intercellular cell adhesion molecule (sICAM) or
circulating endothelial cells, whichwere still found to be later increased
in long term survivors of cancer after chemotherapy, contrary to
chemotherapy-naïve survivors. These markers were associated with
clinical features of insulin resistance and metabolic syndrome [75], of
which it is interesting to remind the link with both cardiovascular dis-
ease and outcome, aswell aswith reduced IGF-1 and VEGF serum levels
[1,2,36]. However, despite being clearly associated with cancer therapy
and being a proxy of cardiovascular events, thesemarkers of endothelial
dysfunction were never investigated as prognosticators of long term
cardiovascular outcome in cancer populations.

Beyond collecting history, cardiovascular risk profile and scores and
measuringmonitoring markers, pertinent indications should be formu-
lated for cardiac diagnostic strategies such as a proactive detection of
ACS in the “at risk” period, including symptoms, electrocardiogram
(ECG) and troponin joint evaluation [2], or inducible ischemia detection
by exercise stress test or myocardial scintigraphic imaging [2,76,77].
Nuclear imaging detection of myocardial ischemia or dysfunction,
though rarely employed [78], similarly confirmed early cardiac ische-
mia onset within 6–12 months of chemotherapy and radiotherapy in
over 40% of a series of breast cancer patients [79]. An even more basic
diagnostic tool such as echocardiography gathered evidence against a
reversibility of cardiotoxicity of trastuzumab used in breast and bowel
cancer [80]. Second level diagnostics such as coronary angiography
should be scheduled as required by clinical assessment.

As to the recommended therapy to be instituted for the
atherothrombosis risk in cancer patients undergoing proper or “acci-
dental” antiangiogenic drugs, preventive antiplatelet or anticoagulant
therapy is coherently advisable due to the known thrombosis risk of
TKI-treated cancer patients. As expected, aspirin therapy has been
shown to be associated with a significant improved short-term global
outcome [81], and, surprisingly, even in small cohorts of thrombocy-
topenic patients [82]. Even though there are few randomized studies
cute coronary syndromes with cancer drugs: Are growth factors the
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Fig. 4. Proposed flowchart of cardiovascular assessment in patients undergoing TKI therapy. ACE-I: angiotensin converting enzyme inhibitors; ACS: acute coronary syndromes; ASA:
aspirin; BNP: brain natriuretic peptide, CABG: coronary artery bypass graft; CV: cardiovascular; CVG: coronary ventricular angiography; ECG: electrocardiogram; ICD: implantable
cardiac defibrillator; NT-proBNP: NT-pro-brain natriuretic peptide; PCI: percutaneous coronary intervention; PM: pace-maker; s-ICAM: soluble intercellular cell adhesion molecule;
v-CAM: vascular cell adhesion molecule-1; TKI: tyrosine kinase inhibitors; dH: day hospital evaluation; and H: hospital evaluation.
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in solid cancer, data coming from hematologic malignancies advise
preferred low-dose low-molecular weight heparin rather than warfa-
rin, and low [83] to medium [84] dose aspirin. Furthermore, an appro-
priate hemorrhagic risk stratification, according to one of the several
known bleeding risk scores, could be useful [2]. Comparable gains in
overall survival were proven with antihypertensive drugs [85].

Similarly, antioxidant and endothelial protective properties of
statins and ACE-inhibitors are theoretically relevant and functional
to dampen the anti-angiogenic drugs derived atherothrombotic risk
[1,2]. In the case of ACS or of documented inducible myocardial ische-
mia, a pertinent therapeutic management could include coronary an-
giography or percutaneous intervention, and even coronary artery
bypass graft or cardiac pace maker or implantable defibrillator.

The use of such preventive, early diagnostic, and therapeutic strate-
gies is expected to improve the length and cost of hospitalization for
atherothrombotic toxicities of these so-called “targeted” cancer drugs.
Indeed estimated expenses from cardiac hospitalizations due to the
ensuing cardiotoxicity of these drugs, are reported to be as relevant as
14,000 € per atherothrombotic event, even requiring up to 15 (±21)
day-long hospitalizations [86].

Finally, in their follow-up, treated patients who present the possi-
ble ensuing ATEs, could relapse and consequently could need to be
further evaluated for a second-line treatment with traditional chemo-
therapy or with both on- and off- [87] label use of different TKIs. In
the latter cases their cardiological follow-up should continue and
the therapeutic strategy should be re-assessed with a specific atten-
tion to the stratification for atherothrombotic cardiovascular risk,
with a continuous, surveillance and hospitalizations as needed for re-
current atherothrombotic events (Fig. 4).
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