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Aim To evaluate risk factors, the cardiovascular status, and the condition of intracardiac hemodynamics 
in patients with multiple myeloma (MM) before the start of specific antitumor treatment.

Material and methods The study included 2 groups with equal number of patients: group 1, 25 patients newly diagnosed 
with MM; group 2 (comparison group), 25 patients with documented cardiovascular diseases 
(CVDs), including arterial hypertension (AH) and ischemic heart disease (IHD). Standard 
laboratory tests, instrumental studies (electrocardiography, echocardiography, 24-h Holter 
electrocardiographic monitoring), and analysis of documented CVD risk factors were performed 
for all included patients.

Results Comparison of these two groups showed that the condition of the cardiovascular system (CVS) 
of patients with MM was comparable with that of patients with documented CVDs. Patients 
of the main group showed significant, moderate positive correlations between indexes of systemic 
inflammation, blood lipid composition, and intracardiac hemodynamics, i.e., concentrations 
of C-reactive protein (CRP) and triglycerides (r=0.415; p<0.05); CRP and very low-density 
lipoproteins (r=0.345; p=0.09); CRP concentration and left atrial volume (r=0.434; p<0.05); and 
CRP concentration and end-diastolic volume (r=0.30; p<0.05). The high risk of cardiovascular 
complications at baseline, in MM patients, may be due to cardiac remodeling associated with active 
systemic inflammation. 

Conclusion Considering the use of potentially cardio- and vasculotoxic drugs for the treatment of MM, 
evaluation of the cardiovascular status and cardio-oncologist/cardiologist consultation with 
selection of  therapy should be a mandatory stage preceding the start of specific treatment.
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Introduction
Cardiovascular diseases (CVDs) and cancer remain 

the leading contributors to the global mortality rate. In 
2019, the incidence of cardiovascular diseases (CVDs) in 
the Russian Federation was 35 per 1,000 people, while 
the occurrence of any type of cancer was 11 per 1,000 
people [1].

Modern techniques supporting early diagnosis and 
effective treatments of cancer, including hematologic 
malignancy, have significantly reduced the mortality 
of the underlying disease. However, the increased 
survival rate and life expectancy among cancer 
patients contributes to the pressing issue of the effects 
of antitumor therapy on the cardiovascular system, 

resulting in the new and rapidly developing discipline 
of cardio-oncology [2]. By decreasing global myocardial 
contractility, many chemotherapeutic agents indirectly 
produce vasculotoxic effects. Moreover, modern target 
drugs and their combinations have cardiovasculotoxic 
properties, as do conventional cytostatics.

For this reason, it is of particular importance to 
assess risk factors (RFs) of CVDs in cancer patients 
before starting any specific therapy. The European 
Society of Cardiology (ESC) has approved guidelines 
for stratifying cardiotoxicity risks depending on the 
chemotherapeutic treatment used [3]. However, there are 
no clear protocols that specify the timing and scope of 
the necessary cardiological / cardio-oncological follow-
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up of patients undergoing antitumor regimens. Therefore, 
the present work investigates RFs of developing CVDs 
and intracardiac hemodynamics in patients with multiple 
myeloma at the time of verifying the underlying disease 
compared to cardiovascular patients without cancer to 
assess the effects of the hematologic malignancy on the 
cardiovascular system.

Multiple myeloma (MM) comprises a malignancy 
of hematopoietic tissue, in which the tumor substrate 
represents a clone of proliferating malignant plasma cells 
producing pathological immunoglobulin [4]. The second 
most common hematopoietic malignancy, MM makes up 
1–2 % of all malignant neoplasms worldwide [5]. The mean 
age of patients at the time of diagnosis is 65–70 years [6, 
7]. In the Russian Federation, the incidence of MM was 
2.8 per 100 thousand people in 2018 [8]. The number of 
such patients is likelyu to progressively increase.

Before starting a specific chemotherapy intervention 
and comparing it with patients with documented CVDs, 
it is necessary to assess the state of the cardiovascular 
system in patients with MM. This should take into account 
the epidemiological features of the paraproteinemic 
hemoblastosis (mean age of manifestation is 65 years and 
older, a documented CVD – or, at least, RFs of developing 
CVDs), as well as the possible direct (deposition of the 
fragments and / or the intact molecule of monoclonal 
paraprotein, fibrillar protein amyloid in the interstitial 
myocardium, plasma cell infiltration of the heart tissue) 
and indirect (electrolyte imbalance, anemia syndrome, 
hyperviscosity syndrome) pathophysiological effects on 
the myocardium and the vascular endothelium.

Aim
To assess the initial intracardiac hemodynamics and 

RFs of CVDs in patients with MM prior to commencing 
combination chemotherapy.

Materials and Methods
The study included two patient groups. The 

study group (n=25) comprised patients with newly 
diagnosed MM, who were not candidates for autologous 
hematopoietic stem cell transplantation (aHSCT). All 
patients were followed up in the Hematology Department 
of Clinical Hospital  No. 1 of the Sechenov University. 
The diagnosis of MM was verified based on the criteria of 
the 2016 Russian Clinical Guidelines for the Diagnosis 
and Treatment of Multiple Myeloma [9]. The stage of 
the disease was determined following the criteria of the 
International Staging System (ISS) [10] and the Salmon-
Durie classification [11]. The comparison group (n=25) 
included patients at ages comparable with those of the 
study group and with documented CVDs: hypertensive 

heart disease (HHD) and coronary artery disease (CAD) 
without heart failure phenomena who were followed 
up in the First Cardiology Department of Clinical 
Hospital  No. 1 of the Sechenov University. All patients 
included in the study underwent standard laboratory 
tests (complete blood count with differentiated white 
blood cell count, total protein, creatinine, potassium, 
sodium, hepatic transaminases, lipid profile, markers 
of acute inflammation) and clinical examinations 
(electrocardiography (ECG), echocardiography, 24-hour 
Holter ECG monitoring); known RFs of CVDs (sex, 
age, family history of CVDs, smoking, body mass index 
(BMI)) were analyzed.

Transthoracic echocardiography was conducted 
using an Acuson Sequoia (Siemens, Germany) device to 
assess intracardiac hemodynamics. The examination was 
performed under the standard protocol in the M- and B- 
modes, as well as using Doppler ultrasound and pulse-
wave modes. Cardiac morphology and function were 
analyzed.

The database was created in Excel 2017. The data 
obtained were processed in StatPlus and SPSS Statistics 
for MacOS. Normally distributed quantitative variables 
were presented as mean and mean error deviations (M 
(m)). Qualitative variables were expressed as absolute 
and relative values (n (%)). The significance of differences 
in the quantitative indicators of two independent groups 
was determined using the paired Student’s t-test subject 
to normal distribution. The significance of differences in 
the qualitative indicators was determined using Fisher’s 
exact test. Differences were considered statistically 
significant if the p-value was less than 0.05. A correlation 
analysis was carried out to assess the correlation of the 
quantitative indicators of interest. The correlation power 
and direction were estimated using Spearman’s rank 
correlation coefficient. Hypotheses were tested at the 
level of significance of p=0.05.

Results
As shown in Table 1, the mean age of patients was 

67.4±6.9 and 66.7±7.5 years in the study group and 
comparison group, respectively. In both groups, female 
patients predominated: female patients  – 56 % (n=14); 
male patients – 44 % (n=11).

Following verification of MM diagnosis, 15 (60 %) 
patients were found to have a history of hypertensive 
heart disease (HHD) of varying severity, 50 % of whom 
had received continuous antihypertensive therapy with 
angiotensin-converting enzyme (ACE) inhibitors; 1 
(4 %) patient with HHD and coronary artery disease 
(CAD) received continuous heart-rate lowering therapy 
with an ACE inhibitor and beta-blockers; no clinical 



6 ISSN 0022-9040. Kardiologiia. 2022;62(2). DOI: 10.18087/cardio.2022.2.n1868

ORIGINAL ARTICLES§
signs of chronic heart failure (CHF) were detected. 
Paroxysmal atrial fibrillation (PAF) was found in 2 (8 %) 
patients. Moreover, 2 (8 %) patients of the study group 
had a comorbidity such as impaired glucose tolerance; 
the same number of patients had diabetes mellitus 
(DM) type 2. An analysis of continuous cardiac therapy 
administered prior to starting MM treatment showed 
that 6 (24 %) patients received ACE inhibitors / ARBs, 
8 (32 %) patients administered beta-blockers, 3 (12 %) 
patients received thiazide diuretics and lipid-lowering 
statin therapy, 4 (16 %) patients used calcium channel 
blockers (CCBs), while 1 (4 %) patient did not receive 
antihypertensive therapy. Anticoagulant therapy was 
administered to 3 (12 %) patients, while only 1 (4 %) 
patient received antiplatelet therapy. The remaining 9 
(36 %) patients with MM had no history of CVDs and did 
not receive cardioprotective therapy.

An analysis of non-modifiable RFs of CVDs revealed 
that most patients with MM had a family history of 
CVDs (n=21; 84 %); 17 (68 %) patients were over 65 years 
old. The evaluation of modifiable RFs of CVDs showed 

that patients from the study group had a significantly 
lower BMI (mean BMI was 25.9±5.2 kg / m2 and 30.1±5.9 
kg / m2 in the study group and the comparison group, 
respectively; p=0.009), which may be a manifestation of 
tumor intoxication related to pathophysiological changes 
in cancer.

Elevated blood pressure (BP) was detected in all 
patients in the comparison group, while only 14 (56 %) 
patients from the study group had BP higher than the 
target levels: mean systolic blood pressure (SBP) was 
138.8±14.1 mm Hg and mean diastolic blood pressure 
(DBP) was 83.6±7.79 mm Hg.

Among patients with MM, 9 (36 %) individuals were 
smokers. The same number of patients were smokers in 
the comparison group at the time of inclusion.

Laboratory tests (Table 2) revealed normochromic 
normocytic anemia characteristic of MM in most 
patients in the study group (n=18; 72 %): hemoglobin 
levels were 114.1±2.3 g / L and 137.3±11.9 g / L in the 
stu dy group and the comparison group, respectively 
(p=0.005). Levels of C-reactive protein (CRP) differed 

Table 1. Clinical and anamnestic characteristics of the patients of the study group and the comparison group
Parameter Study group (n=25) Comparison group (n=25) р

Sex Male (n=11)
Female (n=14)

Male (n=11)
Female (n=14) 0.082

Age, years 67.4±6.9 66.7±7.5 0.307
BMI, kg/m2 (normal range 18.5–24.9) 25.9±5.2 30.1±5.9 0.009
Family history of CVDs 21 (84) 23 (92) 0.394
Smoking 9 (36) 9 (36) 0.497
CAD 1 (4) 21 (84) 0.034
Documented MI 0 5 (25) 0.019
HHD grade I 7 (28) 2 (8) 0.066
HHD grade II 5 (20) 18 (72) 0.072
HHD grade III 3 (12) 5 (20) 0.222
AF 2 (8) 5 (20) 0.222
DM type 2 4 (16) 4 (16) 0.543
SBP, mm Hg (normal range 120–139) 138.8±14.1 154.3±12.8 0.020
DBP, mm Hg (normal range 80–89) 83.6±7.79 93.2±7.4 0.010
HR, bpm (norm 60–80) 74.2±24.5 70.3±9.9 0.010
Risk of developing cardiovascular events
• very high risk (4) 6 (24) 13 (52) 0.071
• high risk (3) 7 (28) 8 (32) 0.095
• moderate risk (2) 3 (12) 4 (16) 0.020
ACE inhibitors/ARBs 6 (24) 15 (60) 0.020
Beta-blockers 8 (32) 19 (76) 0.004
Antiplatelet drugs 1 (4) 13 (52) 0.008
Anticoagulant drugs 3 (12) 5 (20) 0.149
Statins 3 (12) 19 (76) 0.001
Thiazide diuretics 3 (12) 5 (20) 0.149
The data are expressed as absolute and relative values (n (%)) unless otherwise specified. BMI – body mass index;  
CVD – cardiovascular disease; CAD – coronary artery disease; MI – myocardial infarction; AF – atrial fibrillation;  
DM – diabetes mellitus; SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate;  
ACE – angiotensin-converting enzyme; ARB – angiotensin II receptor blocker
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significantly between patients with MM and patients 
with CVDs: 15.3±3.2 mg / L and 1.75±1.5 mg / L, res-
pec tively (p=0.052). This indicated the presence of 
systemic inflammation, a known independent factor of 
an unfavorable prognosis in CVDs [12]. Of note, kidney 
function was significantly deteriorated in patients 
with MM as compared to patients with CVDs; this 
was due to kidney damage related to the underlying 
disease: creatinine levels were 128.3±75.6 μmol / L and 
85.6±20.3 μmol / L (p=0.02), glomerular filtration rate 
(CKD-EPI) 54.7±19.5 mL / min / 1.73 m2 and 70.7±19.2 
mL / min / 1.73 m2 (p>0.05) in the study group and the 
comparison group, respectively. All indicators of the 
lipid and carbohydrate profiles in patients of the study 
group were comparable to those of the comparison group 
(Table 2). However, total cholesterol and low-density 
lipoprotein (LDL) levels were above the normal range in 
10 (40 %) patients with MM; levels of very-low-density 
lipoprotein (VLDL) and triglycerides were elevated in 
4 (16 %) and 7 (28 %) patients, respectively; high-density 
lipoprotein (HDL) levels were lower than the reference 
values in 15 (60 %) patients from the study group. The 
comparison of the indicators between the two groups 
revealed that patients with MM had higher levels of pro-
atherogenic factors.

When assessing the 10-year risk of cardiovascular 
events in patients with verified CVDs, it was found that 
6 (24 %), 7 (28 %), and 3 (12 %) patients from the study 
group were at a very high, high, and moderate risk of 
developing cardiovascular events, respectively (Table 1).

24-hour Holter ECG monitoring showed that 14 (56 %) 
patients with MM had no rhythm / conduction disorders. 
Paroxysms of supraventricular tachycardia (SVT), single 
supraventricular / ventricular premature beats, sinus bra-
dy  cardia with atrioventricular (AB) conduction disorder 
(AV blockade grade I) were registered in 2 (8 %), 5 (20 %) 

and 2 (4 %) cases, respectively (Figure 1). Two patients 
had PAF, including clinically significant events, for which 
antiarrhythmic and anticoagulant therapy was adminis-
tered. In other cases, rhythm / conduction disorders were 
clinically silent, detected by ECG or 24-hour Holter ECG 
monitoring and not life-threatening. All patients had sinus 
rhythm at the time of inclusion.

The comparative analysis of the parameters of 
intra cardiac hemodynamics of both groups (Table 3) 
provided the following data: prior to starting specific 
combination chemotherapy, only 2 (8 %) patients of 
the study group had decreased left ventricular ejection 
fraction (LVEF) according to the echocardiographic 
findings. The same patients had a history of CVDs (CAD, 
HHD, PAF). The rest of the study group had normal 
global LV contractility. In the group of patients with 
CVDs, LVEF was decreased in 5 (20 %) patients, while 
signs of diastolic dysfunction (E / A<1.0) were observed 
in 11 (44 %) patients.

Patients with documented CVDs had LV concentric 
hypertrophy and diastolic dysfunction. It is of particular 
interest that, in the absence of myocardial thickening and 
in normal LV relaxation, patients with MM had higher 
left atrial (LP) volume than in the group without MM 
(59.2±19.3 mL and 55.4±15.1 mL, respectively; p=0.374) 
and lower left ventricular end-diastolic volume (LVEDV), 
which may indirectly indicate increased myocardial 
stiffness.

A correlation analysis of the parameters of interest was 
additionally conducted to reveal a significant positive 
correlation of the mean power of systemic inflammation 
activity with the indicators of lipid profile and parameters 
of intracardiac hemodynamics: between the levels of 
CRP and triglycerides (TG; r=0.415; p<0.05), CRP and 
VLDL (r=0.345; p=0.09), CRP and LA volume (r=0.434; 
p<0.05), and CRP and LVEDV (r=0.30; p<0.05).

Table 2. Laboratory findings of hemoglobin, indices of kidney function, markers  
of acute inflammation, as well as carbohydrate and lipid profiles in the study and comparison groups

Parameter Study group (n=25) Comparison group (n=25) р
Glucose, mmol/L (normal range 3.3–5.5) 5.52±0.9 5.7±0.99 0.050
Total cholesterol, mmol/L (normal range 3.2–5.6) 5.73±3.44 5.25±1.42 0.897
VLDL, mmol/L (normal range 0.26–1.04) 0.97±1.43 0.66±0.46 0.837
LDL, mmol/L (normal range 1.92–4.51) 3.18±1.26 3.28±1.16 0.954
Triglycerides, mmol/L (normal range 0.41–1.8) 2.07±1.1 1.62±0.94 0.757
HDL, mmol/L (normal range >0.7) 1.44±1.01 1.38±0.41 0.956
Hemoglobin, g/L (normal range 117–180) 114.1±12.3 137.3±11.9 0.005
ESR, mm/h (normal range 0–15) 53.8±31.6 10.12±6.02 0.021
Creatinine, mmol/L (normal range 44–115) 128.3±75.6 85.6±20.3 0.019
GFR (CKD EPI), mL/min/1.73 m2 54.7±19.5 70.7±19.2 0.562
CRP, mg/L (normal range 0–5) 15.3±3.2 1.75±1.5 0.052
VLDL – very-low-density lipoprotein; LDL – low-density lipoprotein; HDL – high-density lipoprotein;  
ESR – erythrocyte sedimentation rate; GFR – glomerular filtration rate; CRP – C-reactive protein.
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Discussion

Our findings confirmed MM to be most prevalent in 
the elderly patients (over 65 years old) as consistent with 
global data [13]. Most of the patients in the study group 
were postmenopausal women, which is also an important 
RF of CVDs.

Mean BMI was significantly lower in the study gro up 
than in the comparison group. These differences, which 
are probably associated with tumor intoxication synd-
rome, are not indicative of a lower risk of developing 
cardio vascular accidents.

Following verification of hematologic malignancy, 
over 50 % of patients had documented CVDs. However, 
even when excluding the hematologic malignancy, the 
life expectancy prognosis was significantly lowered 
by the fact that they either did not receive continuous 
cardiac therapy or took it irregularly.

Blood lipid profile indicators were comparable in 
patients with MM and those in the comparison group. 
Since only a few patients of the study group received 
continuous lipid-lowering therapy at the time of inclusion, 
most patients did not achieve the target values of the 
relevant pro-atherogenic parameters. These changes 
objec tively increase the risk of atherosclerotic lesions 
and the development of cardiovascular events during the 
management of the underlying disease, especially with 
immunomodulators and glucocorticosteroids having 
prothrombogenic activity [14].

According to the evaluation of the risk of cardio vas-
cular events using the SCORE scale, patients with MM 
are at higher risk of developing fatal conditions.

It also seems significant that the mean hemoglobin 
level was lower in the study group than in patients with 
CVDs. Lower hemoglobin levels are also significant RF 
of severe ischemic complications, such as myocardial 
infarction type 2 [15].

The current understanding of myocardial and vascular 
remodeling is closely related to the concept of systemic 
inflammation [16]. Cardiovascular events are often 

driven, for example, by complications associated with 
the instability of an atherosclerotic plaque (ulceration, 
bleeding, atherothrombosis with subsequent occlusion 
of arteries). Here, chronic inflammation characteristic 
of the plaque microenvironment plays a significant role 
in the pathogenesis. Its activity is often caused by an 
increase in the levels of pro-inflammatory cytokines 
interleukins (IL)  – 6 and –8. When IL-6 and IL-8 
levels increase, hepatocytes more actively produce CRP. 
Therefore, CRP is currently considered as a reliable 
biomarker of sys temic inflammation and a significant 
predictor of atherothrombotic complications in patients 
who do not have a history of cancer [3]. Somatic 
mutations occurring during the development of a 
malig nancy clearly increase the expression of key pro-
inflammatory cytokines (IL- 6, IL-8, tumor necrosis 

Table 3. Main echocardiographic indices in the patients of the study and comparison groups
Parameter Study group (n=25) Comparison group (n=25) р

LV ejection fraction, % (normal range>55) 60.2±4.17 58.4±7.5 0.352
LV posterior wall thickness, cm (normal range <1.0) 0.95±0.28 1.14±0.13 0.004
Interventricular septal thickness, cm (normal range <1.0) 1.03±0.2 1.5±0.7 0.521
LV diastolic dysfunction (E/A) (normal range 1.0–1.5) 1.1±0.2 0.8±0.2 0.294
Left atrial volume, mL (normal range <52) 59.2±19.3 55.4±15.1 0.374
Right atrial volume, mL (normal range <52) 46.6±13.5 47.2±14.8 0.976
LV end-diastolic dimension, cm (normal range <5.2) 4.84±0.5 4.59±0.27 0.662
LV end-diastolic volume, ml (normal range 34–75) 90.8±19.3 99.8±37.6 0.364
LV end-systolic volume, ml (normal range 11–31) 40.2±14.7 43.9±22.9 0.892
LV, left ventricular.

SVT – supraventricular tachycardia;  
PAF – paroxysmal atrial fibrillation; SVPB – 
supraventricular premature beat; VPB – ventricular premature beat;  
SB – sinus bradycardia – AV conduction disorder.
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factor (TNF)), and thus, higher levels of CRP. Moreover, 
the following pathological aspects of elevated CRP levels 
were demonstrated in terms of vascular wall remodeling: 
faster conversion of macrophages into foam cells due to 
increased uptake of LDL by macrophages [17]; activation 
of the conventional pathway of complement components 
with an increased risk of thrombosis [18]; production 
of a large amount of tissue factor during the activation 
of macrophages; increased expression / activity of plas-
mino gen activator inhibitor 1 (PAI-1) followed by the 
inhibition of fibrinolysis [12].

The direct effect of chronic systemic inflammation 
on myocardial and vascular remodeling can occur 
through the activation of fibroblasts by the stimulation 
of fibrogenic macrophages and lymphocytes. Long-
term sluggish inflammation can cause necrosis of 
cardiomyocytes, contributing to the development of 
reparative fibrosis [19]. Such processes have a significant 
impact on changes in intracardiac hemodynamics. 
For example, there are publications that describe the 
presence of a reliable inverse correlation of IL-6 levels 
with LVEF and a direct correlation with LVEDV [19, 
20]. The development of compensatory hypertrophy 
may progress to clinically significant heart failure due to 
reduced LV contractility [21]. 

Changes in the parameters of the heart cavities are 
well described in diseases directly related to processes 
of chronic systemic inflammation. Echocardiography 
often shows increased LA dimensions and fibrosis in 
such patients, which are not associated with impaired 
intracardiac hemodynamics. This is explained by the 
thicker layer of epicardial adipose tissue, which also 
produces pro-inflammatory mediators that affect the 
closely located LA when released [22, 23]. Thus, CRP, 
which is most widely used in clinical practice to assess 
the activity of inflammatory processes, is directly related 
to the increased LA dimensions and fibrosis, significantly 
increasing the risk of hemodynamically significant 
rhythm disorders [24].

Although mean E / A was within the normal range 
in patients of the study group, it was reduced in almost 
50 % of patients with MM; in patients with documented 
CVDs and without LV hypertrophy, LVEDV was lower 
and LA more significant. Such changes in patients 
with paraproteinemic hemoblastosis may indicate 
increased LV stiffness, which could be due to direct 
(deposition of the fragments and / or the intact molecule 
of monoclonal paraprotein, fibrillar protein amyloid in 
the interstitial myocardium, plasma cell infiltration of 
the heart tissue) and indirect (anemia, hypercalcemia) 
pathophysiological effects of MM on the myocardium 
and vascular endothelium. Attention is drawn to the 

correlation analysis showing that increased levels of CRP 
are significantly correlated with elevated levels of VLDL 
and TG, increased LA volume, as well as decreased 
LVEDV in the study population. Such correlations 
showing that systemic inflammation plays a central role 
in the development of primary manifestations of cardio-
vascular remodeling in hematologic malignancy indicate 
the need for further study.

The current scientific literature provides extensive 
evidence of the cardiotoxic effects of first-line MM 
therapy (proteasome inhibitors such as bortezomib; 
immunomodulators such as lenalidomide) [25]. The main 
mechanism of action of proteasome inhibitors excludes 
proteasome (which is necessary for the degradation of 
intracellular protein molecules) from cell metabolism. 
Meanwhile, the accumulation of non-functional 
proteins activates the processes of apoptosis. These 
drugs produce the greatest effect on cells that actively 
synthesize protein structures, including cardiomyocytes 
and endotheliocytes [24, 25]. The main mechanism of 
action of immunomodulators consists in the inhibition 
of pro-inflammatory cytokines (TNF, IL-1β, IL-6, IL-
12) and the induction of the T-cell proliferation, which 
increases the activity of cytotoxic killers [26]. Both 
drug groups produce cardiotoxic effects such as the 
development of arterial hypertension, the manifestation 
of various rhythm and conduction disorders, coronary 
complications, cardiomyopathies, thromboembolism, as 
well as heart failure. However, the mechanisms of their 
pathogenesis and clinical particularities are not yet well 
known [3, 27].

Conclusion
Patients with multiple myeloma are initially at a 

high risk of developing cardiovascular events. Primary 
manifestations of cardiac remodeling associated with 
systemic inflammation were also detected. Thus, patients 
in need of combination chemotherapy regimens using 
potentially cardiovasculotoxic drugs should be examined 
by a cardiologist / cardio-oncologist prior to the adminis-
tration of a specific therapy for early detection, prevention 
and rational management of cardiovascular events.

Funding
The study was supported by a Russian Science 

Foundation grant # 22-25-00208, https://
rscf.ru / project / 22-25-00208 / .

No conflict of interest is reported.

The article was received on 05/10/2021



10 ISSN 0022-9040. Kardiologiia. 2022;62(2). DOI: 10.18087/cardio.2022.2.n1868

ORIGINAL ARTICLES§
R EFER ENCES

1. Federal State Statistics Service. Morbidity of the population 
by the main classes of diseases. Av. at: https://rosstat.gov.ru/
folder/13721. 2020. [Russian: Федеральная служба государ-
ственной статистики. Заболеваемость населения по основ-
ным классам болезней. 2020. Доступно на: https://rosstat.
gov.ru/folder/13721]

2. Zamorano JL, Lancellotti P, Rodriguez Muñoz D, Aboyans V, 
Asteggiano R, Galderisi M et al. 2016 ESC Position Paper on 
cancer treatments and cardiovascular toxicity developed un-
der the auspices of the ESC Committee for Practice Guide-
lines: The Task Force for cancer treatments and cardiovascular 
toxicity of the European Society of Cardiology (ESC). Europe-
an Heart Journal. 2016;37(36):2768–801. DOI: 10.1093/eur-
heartj/ehw211

3. Lyon AR, Dent S, Stanway S, Earl H, Brezden‐Masley C, Co-
hen‐Solal A et al. Baseline cardiovascular risk assessment in 
cancer patients scheduled to receive cardiotoxic cancer thera-
pies: a position statement and new risk assessment tools from 
the Cardio-Oncology Study Group of the Heart Failure As-
sociation of the European Society of Cardiology in collabora-
tion with the International Cardio-Oncology Society. Euro-
pean Journal of Heart Failure. 2020;22(11):1945–60. DOI: 
10.1002/ejhf.1920

4. Poh C, Keegan T, Rosenberg AS. Second primary malig-
nancies in multiple myeloma: A review. Blood Reviews. 
2021;46:100757. DOI: 10.1016/j.blre.2020.100757

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA: 
A Cancer Journal for Clinicians. 2019;69(1):7–34. DOI: 
10.3322/caac.21551

6. Raluy M, Ramagopalan S, Panjabi S, Lambrelli D. Epidemi-
ology and Clinical Characteristics of Patients with Multiple 
Myeloma in the United Kingdom. Blood. 2014;124(21):2048. 
DOI: 10.1182/blood.V124.21.2048.2048

7. Vinogradova O.Yu., Ptushkin V.V., Chernikov M.V., Kochkare-
va Yu.B., Zherebtsova V.A. Epidemiology of multiple myeloma 
in city Moscow. Therapeutic Archive. 2019;91(7):83–92. [Rus-
sian: Виноградова О.Ю., Птушкин В.В., Черников М.В., 
Кочкарева Ю.В., Жеребцова В.А. Эпидемиология множе-
ственной миеломы в городе Москва. Терапевтический ар-
хив. 2019;91(7):83-92]. DOI: 10.26442/00403660.2019.07.0
00305

8. Kaprin A.D., Starinsky V.V., Petrova G.V. Malignant neo-
plasms in Russia in 2018 (morbidity and mortality). - M.: 
P.A. Herzen MSRI branch of the FSBI ‘‘NMIC of Radiolo-
gy’’ MH RF;2019. - 250 p. [Russian: Каприн А.Д., Старин-
ский В.В., Петрова Г.В. Злокачественные новообразова-
ния в России в 2018 году (заболеваемость и смертность). 

-М.: МНИОИ им. П.А. Герцена - филиал ФГБУ «НМИЦ 
радиологии» Минздрава России. 2019; - 250с]. ISBN 978-
5-85502-251-3

9. Mendeleeva L.P., Votyakova O.M., Pokrovskaya O.S., Rekhti-
na I.G., Darskaya E.I., Galtseva I.V. et al. National clinical rec-
ommendations on diagnosis and treatment of multiple myelo-
ma. Hematology and Transfusiology. 2016;61(1 Suppl 2):1–24. 
[Russian: Менделеева Л.П., Вотякова О.М., Покровская 
О.С., Рехтина И.Г., Дарская Е.И., Гальцева И.В. и др. На-
циональные клинические рекомендации по диагностике 
и лечению множественной миеломы. Гематология и транс-
фузиология. 2016;61(1 Прил 2):1-24]. DOI: 10.18821/0234-
5730-2016-61-1

10. Greipp PR, Miguel JS, Durie BGM, Crowley JJ, Barlogie B, 
Bladé J et al. International Staging System for Multiple Myelo-
ma. Journal of Clinical Oncology. 2005;23(15):3412–20. DOI: 
10.1200/JCO.2005.04.242

11. Durie BG, Salmon SE. A clinical staging system for multiple 
mye loma. Correlation of measured myeloma cell mass with 
presen ting clinical features, response to treatment, and surviv-

al. Cancer. 1975;36(3):842–54. DOI: 10.1002/1097-0142(197
509)36:3<842:: aid-cncr2820360303>3.0.co;2-u

12. Cesari M, Pahor M, Incalzi RA. Plasminogen Activator Inhib-
itor-1 (PAI-1): A Key Factor Linking Fibrinolysis and Age-
Related Subclinical and Clinical Conditions. Cardiovascu-
lar Therapeutics. 2010;28(5):e72–91. DOI: 10.1111/j.1755-
5922.2010.00171.x

13. Kazandjian D. Multiple myeloma epidemiology and survival: 
A unique malignancy. Seminars in Oncology. 2016;43(6):676–
81. DOI: 10.1053/j.seminoncol.2016.11.004

14. Li W, Garcia D, Cornell RF, Gailani D, Laubach J, Maglio ME 
et al. Cardiovascular and Thrombotic Complications of Nov-
el Multiple Mye loma Therapies: A Review. JAMA Oncology. 
2017;3(7):980–8. DOI: 10.1001/jamaoncol.2016.3350

15. Averkov O.V., Duplyakov D.V., Gilyarov M.Yu., Novikova N.A., 
Shakhnovich R.M., Yakovlev A.N. et al. 2020 Clinical prac-
tice guidelines for Acute ST-segment elevation myocardial in-
farction. Russian Journal of Cardiology. 2020;25(11):251–310. 
[Russian: Аверков О.В., Дупляков Д.В., Гиляров М.Ю., Но-
викова Н.А., Шахнович Р.М., Яковлев А.Н. и др. Острый 
инфаркт миокарда с подъемом сегмента ST электрокарди-
ограммы. Клинические рекомендации 2020. Российский 
кардиологический журнал. 2020;25(11):251-310]. DOI: 
10.15829/29/1560-4071-2020-4103

16. Wong BW, Meredith A, Lin D, McManus BM. The Biologi-
cal Role of Inflammation in Atherosclerosis. Canadian Jour-
nal of Cardiology. 2012;28(6):631–41. DOI: 10.1016/j.cj-
ca.2012.06.023

17. Meuwissen M. Colocalisation of intraplaque C reactive pro-
tein, complement, oxidised low density lipoprotein, and mac-
rophages in stable and unstable angina and acute myocardial 
infarction. Journal of Clinical Pathology. 2006;59(2):196–201. 
DOI: 10.1136/jcp.2005.027235

18. Galkina E, Ley K. Immune and Inflammatory Mecha-
nisms of Atherosclerosis. Annual Review of Immunolo-
gy. 2009;27(1):165–97. DOI: 10.1146/annurev.immu-
nol.021908.132620

19. Hudzik B, Szkodzinski J, Romanowski W, Danikiewicz A, Wil-
czek K, Lekston A et al. Serum interleukin-6 concentration re-
flects the extent of asymptomatic left ventricular dysfunction 
and predicts progression to heart failure in patients with stable 
coronary artery disease. Cytokine. 2011;54(3):266–71. DOI: 
10.1016/j.cyto.2011.02.012

20. Gupta J, Dominic EA, Fink JC, Ojo AO, Barrows IR, Reilly MP 
et al. Association between Inflammation and Cardiac Geome-
try in Chronic Kidney Disease: Findings from the CRIC Study. 
PLOS ONE. 2015;10(4):e0124772. DOI: 10.1371/journal.
pone.0124772

21. Fontes JA, Rose NR, Čiháková D. The varying faces of 
IL- 6: From cardiac protection to cardiac failure. Cytokine. 
2015;74(1):62–8. DOI: 10.1016/j.cyto.2014.12.024

22. Wang X, Guo Z, Zhu Z, Bao Y, Yang B. Epicardial fat tissue in 
patients with psoriasis:a systematic review and meta-analysis. 
Lipids in Health and Disease. 2016;15(1):103. DOI: 10.1186/
s12944-016-0271-y

23. Chen WJY, Danad I, Raijmakers PG, Halbmeijer R, Harms 
HJ, Lammertsma A A et al. Effect of Type 2 Diabetes Melli-
tus on Epicardial Adipose Tissue Volume and Coronary Va-
somotor Function. The American Journal of Cardiology. 
2014;113(1):90–7. DOI: 10.1016/j.amjcard.2013.09.022

24. Packer M. Characterization, Pathogenesis, and Clinical Im-
plications of Inflammation‐Related Atrial Myopathy as an Im-
portant Cause of Atrial Fibrillation. Journal of the American 
Heart Association. 2020;9(7):e015343. DOI: 10.1161/JA-
HA.119.015343

25. Vora PA, Patel R, Dharamsi A. Bortezomib – First Therapeu-
tic Proteasome Inhibitor for Cancer Therapy: A Review of Pat-



11ISSN 0022-9040. Kardiologiia. 2022;62(2). DOI: 10.18087/cardio.2022.2.n1868

ORIGINAL ARTICLES§
ent Literature. Recent Patents on Anti-Cancer Drug Discov-
ery. 2020;15(2):113–31. DOI: 10.2174/157489281566620040
1113805

26. Minnie SA, Hill GR. Immunotherapy of multiple myeloma. 
Journal of Clinical Investigation. 2020;130(4):1565–75. DOI: 
10.1172/JCI129205

27. Cole DC, Frishman WH. Cardiovascular Complications 
of Proteasome Inhibitors Used in Multiple Myeloma. Car-
diology in Review. 2018;26(3):122–9. DOI: 10.1097/
CRD.0000000000000183


