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Abstract

Background. To evaluate the safety and efficacy of moderate-to-high intensity aerobic training in breast cancer patients
receiving neoadjuvant chemotherapy. Methods. Twenty patients with stage IIB-IIIC operable breast cancer were randomly
assigned to receive doxorubicin plus cyclophosphamide (AC) or AC in combination with aerobic training (AC +AET)
(n=10/group) for 12 weeks. The AC+ AET group performed three supervised aerobic cycle ergometry sessions per week
at 60%—-100% of exercise capacity (Vozpeak). Safety outcomes included exercise testing as well as treatment- and exercise
training-related adverse events (AEs), whereas efficacy outcomes included cardiopulmonary function and patient-reported
outcomes (PROs) as measured by a cardiopulmonary exercise test (CPET) and Functional Assessment of Cancer
Therapy-Breast (FACT-B) scale. Results. Twelve non-significant ECG abnormalities and three non-life threatening events
occurred during CPET procedures. One AE was reported during aerobic training. There were no significant between
group differences for clinician-documented events (e.g. pain, nausea) or hematological parameters (p’s > 0.05). Attendance
and adherence rates to aerobic training were 82% and 66%, respectively. Intention-to-treat analysis indicated that VO2p cak
increased by 2.6 = 3.5 ml/kg/min (+ 13.3%) in the AC + AET group and decreased by 1.5 = 2.2 ml/kg/min (—8.6%) in
the AC group (between group difference, p=0.001). FACT-B increased 11.1 points in the AC + AET group compared
to a 1.5 point decrease in the AC group (between group difference, p =0.685). Conclusion. Moderate-to-high intensity
aerobic training when conducted with one-on-one supervision is a safe adjunct therapy associated with improvements in
cardiopulmonary function and select PROs during neoadjuvant chemotherapy.

The past decade has witnessed increased clinical and
research interest in the application of exercise train-
ing (herein referred to as aerobic training) following
a cancer diagnosis [1,2]. Recent systematic reviews
and meta-analyses conclude that aerobic training is
a safe and effective method to improve cardiopulmo-
nary function and patient-reported outcomes (PROs)
such as quality of life (QOL), fatigue, and depression
both during and following the completion of primary
adjuvant therapy in patients with solid malignancies

[1,2]. Based on the extant literature, several national
and international agencies have published cancer-
specific general exercise guidelines recommending
exercise participation for all persons following a can-
cer diagnosis [1,3,4]. Despite significant progress,
questions remain regarding the safety and efficacy
of aerobic training in the oncology setting, particu-
larly during adjuvant therapy.

The current evidence suggests that aerobic
training is safe during primary adjuvant therapy.
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However, only 14% of studies reported monitoring
adverse events (AEs) during the study conduct [5].
Thus, it is not clear whether the low incidence of AEs
reflects the true safety of aerobic training or less than
optimal monitoring and/or reporting. Relatedly, the
vast majority of studies to date in the oncology set-
ting have evaluated the efficacy (and safety) of aero-
bic training programs following standard exercise
prescription guidelines (i.e. 3-5 days per week at
50-75% of baseline exercise capacity for 12-15
weeks). Importantly, several recent randomized trials
have demonstrated that exercise training prescrip-
tions incorporating high-intensity aerobic training
(i.e. 85-95% of baseline heart rate peak) elicits supe-
rior improvements in exercise capacity and other
cardiovascular outcomes compared with standard
moderate-intensity exercise prescriptions [6—8].

Few studies have tested the efficacy of exercise
prescriptions that incorporate high-intensity aerobic
interval training in cancer patients especially those
receiving chemotherapy [9-11]. A potential explana-
tion for this finding is that chemotherapy causes a
broad range of adverse toxicities including bone mar-
row suppression leading to a high incidence of ane-
mia and neutropenia, [12] and aerobic training at
high-intensities may have the potential to further
compromise bone marrow [13]. However, at present,
there is no evidence to support this notion in the
oncology setting. Nevertheless, prior to launching
large-scale randomized trials investigating the effi-
cacy of exercise prescriptions incorporating high-
intensity training, it is prudent to evaluate the safety
of such approaches in small, well-controlled studies
utilizing standardized safety endpoints in conjunc-
tion with established measures of efficacy.

Accordingly, we conducted a pilot phase II ran-
domized trial to investigate the safety of supervised
moderate-to-high intensity aerobic training in women
with operable breast cancer initiating anthracycline-
containing neoadjuvant chemotherapy. Effects on
cardiopulmonary function (e.g. exercise capacity)
and PROs were also assessed. We hypothesized that
aerobic training would be safe and confer significant
improvements in cardiopulmonary function and
PROs compared to usual care (neoadjuvant chemo-
therapy only).

Methods
Patients and procedures

Women with newly diagnosed, histologically
confirmed unresected stage IIB-IIIC breast adeno-
carcinoma scheduled for first-line neoadjuvant che-
motherapy at Duke Cancer Institute (DCI) were
eligible for study participation. Other major eligibil-
ity criteria were: 1) Karnofsky performance status

>70; 2) no previous history of malignancy; 3)
absence of significant cardiac disease; 4) absence of
contraindications to neoadjuvant chemotherapy; 5)
no absolute contraindications to supervised aerobic
training based on a CPET; 6) willingness to travel to
DCI to attend supervised aerobic training sessions
three times a week; and 7) primary attending oncol-
ogist approval (determination of eligibility was at the
discretion of the attending oncologist).

Following oncologist approval, eligible patients
were provided with a thorough review of the study
and asked if they were willing to participate.
Interested participants completed an incremental
cardiopulmonary exercise test (CPET), resting echo-
cardiogram, and self-administered questionnaire to
assess PROs (i.e. QOL, fatigue). Following success-
ful completion of all baseline assessments, partici-
pants were randomly allocated to study groups as
described below. All study procedures were reviewed
and approved by the Duke University Medical
Center (DUMC) institutional review board. All sub-
jects signed a written consent prior to the initiation
of any study-related procedures.

Randomization and blinding

Participants were randomly assigned to receive
neoadjuvant doxorubicin and cyclophosphamide
(AC alone) or neoadjuvant AC in combination with
aerobic training (AC + AET) in a 1:1 ratio using a
computer-generated program (n= 10/group). The
allocation sequence was concealed from the study
coordinator who assigned participants to groups.
It was not possible to blind participants or exercise
staff to group assignment, however, study exercise
physiologists conducting the baseline and post-
intervention (12 weeks) assessments were blinded to
group assignment.

Therapy

Neoadjuvant chemotherapy consisted of four cycles
of doxorubicin (60 mg/m?) and cyclophosphamide
(600 mg/m?) every three weeks (i.e. 12 weeks in
duration). Prior to initiation of therapy, patients
underwent clinical cardiac assessments including
resting electrocardiograph (ECG) and echocardio-
gram. Participants randomized to AC alone were
instructed to maintain their usual exercise levels
throughout the duration of the study.

Aerobic training

Aerobic training consisted of three, one-on-one (non-
group based) supervised cycle ergometry sessions
per week on non-consecutive days for 12 weeks. In
week 1, exercise intensity was initially set at 60% of



baseline peak workload for 15-20 minutes duration.
Duration and/or intensity were then subsequently
increased throughout weeks 2—4 up to 30 minutes at
65% peak workload. In weeks 5 and 6, exercise inten-
sity varied between 60% and 65% of peak workload
for 30-45 minutes duration for two sessions; in the
remaining session, participants cycled for 20-25
minutes at ventilatory threshold determined by a sys-
tematic increase in the V/VO, ratio while V,/VCO,
remained constant. From the seventh week onwards,
participants performed two sessions at 60—70% peak
workload with one threshold workout for 20-30
minutes. Finally, in weeks 10-12, participants per-
formed two sessions at 60-70% peak workload
with one interval session at 100% peak workload.
Interval workouts consisted of 30 seconds at peak
workload followed by 60 seconds of active recovery
for 10-15 intervals. We have adopted this prescrip-
tion approach in our prior work [10,11].

Study outcome assessments

The CPET, echocardiogram, and self-administered
questionnaire were conducted at baseline and post-
intervention (12 weeks) whereas treatment-related
events were serially assessed across the study (i.e.
baseline, 3, 6, 9, and 12 weeks). Exercise-related
events were monitored during CPET procedures and
aerobic training sessions.

Outcome assessments

Adverse events monitoring/safery. Treatment-related
AEs were evaluated to assess the following clinician-
documented AEs: nausea, myalgia, pain, alopecia,
arthralgia, infection or presumed infection, fever or
febrile neutropenia, and emergency room admit-
tance. Serial changes in complete blood counts
(CBCs) were also abstracted via medical chart review.
Aerobic training-related AEs included resting and
exercise vitals [e.g. heart rate, blood pressure, and
arterial oxygen saturation (SpO,)] were monitored
and recorded at each aerobic training session. All
AEs during aerobic training were monitored and
reported on the participant case report forms. In the
present study, safety was operationalized as follows:
assuming a true severe AE rate in the AC group of
4%, the study has 80% power with a one-tailed test
conducted at the 0.05 level of significance to detect
an increase to 47% in the AC + AET group.

Aerobic training attendance and prescription adherence.
Attendance was calculated as the number of exercise
sessions attended divided by the total number of
planned sessions (i.e. 36 total planned sessions).
Adherence to the exercise prescription was calculated
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as the number of exercise sessions successfully com-
pleted (i.e. participant completed the exercise session
at the planned duration and intensity) divided by
the number of planned sessions attended. Non-
adherence was defined as any exercise session requir-
ing exercise dose modification of either the planned
exercise duration and/or intensity.

Cardiopulmonary function. An incremental physician-
supervised CPET with 12-lead ECG monitoring
(Mac® 5000, GE Healthcare) was performed on an
electronically-braked cycle ergometer (Ergoline,
Ergoselect 100, Bitz, Germany) with expired gas
analysis (ParvoMedics TrueOne® 2400, Sandy, UT,
USA) to determine cardiopulmonary function (peak
oxygen consumption; Vozpeak) according to pub-
lished guidelines [14,15]. Preceding exercise, three
minutes of resting metabolic data was collected
before participants began cycling at 20 Watts.
Workloads were then increased 5-20 Watts/min until
volitional exhaustion or symptom-limitation. Work-
load increments were determined by patient cardio-
pulmonary response to exercise during the first
minute of the CPET and were standardized at
baseline and post-intervention. During exercise,
heart rate and rhythm and SpO, were monitored
continuously using a 12-lead ECG and pulse
oximetry (BCI, Hand-Held Pulse Oximeter,
Waukesha, WN, USA). Rating of perceived exertion
was evaluated using the Borg Scale and blood pres-
sure was measured non-invasively by manual auscul-
tatory sphygmomanometery every two minutes. A
CPET was considered ‘peak’ if two of the three
following criteria were met: 1) maximal predicted
heart rate; 2) respiratory exchange ratio of =1.10;
and/or 3) volitional exhaustion.

Indications for terminating the exercise test
included: 1) chest pain; 2) ischemic ECG changes
(ST segment depression or elevation =0.1 mV); 3)
abnormal blood pressure response (>250 mmHg
systolic; > 120 mmHg diastolic; drop in systolic
pressure >20 mmHg); SpO,=85%; and 4) dizzi-
ness and/or nausea. Criteria for a positive exercise
test included 0.1 mV deviation of ST segment hor-
izontal or away from the baseline isoelectric line at
60 ms following the end of the QRS complex. ST
segment changes toward the isoelectric line were not
considered positive, regardless of the magnitude of
change [16].

Cardiac function. Two-dimensional transthoracic
echocardiographic images using standard views
were obtained with a Vevo 770 High-Resolution
Imaging System equipped with a 30-MHz trans-
ducer (RMV-716; VisualSonics, Toronto, Canada)
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performed and averaged over three cardiac cycles
according to American Society of Echocardiography
guidelines [17].

Parient-reported outcomes. QOL was assessed by the
Functional Assessment of Cancer Therapy-Breast
(FACTRB) scale [18].The FACTB contains subscales
for physical (7-items), functional (7-items), emo-
tional (6-items), and social (7-items) well-being. The
four subscales were summed to obtain the FACT-
General (FACT-QG) score (all 27-items) plus a breast
cancer subscale (9 items) (FACT-B). The 13-item
Fatigue Scale (FS) of the Functional Assessment
Chronic Illness Therapy (FACIT) was utilized to
assess fatigue [19].

Clinical characteristics and exercise behavior. Clinical
characteristics were assessed via medical chart review.
Exercise behavior performed outside of the clinical
trial was assessed by the Godin Leisure Time
Exercise Questionnaire [20] at baseline and post-
intervention.

Statistical considerations

Ten patients/group provided 80% power to detect a
mean 2.6 ml/kg/min between group improvement in
VOzpeak from baseline to post-intervention, assuming
a SD of 6.10 ml/kg/min and a one-sided alpha of
0.10. It is currently not known whether a between
difference improvement of 2.6 ml/kg/min is clinically
important in women undergoing neoadjuvant for
early breast cancer. Analysis of covariance was used
to compare changes in cardiopulmonary function

and PROs, with baseline value as the covariate.
Model residuals were examined to confirm normality
assumptions. Within each group, a paired t-test was
used to assess changes from baseline for each of these
outcomes. Fisher’s exact tests and 2-tests were used
to examine between groups differences in the overall
proportion of patients experiencing treatment-related
AEs (e.g. nausea, pain, arthralgia); outcomes were
categorically coded (n=0/mno or n=1l/yes) for the
statistical analyses. A mixed-model repeated mea-
sures analysis of variance was used to compare
between groups differences over time for CBC pro-
files. All efficacy outcomes were assessed under the
intention-to-treat principle. A two-sided significance
level of 0.05 was used for all statistical tests. All sta-
tistical analyses were conducted using SAS version
9.2 (SAS Institute, Cary, NC, USA).

Results

The study flow is presented in Figure 1. Participant
recruitment took place between March 2007 and
January 2010. During the study period, 1445 patients
attended a patient consultation with the Breast
Tumor Group at DUMC. Of these, 30
(30/1445=2.1%) met inclusion criteria and 20
(20/30=73%) agreed to participate. The groups
were balanced on all study outcomes at baseline
(Table I). Of these, 19 (19 of 20, 95%) completed
all study procedures. One patient was lost to follow-
up due to the development of deep vein thrombus
(DVT) and pulmonary embolism (PE) following
randomization. There were no significant changes in
exercise behavior performed outside of the clinical
trial in either group (p >0.05).

Total number screened
N=1445

Reasons for non-eligibility (n=1415)
1. Geographical location (n=677)

A

2. Surgical resection candidate (n=429)
3. Metastatic breast cancer (n=189)

4

4. Previous malignancy (n=64)

Total number eligible
N=30 (30/1445=2.1%)

Reasons for non-consent (n=10)
1. Time commitment (n=5)

2. Not interested (n=3)

v 3. Distance (n=2)

Total completing baseline
N=20 (20/30=73.3%)

4

Reasons for drop-out (n=1)
1. DVT/PE (n=1)

A

Total completing post-intervention
N=19 (19/20=95%)

Figure 1. Study flow. DVT, deep vein thrombosis; PE, pulmonary embolism.



Table I. Characteristics of participants.

Variable (n= 10/groups) AC AC+AET
Age, year 46+ 11 51+6
Weight, kg 78 =25 78+ 13
Body mass index, kg/m? 28+9 29+5
Primary tumor size
T1,<2 cm 3 (30) -
T2, 2-5 cm 6 (60) 5 (50)
T3 >5cm 1 (10) 5 (50)
Nodal status
NO 4 (40) 5 (50)
N1 5 (50) 4 (40)
N2 1 (10 1 (10
Tumor histology
Ductal 9 (90) 8 (80)
Lobular 1 (10) 2 (20)
Positive estrogen- and 6 (60) 8 (80)
progesterone-receptor status
HER2/neu status
Positive 1 (10) 3 (30)
Negative 9 (90) 7 (70)

Exercise behavior at baseline
Total exercise, min/week
median (IQR)
Exercise behavior post-
intervention
Total exercise, min/week
median (IQR)

67.5 (0, 150) 110 (0, 260)

90 (40, 260) 148 (60, 255)

Data presented as mean = (SD) for continuous data and n (%) for
categorical data. All comparisons, p > 0.05.

AC denotes doxorubicin and cyclophosphamide and AC + AET
denotes doxorubicin and cyclophosphamide plus aerobic exercise
training.

HER2, human epidermal growth factor receptor 2.

Safery dara

Cardiopulmonary exercise test abnormalities and adverse
events. No positive tests were observed in either
group. Two patients within the AC+AET group
presented with resting ECG abnormalities (e.g. left
axis deviation and left ventricular hypertrophy) at
baseline and post-intervention. Three patients
within the AC group presented with resting sinus
tachycardia (i.e. resting heart rate >100 bpm) at
post-intervention. Infrequent, non-significant exercise-
induced premature ventricular contractions (PVCs)
were noted in both groups at baseline and post-
intervention. Three non-life threatening/non-ECG-
related AEs occurred during baseline exercise testing,
which resulted in prematurely stopping the tests
due to exercise-induced oxygen desaturation (SpO, =
84%), anxiety attack, and dizziness. All symptoms/
signs resolved promptly upon cessation of exercise
and did not preclude study participation.

Treatment-related adverse events. There were no
significant between group differences for any of
the clinician-documented treatment-related events
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(p >0.05). Hemoglobin levels significantly decreased
in both groups (all p’s < 0.05); the decline was atten-
uated in the AC+AET (p=0.06). Platelet count
significantly increased (p =0.047) whereas hemat-
ocrit significantly decreased (p=0.005) in the
AC + AET group only. A total of five patients (n =4
AC+AET group; n=1 AC group) experienced
therapy-related AEs that required medical manage-
ment. Four patients in the AC +AET group were
evaluated for newly diagnosed AEs including per-
sistent tachycardia, diverticulosis, urinary tract
infection (UTI), diabetes mellitus, upper respira-
tion tract infection, hemorrhoids, DVT, and PE
(more than one event was observed in the same
patient). The same patient experienced the DVT
and PE; this patient was censored since DVT/PE is
an aerobic training contraindication. One patient in
the AC group developed shingles secondary to vari-
cella zoster infection.

Aerobic training-related adverse events. A total of one
aerobic training-related AE was observed consisting
of unexplained leg pain that quickly resolved follow-
ing exercise cessation.

Aerobic training attendance and prescription adherence.
Overall attendance to planned exercise sessions was
82% (296 attended/360 prescribed; range, 0-100%).
Overall adherence to the planned exercise prescrip-
tion was 66% (194 adhered sessions/296 attended).
As a result, 34% of planned sessions required dose
modification. Specifically, 23% (68/296) of sessions
required a reduction in exercise duration and/or
intensity, whereas 11% (34/296) required an
increase in exercise duration and/or intensity. Major
reasons for dose reductions were nausea, tiredness/
fatigue, and not feeling well; major reasons for dose
escalation were per exercise trainer adjustment or
patient request.

Efficacy data

Cardiopulmonary  function. VOzpeak increased by
+2.6 £3.5 ml/kg/min (+13.3%) in the AC+AET
group and decreased by 1.5 = 2.2 ml/kg/min (-8.6%)
in the AC group (mean difference + 4.1 ml/kg/min
favoring AC + AET, p = 0.001; Table II). Differences
between groups were also observed for absolute
VOzpeak, peak power output, and Oxygen pulse (all
p’s <0.05; Table II). All echocardiograms were nor-
mal at baseline and post-intervention (Table II).
There were no significant differences within- or
between group changes in any cardiac parameters
over time.
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Table II. Efficacy of aerobic training on cardiopulmonary function.

AC AC*=AET
Baseline Follow-up pf Baseline Follow-up pt p’
Resting data (n = 10/group)
Heart rate, beats/min 74+5 89*+9 <0.001 75*13 82+12 0.209 0.124
Systolic blood pressure, mmHg 121+16 116 =16 0.188 121+9 113+ 13 0.059 0.685
Diastolic blood pressure, mmHg 79+9 75+17 0.073 777 73+8 0.089 0.640
Peak exercise data (n = 10/group)
Heart rate, beats/min 15712 163+ 15 0.039 159 +32 168 =30 0.057 0.549
Systolic blood pressure, mmHg 151*+17 15214 0.894 157 =28 161 =20 0.671 0.307
Diastolic blood pressure, mmHg 87+5 87+12 0.811 86+ 10 84+9 0.492 0.493
VO, a0 ml/kg/min 17.5*+4.8 16.0 4.0 0.049 19.5*7.6 22.1+7.0 0.042 0.001
V02peak’ L/min 1.34£0.32 1.20*+0.23 0.023 1.41 £0.44 1.59*+0.35 0.056 <0.001
Workload, Watts 94 =35 87 £27 0.140 98 =42 11140 0.014 0.002
Oxygen pulse, mLO,/beat 8.5+1.7 7.4+1.3 0.005 9.1+x29 9.8+2.8 0.233 0.005
Ventilation, I/min 51*+11 50+12 0.955 54+ 15 66+ 17 0.045 0.072
RER 1.10 £0.09 1.12+0.07 0.913 1.10*+0.06 1.13+0.06 0.671 0.180
Echocardiography (n = 6/group)
Cardiac output, mI/min 3452 *+ 469 4268 = 1048 0.071 3467 £570 3566+1159  0.740 0.137
Stroke volume, mL 48+5 53+10 0.254 47+8 45+ 10 0.614 0.219
End diastolic volume, mL 90.4+12.0 96.0 = 20.7 0.431 87.7*+15.7 83.7+t23.4 0.498 0.336
End systolic volume, mL 43.0£6.7 43.4+13.3 0.919 40.7+12.2 38.6 = 14.7 0.691 0.688
LVEF, % 532 55*6 0.364 54*9 55*6 0.589 0.887

Data presented as mean = SD.

AC denotes doxorubicin and cyclophosphamide and AC +AET denotes doxorubicin and cyclophosphamide plus aerobic exercise
training.

LVEF, left ventricular ejection fraction; RER, respiratory exchange ratio;VOzpeak, peak oxygen consumption; V, ventilation.

TPaired t-test p-value for change within group from baseline to 12 weeks; Sp-value for change between groups from baseline to 12 weeks
based upon analysis of covariance adjusted for baseline value.

Patient-reported outcomes. FACT-B increased 11.1
points in the AC + AET group compared to a 1.5
points decrease in the AC group (mean difference
+ 12.6 points, p = 0.685; Table III). There was a bor-
derline significant increase in the FACT-G for the
AC+AET group (p=0.088). A significant within-
group increase in emotional well-being was observed

Table III. Efficacy of aerobic training on patient-reported outcomes.

in both groups (p’s<0.05) but no between group
difference. For social well-being, there was a signifi-
cant increase in the AC+AET group (p=0.033),
whereas physical well-being significantly decreased
in the AC group (p=0.004) (Table III). There
were no significant differences between groups for
self-reported exercise behavior (p’s > 0.05).

AC AC+AET

Variable (n = 10/group) Baseline Follow-up pt Baseline Follow-up pt p’

FACT-B Total (Scale: 0-144) 112.4=*59 110.9*£7.6 0.592 94.6 =22.8 105.7*+21.3 0.145 0.685
FACT-G Total (Scale: 0-108) 86.9 5.6 85.9+6.2 0.383 71.2+15.7 80.2+16.7 0.088 0.431
PWB (Scale: 0-28) 24.6 4.0 21.2*x3.8 0.001 20.6 5.9 20.7x£7.2 0.972 0.485
SWB (Scale: 0-28) 24.7*+1.6 25.2*+23 0.541 18.3+4.8 21.8*+2.3 0.033 0.139
EWB (Scale: 0-24) 18.6 3.1 20.1+2.0 0.043 15.9+4.7 19.1+x5.3 0.043 0.618
FWB (Scale: 0-28) 19.1 2.9 19.4*+3.4 0.814 16.4*=5.3 18.6 £4.7 0.187 0.849
FACIT-Fatigue (Scale: 52) 44.4*+6.0 42.2*+34 0.254 35.3+13.4 32.8*+14.8 0.583 0.327

Data presented as mean = SD.

AC denotes doxorubicin and cyclophosphamide and AC+AET denotes doxorubicin and cyclophosphamide plus aerobic exercise
training.

EWB, emotional well-being; FACT-B, Functional Assessment of Cancer Therapy-Breast; FACT-G, Functional Assessment of Cancer
Therapy-General; FACIT, Functional Assessment Chronic Illness Therapy; FWB, functional well-being; PWB, physical well-being; SWB,
social well-being.

TPaired t-test p-value for change within group from baseline to 12 weeks; Sp-value for change between groups from baseline to 12 weeks
based upon analysis of covariance adjusted for baseline value.



Discussion

The principal findings of this pilot study were that:
1) supervised aerobic training program incorporating
high-intensity aerobic interval training is safe (and
relatively well tolerated) adjunct therapy in women
undergoing anthracycline-containing chemother-
apy for operable breast cancer; 2) anthracycline-
containing chemotherapy alone is associated with
marked reductions in cardiopulmonary function;
3) aerobic training not only completely abrogates
the detrimental impact of chemotherapy but causes
significant improvements in cardiopulmonary func-
tion during concurrent neoadjuvant therapy; and
4) there were favorable improvements in several
PROs. To our knowledge, this is the first trial to
evaluate the role of aerobic training during neoad-
juvant therapy and one of first to extensively review
the risk-to-benefit ratio of moderate-to-high inten-
sity aerobic training during cytotoxic therapy.
Overall, our findings have important implications
for the design and implementation of exercise-based
rehabilitation programs in the oncology setting.

Structured exercise training 1is receiving
increased attention as an important adjunct ther-
apy for patients following a cancer diagnosis
[21]. In this context, systematic reviews and meta-
analyses [1,2] conclude that exercise training is a
safe therapy for cancer patients during and follow-
ing cancer therapy. Despite this, only 14% of exer-
cise — oncology studies reported assessing AEs
during trial conduct [5]. Furthermore, in the stud-
ies reporting AEs, few adopted standardized moni-
toring and/or reporting of AEs. As such, the safety
of supervised aerobic training in the oncology set-
ting remains inconclusive. Against this background,
we examined a broad range of information includ-
ing aerobic training- and treatment-related data to
evaluate this question.

Opverall, we observed a total of six AEs during trial
conduct. We did observe numerically more treatment-
related AEs in the AC +AET group, however, these
events were not likely attributable to aerobic training.
Of the observed AEs, only one (i.e. DVT/PE) was
considered serious requiring hospitalization and aer-
obic training discontinuation; again, whether this was
directly attributable to aerobic training is inconclu-
sive. To supplement clinician-reported data, we also
evaluated serial changes in the CBC panel, which is
a well-established method to monitor patient health
status/response to therapy. Overall, the changes in
CBC markers were unremarkable in both groups.
As expected, hemoglobin concentration did signifi-
cantly decrease during chemotherapy, although this
decline was attenuated in the AC + AET group, sug-
gesting that aerobic training could partially attenuate
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therapy-induced anemia; further investigation is
required in larger trials.

The low incidence of AEs in this trial is consis-
tent with the conclusions of prior reviews and meta-
analyses as well as that of the recently published
ACSM cancer-specific exercise guidelines [1,2].
However, it is important to note that the vast major-
ity of studies to date in the oncology setting have
evaluated the efficacy (and safety) of aerobic train-
ing programs following standard exercise prescrip-
tion guidelines [2]. Studies evaluating the efficacy of
exercise prescriptions incorporating high-intensity
aerobic interval training, however, require separate
consideration given the markedly higher ‘stress’ to
the cardiopulmonary system and potential associ-
ated adverse consequences (e.g. sudden death, myo-
cardial infarction). To our knowledge, several studies,
[9,22] including work from our own group [10,11],
have assessed the efficacy of exercise prescriptions
incorporating high-intensity aerobic training; none
of these studies were designed to primarily address
safety nor do they report adopting standardized
monitoring and/or reporting of AEs. A total of five
exercise training-related AEs were reported across
all five trials with no AEs requiring hospitalization
or exercise discontinuation. Similarly, a retrospective
review of 4846 unselected patients with coronary
heart disease treated with exercise training incorpo-
rating high-intensity aerobic interval training in car-
diac rehabilitation revealed that such training is
associated with a low cardiovascular event rate [23].
As such, based on current evidence, exercise pre-
scriptions  incorporating high-intensity training
appear to be associated with a low incidence of AEs
although further rigorous evaluation is required.

A noteworthy secondary finding of our study was
that a CPET is a feasible and safe tool to assess peak
exercise cardiopulmonary function in breast cancer
patients both before and following the completion
of neoadjuvant AC therapy. Specifically, 85% of
patients were able to achieve the criteria of a peak
test with a low incidence of exercise-induced ECG
abnormalities and no life-threatening AEs. The low
incidence of events corroborates that observed in
other clinical populations. However, the lack of seri-
ous AEs during CPET in the present study is not
completely unexpected given the strict eligibility cri-
teria and small sample size. Thus, our findings are
not generalizable to a broader, unscreened popula-
tion of women with early-stage breast cancer. Indeed,
the risk of CPET-related AEs in the oncology set-
ting, as in other settings, is highly dependent on pre-
existing comorbid disease and other patient-related
characteristics [14,24]. For example, in prior work
investigating the safety of CPET in 85 patients with
advanced cancer, a total of three positive tests were
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observed while 26% and 44% of patients with
advanced non-small cell lung cancer and metastatic
breast cancer developed asymptomatic ST segment
changes during the CPET [25]. Of relevance, the
Canadian Society for Exercise Physiology (CSEP)
recently published the first pre-exercise testing/
training screening recommendations for cancer
patients [5]. Based on these guidelines, patients
treated with anthracycline-containing regimens are
considered intermediate risk (of an exercise-related
event) and require exercise testing with ECG moni-
toring. While no life-threatening AEs were observed
during the CPET, the present results support this
recommendation since exercise-induced ECG
abnormalities were detected, which necessitates rig-
orous monitoring during testing and subsequent
aerobic training sessions. Formal investigations of
the safety of CPET and exercise training in the
oncology setting are required.

An important complementary aspect to consider
when evaluating safety of exercise training is toler-
ability of training. In the current trial, exercise
attendance and adherence data was evaluated to
provide additional information regarding the toler-
ability of moderate-to-high intensity aerobic train-
ing in this setting. The attendance rate was 82%,
which is within the conventionally accepted rates
and consistent with prior work [26,27]. The adher-
ence rate was 66%. Courneya et al. [26] reported
attendance and adherence rates of 72% and approx-
imately 95%, respectively, in women undergoing
supervised moderate-intensity aerobic (i.e. 60—-80%
of baseline VOzpeak) or resistance (i.e. 60-70% of
estimated one-repetition maximum) training during
standard adjuvant chemotherapy for early-stage
breast cancer. The reasons for the divergent findings
on adherence to the exercise prescription between
our study and that of Courneya et al. are not known
but may be related to study methodology, the dif-
ferent exercise intensities investigated (i.e. moderate
intensity vs. moderate-to-high intensity) and defini-
tion of adherence. Nevertheless, prescriptions incor-
porating higher-intensity exercise training may not
be feasible or tolerable for all patients undergoing
primary neoadjuvant therapy. Ultimately, exercise
prescriptions need to be individually tailored (based
on CPET results and patient characteristics) and
account for treatment/disease-related symptoms
prior to and during sessions, exercise prescriptions
will need to be modified in ‘real-time’ by qualified
exercise personnel. To this end, exercise training tri-
als in clinical settings classically report attendance
rates to provide data on the tolerability of the inter-
vention. However, such measures may need to be
supplemented by close monitoring of adherence to
fully evaluate the ability of patients to participate in

and benefit from the intervention. While our results
need to be confirmed, the current findings imply
that exercise rehabilitation will need to be con-
ducted in a supervised outpatient or inpatient set-
ting (particularly during treatment) to enable
‘real-time’ monitoring and modification of exercise
sessions.

Finally, there were significant improvements in
several markers of cardiopulmonary function in the
AC+AET group compared with the AC group.
Specifically, we found a between group difference in
VO2peak of 4.1 ml/kg/min favoring the AC +AET
group. Gulati et al. [28] found that the Framingham
Risk Score-adjusted mortality risk decreased by 17%
for every 3.5 ml/kg/min difference in exercise capac-
ity among asymptomatic women, suggesting that the
observed difference in VO2peak may be clinically
meaningful. To our knowledge, this is one of the first
studies to observe significant improvements in
VO2peak in breast cancer patients receiving adjuvant
chemotherapy. For example, Courneya et al. [26]
reported that supervised aerobic training was supe-
rior to usual care (chemotherapy only) for improv-
ing VO2peak in 242 operable breast cancer patients
receiving standard adjuvant chemotherapy. Interest-
ingly, aerobic training was associated with a non-
significant improvement in VO2peak (+0.5 ml/kg/
min) but completely abrogated the VO2peak decline
observed in the usual care group. Similarly, in our
study, AC alone was associated with an approxi-
mately 9% decline in VOzpeak; VOZ}mlk typically
declines 10% every decade in healthy women indi-
cating that 12 weeks of AC may cause a decade of
‘physiological aging’. Moreover, the VOZWlk decline
may not recover, even years following the cessation
of primary therapy. For example, we found that
despite ‘normal’ resting cardiac function (i.e. LVEF
= 50%),V02pe2lk was, on average, 22% below that of
age-matched sedentary women in early breast can-
cer patients a mean of 27 months following the
completion of primary adjuvant therapy [29].
Together the data from the present study and find-
ings from Courneya et al. highlight that without
intervention, standard chemotherapy-containing
adjuvant therapy causes significant impairments in
cardiopulmonary function. Aerobic training was
associated with improvements in select PROs. Our
findings are consistent with previous reports indicat-
ing that the effects of aerobic training on QOL and
other PROs during therapy are mixed [1]. Hetero-
geneity in patient clinical characteristics, setting,
treatment, and measurement tools are likely respon-
sible for the equivocal findings.

This study does have limitations. The most
important limitation is our small sample size.
The neoadjuvant setting provides many benefits for



testing the effects of exercise training but selecting
a single regimen at a center for purposes of homo-
geneity limits the potential for accrual. Larger trials
would require evaluation in the adjuvant setting,
involving multiple centers, and/or accrual of patients
on multiple therapeutic regimens. Relatedly, given
our relatively stringent eligibility criteria together
with the requirement of attending exercise sessions
in a supervised setting, only 2% of total screened
patients were eligible for the trial (47% of potential
participants were excluded due to geographical dis-
tance from DUMUC). Although our data do provide
support for a larger study, the generalizability of our
findings to the larger population of breast cancer
patients receiving adjuvant chemotherapy is limited.
Finally, our intervention period (12 weeks) was
short; trials investigating the safety/efficacy of exer-
cise across the entire duration of primary neoadju-
vant therapy are required to fully address this
question.

In summary, aerobic training prescriptions incor-
porating high-intensity aerobic interval training when
conducted with one-on-one supervision is a safe
adjunct therapy associated with improvements in
cardiopulmonary function and select PROs during
neoadjuvant chemotherapy. Larger trials further
investigating the safety and efficacy of both moder-
ate- and high-intensity exercise training prescriptions
are warranted. Such trials are essential to fully evalu-
ate the risk-to-benefit ratio of exercise training dur-
ing cytotoxic therapy. Nevertheless, given the
demonstrated safety and superior cardiopulmonary
benefit of high-intensity aerobic interval training in
patients with coronary heart disease, our findings
suggest that incorporation of high-intensity aerobic
training into exercise-based rehabilitation programs
may be of benefit in early-stage breast cancer
patients.
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