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Summary. Preclinical studies suggest that in addition to
the well-known direct damage to the myocardium, an-
thracycline antineoplastic drugs exert toxic effects on the
cardiovascular autonomic system as well. To investigate
whether this phenomenon occurs in the clinic, we carried
out noninvasive, widely used tests of cardiovascular auton-
omic physiology in 55 women with stage II or III breast
cancer. In all, 31 were being treated with anthracycline-
containing chemotherapy regimens, and 24 who were re-
ceiving CMF (cyclophosphamide, Methotrexate, and fluo-
rouracil) served as controls. Of 279 tests conducted in
anthracycline (A)-treated patients, 123 were abnormal, vs
54 of 216 tests carried out in 24 controls (44% vs 25%;
P <0.005). Abnormal variations in heart rate on standing
and in diastolic blood pressure during handgrip was found
in 25 (81%) and 17 patients receiving A, vs 9 (37%;
P <0.005) and 5 (21%; P <0.0001), respectively, in con-
trols. The incidence of abnormal tests was significantly
higher in A-treated patients >60 years of age (41%) vs
67%; P <0.05). Radionuclide ventriculography was carried
out in 19 patients who showed abnormal tests of car-
diovascular autonomic function after 2 6 courses of a-con-
taining chemotherapy; only 1 of them had abnormal cardi-
ac contractility (global hypokinesia), suggesting that ab-
normal tests of cardiovascular autonomic function may
occur in the absence of a detectable deterioration in left
ventricular ejection fraction. A large number of factors
may alter cardiovascular autonomic function in cancer
patients, including age, radiation therapy to the chest, and
multidrug treatment. Even after correcting for the most
obvious of these, chemotherapy with anthracyclines is as-
sociated with a significantly higher percentage of abnormal
tests for cardiovascular autonomic function. Although in-
direct and semi-quantitative, our results are compatible
with the idea of A-induced cardiac autonomic dysfunction.
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Introduction

Anthracycline (A) cardiotoxicity has been extensively
studied, showing that A displays direct toxic effects on
myocardial tissue [6, 10, 18, 26, 29]. On the other hand,
A-induced damage to neural or autonomic mechanisms has
been reported [5, 7, 38]; however, its eventual relevance to
the clinical picture of A cardiotoxicity is unknown. Some
preclinical results suggest that anthracyclines, in fact, in-
duce neurotoxic effects in animals [5, 11, 21, 32] and may
modify catecholamine release from adrenal glands in vitro
[33]. Further, clinically achievable concentrations of doxo-
rubicin have significantly reduced the contractile response
of arterial smooth muscle to nerve stimulation [37]. There-
fore, this study was conducted to detect the cardiovascular
autonomic toxicity of A in cancer patients by means of
simple, noninvasive physiological tests.

Patients and methods

Since cardiovascular autonomic function is best evaluated by a pool of
tests [16, 20, 35], we selected a group of them that have previously been
used for noninvasive diagnosis of cardiovascular autonomic neuropathy
in diabetic patients [2, 3, 13, 14, 17, 40, 43] and in cancer patients
receiving vinca alkaloids [34].

A total of 55 women with stage II and III breast cancer were
admitted to the study; 31 of them were being treated with A-containing
regimens, and 24 who received CMF chemotherapy served as controls.
The inclusion of A in the chemotherapy schemes was decided according
to randomized clinical trial protocols at both of the institutions involved,
a preliminary report of which has been published [27]. Age, tumor stage,
number of chemotherapy courses, Eastern Cooperative Oncology Group
(ECOG) performance status, and surgical and radiation therapy were
comparable in both groups (Table 1). Of the 55 patients, 18 were eval-
uated both before receiving any chemotherapy and again after treatment,
whereas the remaining 37 patients were studied after a variable number
of treatment courses. Exclusion criteria were: diabetes mellitus, severe
malnutrition, alcoholism, peripheral neuropathy at the initial evaluation,
fever, hemoglobin values of <10 mg/dl, cardiac rhythm disturbances
other than sinus arrhythmias, cardiac or mediastinal disease, impairment
of consciousness, and a performance status of >2 (ECOG). Patients
treated with drugs that could modify autonomic activity, such as diuret-
ics, anticholinergic drugs, beia-blockers, reserpine, guanethidine,
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Table 1. Characteristics of the patients?

A-treated Controls P
Number of patients 31 24
Mean age (+SD) 50.1x11.0years 53.5+7.8years NS
Agerange 28-71 years 34-65 years
Stage I 16 (52) 19(79) NS
I 15(48) 521 NS
Performance status:
ECOG 1 28 (90) 21(88) NS
ECOG2 3(10) 3(12) NS
Primary treatment:
Radical mastectomy  27°(87) 24 (100) NS
Radiation therapy® 16 (51) 177D NS
Chemotherapy schemes:
FAC 18 (58) 0
FEC 2(6) 0
FECMP 8 (26) 0
EC 3(10) 0
CMF 0 24 (100)
Mean cumulative dose 3 SD (range
A:252+152
(50-650)mg/m?2 0
E: 240+ 107

(60-360) mg/m? 0

a Unless otherwise specified, data represent the number of patients (%)
b Four patients received primary radiation therapy

¢ Radiation therapy was carried out postoperatively in 12 patients, and it
included supraclavicular, axillary and intemal mammary areas (5,000rad).
Four patients were treated with primary radiation therapy, which also
included the breast volume and the above-mentioned areas

d Treatment cycles were given every 21 days. F: fluorouracii, 600 mg/m?
i.v.,day I; A: doxorubicin, 50 mg/m? i.v., day I; C: cyclophosphamide,
600 mg/m?2i.v., day 1; E: epirubicin, 60 mg/m?, day 1; M: methotrexate,
40 mg/m? i.v., day I; P: prednisone, 60 mg/m? p.o., days [ -5. NS, not
significant

clonidine, methyldopa, angiotensin-converting enzyme inhibitors. and
antidepressant and antipsychotic agents, were excluded. Prior chemo-
therapy with regimens containing vinca alkaloids, epipodophyllotoxin
derivatives, or cisplatin was also a ground for exclusion. For assessment
of autonomic cardiovascular function, clinical and electrocardiographic
tests were carried out.

Clinical tests

Svstolic blood pressure changes on standing. Systolic blood pressure
(SBP) was measured with a sphygmomanometer on the brachial artery
after patients had rested for 5 min in the supine position and again after
they had stood for 15 s [13]. A drop in SBP of >15 mm Hg on standing
was considered to represent a pathological response.

Diastolic blood pressure modifications during handgrip. Isometric hand-
grip by supine patients was held on a dynamometer for 30 s at maximal
voluntary force. Diastolic blood pressure increases of < 10 mm Hg were
recorded as being abnormal [13, 43].

SBP changes during the Valsalva maneuver. The patients were instructed
to blow into a rubber tube connected to a mercury column, so as to raise
it by 40 mm for 15 s [28]. SBP was measured prior to and throughout the
maneuver. SBP increases of <15 mm Hg during initial strain and during
release were considered to be abnormal.

Electrocardiographic tests

Continuous standard ECG recordings. These tests were carried out in the
D II lead. The basal heart rate (HR) was recorded after recumbent
patients had undergone a 5-min rest period. HRs of >100 or <60
beats/min were considered to be abnormal {13, 43].

HR variation during the Valsalva maneuver. Supine patients were asked
to carry out this maneuver for 10 s. To assess its correct performance, the
investigator placed a hand on each patient’s abdomen and had the subject
push against it [3, 13, 43]. RR (beat-to-beat) intervals were measured
during strain and release. The ratio of the longest RR interval during
release vs the shortest RR interval during strain was computed. Ratios of
<1.10 were considered to indicate morbidity [13].

HR variation during deep breathing. Supine patients were instructed to
breathe at a rate of 6 cycles/min (5-s inspiration, 5-s expiration) for 30 s.
The ratio of the longest RR interval during expiration to the shortest RR
interval during inspiration was measured. Ratios of <1.10 were consid-
ered to be abnormal {13, 40, 43].

HR variation during standing. Continuous ECG recording was carried
out with patients standing. RR intervals at beats 15 and 30 were mea-
sured to give a 30: 15 ratio. Ratios of < 1.00 were interpreted as being
abnormal [13, 43].

QTc interval. The QTc interval was calculated as a ratio of the QT
interval in D 1I lead vs the square root of the RR interval, with the subject
in the recumbent position. QTc values of >440 ms were considered to
indicate morbidity [4].

Deep tendon reflexes (DTR) were also evaluated to establish
whether they could be correlated with changes in autonomic function
tests. To rule out the possibility of operator-related bias in the perform-
ance of the tests, a blinded operator (who was unaware of the treatment
received by the patients) repeated several tests.

Radionuclide ventriculography

Multigated cardiac blood-pool scans were obtained after in vivo red
blood cell labeling with 15—20 mCi technetium Tc 99m and subsequent
i.v. reinjection. Radionuclide ventriculograms were obtained from
patients at rest in the left anterior oblique position. Left ventricular
ejection fractions of = 45% were considered to be normal. Studies were
carried out 3 weeks after anthracycline administration.

Statistics

Statistical analysis of the data was done using Student’s ¢-test for contin-
uous variables and the Yates-corrected chi-square test for proportions.
P values of <0.05 were considered to be significant.

Results
Tests of autonomic function

Of 279 tests performed in the A-treated group, 123 were
abnormal (44%), whereas 54 of 216 tests in the control
group were altered (25%; P <0.0005). Abnormal results for
each test are presented in Table 2. Interestingly, with only
three of the tests (SBP variation on standing, basal HR, and
HR variation on standing) it is possible to detect a signifi-
cant difference between the treatment groups, since the



Table 2. Abnormal results in patients treated with anthracyclines and in
controls?

Tests A-treated Controls P
(n=31) (n=24)

Autonomic function tests:
Blood pressure on standing 13 (42) 417 NS
Heart rate on standing 2581 937 <0.005
Basal heart rate 14 (45) 4(17) NS
Valsalva maneuver - HR 1(3) 0 NS
Valsalva — SBP during strain 21 (68) 14 (58) NS
Valsalva — SBP during release 19 (61) 12 (50) NS
Deep breathing 3(10) 14) NS
DBP during isometric handgrip 17 (55) 5@ <0.025
QTc 10 (32) 5@ <0.0005

Total of abnormal tests/total

number of tests conducted 123/279 (44) 54/216 (25) <0.0005

Deep tendon reflexes 5 (16) 4(17) NS

2 Data represent the number of abnormal tests (%)
NS, not significant; SBP, systolic blood pressurel DBP, diastolic blood
pressure (see patients and methods for details

Table 3. Abnormal tests according to patient age?

Age group A-treated Controls Totals
(years) (n =31 patients) (n=24) (n=155)

N N N
<60 96/234 (41)* 26  39/153(25) 17 135/387(35) 43
>60 27/45 (60) 5 15/63(24) 7  42/108(39) 12
Totals 123/279 (44) 31  54/216(25) 24 177/495(36) 55

2 Data represent the number of abnormal tests/total number of autonomic
function tests (%)

N, number of patients in each subgroup

* P <0.005 vs controls for the same age group;

** P <0.0005 vs controls for the same age group (see patients and methods
for details)

proportion of abnormal results obtained after adding these
three tests was 17/72 for controls vs 52/93 for A-treated
patients (24% vs 56%; P <0.0005).

Of the 31 patients who received A, 5 had abnormal
DTR, vs 4 of 24 controls (16% vs 17%; difference not
significant). The incidence of abnormal tests for autonomic
function was not significantly different according to the
presence or absence of abnormal DTR: 24 abnormal tests
out of 45 (53%) in 5 patients with pathological DTR, vs 99
abnormal autonomic function tests from a total of 234 tests
in 26 patients with normal DTR (42%; difference not sig-
nificant). A blinded operator produced similar results 90%
of the time in 180 repeat tests carried out in 20 patients
selected at random.

The influence of patients’ age on the proportion of
abnormal results is summarized in Table 3. A-treated
patients exhibited a significantly higher percentage of
pathological tests than did controls in both age groups.
Furthermore, 96 of 234 tests were abnormal (41%) in 26 of
the patients treated with A and aged <60 years, vs 27
pathological results from 45 tests in 5 older patients (60%;
P <0.05). In contrast, this age-related difference was not
observed in the control group.
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Table 4. Abnormal tests according to the A drug used?

Doxorubicin
(n = 18 patients)

Number of chemotherapy
courses given

Epirubicin P
(n = 13 patients)

N N

32/81(39) 9 NS
16/31(44) 4 NS
48/117(41) 13 NS

1-5 40/99 (40) 1
=6 35/63(56) 7
Totals 75/162 (46) 18

a Data represent the total number of abnormal tests/total number of
autonomic function tests (%)

N, number of patients in each subgroup; NS, not significant (see patients
and methods for details)

Table 5. Effect of the cumulative A dose

Before CT After A-containing CT:
1-5 courses >6 courses

(Group A) - (Group B) (Group C)
Number of patients 18 20 11
Abnormal tests/
total number of tests 35/162 72/180 51/99
Percentage of
abnormal tests 21.6 40.0* 51.5%*

* P <0.0001 vs group A; ** P <0.00005 vs group A and not significant
vs group B

The total number of anthracycline-treated patients was 31; 18 patients
were evaluated prior to and after treatment. CT, chemotherapy

The proportion of abnormal tests according to the A
drug used is summarized in Table 4. No significant differ-
ence in the proportion of pathological results was detected,
even after correction for the number of chemotherapy
courses given (1-5 vs = 6 more).

In all, 16 patients from the A group who were treated
with cobalt 60 or megavoltage radiation to axillary, supra-
clavicular, and internal mammary nodal areas had 67 ab-
normal results out of 144 tests (47%), vs 57 altered results
out of 135 tests in the 15 remaining nonirradiated patients
of this group (42%; difference not significant). Further-
more, when only irradiated patients were computed, 65
abnormal tests were recorded out of 144 tests in 16 patients
from the A group (45%), vs 32 abnormal results out of 153
tests in 17 CMF patients (20.9%; P <0.0005).

As shown in Table 5, 35 of 162 tests were abnormal in
18 patients evaluated prior to receiving chemotherapy
(21.6%), vs 72 abnormal results from 180 tests in 20
patients treated with 1-5 courses of A (40.0%; P <0.0001)
and 51 abnormal results from 99 tests in 11 patients who
received = 6 courses of these drugs (51.5%; P <0.0001).
The difference in the percentage of pathological results
between both A-treated groups was not significant.
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Radionuclide ventriculography

A total of 25 patients with abnormal results in tests for
cardiovascular autonomic function underwent further
study with radionuclide ventriculography after 4-10
courses of A-containing chemotherapy. Only one patient
showed abnormal myocardial contractility.

Discussion

Preclinical studies have revealed a striking gan-
glioneuropathy in rodents treated with doxorubicin (DOX)
[5, 11, 21, 32]. Furthermore, this drug has been shown to
depress nerve-mediated contractile responses in vascular
smooth muscle [37] and to undergo axonal uptake and
retrograde transport [23, 42]. Moreover, DOX modifies
catecholamine release both in vitro [33] and in vivo [7].
However, neurotoxicity attributable to anthracyclines has
not been documented in humans [22], and no prospective
clinical study has been carried out to assess a possible
cardiovascular autonomic neuropathy induced by these cy-
totoxic agents. Our results show for the first time that
breast cancer patients treated with A-containing chemo-
therapy regimens exhibit a significantly higher number of
abnormal tests for cardiovascular autonomic function than
do patients receiving CMF. Besides, DOX did not signifi-
cantly differ from its 4’ epimer, epirubicin, with regard to
the proportion of abnormal tests.

These noninvasive, simple tests have been widely used
to assess cardiovascular autonomic function [2, 3, 13, 14,
16, 17, 20, 28, 35, 40, 43]. However, some tests are
strongly effort-dependent and possibly of limited use in
severely ill patients because of pain, arm edema, malnutri-
tion, poor performance status, and surgical sequelae.
Moreover, most of the tests may be influenced by the
presence of heart disease, anemia, fever, and the use of a
variety of drugs [45]. Previous studies conducted in
healthy volunteers have shown that elderly individuals ex-
hibit a decreased autonomic reflex responsiveness {31, 36].
Our results suggest that A-induced neurotoxic effects were
more marked in patients aged = 60 years, since the inci-
dence of abnormal tests was higher in this group.

Radiation therapy to the chest is another important
factor in the evaluation of cardiovascular reflexes. Radio-
therapy to the mediastinum in patients with Hodgkin’s
disease has been shown to modify cardiac function signifi-
cantly [15, 41]. Furthermore, a recent study has reported
ECG abnormalities in breast cancer patients treated with
radiation to internal mammary, supraclavicular, and axil-
lary areas [39]. This treatment modality could play some
role in the relatively high proportion of abnormal tests in
both the CMF group and the patients who were evaluated
prior to receiving chemotherapy. On the other hand, the
percentage of abnormal results did not significantly differ
when irradiated patients were compared with nonirradiated
subjects within the A-treated group. When only irradiated
patients were computed, the proportion of abnormal tests

in the A group was again significantly higher than that
observed in the CMF group, suggesting that A-containing
chemotherapy itself has a significant effect. A further study
is underway to clarify this possible effect of anthracy-
clines.

Our failure to detect a significant difference according
to the cumulative dose of A requires some comments.
Consistent with a previously published study [8], abnormal
cardiovascular autonomic function was found in 21% of
patients before any chemotherapy was given. On the other
hand, both the difference percentage of in abnormal tests
(40% vs 51%) and the number of patients at each cumula-
tive A dose level were relatively small. Considering the
wide number of factors that could modify the cardiovascu-
lar autonomic responses, we have started a prospective,
sequential study for the direct assessment of a possible
dose-effect relationship.

A recent report has shown that cardiac denervation —
surgically performed in dogs — exerts an adverse effect on
experimentally induced infarct size, left ventricular end
diastolic pressure, and collateral coronary perfusion [24].
On the clinical counterpart, a higher incidence of sudden
death, cardiac arrhythmias, and respiratory arrest has
been associated with diabetic autonomic neuropathy
[12, 25, 30]. The first of these complications has been also
described in A-treated patients [44]. Moreover, acute
tachyarrhythmia arising immediately after DOX adminis-
tration has been reported to lead to myocardial injury [6];
however, none of these events has been observed in our
patients during a median follow-up period of 12 months.

Systemic and orthostatic hypotension and failure to
raise the heart rate on standing could interfere with the
patients’ daily activities and pose some danger. Intraopera-
tive hypotension has been reported in 7 of 111 A-treated
patients [9]. Furthermore, supersensitivity to cate-
cholamines and other sympathomimetic drugs is a possible
hazard in chronic autonomic failure [1], and it could lead to
severe, acute systemic hypertension and cardiac arrhyth-
mias on administration of these agents.

The link between autonomic imbalance and A arrhyth-
mogenicity is not clear, however. The QTc interval is sig-
nificantly influenced by variations in the autonomic tone,
and the prolongation of the former is associated with recur-
rent syncope attacks and sudden death [4]. QT interval
prolongation accompanied by ventricular fibrillation has
beem reported after treatment with the A agent aclarubicin
[19]. In our study, however, the incidence of QTc interval
prolongation in A-treated patients was not significantly
higher than that observed in the control group.

Our results, although indirect and semi-quantitative,
are compatible with the idea of a cardiovascular autonomic
dysfunction induced by A-containing regimens. Since flu-
orouracil, methotrexate, and cyclophosphamide were also
included in the chemotherapy schemes, some potential role
of the drug combination cannot be ruled out, and this
remains an unanswered question. Further studies are
needed to corroborate these drug-induced changes in au-
tonomic function.
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