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Chemotherapy-Induced ECG Changes in HCC Patients

Saule Kubekova'®, Yelena Rib? ®, Natalya Zagorulya® ®, Niyaz Malayev* ®, Damir Biktashev® ®,
Gaukhar Kuanyshbayeva® @, Saltabayeva Ulbolssyn’ ®, Akbayan Markabayeva® ®, Dinara Bayanova® ®

Ainur Donayeva'

INTRODUCTION

According to Globocan, in 2022, the highest incidence
of hepatocellular carcinoma (HCC) was observed in
Asia, which accounted for 75% of the global burden of
liver cancer '. In the Republic of Kazakhstan in 2022, the
incidence of liver cancer was 5.1 per 100,000 population,
with a mortality rate of 2.9, respectively. For the period
2014-2022, HCC had the lowest five-year survival rate
among all malignant neoplasms in Kazakhstan®®. The
treatment of HCC across various stages involves a range
of clinical strategies*. Sorafenib is currently the primary
drug in the treatment of HCC *5 and doxorubicin is
used in transarterial hepatic artery chemoembolization
(TACE)®. However, their use results in cardiotoxicity
leading to cancer therapeutics-related cardiac dysfunction
(CTRCD)’. CRTCD manifests as cardiovascular disease
symptoms in patients with HCC, reflecting irreversible
structural changes in the myocardium!’.

Complications developed against the background of
chemotherapy, negatively affect the quality of life and
overall survival of patients, regardless of the prognosis
associated with the underlying disease', the actual
threat of premature cardiovascular mortality from
cardiotoxic complications, according to leading experts
of the American College of Cardiology/American Heart
Association (ACC/AHA), may be higher, compared with
the risk of death from the tumor process.

Unfortunately, many oncology centers in Kazakhstan
still lack the equipment needed to detect early signs of
heart dysfunction, such as global longitudinal strain.
In addition, not all laboratories have the capacity to
measure biomarkers like brain natriuretic peptide
(BNP) or high-sensitivity troponin. On the other hand,
electrocardiography (ECQ) is a simple, widely available,
and reliable tool that can be used as a standard method for
spotting early cardiac problems. In fact, ECG changes are
often the first indicators of heart damage caused by cancer
treatments'?, Currently, there is accumulated evidence
regarding QTc interval prolongation in patients receiving

sorafenib and doxorubicin **1®. According to
the meta-analysis by Porta-Sanchez A. et al.
(2017), sorafenib prolongs QTc, initially below
500 ms, in 8.5% of cases .

In our study, we analyzed ECG changes in
patients with HCC undergoing targeted therapy
and targeted therapy combined with TACE. The
analysis was conducted at the start of treatment
and after three months, both within groups and
between groups.

MATERIALS AND METHODS

This study is a multicenter, observational
clinical investigation conducted within the
framework of a grant from the Ministry of
Education and Science of the Republic of
Kazakhstan (Individual Registration Number
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AP19176025). The study was carried out from October
2021 to November 2023. The research was conducted
in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of the Astana
Medical University. All participants provided written
informed consent prior to enrollment in the study.

A total of 91 patients with HCC were included in the
study. The patients were divided into two groups based
on the treatment protocol. The first group consisted of
49 patients who received daily targeted therapy with
sorafenib at a dose of 800 mg per day. The second
group included 42 patients who, in addition to receiving
sorafenib at the same dose, underwent TACE with
doxorubicin at a dose of 50 mg.

Exclusion criteria included patients under 18
years of age, those with metastatic liver cancer,
cardiovascular diseases, other types of malignancies,
any intraventricular conduction abnormalities, ST-
segment or T-wave changes, medications affecting the
QT interval, and a glomerular filtration rate (GFR) of
less than 30 mL/min.

The study was conducted exclusively on the Kazakhstani
population; however, the ethnic composition of
participants was diverse, with 93% identifying as Asian
and 7% as Caucasian.

All patients underwent a resting 12-lead ECG in
accordance with AHA/ACC/HRS guidelines [20].
The ECGs were recorded using calibrated equipment
(50 mm/s and 10 mm/mV) before the initiation of
therapy (4 + 1 days) and three months after the start of
treatment. ECG interpretation was performed manually
by two independent experts. The following parameters
were assessed based on the electrocardiogram data:
heart rate, PQ interval, QRS complex duration, QT
interval, QTc (calculated using Fridericia’s formula),
newly developed intraventricular blocks, amplitude
characteristics of the atrioventricular complex, as
well as ST-segment and T-wave dynamics. The QRS
amplitude was assessed as the sum of the positive and
negative deflections. A low-voltage ECG was defined as
a QRS amplitude <5 mm in standard leads and <10 mm
in precordial leads. Bundle branch blocks (complete or
incomplete) were diagnosed in accordance with AHA/
ACC/HRS guidelines ?'.

ST-segment depression of >0.5 mm or elevation of >1
mm in at least two contiguous leads, measured at the
J-point, were considered potential ischemic changes.

T-wave abnormalities included any morphological
deviations, such as inverted T waves, flattened,
biphasic, or hyperacute T waves. Changes in the atrial
component, including P-wave duration >0.11 seconds,
bifid P waves, or P waves with two distinct peaks,
were considered possible signs of intra- or interatrial
conduction disturbances.

For variables with a non-normal distribution, non-
parametric methods were applied: the Mann—Whitney
U test (for intergroup comparisons) and the Wilcoxon
test (for intragroup comparisons). For variables with a
normal distribution, Student’s t-test was used. Statistical
significance was set at p < 0.05. Data are presented as
means with standard deviations, and binary variables
are presented as frequencies in absolute values and
percentages. Statistical analysis was performed using
SPSS version 26 (IBM, USA).

ETHICAL CLEARANCE

This study was conducted in accordance with ethical
standards. Ethical approval was obtained from the
appropriate institutional review board, and informed
consent was secured from all participants prior to data
collection.

RESULTS

Table 1 summarizes the characteristics of the patients
in both groups. In total, 91 patients with primary HCC
were analyzed, including 45 women (49.4%). Among
them, 12 patients (13.1%) were diagnosed with HCC
at the stage of liver cirrhosis, with 8 cases confirmed
by histology and 4 diagnosed without histological
verification. The average age of the patients was 59.7
+ 10.2 years. Overall, 48 patients (52.7%) underwent
surgical treatment during the observation period.

Table 1. Characteristics of Targeted Therapy, Targeted
Therapy Groups, and TACE

Targeted Targeted therapy
Indicator therapy group  and TACE group p
(n=49) (n=42)
Female sex, n (%) 28 (57,1) 17 (40,4) 0,467
Age, years 58+10,7 60+8,2 0,782
BMI, kg/m? 25,3£3,7 24,9+4,1 0,637
Hemoglobin, g/L 122,4+20,6 118,3+13,4 0,487
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Targeted Targeted therapy
Indicator therapy group and TACE group P
(n=49) (n=42)

Leukocytes, x10°%L 7,7+3,2 6,5+2,9 0,102

Platelets, x10°/L 217,8+98.,4 198+79.4 0,482

Potassium, umol/L 4,16x1,1 3,89+0,82 0,140

Glucose, mmol/L 5,4+1,8 5,2+2.4 0,422

Creatinine, pmol/L 76,4+17,4 88,9+13,9 0,067
LVEF (left

ventricular ejection 61,6+4,4 58,2+3,9 0,299
fraction), %

TG, 11(23) 37(88,1) 0,019

n (%)

In the study, out of 91 patients, 49 (58%) received
targeted therapy, while 42 (42%) underwent targeted
therapy combined with TACE. The authors compared
ECG parameters not only between the two treatment
groups but also monitored changes in ECG dynamics
within each group over 3 months of therapy.

Table 2. Baseline Electrocardiographic Parameters of
Patients in Both Groups

Targeted therapy
Indicator Targeted tlierapy and TACE group P
group (n=49)
(n=42)
Res““iﬁffrt rate, 76,9+10,2 70,3+11,3 0,167
PQ interval, ms 160,4+8,6 174,1+9,1 0,098
QRS duration, ms 81,4+2.5 90,6+1,9 0,172
QT interval, ms 388,2+52,8 400,3+32,2 0,516
QTc interval, ms 397,4+33,5 419,8+24,9 0,471
Low voltage
electrocardiogram, 1 (2,04) 0 (0) 0,832
n (%)

As shown in Table 2, no initial differences in ECG
parameters were found between the groups with different
treatment protocols. All parameters were within normal
ranges, and QTc interval values were close to the upper
reference limit. The electrocardiographic characteristics
of the targeted therapy group and the targeted therapy
combined with TACE group after 3 months of treatment
are presented in Table 3.

Table 3. Electrocardiographic Parameters of Patients in
Both Groups After 3 Months of Treatment

ey Targeted
Indicator thera rou therapy and
(r})=y4§) P TACE group p
(n=42)

Resting heart rate, 88,4+12,8 74,3+10,8 0,047
bpm

PQ interval, ms 165,9+10,5 174,7+8,3 0,058

QRS duration, ms 82,9435 100,4+10,7 0,022

QT interval, ms 398,8+30.,9 428,8+32,9 0,199

QTc interval, ms 437,4+27,6 459,8+22,7 0,231

Low voltage

electrocardiogram, 5 (10,2) 11 (26,2) 0,032

n (%)
T-wave inversion
in precordial leads, 14 (28.,6) 17 (40,47) 0,046

n (%)

The comparison of ECG results between the two groups
after 3 months of therapy revealed the following: the
QRS complex duration in the targeted therapy and
TACE group was significantly longer compared to
the targeted therapy group (82.9+£3.5 vs. 100.4+10.7
ms, p=0.022), though it remained within the reference
range. Incomplete right bundle branch block and left
anterior fascicular block were observed in 4 patients.
Resting heart rate (HR) was also significantly higher
in the targeted therapy group (88.4+12.8 bpm vs.
74.3£10.8 bpm in the targeted therapy and TACE group,
p=0.047). Additionally, the percentage of patients with
T-wave changes was significantly greater in the targeted
therapy combined with the TACE group (40.47% vs.
28.6%, p=0.046). Low-voltage ECG patterns were
more frequently observed in the same group (p=0.032).

When comparing baseline ECG parameters to those
obtained after 3 months of therapy within each group,
notable changes were observed (Tables 4, 5). In the
targeted therapy group, a significant increase in HR was
noted after 3 months (p=0.02). Moreover, QTc interval
prolongation was significant but did not reach values
associated with a high risk of arrhythmia (p=0.001).
In both groups, the number of patients with reduced
QRS complex voltage significantly increased after 3
months (1 vs. 5, p=0.032 in the targeted therapy group
and 0 vs. 11, p=0.012 in the targeted therapy and TACE

ENEVCVI RN /111p://www.banglajol.info/index.php/BIMS
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group). Mild pericardial effusion was detected in only
two patients in the targeted therapy combined with
TACE group, which does not fully explain the cases of
ECG voltage reduction due to hydropericardium.After
3 months of therapy, both groups showed a significant
increase in the number of cases with T-wave inversion in
at least two contiguous leads (p<0.001). In the targeted
therapy and TACE group, QTc interval duration also
increased significantly, reaching pathological values
and moderately exceeding the gender- and age-
specific norms of the patients (from 419.8+24.9 ms to
459.8+22.7 ms, p=0.040).

Table 4. Dynamics of Electrocardiographic Parameters
in the Targeted Therapy Group Over 3 Months

Three months

Indicator Baselu.le after the start of p
electrocardiogram
therapy

Resting heart rate, 76,9+10,2 88,4+12,8 0,002
bpm

PQ interval, ms 160,4+8,6 165,9+10,5 0,061

QRS duration, ms 81,4+2.5 82,9435 0,095

QT interval, ms 388,2+52,8 398,8+30,9 0,036

QTc interval, ms 397,4+33,5 437,4+27,6 0,001

Low voltage

electrocardiogram, 1 (2,04) 5 (10,2) 0,032

n (%)
T-wave inversion
in precordial leads, 0 14 (28,6) <0,001

n (%)

Table 5. Electrocardiographic Indicators of Patients
in the Targeted Therapy Group Combined with TACE
Over 3 Months of Treatment Dynamics

Three months

Indicator Baseln}e after the start of P
electrocardiogram
therapy

Resting heart rate, 70,3£11,3 74,3+10,8 0,060
bpm

PQ interval, ms 174,149,1 174,7+8,3 0,077

QRS duration, ms 90,6+1,9 100,4+10,7 0,079

QT interval, ms 400,3+32,2 428,8+32.9 0,085

QTc interval, ms 419,8+24.9 459,8+22,7 0,040

Low voltage

electrocardiogram, 0 (0) 11 (26,1) 0,012

n (%)
T-wave inversion
in precordial leads, 0 17 (40,5) <0,001

n (%)

DISCUSSION

The issue of cardiotoxicity in oncology patients is gaining
increasing attention from the medical community.
Decades of experience and long-term observations
of cancer survivors have revealed a wide range of
complications, including myocardial dysfunction,
myocardial remodeling, decreased contractility, and
potentiation of arrhythmogenesis, which affects all
types of cells within the heart’s conduction system. The
cardiotoxicity of chemotherapy can manifest through
a variety of ECG changes, the most common being
tachycardia, ST-segment and T-wave abnormalities,
ectopic atrial rhythms, intraventricular blocks, prolonged
QTc interval, and prolonged PQ interval >,

Our study demonstrated ECG changes in patients with
HCC undergoing targeted therapy and TACE. The
primary changes were associated with disruptions in
myocardial depolarization and repolarization processes.

Significant advancements in cancer treatment have
led to a decrease in patient mortality, positioning
cardiovascular diseases as the second leading cause of
death among oncology patients %%, In Kazakhstan,
over the past two decades, the incidence of newly
diagnosed cancer has declined from 195.9 per 100,000
population in 2001 to 94.2 in 2020, with mortality
rates decreasing from 134.4 to 75.0, respectively’'.
However, the concurrent presence of oncological and
cardiovascular diseases remains a serious concern ¢*3,
A study by K.S. Stoltzfus et al. * analyzed 7,529,481
cancer patient deaths, revealing that 5.24% were due
to heart diseases, with a cardiovascular mortality rate
of 10.61 per 10,000 person-years and a standardized
mortality ratio of 2.24 (95% CI: 2.23-2.25).

Bellinger A.M. et al. reported that anthracyclines induce
cardiomyocyte death, leading to irreversible myocardial
damage. The extent of this damage correlates with the
cumulative dose of the anticancer drug and results in
the development of cardiac rhythm and conduction
disorders in 16-36% of oncology patients®’. Although
our study did not identify cardiac rhythm disturbances,
a comparison of ECGs between the targeted therapy
group and the targeted therapy combined with
TACE group after three months of treatment showed
differences in resting heart rate, which was significantly
higher in the targeted therapy group (p = 0.047).

The available literature on QRS complex alterations in
oncology patients remains limited; however, several
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studies report an increase in abnormal fragmented QRS
(fQRS) complexes, ranging from 15.8% to 28.9% (p
= 0.041) in bladder cancer patients and from 26.6%
to 53.1% (p < 0.01) in breast cancer patients®’. This
condition is linked to myocardial fibrosis induced
by antitumor therapy. Notably, Adar et al. observed
the presence of fQRS in breast cancer patients not
only before clinical manifestations but also prior to
echocardiographic changes®®. In our study, a comparison
between the two groups at three months post-therapy
initiation revealed that patients in the targeted therapy
combined with TACE group exhibited a significantly
longer QRS duration, though still within the reference
range (82.9+3.5 ms vs. 100.4 +10.7 ms, p=0.22).
Additionally, fQRS complexes were detected in four
patients within this group.

When comparing targeted therapy alone to targeted
therapy combined with TACE three months
after treatment onset, patterns of low-voltage
electrocardiograms (Poor R-wave progression in leads
V1-V4) were more frequently observed: five patients in
the targeted therapy group versus eleven in the combined
therapy group (p = 0.032). Within-group analysis over
the same period indicated a reduction in QRS voltage
amplitude: one versus five patients (p =0.032) in the
targeted therapy group, and zero versus eleven patients
(p=0.012) in the combined therapy group. According
to Felker G.M., patients undergoing taxane and
anthracycline chemotherapy exhibited predominantly
fibrotic focal changes in myocardial histological
samples, potentially resulting from cardiomyocyte
apoptosis induced by these chemotherapeutic agents .

Prolongation of the QT interval is a significant concern
in cardio-oncology, as it can lead to life-threatening
ventricular arrhythmias and sudden cardiac death. This
prolongation extends the ventricular action potential
during repolarization. Certain antitumor agents,
such as platinum derivatives, can induce QT interval
prolongation by increasing the inward sodium current®.
In our study, patients receiving combined targeted
therapy and TACE exhibited a significant increase in
QTc interval over the three months following treatment
initiation (from 419.8 £+24.9 ms to 459.8 £22.7 ms,
p =0.040), as calculated using Fridericia’s formula.
Similarly, P. Veronese et al. analyzed QT interval changes
in 27 breast cancer patients undergoing anthracycline-
based therapy (doxorubicin), cyclophosphamide, and
paclitaxel. Doxorubicin administration was associated

with a notable QTc prolongation (from 439.7 + 33.2 ms
to 472.5+36.3 ms), calculated wusing Bazett’s
formula, with nine patients (30%) experiencing a QTc
increase beyond 500 ms. The authors suggest that this
QTc prolongation is due to the drug’s effect on ion
(potassium) channels, leading to an extended action
potential *!.

Sorafenib, commonly used as targeted therapy for HCC,
is associated with a moderate risk of QTc prolongation,
typically not exceeding 10 ms, and carries a low
or negligible risk of inducing Torsades de Pointes
(TdP)*%. In a small study involving sorafenib, a QTc
prolongation of less than 10 ms was observed*. Another
study with 86 patients receiving sorafenib and sunitinib
reported a 9.5% incidence of QTc prolongation of any
degree, with no recorded episodes of TdP [45, 46].
In our observation, patients treated with sorafenib for
three months exhibited a significant QTc prolongation
from 397.4 £33.5ms to 437.4+£27.6 ms (p=0.001),
as calculated using Fridericia’s formula.

In addition to QTc interval changes, a comparison of
the two groups three months after therapy initiation
revealed that patients in the targeted therapy and TACE
group were significantly more likely to exhibit T-wave
inversion in at least two contiguous leads (p = 0.046).
Similar changes were also observed within each group
over the course of treatment, with a highly significant
p-value (p <0.001).

A trend toward differences between the groups was
noted in PQ interval duration (p = 0.058), although no
clinically significant prolongation or development of
atrioventricular blocks was observed in either group.

Our study is limited by the small sample size and
relatively short observation period. These limitations
restrict our ability to assess the long-term cardiovascular
changes and extrapolate the findings to patients
undergoing extended courses of antitumor therapy.

CONCLUSION

In patients with HCC without pre-existing
cardiovascular pathology, a comparison between
the targeted therapy group and the targeted therapy
combined with TACE group, as well as within-group
dynamics over three months after therapy initiation,
revealed the following: an increase in resting heart
rate, prolongation of QRS duration, a reduction in
ECG voltage, QTc interval prolongation, and T-wave
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inversion. These results highlight the importance of
thorough electrocardiographic monitoring during
targeted therapy and TACE in patients with HCC,
particularly given the potential risk of adverse
cardiovascular events.

Overall, our findings contribute to the growing
body of evidence on chemotherapy-associated
electrocardiographic changes in HCC patients,
underscoring the need for comprehensive cardiac
monitoring and individualized treatment strategies for
this patient population.

Funding: This study was conducted under the grant of
the Ministry of Education and Science of the Republic
of Kazakhstan (Individual Registration Number
AP19176025).
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