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ABSTRACT
Cardiovascular diseases (CVD) and malignant neoplasms (MN) are the main
reasons of 70 % of death because of diseases in the developed countries.
Success in treating MN has led to increased life expectancy of patients and
accordingly increased the number of comorbide patients. It also should be
noted that a great number of patients with malignant neoplasms or
oncopathology have cardiovascular disease in their anamnesis, and as it was
discovered, this disease is the main reason of death in patients recovered from
oncological disease. The rate of the risks for the patient according to
characteristics of the diseases and treatment, and close connection with
oncologists are vitally necessary to determine the optimal strategies of
treatment in this population. According to the above mentioned, the actuality
of treatment cardiovascular pathology and prevention cardiotoxicity
connected to chemotherapy of MN have become obvious.

INTRODUCTION
Cardiovascular diseases (CVD) and malignant neoplasms
(MN) are the main reasons of 70 % of death because of
diseases in the developed countries [1]. Success in treating
MN has led to increased life expectancy of patients and
accordingly increased the number of comorbide patients.
[2]. It also should be noted that a great number of patients
with malignant neoplasms or oncopathology have
cardiovascular disease in their anamnesis, and as it was
discovered, this disease is the main reason of death in
patients recovered from oncological disease. [3]. The rate
of the risks for the patient according to characteristics of
the diseases and treatment, and close connection with
oncologists are vitally necessary to determine the optimal
strategies of treatment in this population. According to the
above mentioned, the actuality of treatment
cardiovascular pathology and prevention cardiotoxicity
connected to chemotherapy of MN have become obvious.
[2].
Different stages of malignant neoplasms can be revealed in
15 % of patients with acute coronary syndrome (ACS) that
is a serious therapeutic problem. [4]. According to the data,
the frequency of ACS in patients with the firstly diagnosed
cancer is especially high during the first 6 months, since
the moment of the diagnosing, and also at the last stages of
the disease.[5] In spite of high prevalence of MN, these
patients were excluded from all the controlled
examinations, which were used to determine the best
tactics for treating ACS.[6] Besides, oncological diseases
are absent in all the modern scales of the risk stratification,
used to determine the risk of ischemic disease and
bleeding, in spite of the fact that occurrence of MN has
much more serious consequences than accompanied
diseases, included into these rates. Taking into account
saying above, in the modern literature there is restricted
information about clinical outcomes of the hospital
treatment of acute myocardial infarction (AMI) in patients
with MN, as the researches in the modern literature don’t
make any difference between current and previous
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oncological disease, type of onco process and occurrence
of metastasises [7,8].
When ACS occurs in patients with MN a number of
problems arise, such as accepting of therapeutic decision
(including usage of antiaggregants in case of
thrombocytopenia),
indications
for
invasive
revascularization, bleedings, and necessity of cancer
treating. It should be noted that specific risk factor of
developing ACS is thrombocytopenia (TP) that is a
frequent complication of chemotherapy and radiation
therapy. Level of cardiotoxicity of chemotherapeutic
medicines is still unknown properly. The main reasons for
developing ACS in patients with MN are developing of
acute endothelial dysfunction, spasm of coronary arteries
[9], direct affection of cardiomyocytes and also
hypercoagulation [10]. Severity of TP depends on the
duration of held chemotherapy, type and dose of the used
medicine [11, 12]. Such processes as DIC – syndrome
(disseminated intravascular coagulation) and thrombotic
microangiopathy complicate severity of TP. [11]. Risk of
bleeding complication in oncological patients increases
when increasing the rate of TP (decreasing of number of
thrombocytes in blood). To understand the concept of
vascular thrombosis in cancer patients for arterial and
venous thrombosis, it is important to keep in mind the
Virchow triad, blood clotting system, and fibrinolysis [13].
Cancer cells express tissue factor, and subsequently attract
factors VII / VIIa to the cell surface, which leads to a
powerful activation of the coagulation cascade, thrombin
production, and platelet activation [13], which are mainly
mediated by stimulation of their surface receptors (for
example, PAR-1 and PAR-4 receptors, P2Y12 receptor, and
thromboxane receptor) in response to various ligands.
Tumor cells can produce these ligands, including ADP and
thromboxane A2, in addition to thrombin and tissue factor.
While in the bloodstream, a circulating tumor cell (CTC)
interacts with other cells, such as platelets, using tumorinduced platelet aggregation (TCIPA). This type of platelet
aggregation has recently been increasingly recognized and
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considered a "loop of platelets and cancer", which is
explained by the bidirectional (amplifying) connection
between platelets and tumor cells [14]
Activated platelets support tumor growth, metastasis, and
angiogenesis [15]. Angiogenesis is associated with
vascular endothelial growth factor (VEGF). The tumorderived VEGF-A triggers the release of von Willebrand
factor from endothelial cells [16]. Thus, it is the process of
hypercoagulation that is primarily influenced by the
malignancy itself, while the vascular wall is the second
element and is an integral part in addition to the release of
von Willebrand factor, thereby contributing to platelet
activation and aggregation [17]. Stasis, in turn, is
determined by the initial conditions of a particular patient.
The above pathogenesis is a clear indicator that CHD can
be diagnosed already at the time of setting the cancer
process, as it happens in about 20% of patients over 75
years of age. However, CHD can be asymptomatic and can
only be detected during treatment of neoplasm [18].
In addition, current recommendations for ACS are based
on studies that exclude patients with ACS due to cancer, so
they are not easy to include in randomized clinical testing.
And the question of why some patients with the same
malignancies, undergoing the same radiation and
chemotherapy with similar polypathia, develop ACS
remains open.
In his systematic review and meta-analysis of Roule et al
we evaluated the impact of malignancy on early and late
mortality from all causes and because of ACS, including STsegment elevation myocardial infarction (STEMI) and / or
percutaneous coronary intervention (PCI). The results of
this analysis demonstrate that patients with cancer and
ACS have an increased rate of bleeding, hospital and oneyear cardiac mortality. All-cause mortality, measured in
hospital and one year later, was also significantly higher in
cancer patients, as was all-cause mortality in cancer
patients who had undergone PCI. In contrast to short-term
results, long-term cardiac mortality rates did not differ
significantly between the groups. The results of this study
highlight three important points. First, patients suffering
from oncopathology belong to the elderly, with many coexisting diseases, that is important for the prognosis of
ACS, regardless of the malignant status. Second, cancer
patients have higher heart mortality rates measured in the
in-patient clinic and in the hospital. Third, cancer patients
represent an extremely heterogeneous population, which
requires an individual approach and managing in the
hospital [19]. Recently, in a large Danish population cohort
study they evaluated the risks of myocardial infarction,
ischemic stroke (IS), venous thromboembolism (VTE), and
bleeding (requiring hospital treatment) in patients with
hematopoietic malignancy. The absolute 10-year risk of
any thromboembolic events or bleeding was 19%, and the
percentages of myocardial infarction, ischemic stroke, VTE,
and bleeding were 3.3%, 3.5%, 5.2%, and 8.5%,
respectively. It should be noted that the risk of
thromboembolic events exceeded the risk of bleeding in all
patients, with the exception of patients with acute myeloid
leukemia (AML), acute lymphocytic leukemia (ALL) or
myelodysplastic syndrome (MDS).
In general, patients with hematopoietic malignancy were
at increased risk of acute myocardial infarction (AMI) (risk
ratio (RR) 1.36, 95% confidence interval (CI) 1.25–1.49),
ischemic stroke (RR 1.22, 95% CI 1.12–1.33) , VTE (RR
3.37, 95% CI 3.13–3.64) , and bleeding (RR 2.39, 95% CI
2.26–2.53) relative to the general population. In a Danish
study, the 10-year incidence rate for thromboembolic
complications in chronic lymphocytic leukemia(CLL) was
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7.94% (compared to 6.07 in the comparison cohort) with
an RR of 2.18 (1.80–2.63), while the corresponding values
for AMI and ischemic stroke were 7.68 and 6.20% (RR of
1.31 (1.09–1.57) and 0.95 (0.78–1.15), respectively) [20].
Pathogenesis
The risk of cardiovascular disease varies depending on the
type of malignancy and the therapy that the patient has
undergone [21]. Despite the fact that malignancy and CVD
are two different pathogenetic processes, there is a
significant overlap in etiopathogenesis. Common
epidemiological risk factors include well-known ones: age,
smoking, diabetes, obesity, inflammation, and lipid
metabolism disorders [22].
A significant contribution to the development of
malignancy and CVD is made by the metabolic syndrome.
Metabolic syndrome is characterized by an increase in
visceral fat mass, a decrease in peripheral tissue
sensitivity to insulin, hyperinsulinemia and, as a result, a
violation of carbohydrate, lipid, purine metabolism and
arterial hypertension [23]. The effect of metabolic
syndrome on CVD is not in doubt. It is a long-established
fact that each component of the metabolic syndrome is an
independent risk factor for cardiovascular disease, and the
combination of these factors increases the frequency and
severity of CVD.
Studies of high mortality from malignancy in cases of
metabolic syndrome are of greater interest [24]. In a 14year follow-up of 33,230 men (28% with metabolic
syndrome) aged 20 to 88 years without an established
cancer diagnosis, it was found that patients with MS had a
56% higher incidence of malignancy. The risk of mortality
was 83% higher in individuals with 3 or more components
of the metabolic syndrome than in individuals who had
none [25]. The risk factors and life expectancy study
followed 21,311 men and 15,991 women for an average of
7 years. The results showed that metabolic syndrome
significantly increased colorectal cancer mortality (RR
2.96; CI1,05-8,31) for men, RR 2.71; CI 0.59-12.50) for
women, RR 2.99; CI 1.27-7.01) together [26].
As for the individual components of MS, according to some
research, dyslipidemia, arterial hypertension, insulin
resistance, and fatness have a certain role in the
development of cancer. For example, low levels of highdensity lipoprotein cholesterol (HDL) are reported to be
associated with an increased incidence of lung cancer, and
people with very low HDL (≤20 mg / DL) have a 6.5-fold
increased risk of cancer [27]. It was found that high levels
of low-density lipoprotein cholesterol are associated with
the development of hematological malignancies
(approximately 15 times more) [28]. The most convincing
evidence for the Association of metabolic syndrome and
cancer is focused on obesity and hyperinsulinemia/insulin
resistance [29]. Insulin is the main anabolic hormone that
stimulates cell proliferation, and it is assumed that its
effect on cancer cell proliferation is associated with the
stimulation of insulin-like growth factor 1(IGF-1). Growth
hormone is the main stimulator of IGF-1 production in the
liver, and insulin stimulates IGF-1 production in the liver
by activating growth hormone receptors [30].
Hyperinsulinemia also increases the bioavailability of IGF1 by reducing hepatic secretion of IGF-binding proteins-1
and 2. the IGF Receptor is overexpressed in breast and
colon cancer, and its activation activates the p21 ras /
mitogen-activated protein kinase (MAPK) pathway and
the phosphatidylinositol-3 kinase / AKT pathway for cell
proliferation [31].
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The role of proinflammatory cytokines
After the discovery of the link between TNF-α and insulin
resistance, a larger number of cytokines were the focus of
attention to identify similar associations, including IL-1β,
IL-6, IL-8, IL-10, macrophage inflammatory protein-1, and
monocyte chemoattractant protein-1. For example, TNF-α
and IL-1β activate the IKKβ / NF-KB and JNK pathways in
adipocytes, hepatocytes, and associated macrophages and
cause insulin resistance [32]. Inflammation is connected
with many types of cancer, including cancer of the stomach,
pancreas, esophagus, liver, gallbladder, and colorectal
cancer [33,34]. El-Omar and the others shown that the
carrier of multiple proinflammatory polymorphisms of the
IL-1Bo, TNF-α, and IL-10 receptor antagonist poses a
greater risk, with an OR (and 95% CI) of 2.8 (1.6-5.1) for
one, 5.4 (2.7). -10.6) for 2, and 27.3 (7.4–99.8) for 3 or 4
high-risk genotypes [35]. The above-mentioned cytokines
also lead to cancer cachexia, thereby increasing cancer
mortality [36]. In a study by Mantovani et al. serum levels
of IL-1α, IL-6, and TNFa were significantly higher in cancer
patients than in healthy people [37]. Cytokines, reactive
oxygen products, and inflammatory pathways (NF-KB)
have been found to cause cancer by reducing the function
of tumor suppression with an increase in the cell cycle and
stimulation of oncogen expression [38].
The pathological mechanisms of ACS in cancer patients
differ significantly from those in the General population.
They include not only rupture of the coronary artery
plaque, but also increased prothrombotic status,
endothelial dysfunction, and vasospasms [39]. Previous
studies have observed that ACS occurs mainly in patients
with advanced cancer (61% of patients had metastases)
and with STEMI as the predominant type of ACS [40]. It
should be noted that previous studies have shown that ACS
was most common in patients with lung cancer, followed
by patients with stomach cancer [41].
In recent years, the term "clonal hematopoiesis with
uncertain potential" (CHIP) has been coined to describe
people who acquire somatic mutations in bone marrow
hematopoietic stem cells [42]. Only in a minority of
patients (0.5–1% per year), these cells can lead to the
generation of clones of mutated white blood cells that
populate the peripheral blood and eventually develop
acute leukemia. However, CHIP increases the frequency of
cardiovascular events (AMI and AI) by 40% [43]. Genes
associated with CHIP are DNMT3A, TET2, ASXL1, PPM1D,
JAK2, TP53, SF3B1, and SRSF2, genes that are often
involved in the pathogenesis of myelodysplastic syndrome
and AML (acute myeloid leukemia). The results of
experiments on mice suggest a direct mechanism by which
the CHIP mutation can accelerate atherosclerosis [44].
Treatment
Treatment of ACS patient with cancer should be based on
a thorough assessment and determination what type of
ACS he has, its etiology, and the treatment regimen of the
tumor. This makes it possible to apply a more individual
approach to treatment and the use of interventional
methods of treatment [45].
The importance of conservative therapy and
interventional treatment of cancer patients with ACS was
highlighted in a large retrospective analysis conducted by
Guddati et al., which showed that even patients with
metastatic disease benefit from this therapy [46]. Each
patient with ACS and cancer should be considered for
treatment based on approved recommendations,
including not only interventional treatment, but also
conservative treatment, including aspirin, if it is not
contraindicated, for example, in TP. Therefore, when
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prescribing ASA, it is very important to monitor the level
of platelets. Restoration of coronary blood flow in ACS in
cancer patients is the main type of strategy. There are no
specific protocols for the necessary thrombolytic therapy,
but researchers Conti, et al. it is assumed that the
restoration of blood flow can be performed even with low
platelet counts, given the presence of signs of bleeding [47].
According to a study conducted at the Subcarpathian
cancer center between 2012 and 2018, it was found that
the use of aspirin was associated with a reduced risk of
death [48]. No Association with the risk of death was
observed for other drugs for the treatment of ACS,
including ACEI and ARBS [49]. And it should be noted that
invasive treatment and the use of aspirin in the acute
phase of ACS are associated with better survival, even
taking into account the progression of the tumor process
[50]. Nosocomial and 30-day all-cause mortality, as well as
documented bleeding-related complications, did not differ
between groups of patients with and without ZNO,
suggesting a comparable perioperative risk in this study
[51].
Patients diagnosed with STEMI at discharge from a singlecenter examination between 2000 and 2006 showed a low
level of catheter revascularization, amounting to only
3.3%, since non-invasive therapy is often preferable for
cancer patients. The study included patients who were
examined by coronary angiography during inpatient
cancer treatment and compared with the control group.
The severity of CHD determined by the SYNTAX scale, and
the distribution for 1-, 2- , or 3-vascular diseases did not
differ significantly in the presence or absence of ZNO.
However, the frequency of PCI was lower in cancer
patients, especially in patients diagnosed with STEMI [52].
A study was conducted to assess the Association of
bleeding after discharge with newly diagnosed cancer
after ACS. A single-center study included 3,644 patients
with ACS who were discharged with double antiplatelet
therapy, who underwent PCI, and were selected to
investigate the relationship between post-discharge
bleeding and the diagnosis of ZNO. During the average
follow - up period of 56.2 months, bleeding was reported
in 1,216 patients, and newly diagnosed cancer was
reported in 227 patients. Bleeding after discharge was
associated with ZNO (HR 3.43, 95% CI 2.62 to 4.50),
spontaneous bleeding (HR 4.38, 95% CI 3.31 to 5.79) [53].
The BleeMACS study demonstrated that the presence of
cancer in patients undergoing PCI negatively affects the
prognosis and is the strongest predictor of death or
recurrent heart attack and bleeding after ACS in the 1st
year of follow-up. On the other hand, cancer patients who
develop ACS and undergo interventional treatment benefit
from such therapy and have a better cardiovascular
prognosis than those who are not considered for invasive
treatment [54]. The presence of a malignant neoplasm, as
shown in the Dutch registry of stent thrombosis, is an
independent predictor of stent thrombosis [55].
In cancer patients, previously preference was given to
holometallic stents, while data in the General population
clearly indicate in favor of drug-coated stents. It is
interesting to note that an extensive analysis of data from
a National sample of patients for hospital discharge in the
United States between 2004 and 2014 showed better
results in cancer patients and PCI when treated with drugcoated stents, compared to uncoated stents [56]. Another
study documented significantly higher in-hospital
mortality in patients with lung cancer who underwent PCI
[57].
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In the Duke study, the various subgroups of patients that
were studied included "pre-PCI ZNO" (any pre-PCI ZNO
treatment), "post-PCI ZNO" (patients who received postPCI ZNO treatment), and "recent cancer process" (1-year
pre-PCI ZNO treatment). In this database, most patients
received PCI for acute coronary syndrome. The adjusted
risk of long-term cardiovascular mortality did not differ
significantly in patients with pre-PCI ZNO and in patients
without cancer. However, the risk of death from
cardiovascular diseases was significantly higher for
patients with ZNO after PCI than for the control group [58].
Analysis of data from the Mayo clinic's PCI registry, which
included patients with STEMI, revealed that cancer
patients had higher community-acquired mortality, but
the same cardiac mortality as in the control group. Even
after 6.2 years of the average follow-up period, higher
mortality in the cancer group was due to non-cardiac
causes [59].

5.

CONCLUSION
Patients with current or established cancer who have AMI
have more comorbidities compared to patients without
cancer. The presence of disorders associated with the
pathogenesis of carcinogenesis and changes in the
bloodstream necessitates the study and development of a
special treatment regimen for cancer patients. Most of
these patients are treated conservatively without PCI, and
outcomes such as hospital mortality and cardiovascular
disease become much higher. In addition, there are
significant differences in clinical outcomes noted among
different types of neoplasm. The presence of metastases is
associated with worse clinical outcomes regardless of the
type of cancer. Due to the complete lack of data from
randomized trials, physicians are often confronted with
numerous clinical and therapeutic mysteries in the
treatment of cancer patients with ACS. These patients
should be approached from a multidisciplinary
perspective, including cardiology and oncology,
positioning the current ACS in the context of the expected
prognosis and adapting treatment accordingly.
The study was carried out within the framework of the
scientific and technical program BR05236375 "Study of
the genetic risk of diseases associated with metabolic
syndrome in the Kazakh population", commissioned by the
" Committee of science of the Ministry of education and
science of the Republic of Kazakhstan»
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