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Due to the constant increase in morbidity and mortality, bladder cancer remains a
pressing problem in modern medicine. Despite the success of chemotherapy,
chemotherapy physicians around the world have been concerned about the safety of
these drugs for many years. Doxorubicin has been used as an antitumor drug for more
than 40 years in various hematological and solid malignancies, however, its toxic
effects when administered intravenously to vital organs and organ systems, including
the heart, require further research. The aim of our study was to evaluate the manifestations
and progression of cardiotoxicity in patients with bladder cancer with systemic and
intravesical administration of doxorubicin. The study included 96 patients who were
divided into three groups: the first group or the control group - patients who had a
confirmed diagnosis of first stage bladder cancer, were treated surgically and did not
receive doxorubicin; the second group - patients who, in addition to surgical treatment,
received doxorubicin systemically (intravenously) in a therapeutic dose; the third group
- patients who received doxorubicin at a dose of 50 mg, locally, by instillation of the
drug into the bladder cavity, after prior catheterization with an elastic catheter. ECG
data and biochemical markers of myocardial destruction before and after chemotherapy
were studied. The study found that systemic serial administration of doxorubicin to
patients with bladder cancer causes significant changes in the myocardium after the
first course of chemotherapy. A single intravesical instillation of doxorubicin does not
cause changes in laboratory and instrumental heart rate.
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Introduction
Due to the constant increase in morbidity and mortality,

bladder cancer remains a pressing problem in modern
medicine. Bladder cancer is the fourth most common cancer
in the United States and Europe. In terms of mortality, this
pathology ranks seventh and eighth in the structure of mortality
from oncopathology in the United States [14] and Europe,
respectively [4]. Tumors of the bladder occur 3-4 times more
often in men than in women [14]. The overall five-year survival
rate in Europe is about 68 % [2].

The situation in Ukraine is not better. Thus, almost 5,000
new cases and more than 2,000 deaths from this pathology
are registered annually [9].

Due to the constant improvement of diagnostic algorithms,
more and more newly diagnosed cases (according to some
data up to 75 %) are superficial bladder cancer, when the
tumor affects only the mucous membrane or submucosal

layer [1].
Despite the success of chemotherapy, chemotherapy

physicians around the world have been concerned about the
safety of these drugs for many years. The ambiguity of
approaches to the treatment of cancer patients indicates the
scale of the problem of optimal chemotherapy. In many
countries around the world, cover drugs are used, but the
pharmacological action of these drugs is aimed at protecting
individual organs, and the number of drugs taken by the patient
raises concerns about the pharmacokinetic relationships of
these drugs and increasing toxicity when taken together. On
the other hand, the search for certain methods of delivery of
chemotherapeutics to the focus of the cancer process is a
very promising area of oncology [7].

The standard of care for patients with superficial bladder
cancer is transurethral resection of the tumor [20]. Systemic
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or, less frequently, intravesical chemotherapy and
immunotherapy are used as adjuvant therapy after
transurethral resection to prevent the development of residual
and recurrent neoplasms [13, 22].

Doxorubicin is an anthracycline drug that has been used
for more than 40 years as an antitumor drug in various
hematological and solid malignancies [11]. However, its toxic
effects when administered intravenously, on vital organs and
organ systems puts doctors at a dead end. A particularly
dangerous complication of doxorubicin chemotherapy is the
development of cardiotoxicity [11, 17].

The aim of the study was to evaluate the manifestations
and progression of cardiotoxicity in patients with bladder
cancer with systemic and intravesical administration of
doxorubicin.

Materials and methods
The prospective study was conducted at the Department

of Radiation Diagnostics, Radiation Therapy and Oncology
of National Pirogov Memorial Medical University, Vinnytsya
on the basis of the Podolsk Regional Oncology Center.

The study was conducted with the permission of the
Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya and did not contradict the basic
bioethical norms of the Helsinki Declaration adopted by the
General Assembly of the World Medical Association, the
Council of Europe Convention on Human Rights and
Biomedicine (1977), the relevant provisions of the WHO, the
International Council of Medical Societies, the International
Code of Medical Ethics (1983).

A total of 96 patients with bladder cancer were examined
as part of the study.

All patients were divided into three groups:
•  first group or control group (35 people) - patients who

had a confirmed diagnosis of first stage bladder cancer,
were treated surgically and did not receive doxorubicin;

• the second group - 26 patients who, in addition to
surgical treatment, received doxorubicin systemically
(intravenously) in a therapeutic dose, which was calculated
individually according to body surface area;

• third group - 35 patients who received doxorubicin at a
dose of 50 mg, locally, by instillation of the drug into the
bladder cavity, after preliminary catheterization with an elastic
catheter.

All patients underwent ECG with baseline parameters
and biochemical blood tests prior to and at the end of
chemotherapy, including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and creatine
phosphokinase (CPK). The data were compared between
groups of patients with different approaches to the treatment
of bladder cancer. These studies were mandatory because
their results determined the duration of the intervals between
chemotherapy courses. The obtained data were processed
using the statistical software package SPSS 20.0 for
Windows. The difference in ALT, AST and CPK activity was
considered significant at p<0.05.

Results
Our studies showed that the first group of patients who

received only surgical treatment and did not receive
doxorubicin, no anamnestic, laboratory or instrumental data
that would indicate cardiovascular disorders were found.

At the same time, in the second group only a part of
patients noted discomfort in work of heart, instead, at other
patients any symptomatology was absent. Already in the
first week, about 27 % of patients showed signs of
cardiovascular damage, but by the end of the 4th course,
47 % of patients experienced pain in the heart and rapid

Note: * - the difference is significant compared to the control group.

Table 1. The main parameters of the ECG in the studied contingent.

Terms of research
ECG indicators

Heart rate,
beats/min Р, s R-R, s S-T, s QRS, s QT, s

First group (Control group)

At the beginning of treatment 71.74 ± 9.262 0.111 ± 0.119 0.845±0.108 0.149±0.144 0.106±0.013 0.392±0.025

At the end of treatment 75.45±10.96 0.097±0.017 0.807±0.115 0.120±0.025 0.106±0.012 0.386±0.029

The second group - Systemic administration of doxorubicin

1 course 68.19±7.082 0.099±0.102 0.774±0.218 0.123±0.027 0.102±0.011 0.386±0.031

2 course 75.03±9.848 0.096±0.015 0.780±0.122 0.109±0.025 0.104±0,012 0.372±0.026

3 course 76.92±10.47 0.0971±0.017 0.754±0.161 0.118±0.025 0.106±0.014 0.385±0.020

4 course 77.46±11.02 0.101±0.017 0.744±0.204 0.119±0.022 0.111±0.020 0.391±0.019

5 course 85.84±*12.63 0.102±0.022 0.746±0.216 0.118±0.028 0.166±0.027 0.392±0.029

The third group - Intravesical administration

At the beginning of treatment 74.84±14.19 0.090±0.027 0.660±0.080 0.096±0.020 0.091±0.008 0.392±0.040

At the end of treatment 76.00±8.420 0.099±0.017 0.754±0.070 0.078±0.038 0.097±0.007 0.371±0.031



heartbeat.
The third group of patients who received doxorubicin

intravenously after surgery, as well as patients in the first
group who did not receive chemotherapy felt well and had
no symptoms of heart disease.

ECG data in the studied groups of patients are shown
in table 1.

According to ECG data, in patients of the second group
who received intravenous doxorubicin, the average heart
rate increased from 68.11 to 75.03. At the same time, the
QRS complex expanded by 17.6 %. At the same time, no
changes in ECG were observed in patients of the first and
third groups.

The dynamics of changes in biochemical markers of
myocardial destruction in the studied contingent is shown
in Figures 1-3.

Determination of biochemical markers of myocardial
destruction revealed changes in blood aminotransferases,
namely, elevation of aspartate aminotransferase activity,
was found in 43.7 % of patients treated with intravenous
doxorubicin. The average AST levels in such patients were
52.82 U/l, which is 3.3 times higher than before treatment.

A similar trend was observed in the analysis of alanine
aminotransferase (ALT) activity. Thus, the level of ALT after
a course of intravenous doxorubicin increased 4.7 times
and amounted to 71.86 U/l against 15.26 U/l before
treatment.

At the same time, creatinine phosphokinase (CPK)
activity did not differ significantly at the beginning and end
of doxorubicin administration.

A completely different clinical picture was observed with
intravesical doxorubicin. The activity of ALT, AST and CPK
did not differ before and after the administration of the
chemotherapeutic agent, and did not exceed the norm.

In the study of patients with bladder cancer who were
treated only by surgery and did not receive doxorubicin by
any of the above methods, AST activity also did not exceed
normal and was 22.32 and 25.1 U/l before and after
treatment, respectively, that was 17.02 % less than the
corresponding figure in the group of patients receiving
doxorubicin systemically. It should be noted that at the end
of treatment, these activity indicators did not differ
statistically. A similar picture was observed in the analysis
of the dynamics of changes in the levels of ALT and CPK.

Discussion
The use of doxorubicin has shown excellent results in

the treatment of malignant tumors, but its wider use is
hampered by its potential cardiotoxicity, which is clinically
manifested by cardiomyopathy and congestive heart failure
[6, 11, 17].

The mechanism of cardiotoxicity of doxorubicin has not
been fully studied. However, all anthracycline
chemotherapeutics have some degree of cardiotoxic effect,
which is due to: on the one hand - inhibition and destruction
of topoisomerase IIB in cardiomyocytes, which leads to
blocking DNA replication, and on the other hand - activation
of oxidative stress in the heart and negative impact on repair
processes, resulting in free anthracycline metabolites,
increase apoptosis [10, 16]. By penetrating cardiomyocytes,
doxorubicin binds to proteasomes that transport the
doxorubicin-proteasome complex to the nucleus, where it
interacts with DNA double helices and a whole family of

Fig. 1. Dynamics of biochemical parameters of myocardial
destruction in patients not receiving doxorubicin.

Fig. 2. Dynamics of biochemical parameters of myocardial
destruction in patients prescribed intravenous doxorubicin.

Fig. 3. Dynamics of biochemical parameters of myocardial
destruction in patients who were prescribed intravesical
doxorubicin.
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topoisomerase enzymes [12]. The depressant effect of
doxorubicin on topoisomerase complexes leads to non-
ischemic irreversible cumulative cardiopathy, which is
characterized by a number of symptoms, including:
complaints of heart pain, arrhythmia, changes in ECG and
ultrasound. According to the literature, signs of the effect of
doxorubicin on the morphology of carbiomyocytes can be
characterized by such changes as myocardial atrophy,
fibrosis and disorganization of myocardial structure. At
electron microscopy of hearts in experiments on
micropreparations contracture and lysis of cardiomyocytes
are noted. Muscle fibers are loose, sometimes destructured
due to significant intermyofibrillar edema. Histological
specimens also show changes in the side of the heart
vessels, such as stagnation and redness in the venules
and capillaries, perivascular edema and sometimes
atherosclerotic changes in the vessels [5, 21].

Summarizing the results of a large number of diverse
studies, it can be argued that oxidative stress, inflammation,
apoptosis, mitochondrial dysfunction and calcium overload
of calcium are the main components of the pathogenesis
of toxic heart disease [3, 8, 15, 18, 20].

Methods of preventing the development of cardiopathy
with doxorubicin include replacement with drugs from other
groups, which often reduces the effectiveness of treatment,
concomitant use of beta blockers and calcium antagonists,
this solution reduces symptoms but does not solve the
problem of genetic aberrations caused by doxorubicin. The
next method is the use of liposomal forms of doxorubicin,
and this method of prevention, although effective, but this
method is currently being studied and not widely used [19].
Given the low efficiency of modern methods of prevention
of doxorubicin cardiopathy, the search for new methods of
prevention of heart disease remains an urgent problem,
one of which may be the local introduction of doxorubicin
into the cavity to reduce its systemic damage to the heart.

Analyzing the results of the survey of patients in the
study group, we found that doxorubicin when administered
systemically causes deterioration of patients after the first
year, as evidenced by the appearance of complaints of pain
and heart failure. Toxic effects of doxorubicin were also
confirmed in an instrumental study, which showed that
47 % of patients showed tachycardia and dilatation of
ventricular complexes. The appearance of the above
complaints forced doctors to extend the intervals between
courses to restore heart rate, and, consequently, worsened
the prognosis for cure. Similar trends in the systemic use
of doxorubicin have been described in the scientific literature
[6, 11, 17].

In contrast, doxorubicin therapy, when administered
intravesically, did not cause complaints of cardiac function.
This route of administration prevented the occurrence of
cardiotoxicity in patients with bladder cancer, which is due
to the almost complete absence of reabsorption of the drug
from the bladder into the systemic bloodstream, and hence
its accumulation in the heart.

In the group of patients who did not receive doxorubicin,
we did not register any complaints and changes in both
ECG results and biochemical markers of myocardial
destruction.

Based on the above, in our opinion, serial intravesical
use of doxorubicin can provide optimal treatment for bladder
cancer.

Conclusion
1. Systemic serial administration of doxorubicin to

patients with bladder cancer is accompanied by a low
incidence of recurrence, but causes significantly significant
changes in the myocardium after the first course of
chemotherapy.

2. A single intravesical instillation of doxorubicin does
not cause changes in laboratory and instrumental heart rate.
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