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Abstract
Purpose of Review Coronary artery disease in patients with
active cancer presents particular challenges for clinicians, as
optimum management is required in order to treat the under-
lying malignancy and to reduce morbidity and mortality asso-
ciated with cardiovascular diseases. Special considerations
must be made in respect to either primary or secondary throm-
bocytopenia, the presence of coagulopathies and the propen-
sity of bleeding, vascular access complications, and increased
risk of stent thrombosis.
Recent Findings In presence of acute coronary symptoms, the
cardio-oncology team has to make a complex decision be-
tween conservative medical management or early angiogra-
phy (within 24 h) and revascularization. There is a lack of
reliable data on the outcomes of patients with active cancer
who undergo invasive procedures for the diagnostic and treat-
ment of coronary artery disease.

Summary Cardiac catheterization recommendations in cancer
patients are being currently elaborated by cardio-oncologists
in order to improve the overall survival in cancer patients with
coronary artery disease.

Keywords Coronary artery disease . Cardio-oncology .

Cancer . PCI . Cardiotoxicity . Radiation

Abbreviations
CAD Coronary artery disease
ACS Acute coronary syndrome
BMS Bare metal stents
DES Drug-eluting stents
CABG Coronary artery bypass graft surgery
PCI Percutaneous coronary intervention
DAPT Dual antiplatelet therapy (aspirin and a

thienopyridine)
STEMI ST segment elevation myocardial infarction
VEGF Vascular endothelial growth factor
FDA Food and Drug Administration
5-FU 5-Fluorouracil
IVUS Intravascular ultrasonography
OCT Optical coherence tomography

Introduction

Cancer and cardiovascular disease are two dominating causes
of death worldwide, being responsible for more than 70% of
disease-related mortality [1]. The 5-year relative survival in
cancer patients has been estimated to be greater than 80%,
meaning that there is a significant risk of dying from cardio-
vascular diseases rather than of progression of the underlying
malignancy [2]. Simultaneous occurrence of coronary artery
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disease (CAD) and cancer is increasingly frequent and is the
result of extending cancer therapies to more elderly individ-
uals with preexisting CAD or due to the side effects of cancer
therapy. Cancer survivors and patients undergoing active on-
cological therapies are at risk of developing CAD and require
prompt intervention for risk factor modification, early disease
identification, and therapeutic intervention to improve prog-
nosis. In order to identify the patients vulnerable to the cardiac
effects of oncologic treatments and to address the problems
that occur with concurrent heart disease and cancer, continu-
ous collaborative efforts are being made between cardiologists
and oncologists to recognize worse oncological outcomes in
the setting of heart disease and risk factors. However, the
cardiovascular outcomes in cancer patients are difficult to as-
sess due to ongoing cycles of chemotherapy, surgical proce-
dures, or radiation therapy. Regardless if the patients have
CAD prior to cancer treatment or as a consequence of it, there
are particular challenges when considering invasive evalua-
tion and treatment in cancer patients with coronary disease.
The unique issues that arise in case of an acute coronary syn-
drome (ACS) in cancer patients are related to technical diffi-
culties of vascular access and to the comorbidities associated
with cancer such as thrombocytopenia, coagulopathies, or
paraneoplastic disease.

The intent of the present review is to address these unique
issues related to the interventional approaches used by opera-
tors with increased experience in cardiac catheterization of
cancer patients.

The Pathophysiology of Coronary Artery Disease
in Cancer Patients

The link between acute coronary events and cancer can be the
result of preexisting cardiovascular risk factors, an increased
state of inflammation and hemostatic activation triggered by
the underlying malignancy, and the toxicity associated with
the oncological treatment. Traditional cardiovascular risk fac-
tors like increasing age, cigarette smoking, obesity, hyperten-
sion, hyperlipidemia, and physical inactivity increase the risk
of CAD among cancer survivors or patients undergoing active
cancer therapy [3•]. These common risk factors along with
cardiac comorbidity increase the short-term and long-term
cardiac mortality [4•]. Therefore, a careful and detailed past
cardiac personal and family history is required to identify any
underlying cardiac disease and its possible association with
cancer’s pathogenesis and/or treatment. The development of
CAD is strongly associatedwith smoking-related cancers such
as lung or breast cancer, or radiation-treated cancers (i.e.,
Hodgkin’s lymphoma and non-Hodgkin’s lymphoma) [5–7].
Cancer treatment such as radiotherapy, chemotherapy, and
hormonal cancer therapies increase CAD risk by direct and

indirect cardiotoxic effects, such as reduced physical activity
or/and metabolic changes with secondary dyslipidemia [8••].

The presence and severity of CAD is the result of an intri-
cate pathological process that employs the interplay between
lipid metabolism, inflammation, and thrombosis [9]. Elevated
low-density lipoprotein cholesterol particles stimulate the in-
flammation process with attraction of the macrophages and
smooth muscle cells and formation of plaques. These lipid-
rich plaques narrow the vessel lumen, limit the flow, and pro-
duce the clinical syndrome of stable angina [10]. Plaques with
a thin fibrous cap and large thrombogenic cores (thin-cap
fibroatheromas) are considered high risk because are more
susceptible to rupture and atherothrombosis, therefore are also
called “vulnerable plaques” [11]. To offer a better structural
characterization of high-risk plaques, new imaging strategies
like CT coronary angiography have emerged and focus on
early prediction of atherosclerotic plaque complications, in
an attempt to prevent ACS during cancer therapy. The ST
segment elevation myocardial infarction (STEMI) is triggered
by a more stable occlusive thrombus, fibrin rich and occurs in
predictable “hot spots” within the proximal third of coronary
arteries [12]. In cancer patients, additional factors such as
surgical intervention, chemotherapy drugs, and vascular dam-
age induced by irradiation promote a pro-inflammatory state
contributing to plaque formation process. There are multiple
suggested mechanisms responsible for the cancer-associated
thrombosis: the increased release of pro-inflammatory cyto-
kines (e.g., TNF-α, IL-1) that promote endothelial damage,
increased microvasculature permeability and leakage of pro-
coagulating factors (platelet activating factors, tissue factor) in
extravascular space, thrombin generation by tumor cells [13,
14]. Chemotherapy was also shown to be involved in arterial
thromboembolism by altering the hemostatic properties of the
endothelium [15]. Several antineoplastic agents have been
reported to cause peripheral and coronary vascular injury,
leading to myocardial infarction [16]. The effects of these
therapies depend on the type and intensity of the therapeutic
regimen, the characteristics of the underlying malignancy, and
the overall health status of the patient undergoing oncological
treatment. The impact is either immediate, manifested as
spasms of the blood vessels or dysrhythmia, or later on as
atherosclerosis, hypertension, heart failure, which can emerge
years after treatment is completed. CAD is considered one of
the long-term toxicity or late effects that can manifest months
to years after successful treating cancer [17, 18]. The inci-
dence of ischemia varies widely with the class of chemo-
therapeutics and the intensity/dose of the treatment. The
most notorious groups of antineoplastic drugs involved
are antimetabolites (Capecitabine, Flourouracil) ,
ant imicrotubule agents (Pacl i taxel , Doce taxel ) ,
monoclonal antibody-based tyrosine kinase inhibitors
(Bevacizumab), small molecule tyrosine kinase inhibitors
(Erlotinib, Sorafenib), and platinum-containing anti-
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cancer drugs (Cisplatin) [8••] (Table 1). The exact mech-
anisms of cardiotoxicity induced by these compounds are
fully elucidated only for a small part of these drug classes.
Cardiac changes are seen either after the use of one class
of drugs or combination of them.

One of the proposed mechanisms of induced vascular tox-
icity in cancer patients triggered by chemotherapy is abnormal
vasoreactivity due to endothelial damage and alterations in the
control of vascular smooth muscle tone (Fig. 1). 5-FU,
Capecitabine, Docetaxel, and Paclitaxel are known agents that
promote myocardial infarction by vasospasm in patients with
or without preexisting cardiovascular risks [8••, 19, 20]
(Fig. 1). Although the myocardial ischemia is reversible after
treatment discontinuation, lethal outcomes have been report-
ed. The use of Sorafenib has also been associated with coro-
nary vasospasm in multiple vessels and poorer cardiovascular
outcomes when compared with Sunitib [21]. Microvascular
impairment along with vaso-functional imbalance is another
mechanism proposed for Sunitinib, a member of the tyrosine
kinase inhibitors group [19]. Cardiac ischemia can be trig-
gered by chemotherapeutic agents that cause acute coronary
thrombosis, like Bevacizumab, as a result of endothelial dys-
function, inflammation, platelet activation, and vascular re-
modeling [22]. The use of Cisplatin increases by a 1.5- to 7-
fold the long-term risk of CAD and myocardial infarction, and
when administered together with Bleomycin and Vinblastine
can aggravate the endothelial dysfunction in multiple vascular
territories [23]. Nilotinib and Ponatinib contribute to progres-
sion of atherosclerosis; Nilotinib has a preferential effect on
peripheral arterial circulation, while Ponatinib is associated
with a higher incidence of vascular adverse events (6.2%)
including (in descending order of frequency) cardiovascular,
peripheral vascular, cerebrovascular, and venous thrombotic
events [24].

Other chemotherapeutic regimens like androgen depriva-
tion therapy with gonadotropin-releasing hormone (GnRH)
agonists or aromatase inhibitors (anastrazole, letrozole,
exemestane) were found to increase the overall cardiovascular
risk by decreasing insulin sensitivity, by altering the lipid pro-
file and by interfering with the cardio-protective characteris-
tics of the testosterone [25, 26].

An increased incidence of atherosclerosis and CAD was
associated with anterior chest or mediastinal radiation for the
treatment of lung, breast, esophageal cancer, or malignant
lymphomas [20]. Left anterior descending artery lesions were
reported after anterior chest radiotherapy, along with fibrosis
and significant stenosis of mitral and aortic valve [27]. Despite
growing recognition of the importance of radiotherapy in can-
cer treatment, with more than 50% of the patients receiving
radiation, significant mortality and morbidity due to cardiac
adverse effects have been linked to radiation therapy [28]. The
impact of radiation on the cardiovascular system depends on
the radiation dose (>30 Gy) and the risk factors associated

(young age, anterior exposure without shielding, preexisting
heart disease) [29]. The rates of major coronary events were
shown to increase linearly with the mean dose to the heart by
7.4% per gray (95% confidence interval, 2.9 to 14.5;
P < 0.001). This increased risk starts within the first 5 years
after radiotherapy and continues into the third decade after
radiotherapy [30]. The adverse effects of receiving radiother-
apy can be seen in a time range of weeks up to 25 years, with
an increased risk of fatal myocardial infarction in first 5 to
10 years after initial therapy [20]. In experimental models, it
was shown that an accelerated form of atherosclerosis with
cholesterol plaques formation, thrombosis, and fibrosis of all
three layers of vascular wall can occur after a few days after
radiation exposure [31]. Distribution of CAD depends on the
location of radiotherapy, with classic ostial location; however,
lesions in mid and distal left anterior descending artery and
distal diagonal branch can also be seen in patients who have
received breast or chest radiotherapy [32]. There has been
significant modification of the radiotherapy techniques to low-
er radiation doses to the heart, but CAD remains one of the
most important manifestation of radiation-related
cardiotoxicity. Although the medical management of these
patients by now was the same as in all patients with CAD,
revascularization (percutaneous or surgical)-related difficul-
ties were encountered due to mediastinal scarring, irradiated
coronary vessels, and internal mammary with higher risk of
restenosis.

The increase risk of death from CAD was found to be
raised up to 2-fold in patients diagnosed with Hodgkin’s dis-
ease or breast cancer and treated with radiation therapy [33].
Among the patients with breast cancer, those who received
left-sided radiotherapy had a 1.56-fold (95% CI 1.27–1.90)
higher risk of dying when compared to those receiving right-
sided radiotherapy.

Diagnostic and Treatment of Coronary Artery
Disease in Patients with Active Cancer

Compared to general population, the development of CAD in
cancer patients is a unique challenge for the cardio-oncology
team. The presence of malignancy can limit the use of diag-
nostic procedures due to increased frailty of the patients un-
dergoing aggressive chemotherapeutic or radiation therapy,
due to time constraints imposed by urgent surgical interven-
tions or scheduled administration of chemo/radiotherapy, due
to severe pancytopenic status of the patients and increased risk
of developing serious infectious complications after invasive
procedures. Current CAD guidelines cannot be extrapolated to
cancer patients as there is a lack of reliable data on the man-
agement of cancer patients with a history of coronary artery
disease. There is almost no data available from randomized
clinical trials (type A data—good scientific evidence which
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suggests that the benefits of the clinical service substantially
outweigh the potential risks; clinicians should discuss the ser-
vice with eligible patients), therefore the majority level of
evidence is C (at least fair scientific evidence suggests that
there are benefits provided by the clinical service, but the
balance between benefits and risks is too close for making
general recommendations; clinicians need not to offer it unless
there are individual considerations) [18, 34]. Strenuous efforts
are being made by cardiologists, oncologists, surgical teams,

and radiation oncology services to avoid unnecessary proce-
dures that can interfere with cancer care and can modify the
overall outcomes. The patient is continuously involved in the
decision process and in composing an individualized cardiac
therapy.

The initial presentation of ACS in cancer patients may be
silent and can go unrecognized due to advanced age of the
patients, comorbidities such as diabetes, or simply because
symptoms are masked by the use of analgesics and narcotics.

Table 1 Antineoplastic agents associated with coronary artery disease

Class of antineoplastic
drugs

Antineoplastic agent Cardiac effect Mechanism of pathogenesis Risk factors associated

Antimetabolites 5-FU
Capecitabine

Angina
MI
Arrhythmias
Cardiogenic shock
Sudden death

Coronary artery thrombosis
Arteritis/vasospasm
Direct toxicity on myocardium
Interaction with coagulation
system

Autoimmune response

High doses (>800 ng/kgc)
Continuous infusion
Previous CV disease
Mediastinal radiation
Concomitant
cisplatin treatment

Antimicrotubule Paclitaxel
Docetaxel

Myocardial
ischemia/infarction

Multifactorial Cardiac risk factors
HTN
Coronary artery disease

Monoclonal
antibodies-based
tyrosine kinase

Bevacizumab Arterial thrombotic events Endothelial dysfunction
(anti-VEGF therapy decreases
the regenerative capacity of
endothelial cells to recover
after trauma)

Decrease of NO and prostacyclin
Increase of hematocrit and blood
viscosity via overproduction of
erythropoetin

Age >65
Prior arterial
thrombo-embolic events

Small molecule tyrosine
kinase inhibitors

Erlotinib
Sorafenib
Sunitinib

Myocardial
infarction/ischemia

Multifactorial
The Cremophor EL vehicle in
which paclitaxel is formulated
may be responsible for its
cardiac ischemia

Microvascular impairment

Unknown

Nucleoside analogs Gemcitabine Myocardial
infarction/ischemia

Unknown Prior history of cardiovascular
disease

BCR-ABL targeted
tyrosine kinase
inhibitors

Nilotinib
Ponatinib

Serious arterial thrombotic
events (including
cardiovascular,
cerebrovascular, and
peripheral vascular events)

Ponatinib has a mild inhibitory
effect on platelet aggregation

Progression of atherosclerosis

Thrombotic events in patients
with either a documented
ischemic condition or the
presence of risk factors at
baseline

Fig. 1 Coronary angiography showing vascular spasm induced by
chemotherapy in a cancer patient with no significant obstructive
coronary artery disease (panels 1, 2—vasospasm identified in two
different cardiac catheterization before nitroglycerin administration,

white arrows indicate different areas of vasospasm in the RCA; panel
3—white arrows indicate resolution of vasospasm after nitroglycerin
administration)
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Patients with symptoms suggestive of ACS should have an
initial diagnosis based on history, risk factors, ECG findings,
cardiac biomarkers, and other laboratory data such as coagu-
lation tests. First determination of cardiac biomarkers should
be upon presentation, followed by repeated determination at
every 6 or 8 h if elevated till trending downward begins [18].
Continuous ECG monitoring should be performed in parallel
with measurement of cardiac biomarkers and the differential
diagnosis should include other chest pain causes associated
with ECG changes such as pericarditis and Tako-tsubo syn-
drome. Tako-tsubo syndrome, also known as stress cardio-
myopathy (SC), is a clinical entity defined as a reversible
and transitory ventricular dysfunction with clinical and elec-
trocardiographic presentation similar to myocardial infarc-
tion [35]. Recent studies have identified a high prevalence
of Tako-tsubo syndrome among cancer patients [36]. The
pathogenic mechanisms involved are heterogeneous and
multifactorial, and by now there is no clear explanation for
this acquired cardiomyopathy. Emotional stress in patients
confronting with a difficult cancer diagnosis, microvascular
vasospasm induced by catecholamines, inadequate increase
in cardiac sympathetic nervous activity, modification of car-
diac adreno-receptors sensitivity by the underlying malig-
nancy, and estrogen reduction have been all proposed as
possible mechanisms [37]. Tako-tsubo syndrome has been
also considered to be a side effect of chemotherapeutic use
for antineoplastic agents such as 5-FU, Sunitinb, and
Cytarabine [38–40]. Patients present with chest pain, short-
ness of breath, hypotension, and electrocardiographic chang-
es that mimic ST elevation in myocardial infarction or non

ST segment elevation coronary syndrome [35, 41]. In ab-
sence of significant underlying comorbidities, the prognosis
is good. Cancer therapy should be resumed in 2 to 4 weeks,
and for long-term treatment, β-blockers can be used to re-
duce the sympathetic heart stimulation. Therefore, cardiolo-
gists and oncologists should be aware of this syndrome in
case of a cancer patient who develops acute cardiomyopathy
and should order an ECG and rapid echocardiographic
assessment.

Risk assessment and management of stable angina in can-
cer patients follows ACC/AHA guidelines regarding control
of symptoms, prevention of atherosclerosis progression, and
development of acute coronary syndrome [41]. Stress testing
can be used to confirm the presence of coronary artery disease
and to predict survival, if patients can tolerate and urgent
revascularization is not otherwise indicated.

The first step in treating active cancer patients with symp-
toms of ACS is intense medical management with bed rest,
administration of oxygen, opiate analgesics to relive pain, and
anti-ischemic, antiplatelet/antithrombotic drugs. In patients
who have no angina relief despite optimal medical therapy
or in patients with high TIMI score, an invasive evaluation
and treatment should be considered, along with dual antiplate-
let therapy (DAPT) (ASA 81 mg and P2Y12 inhibitors) and
adjusted doses of heparins for platelets <50,000/mL (Fig. 2).
In a recent study published by Yusuf et al., it was shown that
the lack of an appropriate medical intervention for myocardial
infarction associated with cancer’s comorbidities leads to a
high rate of mortality, with a 1-year survival of only 26%
[42]. Therefore, invasive cardiac assessment in cancer patients

Fig. 2 Proposed management algorithm for symptoms of ACS in patients with active cancer
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is important for the evaluation and management of concomi-
tant heart disease. Cancer patients with STEMI have signifi-
cant higher mortality and morbidity rates when comparedwith
STEMI in patients without cancer [43].

Other important recommendations for cancer patients with
concomitant CAD are an aggressive medical treatment, espe-
cially with statins, and physical activity to stabilize the under-
lying coronary disease. The interaction between statins and
cancer therapy is a matter of debate; several proposed theories
suggest that statins can potentiate the antineoplastic agents
and can reduce multidrug resistance [44]. However, more data
on cancer patients on statins is required at this point.

Special Considerations for Cancer Patients
in Interventional Cardiology

One of the initial concerns of cardiac catheterization in cancer
patients is thrombocytopenia [45]. The majority of patients
diagnosed with hematologic malignancies (acute leukemia,
lymphoma, and multiple myeloma), as well as patients with
solid tumor cancers (breast cancer, ovarian, germ cell) have
thrombocytopenia either as a manifestation of their primary
disease or as a consequence of the chemotherapy [46].
Prophylactic platelet transfusion in cancer patients undergoing
cardiac catheterization is recommended depending on the
platelet count. Transfusions are not recommended if platelet
counts are greater than 10,000/mL, with the exception of ne-
crotic tumors or in patients receiving therapy for bladder, gy-
necologic, colorectal tumors or melanoma who should be
transfused if platelets drop under 20,000/mL—or if patients
have fever, hyperleukocytosis, and coagulation abnormalities
[18]. No minimum platelet level was set as an absolute con-
traindication to perform coronary angiogram. Most invasive
procedure can be performed with comfort if no coagulation
abnormalities are associated and the platelet count is around
40,000 to 50,000/mL. Percutaneous coronary intervention
(PCI) can be performed with minimal bleeding risk after mi-
cropuncture access and careful hemostasis, in patients with
platelet counts more than 30,000/mL [47]. Coronary artery
bypass grafting (CABG) has to be reserved as an option for
patients with more than 50,000/mL platelets. Aspirin can be
administered to all patients with platelets greater than 10,000/
mL according to SCAI guidelines without worsening the out-
comes [18]. In contrast, the administration of P2Y12 agents
(Clopidogrel, Ticagrelor) was reserved only for patients with
more than 30,000/mL. The standard dose of heparin needs to
be adjusted according with the platelet count: if platelet count
is less than 50,000/mL, the initial dose of heparin is 30–50 U/
kg. Duration of dual platelet therapy (DAPT) can be mini-
mized according with the type of procedure performed and
type of stent implanted: 2 weeks after balloon angioplasty,
4 weeks after bare metal stent (BMS), and 6 months after

second or third generation drug-eluting stents (DES) are being
placed. If bleeding occurs during or after cardiac catheteriza-
tion, the patient should receive therapeutic platelet transfu-
sions [45].

Another important aspect when considering cardiac cathe-
terization in cancer patients is related to vascular access and
potential bleeding complications at the access site. The hyper-
coagulable state in cancer accompanied by the specific effects
of the cancer treatment on hematopoietic cells is associated
with a high risk of bleeding [48]. Optimal vascular access
assessment needs to be performed before deciding between
femoral or radial access site [49]. Femoral access site is pre-
ferred in patients with multiple previous arterial lines, patients
that underwent total mastectomy or with abnormal Allen’s
test. Possible complications are retroperitoneal hemorrhage
(RPH), pseudoaneurysm, arterio-venous fistula, excessive
bleeding, especially in thrombocytopenic patients, local infec-
tions, and delayed epithelization after using vascular closure
devices. In comparison, radial access site has a lower bleeding
risk and a greater patient comfort and is preferred if patients
are candidates for both access types [50]. In patients with
thrombocytopenia, radial access is preferred.

The development of effective coronary artery stents has
changed the way coronary artery disease is today managed.
However, one of their limits is their thrombogenic status, as-
sociated with the pro-thrombotic and pro-inflammatory state
in cancer [51]. If PCI is indicated, both BMS and newer-
generation of DES can be used, with a preference for DES,
which have lower rates of stent thrombosis, therefore a re-
duced length of DAPT therapy is required [52]. Given their
high risk of stent thrombosis, bifurcating lesions and overlap-
ping stents should also be avoided. Moreover, coronary angi-
ography can overestimate the significance of ostial or side-
branch lesions. Complementary procedures such as the frac-
tional flow reserve (FFR)-guided approach (Fig. 3), intravas-
cular ultrasound (IVUS), and optical coherence tomography
(OCT) (Fig. 4) can lead to a better appreciation of coronary
stenosis and the need of stent placement. A FFR of 0.80 or less
indicates a hemodynamically significant stenosis with an ac-
curacy of greater than 90% in general population [53]. FFR
can determine the functional importance of the stenotic lesion
and can lead to fewer interventions (PCI and CABG). It
should be performed before non-urgent PCI to justify the re-
vascularization option. However, postponing stenting in can-
cer patients with FFR >0.75 has not been associated with
increased mortality within 1 year of procedure and cancer
care. In the FAME II study, De Bruyne et al. evaluated the
clinical outcomes of patients with CADwho received medical
therapy alone with those who underwent PCI and received
optimal medical therapy [53]. Patients who underwent PCI
and optimal medical therapy had better prognosis, lower rates
of urgent revascularization when compared to those who re-
ceived optimal medical therapy alone. Nascimento et al. in a
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meta-analysis looking at a total of 19 studies underline the
safety in deferral of patients with normal FFR and in those
receiving intervention with an abnormal FFR [54].

IVUS or OCT should be used to check for apposition, ad-
equate expansion, and edge dissection, as it was shown that
incomplete stent coverage, apposition, or intra-stent restenosis
are common in cancer patients with CAD. IVUS has been
used for a better characterization of the luminal processes,
early detection of complications after procedures or a subop-
timal stent expansion, malposition, incomplete lesion expan-
sion, and residual plaque [55]. In a recent study, Jang et al.
suggested that IVUS-guided DES implantation in non-cancer
patient resulted in significant lower rates of major cardiac
events, stent thrombosis, and target lesion revascularization
[56]. OCT allows better plaque characterization due to cross-
sectional view of the tissues with high resolution (≤10–
20 μm) and differentiation of the various layers of the

coronary arterial vessel wall. OCT is useful in detecting
lipid-rich plaques and thin-cap fibroatheromas and also in
periprocedural or postprocedural stent analysis [57]. IVUS
and OCT procedures are especially important in cancer pa-
tients needing temporary discontinuation of platelet therapy.
During PCI procedure, activated clotting time should be mon-
itored to be greater than 250 s. Patients with severe thrombo-
cytopenia (less than 50,000/mL) can achieve a therapeutic
activated clotting timewith lower doses of unfractionated hep-
arin (30–50 U/kg).

A regimen of DAPT with Aspirin and P2Y12 inhibitors
should be used in cancer patients with acute coronary syn-
drome and normal platelet counts. However, on dual antiplate-
let therapy, most cancer patients have an increased risk of stent
thrombosis when compared with patients without cancer [58].
In patients receiving chemotherapy, there is a delayed re-
endothelization of the stent [59]. Moreover, some of the

Fig. 3 Coronary angiography
with fractional flow reserve (FFR)
measurement (red circle indicates
value of FFR = 0.75) indicating a
hemodynamically significant
stenosis

Fig. 4 OCT images showing non-occlusive ulcerative plaques. Panel A,
OCT appearance of lipid pool with overlying thin fibrous cap—the lipid
core has a diffuse border and high light attenuation resulting in poor tissue
penetration. This is the typical appearance of thin-cap fibroatheroma

(TCFA). Panel B, OCT appearance of calcified plaques—calcified
regions with a sharp border, low signal, low attenuation, permitting
deeper penetration
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antineoplastic agents, such as Cisplatinum, Thalidomide, re-
quire concomitant administration of antithrombotic drugs [60,
61].

CABG is recommended when patients have a good out-
come and a potentially curable malignancy, while PCI is re-
served for more aggressive and metastatic disease (expected
survival <1 year) [27]. Patients who received a recent cancer
diagnosis (less than 6 months) and who required PCI for ACS
had a threefold higher cardiac mortality when compared to
those with a prior cancer diagnosis and a control group (ad-
justed HR 3.3, CI 1.5–7) [62]. If a non-cardiac surgery is
required and the patient has indication for CABG, then both
surgeries can be done simultaneously or in a two-stage proce-
dure to reduce hospitalizations and costs, complications, and
delay in treating the underlying malignancy. Another impor-
tant advantage when opting for CABG is that prolonged anti-
platelet therapy is not required, therefore bleeding complica-
tions are limited [27]. Patients with gastrointestinal malignan-
cies have an increased risk of bleeding and increased rate of
cardiac complications after PCI [63]. In these cases, treatment
with balloon angioplasty and delayed stenting is a valid option
to consider.

Conclusions

In cancer patients with symptoms of ACS, the need for
revascularization is important to be assessed before receiv-
ing cancer therapy and more elaborate and expensive treat-
ment plans, like solid organ or hematopoietic transplant. In
patients with stable coronary disease, symptoms can be
managed by conservative medical treatment only. In con-
trast, in patients with severe three-vessel disease involving
left anterior descending artery, there is an urgent need for
revascularization by PCI or surgery. Special considerations
have to be made in regards to the additional comorbidities
in cancer patients such as thrombocytopenia, increased pro-
pensity to thrombosis, and the potential interactions be-
tween drugs commonly used in the management of coro-
nary disease and antineoplastic agents in cancer treatment.
The use of PCI with either bare metal stents or drug-eluting
stents requires combined antiplatelet therapy (Aspirin and
P2Y12 inhibitors) to prevent early stent thrombosis. To
avoid any delay in cancer treatment and perioperative car-
diac complications, a complete and careful assessment of
the need of invasive cardiac procedures has to be made.
There is not enough data on the patient outcomes after
performing invasive procedures for patients with concomi-
tant active cancer and coronary artery disease. Therefore,
significant collaborative efforts between cardiologists and
hematologists/oncologists are of prime importance in order
to optimize the care of oncology patients and increase over-
all survival.
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