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Abstract: Cancer patients have an increased risk of cardiovascular disease and, notably, a significant
prevalence of acute coronary syndrome (ACS). It has been shown that an elevated presence of
cardiovascular risk factors in this setting leads to an interaction between these two conditions,
influencing their therapeutic strategies and contributing to higher mortality. Nonetheless, cancer
patients have generally not been evaluated in ACS trials, so that the treatment in these cases is still
not fully known. We reviewed the current literature and discussed the best management for these
very high-risk patients. The treatment strategy must be tailored based on the cancer type and stage,
balancing thrombotic and bleeding risks. When the prognosis is longer than six months, especially
if a clinical instability coexists, patients with ACS and cancer should be referred for percutaneous
coronary intervention (PCI) as soon as possible. Moreover, an invasive strategy should be preferred
in STEMI patients as well as in NSTEMI patients who are considered as high risk. On the contrary, in
clinically stable NSTEMI patients, a conservative non-invasive strategy could be adopted, especially
in cases of a poor life expectancy and/or of high risk of bleeding. Drug-Eluting-Stents (DES) should be
the first choice if an invasive strategy is adopted. Conservative therapy could instead be considered in
cancer patients with more stable CAD at an increased risk of major bleeding complications. However,
the duration of dual antiplatelet therapy (DAPT) with aspirin and clopidogrel is recommended,
but it should be as short as possible, whereas triple antithrombotic therapy is non-advised because
it significantly increases the risk of bleeding. ACS management among cancer patients should be
based on an accurate evaluation of the risk of thrombosis and bleeding. Future studies focused on
choosing optimal strategies in tumor patients with ACS should be performed to treat this subset of
patients better.
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1. Introduction

Cardiovascular diseases (CVD) are the most frequent cause of late morbidity and
mortality among cancer survivors [1]. The reported prevalence of cancer among acute
coronary syndrome (ACS) patients ranges between 3% and 17% [2-10]. This associa-
tion may be related to the chronic inflammation state typical of patients with neoplastic
diseases [11]. Moreover, coronary lesions can also be caused by oncological therapies en-
hancing atherosclerosis, endothelial dysfunction, acute coronary thrombosis, and coronary
spasm [12].

Remarkably, the coexistence of ACS and cancer in the same patient strongly influences
prognosis [13]. The treatment in this setting is very challenging, and it should be patient-
tailored [14].

Nonetheless, despite such a strong correlation between cancer and ACS, the correct
management of these patients is not well defined yet.

Therefore, the aim of this study was to review the current literature on the matter and
discuss the best management for these very high-risk patients.

2. Search Strategy

The literature search was performed in agreement with the principles of the Preferred
Reporting Items for Systematic Reviews (PRISMA) statement [15].

An unrestricted literature search was performed using PubMed, Embase, and Cochrane
Databases, as well as congress proceedings from major cardiology societies’ meetings. The
PubMed Database was selected as the main database to perform this search.

The used PubMed search items were the following: (“Acute Coronary Syndrome”
[Mesh] OR “acute coronary syndrome”) AND (“Cancer” [Mesh] OR “cancer”) AND (“Neo-
plasm” [Mesh] OR “neoplasm”). Articles published until January 2022 and only written in
English were examined (Figure 1).
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Figure 1. Flow Diagram Illustrating Study Selection Process.
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The search strategy was decided by three authors (IP, FL, MGA), and a fourth author
(CR) approved the decisions.

One author (SG) performed the literature search, and the selected articles’ eligibility
was assessed independently by three reviewers (IB, FC, and MMG). Corresponding authors
were asked to provide full-text papers if they were not available.

From each study, information about methods, year of publication, number of pa-
tients in the treatment and control arms, duration of follow-up, age, sex, CV risk factors,
medications, treatment drug, and dose were collected.

3. Selection Process

The article selection was based on defined inclusion criteria. These criteria were the
following: (1) human studies, (2) full articles about Acute Coronary Syndrome and Cancer
having a non-Cancer control population, (3) studies containing adequate information
regarding the presence of Cancer and Acute Coronary Syndrome, and (4) studies including
at least 10 patients.

The exclusion criteria for the article selection were: (1) non-human studies, (2) case
reports, (3) previous reviews and/or meta-analyses, (4) editorials, (5) studies without data
regarding both the Acute Coronary Syndrome and Cancer status of the included patients.

4. The Pathophysiologic Mechanism of Coronary Artery Disease in Cancer Treatment

Cancer and heart diseases share cardiovascular (CV) risk factors, such as diabetes,
hypertension, obesity, smoking, and low physical activity [16]. In addition, some cancer-
related conditions, such as anemia, hypoxemia, and hyperviscosity, are known to lead to
ACS development because of an impaired balance between oxygen supply and consump-
tion [17].

On the other hand, it is acknowledged that malignant hypercoagulopathy occurs
in cancer patients [3]. It has been claimed that the cancer pro-coagulant factors released
noticeably increase the thromboembolic risk [18]. It is well recognized that vascular wall in-
flammation contributes to the pathogenesis of atherosclerosis [19]. The interaction between
monocytes, macrophages, and cancer cells is thought to be responsible for releasing tumor
necrosis factor, interleukin-1, and interleukin-6 into the bloodstream, causing endothelial
damage, which contributes to thrombosis [20]. Furthermore, it also has been well assessed
that pro-coagulant and tissue factors, such as k-Ras, vascular endothelial growth factor
receptor, p53, phosphatase, tensin homolog, microparticles, and exosomes, are mainly
secreted in tumor patients; in addition, coagulation factors such as VII, IX, X, and XIII also
play an essential role in the thrombotic process [21,22]. Moreover, it is widely accepted
that mucins, containing binding sites for P- and L-selectins, are involved in leukocytes,
endothelial cells, and platelets activation. Consequently, the hemostatic system’s abnormal
activation and regulation in malignancy patients plays an essential role in cancer progres-
sion and cardiovascular events [23]. Finally, post-traumatic stress developed after a cancer
diagnosis can be related to the increased risk of myocardial infarction [7].

Hereafter, it is well accepted that in oncologic patients, not only the classic cardiovas-
cular risk factors, but also malignancy-related factors such as cancer type and stage and
therapeutic strategies play a complex role in ACS development. In addition, considering
that symptoms might be masked by other conditions such as an advanced state of the
disease, several co-morbidities, the analgesic effect of treatment against cancer pain, and
neurotoxic effects of chemotherapy, a silent clinical presentation commonly occurs [24].

The main mechanisms of cancer-induced CAD are shown in Figure 2.
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Figure 2. The scheme summarizes the underlying mechanisms of the associations between cancer
and acute coronary syndrome.

5. Epidemiology

Lung, prostate, gastric, pancreatic, and breast cancer have been established to be the
most frequent types associated with ACS. The highest in-hospital mortality rates and major
adverse cardiovascular and cerebrovascular complications (MACCEs) have been observed
in lung cancer [25]. The incidence of ACS in patients with newly diagnosed cancer is
expected to be significatively higher in the first 6 months after the diagnosis and advanced
cancer stages [26,27]. Indeed, its occurrence is almost two-times higher compared to the
general population, with a cumulative incidence of myocardial infarction of 2.0% among
cancer patients, compared to 0.7% in controls [26].

Moreover, remarkably, in clinical practice, it must be carefully taken into consideration
that patients who have neoplastic diseases, such as colon cancer, also carry a significantly
higher bleeding risk [26].

Finally, several concomitant conditions such as thrombocytosis, thrombocythemia, and
anemia are associated with active lymphoma or leukemia patients that raise the incidence
of ACS from 1.4 to 11.2% [28].

6. Chemotherapy and ACS Risk

Androgen suppression therapy, used to treat prostate cancer, is associated with a higher
incidence of metabolic syndrome and cardiac complications. In addition, fluoropyrimidines
are the second-most-frequently reported cardiotoxic agents [29], with an incidence of
cardiotoxicity of 2-34% for 5-fluorouracil (5-FU) and 3-9% for capecitabine [30,31]. The
most common manifestation is chest pain, which is sometimes atypical but which may be
an expression of ACS [32,33].

An average time interval between the administration of 5-FU and the onset of cardiac
symptoms of three days (range: 2-5 days) has been reported; this drug is frequently asso-
ciated with electrocardiographic abnormalities such as ST-segment changes and T-wave
inversion. The underlying mechanisms seem to be coronary vasospasm and thrombus for-
mation; in addition, direct cellular damage to cardiomyocytes and endothelial cells is likely
to occur and promotes platelet aggregation and thrombosis [34]. Moreover, cisplatin may
cause arterial thrombosis through endothelial cell dysfunction, thromboxane production,
and an increment of von Willebrand factor activity platelet aggregation and activation [35].

Vascular endothelial growth factor inhibitors (bevacizumab, sorafenib, and sunitinib)
may induce cardiac ischemia and arterial thrombosis due to vasospasm, inflammation,
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and platelet activation. The mechanism appears to involve alterations in nitric oxide
synthesis [36]. The incidence of angina with these drugs varies from 1 to 15%.

Another group of Tyrosine-kinase inhibitors (T1), such as nilotinib and ponatinib, may
cause endothelial apoptosis with increased factor VII levels, establishing a prothrombotic
state [37]. Cardiovascular events, including cerebrovascular accidents and peripheral vas-
cular injuries, are pretty common with ponatinib [26]. Additionally, a 25% increased risk of
cardiovascular events is reported in women treated with aromatase inhibitors (anastrozole
and letrozole). Similarly, the use of immunomodulatory agents such as lenalidomide,
pomalidomide, and the proteasome inhibitor carfilzomib has also been associated with
an increase in cardiovascular events, particularly ACS [38]. Finally, the treatment with
immune checkpoint inhibitors was also found to be related to an increased ACS risk, in
addjition to the most frequent complications, such as myocarditis. The activation of immune
cells in coronary atherosclerotic plaques appears to contribute to the destabilization of
atherosclerotic lesions, leading to plaque rupture and cardiovascular events [39].

The main chemotherapy agent-related mechanisms of CAD and ACS are shown in
Table 1.

Table 1. Mechanism of Antineoplastic Drug-Induced Cardiotoxicity.

Class

Agents Cardiotoxic Effects

Immunomodulatory

Lenalidomide [40]
Pomalidomide [41]
Immune Checkpoint Inhibitors [42,43]

Endothelial Dysfunction — Destabilization of
atherosclerotic lesions — Plaque rupture —
Cardiovascular events

Anti-microtubule

Paclitaxel [44] Vasoconstriction, Endothelial injury —

Cardiovascular events

Proteasome Inhibitor

Carfilzomib [45]
Bortezomib [46]

Cardiac ubiquitin—proteasome dysfunction —
Endothelial injury— Cardiovascular events

Aromatase Inhibitors

Anastrozole [47] Vasoconstriction, Endothelial injury —

Letrozole [47]

Cardiovascular events

Anti-metabolites

5-fluorouracil (5-FU) [30]
Capecitabine [48]
Gemcitabine [49]
Nilotinib [50]

Coronary Vasospasm

Thrombus Formation

Direct cardiomyocytes and endothelial cells damage —
Increase of Von Willebrand Factor’s activity —
Cardiovascular events

BRC-ABL tyrosine kinase
inhibitors

Nilotinib [50]
Ponatinib [51]

Coronary Atherosclerosis

Endothelial Apoptosis — Increase of Factor VII Levels —
Prothrombrotic state — Cardiovascular events (cardiac,
cerebrovascular, and peripheral events)

Vascular Endothelial
Growth Factor Inhibitors

Bevacizumab [52]
Sorafenib [53]
Sunitinib [54]
Pazopanib [55]
Regorafenib [56]
Axitinib [57]
Ramucirumab [58]
Aflibercept [59]

Vasospasm

Inflammation

Platelet Activation — Cardiac ischemia and
arterial thrombosis

Alkilating agents

Cyclophosphamide [60,61]

Endothelial dysfunction — platelet aggregation and
activation — cardiovascular events

Vinca-alkaloids

Vincristine [62]

Thrombus Formation
Endothelial Injury — Cardiovascular Events

Platinum

Cisplatin [63]

Endothelial dysfunction — Thromboxane Production —
Thrombus Formation — Platelet aggregation and
activation — Cardiovascular Events

Anti-tumor antibiotics

Bleomycin [64]

Endothelial dysfunction — Platelet aggregation and
activation — Cardiovascular Events
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7. Radiotherapy and ACS

A direct endothelial injury can be induced by radiotherapy, since it has been well
shown that a radiotherapy-related coronary artery disease (CAD) causes micro- and
macrovascular progressive injuries. Involvement of the Ostia of the left main and right
coronary artery is considered typical [65], with a prevalence of 85%, and it is related to
the radiation field [66]. However, radiotherapy damages remain clinically silent for a long
period after radiotherapy, therefore ACS is unlikely to occur during the treatment [67].

A dose of 0.50 Gy is considered the cut-off for atherosclerosis risk [68]. It has been
noted that radiation produces an increase of myofibroblasts and macrophages, leading to
intimal proliferation and causing a pro-thrombotic condition. Furthermore, atherosclerosis
is expected to be enhanced by radiation-induced inflammation [69]. On the other hand,
radiation-induced myocardial fibrosis is involved in myocardial ischemia and consequently
in myocardial dysfunction, with an incremental risk of myocardial infarction proportionally
increasing with the radiation duration and the age at the time of exposition [65].

In addition, even at low doses, radiations lead to microvascular damage, lowering the
capillary bed’s density, reducing the vascular reserve. It has also been postulated that this
damage enhances myocardial fibrosis, resulting in ischemia [65].

The main mechanisms of radiotherapy-induced CAD are summarized in Figure 3.

Radiotherapy and CAD

Coronary
Atherosclerosis

Plagque Rupture/

Thrombosis

RADIOTHERAPY-INDUCED CAD
Endothelial

Injury

Figure 3. The figure shows how radiotherapy may induce coronary disease and acute coronary
syndrome in patients with cancer.

8. Clinical Presentation

In the general population, NSTEMI is the most common clinical presentation of ACS
in cancer patients [14,70].

Significantly, NSTEMI could be due not only to CAD progression, but even to con-
comitant conditions, including the imbalance between O, supply and demand because of
anemia and dehydration [17].

Indeed, myocardial infarction with nonobstructive coronary arteries (MINOCA) and
Takotsubo syndrome may also occur in patients with cancer, primarily women [71].

Symptoms of ACS are generally atypical in malignancy patients, and less than one-
third of them experience chest pain, and less than half have dyspnea. For this reason,
careful clinical evaluation of patient history, the presence of risk factors, electrocardiogram
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findings, cardiac biomarkers, and echocardiographic imaging may allow ACS diagnosis in
neoplastic patients [72].

A further point to consider is that these patients receive fewer cardiovascular therapies
and less frequently undergo invasive strategies [2]. For patients with NSTEMI, evidence
indicating a clear advantage of percutaneous revascularization treatment is scarce, espe-
cially in conditions of clinical stability, and this is due to the predisposition to bleeding, as
reported by current guidelines [5,73,74].

9. Management

There is no complete agreement on the most appropriate treatment of cancer patients
due to a lack of data to guide clinicians towards the best-tailored treatment for these
patients [13].

Medical versus interventional management in cancer patients with NSTEMI should
be chosen after carefully evaluating the risk/benefit ratio and the stability of the clinical
status under medical treatment [5,74]. On the other hand, the approach to STEMI patients
is like that of the general population [75].

In patients with ACS, a multidisciplinary team should be in charge of choosing the
best treatment between conservative or invasive strategies. Patients with cancer and ACS
must be immediately admitted to intensive care and monitored.

9.1. Cancer and Percutaneous Coronary Intervention

Percutaneous coronary intervention (PCI) improves the survival rate of ACS patients,
lowering early and late cardiac events. A U.S. study analyzed all individuals undergoing
PCI between 2004 and 2014 in the Nationwide Inpatient Sample: 6,571,034 PCI procedures
were included, and current and previous cancer rates were 1.8% and 5.8%, respectively [76].

In the same registry, 18,052 patients had a diagnosis of lymphoma (0.25%) [77], and
15,789 patients had a diagnosis of leukemia (0.24%) [78].

In the real world, however, only a low percentage of patients with cancer and ACS
perform PCI (from 54.2% for lung cancer to 70.6% for hematologic malignancies, vs. 82.3%
for no cancer) [79]. In the acute myocardial infarction in Switzerland (AMIS Plus) registry,
cancer patients underwent PCI less frequently (OR 0.76; 95% CI 0.67-0.88) compared to
no-cancer patients [2]. Likely, patients with leukemia were less likely to undergo coro-
nary angiography (48.5% vs. 64.5%) and PCI (28.2% vs. 42.9%) compared with those
without leukemia [80]. In a retrospective analysis from a non-academic center, coronary
angiography was performed in only 47% of patients with cancer, while 53% were treated
conservatively [81]. Besides, in a single-center study, the median time to PCI was 10 h
among the cancer patients and 7.5 h among the control group [82].

Nevertheless, some studies support the implementation of invasive treatment, irrespec-
tive of cancer stage, and show that invasive management has a better outcome. For instance,
in a recent study, STEMI patients undergoing invasive treatment had a better prognosis
than those medically treated when coronary angiography was performed within 72 h [83].
Moreover, a large retrospective propensity-score matching analysis showed that the few
patients with neoplastic diseases treated with PCI had lower mortality, and they were
less likely to have adverse cardiac events [79]. In another multicenter case-control study
using a machine learning-augmented propensity score-adjusted multivariable analysis,
PClI significantly reduced mortality specifically for cancer patients vs. medical management
(OR 0.82, 95% CI 0.75-0.89; p < 0.001) [84]. In a study by Zamorano and coworkers, PCI
use was associated with a better one-year survival (67% vs. 24%) [85]. Invasive treatment
enhanced survival also in the presence of metastases (HR 0.37, CI 0.15-0.92) [81]. These
findings are in contrast with a 10-year observational study, showing that patients with
metastatic cancer had a better outcome with medical therapy compared to those treated
with PCI in terms of intra-hospital mortality [70].

The Society for Cardiovascular Angiography and Interventions expert consensus
statement recommends, in cancer patients, radial access to reduce the risk of vascular
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complications, bleeding, and MACE. In contrast, the femoral approach should be reserved
for complex coronary interventions, rotational atherectomy, or the need for intra-aortic
balloon pumps [86].

Regarding the devices employed, bare-metal stents have been used in the past, while
now, third-generation drug-eluting stents are indicated for the lower risk of thrombosis
and shorter duration of dual antiplatelet therapy (DAPT) [87]. In addition, the use of a
fractional flow reserve is advised to better assess the severity of coronary stenosis. In
contrast, intravascular ultrasound and optical coherence tomography can be used to ensure
optimal stent apposition and expansion [86]. Current guidelines do not clearly state that
invasive revascularization is not indicated in cancer. However, the European Society of
Cardiology guidelines on NSTEMI suggest that an invasive strategy should be withheld in
a subgroup with nonobstructive CAD and comorbidities such as cancer [74].

Cancer, as previously reported, is characterized by a hypercoagulable state, which
represents one of the strongest independent predictors of stent thrombosis [88,89]. In the
Kuma study, the malignant group had a significantly higher probability of target lesion
revascularization at one year than the non-malignant group (p = 0.002); moreover, propor-
tional hazards analyses identified malignancy as an independent predictor of target lesion
revascularization (HR 2.28, 95% CI 1.3-4.0; p = 0.004) [90]. In the Coronary REvasculariza-
tion Demonstrating Outcome Study in Kyoto (CREDO-Kyoto) PCI/coronary artery bypass
grafting Registry Cohort-2, the cancer group had a trend toward a higher adjusted risk
for definite or probable stent thrombosis as compared with the noncancer group (HR 1.49,
95% CI 0.99-2.16; p = 0.055) [91]. On the other hand, thrombocythemia, often related
to chemotherapy; anemia, due to blood loss, malnutrition, and infection; and hepatic
dysfunction, associated with coagulation disorders, increase hemorrhagic risk [92,93].

Besides, patients with cancer had more comorbidities and were older.

Using a nationwide quality registry of all patients admitted for a first MI in Sweden,
cancer was associated with major bleeding during a median follow-up of 4.3 years (HR 1.45;
95% CI1.34-1.57) [94].

Bleeding is related to the type and stage of cancer; the gastrointestinal tract tumors are
at a greater risk [95]. Kwok et al., in the US Nationwide Readmission Database, observed a
higher 90-day readmission for bleeding after PCI in patients with active cancer (4.2% in
colon, 1.5% in lung, 1.4% in prostate, 0.6% in breast, and 1.6% in all cancers) compared to
0.6% among patients with no cancer [96]. In a U.S registry on PCI interventions in cancer
patients, colon and prostate cancer were associated with bleeding risk (respectively, OR 3.65,
95% CI 3.07—4.35 and OR 1.41, 95% CI 1.20-1.65) [76]. In the same registry, the diagnosis
of Hodgkin Lymphoma was associated with increased odds of bleeding complications
(OR 1.12, 95% CI 1.05 to 1.20), whereas these odds were not significantly associated with a
non-Hodgkin’s diagnosis [77].

Furthermore, a leukemia diagnosis was associated with significantly increased odds
of in-hospital bleeding (OR: 1.87; 95% CI: 1.56-2.09) [78].

After PCI, the active cancer group had clinically relevant bleeding during both DAPT
and single antiplatelet therapy (SAPT) periods, and a multivariate Cox regression hazard
analysis revealed cancer activity as a significant independent risk factor for bleeding
(p =0.023) [97].

A PCI registry analysis performed in Berna, including 13,000 patients, of which 10%
had a historical diagnosis of cancer, found no difference in major ischemic events but an
increased risk of major bleeding at one year [87].

In the BleeMACS project, a multicenter observational registry enrolling patients with
ACS undergoing PCI worldwide in 15 hospitals, after one year, patients with cancer
more often experienced bleedings (6.5% vs. 3%, p < 0.001), and in a multiple regression
analysis, the presence of cancer was the strongest independent predictor for bleedings
(HR1.5,CI1.1-2.1, p = 0.015) [6]. According to ESC NSTEMI guidelines, active malignancy
(excluding non-melanoma skin cancer) within the past 12 months is a major bleeding risk
factor [74].
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9.2. Pharmacological Treatment of ACS in Cancer Patients

In cancer patients with ACS, there is an increased risk of both thrombotic and hemor-
rhagic events [93]. Therefore, the clinical decision on antiplatelet drugs and DAPT, aimed
at mitigating the risk of stent thrombosis, is challenging for cardiologists and oncologists.

Observational data show that cancer patients with ACS were less likely to receive
guideline-recommended drugs [98].

Yusuf et al. retrospectively analyzed 456 malignancy patients with MI, including
70 cases of STEMI, and, among these patients, only 211 (46.3%) received aspirin. However,
in a retrospective study from the University of Texas, the one-year survival was higher
in patients treated with aspirin (34%) than in those without (18%), and aspirin use was
associated with a 23% decreased risk of death (HR: 0.77, 95% CI: 0.60-0.98, p = 0.033) [99].
Furthermore, the use of aspirin was a significant predictor of improved survival also when
adjusted for the presence of metastases (HR 0.39, CI 0.16-0.94) [81].

A particular set of patients with cancer and ACS have thrombocytopenia. In a study
on this population, subjects who did not receive ASA had a seven-day survival rate of
6% compared with 90% in those who had ASA (p < 0.0001) without severe bleeding
complications [100].

In another retrospective study of cancer patients with chronic thrombocytopenia
who underwent cardiac catheterization for ACS, aspirin therapy (alone or in combination
with clopidogrel) was used in 66 patients (67.3%), whereas 27 patients (27.6%) were on
dual antiplatelet therapy with a low incidence of bleeding complications and neither
procedure-related antiplatelet nor therapy-related cerebrovascular events [101]. A single-
center prospective study in cancer patients with a recently placed (1-12 months) Drug-
Eluting System (DES) demonstrated that Optical Coherence Tomography (OCT) imaging
allows the identifying of low-risk cancer patients who may safely discontinue DAPT and
proceed with cancer-related surgery or procedures [101]. Finally, in the AMIS Plus registry,
cancer patients received P2Y12 blockers (OR 0.82; 95% CI 0.71-0.94) and statins (OR 0.87;
95% CI 0.76-0.99) less frequently [2].

9.3. Platelet Concentration Thresholds for Individual Elements of the Therapy

The current expert consensus recommendation by the Society for Cardiovascular
Angiography and Interventions (SCAI) sets the lower level of platelet count for aspirin
therapy at 10,000/ uL and for DAPT (aspirin and clopidogrel) at 30,000/ pL [86]. In the
catheterization laboratory, a reduced bolus of unfractionated heparin of 30-50 U/Kg is
required in patients with platelets <50,000 puL [86]. Platelet transfusions may be considered
in thrombocytopenic patients who develop bleeding during or after cardiac catheterization
or when there is a rapid drop in platelets or coagulation abnormalities or if the platelet
count falls below 10,000/ uL, whereas prophylactic platelet transfusion is not recommended
unless required by the oncology/hematology team [5,13,86].

If the platelet count falls below 30,000/ nL, revascularization and DAPT should be de-
cided after a preliminary multidisciplinary evaluation (interventional cardiology/oncology /
hematology) and a risk/benefit analysis [86]. Ticagrelor, prasugrel, and IIB-IIIA inhibitors
should be avoided unless platelet counts are more than 50,000/mL [13,86].

10. Discussion

Cancer and CVD are the leading worldwide causes of mortality [102].

The causal relationship between these two entities is partially due to the fact that they
share several modifiable and non-modifiable risk factors [16].

Moreover, cancer survival should be considered an independent CV risk factor [103].
A proinflammatory and hypercoagulable condition with increased platelet activation and
aggregability typically occurs in cancer, increasing the prevalence of ACS [72,104].

Moreover, while, on the one hand, novel cancer treatments had a significantly im-
proved cancer survival, on the other hand, this has led, at the same time, to a rise in CVD
incidence [105].
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A new diagnosis of coronary heart disease (CAD) is more frequent by six months
following the diagnosis of cancer, confirming this link [106]

Therefore, the occurrence in the same patient of cancer and CAD requiring PCI is
significantly rising [76].

However, remarkably, cancer has not been included in ischemic and bleeding scores
such as GRACE [107] and CRUSADE [108], despite this relevant clinical influence [109-112].
Furthermore, another point worth mentioning is that patients with concomitant cancer and
CAD have not been included or have been poorly represented in most ACS trials [113].

Consequently, the optimal strategy in cancer patients is still a dilemma, and PCI
efficacy and safety are largely debated, despite the high prevalence of ACS in this subset
of patients [26]. However, the following aspects related to clinical properties should be
carefully recognized:

(1) The differentiation between active cancer from the history of cancer; (2) the type
and stage of cancer; (3) the presence of metastases [5].

Cancer, particularly in its active form, is an independent predictor of ischemic and
bleeding complications after PCI. Indeed, thrombocytopenia and anemia, which have been
well-recognized as predictors of bleeding, occur in 10-25% and 30-90% of cancer patients,
respectively [113].

In-hospital mortality, MACCEs, stroke, and bleeding have been observed significantly
higher in acute myocardial infarction (AMI) patients with current cancer than in those
whose cancer was previously diagnosed [25].

A higher rate of 90-day readmission either for AMI or for bleeding has been reported
by Kwok et al. in 183,268 current cancer patients (9.5% of 933,324 patients who had
undergone PCI), compared to no cancer patients [96].

Moreover, less frequent use of PCI in patients with active cancer has been demon-
strated by Bharadwaj et al. [25]

Regarding the subtype of neoplasm, lung cancer and colon cancer have been associated
with a worse outcome [25].

Lung cancer is strongly associated with a more significant increase in in-hospital
mortality.

Conversely, a significatively higher risk of bleeding but not of mortality has been
described in current colon cancer [76].

Accordingly, in the study conducted by Kwok, the AMI readmission occurred more
frequently in patients with active lung cancer (12.1%) and colon cancer (10.8%) [96]. In
contrast, active colon cancer was closely associated with bleeding readmission (4.2%) [96].

However, the lung cancer subgroup is the most likely to receive no treatment, with
only 21% of the PCI performed compared to 43.8% of patients without cancer [25].

Nonetheless, no increase in in-hospital mortality in prostate and breast cancer has
been observed [25].

Furthermore, a worse outcome has been reported in patients with ACS and acute
myeloid leukemia (AML) [80].

This subset of patients is less likely to receive PCI; however, when an invasive strat-
egy is adopted, a significantly higher in-hospital mortality and bleeding rate have been
observed [80].

Contrary to non-Hodgkin’s lymphoma [77], a higher risk of in-hospital death, vascular
complications, and bleeding have also been shown in Hodgkin’s lymphoma [78].

However, not only the type of cancer, but also the metastases status has been demon-
strated to influence the outcome deeply [25].

A greater risk of mortality, bleeding, and stroke has been described in metastatic
patients compared to other patients [25].

Independently of the type of cancer, metastasis occurrence has been well recognized
as a factor of worse in-hospital outcomes [105]. Nonetheless, in breast and colon cancers,
stroke incidence has not been influenced by metastases status [25].
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The analysis of 49,515 metastatic cancer patients affected by ACS showed a beneficial
effect of PCI in terms of mortality compared to conservative medical therapy in this
subset [70].

Therefore, except for metastatic patients [70], adopting an invasive strategy seems to
be related to a better outcome than differing procedures [99,114,115], despite the increased
risk of periprocedural complications [90,116].

However, for the risk of surgical procedures or chemotherapies or bleeding, cancer
patients with ACS are more likely to receive any invasive strategy [117].

Data from the US National Inpatient Sample (NIS) on 6,563,255 patients referred for
AMI between 2004 and 2014 (186,604 with active cancer and 409,697 with a history of
cancer) showed that conservative management (medical treatment without PCI) had been
largely preferred in the cancer patients [25].

These findings have been supported by the propensity score-matched analysis on
38,932 active cancer patients (1,870,815 referred for STEMI), which confirmed that an
invasive strategy was less likely to be performed in cancer patients, even though a strong
association between PCI and in-hospital all-cause mortality and MACCEs lowering has
been shown in this cohort [79].

In light of the present situation, the underuse of PCI in this high-risk patient category
is one of the most relevant reasons for the lower survival rate [91].

A one-year survival of 26% has been reported by Yusuf in a retrospective analysis on
456 cancer patients with AMI (386 NSTEMI and 70 STEMI), showing that only 2.8% and
5.7% of NSTEMI and STEMI patients, respectively, underwent revascularization [99].

Undoubtedly, one of the most relevant concerns which strongly limits the invasive
strategy in cancer patients [106] is the perspective of dual antiplatelet therapy (DAPT)
required after PCI [117,118].

DAPT with aspirin (300/75-100 mg) and clopidogrel (300-600/75 mg) is recommended
in this subset [72], whereas newer P2Y12 antagonists such as ticagrelor and prasugrel should
be avoided considering the high bleeding risk and lacking data on effectiveness and safety
in cancer patients [5]. Besides this, the duration of DAPT should be as short as possible
(1-3 months). Aspirin and clopidogrel use is allowed if the platelet count is >10,000/uL
and >30,000/uL, respectively [72].

Furthermore, aspirin and clopidogrel should be preferred in patients whose cancer
diagnosis is shorter than 12 months and if other bleeding risk factors occur [5].

However, several scores (PRECISE-DAPT, PARIS) used to assess the risk and/or
benefit of short vs long-term antiplatelet therapy after PCI have not been validated in
patients with cancer [119]. The Academic Research Consortium for high bleeding risk
(ARCHBR) criteria has been suggested for assessing the bleeding risk in this setting of
patients [120].

Using a proton pump inhibitor and not associating with non-steroidal anti-inflammatory
drugs should also be kept in consideration.

It also has been well assessed that in cancer patients, atrial fibrillation (AF) and CAD
often coexist [119]. These two entities are often associated [121], and 10% of patients
undergoing PCI for CAD have AF [122].

Moreover, other comorbidities such as valvular heart disease (VHD) with a mechanical
prosthesis or Venous Thromboembolism (VTE) frequently occur in cancer patients [123].

However, the concomitant use of OAC with DAPT, known as triple antithrombotic
therapy (TAT) [124], which would be required in the absence of cancer [125], is non-advised
in cancer patients [3] because of the significantly higher risk of bleeding [122,126,127].

Furthermore, in this cohort, OAC should be associated with clopidogrel [5]. The single
antiplatelet agent use should be as short as possible [5].

Thus, clinical decision-making in cancer patients who need oral anticoagulation ther-
apy (OAC) for one of the above-mentioned reasons and who are experiencing an ACS is
particularly complex because of the lack of evidence-based management [124,128-130].
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Moreover, cancer has not been included in the most common risk scores such as
CHA2DS2-VASc [131] and HAS-BLED [132] or ABC [133].

Therefore, balancing the higher ischemic and bleeding risk [88,89] is one of the most
challenging features in this subset.

Finally, a radial approach and the use of coronary imaging such as intravascular
ultrasound (IVUS) and optical coherence tomography (OCT) have also been proposed as
suitable strategies for lowering the bleeding risk in cancer patients [5].

In patients undergoing invasive procedures, Drug-Eluting-Stents (DES) should be
the first choice if a PCI would be performed [5]. In these settings, newer DES, such as
BioFreedom stent [134], Synergy [135], and Nienke platforms [136], or polymer-based
zotarolimus-eluting stents [137] are safe and effective for an abbreviation of DAPT.

11. Limitations

This systematic review has some limitations that have to be pointed out.

Firstly, the search strategy results were limited to reports published in the English
language, which may lead to language bias, as there is a risk that potentially relevant
studies reporting the impact of cancer on patients with ACS, particularly in low-income
and middle-income countries, were not included and remain unknown. Secondly, the
current literature search was limited to three large multidisciplinary databases (PubMed,
Cochrane, and Embase).

Third, we also did not include “acute myocardial infarction” or “unstable angina”
as search terms. Therefore, it is possible that some studies not reporting the term “acute
coronary syndromes” were missed. These limitations may affect the comprehensiveness of
the search. However, we tried to overcome these limitations by checking the reference lists
of included articles to identify additional studies.

Regarding study quality, we observed wide heterogeneity in all domains within the
selected trials, including sample size, baseline characteristics, geographical variations, study
design, methods, eligibility criteria, different medications, adjustment for confounders, and
analyses. Besides, long-term follow-up data were lacking from most trials, as they limited
their outcomes to in-hospital, 30-day, and one-year all-cause mortality; it would be of great
interest to investigate prognosis over the life course rather than using short time horizons.

Furthermore, it is also worth mentioning that a quantitative meta-analysis of included
studies could not be undertaken due to their methodological flaws and vast heterogeneity.
This issue will only be resolved by future research, more carefully documenting and
reporting optimal strategies of management of ACS in cancer patients.

12. Conclusions

ACS in cancer patients has become an increasingly common challenge in clinical
practice.

Considering the little evidence from literature data, ACS management among cancer
patients should be based on evaluating the risk of thrombosis and bleeding.

Treatment should be tailored to each patient, not only according to the ACS sub-type
(unstable angina, NSTEMI, and STEMI), but also considering the stage and type of cancer,
anemia and thrombocytopenia, bleeding risk, hemodynamic stability, life expectancy, pre-
vious or ongoing cancer therapies, future treatment plans, planned surgery, and prognosis.

When the prognosis is longer than six months, especially if a clinical instability coexists,
patients with ACS and cancer should be referred for PCI as soon as possible. Moreover,
an invasive strategy should be preferred in STEMI patients as well as in NSTEMI patients
who are considered at high-risk. On the contrary, in clinically stable NSTEMI patients, a
conservative non-invasive strategy could be adopted, especially in the case of a poor life
expectancy and/or of a high risk of bleeding, such as those with metastases, coagulopathies,
or thrombocytopenia.
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Regarding antithrombotic treatment, a DAPT with aspirin and clopidogrel instead of
newer P2Y12 antagonists is recommended, and, besides, its duration should be as short as
possible, whereas TAT therapy is not advised.

A multidisciplinary approach is required to treat cancer patients presenting with
acute CV complications. Antineoplastic therapy should also be discussed within the
multidisciplinary team with an accurate evaluation of its implication on ACS development.

Future studies focused on choosing optimal strategies in tumor patients with ACS
should be performed to treat this subset of patients better.

Funding: This research received no external funding.

Acknowledgments: The authors appreciatively acknowledge the revision of the final manuscript by
Carol Winteringham, International Meeting Point, Reggio Calabria, Italy.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Mertens, A.C.; Liu, Q.; Neglia, ].P.; Wasilewski, K.; Leisenring, W.; Armstrong, G.T.; Robison, L.L.; Yasui, Y. Cause-Specific Late
Mortality Among 5-Year Survivors of Childhood Cancer: The Childhood Cancer Survivor Study. |. Natl. Cancer Inst. 2008,
100, 1368-1379. [CrossRef] [PubMed]

Rohrmann, S.; Witassek, E,; Erne, P.; Rickli, H.; Radovanovic, D. Treatment of patients with myocardial infarction depends on
history of cancer. Eur. Heart ]. Acute Cardiovasc. Care 2017, 7, 639—-645. [CrossRef] [PubMed]

Caine, G.J.; Stonelake, PS.; Lip, G.Y.H.; Kehoe, S.T. The Hypercoagulable State of Malignancy: Pathogenesis and Current Debate.
Neoplasia 2002, 4, 465-473. [CrossRef] [PubMed]

Wang, E; Gulati, R.; Lennon, R].; Lewis, B.R; Park, J.; Sandhu, G.S.; Wright, R.S.; Lerman, A.; Herrmann, ]J. Cancer History
Portends Worse Acute and Long-term Noncardiac (but Not Cardiac) Mortality after Primary Percutaneous Coronary Intervention
for Acute ST-Segment Elevation Myocardial Infarction. Mayo Clin. Proc. 2016, 91, 1680-1692. [CrossRef]

Gevaert, S.A.; Halvorsen, S.; Sinnaeve, PR.; Sambola, A.; Gulati, G.; Lancellotti, P.; Van Der Meer, P.; Lyon, A.R.; Farmakis, D.;
Lee, G.; et al. Evaluation and management of cancer patients presenting with acute cardiovascular disease: A Consensus
Document of the Acute CardioVascular Care (ACVC) association and the ESC council of Cardio-Oncology—Part 1: Acute
coronary syndromes and acute pericardial diseases. Eur. Heart ]. Acute Cardiovasc. Care 2021, 10, 947-959. [CrossRef] [PubMed]
Iannaccone, M.; D’ Ascenzo, F.; Vadala, P.; Wilton, S.B.; Noussan, P.; Colombo, E.; Roubin, S.R.; Abu Assi, E.; Gonzélez-Juanatey, ].R.;
Henriques, ].P.S.; et al. Prevalence and outcome of patients with cancer and acute coronary syndrome undergoing percutaneous
coronary intervention: A BleeMACS substudy. Eur. Heart ]. Acute Cardiovasc. Care 2017, 7, 631-638. [CrossRef]

Edmondson, D.; von Kénel, R. Post-traumatic stress disorder and cardiovascular disease. Lancet Psychiatry 2017, 4, 320-329.
[CrossRef] [PubMed]

Ariza-Solé, A.; Guerrero, C.; Formiga, F.; Aboal, J.; Abu-Assi, E.; Marin, E; Bueno, H.; Alegre, O.; Lopez-Palop, R.; Vidan, M.T,;
et al. Global Geriatric Assessment and In-Hospital Bleeding Risk in Elderly Patients with Acute Coronary Syndromes: Insights
from the LONGEVO-SCA Registry. Thromb. Haemost. 2018, 118, 581-590. [CrossRef] [PubMed]

Manzano-Fernandez, S.; Sanchez-Martinez, M.; Flores-Blanco, P.J.; Lépez-Cuenca, A.; Gémez-Molina, M.; Pastor-Pérez, EJ.,;
Sanchez-Galian, M.].; Cambronero-Sanchez, F.; Pérez, E.G.; Garcia-Narbon, A ; et al. Comparison of the Global Registry of Acute
Coronary Events Risk Score Versus the Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse outcomes
with Early Implementation of the ACC/AHA Guidelines Risk Score to Predict In-Hospital Mortality and Major Bleeding in Acute
Coronary Syndromes. Am. J. Cardiol. 2016, 117, 1047-1054. [CrossRef] [PubMed]

Guerrero, C.; Garay, A.; Ariza-Solé, A.; Formiga, F.; Raposeiras-Roubin, S.; Abu-Assi, E.; D’Ascenzo, F.; Kinnaird, T.; Manzano-
Fernandez, S.; Alegre, O.; et al. Anemia in patients with acute coronary syndromes treated with prasugrel or ticagrelor: Insights
from the RENAMI registry. Thromb. Res. 2018, 167, 142-148. [CrossRef] [PubMed]

Lancellotti, P.; Marechal, P.; Donis, N.; Oury, C. Inflammation, cardiovascular disease, and cancer: A common link with
far-reaching implications. Eur. Heart ]. 2019, 40, 3910-3912. [CrossRef]

Das, D.; Asher, A.; Ghosh, A.K. Cancer and Coronary Artery Disease: Common Associations, Diagnosis and Management
Challenges. Curr. Treat. Options Oncol. 2019, 20, 46. [CrossRef] [PubMed]

Bisceglia, I.; Canale, M.L.; Lestuzzi, C.; Parrini, I.; Russo, G.; Colivicchi, E; Gabrielli, D.; Gulizia, M.M.; Iliescu, C.A. Acute
coronary syndromes in cancer patients. J. Cardiovasc. Med. 2020, 21, 944-952. [CrossRef]

Radmilovic, J.; Di Vilio, A.; D’Andrea, A.; Pastore, E; Forni, A.; Desiderio, A.; Ragni, M.; Quaranta, G.; Cimmino, G.; Russo, V,;
et al. The Pharmacological Approach to Oncologic Patients with Acute Coronary Syndrome. J. Clin. Med. 2020, 9, 3926. [CrossRef]
Moher, D.; Liberati, A.; Tetzlaff, ].; Altman, D.G.; The PRISMA Group. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. ]. Clin. Epidemiol. 2009, 62, 1006-1012. [CrossRef] [PubMed]

Koene, RJ.; Prizment, A.E.; Blaes, A.; Konety, S.H. Shared Risk Factors in Cardiovascular Disease and Cancer. Circulation 2016,
133,1104-1114. [CrossRef] [PubMed]


http://doi.org/10.1093/jnci/djn310
http://www.ncbi.nlm.nih.gov/pubmed/18812549
http://doi.org/10.1177/2048872617729636
http://www.ncbi.nlm.nih.gov/pubmed/28927294
http://doi.org/10.1038/sj.neo.7900263
http://www.ncbi.nlm.nih.gov/pubmed/12407439
http://doi.org/10.1016/j.mayocp.2016.06.029
http://doi.org/10.1093/ehjacc/zuab056
http://www.ncbi.nlm.nih.gov/pubmed/34453829
http://doi.org/10.1177/2048872617706501
http://doi.org/10.1016/s2215-0366(16)30377-7
http://www.ncbi.nlm.nih.gov/pubmed/28109646
http://doi.org/10.1055/s-0038-1623532
http://www.ncbi.nlm.nih.gov/pubmed/29536466
http://doi.org/10.1016/j.amjcard.2015.12.048
http://www.ncbi.nlm.nih.gov/pubmed/26857164
http://doi.org/10.1016/j.thromres.2018.05.024
http://www.ncbi.nlm.nih.gov/pubmed/29857270
http://doi.org/10.1093/eurheartj/ehz645
http://doi.org/10.1007/s11864-019-0644-3
http://www.ncbi.nlm.nih.gov/pubmed/31056737
http://doi.org/10.2459/jcm.0000000000000993
http://doi.org/10.3390/jcm9123926
http://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19631508
http://doi.org/10.1161/circulationaha.115.020406
http://www.ncbi.nlm.nih.gov/pubmed/26976915

J. Clin. Med. 2022, 11,1792 14 of 19

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lenneman, C.G.; Sawyer, D.B. Cardio-Oncology: An Update on Cardiotoxicity of Cancer-Related Treatment. Circ. Res. 2016,
118, 1008-1020. [CrossRef]

Canale, M.L.; Bisceglia, I.; Lestuzzi, C.; Parrini, I. Arterial Thrombosis in Cancer: Spotlight on the Neglected Vessels. Anticancer
Res. 2019, 39, 4619-4625. [CrossRef]

Libby, P; Kobold, S. Inflammation: A common contributor to cancer, aging, and cardiovascular diseases—Expanding the concept
of cardio-oncology. Cardiovasc. Res. 2019, 115, 824-829. [CrossRef] [PubMed]

Bick, R.L. Cancer-Associated Thrombosis. N. Engl. J. Med. 2003, 349, 109-111. [CrossRef] [PubMed]

Rak, J.; Milsom, C.; May, L.; Klement, P; Yu, J. Tissue Factor in Cancer and Angiogenesis: The Molecular Link between Genetic
Tumor Progression, Tumor Neovascularization, and Cancer Coagulopathy. Semin. Thromb. Hemost. 2006, 32, 54-70. [CrossRef]
[PubMed]

Yeh, E.T.H.; Chang, H.-M. Cancer and Clot: Between a Rock and a Hard Place. J. Am. Coll. Cardiol. 2017, 70, 939-941. [CrossRef]
Mitrugno, A.; Tormoen, G.W.; Kuhn, P.; McCarty, O.]. The prothrombotic activity of cancer cells in the circulation. Blood Rev. 2015,
30, 11-19. [CrossRef] [PubMed]

Giza, D.E.; Marmagkiolis, K.; Mouhayar, E.; Durand, J.-B.; Iliescu, C. Management of CAD in Patients with Active Cancer: The
Interventional Cardiologists’ Perspective. Curr. Cardiol. Rep. 2017, 19, 56. [CrossRef] [PubMed]

Bharadwaj, A.; Potts, ].; Mohamed, M.O.; Parwani, P.; Swamy, P.; Lopez-Mattei, J.C.; Rashid, M.; Kwok, C.S.; Fischman, D.L.;
Vassiliou, V.S,; et al. Acute myocardial infarction treatments and outcomes in 6.5 million patients with a current or historical
diagnosis of cancer in the USA. Eur. Heart |. 2020, 41, 2183-2193. [CrossRef] [PubMed]

Navi, B.B.; Reiner, A.S.; Kamel, H.; Iadecola, C.; Okin, PM.; Elkind, M.S.V.; Panageas, K.S.; DeAngelis, L.M. Risk of Arterial
Thromboembolism in Patients with Cancer. J. Am. Coll. Cardiol. 2017, 70, 926-938. [CrossRef] [PubMed]

Navi, B.B.; Reiner, A.S.; Kamel, H.; Iadecola, C.; Okin, PM.; Tagawa, S.T.; Panageas, K.S.; DeAngelis, L.M. Arterial thromboembolic
events preceding the diagnosis of cancer in older persons. Blood 2019, 133, 781-789. [CrossRef]

Park, ].Y.; Guo, W.; Al-Hijji, M.; El Sabbagh, A.; Begna, K.H.; Habermann, T.M.; Witzig, TE.; Lewis, B.R.; Lerman, A.; Herrmann, J.
Acute coronary syndromes in patients with active hematologic malignancies—Incidence, management, and outcomes. Int. J.
Cardiol. 2019, 275, 6-12. [CrossRef] [PubMed]

Nanda, A.; Chen, M.-H.; Braccioforte, M.H.; Moran, B.].; D’Amico, A.V. Hormonal Therapy Use for Prostate Cancer and Mortality
in Men with Coronary Artery Disease-Induced Congestive Heart Failure or Myocardial Infarction. JAMA 2009, 302, 866-873.
[CrossRef] [PubMed]

Sara, ].D.; Kaur, J.; Khodadadi, R.; Rehman, M.; Lobo, R.; Chakrabarti, S.; Herrmann, J.; Lerman, A.; Grothey, A. 5-fluorouracil
and cardiotoxicity: A review. Ther. Adv. Med. Oncol. 2018, 10, 1758835918780140. [CrossRef] [PubMed]

Layoun, M.E.; Wickramasinghe, C.D.; Peralta, M.V.; Yang, E.H. Fluoropyrimidine-Induced Cardiotoxicity: Manifestations,
Mechanisms, and Management. Curr. Oncol. Rep. 2016, 18, 35. [CrossRef] [PubMed]

De Forni, M.; Malet-Martino, M.C.; Jaillais, P.; Shubinski, R.E.; Bachaud, ].M.; Lemaire, L.; Canal, P.; Chevreau, C.; Carrie, D.;
Soulié, P. Cardiotoxicity of high-dose continuous infusion fluorouracil: A prospective clinical study. J. Clin. Oncol. 1992,
10, 1795-1801. [CrossRef] [PubMed]

Cardinale, D.; Colombo, A.; Colombo, N. Acute coronary syndrome induced by oral capecitabine. Can. J. Cardiol. 2006, 22, 251-253.
[CrossRef] [PubMed]

Kanduri, J.; More, L.A.; Godishala, A.; Asnani, A. Fluoropyrimidine-Associated Cardiotoxicity. Cardiol. Clin. 2019, 37, 399-405.
[CrossRef] [PubMed]

Moore, R.A.; Adel, N.; Riedel, E.; Bhutani, M.; Feldman, D.R.; Tabbara, N.E.; Soff, G.; Parameswaran, R.; Hassoun, H. High
Incidence of Thromboembolic Events in Patients Treated with Cisplatin-Based Chemotherapy: A Large Retrospective Analysis.
J. Clin. Oncol. 2011, 29, 3466-3473. [CrossRef]

Touyz, R.M.; Herrmann, J. Cardiotoxicity with vascular endothelial growth factor inhibitor therapy. npj Precis. Oncol. 2018, 2, 13.
[CrossRef]

Pouwer, M.G.; Pieterman, E.J.; Verschuren, L.; Caspers, M.PM.; Kluft, C.; Garcia, R.A.; Aman, J.; Jukema, ].W.; Princen, HM.G.
The BCR-ABL1 Inhibitors Imatinib and Ponatinib Decrease Plasma Cholesterol and Atherosclerosis, and Nilotinib and Ponatinib
Activate Coagulation in a Translational Mouse Model. Front. Cardiovasc. Med. 2018, 5, 55. [CrossRef]

Herrmann, J.; Yang, E.H.; Iliescu, C.A.; Cilingiroglu, M.; Charitakis, K.; Hakeem, A.; Toutouzas, K.; Leesar, M.A.; Grines, C.L.;
Marmagkiolis, K. Vascular Toxicities of Cancer Therapies: The Old and the New—An Evolving Avenue. Circulation 2016,
133, 1272-1289. [CrossRef] [PubMed]

Lyon, A.R.; Yousaf, N.; Battisti, N.M.L.; Moslehi, J.; Larkin, J. Immune checkpoint inhibitors and cardiovascular toxicity. Lancet
Oncol. 2018, 19, e447-e458. [CrossRef] [PubMed]

Li, W.; Cornell, RE; Lenihan, D.; Slosky, D.; Jagasia, M.; Piazza, G.; Moslehi, J. Cardiovascular Complications of Novel Multiple
Myeloma Treatments. Circulation 2016, 133, 908-912. [CrossRef]

Lee, D.H.; Fradley, M.G. Cardiovascular Complications of Multiple Myeloma Treatment: Evaluation, Management, and Preven-
tion. Curr. Treat. Options Cardiovasc. Med. 2018, 20, 19. [CrossRef] [PubMed]

Drobni, Z.D.; Alvi, RM,; Taron, J.; Zafar, A.; Murphy, S.P.; Rambarat, PK.; Mosarla, R.C.; Lee, C.; Zlotoff, D.A.; Raghu, V.K,; et al.
Association Between Immune Checkpoint Inhibitors with Cardiovascular Events and Atherosclerotic Plaque. Circulation 2020,
142,2299-2311. [CrossRef] [PubMed]


http://doi.org/10.1161/circresaha.115.303633
http://doi.org/10.21873/anticanres.13642
http://doi.org/10.1093/cvr/cvz058
http://www.ncbi.nlm.nih.gov/pubmed/30830168
http://doi.org/10.1056/nejmp030086
http://www.ncbi.nlm.nih.gov/pubmed/12853582
http://doi.org/10.1055/s-2006-933341
http://www.ncbi.nlm.nih.gov/pubmed/16479463
http://doi.org/10.1016/j.jacc.2017.07.719
http://doi.org/10.1016/j.blre.2015.07.001
http://www.ncbi.nlm.nih.gov/pubmed/26219246
http://doi.org/10.1007/s11886-017-0862-x
http://www.ncbi.nlm.nih.gov/pubmed/28484995
http://doi.org/10.1093/eurheartj/ehz851
http://www.ncbi.nlm.nih.gov/pubmed/31800032
http://doi.org/10.1016/j.jacc.2017.06.047
http://www.ncbi.nlm.nih.gov/pubmed/28818202
http://doi.org/10.1182/blood-2018-06-860874
http://doi.org/10.1016/j.ijcard.2018.10.008
http://www.ncbi.nlm.nih.gov/pubmed/30318297
http://doi.org/10.1001/jama.2009.1137
http://www.ncbi.nlm.nih.gov/pubmed/19706860
http://doi.org/10.1177/1758835918780140
http://www.ncbi.nlm.nih.gov/pubmed/29977352
http://doi.org/10.1007/s11912-016-0521-1
http://www.ncbi.nlm.nih.gov/pubmed/27113369
http://doi.org/10.1200/jco.1992.10.11.1795
http://www.ncbi.nlm.nih.gov/pubmed/1403060
http://doi.org/10.1016/s0828-282x(06)70905-9
http://www.ncbi.nlm.nih.gov/pubmed/16520857
http://doi.org/10.1016/j.ccl.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31587781
http://doi.org/10.1200/jco.2011.35.5669
http://doi.org/10.1038/s41698-018-0056-z
http://doi.org/10.3389/fcvm.2018.00055
http://doi.org/10.1161/circulationaha.115.018347
http://www.ncbi.nlm.nih.gov/pubmed/27022039
http://doi.org/10.1016/s1470-2045(18)30457-1
http://www.ncbi.nlm.nih.gov/pubmed/30191849
http://doi.org/10.1161/circulationaha.115.018351
http://doi.org/10.1007/s11936-018-0618-y
http://www.ncbi.nlm.nih.gov/pubmed/29508087
http://doi.org/10.1161/circulationaha.120.049981
http://www.ncbi.nlm.nih.gov/pubmed/33003973

J. Clin. Med. 2022, 11,1792 15 0f 19

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Inno, A.; Chiampan, A.; Lanzoni, L.; Verze, M.; Molon, G.; Gori, S. Immune Checkpoint Inhibitors and Atherosclerotic Vascular
Events in Cancer Patients. Front. Cardiovasc. Med. 2021, 8, 652186. [CrossRef]

Pasquier, E.; Honore, S.; Pourroy, B.; Jordan, M.A.; Lehmann, M.; Briand, C.; Braguer, D. Antiangiogenic Concentrations
of Paclitaxel Induce an Increase in Microtubule Dynamics in Endothelial Cells but Not in Cancer Cells. Cancer Res. 2005,
65, 2433-2440. [CrossRef] [PubMed]

Waxman, A.J.; Clasen, S.; Hwang, W.-T.; Garfall, A.; Vogl, D.T.; Carver, J.; O’Quinn, R.; Cohen, A.D.; Stadtmauer, E.A.; Ky, B.; et al.
Carfilzomib-Associated Cardiovascular Adverse Events: A Systematic Review and Meta-analysis. JAMA Oncol. 2018, 4, e174519.
[CrossRef]

Jakubowiak, A.]J.; DeCara, ].M.; Mezzi, K. Cardiovascular events during carfilzomib therapy for relapsed myeloma: Practical
management aspects from two case studies. Hematology 2017, 22, 585-591. [CrossRef] [PubMed]

Khosrow-Khavar, E; Filion, K.B.; Bouganim, N.; Suissa, S.; Azoulay, L. Aromatase Inhibitors and the Risk of Cardiovascular
Outcomes in Women with Breast Cancer: A Population-Based Cohort Study. Circulation 2020, 141, 549-559. [CrossRef] [PubMed]
Fontanella, C.; Aita, M.; Cinausero, M.; Aprile, G.; Baldin, M.G.; Dusi, V.; Lestuzzi, C.; Fasola, G.; Puglisi, F. Capecitabine-induced
cardiotoxicity: More evidence or clinical approaches to protect the patients” heart? OncoTargets Ther. 2014, 7, 1783-1791. [CrossRef]
Hilmi, M.; Ederhy, S.; Waintraub, X.; Funck-Brentano, C.; Cohen, A.; Vozy, A.; Lebrun-Vignes, B.; Moslehi, J.; Nguyen, L.S,;
Salem, J.-E. Cardiotoxicity Associated with Gemcitabine: Literature Review and a Pharmacovigilance Study. Pharmaceuticals 2020,
13, 325. [CrossRef]

Aghel, N.; Lipton, ].H.; Atenafu, E.G.; Kim, D.D.H.; Delgado, D.H. Cardiovascular Events after Exposure to Nilotinib in Chronic
Myeloid Leukemia: Long-term Follow-up. Clin. Lymphoma Myeloma Leuk. 2017, 17, 870-878.e871. [CrossRef] [PubMed]
Santoro, M.; Accurso, V.; Mancuso, S.; Contrino, A.D.; Sardo, M.; Novo, G.; Di Piazza, F,; Perez, A.; Russo, A.; Siragusa, S.
Management of Ponatinib in Patients with Chronic Myeloid Leukemia with Cardiovascular Risk Factors. Chemotherapy 2019,
64,205-209. [CrossRef] [PubMed]

Totzeck, M.; Mincu, R.I; Rassaf, T. Cardiovascular Adverse Events in Patients with Cancer Treated with Bevacizumab: A
Meta-Analysis of More Than 20,000 Patients. J. Am. Heart Assoc. 2017, 6, 6. [CrossRef]

Duran, ].M.; Makarewich, C.A.; Trappanese, D.; Gross, P.; Husain, S.; Dunn, J.; Lal, H.; Sharp, T.E.; Starosta, T.; Vagnozzi, R.J.; et al.
Sorafenib Cardiotoxicity Increases Mortality after Myocardial Infarction. Circ. Res. 2014, 114, 1700-1712. [CrossRef] [PubMed]
Di Lorenzo, G.; Autorino, R.; Bruni, G.; Carteni, G.; Ricevuto, E.; Tudini, M.; Ficorella, C.; Romano, C.; Aieta, M.; Giordano, A.;
et al. Cardiovascular toxicity following sunitinib therapy in metastatic renal cell carcinoma: A multicenter analysis. Ann. Oncol.
2009, 20, 1535-1542. [CrossRef]

Justice, C.N.; Derbala, M.H.; Baich, T.M.; Kempton, A.N.; Guo, A.S.; Ho, T.H.; Smith, S.A. The Impact of Pazopanib on the
Cardiovascular System. J. Cardiovasc. Pharmacol. Ther. 2018, 23, 387-398. [CrossRef]

Chen, J.; Wang, J. Risk of regorafenib-induced cardiovascular events in patients with solid tumors: A systematic review and
meta-analysis. Medicine 2018, 97, €12705. [CrossRef] [PubMed]

Tanriverdi, O.; Ates, S.; Sandal, K.K,; Uylas, S.; Bosna, I.C.; Alkan, A. Left ventricular dysfunction associated with axitinib and
nivolumab experience in an advanced renal cell carcinoma. J. Oncol. Pharm. Pract. 2020, 26, 1765-1768. [CrossRef]

Grabowski, J.; Glode, A. Ramucirumab: A vascular endothelial growth factor receptor-2 inhibitor with activity in several
malignancies. Am. J. Health-Syst. Pharm. 2016, 73, 957-968. [CrossRef]

Sharma, T.; Dhingra, R; Singh, S.; Sharma, S.; Tomar, P.; Malhotra, M.; Bhardwaj, T.R. Aflibercept: A Novel VEGF Targeted Agent
to Explore the Future Perspectives of Anti-Angiogenic Therapy for the Treatment of Multiple Tumors. Mini-Rev. Med. Chem. 2013,
13, 530-540. [CrossRef] [PubMed]

Bikiewicz, A.; Banach, M.; von Haehling, S.; Maciejewski, M.; Bielecka-Dabrowa, A. Adjuvant breast cancer treatments cardiotoxi-
city and modern methods of detection and prevention of cardiac complications. ESC Heart Fail. 2021, 8, 2397-2418. [CrossRef]
[PubMed]

Giir, F; Cengiz, M.; Kutlu, H.M.; Cengiz, B.P.; Ayhanci, A. Molecular docking analyses of Escin as regards cyclophosphamide-
induced cardiotoxicity: In vivo and in Silico studies. Toxicol. Appl. Pharmacol. 2020, 411, 115386. [CrossRef] [PubMed]
Herradén, E.; Gonzalez, C.; Gonzalez, A.; Uranga, ].A.; Lépez-Miranda, V. Cardiovascular Toxicity Induced by Chronic Vincristine
Treatment. Front. Pharmacol. 2021, 12, 692970. [CrossRef] [PubMed]

Herradon, E.; Gonzalez, C.; Uranga, J.A.; Abalo, R.; Martin, M.I.; Lépez-Miranda, V. Characterization of Cardiovascular
Alterations Induced by Different Chronic Cisplatin Treatments. Front. Pharmacol. 2017, 8, 196. [CrossRef] [PubMed]

Gozhenko, A.; Bestanchuk, O.; Kaschenko, O.; Narbutova, T. Cumulative cardiotoxic effect of bleomycin in experiment. J. Educ.
Health Sport 2021, 11, 301-308. [CrossRef]

Desai, M.Y;; Jellis, C.L.; Kotecha, R.; Johnston, D.R.; Griffin, B.P. Radiation-Associated Cardiac Disease: A Practical Approach to
Diagnosis and Management. JACC Cardiovasc. Imaging 2018, 11, 1132-1149. [CrossRef] [PubMed]

Belzile-Dugas, E.; Eisenberg, M.]. Radiation-Induced Cardiovascular Disease: Review of an Underrecognized Pathology. J. Am.
Heart Assoc. 2021, 10, e021686. [CrossRef] [PubMed]

Darby, S.C.; Cutter, D.J.; Boerma, M.; Constine, L.S.; Fajardo, L.E; Kodama, K.; Mabuchi, K.; Marks, L.B.; Mettler, FA;
Pierce, L.].; et al. Radiation-Related Heart Disease: Current Knowledge and Future Prospects. Int. J. Radiat. Oncol. Biol. Phys.
2010, 76, 656—665. [CrossRef]

Hendry, J.H. Threshold doses and circulatory disease risks. Ann. ICRP 2015, 44, 69-75. [CrossRef]


http://doi.org/10.3389/fcvm.2021.652186
http://doi.org/10.1158/0008-5472.can-04-2624
http://www.ncbi.nlm.nih.gov/pubmed/15781659
http://doi.org/10.1001/jamaoncol.2017.4519
http://doi.org/10.1080/10245332.2017.1328165
http://www.ncbi.nlm.nih.gov/pubmed/28545322
http://doi.org/10.1161/circulationaha.119.044750
http://www.ncbi.nlm.nih.gov/pubmed/32065766
http://doi.org/10.2147/OTT.S65653
http://doi.org/10.3390/ph13100325
http://doi.org/10.1016/j.clml.2017.07.006
http://www.ncbi.nlm.nih.gov/pubmed/28803825
http://doi.org/10.1159/000504664
http://www.ncbi.nlm.nih.gov/pubmed/31825920
http://doi.org/10.1161/jaha.117.006278
http://doi.org/10.1161/circresaha.114.303200
http://www.ncbi.nlm.nih.gov/pubmed/24718482
http://doi.org/10.1093/annonc/mdp025
http://doi.org/10.1177/1074248418769612
http://doi.org/10.1097/md.0000000000012705
http://www.ncbi.nlm.nih.gov/pubmed/30313066
http://doi.org/10.1177/1078155220909422
http://doi.org/10.2146/ajhp150188
http://doi.org/10.2174/1389557511313040006
http://www.ncbi.nlm.nih.gov/pubmed/23317499
http://doi.org/10.1002/ehf2.13365
http://www.ncbi.nlm.nih.gov/pubmed/33955207
http://doi.org/10.1016/j.taap.2020.115386
http://www.ncbi.nlm.nih.gov/pubmed/33383042
http://doi.org/10.3389/fphar.2021.692970
http://www.ncbi.nlm.nih.gov/pubmed/34366848
http://doi.org/10.3389/fphar.2017.00196
http://www.ncbi.nlm.nih.gov/pubmed/28533750
http://doi.org/10.12775/jehs.2021.11.06.033
http://doi.org/10.1016/j.jcmg.2018.04.028
http://www.ncbi.nlm.nih.gov/pubmed/30092970
http://doi.org/10.1161/jaha.121.021686
http://www.ncbi.nlm.nih.gov/pubmed/34482706
http://doi.org/10.1016/j.ijrobp.2009.09.064
http://doi.org/10.1177/0146645314560688

J. Clin. Med. 2022, 11,1792 16 of 19

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Stewart, F.A. Mechanisms and dose-response relationships for radiation-induced cardiovascular disease. Ann. ICRP 2012,
41,72-79. [CrossRef]

Guddati, A.K;; Joy, PS.; Kumar, G. Analysis of outcomes of percutaneous coronary intervention in metastatic cancer patients with
acute coronary syndrome over a 10-year period. J. Cancer Res. Clin. Oncol. 2015, 142, 471-479. [CrossRef]

Munoz, E.; lliescu, G.; Vejpongsa, P.; Charitakis, K.; Karimzad, K.; Lopez-Mattei, J.; Yusuf, S.W.; Marmagkiolis, K.; Iliescu, C.
Takotsubo Stress Cardiomyopathy. J. Am. Coll. Cardiol. 2016, 68, 1143-1144. [CrossRef] [PubMed]

Al-Hawwas, M.; Tsitlakidou, D.; Gupta, N.; Iliescu, C.; Cilingiroglu, M.; Marmagkiolis, K. Acute Coronary Syndrome Management
in Cancer Patients: “Good News” in Cancer Patients? Curr. Oncol. Rep. 2018, 20, 78. [CrossRef] [PubMed]

Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomstrém-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.-A;
Dilaveris, PE.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur. Heart J. 2021, 42, 373-498. [CrossRef] [PubMed]

Collet, J.-P; Thiele, H.; Barbato, E.; Barthélémy, O.; Bauersachs, ]J.; Bhatt, D.L.; Dendale, P.; Dorobantu, M.; Edvardsen, T.;
Folliguet, T.; et al. 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation. Eur. Heart ]. 2021, 42, 1289-1367. [CrossRef]

Ibanez, B.; James, S.; Agewall, S.; Antunes, M.].; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.L.P; Crea, F.; Goudevenos, ].A;
Halvorsen, S.; et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-
segment elevation: The Task Force for the management of acute myocardial infarction in patients presenting with ST-segment
elevation of the European Society of Cardiology (ESC). Eur. Heart ]. 2018, 39, 119-177. [CrossRef]

Potts, ].E.; Iliescu, C.A.; Lopez-Mattei, J.; Martinez, S.C.; Holmvang, L.; Ludman, P.; De Belder, M.A.; Kwok, C.S.; Rashid, M.;
Fischman, D.L.; et al. Percutaneous coronary intervention in cancer patients: A report of the prevalence and outcomes in the
United States. Eur. Heart . 2018, 40, 1790-1800. [CrossRef]

Borovac, J.A.; Kwok, C.S,; Iliescu, C.; Lee, H.J.; Kim, P.Y.; Palaskas, N.L.; Zaman, A.; Butler, R.; Lopez-Mattei, ].C.; Mamas, M. A.
Percutaneous Coronary Intervention and Outcomes in Patients with Lymphoma in the United States (Nationwide Inpatient
Sample [NIS] Analysis). Am. ]. Cardiol. 2019, 124, 1190-1197. [CrossRef]

Potts, ].; Mohamed, M.O.; Mattei, ].C.L.; Iliescu, C.A.; Konopleva, M.; Rashid, M.; Bagur, R.; Mamas, M. A. Percutaneous coronary
intervention and in-hospital outcomes in patients with leukemia: A nationwide analysis. Catheter. Cardiovasc. Interv. 2019,
96, 53-63. [CrossRef]

Mohamed, M.O.; Van Spall, H.G.C.; Kontopantelis, E.; Alkhouli, M.; Barac, A.; Elgendy, 1.Y.; Khan, S.U.; Kwok, C.S.; Shoaib, A;
Bhatt, D.L.; et al. Effect of primary percutaneous coronary intervention on in-hospital outcomes among active cancer patients
presenting with ST-elevation myocardial infarction: A propensity score matching analysis. Eur. Heart ]. Acute Cardiovasc. Care
2021, 10, 829-839. [CrossRef]

Mohamed, M.O.; Lopez-Mattei, J.C.; Parwani, P; Iliescu, C.A.; Bharadwaj, A.; Kim, P.Y.; Palaskas, N.L.; Rashid, M.; Potts, J.;
Kwok, C.S; et al. Management strategies and clinical outcomes of acute myocardial infarction in leukaemia patients: Nationwide
insights from United States hospitalisations. Int. J. Clin. Pract. 2020, 74, €13476. [CrossRef]

Styczkiewicz, K.; Styczkiewicz, M.; Myéka, M.; Medrek, S.; Kondraciuk, T.; Czerkies-Bieleni, A.; Wisniewski, A.; Szmit, S.;
Jankowski, P. Clinical presentation and treatment of acute coronary syndrome as well as 1-year survival of patients hospitalized
due to cancer: A 7-year experience of a nonacademic center. Medicine 2020, 99, e18972. [CrossRef] [PubMed]
Nabiatek-Trojanowska, 1.; Dabrowska-Kugacka, A.; Lewicka-Potocka, Z.; Abdulaziz, Y.; Szerszyriska, A.; Raczak, G.; Lewicka, E.
Acute coronary syndrome in patients undergoing anticancer therapies: A single-center, controlled case study. Adv. Clin. Exp. Med.
2019, 28, 1667-1673. [CrossRef] [PubMed]

Balanescu, D.V.; Donisan, T.; Deswal, A.; Palaskas, N.; Song, J.; Lopez-Mattei, J.; Kim, P.Y.; Durand, ].-B.; Doundoua, D.;
Marmagkiolis, K.; et al. Acute myocardial infarction in a high-risk cancer population: Outcomes following conservative versus
invasive management. Int. J. Cardiol. 2020, 313, 1-8. [CrossRef] [PubMed]

Monlezun, D.J.; Lawless, S.; Palaskas, N.; Peerbhai, S.; Charitakis, K.; Marmagkiolis, K.; Lopez-Mattei, J.; Mamas, M.; Iliescu, C.
Machine Learning-Augmented Propensity Score Analysis of Percutaneous Coronary Intervention in Over 30 Million Cancer and
Non-cancer Patients. Front. Cardiovasc. Med. 2021, 8, 620857. [CrossRef]

Zamorano, J.L.; Lancellotti, P.; Rodriguez Murioz, D.; Aboyans, V.; Asteggiano, R.; Galderisi, M.; Habib, G.; Lenihan, D.J.;
Lip, G.Y.H.; Lyon, A.R,; et al. 2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the
auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the
European Society of Cardiology (ESC). Eur. Heart ]. 2016, 37, 2768-2801. [CrossRef] [PubMed]

Iliescu, C.A.; Grines, C.L.; Herrmann, J.; Yang, E.H.; Cilingiroglu, M.; Charitakis, K.; Hakeem, A.; Toutouzas, K.P; Leesar, M.A ;
Marmagkiolis, K. SCAI Expert consensus statement: Evaluation, management, and special considerations of cardio-oncology
patients in the cardiac catheterization laboratory (endorsed by the cardiological society of india, and sociedad Latino Americana
de Cardiologia intervencionista). Catheter. Cardiovasc. Interv. 2016, 87, E202-E223. [CrossRef]

Ueki, Y.; Vogeli, B.; Karagiannis, A.; Zanchin, T.; Zanchin, C.; Rhyner, D.; Otsuka, T.; Praz, F; Siontis, G.C.M.; Moro, C.; et al.
Ischemia and Bleeding in Cancer Patients Undergoing Percutaneous Coronary Intervention. JACC CardioOncol. 2019, 1, 145-155.
[CrossRef] [PubMed]


http://doi.org/10.1016/j.icrp.2012.06.031
http://doi.org/10.1007/s00432-015-2056-5
http://doi.org/10.1016/j.jacc.2016.06.027
http://www.ncbi.nlm.nih.gov/pubmed/27585514
http://doi.org/10.1007/s11912-018-0724-8
http://www.ncbi.nlm.nih.gov/pubmed/30132257
http://doi.org/10.1093/eurheartj/ehaa612
http://www.ncbi.nlm.nih.gov/pubmed/32860505
http://doi.org/10.1093/eurheartj/ehaa575
http://doi.org/10.1093/eurheartj/ehx393
http://doi.org/10.1093/eurheartj/ehy769
http://doi.org/10.1016/j.amjcard.2019.07.015
http://doi.org/10.1002/ccd.28432
http://doi.org/10.1093/ehjacc/zuaa032
http://doi.org/10.1111/ijcp.13476
http://doi.org/10.1097/md.0000000000018972
http://www.ncbi.nlm.nih.gov/pubmed/32000427
http://doi.org/10.17219/acem/110316
http://www.ncbi.nlm.nih.gov/pubmed/31851792
http://doi.org/10.1016/j.ijcard.2020.04.050
http://www.ncbi.nlm.nih.gov/pubmed/32320781
http://doi.org/10.3389/fcvm.2021.620857
http://doi.org/10.1093/eurheartj/ehw211
http://www.ncbi.nlm.nih.gov/pubmed/27567406
http://doi.org/10.1002/ccd.26379
http://doi.org/10.1016/j.jaccao.2019.11.001
http://www.ncbi.nlm.nih.gov/pubmed/34396175

J. Clin. Med. 2022, 11,1792 17 of 19

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.
103.

104.

105.

106.

107.

108.

109.

Blann, A.D.; Dunmore, S. Arterial and Venous Thrombosis in Cancer Patients. Cardiol. Res. Pract. 2011, 2011, 394740. [CrossRef]
[PubMed]

van Werkum, J.W.; Heestermans, A.A.; Zomer, A.C.; Kelder, J.C.; Suttorp, M.-J.; Rensing, B.J.; Koolen, ].J.; Brueren, B.G;
Dambrink, J.-H.E.; Hautvast, R.W,; et al. Predictors of Coronary Stent Thrombosis: The Dutch Stent Thrombosis Registry. J. Am.
Coll. Cardiol. 2009, 53, 1399-1409. [CrossRef] [PubMed]

Tabata, N.; Sueta, D.; Yamamoto, E.; Takashio, S.; Arima, Y.; Araki, S.; Yamanaga, K.; Ishii, M.; Sakamoto, K.; Kanazawa, H.; et al.
Outcome of current and history of cancer on the risk of cardiovascular events following percutaneous coronary intervention: A
Kumamoto University Malignancy and Atherosclerosis (KUMA) study. Eur. Heart |. Qual. Care Clin. Outcomes 2017, 4, 290-300.
[CrossRef]

Nakatsuma, K.; Shiomi, H.; Morimoto, T.; Watanabe, H.; Nakagawa, Y.; Furukawa, Y.; Kadota, K.; Ando, K.; Ono, K.; Shizuta, S.;
et al. Influence of a history of cancer on long-term cardiovascular outcomes after coronary stent implantation (an Observation
from Coronary Revascularization Demonstrating Outcome Study-Kyoto Registry Cohort-2). Eur. Heart . Qual. Care Clin. Outcomes
2018, 4, 200-207. [CrossRef] [PubMed]

McCarthy, C.P; Steg, G.; Bhatt, D.L. The management of antiplatelet therapy in acute coronary syndrome patients with
thrombocytopenia: A clinical conundrum. Eur. Heart J. 2017, 38, 3488-3492. [CrossRef] [PubMed]

Bharadwaj, A.S.; Swamy, PM.; Mamas, M.A. Outcomes of percutaneous coronary interventions in cancer patients. Expert Rev.
Cardiovasc. Ther. 2020, 18, 25-32. [CrossRef] [PubMed]

Velders, M.A; Hagstrom, E.; James, S.K. Temporal Trends in the Prevalence of Cancer and Its Impact on Outcome in Patients with
First Myocardial Infarction: A Nationwide Study. J. Am. Heart Assoc. 2020, 9, e014383. [CrossRef]

Heller, S.J.; Tokar, J.L.; Nguyen, M.T.; Haluszka, O.; Weinberg, D.S. Management of bleeding GI tumors. Gastrointest. Endosc. 2010,
72, 817-824. [CrossRef] [PubMed]

Kwok, C.S.; Wong, C.W.; Kontopantelis, E.; Barac, A.; Brown, S.-A.; Velagapudi, P,; Hilliard, A.A.; Bharadwaj, A.S.; Alraies, M.C,;
Mohamed, M.; et al. Percutaneous coronary intervention in patients with cancer and readmissions within 90 days for acute
myocardial infarction and bleeding in the USA. Eur. Heart ]. 2021, 42, 1019-1034. [CrossRef] [PubMed]

Nishikawa, T.; Morishima, T.; Fujii, Y.; Okawa, S.; Otsuka, T.; Kamada, R.; Yasui, T.; Shioyama, W.; Oka, T.; Tabuchi, T.; et al.
Prognostic Impact of Cancer Activity on Clinically Relevant Bleeding Events after Percutaneous Coronary Intervention. . Med.
Investig. 2021, 68, 29-37. [CrossRef]

Zaleska, M.; Mozenska, O.; Bil, ]. Statins use and cancer: An update. Futur. Oncol. 2018, 14, 1497-1509. [CrossRef]

Yusuf, S.W.; Daraban, N.; Abbasi, N.; Lei, X.; Durand, ].-B.; Daher, ILN. Treatment and Outcomes of Acute Coronary Syndrome in
the Cancer Population. Clin. Cardiol. 2012, 35, 443-450. [CrossRef] [PubMed]

Sarkiss, M.G.; Yusuf, S.W.; Warneke, C.L.; Botz, G.; Lakkis, N.; Hirch-Ginsburg, C.; Champion, J.C.; Swafford, J.; Shaw, A.D.S,;
Lenihan, D.J.; et al. Impact of aspirin therapy in cancer patients with thrombocytopenia and acute coronary syndromes. Carncer
2006, 109, 621-627. [CrossRef]

Iliescu, C.; Balanescu, D.V,; Donisan, T.; Giza, D.E.; Gonzalez, E.D.M,; Cilingiroglu, M.; Song, ].; Mukerji, S.S.; Lopez-Mattei, J.C.;
Kim, P.Y,; et al. Safety of Diagnostic and Therapeutic Cardiac Catheterization in Cancer Patients with Acute Coronary Syndrome
and Chronic Thrombocytopenia. Am. J. Cardiol. 2018, 122, 1465-1470. [CrossRef]

Alam, N.; Wright, A.K.; Ashcroft, D.M.; Renehan, A.G. Cancer and cardiovascular disease. Lancet 2020, 395, 1903-1904. [PubMed]
Winther, J.F; Bhatia, S.; Cederkvist, L.; Gudmundsdottir, T.; Madanat-Harjuoja, L.; Msc, L.T.; Wesenberg, F.; Hasle, H.;
Holmgqvist, A.S.; for the ALiCCS Study Group. Risk of cardiovascular disease among Nordic childhood cancer survivors
with diabetes mellitus: A report from adult life after childhood cancer in Scandinavia. Cancer 2018, 124, 4393-4400. [CrossRef]
[PubMed]

Krone, R.J. Managing Coronary Artery Disease in the Cancer Patient. Prog. Cardiovasc. Dis. 2010, 53, 149-156. [CrossRef]
[PubMed]

Guha, A.; Armanious, M.; Fradley, M.G. Update on cardio-oncology: Novel cancer therapeutics and associated cardiotoxicities.
Trends Cardiovasc. Med. 2019, 29, 29-39. [CrossRef] [PubMed]

Moran, T.B.; Plana, ].C. Management of Patients with Acute Coronary Syndrome and Cancer. Curr. Cardiol. Rep. 2020, 22, 1-8.
[CrossRef]

Fox, K.A.A.; Dabbous, O.H.; Goldberg, R.J.; Pieper, K.S.; Eagle, K.A.; Van de Werf, F.; Avezum, A.; Goodman, S.G.; Flather, M.D.;
Anderson, F.A; et al. Prediction of risk of death and myocardial infarction in the six months after presentation with acute
coronary syndrome: Prospective multinational observational study (GRACE). BM]J 2006, 333, 1091. [CrossRef] [PubMed]
Subherwal, S.; Bach, R.G.; Chen, A.Y; Gage, B.F,; Rao, S.V.; Newby, L.K.; Wang, T.Y.; Gibler, W.B.; Ohman, E.M.; Roe, M.T,;
et al. Baseline Risk of Major Bleeding in Non-ST-Segment-Elevation Myocardial Infarction: The CRUSADE (Can Rapid risk
stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA Guidelines)
Bleeding Score. Circulation 2009, 119, 1873-1882. [CrossRef] [PubMed]

Brennan, ].M.; Curtis, ].P; Dai, D.; Fitzgerald, S.; Khandelwal, A.K.; Spertus, ]J.A.; Rao, S.V.; Singh, M.; Shaw, R.E.; Ho, K,; et al.
Enhanced Mortality Risk Prediction with a Focus on High-Risk Percutaneous Coronary Intervention: Results From 1,208,137
Procedures in the NCDR (National Cardiovascular Data Registry). JACC Cardiovasc. Interv. 2013, 6, 790-799. [CrossRef]


http://doi.org/10.4061/2011/394740
http://www.ncbi.nlm.nih.gov/pubmed/21403876
http://doi.org/10.1016/j.jacc.2008.12.055
http://www.ncbi.nlm.nih.gov/pubmed/19371823
http://doi.org/10.1093/ehjqcco/qcx047
http://doi.org/10.1093/ehjqcco/qcy014
http://www.ncbi.nlm.nih.gov/pubmed/29897437
http://doi.org/10.1093/eurheartj/ehx531
http://www.ncbi.nlm.nih.gov/pubmed/29020292
http://doi.org/10.1080/14779072.2020.1718493
http://www.ncbi.nlm.nih.gov/pubmed/31951772
http://doi.org/10.1161/jaha.119.014383
http://doi.org/10.1016/j.gie.2010.06.051
http://www.ncbi.nlm.nih.gov/pubmed/20883861
http://doi.org/10.1093/eurheartj/ehaa1032
http://www.ncbi.nlm.nih.gov/pubmed/33681960
http://doi.org/10.2152/jmi.68.29
http://doi.org/10.2217/fon-2017-0543
http://doi.org/10.1002/clc.22007
http://www.ncbi.nlm.nih.gov/pubmed/22588943
http://doi.org/10.1002/cncr.22434
http://doi.org/10.1016/j.amjcard.2018.07.033
http://www.ncbi.nlm.nih.gov/pubmed/32563368
http://doi.org/10.1002/cncr.31696
http://www.ncbi.nlm.nih.gov/pubmed/30307617
http://doi.org/10.1016/j.pcad.2010.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20728702
http://doi.org/10.1016/j.tcm.2018.06.001
http://www.ncbi.nlm.nih.gov/pubmed/29910109
http://doi.org/10.1007/s11886-020-01409-8
http://doi.org/10.1136/bmj.38985.646481.55
http://www.ncbi.nlm.nih.gov/pubmed/17032691
http://doi.org/10.1161/circulationaha.108.828541
http://www.ncbi.nlm.nih.gov/pubmed/19332461
http://doi.org/10.1016/j.jcin.2013.03.020

J. Clin. Med. 2022, 11,1792 18 of 19

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Farooq, V.; Vergouwe, Y.; Rdber, L.; Vranckx, P; Garcia-Garcia, H.; Diletti, R.; Kappetein, A.P.; Morel, M.A ; De Vries, T.; Swart, M.;
et al. Combined anatomical and clinical factors for the long-term risk stratification of patients undergoing percutaneous coronary
intervention: The Logistic Clinical SYNTAX score. Eur. Heart J. 2012, 33, 3098-3104. [CrossRef] [PubMed]

Chowdbhary, S.; Ivanov, J.; Mackie, K.; Seidelin, P.H.; DZavik, V. The Toronto score for in-hospital mortality after percutaneous
coronary interventions. Am. Heart ]. 2009, 157, 156-163. [CrossRef] [PubMed]

McAllister, K.; Ludman, P.F.; Hulme, W.; de Belder, M.A; Stables, R.; Chowdhary, S.; Mamas, M.; Sperrin, M.; Buchan, I. A
contemporary risk model for predicting 30-day mortality following percutaneous coronary intervention in England and Wales.
Int. J. Cardiol. 2016, 210, 125-132. [CrossRef] [PubMed]

Milazzo, V.; Cosentino, N.; Campodonico, J.; Lucci, C.; Cardinale, D.; Cipolla, C.M.; Marenzi, G. Characteristics, Management,
and Outcomes of Acute Coronary Syndrome Patients with Cancer. J. Clin. Med. 2020, 9, 3642. [CrossRef]

Kurisu, S.; Iwasaki, T.; Ishibashi, K.; Mitsuba, N.; Dohi, Y.; Kihara, Y. Comparison of treatment and outcome of acute myocardial
infarction between cancer patients and non-cancer patients. Int. J. Cardiol. 2013, 167, 2335-2337. [CrossRef] [PubMed]

Velders, M.A.; Boden, H.; Hofma, S.H.; Osanto, S.; van der Hoeven, B.L.; Heestermans, A.A.; Cannegieter, S.C.; Jukema, J.W,;
Umans, V.A,; Schalij, M.].; et al. Outcome after ST Elevation Myocardial Infarction in Patients with Cancer Treated with Primary
Percutaneous Coronary Intervention. Am. J. Cardiol. 2013, 112, 1867-1872. [CrossRef]

Landes, U.; Kornowski, R.; Bental, T.; Assali, A.; Vaknin-Assa, H.; Lev, E.; Iakobishvili, Z. Long-term outcomes after percutaneous
coronary interventions in cancer survivors. Coron. Artery Dis. 2017, 28, 5-10. [CrossRef] [PubMed]

Neumann, EJ.; Sousa-Uva, M.; Ahlsson, A.; Alfonso, F.; Banning, A.P,; Benedetto, U.; Byrne, R.A ; Collet, ].P.; Falk, V.; Head, S.J.;
et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur. Heart |. 2019, 40, 87-165. [CrossRef]

Valgimigli, M.; Bueno, H.; Byrne, R.; Collet, J.-P,; Costa, F.; Jeppsson, A.; Jini, P; Kastrati, A.; Kolh, P.; Mauri, L.; et al. 2017
ESC focused update on dual antiplatelet therapy in coronary artery disease developed in collaboration with EACTS. Eur. ].
Cardio-Thorac. Surg. 2017, 53, 34-78. [CrossRef]

Leiva, O.; AbdelHameid, D.; Connors, ].M.; Cannon, C.P,; Bhatt, D.L. Common Pathophysiology in Cancer, Atrial Fibrillation,
Atherosclerosis, and Thrombosis. JACC CardioOncol. 2021, 3, 619-634. [CrossRef] [PubMed]

Ueki, Y.; Bér, S.; Losdat, S.; Otsuka, T.; Zanchin, C.; Zanchin, T.; Gragnano, F; Gargiulo, G.; Siontis, G.C.M.; Praz, F;; et al. Validation
of the Academic Research Consortium for High Bleeding Risk (ARC-HBR) criteria in patients undergoing percutaneous coronary
intervention and comparison with contemporary bleeding risk scores. Eurolntervention 2020, 16, 371-379. [CrossRef] [PubMed]
Sutton, N.; Seth, M.; Ruwende, C.; Gurm, H.S. Outcomes of Patients with Atrial Fibrillation Undergoing Percutaneous Coronary
Intervention. J. Am. Coll. Cardiol. 2016, 68, 895-904. [CrossRef] [PubMed]

Vranckx, P.; Angiolillo, D.J.; Valgimigli, M. Patients with Atrial Fibrillation and PCI or ACS: Does Predicted Risk Matter? J. Am.
Coll. Cardiol. 2022, 79, 428-431. [CrossRef] [PubMed]

Alotaibi, G.; Wu, C.; Senthilselvan, A.; McMurtry, M.S. Secular Trends in Incidence and Mortality of Acute Venous Thromboem-
bolism: The AB-VTE Population-Based Study. Am. |. Med. 2016, 129, e819-e825. [CrossRef]

Lopes, R.D.; Heizer, G.; Aronson, R.; Vora, A.N.; Massaro, T.; Mehran, R.; Goodman, S.G.; Windecker, S.; Darius, H.; Li, J.; et al.
Antithrombotic Therapy after Acute Coronary Syndrome or PCI in Atrial Fibrillation. N. Engl. ]. Med. 2019, 380, 1509-1524.
[CrossRef] [PubMed]

Kumbhani, D.].; Cannon, C.P.; Beavers, C.J.; Bhatt, D.L.; Cuker, A.; Gluckman, T.J.; Marine, J.E.; Mehran, R.; Messe, S.R.; Patel, N.S.
2020 ACC Expert Consensus Decision Pathway for anticoagulant and antiplatelet therapy in patients with atrial fibrillation or
venous thromboembolism undergoing percutaneous coronary intervention or with atherosclerotic cardiovascular disease: A
report of the American College of Cardiology Solution Set Oversight Committee. J. Am. Coll. Cardiol. 2021, 77, 629-658. [PubMed]
Van Rein, N.; Heide-Jorgensen, U.; Lijfering, W.M.; Dekkers, O.M.; Sgrensen, H.T.; Cannegieter, S.C. Major Bleeding Rates in
Atrial Fibrillation Patients on Single, Dual, or Triple Antithrombotic Therapy. Circulation 2019, 139, 775-786. [CrossRef] [PubMed]
Hansen, M.L.; Serensen, R.; Clausen, M.T.; Fog-Petersen, M.L.; Raunsg, J.; Gadsbell, N.; Gislason, G.; Folke, F.; Andersen, S.S.;
Schramm, T.K,; et al. Risk of Bleeding with Single, Dual, or Triple Therapy with Warfarin, Aspirin, and Clopidogrel in Patients
with Atrial Fibrillation. Arch. Intern. Med. 2010, 170, 1433-1441. [CrossRef] [PubMed]

Vranckx, P; Valgimigli, M.; Eckardt, L.; Tijssen, J.; Lewalter, T.; Gargiulo, G.; Batushkin, V.; Campo, G.; Lysak, Z.; Vakaliuk, L; et al.
Edoxaban-based versus vitamin K antagonist-based antithrombotic regimen after successful coronary stenting in patients with
atrial fibrillation (ENTRUST-AF PCI): A randomised, open-label, phase 3b trial. Lancet 2019, 394, 1335-1343. [CrossRef] [PubMed]
Cannon, C.P; Bhatt, D.L.; Oldgren, J.; Lip, G.Y,; Ellis, 5.G.; Kimura, T.; Maeng, M.; Merkely, B.; Zeymer, U.; Gropper, S.; et al. Dual
Antithrombotic Therapy with Dabigatran after PCI in Atrial Fibrillation. N. Engl. J. Med. 2017, 377, 1513-1524. [CrossRef]
Gibson, C.M.; Mehran, R.; Bode, C.; Halperin, ].; Verheugt, EW.; Wildgoose, P.; Birmingham, M.; Ianus, J.; Burton, P.; van Eick-
els, M,; et al. Prevention of Bleeding in Patients with Atrial Fibrillation Undergoing PCI. N. Engl. ]. Med. 2016, 375, 2423-2434.
[CrossRef] [PubMed]

Coppens, M.; Eikelboom, J.W.; Hart, R.G.; Yusuf, S.; Lip, G.Y.; Dorian, P; Shestakovska, O.; Connolly, S.J. The CHA2DS2-VASc
score identifies those patients with atrial fibrillation and a CHADS2 score of 1 who are unlikely to benefit from oral anticoagulant
therapy. Eur. Heart ]. 2012, 34, 170-176. [CrossRef]


http://doi.org/10.1093/eurheartj/ehs295
http://www.ncbi.nlm.nih.gov/pubmed/23048195
http://doi.org/10.1016/j.ahj.2008.08.026
http://www.ncbi.nlm.nih.gov/pubmed/19081413
http://doi.org/10.1016/j.ijcard.2016.02.085
http://www.ncbi.nlm.nih.gov/pubmed/26942330
http://doi.org/10.3390/jcm9113642
http://doi.org/10.1016/j.ijcard.2012.11.009
http://www.ncbi.nlm.nih.gov/pubmed/23201078
http://doi.org/10.1016/j.amjcard.2013.08.019
http://doi.org/10.1097/mca.0000000000000429
http://www.ncbi.nlm.nih.gov/pubmed/27622995
http://doi.org/10.1093/eurheartj/ehy394
http://doi.org/10.1093/ejcts/ezx334
http://doi.org/10.1016/j.jaccao.2021.08.011
http://www.ncbi.nlm.nih.gov/pubmed/34988471
http://doi.org/10.4244/eij-d-20-00052
http://www.ncbi.nlm.nih.gov/pubmed/32065586
http://doi.org/10.1016/j.jacc.2016.05.085
http://www.ncbi.nlm.nih.gov/pubmed/27561762
http://doi.org/10.1016/j.jacc.2021.11.034
http://www.ncbi.nlm.nih.gov/pubmed/35115098
http://doi.org/10.1016/j.amjmed.2016.01.041
http://doi.org/10.1056/nejmoa1817083
http://www.ncbi.nlm.nih.gov/pubmed/30883055
http://www.ncbi.nlm.nih.gov/pubmed/33250267
http://doi.org/10.1161/circulationaha.118.036248
http://www.ncbi.nlm.nih.gov/pubmed/30586754
http://doi.org/10.1001/archinternmed.2010.271
http://www.ncbi.nlm.nih.gov/pubmed/20837828
http://doi.org/10.1016/s0140-6736(19)31872-0
http://www.ncbi.nlm.nih.gov/pubmed/31492505
http://doi.org/10.1056/nejmoa1708454
http://doi.org/10.1056/NEJMoa1611594
http://www.ncbi.nlm.nih.gov/pubmed/27959713
http://doi.org/10.1093/eurheartj/ehs314

J. Clin. Med. 2022, 11,1792 19 of 19

132.

133.

134.

135.

136.

137.

Lip, G.Y,; Frison, L.; Halperin, J.L.; Lane, D.A. Comparative Validation of a Novel Risk Score for Predicting Bleeding Risk
in Anticoagulated Patients with Atrial Fibrillation: The HAS-BLED (Hypertension, Abnormal Renal/Liver Function, Stroke,
Bleeding History or Predisposition, Labile INR, Elderly, Drugs/Alcohol Concomitantly) Score. J. Am. Coll. Cardiol. 2011,
57,173-180. [CrossRef]

Hijazi, Z.; Oldgren, J.; Lindbéck, J.; Alexander, J.H.; Connolly, S.J.; Eikelboom, J.W.; Ezekowitz, M.D.; Held, C.; Hylek, EM,;
Lopes, R.D,; et al. The novel biomarker-based ABC (age, biomarkers, clinical history)-bleeding risk score for patients with atrial
fibrillation: A derivation and validation study. Lancet 2016, 387, 2302-2311. [CrossRef]

Urban, P.; Meredith, I.T.; Abizaid, A.; Pocock, S.J.; Carrie, D.; Naber, C.; Lipiecki, J.; Richardt, G.; Iiiguez, A.; Brunel, P; et al.
Polymer-free Drug-Coated Coronary Stents in Patients at High Bleeding Risk. N. Engl. J. Med. 2015, 373, 2038-2047. [CrossRef]
[PubMed]

Varenne, O.; Cook, S.; Sideris, G.; Kedev, S.; Cuisset, T.; Carrie, D.; Hovasse, T.; Garot, P.; El Mahmoud, R.; Spaulding, C.; et al.
Drug-eluting stents in elderly patients with coronary artery disease (SENIOR): A randomised single-blind trial. Lancet 2018,
391, 41-50. [CrossRef] [PubMed]

Watanabe, H.; Domei, T.; Morimoto, T.; Natsuaki, M.; Shiomi, H.; Toyota, T.; Ohya, M.; Suwa, S.; Takagi, K.; Nanasato, M.; et al.
Effect of 1-Month Dual Antiplatelet Therapy Followed by Clopidogrel vs 12-Month Dual Antiplatelet Therapy on Cardiovascular
and Bleeding Events in Patients Receiving PCI: The STOPDAPT-2 Randomized Clinical Trial. JAMA J. Am. Med Assoc. 2019,
321, 2414-2427. [CrossRef]

Windecker, S.; Latib, A.; Kedhi, E.; Kirtane, A.J.; Kandzari, D.E.; Mehran, R.; Price, M.].; Abizaid, A.; Simon, D.I.; Worthley, S.G.;
et al. Polymer-based or Polymer-free Stents in Patients at High Bleeding Risk. N. Engl. . Med. 2020, 382, 1208-1218. [CrossRef]
[PubMed]


http://doi.org/10.1016/j.jacc.2010.09.024
http://doi.org/10.1016/s0140-6736(16)00741-8
http://doi.org/10.1056/nejmoa1503943
http://www.ncbi.nlm.nih.gov/pubmed/26466021
http://doi.org/10.1016/s0140-6736(17)32713-7
http://www.ncbi.nlm.nih.gov/pubmed/29102362
http://doi.org/10.1001/jama.2019.8145
http://doi.org/10.1056/nejmoa1910021
http://www.ncbi.nlm.nih.gov/pubmed/32050061

	Introduction 
	Search Strategy 
	Selection Process 
	The Pathophysiologic Mechanism of Coronary Artery Disease in Cancer Treatment 
	Epidemiology 
	Chemotherapy and ACS Risk 
	Radiotherapy and ACS 
	Clinical Presentation 
	Management 
	Cancer and Percutaneous Coronary Intervention 
	Pharmacological Treatment of ACS in Cancer Patients 
	Platelet Concentration Thresholds for Individual Elements of the Therapy 

	Discussion 
	Limitations 
	Conclusions 
	References

