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Abstract: Patients with cancer are at high risk for both venous and arterial thrombotic complications. A
variety of factors account for the greater thrombotic risk, including the underlying malignancy and numerous
cancer-directed therapies. The occurrence of an acute thrombotic event in patients with cancer is associated
with substantial morbidity and mortality. Acute coronary syndrome (ACS) represents a particularly important
cardiovascular complication in cancer patients. With cardio-vascular risk factors becoming more prevalent
in an aging cancer population that is surviving longer, questions pertaining to the appropriate management
of vascular toxicity are likely to assume even greater value in the coming years. In this article, we review the
current understanding of ACS in patients with cancer. The predisposition to thrombosis in a malignant host
and the cancer treatments most commonly associated with vascular toxicity are reviewed. Risk prediction and

management strategies are discussed, and discrepancies in the clinical evidence are highlighted.
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Introduction arterial events in cancer patients, especially as it pertains to

presentations of acute coronary syndrome (ACS) and acute

Thromboembolic events occur in about 20% of patients .
coronary thrombosis.

with cancer with wide variations in reported frequencies
related to differences in study populations (1-4). These

events portend a worse prognosis; cancer patients with ACS in the patient with cancer

venous thromboembolism (VTE) have a 2-3x higher Acute coronary thrombosis is part of the presentation

mortality risk than cancer patients without VTE and spectrum of ACS in cancer patients. (8) As outlined in

a 8x higher mortality risk than non-cancer patients
with VTE (5,6). Even more, among cancer outpatients,
thromboembolism is the second-leading cause of death (7).
In fact, in striking contrast to the attention devoted to
the venous circulation when it comes to cancer-related
thrombosis, the contribution of arterial thromboembolism
(ATE) to outpatient mortality ranks even higher than
that of VTE (7). This review will provide an overview of
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Figure 1, a number of pathological processes can contribute
to this presentation. Plaque rupture has historically been
considered to be the leading mechanism underlying ACS.
However, recent work enabled by optical coherence
tomography (OCT) confirms this to be still the case for
most presentations of ST segment elevation myocardial
infarction (STEMI) but not for non-STEMI (NSTEMI)
(9,10). In fact, erosion has been found to be a phenomenon
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Figure 1 Illustration of the potential factors contributing to acute coronary syndrome in cancer patients.

that is much more common than previously thought (11).
This is a testimony to the advances of intravascular imaging
such as OCT, which has allowed detecting in vivo what was
formerly missed using techniques with lower resolution
or studying patients post-mortem (12). While erosion is
much more prevalent than commonly estimated, specific
data on the relative incidence and frequency of this or other
mechanisms of ACS in cancer patients are missing at this
point. A pertinent roadmap question therefore is: what is
the etiology, the relative distribution of types of myocardial
infarction (MI) in cancer patients? Vasospasm, supply-
demand mismatch in the setting of anemia, for instance,
are as important in the differential diagnosis as it coronary
thrombosis. The latter can even be due to embolization
of thrombotic (and at times even cancer) material into the
coronary circulation (13). Thus, even more so in cancer
patients the etiology of a presenting ACS needs to be
individually defined. This is the first critical step towards
appropriate management.

It is essential to recall the above mentioned aspects as
it pertains to cohort studies which have influenced this
field. One of the most influential has been a recent study
on 280,000 cancer patients registered in the Surveillance,
Epidemiology, and End Results (SEER) database which
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were individually matched each to a patient from the
Medicare database. (14) Accordingly, the results of this
analysis apply to patients in Medicare age, and indeed, the
average age of the cancer cohort was 77 years. Furthermore,
myocardial infarction was identified by ICD-9-CM code
410 in any diagnosis position, therefore encompassing all
forms of cardiac infarction, which includes coronary artery
plaque rupture, embolism, occlusion, vasospasm, and other
forms of thrombosis. As shown in Figure 2, the overall
cumulative incidence increased over time in cancer as well
as non-cancer patients. The greatest relative increase in
ATE risk in cancer patients was seen in the first month after
diagnosis (hazard ratio 7.3 for myocardial infarction, 4.5 for
ischemic stroke versus non-cancer control). A tapering effect
in excess risk among cancer patients was seen thereafter,
several cancer types losing their risk after 6 months and
only lung cancer maintaining a 2.5-fold increased relative
risk (hazard) at 12 months (14). Of further note, there was
not only a time-dependent risk but also a stage-dependent
risk, i.e. advanced, stage 3 and 4 cancer accounted for the
increased risk in ATEs (14). Cancer types most strongly
associated with an elevated risk of ATE included lung
(HR 9.6), pancreas (HR 6.8), colorectal (HR 6.7) and gastric

cancer (HR 6.0), a subset of cancers that also correlate with

7 Thorac Dis 2018;10(Suppl 35):S4367-54385



Journal of Thoracic Disease, Vol 10, Suppl 35 December 2018

15% o

12% 1

9%

6%

3% 1

Cumulative incidence of
arterial thromboembolism

0%

0O 4 8 12 16 20 24
Months from study entry

—— Patients with cancer (of any stage)
Matched controls without cancer

S$4369

15%

12% 4

9%

6%

3%

Cumulative incidence of
arterial thromboembolism

0% ¥

0 4 8 12 16 20 24
Months from study entry

—— Patients with stage 4 cancer
—— Patients with stage 3 cancer
Patients with stage 2 cancer
Patients with stage 1 cancer
- Patients with stage 0 cancer

Figure 2 Cumulative incidence of arterial thromboembolism (composite of myocardial infarction and ischemic stroke), stratified by cancer

patients versus matched controls (left panel) and by cancer stage at the time of cancer diagnosis (right panel). Modified from Navi BB,
Reiner AS, Kamel H, et 4. Risk of Arterial Thromboembolism in Patients With Cancer. ] Am Coll Cardiol 2017;70:926-38, with permission

by Elsevier.

higher likelihood of venous thrombotic events. These are
very peculiar data that prompt discussions on a general
thrombotic predisposition linked to the malignancy itself,
its treatments, and underlying predisposition (Figure 3).

Predisposition to thrombosis in cancer patients

Virchow’s triad captures the classical concept of vascular
thrombosis and the conceptual framework for arterial and
venous thrombotic events in cancer patients (Figure 3) (15).
The first element of alterations of blood content, i.e., the
coagulation and fibrinolytic systems, is very pertinent to
cancer patients. Examples include elevated fibrinogen levels
and diminished levels of (anti-thrombin) proteins C and
S and tissue plasminogen activator (15). Cancer cells can
express tissue factor, and the subsequent recruitment of
Factor VII/VIIa to the cell surface leads to potent activation
of the coagulation cascade, thrombin production, as well as
platelet activation (15). Platelet activation is mainly mediated
by stimulation of platelet surface receptors (e.g., PAR-1
and PAR-4 receptors, P2Y12 receptor, and thromboxane
receptor) in response to various ligands. Importantly,
cancer cells can produce these ligands including ADP and
thromboxane A2 in addition to tissue factor and thrombin.
Opver the past years tumor cell-induced platelet aggregation
(T'CIPA) has been increasingly recognized as well as the fact
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that a bidirectional (reinforcing) relationship exists between
cancer cells and platelets, referred to as the “platelet-cancer
loop” (16). Activated platelets support tumor growth and
metastases, and last but not least, angiogenesis (16,17).
The latter is extremely important for both, the growth
and the spread of cancers, and it is inherently linked to
vascular endothelial growth factor (VEGF). In this context
it is pertinent that tumor-derived VEGF-A triggers von-
Willebrand factor (vWF) release from endothelial cells (18).
This leads to the activation of platelets, which release
several angiogenesis-regulating proteins from their granules
with a net pro-thrombotic effect. In cancer patients, several
markers of platelet activation are increased including
soluble CD40 ligand, soluble P-selectin, platelet factor
4, thrombospondin, beta-thromboglobulin as well as
vWF (16,17). Of further note, cancers with a high
thrombotic risk such as gastric adenocarcinomas have been
shown to express vWF as well (19). This is in addition
to the two main natural sources of vWE: platelets and
endothelial cells, and as outlined cancer cells can influence
these as well. Thus, the first element in the triad of Virchow
seems to be primarily influenced by the malignancy itself.
The vascular wall is the second element in triad of
Virchow’s, and endothelial cells are integral in this regard.
In addition to releasing vWE, thereby promoting platelet
activation and aggregation, the loss of expression of
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Figure 3 Outlined of the thrombotic triad for arterial and venous

thromboembolism in cancer patients.

thrombomodulin on the endothelial surface reduces the
capacity to activate anti-coagulant protein C, thereby
adding to the prothrombotic state (15). Endothelial
dysfunction also decreases fibrinolytic activity and
contributes to abnormal vasoconstriction (20). A number of
cancer therapeutics as well as radiation therapy can affect
endothelial cells in a profoundly negative manner and might
account for most of the modulation of the second element
of Virchow’ triad (21).

Flow disturbances constitute the third element in
Virchow’s triad. These are thought of in terms of stasis for
venous thrombosis. For arterial thrombosis, these might
constitute extremes of the shear stress spectrum as well as
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non-laminar and turbulent flow as seen at flow dividers (22).
This third element is likely set by the baseline conditions
of the individual patient. In this context it is pertinent to
point out that coronary artery disease (CAD) may already
be known at the time of cancer diagnosis, as is the case in
approximately 20% of patients older than 75 years of age
with a new diagnosis of cancer. Alternatively, CAD may be
clinically silent and unrecognized, only to emerge in the
context of the cancer milieu. It can be unmasked by cancer-
directed treatments such as chemotherapies, targeted
therapies, and radiation. In addition, it has been suggested
that cancer therapy, prior and concurrent, may decrease
the compensatory reserve to acute coronary events (23). At
present, it remains an open question though: what are the
factors that acutely precipitate a coronary event in cancer
patients? Why do some but not all patients with the same
malignancies, subjected to the same therapies with similar
clinical comorbidity profile develop an acute vascular event
and why do they do so at certain times?

Vascular toxicity of cancer therapeutics

A number of cancer therapeutics have been associated
with vascular toxicity (Tiable 1) (21). The therapies most
commonly used in clinical practice and of relevance in this
regard will be outlined in the following.

Anti-metabolite chemotherapies [i.e., 5-fluorouracil
(5-FU), capecitabine] interfere with key signaling pathways
that mediate vascular smooth muscle tone and can lead to
coronary vasospasm (24,25). Severity and duration of the
coronary vasospasm bestow a spectrum of presentations
ranging from stable angina, variant angina to unstable
angina, acute myocardial infarction and even sudden cardiac
death secondary to ventricular fibrillation (26). The extent
of abnormal vasoreactivity can involve the microvasculature,
as a putative mechanism explaining presentations of
Takotsubo’s (apical ballooning/stress cardiomyopathy) (27).

Alkylating agents (i.e., cyclophosphamide, and platinum
drugs like cisplatin) are among the most endothelial-
toxic drugs. The toxic effect on endothelial cells lining
the pericardium and myocardium is the basis for acute
hemorrhagic pericarditis and even acute hemorrhagic
myocarditis seen with cyclophosphamide when administered
at high doses, both of which can be lethal (28,29). Acute
myocardial infarctions have been reported as well. Coronary
thrombosis has been seen with platinum drugs such as
cisplatin, and the extent can be quite extensive, leading to
suboptimal outcome of intervention due to thrombotic
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Table 1 Incidence of vascular toxicities with chemotherapeutics (based on Micromedex® and Lexicomp®)

Chemotherapeutic Angina Acute myocardial infarction Stroke Peripheral arterial disease

Antimetabolites

5-Flourouracil +++ +++ +
Capecitabine ++ +++ +
Gemcitabine + +

Anti-microtubule agents
Paclitaxel + +
Alkylating agents
Cisplatin + + + +
Cyclophosphamide + +
Antitumor antibiotics
Bleomycin + + +
Vinca alkaloids
Vincristine + +
mTOR inhibitors
Everolimus ++ +
Temsirolimus ++++
Proteasome inhibitors
Bortezomib + + +
Carfilzomib ++++ ++++

Monoclonal antibodies

Bevacizumab +++ +++ T+
Ramucirumab ++ T+
Rituximab + +

Vascular endothelial growth factor-
receptor fusion molecules

Aflibercept ++ ++

Tyrosine kinase inhibitors

Sorafenib + ++ +
Sunitinib ++++ + +
Pazopanib +++ ++ +
Axitinib + ++ +
Regorafenib + +
Cabozantinib i+ +
Vandetanib +
Lenvatinib +++
Nilotinib +++ + ++ ++
Ponatinib ++++ ++++ ++++ +++
Dasatinib ++
Miscellaneous
Interferon-alpha 2B ++++ ++ ++ ++
Thalidomide + +
Lenalidomide +++ ++ ++

Symbols reflect frequency: +, <1%; ++, 1-5%; +++, 6-10%; ++++, more than 10%.
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Figure 4 Case of 77-year-old female who developed a non-ST segment elevation myocardial infarction during her third weekly cycle of

paclitaxel and carboplatin for adenocarcinoma of unknown primary. Coronary angiogram revealed thrombotic occlusion of the mid left

anterior descending artery (LAD) and thrombus in the first diagonal branch (arrow). Intervention restored flow in the LAD, but with TIMI

II flow only and thrombotic occlusion of the first diagonal branch. Of interest, no coronary artery disease is otherwise seen and intravascular

ultrasound did not show atherosclerotic plaque.

obstruction of the distal and adjacent vasculature
(Figure 4) (30-33). Even distal embolic phenomena have
been noted. The underlying mechanism may be the
interplay of cytotoxic effects on the endothelium leading
to erosion with subsequent activation of platelets and the
coagulation cascade. This is further enhanced by cisplatin’s
activating effect on platelet phospholipase A2 (34). Of
interest, cisplatin levels may remain elevated for many years
after therapy, thus posing a potentially protracted risk (35).
Anti-vascular endothelial growth factor antibodies (i.e.,
bevacizumab) can exert various effects that can culminate
in cardiac ischemic presentations. These include alteration
in coronary vasoreactivity secondary to the important
role of VEGF in endothelial function including nitric
oxide (NO) production, the key endothelium-derived
vasorelaxation factor (36). NO is also important for anti-
atherosclerotic effects, although the anti-angiogenic effects
on the plaque vasculature may counteract any propagating
effect on atherosclerotic plaque growth and stability (20,37).
Thrombotic effects may be precipitated by interaction
with platelets in a manner similar to what is occurring in
heparin-induced thrombocytopenia and/or alteration in
fibrinolytic capacities by neutralizing the inhibitory effect of
VEGEF on the expression of PAI-1 in tumor cells (38,39).
Numerous tyrosine kinase inhibitors have been associated
with symptoms of myocardial ischemia and with overt
myocardial infarction. A number of these inhibit the VEGF
signaling pathway, especially sunitinib, sorafenib, and
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pazopanib, and as shown in elegant experimental studies,
internal inhibition of this pathway is much more detrimental
for endothelial cell viability than external inhibition (40).
The effects extend into the microvasculature and additional
inhibition of PDGF-b is detrimental to pericyte health,
which destabilizes myocardial microvascular structure (41).
Of further interest, multi-targeted TKIs like sorafenib
promote apoptotic cell death of c-kit+ stem cells, thereby
decreasing repair capacity and increasing mortality after
myocardial infarction (42). Cases of coronary vasospasm to
the point of myocardial infarction have been reported as
well (43,44).

BCR-ABL inbibitors are a second group of multi-targeted
TKIs that have been associated with acute coronary events,
especially ponatinib and nilotinib, as reviewed extensively
before (21,45-51). The risk is higher and emerges earlier
with ponatinib (52). Inhibition of the VEGF signaling
pathway inhibition might be the common denominator
with secondary targets as the differentiating factor (48,53).
Both drugs, but ponatinib more potently, suppress
endothelial function and induce endothelial apoptosis (54).
In experimental models, ponatinib and nilotinib lead to
changes consistent with increased plaque vulnerability (55).
"This might explain some, but not all of the pathophysiology
seen with these medications. For one, it is until now not
absolutely clear if plaque rupture and thrombus formation
bestows the acute events, vasoconstriction, accelerated
progression of atherosclerosis with luminal compromise,

7 Thorac Dis 2018;10(Suppl 35):S4367-S4385
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or reduction in compensatory abilities due to compromised
collateral formation and/or microvasculature.

Experimental work on proteasome inhibitors indicated that
prolonged, high level inhibition of this central intracellular
protein degradation system can cause and aggravate
atherosclerosis (56-58). Ischemic heart disease (including
presentations of chest tightness, angina, and myocardial
infarction) as a side effect of therapy has been reported
more so with the second generation proteasome inhibitor
carfilzomib than with the first generation agent bortezomib.
An integrated analysis of 4 phase II trials with carfilzomib
even concluded on 1.5% cardiac mortality rate, and cases
of sudden cardiac death occurring within 24 hours from
infusion were reported (59). This could be due to acute
coronary artery occlusion due to thrombosis, or, as seen
with 5-FU due to profound and prolonged vasospasm. In
this context it is very pertinent that carfilzomib was found
to exert a vasoconstricting effect, aggravating endothelial
dysfunction and increasing coronary vascular resistance (60).

With the emergence of immune checkpoint inbibitors,
there has been increasing concern regarding the cardiotoxic
potential of PD-1 and PD-L1 inhibitors. Given that the
PD-1/PD-L1 regulates auto-reactive lymphocytes, it was
postulated that blockage of that pathway might lead to
deleterious autoimmune diseases. Indeed, animal models
and human data indicate that myocarditis may occur with
checkpoint inhibition, and this has been subject to various
analyses (61-63). Importantly, animal studies have also
indicated that especially inhibition of the PD-1/PD-L1
system leads to progression of atherosclerosis with increased
plaque inflammation and a predisposition to complications
such as plaque rupture (64,65). It has also been shown to
contribute to graft vasculopathy in murine hearts and giant
cell vasculitis, in keeping with PD-1’s known role in the
regulation of immune response (66-69). Isolated cases of
myocardial infarction and vasculitis have been reported with
immune checkpoint inhibitors (70,71). More comprehensive
analyses of the incidence, nature and clinical outcomes of
vascular disease in patients treated with PDL-1/CTLA-4
inhibitors is eagerly anticipated.

Radiation therapy has a unique injury potential that
can affect all structures of the heart, which has become
known as radiation-induced heart disease (72,73). The
most sensitive cell population are endothelial cells, which
line the pericardium and the endocardium and form the
microvascular network in the myocardium. They are also
the key element to the health of major arteries. Indeed,
coronary artery disease can emerge in not an insubstantial
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number of breast cancer patients (74-76), as well as
Hodgkin lymphoma patients (77). It is also seen after
head/neck radiation in the carotid arteries, which allowing
for easier serial assessment, which has confirmed the
progressive nature of the disease (78,79). Inflammation is
an early characteristic that can be sustained, involving the
entire wall, and can be followed by vascular fibrosis (80-82).
Animal models utilizing atherosclerosis-prone mice confirm
that irradiation accelerates atherosclerosis and induces
both, an inflammatory and a thrombotic phenotype (83-86).
While remaining effective in general atherosclerosis,
neither aspirin nor clopidogrel were of sound therapeutic
benefit for radiation atherosclerosis in the mouse
model (87). The same held true for atorvastatin though it
reduced cardiac fibrosis (88). This points to the possibility
that the vascular disease process induced by radiation
is not exactly the same as the one induced by standard
cardiovascular risk factors.

Risk stratification for vascular events in cancer
patients

Various tools have been developed to define cancer
prognosis and response to therapy, but in a striking contrast
there are not many to predict cardiotoxicity risk and even
fewer to alert to vascular toxicity. However, cardiovascular
toxicities were not subject of major concern until relatively
recently. With the improved cancer outcomes and extended
life expectancy the morbidity and mortality of non-cancer
comorbidities and toxicities bestows a much greater and
sometimes profound impact. Historically cardiomyopathy
and heart failure have been the main cardiovascular
concerns. With the recent advances (as outlined above)
vascular toxicities have move more to the forefront of
some cancer therapies. For instance, the ischemic risk with
VEGF inhibitor therapy is considerably higher than that of
cardiomyopathy and heart failure (89). Further, ATEs such
as myocardial infarction and stroke can have devastating
consequences, let alone the delays and terminations of
cancer therapy. Estimating and preparing for cardiac and
vascular risk therefore should be an important aspect in the
care of cancer patients.

For VEGEF inhibitor therapy, limited retrospective data
indicate that a history of ATEs and age >65 years increase
the risk of ATEs on therapy (90). In patients meeting these
high risk criteria, aspirin exerts a preventive effect. In fact,
following an ATE in the past these patients meet secondary
prevention criteria and abate the debate of primary
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prevention with aspirin. The same holds true for any other
patient undergoing chemotherapy with a history of ATEs,
clinical CAD and ASCVD in general though concerns
pertaining to anemia and thrombocytopenia need to be
taken into account as outlined below.

For patients undergoing cisplatin-based chemotherapy
for testicular cancer, 3 or more cardiovascular risk factors
define a high risk fingerprint for ATEs (nearly 10-fold
higher risk) (91). These patients also have a higher intima-
media thickness and higher vWF level at baseline. In these
but not in the low risk fingerprint patients significant
increases in vVWF levels on therapy are seen. Such dynamics
may point out greater endothelial vulnerability as well
as greater predisposition to platelet activation though
confirming data for this conclusion are missing at present.
Another important aspect, these usually young and healthy
men remain at increased risk for ischemic vascular events
over time (92-94). This might relate to the fact that cisplatin
level can remain detectable (elevated) for years after therapy
as well as the intensification of cardiovascular risk factor
exposure (35). Correlation with ASCVD risk scores might
be an intuitive step but will likely underestimate the true
risk as not factoring in the chemotherapeutic dimension.
In comparison with the reference population for which
ASCVD risk scores were developed, these patients have an
excess risk. A pertinent question is if such risk scores would
perform well when the disease process is arterial thrombosis
secondary to erosion and possibly related to a general pro-
coagulant state. The correlation with VTE risk scores is not
defined, i.e., whether there could be a general thrombotic
risk score. As outlined above, certain malignancies have a
higher risk, likely related to the expression of pro-coagulants
and platelet activating factors, which improves with cancer
therapy. Thus, the first few months after diagnosis pose the
highest risk period when cancer production meets cancer
therapy induction of thrombotic risk. If and how to bridge
this vulnerable period is not known as often also the highest
risk period for bleeding events.

Importantly, ASCVD risk scores such as the Euro Score
have been shown to predict events in patients with CML
on nilotinib therapy (95). In comparison with a risk factor-
matched cohort, patients on nilotinib have a much higher
than expected rate of events over time (48). CVD in these
patients presents primarily as progressive peripheral arterial
disease rather than CAD or CVD. The ability to predict
such risk in these patients using general ASCVD scores
suggests that the underlying pathophysiology is indeed
likely accelerated atherosclerosis rather than another disease
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process. Whether serial ABIs can detect the predisposition
and pace of progression is unknown at present (53).
Likewise, whether aggressive ASCVD prevention and
treatment will hinder development and/or slow progression
is unknown. Models for intervention have been outlined
before.

Finally, for therapies that are associated with vasofunctional
rather than structural changes, one might argue that there
is no need to assess and treat for risk predisposition as easily
reversible with intervention. 5-FU and capecitabine are
the classical examples. However, depending on the severity
and duration of coronary vasospasm and concomitant
factors ventricular tachycardia, ventricular fibrillation,
sudden cardiac death, (Takotsubo’s) cardiomyopathy, heart
failure, hypotension and circulatory shock can develop (96).
These are grave complications and one might thus present
the counter argument that it might be important to
know beforehand and to be prepared though modes of
surveillance are not defined. For instance, should these
patients be followed with telemetry to detect ST elevation,
then to be initiated on vasodilatory therapy? Clearly more
work in all of the outlined domains is yet to be done. How
can the risk of the individual cancer patient for any given
type of vascular toxicity/event be predicted?

Treatment of ACS in cancer patients

When ACS occurs in a patient with cancer, its treatment
relies on careful assessment and definition of the type
of ACS, its underlying etiology, and the patient’s stage
within the continuum of cancer care [before, during
(active), or years out (in remission)]. This then enables an
individualized approach to the management and application
of medical and interventional therapies. The Universal
Definition of Myocardial Infarction provides an excellent
foundation for the diagnostic framework, and patients can
be classified as experiencing unstable angina, NSTEMI,
or STEMI with the underlying mechanisms being plaque
rupture or plaque erosion with intracoronary thrombus, or
supply-demand mismatch due to vasospasm, severe stenosis,
anemia, tachycardia, etc. (97). In most cases, coronary
imaging remains an essential element, and while coronary
computed tomography angiography could be applied
in some scenarios, coronary angiography remains the
standard. Such an invasive approach, however, is often met
with scrutiny in cancer patients. The risk-benefit ratio may
be viewed unfavorable, either realistically or unrealistically.
It is also important to consider that the context of each
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case is unique, and angiography cannot be a general
rule. Some patients’ cancer prognosis may be too grave,
other patients may have decided not to undergo certain
procedures or are on hospice care. Also, while the visual
confirmation is important (rule out approach), the rule in
approach is the usual mandate, and angiography might be
considered pointless if not translating into revascularization.
The risks and benefits of cardiovascular interventions
themselves might be incompletely understood and over- or
underestimated. A summary of the available evidence based
on studies specifically enrolling cancer patients with ACS is
outlined in Table 2 (23,98-104).

Several studies evaluated differences and outcomes of
cancer patients among those undergoing PCI. A general
notion is the lower likelihood of DES implantation in
cancer patients. Lower mortality rates were found among
those undergoing PCI regardless of cancer type. However,
such positive impact seems to be lost once adjusted for
other baseline differences or other predictors. Coronary
angiography by itself does not seem to change outcomes
though there is still a role in ruling out structural epicardial
pathology, e.g., in Takotsubo’s, which then directs
further care. Furthermore, it is important to differentiate
embolus from 7z situ thrombosis. The former may require
thrombectomy only and a comprehensive evaluation
for the source of thrombus, including heart chambers,
valves (marantic endocarditis), upper/lower deep venous
thrombosis with patent foramen ovale. As detailed in our
recent analysis in an exemplary hematological malignancy
cohort, platelet count and hemoglobin levels were predictive
of an invasive approach. Furthermore, patients undergoing
angiography tended to receive more recommended medical
therapies as well, indicating an all-or-nothing approach.

Among the medial therapies that are proven to be
beneficial even after adjusting for confounders are aspirin
and beta-blocker (100,104). The benefit of statin and
ACE inhibitor/ARB has not been consistently shown. The
same holds true for dual antiplatelet therapy (DAPT).
Anticoagulation with heparin in the acute setting does not
translate into a mortality benefit; but it is current standard
of care in ACS (though not without debate) and part of
the continuum of care towards an invasive approach and
essential in patients with embolic ACS. One has to state also
that these data were derived from patients who are not in
remission, thus in active therapy mode. For patients who are
years out from therapy likely standard guidelines apply as
they do for patients without cancer. The most challenging
group of cancer patients seems to be those diagnosed just
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within 6 months prior to ACS presentation. Two studies
in STEMI patients confirm that these patients have the
highest mortality risk both acutely and thereafter (23,99).
These patients seem to be more prone to hemodynamic
compromise and have greater needs for hemodynamic
support and greater risk of cardiogenic shock. They also are
more prone to VT and cardiac arrest. The precise reasons
are not clear at present. One study noted a greater burden
of left main disease, but whether this relates to an acute
boost in atherosclerosis due to the stress of cancer diagnosis
and therapy is not known (23). Chemotherapy exposure was
not found to significantly increase the acute risk in these
patients (23,99).

This being said, hemoglobin levels are lower in
these patients, possibly as a reflection of the effects of
chemotherapy and presumably with the known prognostic
implications of anemia in PCI patients (105-107). The
same holds true for thrombocytopenia (108,109). Especially
if confronted with both, antiplatelet and invasive therapy
might be withheld. However, even in patients with these
adversities, aspirin use leads to better outcomes. The
current consensus recommendation of SCAI for the care
of cancer patients set the lower level of platelet count
for aspirin therapy at 10,000 and for DAPT with aspirin
and clopidogrel at 30,000 (Figure 5) (73). Ticagrelor
and prasugrel should be avoided unless PLT counts are
>50,000. There is no cutoff level for diagnostic coronary
angiography with a radial or careful 4F femoral approach
using a micropuncture kit (+/- ultrasound). In general,
all revascularization options are available with platelet
counts >50,000 and PCI with bare metal stents (BMS) or
drug-eluting stents (DES) with platelet counts >30,000.
Furthermore, thrombectomy may be permissible with lower
platelet counts though one needs to be prepared and in a
position to manage dissections should they occur. Taking
complications into consideration, one may want to heed
more conservative voices arguing for a universal cutoff of
50,000 for any coronary procedure (110). One important
aspect is to factor in the dynamics in blood counts over
time. Platelet counts should meet recommended targets
not only for the time of the procedure but also for the
foreseeable future after the procedure. How safely and
effectively transfusions could bridge such periods is
unknown.

These considerations are linked to the duration of
DAPT and stent types. Historically, BMS have been used
when DAPT could not be extended for more than 4 weeks.
However, as shown in the LEADERS FREE trial, new stent
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Figure 5 Society for Cardiovascular Angiography and Interventions (SCAI) algorithm for acute coronary syndrome management in patients

with cancer. Modified from Iliescu CA, Grines CL, Herrmann J, ez /. SCAI Expert consensus statement: Evaluation, management, and

special considerations of cardio-oncology patients in the cardiac catheterization laboratory. Catheter Cardiovasc Interv 2016;87:E202-23,

with permission by Wiley.

designs, namely the polymer-free and carrier-free biolimus
A9-coated BioFreedom stent, have allowed for only
1-month DAPT durations even for DES (111,112). These
developments have been outlined in the 2017 European
recommendations for duration of DAPT, but acknowledging
the still limited level of evidence in this area (113).
On the on contrary, the 2016 AHA/ACC updates on DAPT
take a more conservative (and traditional) approach on BMS
and DES (114). As of 2018, the European guidelines on
revascularization are further avant-garde in giving a general
preference to DES (115). This may address concerns
regarding general underutilization of DES in cancer
patients (116). However, giving the shifting complexity,
in cancer patients a differential rather than a general
approach will need to be taken. Accordingly, the likelihood
of following general practice guidelines in cancer patients
increases with increasing time from cancer diagnosis
and treatment. In the early phase, these patients need
individualized case, taking into account their procoagulant
state, anemia and thrombocytopenia, among other elements.

Along these lines, the relative contributions of ACS care

© Journal of Thoracic Disease. All rights reserved.
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to the overall outcomes do shift with the stage the patient
is in within the continuum of cancer care. For instance,
in studies that evaluated patients with STEMIs, most of
them >6 months, in fact years after cancer therapy, acute,
in-hospital mortality was driven by cardiac mortality (23).
In distinction, in patients developing ACS with active
malignancies, the leading cause of in-hospital death is non-
cardiac in etiology (104). Regarding long-term outcomes, in
both patient groups, cancer-related mortality takes the lead
though cardiac mortality seems to have an additive effect
on overall mortality over time, especially once patients
survive more than 7 years (23,104). In view of the above,
the aggressiveness of cardiovascular therapy needs to be
tailored with realistic assessments, expectations and goals.
In fact, goal-directed cardiovascular therapy might be the
best integrative term for the management approach to these
patients.

Conclusions

The vulnerability of cancer patients to cardiovascular disease

7 Thorac Dis 2018;10(Suppl 35):S4367-54385
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Table 3 Roadmap for augmenting the evidence for the prevention and treatment of cardiovascular disease in patients with cancer

Risk prediction

Validity of standard cardiovascular risk prediction models should be tested in various cancer types/stages/treatment groups

Genomic studies should explore the association between specific SNPs/allele profile and risk for cardiovascular toxicity with

anti-cancer drugs

Natural history

Imaging/biochemical analyses should be performed to determine sub-clinical cardiovascular injury in cancer patients along

their disease course

Uniform cohorts of cancer patients should be followed longitudinally and independent risk factors for CVD (on/off treatment) delineated

Studies should assess the utility of non-pharmacologic interventions (i.e., aerobic activity, diet) in cancer patients with CVD

Outcomes

Retrospective studies should further evaluate the benefit of various CVD treatments in the cancer population

Longer-term data should be collected regarding clinical outcomes of cancer patients with various CVD states on/off treatment

Futility of particular CVD-targeted therapies should be determined in patients with high-risk features (very frail, metastatic disease, etc.)

SNP, single nucleotide polymorphism; CVD, cardiovascular disease.

has long been recognized. Among the factors that contribute
to heightened cardiovascular risk are advanced age, other
(shared) risk-factors, underlying (pre-existing) disease
and anatomic predisposition, the effects of the underlying
cancer and its associated treatments. Validated frameworks
to assess a cancer patient’s risk of vascular toxicity with
any given anti-cancer treatment are very limited. As
outlined herein, there is a level of complexity that does
not allow for a one-size-fits-all risk prediction model.
Cancer patients can develop acute ischemic complications
such as ACS for various reasons, which require specific
treatment. Vasodilatory therapy is key in those with events
precipitated by vasospasm with no role of anticoagulation
and antiplatelet therapy. On the other hand, these therapies
are key in those with acute coronary thrombosis secondary
to coronary emboli or erosion without any underlying
atherosclerotic plaque. Percutaneous intervention with
stenting is reserved for those with atherosclerotic disease
that compromises myocardial perfusion, and patients
need to be able to continue DAPT for at least 4 weeks
without interruption. While cardiovascular therapy can
be of significant benefit, all decisions are to be made
within the overall clinical context (goal-directed care). As
cancer treatments and survival continue to improve, better
documentation and survival continues to lengthen, better
documentation of the clinical outcomes of particular subsets
of cancer patients and cancer therapies will be required
(Table 3). This will include the formation of large registries

© Journal of Thoracic Disease. All rights reserved.
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with attention to detailed analyses of the clinical data.
Furthermore, expanding the horizon for cardiovascular
toxicity in the same way that genomics and proteomics have
heralded an unprecedented era of treatment selection for
patients with cancer might lead to major advances. The
cardiovascular sequels of cancer-directed therapies can no
longer remain disconnected from the management of the
underlying cancer itself.
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