
International Journal of Cardiology 171 (2014) e50–e51

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd
Letter to the Editor
Cancer therapy-induced autonomic dysfunction in early breast cancer:
Implications for aerobic exercise training
Jessica M. Scott a,⁎, Lee W. Jones b, Whitney E. Hornsby b, Graeme J. Koelwyn c, Michel G. Khouri b, Anil A. Joy d,
Pamela S. Douglas b, Susan G. Lakoski e

a NASA Johnson Space Center, Universities Space Research Association, Houston, TX, USA
b Duke University Medical Center, Durham, NC, USA
c University of British Columbia, Kelowna, Canada
d Cross Cancer Institute, Department of Oncology, University of Alberta, Edmonton, Canada
e Vermont Cancer Center, Division of Hematology/Oncology, University of Vermont, VT, USA
⁎ Corresponding author at: 2101 Nasa Pkwy, Houston, T
fax: +1 281 483 4181.

E-mail address: jessica.m.scott@nasa.gov (J.M. Scott).

0167-5273/$ – see front matter © 2013 Elsevier Ireland L
http://dx.doi.org/10.1016/j.ijcard.2013.11.113
a r t i c l e i n f o
Article history:

Received 6 September 2013
Accepted 30 November 2013
Available online 7 December 2013

Keywords:
Exercise
Breast cancer
Autonomic function
Cardiovascular disease
Cardiotoxicity

duced among women with a history breast cancer [5]. Accordingly,
based on a growing understanding of bi-directional interactions be-
tween the sympathetic and parasympathetic efferent pathways, auto-
nomic imbalance is one potential pathway involved in both the
etiology and the clinical course of breast cancer therapy-induced CVD
(Fig. 1).

Despite the potential long-term ramifications of autonomic dysfunc-
tion in early breast cancer, the development of safe and effectivemitiga-
tion strategies remains elusive. Aerobic exercise training (AET) is one
non-pharmacological therapy thatmay attenuate cardiovascular abnor-
Breast cancer is themost commonmalignancy affectingwomen and
the second leading cause of cancer death inwomen in the United States
[1]. Due to improvements in detection and adjuvant therapy, breast can-
cer specific mortality has decreased significantly in women with early
stage disease, and the five-year relative survival rate for early stage dis-
ease has increased from 80% in 1950 to 89% today [1]. Increased breast
cancer specific survival, however, is at risk of being offset by the poten-
tial late occurring cardiovascular toxic effects of oncologic therapy. In-
deed, among women with early breast cancer, particularly those over
age 65, cardiovascular disease (CVD) is now the predominant cause of
mortality, and these women are also at increased risk of CVD compared
with age-matched women without a history of breast cancer [2].

Long-term autonomic imbalance is associated with increased risk of
CVD and mortality in non-cancer populations [3]. Importantly, there is
evidence of a sustained increase in sympathetic activity and a reduction
in parasympathetic input to the sinoatrial node in patients treated for
early stage breast cancer. For example, the resting heart rate (RHR) of
early stage breast cancer patients following the completion of primary
adjuvant therapy is, on average, 9% to 16% [7–16 beats·min−1 (bpm)]
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higher compared to age-matched controls [4]. Several studies have
also shown that heart variability (HRV) and baroreflex sensitivity is re-

malities in the early breast cancer setting; however the mechanisms by
which AET mitigates autonomic dysfunction are not fully understood.
The current evidence base indicates that the central pathways responsi-
ble for decreasing sympathetic outflow and increasing cardiac vagal
tone after AET are, in part, dependent on changes in the renin–angioten-
sin–aldosterone system (RAAS), nitric oxide (NO), and reactive oxygen
species (ROS) (Fig. 2). It is well established that the signaling pathway
RAAS plays an important role in chemotherapy-induced cardiotoxicity
[6]. Given that angiotensin II is known to exert powerful inhibitory ef-
fects upon the cardiac vagus nerve, suppression of this hormone or a
precursor via AET could ultimately play an important role in the preven-
tion of cardiac dysfunction. Breast cancer therapies also inhibit vascular
NO release, consequently promoting vasoconstriction, increased pe-
ripheral resistance, and increased blood pressure [7]. Thus the upregula-
tion of NO with AET could improve autonomic function. Interestingly,
our group recently found that AET improved peripheral arterial endo-
thelial function (a surrogate measure of NO bioavailability) in women
with operable breast cancer receiving neoadjuvant doxorubicin [8]. Fi-
nally, chemotherapy-induced generation of reactive oxygen species
(ROS) is the centralmediator of numerous adverse acute and chronic bi-
ological effects in the cardiovascular system, including alterations in au-
tonomic outflow [9]. Accordingly, attenuation of ROS generation and/or
activity holds considerable therapeutic promise. Our group recently
found that AET during chronic anthracycline exposure in mice lowered
serum and cardiac levels of ROS and attenuated LV remodeling [10].
These results indicate that AET may protect cardiac cells against
chemotherapy-induced toxicity through ROS inhibition.
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Fig. 1. Relationship between breast cancer and autonomic dysfunction. Breast cancer
diagnosis is associated with therapy-induced cardiovascular injury and lifestyle
perturbations leading to increased sympathetic and decreased vagal tone in the
heart. In turn, this autonomic imbalance increases RHR and decreases HRV and BRS
leading to cardiovascular disease. RHR, resting heart rate; HRV, heart rate variability;
BRS, baroreflex sensitivity.

Fig. 2.Modulation of autonomic dysfunctionwith aerobic exercise. Aerobic exercise train-
ing decreases oxidative stress and the RAASwhile upregulating nitric oxide bioavailability.
This results in decreased sympathetic tone and increased vagal tone, which in turn,
decreases resting HR and increases HRV and baroreflex sensitivity. CVD, cardiovascular
disease; RAAS, renin–angiotensin–aldosterone system; ROS, reactive oxygen species;
HR, heart rate; HRV, heart rate variability.
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In conclusion, CVD is a frequent and devastating adverse complica-
tion of breast cancer therapy leading to morbidity, poor quality of life,
and premature mortality. As reviewed here, there is emerging evidence
indicating that autonomic function is one component involved in the
etiology and the clinical course of breast cancer therapy-induced CVD.
Immediate work is now required to minimize, or optimally eliminate,
breast cancer-associated CVD. As a first step in addressing knowledge
gaps, hypothesis driven prospective studies evaluating the time course
and clinical importance of RHR, HRV, and baroreflex sensitivity in
early breast cancer are now warranted. Furthermore, elucidation of
the potential molecular mechanisms by which AET reduces therapy-
induced autonomic dysfunction is needed. For instance, the establish-
ment of the existence of a relationship between AET, RAAS, NO and
ROS would ascertain if AET can decrease sympathetic outflow and in-
crease cardiac vagal tone in the setting of early breast cancer. Collective-
ly, hypothesis-driven translational studies are required to define the
nature and magnitude of autonomic dysfunction in early breast cancer,
their relationship to cardiac dysfunction as well as to characterize the
underlyingmechanisms of AET in preventing and/or treating autonomic
dysfunction and CVD. To this end, we propose that in combination with
continual advancements in anticancer therapy, the testing and use of
AET as adjuvant therapy may optimize health and longevity in cancer
survivors by lowering therapy-associated alterations in autonomic
function and CVD.
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