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ABSTRACT

Coexistence of cardiovascular diseases and cancer is more and more common in everyday practice.

This is due to the aging of the population and the fact that most of the classic cardiovascular risk

factors also predispose to cancer. During anti-cancer treatment, cardiovascular components may be

damaged and eventually lead to acute coronary syndrome. The first part of the review article pre-

sents the pathophysiology, clinical presentation and key elements of the diagnostic process of this

life-threatening condition in cancer patients.
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INTRODUCTION

It seems that it was long ago when oncology and cardiology
were treated as distant, foreign fields that have no common are-
as of interest with each other. Cardiovascular diseases (CVDs) and
cancer are all together responsible for over 2/3 of deaths in the
world [1]. The absolute number of people with cancer increases
from year to year. This is due to a higher incidence, better detec-
tion and increasingly effective anti-cancer treatment.

Due to the enormous progress that has been made in oncolo-
gy in the last 20 years, patients with cancer have an increasingly
better prognosis now. In many cases, recently deadly conditions
can be successfully cured nowadays. It is estimated that around
16-17 million people cured of cancer live in the United States
(US), which is about 4% of the total population [2]. Even if there
is no complete cure, many months, sometimes long-term remis-
sions are obtained, and cancer becomes chronic, just like most
of the CVDs. What is more, many cancers have a better prognosis
than some of the CVDs. The best example is chronic heart failure
(CHF), in which 5-year survival is significantly worse when com-
pared to the survival in breast cancer in women or prostate can-

cer and colorectal cancer in men [3].

However, high effectiveness of novel cancer therapies come at
a price, which are side effects. If they appear within the circula-
tory system, it is called cardiotoxicity. Cardiotoxicity that occurs
during treatment may lead to its discontinuation - in this situa-
tion we are talking about early cardiotoxicity.

This complication limits the oncological prognosis by prevent-
ing completion of therapy. Cardiotoxicity may also develop after
successful oncological treatment. Sometimes it occurs in cancer
survivors after many years of treatment completion, and limits
overall survival and worsens quality of life. What is important,
cardiotoxicity can affect every element of the circulatory system,
including coronary arteries [4].

Coexistence of CVDs and cancer is more and more common in
everyday practice. This is due to the aging of the population (age
is a risk factor for both diseases) and the fact that most of the
classic cardiovascular risk factors also predispose to cancer [5-7].
During effective oncological treatment, components of the car-
diovascular system may be damaged and ultimately generate
CVD.

The presence of two potentially fatal diseases in one patient en-

tails many diagnostic and therapeutic difficulties and is the cause
of poor prognosis. Prediction depends on the simultaneous op-
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timal treatment of both cancer and CVD [8]. For this reason, the
presented review attempts to systematize knowledge about the
coexistence of active cancer and acute coronary syndrome (ACS)
from the perspective of a practicing cardiologist.

There is no precise data on the coexistence of both the ACS and
cancer. It is estimated that cancer in different stages is present
in 15% of patients hospitalized due to ACS [9]. Absolute num-
bers and percentages of patients with ACS and cancer in hospi-
tal statistics are increasing every year. In a retrospective analysis
of American data from the National Inpatient Sample (NIS) — the
largest database in the US recording hospitalizations, patients with
current cancer constituted 1.8%, while after successful oncologi-
cal treatment 5.8% of the population of patients who underwent
coronary angioplasty [10]. A distinction should be made between
patients with active cancer during oncological therapy and/or di-
agnostic process and cancer survivors. The nature of the disorders
and problems is different in both groups. The discussed issues in
the presented study mainly concern patients with active cancer.

Cancer affects all tissues of the body and along with oncologi-
cal treatment influences the heart muscle and vessels, including
coronary arteries. At the time of diagnosis of the proliferative
process, but before starting any therapy, approximately 50% of
patients have elevated levels of highly sensitive cardiac tropon-
ins and natriuretic peptides [11]. This phenomenon indicates the
adverse effects of cancerous tissues on the heart, which releases
markers indicating damage and its overloading.

On the one hand, oncological treatment generates cardiovascu-
lar damage, on the other hand, it has been noticed that chronic
cardiological diseases predispose to proliferative processes and
cancer. It seems that cancer develops more frequently in patients
with CHF [12]. Recent observations indicate that even after a my-
ocardial infarction, the risk of developing cancer increases [13].
These observations strongly suggest involvement of the same
risk factors and similar pathophysiological mechanisms in the
development of both CVDs, including atherosclerosis (also cor-
onary artery disease) and cancer.

PATHOPHYSIOLOGY OF ACUTE CORONARY
SYNDROME COEXISTING WITH CANCER

Common risk factors of CVDs and cardiotoxicity of oncological
therapy, including the crucial role of inflammation and hyper-
coagulability, are responsible for frequent coexistence of the cor-
onary artery disease (CAD) and ACS with cancer. Many patients
have asymptomatic CAD with often subcritical coronary artery
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changes. They may become symptomatic as a result of inflamma-
tion and coagulation activation caused by cancer [14, 15]. The in-
creasing incidence of ACS and cancer is shown clearly in the sta-
tistics. The extending survival of the whole population increases
the risk of developing both conditions. There is also increasing
evidence that classic CVD risk factors are common to heart and
cancer diseases. This mainly applies to such risk factors as smok-
ing, obesity, sedentary lifestyle and hypercholesterolemia [16].
Predisposing gene mutations have also been identified both for
the development of cancer and for atherosclerotic diseases, in-
cluding myocardial infarction [17, 18]. In patients with endotheli-
al dysfunction, which is an early stage of atherosclerosis cancers
are more common [19].

Both active cancer and oncological treatment affect the function
of the cardiovascular system in a variety of mechanisms. These
conditions cause endothelial dysfunction, activation of apop-
tosis, dysfunction of tunica media, predispose to a vasospasm
reaction and activation of the coagulation system (including
platelets). They also change the composition of plasma proteins
and the expression of adhesion molecules responsible for proper
communication of the vessel wall with blood elements, by “un-
sealing” the endothelium and thus facilitating penetration into
the vessel walls by lipoprotein molecules, activated macrophag-
es and other inflammatory cells. All these phenomena lead to
accelerated atherosclerosis and finally to the destabilization of
the atherosclerotic plaque until its rupture or ulceration (due to
apoptosis of the endothelial cells that cover it). Additionally in-
terference of neoangiogenesis within the atherosclerotic plaque
and endothelial strokes can lead to its instability [20-22].

Noteworthy is the fact of vascular toxicity (so called vasotoxicity)
caused by oncological therapy. Both classic and so-called “new
generation” drugs - e.g. targeted molecular therapy, can have
a toxic effect on the vessels, including coronary arteries.

From the practical point of view two types of vasotoxicity could
be distinguished: irreversible vasotoxicity - type1 and reversible
- type 2.

Type 1 vasotoxicity causes organic changes that lead to narrow-
ing lumen of the arteries. The mechanism of reversible, type 2
vasotoxicity is based on the drug-induced arterial spasm (vaso-
spasm reaction). In this situation after discontinuation of the
drug activity, the “toxic” effect withdraws.

Drugs causing dilation of the arteries (nitrates, calcium chan-
nel inhibitors) can accelerate dilation or even prevent the va-
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sospasm. The practical division makes it easy to diagnose and
choose the best therapeutic option. Cardiologist assessing the
patient with ACS symptoms should consider used oncological
drugs in the diagnostic and decision-making process. In the sit-
uation where drugs responsible for the type 2 vasotoxicity were
used, the drugs should be withdrawn, vasodilating drugs should
be included in treatment, and only in the next stages an invasive
diagnostics and treatment could be considered.

In turn, from the pathophysiological point of view, vascular toxic-
ity can be divided into three types: A, Band C. Type A - in which
the main role in pathophysiology is advanced atherosclerosis
and the growth of vasoconstrictive plaques. Type B - defined
by the activation of the coagulation pathway leading to clot for-
mation in arteries. Type C - reversible vasospasm. Thus type C is
equivalent to the type 2 vasospasm reaction outlined above [23].

Type A vascular toxicity can be found after the use of bcr-abl ki-
nase inhibitors (Philadelphia mutation) that revolutionized treat-
ment leukemia with this type of mutation. There are three gener-
ations of drugs in this group. The first generation is represented
by imatinib, the second by bosutinib, dasatinib, nilotinib and the
third by ponatinib. The latter is particularly responsible for the
vasotoxic effects. Data from clinical registers and retrospective
analysis of medical databases, reveal that the risk of cardiovas-
cular incidences (cerebral, coronary, peripheral) for ponatinib
ranged from 9% to 42% [24-26]. Vascular incidences when using
these drugs may occur in people without prior atherosclerotic
disease, but they are thought to be more likely if a patient al-
ready had atherosclerosis before. Cardiovascular events can si-
multaneously affect different vascular areas in one patient. These
drugs, by enhancing or accelerating the formation of atheroscle-
rotic plaques, can also give distant vascular consequences man-
ifesting months and even years after completion of anti-cancer
treatment [27]. The exact molecular mechanism responsible for
vascular complications is unknown. Blockage of abl kinase ac-
tivity, which plays an important role in vascular endothelial me-
tabolism, imparies the neoangiogenesis through disrupting the
function of endothelium of healthy vessels [28]. The therapeutic
procedures in type A toxicity during the ACS include evaluation
of distinctions of oncological patients and strict control of risk
factors, antiplatelet therapy, high doses of statins, an angioten-
sin converting enzyme inhibitor (ACE-l)/angiotensin Il receptor
antagonistsl (ARA) and B-blockers (nebivolol is recommended in
this situation).

In type B cardiotoxicity, the main mechanism of causing develop-
ment of ACS is formation thrombi initiated by used oncological
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therapy. Cisplatin and inhibitors of vascular endothelial growth
factor (VEGF) called angiogenesis inhibitors are the main agents
in this group. After using cisplatin and its derivatives an acute,
even multivessel thrombosis was described [29, 30]. Cisplatin
damages arterial endothelium, causing ulcers and erosions, ex-
posing substances activating the coagulation system, which
leads to acute arterial thrombosis [31, 32]. Also in long-term
observations, cisplatin treatment increases the risk of coronary
artery disease and myocardial infarction by 1.5 to 7 times after
10 years. Most often, coronary problems are found in men treat-
ed or cured of testicular cancer [33]. The presence of classical risk
factors increases the likelihood of a vascular incident.

VEGF inhibitors inhibit the formation of new tumor vessels
through impairment of endothelial function. Unfortunately,
these drugs also impair the endothelial function of healthy ves-
sels, causing damage, leading to increased thrombosis and vas-
cular incidents [34]. Drugs that belong to this group are: VEGF
receptor inhibitor — bevacizumab and small molecule tyrosine
kinase inhibitors, which are components of VEGF-associated sig-
naling pathways. This second group includes drugs such as su-
nitinib, sorafenib or pazopanib. Blockage of the extracellular sur-
vival signaling pathways by bevacizumab disturbs the balance
of protective and survival mechanisms of the cells to a lesser
extent than the intracellular one (small molecule kinase inhibi-
tors tyrosine). Hypertension is the most common side effect of
angiogenesis inhibitors [35]. However, blockage of the VEGF
signaling pathways leads to dysfunction of endothelium, also at
the level of microcirculation, reduction of the synthesis of nitric
oxide in favour for constricting factors, including endothelin-1
over vasodilatation substances including nitric oxide [36, 37]. Ex-
perimental studies indicate impaired pericyte function and regu-
lation of myocyte contraction in the arterial wall, which may also
be part of the pathophysiology of vascular incidents, including
ACS [38-40]. Long-term observations suggest that VEGF inhibi-
tors accelerate the growth of atherosclerotic plaques, but do not
cause their destabilization. Probably, by inhibiting the neoangio-
genesis of vessels in atherosclerotic plaques they can contribute
to their stabilization [34]. Management of ACS in type B cardio-
toxicity is based on the standard qualification for invasive treat-
ment, the use of dual antiplatelet therapy (the duration of its use
is still controversial), statins, ACE-I/ARA and -blockers.

Type C of vascular toxicity associated with vasospasm of coro-
nary arteries response most commonly occurs with 5-fluorouracil
(5-FU) or its oral derivatives, such as capecitabine. Both drugs are
often used to treat colorectal cancer. The incidence of coronary
ischemic events with 5-FU varies from 0,1% to 20% [41], twice
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as rare for capecitabine [42, 43]. Symptoms of ischemia usually
occur shortly after the infusion of the 5-FU. It is manifested by
angina pain and ischemic ECG changes (ST elevation/decrease).
Prolonged vasoconstriction may lead to myocardial necrosis
or generate malignant arrhythmias (ventricular tachycardia/
ventricular fibrillation). Also sudden cardiac deaths have been
reported in this population of patients [44]. It seems that the va-
soconstrictor response does not depend on endothelial dysfunc-
tion but on the disruption of normal regulatory mechanisms of
vascular tone [45]. According to this theory, there are premises for
the use of vasodilator nitrates and calcium channel blockers ther-
apeutically and preventively before vasospasm. It is believed that
the presence of atherosclerotic lesions in the coronary arteries
promotes vasoconstrictor response [42, 43]. After stopping the
5-FU infusion, discontinuation of capecitabine and administra-
tion of vasodilators clinical symptoms usually disappear. In such
cases, it should be considered whether indications for invasive
diagnostics are justified. Release of myocardial necrosis markers
(e.g. cardiac troponins) is often observed. The occurrence of car-
diotoxicity usually disqualifies the patient from resumption of
5-FU/capecitabine. If there are no alternative therapies, the re-
use of these drugs must be done with close monitoring of the
electrocardiography (ECG), using smaller, divided doses [46, 47].
Type C vasospastic, reversible toxicity may be caused by taxanes,
less often by bleomycin, gemcitabine and vinca alkaloids. The
molecular mechanisms of vascular toxicity of these drugs are
poorly understood [23].

Another mechanism responsible for cardiac ischemia that should
be considered in an oncological patient is tumor compression or
neoplastic infiltration of the coronary arteries. Mediastinal tum-
ors and lung cancer can compress or infiltrate the anterior inter-
ventricular branch of the left coronary artery. Some lymphomas,
e.g. diffuse large B-cell lymphoma (DLBCL) and thymoma may
occupy the right ventricle and right coronary artery [48]. Similar-
ly, coronary artery involvement by pericardial mesothelioma or
myocardial sarcoma should be considered. Atrial tumors can also

compress coronary arteries.

TYPE 1 AND TYPE 2 MYOCARDIAL INFARCTION IN
CANCER PATIENTS

There are 5 types of myocardial infarction (MI) due to the is-
chemic mechanism [49]. The ischemic mechanism of type 1 MI
is the generation of an unstable atherosclerotic plaque due to
its rupture or erosion and acute thrombus formation that closes
or significantly restricts coronary artery flow. Cancer predisposes
to destabilization of the atherosclerotic plaque (intensification
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of inflammatory processes) and intravascular coagulation. The
tumor itself and oncological drugs activate inflammatory and
thrombotic pathways and damage the endothelium in various
mechanisms. In type 1 MI, the primary goal is to clear the closed

or significantly narrowed coronary artery as soon as possible.

In type 2 M, the balance between myocardial demand and sup-
ply of oxygen is disturbed, and this is not a consequence of cor-
onary artery thrombus formation. Even without changes in the
arteries, oxygen deficiency can occur due to tachycardia, hypoto-
nia, anemia, hypoxia as a result of respiratory failure (e.g. in lung
cancer), infection, sepsis or vasospasm. Patients with cancer of-
ten develop these disorders and they are the main mechanisms
that lead to ischemia. Atherosclerosis may be present in the ar-
tery with type 2 M, but it is usually negligible and its presence
lowers the threshold at which oxygen deficiency occurs, but it is
not the leading ischemic disorder. Type 2 Ml is a common phe-

nomenon in cancer patients.

Most of the knowledge about the treatment of Ml is focused on
his type 1 MI. In type 2 MI, the primary actions must be directed
primarily at the causes that led to the oxygen deficit in myocar-
dium. If coronary artery changes are suspected, coronary angi-
ography should be performed after correcting the disorders that
are the direct mechanism of ischemia, stabilizing the coronary
and circulatory system, correcting metabolic, hematologic and
hydration abnormalities. Then, if coronary angiography and an-
gioplasty are necessary, they will have a lower risk of complica-
tions. Type 2 Ml in the cancer-free population has a worse prog-
nosis than type 1 [50]. There is also no data from clinical trials
about what is the optimal treatment in type 2 MI. The question of
the validity of antiplatelet and anticoagulant treatment remains
open if the thrombus was not involved in the ischemic mecha-
nism and the patient simultaneously has thrombocytopenia and

a very high risk of bleeding.

PROPOSITION OF DIAGNOSTIC SCHEME FOR CANCER
PATIENT WITH SYMPTOMS OF ACUTE CORONARY
SYNDROME

The first step in a diagnostic algorithm in this clinical situation
should be to determine the most likely mechanism of ischemia.
The following should be always considered: type of cancer, type
of oncological therapy, current metabolic and hemodynamic
disorders and comorbidities. Differential diagnosis is impor-
tant, in which it is necessary to consider: pulmonary embolism,
pericarditis and non-cardiac diseases such as gastroesophage-
al reflux disease, pleuritis, pneumothorax. All these conditions
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can often occur in cancer patients. The following ischemic back-
ground symptoms should be considered: 1. reversible mecha-
nism — vasospasm; 2. irreversible - structural - on the basis of
atherosclerotic plague and thrombosis; 3. mechanical compres-
sion of the coronary artery by a tumor. In case of doubt, the
first intervention strategy may be to administer vasodilators:
intravenous nitroglycerin and calcium channel blockers. Im-
aging tests will be helpful in diagnostics, and in justified cases
diagnostic coronary angiography with the intention of revascu-
larization [23].

CLINICAL PICTURE AND DIFFICULTIES IN DIAGNOSING
ACUTE CORONARY SYNDROME IN CANCER PATIENT

The most pathognomonic symptom of ACS is chest pain with
typical presentation. However, coronary pain is less common
as a first symptom in the population of cancer patients. Cancer
patients more often report dyspnoea, and if the pain occurs it is
atypical [51]. Cancer patients take strong analgesics that endure
the perception of pain and its threshold. In turn, radiotherapy
and chemotherapy can lead to destruction of receptors and the
pathways responsible for pain sensation so the threshold sensa-
tion is elevated. A common symptom of myocardial infarction in

patients with active cancer is hypotension [52].

Electrocardiography (ECG) is another element of routine diag-
nosis of ACS. Unfortunately, there are no pathognomonic ECG
symptoms of heart damage caused by cardiotoxic drugs (anth-
racyclines, classic cytostatics orimmunotherapy). They can cause
ECG changes that mimic acute ischemia (ST-T changes, g waves).
Nowadays, increased concentrations of cardiac troponins deter-
mine the diagnosis of MI. However, in about 50% of patients, al-
ready at the time of cancer diagnosis, significantly higher values
of high-sensitivity troponins are found [11]. Also, many anti-can-
cer drugs "unseal" or damage cardiomyocytes, causing “leakage”
of high-sensitivity troponins and an increase of their concentra-
tion in the blood. Therefore, in the biochemical diagnosis of Ml in
this group of patients it is very important to know the baseline
values and the variability of cardiac markers in subsequent, se-
quential determinations.

The criteria for diagnosis of myocardial infarction should be
strictly adhered to according to the current universal definition,
according to which Ml is acute ischemic myocardial injury [49].
It is therefore necessary to demonstrate a sudden, significant
increase and/or decrease in high-sensitivity troponin levels and
to prove that the damage occurred in an ischemic mechanism.
Therefore, in the absence of typical Ml symptomes, in the presence
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of elevated (or even fluctuations typical for myocardial damage)
levels of cardiac troponins, cardiac imaging tests are needed.

The most accessible, non-invasive method of cardiac imaging is
echocardiography, which enables detection of evidence of new
myocardial dysfunction caused by ischemia or necrosis. In cases
where significant narrowing of the coronary artery by a throm-
bus is suspected, computerized tomography (CT) coronary an-
giogram may play an important role [53, 54].

CONCLUSION

Diagnosis of Ml in a cancer patient is a real challenge because of
the often ambiguous and confusing symptoms. Therefore, in the
ACS diagnostic process in this patient population, it is necessary
to take into account the history of the type of cancer, its stage
and type of treatment used.

Summarizing the above, the final diagnosis of ACS and myocardi-
al infarction in a cancer patient can be made only in the context

of all clinical symptoms and data from medical history.
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