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The impact of elevated cumulative anthracycline dose on cardiac
repolarization changes in children with cancer: a prospective study
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Abstract

Purpose: We aimed to prospectively interpretthe cardiac repolarization changes with 12-lead electrocardiography
(ECG) in children with cancer who were treated with anthracycline drugs.

Materials and methods: A total of 53 patients with cancer treated with anthracycline were enrolled in the study.
During 6-month follow-up, standard 12-lead ECG was performed at basal, 1st, 4th, and 24th hours after the
first dose of anthracycline treatment, at the time of 120 mg/m2 cumulative anthracycline dose and 240 mg/m?
of cumulative anthracycline dose in the same patients, respectively. P dispersion (PWd), QT dispersion (QTd),
corrected QT dispersion (QTcd), Tp-e interval, Tp-e/QT, and Tp-e/QTc ratio were obtained from 12-lead ECG.
The patients were classified into three groups according to increasing cumulative anthracycline doses: Group 1:
first dose (n=53), Group 2: 120 mg/m? (n=53), Group 3: 240 mg/m? (n=53).

Results: The median age was 48 months (range 9-192 months). While PWd, QTd, QTcd, and Tp-e interval were
significantly increased during first 24 hours of the first dose (p<0.001, p=0.005, p=0.041, p=0.016, respectively),
Tp-e/QT and Tp-e/QTc ratios were significantly altered during first 24 hours of 120 mg/m? cumulative dose of
anthracycline treatment (p<0.001). Any changes in 12-lead ECG were not significantly at 240 mg/m2 cumulative
dose. However, it was detected that all variables were affected according to each increased anthracycline
cumulative dose despite it was not statistically significant.

Conclusions: ECG parameters such as PWd, QTd, QTcd, Tp-e interval, Tp-e/QT, and Tp-e/QTc ratios are
useful for detecting subclinical cardiac abnormality and acute anthracycline toxicity during both uses of single-
dose anthracycline and increased anthracycline doses. These parameters may also predict arrhythmias in
patients with cancer.
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Amag: Antrasiklin kemoterapisi ile tedavi edilen kanserli cocuklarda kardiyak repolarizasyon degisikliklerini 12
derivasyonlu elektrokardiyografi (EKG) ile degerlendirmeyi amacladik.
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Gereg ve yontem: Antrasiklin ile tedavi edilen kanserli toplam 53 hasta galismaya dahil edildi. Bu hastalara
12 derivasyonlu EKG ile antrasiklin tedavisinin ilk dozu, 120 mg/m? ve 240 mg/m? kiimdilatif dozu sirasinda her
doz uygulamasinin ilag verilmeden hemen 6ncesinde ve ilag verildikten sonraki 1., 4. ve 24. saatinde EKG’leri
cekildi. Bu EKG’lerden P dispersiyonu (PWd), QT dispersiyonu (QTd), dizeltiimis QT dispersiyonu (QTcd), Tp-e
araligi, Tp-e/QT ve Tp-e/QTc orani hesaplandi. Hastalar artan kiimdlatif antrasiklin dozlarina gére G¢ gruba
ayrildi: Grup 1: ilk doz (n=53), Grup 2: 120 mg/m? (n=53), Grup 3: 240 mg/m? (n=53).

Bulgular: Ortanca yas 48 ay (aralik 9-192 ay) idi. ilk dozun ilk 24 saatinde PWd, QTd, QTcd ve Tp-e degiskenleri
anlamli olarak artis gosterdigi saptandi. (sirasiyla p<0,001, p=0,005, p=0,041, p=0,016). 120 mg/m? kiimulatif
antrasiklin tedavisinin ilk 24 saatinde ise Tp-e/QT and Tp-e/QTc oranlari istatistiksel anlamli olarak degisiklik
gosterdi (p<0,001). 240 mg/m? kiimUlatif antrasiklin dozunda ise herhangi bir anlamli degisiklik saptanmadi.
Ancak istatistiksel olarak anlamli olmamakla birlikte, artan her antrasiklin kimulatif doza bagh olarak disperisyon
degiskenlerinde uzama, Tp-e/QT ve Tp-e/QTc oranlarinda ise azalma oldugu belirlendi.

Sonug: PWd, QTd, QTcd, Tp-e araligi, Tp-e/QT ve Tp-e/QTc oranlan gibi EKG degiskenleri, hem tek
doz antrasiklin hem de artan antrasiklin kullanimi sirasinda subklinik kardiyak toksisite ve akut antrasiklin
toksisitesinin bulgularini saptamada yararl oldugunu gosterdi. Bu parametreler degerlendirildiginde kanserli
hastalarda aritmileri de belirlemede énemli olacaktir.

Anahtar kelimeler: Cocukluk ¢agdi kanseri, antrasiklinler, kardiyak toksisite, EKG, dispersiyon.
Aydin Kéker S, Oymak Y, Mese T, Yilmazer MM, Demirag B, Ozdemir R, Karapinar TH, ince D, Vergin R.

Artan kimulatif antrasiklin dozunun kanserli cocuklardaki kardiyak repolarizasyon degisiklikleri Gzerine etkileri:
Prospektif bir galisma. Pam Tip Derg 2021;14:362-370.

Introduction

According to the latest study published
by the German Children’s cancer registry, the
5-year survival of children under the age of 15
is reported as 85% [1]. Along with increased
survival after settled chemotherapy protocols,
toxicity findings related to chemotherapy have
come to the fore. A potential complication of
anticancer treatment is short-term and long-
term cardiovascular toxicity [2]. Toxicity related
to anthracycline may be encountered in acute
or chronic forms. It may occur as asymptomatic
(subclinical) or symptomatic cardiac events
[3]. The acute form of anthracycline toxicity
involves electrocardiography (ECG) changes,
rhythm disorders, and immediate ventricular
dysfunction. P wave dispersion (PWd), corrected
QT interval (QTc), QTc dispersion, and QT
dispersion (QTd) were shown to have predictive
roles for atrial and ventricular arrhythmia and
all mortality linked to these causes. Increasing
P-wave dispersion reflects the tendency of the
atrial myocardium toward rhythm disorders like
atrial flutter and fibrillation. QT, QTd, and QTc
are indices of spatial dispersion of ventricular
recovery. Previous studies have shown that
patients with increased QT and QTd are more
prone to ventricular arrhythmia and even sudden
cardiac death [4, 5]. In recent years, Tp-e interval
and Tp-e/QT ratio have been revealed to be
new non-invasive electrocardiographic (ECG)
markers of ventricular repolarization dispersion.
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Researchers have stated that lengthened Tp-e
interval and increasing Tp-e/QT and Tp-e/
QTc ratios are associated with a tendency
toward ventricular arrhythmia and sudden
cardiac death [6, 7]. There are higher rates
of subclinical heart disease (62%); however,
it is frequently reversible. In asymptomatic
cardiotoxicity, arrhythmia like ventricular
tachycardia and lengthened Q-T interval may
be observed. Rarely, arrhythmic and ischemic
attacks are observed [8]. Chronic cardiotoxicity
linked to anthracyclines is related to cumulative
medication dose. Patients receiving increasing
cumulative doses of 400, 550, and 700 mg/m?
doxorubicin were shown to develop clinical heart
failure of up to 3%, 7%, and 18%, respectively.
Most cardiomyopathy related to cumulative
dose is irreversible [9].

In spite of lengthened life expectancy
with intense chemotherapy protocols for
childhood cancers, cardiac side effects
related to treatment are still a problem. One
of the most commonly used medications is an
anthracycline. The most well-known findings
of chronic cardiotoxicity associated with
anthracycline are cardiomyopathy, myocardial
infarcts, and stroke. Additionally, subclinical but
significant acute cardiotoxicity is still not fully
explained. In this study, we aimed to assess
the subclinical cardiac anomalies and acute
anthracycline toxicity with a P wave, QT, QTc
dispersion, Tp-e interval, Tp-e/QT, and Tp-e/



Cumulative anthracycline dose on cardiac repolarization changes

QTc ratio using 12-lead ECG in pediatric cancer
patients with anthracycline group medication in
their treatment protocol during both single-dose
anthracycline treatment and with increasing
cumulative doses.

Materials and methods
Study population

From 2014 to 2015, children with cancers who
were treated with any anthracycline drugs were
enrolled in this prospective observational study
at the department of oncology. During 6-month
follow-up, standard 12-lead ECG was performed
at the basal point, 1st, 4th, and 24th hours after
the first dose of anthracycline treatment, at the
time of 120 mg/m? cumulative anthracycline
dose and 240 mg/m? of cumulative anthracycline
dose in the same patients, respectively. P
wave dispersion (PWd), QT dispersion (QTd),
corrected QT dispersion (QTcd), Tp-e interval,
Tp-e/QT, and Tp-e/QTc ratio were evaluated
from 12-lead electrocardiography. The patients
were classified into three groups according to
increasing cumulative anthracycline doses:
Group 1: first dose (n=53), Group 2: 120 mg/m?
(n=53), Group 3: 240 mg/m? (n=53). Patients’
demographic features were obtained from the
patient data system.

Patients were excluded if they were using
any medication which lengthens the QT
duration or if they had any electrolyte imbalance
causing lengthened QT (hypopotassemia,
hypocalcemia, hypomagnesemia). Additionally,
patients with hypothermia, congenital heart
disease, or a history of dysrhythmia were
excluded.

The study was conducted in accordance
with the Declaration of Helsinki. Izmir Dokuz
Eylil University Ethics Committee approval
under protocol number 225-SBKAEK (date:
30.10.2014), was granted and consent informed
was obtained from the patients and their parents.

Electrocardiography

The standard 12-lead ECG (Cardiofax GEM,
Model 9022 K; Nihon Kohden Tokyo, Japan) was
recorded ata speed of 25 mm/s and an amplitude
of 1 mV/cm while the patients were lying in a
supine position right after the diagnoses were
made. P wave dispersion (PWd), QT dispersion
(QTd), corrected QT dispersion (QTcd), Tp-e

interval, Tp-e/QT, and Tp-e/QTc ratio were
calculated from 12-lead electrocardiography.
To increase the accuracy of the measurements,
ECG recordings were scanned and transferred
to a personal computer. After usingx400 zoom
in Adobe Photoshop software, assessments
were made directly from the ECG tracing by one
pediatric cardiologist who was blind to the data.
No significant discrepancy was present between
investigators. The interobserver variance for
each measurement ranged between 5% and
12%.

P-wave dispersion: We defined the onset
of the P-wave as the junction between the
isoelectric line and the beginning of the P-wave
deflection, and the offset of the P-wave as
the junction between the end of the P-wave
deflection and the isoelectric line. We calculated
the dispersion of the P-wave as the difference
between the maximum and minimum P-wave
duration (P-wave dispersion: maximum P-wave
duration—minimum P-wave duration) [10]. P
waves from all 12 leads were measured and
used for calculations.

QT dispersion: We measured the QT interval
from the beginning of the QRS complex to the
end of the T-wave, but did not measure the QT
interval if the T-wave was absent. If T-waves had
two peaks and the second was <50% of the first
one, then the point where the first peak reached
the isoelectric line was assumed to be the end
of the T-wave. For every patient, we calculated
the corrected QT (QTc) interval regarding the
previous cardiac cycle length according to the
Bazzet formula [11]. In the presence of a U
wave, the end-point of the T wave was accepted
as the lowest point between the T and U waves.
Both the QT (QTd) and QTc (QTcd) dispersions
were calculated as the difference between the
maximum and minimum QT and QTc intervals
[12].

Tp-e interval: Tp-e was measured from
Tp (highest point of the T-wave, T-wave with
maximum amplitude) to Te. We defined Te
as the intersection point of the tangent to the
downslope of the T-wave and isoelectric line.
If a lead contained inverted T-waves, the
measurement was taken from the lowest point
of the inverted T-wave to Te. The U-wave was
not taken into consideration [13]. The Tp-e/QT
ratio was calculated from these measurements
[14].
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Echocardiography

All the echocardiographic images were
acquired using an EPIQ 7 ultrasound system
(IE5x Matrix System, Phillips Medical Systems,
Andover, MA). All measurements were taken
according to the methods recommended by the
American Society of Echocardiography [15].
Images were recorded at end-expiratory phase
using a 5 MHz centre frequency phased-array
probe with second-harmonic imaging. Two-
dimensional (2D) greyscale images at a frame
rate of 60 and 90 frames/s were obtained from
the apical four-chamber view.

Statistical analysis

SPSS 18.0 was used (SPSS Inc., Chicago,
IL, USA) for statistical analysis. The distribution
pattern of the data was evaluated via the
Kolmogorov—Smirnov test. Values are expressed
as mean + SD or median (interquartile range)
where appropriate. According to the distribution
type of the variable, comparison of independent
means was performed with the Mann Whitney
U test or Student’s t test, whereas comparison
of dependent means was performed with the
paired Student’s t test or Wilcoxon test. Chi-
square analysis was used for the comparison of
categorical variables. The associations between
parameters were assessed using Spearman’s
correlation test for normally distributed data and
Pearson’s test for abnormally distributed data.
A p-value <0.05 was considered statistically
significant.

Results

The data were collected from 53 patients
with cancer. There were 32 males (60.4%) and
21 females (39.6%) patients in the baseline
study group. The median age in our study was
48 months with a range from 9 to 192 months.
Table 1 shows the type of cancer in our study. All
types of cancer were distributed as 38 patients
(71.7%) with acute leukemia, 2 patients (3.8%)
with T lymphoblastic lymphoma, and 13 patients
(24.5%) with other childhood cancers who
treated with anthracycline during chemotherapy
protocols (Table 1).

At the time of diagnosis 53 patients did
not have malnutrition. None of our patients
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had received radiotherapy. Aortic coarctation,
tricuspid insufficiency, patent foramen ovale
(PFO), atrial septal defect (ASD), mitral
insufficiency, and decreased apical function, and
left shift of intraventricular septum in mid septal
region were detected with echocardiography in
7 of 53 patients.

The comparison of the electrocardiographic
features of the basal, 1st, 4th, and 24th hours
after the first dose of anthracycline treatment
is given in Table 2. Table 2 shows that QT and
QTc dispersions were found to be significantly
higher at the first hour, and the PW and Tp-e
dispersions at the first, fourth and twenty-fourth
hours. There were no differences in Tp—e/QT
ratios, and Tp—e/QTc ratios 24 hours after the
first dose of anthracycline chemotherapy.

The comparison of the electrocardiographic
features of the basal, 1st, 4th, and 24th hours
after the 120 mg/m? cumulative dose of
anthracycline chemotherapy is given in Table
3. There were no differences in PW, QT, and
QTc dispersions during 24 hours after the first
dose of anthracycline chemotherapy. The Tp—e/
QT and Tp-e/QTc ratios at the first, fourth, and
twenty-fourth hours and Tp—e dispersions at the
first hour were found to be significantly higher
at 120 mg/m? cumulative dose of anthracycline
treatment. According to the comparison of the
electrocardiographic features of the basal,
1st, 4th, and 24th hours after the 240 mg/m?
cumulative dose of anthracycline chemotherapy,
no significant difference was found in all of the
parameters.

When the increasing cumulative
anthracycline dose is compared with the first
dose, PW dispersion was identified to have a
statistically significant increase with 120 mg/m?
and 240 mg/m? cumulative dose compared to
the first dose (p=0.025, p=0.025, respectively).
Though not statistically significant, with
increasing cumulative anthracycline dose, QT,
QTc, and Tp-e dispersions were identified to
lengthen. There was a statistically significant
reduction identified for Tp-e/QT ratio and
Tp-e/QTc ratio between the first dose and 120
mg/m? cumulative dose (p=0.001, p<0.001,
respectively) (Table 4).
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Table 1. Baseline characteristics of cancer types

Type of cancer Frequency Percent
Acute leukemia (ALL+ AML) 38 7.7
Lymphoma (HL+ T cell lymphoblastic lymphoma+ Burkitt lymphoma) 7 13.2
Solid tumor 8 15.1
Total 53 100.0

ALL=acute lymphoblastic leukemia

AML=acute myeloid leukemia

HL= Hodgkin Lymphoma

Solid tumor included Neuroblastoma+Hepatoblastoma+Ewing sarcoma+Wilms tumor+Osteosarcoma

Table 2. Comparison of electrocardiographic characteristics between the groups at the first dose of
anthracycline (n=53)

Basal 1st hour (B) 4" hour (C) 24" hour (D) p(A-B) p(A-C) p(A-D)
(A) (meantSD) (meantSD) (meantSD) (meanzSD)
PW 12.6+6.78 18.3+£7.59 15.56+6.55 18.86+11.91 0.001 0.032 0.002
dispersion
(ms)
QT 27.07+13.4 34.71£17 1 29.90£13.21 30.94+13.19 0.005 0.288 0.193
dispersion
(ms)
QTc 33.50+16.6 41.37+22.2 37.5£19.39 40.32+19.73 0.041 0.223 0.091
dispersion
(ms)
Tp-e 17.54+9.98 22.7+11.79 24.33+x11.18 22.26x10.07 0.016 0.001 0.025
dispersion
(ms)
Tp-e/QT 0.23+0.06 0.24+0.05 0.24+0.054 0.24+0.089 0.507 0.375 0.420
ratio
Tp-e/QTc 0.18+0.04 0.19+0.04 0.18+0.038 0.18+0.08 0.137 0.431 0.598
ratio
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Table 3. The evaluation of electrocardiographic data at 120 mg/m? cumulative dose of anthracycline
(n=53)

Basal (A) 1st hour (B) 4" hour(C) 24" hour(D) p(A-B) p(A-C) p(A-D)
(meantSD) (meanSD) (meantSD) (meanzSD)

PW 17.318.49 18.214+8.32 17.0947.77 19.04+7.98 0.588 0.871 0.362
dispersion

(ms)

QT 31.42+12.79 33.33+12.23 32.73£19.19 28.09+11.94 0.421 0.755 0.218
dispersion

(ms)

QTc 41.80+19.23 40.97+17.95 40.85+23.2 37.0+16.2 0.842 0.833 0.273
dispersion
(ms)

Tp-e 20.4749.29 24.4+11.69 22.97+12.25 20.59+7.82 0.038 0.184 0.927
dispersion
(ms)

Tp-e/QT 0.20+0.054 0.25+0.047 0.25+0.12 0.23+0.048 <0.001 0.003 0.029
Ratio

Tp-e/QTc 0.15+0.035 0.19+0.050 0.20+0.11 0.17+0.038 <0.001 <0.001 0.008
Ratio

Table 4. ECG characteristics of elevated cumulative anthracycline dose

First dose 0 hour 120 mg/m?0 240 mg/m? 0 p(A-B) p(A-C) p(B-C)

ECG hour ECG (B) hour ECG (C)

(A) (n=53) (n=53) (n=53)

(mean+SD) (meantSD) (meanSD)
PW dispersion 12.66.78 17.318.49 17.38+8.49 0.025 0.025 1.000
(ms)
QT dispersion 27.0+13.4 31.4+12.79 32.89+15.75 0.136 0.208 0.427
(ms)
QTc 33.6+£17.51 41.8+19.23 42.6+22.3 0.071 0.117 0.162
dispersion
(ms)
Tp-e 17.54+9.98 20.44+9.29 18.619.25 0.152 0.613 0.906
dispersion
(ms)
Tp-e/QT 0.24+0.062 0.20+0.054 0.21+0.024 0.002 0.149 0.539
ratio
Tp-e/QTc 0.18+0.047 0.15+0.035 0.16+0.030 <0.001 0.137 0.219
ratio
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Discussion

Anthracycline group medications comprise
the basic foundation of chemotherapy protocols.
Multiple medication protocols clearly lengthen
the survival after cancer in the childhood age
group. This means that side effects related
to treatment become an important topic.
Cardiotoxicity related to anthracycline, forming
the basis of chemotherapy protocols, is an
important problem. Cardiotoxicity may occur in
the acute (hours immediately after treatment),
subacute (days or weeks after treatment, up
to 30 weeks), and late periods (years after
treatmentis completed, 1-20 years). At the same
time, the cardiotoxic effect may be clinical or
subclinical. When it occurs clinically, the patient
displays findings of heart failure. Subclinical
cardiotoxicity is the identification of disruption in
left ventricular functions on echocardiographic
assessment without observing findings of
heart failure or cardiomyopathy clinically
or in the laboratory of the patient. Many
echocardiographic parameters are used for the
early diagnosis of subclinical cardiotoxicity [16,
17].

Clinical studies in recent years have shown
the P wave dispersion, QT interval, QTc, QTd,
and QTcd on 12-lead ECG are sensitive for
arrhythmia of the myocardium and show the risk
of sudden cardiac death. P wave dispersion is
characterized by heterogeneity in conduction of
interatrial sinus impulses and carries a risk of
lengthened atrial arrhythmia. Lengthened QTd
and QTcd values have the risk of ventricular
arrhythmia due to heterogeneity of myocardial
repolarization and myocardial instability, which
may lead to sudden cardiac death [18, 19].
Gllen H et al. [20] report that there was no
significant difference in QTc values between
patients taking active treatment and those who
completed the therapy and between the patients
given a cumulative dose of anthracycline lower
and higher than 250 mg/m2. But Qtcd values
were found to be higher in patients than controls.

Tp-e interval is a new marker of relative
transmural repolarization dispersion. It is also
associated with risk of sudden cardiac death
(SCD) [21]. The duration between the peak
point of the T wave with the end point (Tp-e)
can be used as a marker of total repolarization
dispersionand was showntoalsobe animportant
marker for prediction of increased mortality

linked to cardiovascular causes and ventricular
arrhythmia. The new index of Tp-e/QT ratio is not
affected by heart rate variation and is reported
to be more reliable for assessment of ventricular
repolarization compared to QT duration, QT
dispersion and Tp-e duration [22]. Panikkath
et al. [23] suggested that a prolonged Tp-e
interval and high Tp-e/QT ratio were associated
with SCD. Previously studies have reported a
prolonged Tp-e interval and increased Tp-e/QT
ratio in patients with myocardial infarction [24].-

The most difficult to predict and manage
clinically is the development of cardiomyopathy
and ultimately congestive heart failure. The
incidence of DOX cardiomyopathy depends
on the cumulative lifetime dose, increasing
to 36% when the dose exceeds 600 mg/m?
[25]. Heart failure incidence affects 26% of the
patients receiving DOX when the cumulative
dose exceeds 550 mg/m? [26]. Early-onset and
progressive anthracycline cardiotoxicity can
occur within a year or may not become apparent
until years after cessation of treatment and can
manifest as chronic dilated cardiomyopathy in
adult patients or as restrictive cardiomyopathy
in younger patients, associated with decreased
left ventricular ejection fraction, occasionally
leading to fatal events [27, 28]. Early detection
of subclinical cardiovascular alterations within
the first year post-treatment can lead to a
total or partial recovery of cardiac function,
as demonstrated by Cardinale et al. [29]. Our
study may be a guide for both how evaluating
early cardiotoxicity and how detecting early
cardiac repolarization change by increasing
cumulative dose. As a result, cardiomyopathy
or heart failure can be prevented by taking early
measures in patients with early detected cardiac
repolarization change.

Although we observed some subclinical
cardiac effects between the first dose and 120
mg/m? doses, we thought that the reason we did
not find a difference at the 240 mg/m? dose was
related to the interval time. The time between
the first dose and 120 mg/m? is approximately
1 month, while the period between 120 mg/
m?2 and 240 mg/m? is approximately 3 months.
Therefore, we thought that some subclinical
cardiotoxicity findings might have improved
during this long interval.

Conclusion, ECG parameters like P wave,
QT, QTc dispersion, Tp-e interval, Tp-e/QT
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and Tp-e/QTc ratio may be beneficial for
identification of subclinical cardiac anomalies
and anthracycline acute toxicity during
single-dose anthracycline treatment and with
increasing cumulative doses. We identified
the variation in these ECG parameters within
the first 24 hours of anthracycline treatment
developed with arrhythmia risk. Again, with
increasing cumulative dose, there was increased
risk of development of atrial and ventricular
arrhythmia, though this was not statistically
significant. At the same time, these parameters
can identify arrhythmia in pediatric patients with
cancer. As a result, during treatment and with
increasing cumulative doses of anthracycline
group chemotherapy, it will be important to
assess cancer patients with ECG. But it's a
difficult application to obtain ECG parameters
according to cumulative dose and at the basal,
1st, 4th, and 24th hour.
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