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 The issues of the development of various complications from the 

cardiovascular system, including very severe ones, with the development 

of a lethal outcome in cancer patients receiving chemoradiation therapy 

are considered. It is necessary to consider the possibility of developing not 

only acute cardiotoxicity, but also various complications from the 

cardiovascular system after the completion of antitumor treatment. The 

algorithm for preparing patients for chemoradiation therapy must 

necessarily include an examination of the cardiovascular system before 

starting treatment, in the future, regular examination is required during 

therapy. Long-term dynamic monitoring of patients receiving 

chemoradiation therapy is required for the earliest possible diagnosis of 

cardiovascular complications in the long-term period after the end of 

antitumor treatment. 
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1. INTRODUCTION 

Currently, more and more attention is paid to cardiotoxicity, which develops against the background of 

anticancer treatment. Achievements of modern oncology are associated with the use of effective 

combinations of chemotherapy drugs and radiation therapy, at the same time, some commonly used drugs 

lead to the development of various complications. With an increase in the life expectancy of patients and 

the period of observation of them, the number of late complications of anticancer treatment also increases. 

Some cancers can be completely curable at a certain stage (for example, the patient's lymphoma), and with 

many other cancers, long-term remissions are achieved (for example, with breast cancer). A situation arises 

when, with successful treatment of the underlying disease, there is a likelihood of complications of this 

treatment, including fatalities, both during its implementation and at various periods after its termination. 

As the main "classical" causes of chronic heart failure (CHF) are ischemic heart disease (postinfarction 
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cardiosclerosis, chronic postinfarction left ventricular aneurysm), arterial hypertension and their 

combination, the complications of polychemotherapy are cardiomyopathies (CMF, most often dilated) and 

myocarditis. Various recommendations for the diagnosis and treatment of heart failure (HF) refer to toxic 

and radiation effects on the myocardium as its etiological factor [2], [14], [21]. 

 

2. The basics 

A rather large group of chemotherapeutic drugs has a cardiotoxic effect, which can be expressed as 

asymptomatic changes on the ECG, or myocardial infarction, or the development of toxic CMP with 

symptoms of severe heart failure, refractory to treatment. In modern guidelines, two "classic" types of 

cardiotoxicity are increasingly identified: type I (irreversible) - mainly associated with the use of 

anthracycline antibiotics (most often doxorubicin, therefore it is often called "doxorubicin cardiotoxicity") 

and type II (reversible), for example, with using trastuzumab (Herceptin). 

 

Anthracycline cardiotoxicity. To date, a large number of cases of cardiac complications have been 

described that develop against the background of the administration of anthracycline antibiotics, which is 

associated with their high antitumor activity, as well as with their widespread use in various schemes of 

chemotherapeutic treatment [1], [3], [4], [7]. For a long time, there was a hypothesis that the cause of 

anthracycline CMF (ACMP) is the formation of an excess of reactive oxygen species (reactive oxygenic 

formations, ROS) due to the exchange of electrons between the quinone part of the anthracycline and 

oxygen molecules and other electron donors present in cells. Anthracyclines also form complexes with iron, 

which undergo redox reactions that result in oxygen radicals. And although in vitro studies confirmed an 

increase in the amount of ROS in cardiomyocytes after the use of anthracycline antibiotics, neither the use 

of antioxidants nor iron chelators prevented the development of ACMP. 

 

It has recently been shown that topoisomerase 2b is a key mediator of anthracyclines-induced 

cardiotoxicity. Topoisomerase of the second type unwinds DNA strands during its replication, transcription, 

or recombination. In humans, there are 2 types of topoisomerase: topoisomerase 2α (Top2α) and 

topoisomerase 2β (Top2β). It is believed that Top2α is found predominantly in proliferating cells, is 

involved in DNA replication, and is the main molecular target of anthracycline antitumor activity. On the 

contrary, Top2β is found in resting cells, including cardiomyocytes. Unfortunately, she is also exposed to 

anthracycline antibiotics. Inhibition of Top2β by anthracyclines leads to breaks in both DNA strands, which 

leads to the death of myocardial cells. Activation of a transcription factor that regulates the cell cycle and 

apoptosis is also a factor in the onset of doxorubicin cardiotoxicity. Top2β is also an important factor in the 

activation of p53 in response to anthracycline antibiotic damage to DNA in the cardiomyocyte, and its 

induction of increased ROS production is a consequence of the Top2β-dependent decrease in transcription 

of the antioxidant enzyme gene. Doxorubicin also reduces the expression of uncoupling proteins 2 and 3, 

which regulate mitochondrial ROS production. Moreover, Top2β + anthracyclines significantly reduce the 

activity of the activated coactivator 1-α receptor-g and the coactivator 1-β receptor-g- activated by the 

proliferator of the peroxisome, which sharply disrupts mitochondrial biogenesis. 

 

Thus, the effect of anthracycline on Top2β is a key factor in the development of cardiotoxicity. At the same 

time, removal of Top2β from the heart of mice protects them from the development of ACMP. In contrast, 

hemochromatosis enhances the action of Top2β, promoting an increase in the production of ROS [19]. 

 

For example, polychemotherapy cycles ABVD (adriamycin, bleomycin, vinblastine, dacarbazine) or 

BEACOPP (cyclophosphamide, adriblastin, vepezide, procarbazine, prednisolone, bleomycin and 

vincristine) are used for the treatment of pancreatic lymphoma (adriamycin, bleomycin, vinblastine, 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 05, October, 2021 

  

2039 
 

dacarbazine); Therefore, we can talk about “anthracycline cardiotoxicity” when cardiac complications 

appear, but it is necessary to consider the effect of other drugs included in the scheme. At the moment, there 

is no unified classification of the cardiotoxicity of chemotherapeutic drugs, which can develop at different 

times from the start of treatment. For anthracycline cardiotoxicity, it is accepted to divide by the timing of 

its occurrence into acute, subacute, chronic and late chronic. The 2012 ESMO guidelines provide the 

following classification of cardiotoxicity associated with anthracycline antibiotic treatment: 

 

• Acute - occurs in less than 1% of patients immediately after drug administration, reversible. 

 

• Acute onset chronic progressive - occurs in 1.6-2.1% of cases during chemotherapy or in the first 

year after it. 

 

• Late onset chronic progressive - occurs in 1.6-5.0% of cases 1 year after the end of chemotherapy. 

 

• Distant (late arising) - 20-30 years after the end of chemotherapy. 

 

At the same time, it is also noted there that there is still little data to create a classification, so it can still be 

revised [10]. 

 

Cardiotoxicity associated with doxorubicin and other anthracyclines is clearly dose- dependent. Thus, it was 

shown that when using a total dose of doxorubicin equal to 300 mg/m2 the likelihood of developing CHF 

was 1.7%, with an increase in the cumulative dose to 400 mg/m2 – 4,7%, at 500 mg / m2 – 15,7%, at 650 

mg/m2 – 48% [15]. Therefore, risk factors for cardiac complications when using anthracyclines are: the total 

dose of the drug; the total dose administered per day or during the course of chemotherapy; the speed and 

order of drug administration; history of mediastinal irradiation; age (under 15 and over 65); female; 

simultaneous administration of other antineoplastic agents (cyclophosphamide, bleomycin, etoposide, 

cisplatin, vincristine, actinomycin, methotrexate); previous therapy with anthracycline antibiotics; 

concomitant diseases of the cardiovascular system; electrolyte imbalance (hypokalemia, hypomagnesemia) 

[1], [3], [4], [7], [9]. 

 

For various oncological diseases, different doses and modes of administration of anthracyclines can be used 

(Table 1). As can be seen from Table 1, the total dose of doxorubicin in the treatment of sarcoma can reach 

720 mg / m2, i.e., the risk of complications will exceed 48%, and cardiotoxicity develops in the form of an 

acute onset of the disease. At the same time, in the treatment of breast cancer, the maximum cumulative 

dose will be 360 mg / m2, and the toxicity of doxorubicin may appear late, years after treatment in the form 

of late onset or distant CMT. 

 

Table 1. Most commonly used anthracyclines [19] 

Oncological disease Doses and mode of 

administration of 

anthracyclines 

Factors that increase the risk of 

cardiotoxicity 

Sarcoma doxorubicin 75-90 mg/m2 х 6 
- 8 cycles 

Infusion 48-72 hours or bolus 15 min 
± dexrazoxane 

Mammary cancer doxorubicin 50-60 mg/m 2 х 4 Prior treatment with trastuzumab 
 - 6 cycles  

 epirubicin 75-100 mg/m 2 х 4 
- 8 cycles 

Bolus administration 
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Lymphomas doxorubicin 40-50 mg/m 2 х 6 
- 8 cycles 

Infusion 48-72 hours or bolus in 15 

minutes 

Leukemia in 

children 

doxorubicin 30 mg/m2 х 10 

cycles 

Bolus in 30 min ± dexrazoxane 

 

• Considering the above, all patients with oncological diseases receiving chemoradiation treatment 

can be considered as patients with CHF stage A according to the ACCF / AHA classification [21], some of 

whom will pass all other stages. 

 

• All people with cancer who receive chemoradiation are a group of patients without structural 

changes in the heart and / or without symptoms of CHF with a high risk of developing HF - stage A. 

 

• In some of these patients, the ejection fraction of the left ventricle of the heart is moderately 

reduced or diastolic dysfunction appears, but the symptoms of CHF are still absent - stage B. 

 

• There is also a group of patients with reduced or low ejection fraction of the left ventricle due to 

cardiotoxicity with symptoms of CHF I-IV functional classes - stage C. 

 

• And, finally, some of these patients with CHF with functional class IV and resistance to standard 

drug therapy, who require interventional treatment, belong to stage D. 

 

2.1 Prevention and treatment of cardiotoxicity 

Primary prevention of anthracycline cardiotoxicity is based on two strategies: 

1. Reduction of potential cardiotoxicity: the use of prolonged infusion of drugs, the use of its 

liposomal forms, the use of less toxic derivatives (for example, epirubicin or idarubicin). 

2. Use of cardioprotective agents: dexrazoxane, β-blockers, angiotensin-converting enzyme inhibitors, 

angiotensin II receptor blockers during polychemotherapy [19]. 

 

The prevention of the development of cardiovascular complications during therapy with anthracycline 

antibiotics is primarily associated with compliance with the recommended doses and duration of infusion. 

As mentioned above, the cardiotoxicity of doxorubicin is directly related to its total dose [15], the same can 

be said about Adriamycin: the risk of developing ACMP when administered at a cumulative dose of 550 mg 

/ m2 is 7%; with an increase in the total dose, this risk increases linearly, reaching 50% (!) at its level of 

1000 mg / m2 [11]. 

 

To date, it is proposed to carry out primary and secondary prevention of the development of ACMP, its 

basic principles have been developed (Table 2). As for the use of drugs for cardioprotection, usually used 

for the treatment of CHF, then, as a rule, studies showing their positive effect are few and they are on a 

small number of patients. So, in 2006, data were published on the protective effect of carvedilol when using 

anthracycline-containing chemotherapy regimens [6]. The study showed that when 12.5 mg of carvedilol 

was used throughout the course of chemotherapy, the LV PI of the heart remained at the same level. At the 

same time, in the control group, a statistically significant decrease in LV FI was noted by more than 10% 

from the initial one. In addition, this group showed a significant decrease in LV diastolic function 

indicators. The researchers associated the mechanism of the cardioprotective action of carvedilol with its 

antioxidant activity, blocking apoptotic signaling pathways. In addition, the possibility of restoring the work 

of Ca2 + -ATPase and blocking the influx of calcium into cardiomyocytes was discussed. However, this 

study was conducted on only 50 patients (25 people received carvedilol, 25 - placebo) [6]. 

https://www.teikyomedicaljournal.com/
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Table 2. Principles of prevention of anthracycline cardiomyopathy 

Clinical situation Prophylaxis Evidence level Class 
 Primary prevention   

High risk for the patient's 
genotype: high level of 

Top2b in leukocytes, 

hemochromatosis gene 
C282Y, etc 

dexrazoxane,  pegylated 
liposomal doxorubicin, 

continuous infusion 

С II b 

Breast cancer metastases, 
doxorubicin dose> 300 mg 
/ m 2) 

Dexrazoxane А I 

Sarcoma dexrazoxane long-term 
infusion 

А II а 

High-risk acute 

lymphoblastic leukemia in 
children 

Dexrazoxane А II а 

All patients receiving 
anthracyclines 

BB, ACE inhibitors, ARA II С II b 

 Secondary prevention   

EchoCG: LV FI, indicators 

of LV longitudinal 
deformity, troponin 

BB, ACE inhibitors, ARA II В II а 

 

Abbreviations: BB - β-blockers, ACE inhibitors - angiotensin-converting enzyme inhibitors, ARA II - 

angiotensin receptor antagonists, ALL - acute lymphoblastic leukemia, Echocardiography - 

echocardiography, LV - left ventricle, Top2b - topoisomerase 2b. 

 

In studies by [8] in 90 oncohematological patients who received intensive therapy with anthracyclines and 

other anticancer drugs, the premature termination of treatment due to the development of CHF was revealed 

in 3 patients in the enalapril + carvedilol group and 11 in the placebo group (P = 0.02), death or CHF - in 3 

and 10 patients, respectively (P = 0.036), death, CHF or FI <45% - in 3 and 11 patients, respectively (P = 

0.02). The authors conclude that the prophylactic administration of enalapril together with carvedilol before 

and during polychemotherapy prevents left ventricular dysfunction [2]. 

 

Secondary prevention begins when signs of LV dysfunction of the heart appear, i.e. with a decrease in PI, a 

decrease in indicators of its longitudinal deformation, an increase in the concentration of troponin I or T, 

NT-proBNP. In such cases, drugs used to treat CHF are used. Understanding the severity and irreversibility 

of ACMP led to the development of an integrated approach to the prevention and treatment of this condition 

in the interaction of a cardiologist and an oncologist / chemotherapist. At the same time, such a scheme can 

and should be used in the treatment of any cardiotoxic drugs. 

 

Before prescribing polychemotherapy, a cardiologist should study the patient's history, identify possible 

diseases or dysfunctions of the patient's heart. The minimum clinical examination before treatment must 

necessarily include an ECG and echocardiography (echocardiography). During the treatment period, 

biomarkers of myocardial damage should be investigated: troponin I or T, NT-proBNP. The slightest 

deviations in these indicators during treatment should be carefully analyzed. These patients, after the end of 

chemotherapy and recovery from cancer or a favorable course of remission, should be constantly monitored 

by a cardiologist. 
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The most difficult task facing the cardiologist and oncologist is the decision on the possibility or 

impossibility of starting, as well as continuing or stopping effective treatment of cancer in the event of signs 

of LV dysfunction of the heart and / or CHF. In addition, it must be remembered that there are anticancer 

drugs, the side effect of which is vascular pathology, leading to CHF and vascular accidents. For example, a 

side effect of vascular endothelial growth factor inhibitors (VEGF inhibitors) is the development of arterial 

hypertension due to an increase in vascular tone during their use due to a decrease in nitric oxide production 

and the ability of smooth muscles to relax. An increase in peripheral vascular resistance thus contributes to 

further damage to the endothelium, its desquamation and dysfunction, and changes in capillaries. This is a 

large group of drugs used in many cancers, consisting of two subgroups that have a similar effect: 

monoclonal antibodies to VEGF (bevacizumab) and low molecular weight tyrosine kinase inhibitors 

(sorafenib, sunitinib, pazopanib). For the treatment of arterial hypertension caused by these drugs, 

conventional antihypertensive drugs are used, considering drug-drug interactions. An increase in blood 

pressure can also occur with the use of other anticancer drugs: alkylating (cyclophosphamide, 

ifophosphamide), immunosuppressants (cyclosporine, tacrolimus), etc. [11]. 

 

The examination of patients over 35-40 years old should include methods for detecting coronary heart 

disease, including a study with physical activity. This is especially true for patients who are prescribed 

antineoplastic drugs that provoke vasospasm, damage to the coronary arteries with the development of 

angina pectoris and acute coronary syndrome, and associated severe life-threatening arrhythmias. 

Moreover, drugs such as 5-fluorouracil and capecitabine can lead to these serious consequences 

immediately after the start of treatment. The use of VEGF inhibitors and some drugs used in oncology can 

also lead to the appearance of angina attacks and myocardial infarction. In this case, all possibilities should 

be used to exclude stenosis of the coronary arteries: radionuclide methods, multispiral computed 

tomography and coronary angiography [7], [11]. 

 

3. Conclusion 

For the timely detection of signs of cardiotoxic damage to the cardiovascular system and the appointment of 

the necessary therapy for patients with malignant tumors, an extended examination and joint observation by 

oncologists and cardiologists are recommended. The examination of patients must be carried out without 

fail before the upcoming treatment, during its implementation and for many years after its completion, 

taking into account the complications developing in the long-term period, dynamic monitoring of these 

patients should be virtually lifelong. All of the above sets new tasks for cardiologists and therapists: 

knowledge of the manifestations of cardiotoxicity, taking measures to prevent them, timely detection and 

treatment of cardiotoxicity developing against the background or after the end of therapy for oncological 

diseases. 
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