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Early detection of anthracycline induced
cardiotoxicity in asymptomatic patients with
normal left ventricular systolic function:
autonomic versus echocardiographic variables
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Abstract

Objective—To investigate left ventricular
dysfunction in patients who had been
treated with anthracycline based chemo-
therapy.

Methods—Autonomic function was com-
pared with left ventricular diastolic func-
tion in 20 asymptomatic women with
normal systolic function (left ventricular
ejection fraction (LVEF) > 0.50) treated
for breast cancer with high dose anthracy-
cline based chemotherapy, and 20 age
matched healthy controls. Left ventricular
diastolic function was assessed echocar-
diographically by measuring the early
peak flow velocity to atrial peak flow veloc-
ity ratio, isovolumic relaxation time, and
deceleration time. Heart rate variability
analysis was assessed for time domain and
frequency domain parameters.
Results—The mean (SD) age of the pa-
tients was 45 (7) years and the mean LVEF
was 0.59 (0.06). The time interval after the
end of chemotherapy was 29 (27) months.
One or more diastolic variables were
abnormal in 50% of the patients. Heart
rate variability was abnormal in 85% of
patients. Mean values of both time domain
and frequency domain parameters were
decreased (p < 0.05), in particular the
parasympathetic indices.
Conclusions—Autonomic impairment oc-
curs in a large proportion of asympto-
matic patients with normal systolic left
ventricular function after high dose an-
thracycline based chemotherapy. In par-
ticular, heart rate variability analysis may
be a sensitive tool to identify the first signs
of cardiotoxicity in these patients.
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Anthracycline induced cardiotoxicity, which
may ultimately lead to congestive heart failure,
is a well known problem in the treatment of
cancer and limits the therapeutic use of this
group of effective antineoplastic agents.'”
However, from several studies it is apparent
that the inclusion of anthracyclines in chemo-
therapeutic regimens lessens the risk of disease
progression and mortality.”* As a result,
anthracyclines have been used increasingly in

recent years, not only in patients with meta-
static breast cancer but also in the adjuvant
setting.” ® Thus it is likely that cardiotoxicity
will occur more often in the future. To optimise
anthracycline treatment in the individual pa-
tient and to prevent cardiac injury, early detec-
tion of cardiotoxicity is needed. In many cancer
treatment protocols, cardiotoxicity is assessed
by measuring left ventricular ejection fraction
(LVEF) by radionuclide ventriculography.
However, LVEF is known to be a rather insen-
sitive measure of early cardiac damage’ and
several studies suggest that in anthracycline
induced cardiotoxicity diastolic changes pre-
cede systolic dysfunction,® ° as in other forms of
heart disease.””' Thus the assessment of
diastolic function may be a better method of
early detection of cardiotoxicity.

Another method of detecting cardiotoxicity
at an early stage may be the assessment of
autonomic function. Although there has been
increasing recognition in recent years of the
role of autonomic imbalance in the pathogen-
esis of heart failure,"” > up to now its value in
anthracycline induced cardiotoxicity has
hardly been studied. Autonomic changes have
been shown to arise at an early stage of left
ventricular dysfunction and to increase with
the severity of the disease.””" Heart rate
variability analysis is a commonly used, reli-
able, non-invasive tool for assessing autonomic
function.'

In this study we analysed a group of asymp-
tomatic female patients without left ventricular
systolic dysfunction (LVEF > 0.50), who had
been treated for locally advanced or metastatic
breast cancer with high dose anthracycline
based chemotherapy and, in most cases, with
regional radiotherapy. We hypothesised that
there would be echocardiographic evidence of
diastolic dysfunction and impairment of heart
rate variability parameters in this population.

Methods

PATIENT SELECTION

Asymptomatic (female) patients with locally
advanced or metastatic breast cancer, who had
been treated with anthracyclines (doxorubicin,
epirubicin, mitoxantrone), were eligible for the
study. These patients partly participated in a
Dutch national randomised trial."” None of
these patients had a history of cardiac disor-
ders, or was on cardiovascular drug treatment.
In none of the patients was there evidence of
diabetes mellitus or hypertension. All patients
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Table 1  Patient characteristics of the study population

Tjeerdsma, Meinardi, van der Graaf, et al

Treatment

Time since

chemotherapy Induction Ablative Radiotherapy, chest
Patient Age (vears) LVEF (months) chemotherapy chemotherapy side/Gy
1 30 0.70 4 C TMM L/50
2 51 0.54 38 B MM R/50
3 40 0.52 48 C TMM /70
4 51 0.53 66 B ™ L/50
5 47 0.59 6 C TMM —/—
6 43 0.73 8 A CTC R/50
7 55 0.60 20 A CTC L/50
8 40 0.57 28 A CTC L/50
9 54 0.60 13 A CTC R/50
10 51 0.64 30 A CTC R/50
11 51 0.60 19 A CTC L/50
12 48 0.65 8 A CTC R/50
13 50 0.65 17 A CTC R/32
14 47 0.63 34 A CTC L/50
15 34 0.62 21 A CTC R/50
16 49 0.65 1 A CTC —/—
17 49 0.61 108 B MM —/—-
18 39 0.61 54 B ™ R/50
19 43 0.60 2 A CTC L/50
20 46 0.52 54 B MT L/50
Mean (SD) 45 (7) 0.59 (0.06) 29 (27)

A, chemotherapy regimen A; B, chemotherapy regimen B; C, chemotherapy regimen C; CTC, cyclophosphamide + thiotepa + car-
boplatin; L, left side of the chest; LVEF, left ventricular ejection fraction; MM, mitoxantrone + melphalan; R, right side of the chest;
TM, thiotepa + mitoxantrone; TMM, thiotepa + mitoxantrone + melphalan.

underwent cardiac evaluation, which included
history and physical examination, radionuclide
ventriculography to determine LVEF, echo-
cardiography, and heart rate variability analy-
sis. Only patients with an LVEF > 0.50 were
included. Age matched healthy women served
as a control group. The study was approved by
the medical ethics committee of the University
Hospital Groningen. All patients gave in-
formed consent.

CHEMOTHERAPY REGIMEN

Patients received one of the following three

possible chemotherapy regimens (table 1):

(A) Four courses of 5-fluorouracil (500 mg/
m?), epirubicin (90 mg/m?®), and cyclo-
phosphamide (500 mg/m®) for induction
chemotherapy, followed by cyclophospha-
mide (6000 mg/m®), thiotepa (480 mg/
m?), and carboplatin (1.6 g/m?) as ablative
chemotherapy."’

(B) Six courses of 5-fluorouracil (1500 mg/
m?), methotrexate (1500 mg/m®) alternat-
ing with doxorubicin (50 mg/m?), and
vincristine (2 mg) for induction chemo-
therapy, followed by mitoxantrone (60
mg/m®) plus melphalan 180 mg/m’ or
mitoxantrone 50 mg/m’ plus thiotepa (800
mg/m®) as ablative chemotherapy.'*

(C) Three courses of cyclophosphamide
(1500 mg/m?®), epirubicin (80 mg/m?),
5-fluorouracil (1500 mg/m®), three
courses of cyclophosphamide (1500 mg/
m?), 5-fluorouracil (600 mg/m®) and
methotrexate (1500 mg/m?), and two
courses of high dose epirubicin (180
mg/m®) for induction chemotherapy, fol-
lowed by thiotepa (800 mg/m?) and subse-
quently mitoxantrone (60 mg/m®) and
melphalan (180 mg/m®) as ablative
chemotherapy.

Regimen A contains intermediate dose
anthracyclines, regimens B and C contain high

dose anthracyclines (table 1).

ECHOCARDIOGRAPHY

To assess diastolic function, echocardiography
was performed using a Vingmed CFM 800
instrument (Sonotron, Horten, Norway),
equipped with a 3.25 MHz transducer. Gain
setting was optimised to a level just below
background noise. Cross sectional images were
obtained in left ventricular parasternal long
axis and short axis views, and apical four
chamber and two chamber long axis views.'*
Left ventricular end diastolic diameter (normal
mean (SD) value 47 (4) mm) and posterior
wall diastolic thickness (normal mean value
9 mm (range 6 to 11)) were measured as
described by Weyman.”” For the analysis of
diastolic function, early peak flow velocity/
atrial peak flow velocity (E/A ratio), decelera-
tion time, and isovolumic relaxation time were
measured.’ * As described in previous papers,
normal values are 1.9 (range 0.7 to 3.1), 179
ms (range 139 to 219), and 76 ms (range 54 to
98) for age matched healthy women,
respectively.”*

HEART RATE VARIABILITY

All patients underwent 24 hour Holter moni-
toring. The results were compared with healthy
age matched women. The data were recorded
using a Marquette 8000 Holter system (Mar-
quette Electronics Inc, Milwaukee, Wisconsin,
USA). Tapes with more than 15% noise overall
were excluded, and heart rate variability was
analysed only when sinus rhythm was present.
Time and frequency domain parameters were
calculated as previously described in detail
from our institution."” *

Briefly, time and frequency domain para-
meters were calculated from the time series of
RR intervals and were computed over 288 seg-
ments of five minutes for a total of 24 hours
recording. The following time domain para-
meters were measured: standard deviation of
heart period (SDNN, ms), standard deviation
of five minute mean values of NNs for each five


http://heart.bmj.com

Anthracycline induced cardiotoxicity

minute interval (SDANN, ms), proportion of
successive NN differences > 50 ms (PNN50,
%), and root mean square successive difference
of NN intervals (rMSSD, ms). Frequency
domain analysis was performed by using
discrete Fourier transformation. Low frequen-
cies (LF, 0.04 to 0.15 Hz), high frequencies
(HF, 0.15 to 0.4 Hz), and total power (TP,
0.0033 to 0.4 Hz) were calculated.

STATISTICAL ANALYSIS
All values are expressed as mean (SD). The two
tailed independent non-parametric Mann—
Whitney U test was applied to compare the
outcome of autonomic variables in patients and
age matched healthy controls. A p value < 0.05
was considered statistically significant.

Results

STUDY POPULATION

Twenty two consecutive asymptomatic patients
attending the outpatient clinic of the depart-
ment of medical oncology for follow up were
referred for the study. Two patients were found
to have an LVEF of < 0.50 (0.39 and 0.43,
respectively) and these were excluded. The
remaining 20 patients form the present study
population. Their characteristics are summa-
rised in table 1. Their mean age was 45 years
(range 30 to 55), the mean (SD) LVEF was
0.59 (0.06), and the interval from discontinua-
tion of anthracycline treatment to evaluation
was 29 (27) months.

TREATMENT PROTOCOL
Twelve patients received regimen A, five
patients regimen B, and three patients regimen
C (table 1). Eight patients received mitox-
antrone in regimens B and C. Seventeen of the
20 patients received regional radiotherapy,
32-70 Gy, after chemotherapy. In all cases
irradiation was given with 4-6 MeV photons
from a linear accelerator in fractions of 2 Gy to
the breast or chest wall, the supraclavicular,
axillary, and internal mammary lymph nodes.
In nine patients the irradiation was given to the
left side of the chest.

ECHOCARDIOGRAPHY
The mean E/A ratio was 0.98 (0.05), range 0.6
to 1.4, and 10 of the 20 patients had an abnor-
mal value (E/A ratio <1.9). The mean
deceleration time was 180 (13) ms, range 96 to
338; the result was abnormal in three patients
and all three also had an abnormal E/A ratio.
Mean isovolumic relaxation time was 74.0
(3.5) ms, range 48 to 88; the result was abnor-
mal in only one patient who also had an abnor-
mal E/A ratio. Therefore at least one of three
diastolic variables was abnormal in 10 of the 20
patients, and 10 patients had no abnormalities.
Left ventricular end diastolic diameter and
posterior wall diastolic thickness were normal
in all patients after treatment.

HEART RATE VARIABILITY
Eleven patients had no significant ventricular
arrhythmias. In three patients asymptomatic
non-sustained ventricular tachycardia (maxi-
mum frequency 187 beats/min, maximum
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Figure 1  Impact on autonomic balance for patients
(solid) v age matched healthy controls (open) (time
domain HRV parameters). SDANN, standard deviation of
the averages of normal RR intervals in all five minute
segments of a complete 24 h recording; SDNN, standard
deviation of all normal RR intervals. Error bars = SD.

40 — — 40
35— ¥ — 35
30 — 30
g 25 — 25 'g
© 20— . —20 o
& 15 —15 E
10— —10
5 ﬂ —5
0 ‘ ‘ 0
PNN50 rMSSD

Figure 2 Autonomic impairment after anthracycline
treatment for patients with breast cancer (solid) v age
matched healthy controls (open) (time domain HRV
parameters). All parameters were significantly lower in
patients. pNN5O0, percentage of differences between
successive normal RR intervals greater than 50 ms;
rMSSD, the square root of the mean of the squared
differences between successive normal RR intervals. Error
bars = SD. *p < 0.05.
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Figure 3 Impact on autonomic balance for anthracycline
treated patients with breast cancer (solid) v age matched
controls (open) (frequency domain heart rate variability
parameters). HE, high frequency; LE, low frequency; TH
total power. Error bars = SD. *p < 0.01.

duration 1 second) were observed. Non-
sustained supraventricular tachycardia (maxi-
mum frequency 107 beats/min, maximum
duration 2 seconds) was detected in six
patients. Of the time domain parameters,
SDANN and SDNN were not significantly dif-
ferent between patients and healthy controls,
p < 0.90 (fig 1).

In contrast, PNN50 and rMSSD were
significantly lower in patients than in healthy
controls (fig 2). For patients and healthy
controls the mean PNN50 was 5.9 (8.9)% and
8.5 (1.5)%, respectively (p < 0.05). The mean
rMSSD was 24.7 (13.2) ms in patients and
30.9 (2.0) ms in controls (p < 0.05).

Mean frequency domain parameters of heart
rate variability were decreased for all variables;
low frequency, high frequency, and total power
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spectrum were lower in patients than in
controls (fig 3), p < 0.01. Mean HF was 8.7
(3.5) ms for patients v 12.6 (0.9) ms for
controls. Mean LF was 18.4 (6.6) ms for
patients v 23.7 (1.1) ms for controls. For the
TP spectrum, the mean outcomes were 28.1
(8.7) ms and 35.6 (1.7) ms, respectively.

Overall, 15% of the patients had normal
autonomic function. However, in 17 of the 20
patients (85%) all three frequency domain
parameters were abnormal. The time domain
parameters PNN50 and rMSSD were abnor-
mal in the same group of patients. When the
group of patients was subdivided into interme-
diate dose anthracycline containing chemo-
therapy (regimen A) versus high dose chemo-
therapy (regimens B or C), no differences were
observed for all (time and frequency domain)
heart rate variability parameters. Comparison
of irradiation of the right versus the left side of
the chest wall showed no differences for any of
the heart rate variability time and frequency
domain parameters.

Discussion

The results of this study show that asympto-
matic breast cancer patients with normal systo-
lic left ventricular function, treated with high
dose anthracycline based chemotherapy and
radiotherapy, have a high prevalence of auto-
nomic impairment. While diastolic dysfunction
was present in a large number of patients
(50%), an even larger proportion (85%) of
patients had autonomic abnormalities, as dem-
onstrated by heart rate variability analysis.
These findings suggest that heart rate variabil-
ity analysis may be a more sensitive tool than
assessment of systolic function for the early
detection of anthracycline induced -cardiac
damage, although the specificity of abnormal
heart rate variability is not known.

As anthracyclines are increasingly used in
adjuvant chemotherapy regimens for breast
cancer, and the indications for adjuvant
chemotherapy have increased,’ ® the develop-
ment of cardiac dysfunction is likely to be an
increasingly important clinical problem in
these patients.

The risk of inducing cardiac abnormalities—
including the development of heart failure—
even years after treatment as a result of anthra-
cycline therapy has been recognised for a long
time.' > ** * Suitable tests are needed to adapt
chemotherapy schedules and monitor support-
ive cardiac treatment. However, a highly sensi-
tive screening method that is capable of
predicting cardiac dysfunction is still to be
found.

Currently, LVEF measured by radionuclide
ventriculography or echocardiography is used
to detect or exclude cardiac damage in cancer
patients treated with anthracyclines. However,
LVEF measurement is a relatively insensitive
tool for detecting anthracycline induced car-
diotoxicity at an early stage.” This is largely
because no considerable change in systolic
function occurs until a critical amount of mor-
phological damage has been taken place. After
this point deterioration proceeds rapidly and
the prognosis is poor.

Tjeerdsma, Meinardi, van der Graaf, et al

In our patient group we observed a high
prevalence of diastolic abnormalities, although
LVEF was normal. This suggests that diastolic
impairment precedes systolic dysfunction, in
agreement with previous reports.®® Thus, in
comparison with LVEF, the assessment of
diastolic function by echocardiography may
show cardiotoxicity in an earlier stage.

A striking finding in our study was the high
prevalence of autonomic dysfunction, as
measured by heart rate variability analysis. As
in other forms of cardiac pathology, the role of
autonomic changes in the pathogenesis of heart
failure is increasingly recognised. Baroreceptor
control of heart rate, sympathetic traffic, and
heart rate variability have shown to be impaired
in patients with mild or moderate heart
failure.” *” Heart rate variability analysis has
been shown to detect left ventricular dysfunc-
tion in an early stage,” "* and may also be of
prognostic value in heart failure.”” An impor-
tant marker in this respect is a reduction in
parasympathetically mediated heart rate
variability."

Heart rate variability analysis in our patient
group showed that the time domain parameters
related to parasympathetic activity (rMSSD,
PNN50) were particularly likely to be abnor-
mal; in addition, the frequency domain para-
meters showed a similar pattern of autonomic
change.

These results are in agreement with the
study of Postma ez al,”® who examined auto-
nomic balance by heart rate variability analysis
in long term survivors of malignant bone
tumours treated with anthracyclines. Those
patients also had particularly reduced para-
sympathetic activity, which correlated with the
cumulative anthracycline dose.

It is generally believed that anthracyclines do
not have direct toxic effects on the autonomic
nervous system and thus the observed abnor-
malities in our study would be considered sec-
ondary to left ventricular dysfunction. It is
thought that direct injury to the myocytes plays
a major role in anthracycline induced cardio-
toxicity. Thus the observed abnormalities in
heart rate variability in our study may be
secondary to myocardial damage. However, if
chemotherapeutic agents have a direct effect on
neurones, the changes in heart rate variability
may not reflect cardiac changes alone.

STUDY LIMITATIONS

The number of patients in this exploratory
study was rather small and the group of
patients was rather heterogeneous with respect
to chemotherapy regimens, irradiation, and
time after discontinuation of chemotherapy.
Given the observational design of the study,
while the data can be used to generate new
hypotheses, obviously they need to be con-
firmed in a larger, prospective study with a
homogeneous population. Such a study is
needed to clarify the prognostic role of the
autonomic changes and to determine whether
these changes may precede the diastolic
changes, as suggested by the higher prevalence
of autonomic changes than diastolic abnor-
malities in our study. Further, since our
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patients were all fit and normally active, the
observed abnormalities appear to be related to
previous anthracycline based chemotherapy,
although it cannot be excluded that a more
sedentary lifestyle resulting from the disease
may lead to some deconditioning.

CLINICAL IMPLICATIONS

We studied asymptomatic patients with pre-
served systolic left ventricular function who
had undergone anthracycline drug treatment
for breast cancer. A large proportion had indi-
cations of cardiac toxicity. Careful monitoring
is warranted, since symptoms might occur over
time in many of these patients. Whether early
pharmacological intervention might be benefi-
cial is unknown and needs further study.

This research was supported by a grant from the University
Hospital Groningen.
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