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5‑year study of the effect of cardiac  
monitoring on the overall survival  
of patients with chronic lymphocytic leukemia  
receiving targeted therapy with ibrutinib

Aim	 To evaluate the effect of cardiac monitoring on overall survival of patients with chronic lymphoid leukosis 
(CLL) on targeted therapy with ibrutinib.

Material and methods	 Survival of oncological patients depends not only on the efficacy of the antitumor therapy. Cardiovascular 
comorbidities and emerging cardiotoxicity of the antitumor treatment can considerably impair the quality 
and duration of patients’ life. The problem of the need for regular cardiological monitoring of oncological 
patients remains unsolved. A prospective 5‑year study was performed that included cardiological 
monitoring of patients with CLL on chronic targeted therapy with ibrutinib, the side effects of which 
include atrial fibrillation (AF) and arterial hypertension (AH). The study included 217 patients aged 
66.0 [32.0; 910.] years; 144 of them were men aged 66.0 [32.0; 91.0] years and 83 were women aged 
65.0 [39.0; 83.0] years. Electrocardiography and echocardiography, evaluation of comorbidity with the 
Charlson’s index, and evaluation of frailty with the Geriatric 8 questionnaire and the Groningen Frailty 
Index were performed repeatedly for all patients. In the active cardiac monitoring group (n=89), besides 
the standard evaluation, active medical monitoring of symptoms and general well-being, blood pressure 
(BP) and pulse rate, monitoring of cardioprotective drug intake and correction, if necessary, and calling 
patients for examination and additional evaluation were performed every week. The remaining 128 
patients were evaluated repeatedly but did not maintain the remote monitoring with messengers; they 
constituted a standard follow-up group.

Results	 This was a study of overall survival of patients with CLL on targeted therapy with ibrutinib depending 
on the cardiac monitoring program. The age of patients did not differ in the active cardiac monitoring 
group and the standard follow-up group (66.0 [60.0; 70.0] and 66.0 [59.0; 74.0] years, respectively). The 
active cardiac monitoring group contained somewhat more men than the standard follow-up group (68.8 
and 53.9 %, respectively; р=0.026). At baseline, the groups did not differ in the number of pretreatment 
lines, frailty test results (Geriatric 8 questionnaire, Groningen Frailty Index), comorbidity (Charlson’s 
index), and echocardiographic data. The active cardiac monitoring group contained more patients with 
AH (р<0.0001), with AF (р<0.0001), patients receiving anticoagulants (р<0.0001), and a comparable 
number of patients with ischemic heart disease. In the active cardiac monitoring group, 70 (90.9 %) of 77 
patients with CLL and AH achieved goal BP whereas in the standard follow-up group, 26 (39.9 %) of 66 
(р<0.0001) patients achieved the BP goal, regardless of whether their elevated BP developed before or 
during the ibrutinib treatment. This group contained significantly more patients who required cardiac 
surgical intervention (coronary stenting, pacemaker implantation), 12 vs. 0 in the standard follow-up 
group (р=0.0004). The overall 5‑year survival was significantly higher for patients of the active cardiac 
monitoring group, both for men (р<0.0001) and women (р<0.0001) with CLL, including patients older 
than 70 years (р=0.0004), CLL patients with a median pretreatment line number of 1 (р<0.0001), patients 
with a median chemotherapy line number of 4 (р<0.0001), and patients with genetic abnormalities 
(р=0.004) pretreated with fludarabine and / or anthracyclines (р<0.0001). The Cox regression analysis 
showed that the strongest predictor of survival was the achievement of stable goal BP in CLL patients 
with AH during the continuous cardiac monitoring. Despite more pronounced cardiac comorbidity, CLL 
patients on the active cardiac monitoring group showed a longer survival than patients on the standard 
follow-up. Thus, mean survival time of deceased CLL patients who had been on the cardiac monitoring 
was 36.1 months vs. 17.5 months (р<0.0001) for patients who had been on the standard follow-up.

Conclusion	 The study has demonstrated the prognostic significance of continuous participation of a cardiologist in 
managing onco-hematological patients. CLL patients on the active cardiac monitoring, the regular pattern 
of which was provided by the remote control, had a significantly higher overall survival compared to 
patients who visited a cardiologist periodically. A significant predomination of patients with CLL and AH 
who achieved stable goal BP, continuous monitoring of anticoagulant dosing in patients with AF in that 
group, and early detection and correction of cardiovascular complications can explain the highly significant 
difference in the 5‑year survival between CLL patients on chronic targeted ibrutinib treatment with 
different cardiac monitoring programs (р<0.0001). The active cardiac monitoring with remote control 
allows achievement of a higher 5‑year overall survival of CLL patients receiving ibrutinib (p<0.0001).
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Introduction
One of the most important tasks of contemporary anti-

tumor therapy is connected with the aim of increasing the 
life expectancy of cancer patients. As a result, new anti-tumor 
treatments are actively developed, including targeted drugs, 
immune checkpoint inhibitors and proteasome inhibitors.

The treatment outcomes and possibility of providing the 
selected anti-tumor regimen depend on numerous factors, 
including the stability of compensation of the patient’s 
condition, which is determined by comorbidities and the 
toxic effects of anti-tumor therapy [1].

In Russia, the involvement of cardiologists in the anti-
tumor treatment of cancer patients has for many years 
been the result of the personal initiative of cardiologists 
specializing in cardio-oncology. Regular examination of 
the cardiovascular system, which should be started before 
ordering anti-tumor treatment, remains an issue, as does the 
arrangement of regular cardiological follow-up of a cancer 
patient by a cardiologist during and following anti-tumor 
therapy [2–4].

Targeted therapy has been increasingly used in recent 
years to treat several types of cancer. It has become 
a breakthrough in treating many patients, including 
patients with chronic lymphocytic leukemia (CLL). The 
Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib, which 
was approved in 2016, is highly effective in patients 
with CLL and patients with mantle cell lymphoma, 
Waldenström macroglobulinemia, and marginal zone 
lymphoma [5, 6].

At the same time, any new anti-tumor drug not only 
improves the treatment of cancer patients, but also inevitably 
involves problems of adverse side-effects. The majority of 
anti-tumor agents used in clinical practice are known to 
invoke frequent adverse effects that can develop during their 
administration [7].

Targeted therapy with ibrutinib is complicated by the 
cardiotoxic effects, including most notably the ability to 
provoke atrial fibrillation (AF) and arterial hypertension 
(AH) [8, 9]. The clinical administration of targeted 
therapy with ibrutinib has been associated with other, less 
frequent, yet rather serious cardiovascular complications, 
which also challenge the logic of continuing anti-tumor 
therapy [10, 11].

According to a recent retrospective report on the use 
of ibrutinib, 42 % of patients with first-time recurrence of 
CLL discontinued treatment, including almost 50 % due to 
toxicity, with a median treatment duration of 6 months. The 
most common causes were AF, infections, pneumonitis, 
hemorrhage, and arthralgia [12].

Moreover, the incidence of death due to heart failure was 
three times higher in 21 % of patients taking ibrutinib than 
patients receiving other treatments (p<0.0001). Conduction 
disorders, such as high-grade atrioventricular block, were 
identified as a new complication occurring during ibrutinib 
therapy, having an 18 % mortality rate (p<0.0001) [13].

In our study, cardiac monitoring of patients receiving 
ibrutinib was required in the first place because of its ability 
to cause AF, since the concomitant use of an anticoagulant 
and targeted therapy with ibrutinib is associated with several 
challenging issues. For example, hemorrhagic events, which 
are likely to develop in patients with CLL, complicate the 
use of anticoagulant therapy (ACT). Hemorrhages can 
occur spontaneously in patients with CLL, including those 
with normal platelet counts. Patients with CLL are likely 
to experience high platelet variability and a tendency to 
thrombocytopenia. Moreover, thrombocytopathy is an 
adverse effect of ibrutinib, which also increases the risk 
of hemorrhagic events in the case of lifetime daily use of 
targeted therapy with ibrutinib. The need for concomitant 
use of ibrutinib with ACT in patients having emerging AF 
has been noted as of great concern [14].

Due to oncohematological concerns about patients who 
had a history of AF and received ACT, it was not planned 
to administer ibrutinib to such patients. The mere fact of 
patient having AF, irrespective of the need for ACT, was an 
issue for oncohematologists when ordering targeted therapy 
with ibrutinib. Thus, both the onset and the history of AF 
challenged the anti-tumor treatment of choice [15]. Another 
well known cardiotoxic effect of ibrutinib is the ability to 
cause arterial hypertension (AH), which is also a risk factor 
for poor prognosis [6, 9].

Seeking to address emerging or existing cardiac problems 
in our patients with CLL in a timely manner, so that each 
such patient could receive the best available anti-tumor 
treatment, we performed long-term cardiac monitoring of 
CLL patients receiving continuous therapy with ibrutinib.
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Objective

To evaluate the effect of cardiac monitoring on overall 
survival of CLL patients receiving targeted therapy with 
ibrutinib.

Material and methods
A prospective 5 year-long study initiated in 2016 

included cardiac follow-up and treatment of patients with 
recurrent / refractory CLL, who received continuous 
targeted therapy with the Bruton tyrosine kinase inhi
bitor ibrutinib. The median follow-up period was 42 
and 27  months for survivors and deceased patients, res
pectively.

The study included 217 patients with CLL aged 66.0 
[32.0; 91.0] years, including 144 male patients aged 66.0 
[32.0; 91.0] years and 83 female patients aged 65.0 [39.0; 
83.0] years.

CLL patients who were supposed to have or had already 
received targeted therapy with ibrutinib for 6 months 
mainly sought advice from the hematology center of 
S. P. Botkin City Clinical Hospital (Moscow, Russia).

The study included all patients with CLL receiving 
continuous daily targeted therapy with ibrutinib (standard 
dose regimen of 420 mg / day), without exceptions for 
comorbidities, including cardiac diseases.

All patients were examined by electrocardiography and 
echocardiography over time using an ACUSON Sequoia 
512 device, subjected to comorbidity assessment with the 
Charlson index and fragility screening using the Geriatric 
8 (G8) questionnaire and Groningen Frailty Index (GFI), 
which demonstrated a significant effect on the survival of 
CLL patients.

Following the first visit, patients with CLL were 
encouraged to use instant messengers to ensure regular 
remote monitoring. The most important condition for 
such remote follow-up was a periodic scheduled – and, if 
necessary, unscheduled  – face-to-face examination to 
assess the patient’s clinical state.

All patients were advised to measure BP and pulse in 
the morning and evening every day and maintain a mea
surement diary. Only 89 patients who complied and 
contacted with us via instant messengers were included in 
the active cardiac monitoring group with remote follow-
up. Active medical monitoring was carried out weekly  – 
or, if necessary, daily – as follows: assessment of patient’s 
symptoms and well-being; regular requests of BP and pulse 
data; correction of antihypertensive therapy; control of 
anticoagulant administration. The remaining 128 patients 
were examined under the study protocol, with advice 
being sought in the event of any relevant symptoms. These 
patients were included in the routine follow-up group 
(Figure 1).

The ages of patients in the active cardiac monitoring 
group (n=89) and routine follow-up group (n=128) did 
not vary, amounting to 66.0 [60.0; 70.0] years and 66.0 
[59.0; 74.0] years, respectively. There were more male 
patients in the routine follow-up group (68.8 %) than in the 
active cardiac monitoring group (53.9 %; p=0.026). The 
results of cytogenetic analysis were known for 48 patients: 
17p deletion in 26 patients; 13q deletion in 11 patients; 
other cytogenetic abnormalities in the remaining patients. 
The number of treatment lines preceding ibrutinib ranged 
from 0 to 12, with a median of 2 lines.

The obtained data were processed in the Statistica 12.0 
suite. Nonparametric statistical analysis methods were 
used. The Mann–Whitney test was used to determine the 
differences between the two independent variables; the 
Kruskal–Wallis test with Bonferroni correction was used 
for multiple comparisons. The percentages were compared 
using Pearson’s chi-square test; Fisher’s exact test was used 
for small values. The data are expressed as the median and 
interquartile range or absolute and relative values. Kaplan-
Meier survival curves were built to study the overall 
survival. The cut-off points were determined after dividing 
the effect of each indicator on the overall survival of 
patients into deciles. Multivariate Cox regression analysis 
was used to assess risk factors for endpoint onset in CLL 
patients. The differences were statistically significant with 
p<0.05.

Results
We studied the 5 year overall survival of CLL patients who 

received continuous targeted therapy with ibrutinib depending 
on a cardiac monitoring option, starting from the first visit.

There were more patients with cardiac diseases, mainly AH 
and AF, in the group of active cardiac monitoring with remote 
follow-up (Table 1).

Due to the elevated risk of cardioembolic complications 
according to the CHA2DS2 VASc score, a statistically 
significant great number of patients with CLL received direct 
oral anticoagulants (DOACs) in the active cardiac monitoring 
group: 35 (39.8 %) patients versus 9 (6.5 %) patients in the 
routine follow-up group (p<0.0001).

Adverse effects of ibrutinib were AF and AH in 63.2 % and 
18.2 % of all cases, respectively. These were treated following 
the national clinical guidelines irrespective of whether they 
were diagnosed before ibrutinib was prescribed or during the 
anti-tumor therapy.

Due to high compliance with remote follow-up, daily 
measurement of BP and pulse – and, if necessary, body weight 
control – in the active cardiac monitoring group, we were able 
detect changes in patients’ cardiac states in a timely manner.

The percentages of patients treated for cardiovascular disease 
were 87.6 % in the active cardiac monitoring group and 53.6 % 
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in the routine follow-up group (p<0.0001). Cardioprotective 
therapy included angiotensin-converting enzyme (ACE) 
inhibitors (perindopril and enalapril), angiotensin II receptor 
blockers (ARBs) (losartan), beta-blockers (bisoprolol), 
thiazide-like diuretics (indapamide), calcium channel 
blockers (amlodipine), anticoagulants (rivaroxaban, apixaban, 
dabigatran), antiplatelet drugs (acetylsalicylic acid and 
clopidogrel). Fixed combinations mainly of an ACE inhibitor 
and thiazide-like diuretics (perindopril and indapamide) were 
also used along with ARB and thiazide-like diuretics (azilsartan 
and chlorthalidone) in the case of AH.

In our study, prognostic significance was shown for G8, 
GFI, and the Charlson index, which were used to evaluate 
the overall survival of patients with CLL irrespective of the 
treatment administered. However, these indicators did not 
differ at baseline in the active cardiac monitoring group and 
other patients with CLL. Moreover, the groups did not differ in 
hematological status and the number of cases of second tumors 
(Table 2).

Echocardiographic indicators did not differ between the 
active cardiac monitoring group and other patients with CLL 
at the first visit.

Active cardiac monitoring with remote follow-up had the 
following important outcomes: a statistically significantly 
higher number of identified patients who required stenting of 
coronary arteries (8 patients with CLL in the active monitoring 
group versus the routine follow-up group; p=0.004); the 
implantation of an artificial pacemaker (4 patients) for 
sinoatrial and atrioventricular blocks; one female patient had 
deep vein thrombosis and pulmonary embolism (a total of 
patients with identified cardiovascular complications that 
required cardiac surgery, n=12; none in the routine follow-
up group; p=0.0004); continuous monitoring of DOAC 
administration; timely correction to minimum doses of the 
administered anticoagulant considering the platelet levels 
and detected hemorrhagic events; replacement of one 
anticoagulant with another in the case of clinically significant 
hemorrhagic events without prejudice to the targeted therapy 
with ibrutinib under the increased risk of hemorrhage; 
thrombocytopathy; high platelet variability and liability to 
thrombocytopenia; achievement of the target range of BP 
in most patients with CLL and AH under active cardiac 
monitoring despite ibrutinib inducing AH. While some of 
our patients with CLL who received ibrutinib had a history 

Electrocardiography, echocardiography, 24-hour BP monitoring, fragility screening using G8 questionnaire 
and Groningen Fragility Index (GFI), assessment of comorbidities using the Charlson index.
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Figures 1. Study design

Table 1. Cardiac comorbidities in the active cardiac monitoring groups and patients with CLL at routine follow-up
Groups of patients with CLL AH, n (%) AF, n (%) CAD, n (%)

Active cardiac monitoring (n=89) 77 (86.5) 39 (42.7) 14 (15.7)
Routine follow-up (n=128) 69 (50.7) 22 (15.9) 12 (8.7)
р < 0.0001 < 0.0001 0.27
CLL – chronic lymphocytic leukemia; AH – arterial hypertension; AF – atrial fibrillation; CAD – coronary artery disease.
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of AH, none had BP levels within the target range at the first 
visit despite using antihypertensive drugs. We consider that the 
achievement of stable target BP in 70 (90.9 %) of 77 patients 
with CLL and AH was the most important outcome of active 
cardiac monitoring; the percentage of such patients was 
significantly lower the routine follow-up group – 26 (39.9 %) of 
66 patients (p<0.0001; Figure 2).

The overall survival of CLL patients with AH (n=143), who 
achieved (n=96) and did not achieve (n=47) the target levels 
of BP, differed statistically significantly (Figure 3).

The same discrepancy between the curves of overall 
survival depending on the achievement or non-achievement of 
the target BP levels was observed in all groups of patients with 
CLL and AH: the group of patients older than 65 years (n=83; 
p<0.0001); the group of patients with genetic abnormalities 
and AH (n=48; p=0.027). Although the survival curves 
diverged remarkably depending on the presence of stable 
target BP in the group of patients with CLL and AH with 
17p deletion (n=26), this divergence did not reach statistical 
significance due to the small number of such patients. In the 
group of patients who had received potentially cardiotoxic 
chemotherapy with fludarabine and / or anthracyclines prior to 
administration of ibrutinib therapy (n=97), the achievement 
of stable target BP levels also caused to a significant increase in 
5 year overall survival (p<0.0001). Similarly, achieving target 
BP levels improved overall 5 year survival in CLL patients with 
a median of 1 prior treatment lines (0 to 2 lines) and patients 
with more than 2 treatment lines (3 to 12 lines) with equal 
significance (p<0.0001).

The significant predominance of patients with CLL and 
AH in the active monitoring group who reached stable target 
BP levels, the continuous control of anticoagulant therapy in 
patients with AF in this group, as well as the early detection 
of cardiovascular adverse events, explain the statistically 
significant differences in the 5 year overall survival of CLL 
patients who received continuous targeted therapy with 
ibrutinib, depending on the cardiac monitoring option, starting 
from the first visit (p<0.0001).

Since the survival of male patients in our study was 
lower than that of female patients (p=0.005), the 5 year 
overall survival was estimated in the groups separately for 
male (Figure 4) and female patients (Figure 5) with CLL. 
The higher overall 5‑year survival of both male and female 

patients with CLL who were actively monitored turned out 
to be statistically significant. According to the assessment of 
patients aged 70 years and older, the survival rate is also higher 
in those who were actively monitored with remote follow-up 
(Figure 6).

Five-year mortality in patients aged 70 years and 
older who were under active cardiac monitoring was also 
significantly lower – 20.8 % versus 58.3 % of patients of this 
age group who occasionally visit a cardiologist or a therapist 
(p=0.0025).

A statistically significant higher five year overall survival of 
patients under active cardiac monitoring was also recorded 
in CLL patients with genetic abnormalities who had received 
fludarabine and / or anthracyclines, CLL patients with the 
median of 1 prior treatment line, and patients with the median 
of 4 prior lines of chemotherapy. In this connection, it also 
seems worth noting that overall survival was statistically 
significantly affected by the use of ACE inhibitors (p=0.0005), 
diuretics (p=0.0034), as well as fixed combinations of an ACE 
inhibitor and a diuretic (p=0.004).

All data that statistically significantly affected the survival of 
CLL patients treated with ibrutinib were included in the Cox 
regression survival analysis (Table 3).

As can be seen from Table 3, the achievement of stable target 
levels of BP during the treatment of AH was a strong predictor 
of survival. Although the statistically significant regression 
coefficient of the factor of the treatment under active cardiac 
monitoring was less important, the relative risk of this predictor 
is low. Other indicators also demonstrate the importance of 
such management of patients with CLL. For example, the 
mean life expectancy of deceased patients treated under active 
cardiac monitoring was 36.1 months versus 17.5 months in the 
routine follow-up group (37.0 [27.0; 47.0] months (n=21) 
and 13.5 [6.0; 27.5] months (n=80) months, respectively; 
p<0.0001).

Discussion
To date, outstanding achievements have been 

demonstrated in the treatment of cancer patients. Drugs 
have been developed that can cure patients of certain 
malignancies or prolong remission. The Bruton tyrosine 
kinase inhibitor ibrutinib changed the prognosis radically 
in patients with CLL. High efficacy of the drug in recurrent 

Table 2. Comorbidities and assessment data in CLL patient groups

Group of patients with CLL Charlson  
index, score G8 score GFI questionnaire, 

score, ≥4
Second  

tumors, n (%) DM, n (%)

Active cardiac monitoring (n=89) 4.0 [4.0; 5.0] 14.0 [13.0; 15.5] 27 (30.3) 12 (13.5) 17 (19.1)
Routine follow-up (n=128) 5.0 [4.0; 6.0] 14.5 [13.0; 15.5] 48 (37.5) 21 (13.5) 8 (6.3)
р 0.68 0.94 0.28 0.71 0.0035
CLL – chronic lymphocytic leukemia; Charlson index – comorbidity index;  
G8 questionnaire – fragility screening using the Geriatric 8 questionnaire; GFI – Groningen Frailty Index; DM – diabetes mellitus.
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disease was demonstrated. The overall survival of CLL 
patients receiving ibrutinib was 87 % at the median follow-
up of 18 months, while the progression-free survival rate 
was 77 % [16]. However, as in the general population, 
cardiovascular diseases (CVD) are the most common 
diseases associated with CLL, whose incidence increases 
due to owing to AH and AF conduction disorders induced 
by ibrutinib.

Thus, these patients should be continuously followed 
up by a cardiologist using remote techniques that have an 
impact on overall survival. Many studies have confirmed the 
special role played by cardiologists in the treatment of cancer 
patients [17, 18].

Patients with CLL who were under active and routine 
cardiac monitoring were followed up for 5 years, during 
which previous CVDs were actively treated; cardiac events 

0 12 24 36 48 60
20

30

40

50

60

70

80

90

100

p<0.0001

Active 
cardiac monitoring

Routine follow-up

O
ve

ra
ll 

su
rv

iv
al

, %

Time, months

Figures 4. Overall survival of male patients  
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occurring during the treatment with ibrutinib were detected 
and treated in timely manner; cardiotoxicity was identified 
and managed.

Patients with CLL who were under active cardiac 
monitoring had more severe cardiac comorbidities; the 
age of patients, G8 and GFI scores, Charlson index, and 
echocardiographic findings did not differ in the study groups.

Since patients with documented intra-vitam diagnoses 
of cancer who die at home are not subject to autopsy 
and autopsies always detect CVDs (left ventricular 
myocardial hypertrophy and / or dilatation, coronary 
atherosclerosis, etc.) characteristic of the elderly in those 
who died at hospital, we set out to study in overall survival 
in the presented groups rather than cardiac mortality; 
the former metric is commonly used in oncology and 
hematology.

As in the general population, the achievement of a stable 
target range of BP was determined to be the key factor for 
improving the prognosis in CLL patients. At the same time, 
the Cox regression showed that maintaining the target 
BP levels achieved during treatment in the active cardiac 
monitoring group was the strongest predictor of 5 year 
overall survival. Irrespective of the cause of death of CLL 
patients, our findings indicate that intensive treatment of 
combined CVDs with continuous monitoring of BP, HT, 
symptoms, etc., considerably and statistically significantly 
increases the life expectancy of such patients.

Although an increasing number of anti-cancer drugs 
are now used for long-term therapy, adverse events may 
result in canceled anti-tumor treatments or reductions in 
the recommended doses of a drug [1, 3, 13]. Insufficient 
interdisciplinary interaction between oncologists and 
cardiologists are often the cause of unresolved issues of 
cardiac comorbidities that hamper the use of a particular 
anti-tumor treatment [6, 8, 9].

In this work, we were able to demonstrate for the first time 
the importance of an active involvement of a cardiologist 
and active cardiac monitoring with remote follow-up in 
increasing the life expectancy of patients with CLL who 
receive anti-tumor therapy. The survival rate of patients 
was increased due to regular cardiac monitoring despite the 
presence of cancer and more severe cardiac comorbidities. 
Remote follow-up helped to identify minimal changes in the 
cardiac status and provide timely and effective interventions, 
including cardiac surgery, in order to achieve a stable 
decrease in BP to the target levels in AH. There do not appear 
to be any previous publications that demonstrate an increase 
in the 5 year overall survival of cancer patients resulting from 
the involvement of a cardiologist in their management.

The need to provide remote follow-up of patients has 
been the topic of increasing discussions. Increasingly 
complex automated control systems are in the process of 
being developed along with relevant data on the beneficial 
effects of such methods on the outcomes of treating patients 
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Time, months

O
ve

ra
ll 

su
rv

iv
al

, %

0 12 24 36 48 60
20

30

40

50

60

70

80

90

100
р=0.0004

Routine follow-up

Active cardiac monitoring

Figures 6. Overall survival of patients with CLL  
at the age of 70 years or older (n=75) who were actively 
monitored (n=40) or followed up routinely (n=41)

Table 3. Cox proportional hazards model (n=217)

Parameter Beta (SE)
95% CI Beta

р OR
OR 95% CI

lower upper lower upper
Achievement of the stable target BP level 1.61 (0.33) 0.96 2.25 < 0.0001 4.98 2.61 9.51
Active cardiac monitoring 0.90 (0.33) 0.25 1.55 0.007 0.41 0.21 0.78
Antihypertensive therapy -0.22 (0.29) -0.78 0.34 0.59 0.80 0.48 1.41
ACE inhibitors -0.56 (0.37) -1.29 0.16 0.13 0.57 0.27 1.18
ARBs -0.72 (0.55) 0.55 -1.80 0.19 0.49 0.16 1.43
Thiazide diuretics -0.05 (0.45) 0.45 -0.93 0.91 0.95 0.39 2.29

Fixed combinations of antihyperten-sive drugs -0.22 (0.54) -1.29 0.85 0.69 0.80 0.28 2.33

Beta – beta regression coefficient; SE – beta standard error; 95% CI Beta – beta 95% confidence interval;  
OR – odds ratio; OR 95% CI – odds ratio 95% confidence interval; ACE – angiotensin-converting enzyme;  
ARB – angiotensin II receptor blocker.
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with various diseases [19]. The use of available instant 
messengers (WhatsApp) and e-mail for remote follow-up of 
our patients from the active cardiac monitoring group since 
2016 has resulted in regular information about the BP, HR, 
well-being, and symptoms of patients, helping to provide 
timely and effective treatment, including inviting patients for 
examination and additional tests where necessary.

Further studies with rigid endpoints are needed to 
investigate cardioprotective therapy, which is shown to affect 
the overall survival of cancer patients.

Conclusion
Despite cardio-oncology being well-developed in Russia, 

the regular cardiac follow-up of cancer patients remains a 
challenge. In this study, we showed for the first time that 
patients with chronic lymphocytic leukemia who are under 
regular active cardiac monitoring due to remote follow-up 
had a significantly higher overall survival than patients who 
occasionally visit a cardiologist.

Along with timely identification and correction of 
cardiotoxic adverse events, treatment of known cardiovascular 
diseases or those identified during anti-tumor therapy of cancer 
patients has a pronounced effect on life expectancy of patients 
with chronic lymphocytic leukemia receiving continuous 
targeted therapy with ibrutinib.

As part of the struggle to improve the survival rates of 
cancer patients, it is necessary to take into consideration the 
importance of follow-up, including a full cardiac examination of 
cancer patients at the stage of planning and during anti-tumor 
treatment. This is necessary for both course and continuous 
anti-tumor therapy. Active cardiac monitoring of cancer 
patients with remote follow-up, which has shown beneficial 
effects on overall survival rates, should be implemented in 
clinical practice.
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