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Summary

Background: Chemotherapy with anthracyclines is asso-
ciated with life-threatening electrocardiographic altera-
tions including corrected QT (QTc) interval prolongation.
Patients and Methods: In this study we assessed the ef-
fect of epirubicin, cyclophosphamide, and docetaxel (EC-
Doc) on the QTc interval in 10 patients with early breast
cancer. Cardiac toxicity was assessed with symptoms,
transthoracic echocardiography, electrocardiography
(ECG), and serum cardiac markers at baseline and after 4
cycles of EC and 4 cycles of docetaxel. To evaluate the
influence of interobserver variation, the QTc interval was
analyzed by a cardiologist, a gynecologist, and with au-
tomated ECG interpretation software. Results: There was
a significant QTc prolongation after EC treatment inde-
pendent of the investigator. In addition, a significant in-
crease in N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) levels was noted after EC treat-
ment. QTc prolongation and NT-proBNP levels normal-
ized after docetaxel treatment. Other biochemical mark-
ers were within normal ranges. No clinically relevant ef-
fect on left ventricular ejection fraction was observed.

Julian Puppe and Deborah van Ooyen contributed equally to this article.

Conclusion: This prospective study demonstrated that
EC treatment increases the QTc interval and NT-proBNP
levels in women with early breast cancer. This effect was
reversible and independent of docetaxel administration.
Moreover, the treating physician can safely perform QTc
interval evaluation as part of clinical routine independent
of his/her specialty. Due to the small number of patients,
further conclusions are limited at this point.

© 2017 S. Karger GmbH, Freiburg

Introduction

Anthracyclines play an important role in the neoadjuvant treat-
ment of breast cancer patients [1]. However, these drugs are not
free of adverse effects. Cardiovascular toxicity has gained increas-
ing attention as an adverse event in cancer treatment. Anthracy-
clines such as epirubicin can cause left ventricular dysfunction [2,
3]. This has led to the regular testing of left ventricular ejection
fraction (LVEF) by echocardiography for patients treated with an-
thracyclines [4]. In addition, serum biomarkers like cardiac tro-
ponin are widely used to detect cardiac damage [5]. However, the
use of troponin as a prognostic tool in cancer therapy has been
largely disappointing [6]. Natriuretic peptides, such as brain
natriuretic peptide (BNP) and its aminoterminal component (NT-
proBNP) are used to diagnose acute and chronic heart failure [7].
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Table 1. Characteris-

tics of the patient cohort Characteristics
Patients, n 10
Age, years 58.10 £9.04
Weight, kg 73.06 + 23.31
Body mass index 26.20 £ 8.26
Stage, n (%)
T1 5 (50)
T2 2(20)
T3 0(0)
Missing 3(30)
Nodal status, n (%)
Positive 4 (40)
Negative (10)
Missing 5 (50)
Grading, n (%)
1 1(10)
2 5 (50)
3 4 (40)
Missing -
Hormone receptor, n (%)
Positive 7 (70)
Negative 2 (20)
Missing (10)
HER2 status, n (%)
Positive 6 (60)
Negative 4 (40)
Preexisting cardiac disease hypertension
(n=3)
Cardiac medication beta blockers
(n=3)

Some studies describe a substantial increase in NT-proBNP in pa-
tients treated with anthracyclines with no effect on echocardiog-
raphy or clinical outcome [8]. Other proposed markers such as cre-
atine kinase (CK), the cardiac-specific creatine kinase-MB
(CK-MB), or C-reactive protein (CRP) have shown no clinical
value so far [9].

Long QT syndrome is a repolarization disorder of the myocar-
dium, which is characterized by a prolongation of the QT interval
on electrocardiogram (ECG). This can be caused by drugs or he-
reditary ion channel abnormalities by blocking potassium channels
or opening sodium or calcium channels [10]. Drug-induced QT
interval prolongation has been identified as a further crucial risk
factor for cardiac toxicity and is potentially leading to palpitations,
syncope, and sudden cardiac death due to serious ventricular ar-
rhythmias such as Torsade de Pointes [11, 12]. In clinical practice,
a QTc interval (corrected for heart rate) of > 470 ms is associated
with a 3-fold risk increase for sudden cardiac death [13, 14]. Anti-
cancer drugs might cause QT prolongation [15]. One retrospective
study on childhood cancer survivors describes a persistent QT in-
terval prolongation in 19 of 33 patients receiving anthracyclines
(doxorubicin equivalent) [16]. A recent study investigated whether
the free radical scavenger superoxide dismutase (SOD) protects
against anthracycline-induced cardiotoxicity, and reported a pro-
longation of the QTc¢ interval after doxorubicin plus cyclophospha-
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mide (AC) but no cardioprotective effect of SOD [17]. Another
study in 34 patients demonstrated that exposure to epirubicin, cy-
clophosphamide, and 5-fluorouracil in women with breast cancer
is correlated with QTc interval prolongation [18]. However, the
influence of the widely used EC-Doc regimen (epirubicin, cyclo-
phosphamide, and docetaxel) for breast cancer treatment on the
QTc interval remains to be further elucidated. Therefore, we pro-
spectively investigated the effect of EC-Doc on cardiotoxicity in
women with early breast cancer.

The variability in ECG measurements and analysis between dif-
ferent investigators can be large [19]. In Germany, gynecologists
generally administer breast cancer chemotherapy, and not all out-
patient chemotherapy centers have direct access to a cardiology
department. For this reason, we also evaluated if gynecologists can
reliably produce and interpret ECG data as part of clinical routine
and whether the use of automated ECG interpretation software can
support QT interval interpretation.

Patients and Methods

Patients

A total of 10 women with early breast cancer were enrolled in this observa-
tional study and their data prospectively studied. All patients were treated in the
Outpatient Chemotherapy Center at the Department Obstetrics and Gynecol-
ogy, University Hospital Cologne. The study protocol was approved by the local
ethics committee and accepted as an extended safety measure for chemotherapy
treatment. Further patient characteristics are listed in table 1.

EC-Doc Regimen

The neoadjuvant regimen (n = 8) consisted of 4 cycles of epirubicin 90 mg/m?
and cyclophosphamide 600 mg/m?, given on day 1 of a 14-day cycle. 2 patients
were treated adjuvantly at the same dosage on day 1 of a 21-day cycle. Sub-
sequently, 6 patients received 4 cycles of docetaxel 100 mg/m? with (n = 4) or
without (n = 2) trastuzumab 15 mg/kg body weight dependent on their HER2
status every 21 days. Data on docetaxel was missing for 4 patients.

Electrocardiographic Assessments

A standard 12-lead ECG was recorded before (< 20 min) and immediately
after the 4th cycle of EC or the 4th cycle of docetaxel (< 20 min). The same well-
trained personnel performed all ECGs. QT intervals were blinded for the treat-
ment group and results of the computer software and independently analyzed
by a senior cardiologist, a gynecologist, and with an automated ECG interpreta-
tion software (Schiller Cardiovit AT-10 plus, Felsberg, Germany). In order to
reduce the dependence of QT interval on the heart rate, Bazett’s formula was
applied [20]. Experienced oncology nurses evaluated the patients for clinical
symptoms of cardiotoxicity.

LVEF Assessments

The effect of EC on systolic heart function was investigated by echocardiog-
raphy (LVEF) at baseline and within 14 days of EC or docetaxel treatment. The
2-dimensional echocardiographic analyses were performed according to the
American Society of Echocardiography recommendations and with commer-
cially available equipment (Philips IE33, Andover, MA, USA) featuring a 2-5
MHz transducer. LVEF was calculated with the Simpson’s biplane method.

Serum Cardiac Markers

CK-MB and NT-proBNP were analyzed during routine blood tests within 7
days before the first cycle of EC and 14 days after the 4th cycle of EC or doc-
etaxel. All analyses were performed at the Department of Clinical Chemistry of
the University Hospital Cologne.

Breast Care 2017;12:40-44 41



a) b) c)
Cardiologist Gynecologist Computer
i | p=0.0098 I p=0.0625 | s | p=0.0293 . p=0.03 : 550- | p=0.0059 ’ P=0.031 |
525 525 525
500+ | 500+ 500
475+ 4754 | 475+
ﬁ | 7 | T
§ 450 § 450 T o 450
= =
G G I g —l— -1
4254 425 425+
1 T
400 400+ | 400 =
375+ | 375 375+
35] L} L} T m T T L} m T T T
B 4x Epirubici 4x Docetaxel Baseline 4x Epirubicin- 4x Docetaxel Baseline 4x Epirubicin- dx Docetaxel
Cyclophosphamid Cyclophosphamid Cyclophosphamid

Fig. 1. QTc intervals before and after 4 cycles of chemotherapy with epirubicin and cyclophosphamide (EC) or docetaxel by investigator: a cardiologist,

b gynecologist, ¢ computer algorithm.

Statistical Analysis

The differences in QTc interval were tested with a 2-tailed Wilcoxon signed-
rank test for paired samples. For multiple comparisons, an ordinary 1-way
ANOVA test was applied (GraphPad Prism 6.0, GraphPad Software, Inc., La
Jolla, CA, USA). All p values of less than 0.05 were considered significant. For
each box plot, the box limits represent the 25th and 75th percentiles and the
median, and the whisker ends indicate the 5th and 95th percentiles. Numbers in
the text represent the median and minimum-maximum values.

Results

Patient Demographics

Between 11/2013 and 07/2014, 10 women with early breast can-
cer were enrolled in this feasibility study. Descriptive characteris-
tics can be obtained from table 1. All patients had an ECOG per-
formance status of 0 before and after chemotherapy. None of the
patients received any medication that can potentially induce QTc
interval prolongation, and no further risk factors were found at
baseline. No patient had symptoms of cardiac toxicity immediately
after treatment. Neither the QTc interval prolongation nor other
adverse effects led to discontinuation of chemotherapy.

QTc Interval Prolongation and Interobserver Variability

To assess the effect of EC-Doc on the QTc interval, records be-
fore and after 4 cycles of EC or docetaxel were analyzed. There was
a significant QTc¢ interval prolongation after EC treatment inde-
pendent of the observer (fig. 1). The QTc¢ prolongation (delta QT¢)
was 28 ms according to the cardiologist (median 434 (369-493) vs.
462 (402-514) ms; p = 0.0098), 16 ms according to the gynecologist
(median 429 (410-472) vs. 445 (433-497) ms; p = 0.029), and 24
ms according to the automated ECG interpretation software (com-
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puter) (median 414 (384-438) vs. 438 (412-464) ms; p = 0.0059).
The QTc interval went back to baseline after 4 cycles of docetaxel
(cardiologist: median 437 (371-465) ms, p = 0.03; gynecologist:
median 418 (392-453) ms, p = 0.0625; computer: median 415
(399-440) ms, p = 0.031). When all observer groups were com-
pared by ANOVA test, no significant differences between QTc¢ in-
tervals were detected at baseline (p = 0.086) and after EC (p = 0.06)
and docetaxel (p = 0.8), indicating that the interobserver variability
is small. Additional ECGs could easily be performed as part of clin-
ical routine without delaying therapy administration.

Biochemical Markers

For CK-MB and NT-proBNP, only 6 and 8 patients, respectively,
were eligible for analysis due to missing blood samples. There was no
statistically significant relationship between CK-MB levels and EC or
docetaxel administration (median at baseline (n = 6) 15.50 (11-79)
vs. EC (n = 6) 15.00 (9-42) U/, p = 0.468 or docetaxel (n = 5) 14.00
(7-23), p = 0.156). Importantly, a statistically significant increase in
NT-proBNP was found after EC treatment (median at baseline (n =
8) 60 (30-171) ng/l vs. EC (n = 8) 91 (40-329) ng/l; p = 0.0391),
which declined after docetaxel (n = 5) (38 (21-70) ng/l; p = 0.156). A
clinically relevant elevation above the general cut-off for adults (125
ng/l) was found in 3 patients. 1 patient had elevated NT-proBNP lev-
els of 171 ng/l at baseline and showed a remarkable increase of up to
329 ng/l without showing clinical signs of cardiac failure.

Left Heart Systolic and Diastolic Function

For LVEF analysis, 7 patients could be included. In total, ther-
apy with EC or docetaxel had no significant effect on LVEF levels
(median baseline (n = 7) 70 (60-76)% vs. EC (n = 7) 69 (60-76)%,
p = 0.671 or docetaxel (n = 5) 69 (55-69)%, p = 0.25).
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Discussion

For the treatment of primary breast cancer, an anthracycline-
based regimen is the standard of care [1, 21]. However, one of the
major side effects of the involved drugs is cardiotoxicity. In this
study, we found a significant increase in QTc intervals after breast
cancer treatment with 4 cycles of EC. In most cases, the increase in
QTec interval was within a modest range and did not become clini-
cally relevant. However, a few patients showed QTc intervals of
> 470 ms after treatment, associated with a higher risk of sudden
cardiac death [13, 14]. In comparison to manual analysis, the com-
puter software appears to systematically underestimate the QTc¢ in-
terval. This is in line with previous findings describing a greater
variability in manual QT interval measurements compared to auto-
mated methods [22]. Nonetheless, the delta QTc time was close to
the other observers, indicating a similar trend towards an observer-
independent QTc interval prolongation. This is supported by our
statistics and a study by Darpo et al. [23] demonstrating that differ-
ences between methods disappear when QT changes are analyzed
from baseline. Moreover, in another study, the manual interobserver
variability of the QTc¢ interval in healthy individuals was found to be
close to 0 [24]. Therefore, treating physicians should be able to man-
ually diagnose a possible increase in QTc¢ interval but should be cau-
tious about relying on automated ECG interpretation software.

Therapy with EC-Doc did not induce a significant change in
LVEF. Importantly, LVEF measurement shows a low sensitivity in
detecting early subclinical signs of cardiotoxicity [25]. This might
explain why in our observation period we could not detect any de-
crease in LVEF despite a significant QTc prolongation. Therefore,
echocardiography might be suboptimal for detecting acute cardiac
complications.

In the last decade, serum cardiac biomarkers such as troponin,
CK-MB, and natriuretic peptides have been developed to detect
cardiotoxicity. In our data set, there was no significant relationship
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