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Abstract Few randomized controlled trials have exam-
ined the effects of combined aerobic and resistance training
in breast cancer survivors soon after completing adjuvant
therapy. Breast cancer survivors (N = 58) within 2 years of
completing adjuvant therapy were randomly assigned to an
immediate exercise group (IEG; n =29) or a delayed
exercise group (DEG; n =29). The IEG completed
12 weeks of supervised aerobic and resistance exercise,
three times per week. The DEG completed the program
during the next 12 weeks. Participants completed patient-
rated outcomes at baseline, 6, 12, 18 and 24 weeks. The
primary endpoint was overall quality of life (QoL)
measured by the Functional Assessment of Cancer Ther-
apy-Breast scale. Secondary endpoints were fatigue, social
physique anxiety, and physical fitness. Follow-up data was
obtained on 97% of participants and exercise adherence
was 61.3%. Repeated measures analyses of variance
revealed a significant group by time interaction for overall
QoL (P < 0.001). Specifically, QoL increased in the IEG
from baseline to 12 weeks by 20.8 points compared to a
decrease in the DEG of 5.3 points (mean group differ-
ence = 26.1; 95% CI = 18.3-32.7; P < 0.001). From 12 to
24 weeks, QoL increased in the DEG by 29.5 points
compared to an increase of 6.5 points in the IEG (mean
group difference = 23.0; 95% CI = 16.3-29.1; P < 0.001).
Similar results were obtained for the secondary endpoints.
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Combined aerobic and resistance exercise soon after the
completion of breast cancer therapy produces large and
rapid improvements in health-related outcomes.
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Introduction

Breast cancer incidence has nearly doubled in Australia
since 1983, with Australian women facing a lifetime risk of
1 in 8 [1]. Although survival rates have improved, many
women still suffer from long-term psychological and
physical distress from current adjuvant therapies. Breast
cancer survivors can face issues such as premature meno-
pause, body image and sexual and relationship problems
[2], fatigue [3], comorbidities as a consequence of cancer
treatments [4], and greater risk of psychological distress,
depressive episodes and lifestyle disruption [5]. Indeed,
cancer survivors can still experience distressing symptoms
for a number of years after their diagnosis [3-5].
Exercise has been shown to improve some aspects of
QoL among breast cancer survivors but few studies have
assessed the efficacy of a combined aerobic and resistance
exercise program soon after the completion of adjuvant
therapies [6, 7]. Focusing on the post-adjuvant setting may
be important because preliminary evidence from system-
atic reviews has suggested that QoL and fatigue appear to
be improved more in the post-adjuvant setting than during
adjuvant therapy [6, 7] and survey studies have shown that
the majority of cancer survivors prefer to start an exercise
program after they complete treatments [8]. Moreover,
combining aerobic and resistance exercise may provide
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greater QoL and fatigue benefits than either modality
alone. Finally, no study to date has examined social
physique anxiety (SPA) [9] among breast cancer survivors.
Social physique anxiety is experienced when individuals
perceive others to be negatively evaluating their physique
and may be particularly relevant to breast cancer survivors
who have experienced potentially disfiguring treatments.
The purpose of the present study was to examine the
effects of a 12-week, supervised, combined aerobic and
resistance exercise program on QoL, fatigue, SPA, and
physical fitness in breast cancer survivors who have recently
completed adjuvant therapy except for hormone therapy.
We hypothesized that exercise training would result in sig-
nificant and meaningful improvements in all patient-rated
outcomes as well as objectively measured fitness outcomes.
We also hypothesized that changes in fitness would be
associated with changes in patient-rated outcomes.

Methods
Setting and participants

The trial was conducted at the Health and Rehabilitation
Program (UHRP) Clinic at The University of Western
Australia (UWA). Ethics approval was granted from the
UWA Human Research Ethics Committee, while written
informed consent was obtained from all participants. Par-
ticipants were recruited using posters that were displayed
in surgical and oncology wards in metropolitan hospitals,
as well as through advertisements published in community
newspapers. Eligibility criteria included women with stage
I-1II breast cancer, 218 years old, English speaking, within
24 months of their cancer diagnosis, and having completed
all treatments except hormone therapy. Women were
excluded if they had evidence of recurrent disease, had
previously engaged in any formal exercise programs for
6 months prior to participation in this study, or if they
failed the revised Physical Activity Readiness Question-
naire (rPAR-Q) [10].

Design and procedures

The study was a prospective, two-armed, randomized
controlled trial with a complete crossover design. The
immediate exercise group (IEG) completed the exercise
program from baseline to 12 weeks whereas the delayed
exercise group (DEG) completed the exercise program
from 13 to 24 weeks.

Randomization

Participants were randomly assigned to either the IEG or
the DEG in a 1:1 ratio using a computer-generated
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program. Group assignments were concealed from the
project director who recruited participants to the trial.

Exercise training intervention

Participants were asked to attend the rehabilitation clinic
three times a week for 12 weeks any time during clinic
hours. The sessions were supervised by two exercise
physiologists who ensured every participant received one-
on-one contact during each session. The program included
an aerobic component that utilized the cycle and rowing
ergometers, the mini-trampoline, and the step-up blocks.
The cardiovascular component of the program was con-
ducted for 20 min and ended with a 5 min cool down. The
resistance training component consisted of 12 different
exercises. The specific exercises were: chest press, chest
extension, biceps curls, triceps extension, leg extension, leg
curls, hip abduction and adduction, back extension,
abdominal crunches, standing fly’s and leg press. For each
exercise, participants performed two sets of 10-15 repeti-
tions of lightweights and progressed to a heavier weight
once the current weight and repetitions could be achieved
easily and with good form. Finally, 5 min of stretching was
performed at the beginning and end of each session in order
to increase flexibility. During weeks 1-12, the IEG were
provided with the supervised exercise program and the
DEG was asked not to participate in exercise during this
time period. To maintain study interest, the DEG was
telephoned at weeks 3, 6, 9, and 12. During weeks 13-24,
the DEG was provided with the same supervised exercise
program while the IEG received telephone calls at weeks
15, 18, 21 and 24. The IEG were not given any specific
exercise instructions to follow during weeks 13-24.

Assessments

The rPAR-Q [10] was administered, and self-reported
medical and demographic information was collected at
baseline. Additionally, both groups completed a question-
naire package at baseline and weeks 6, 12, 18 and 24 that
assessed QoL using the Functional Assessment for Cancer
Therapy-Breast (FACT-B) scale [11]; fatigue using the
Schwartz Cancer Fatigue Scale (SCFS) [12]; and SPA using
the Social Physique Anxiety Scale-7 items (SPAS-7) [9].
Submaximal fitness tests were performed before and
after the exercise training (i.e. baseline and week 12 for the
IEG; and week 13 and 24 for the DEG). Aerobic fitness
was measured using the Aerobic Power Index (API) cycle
test [13]. Participants commenced cycling on a cycle
ergometer at 25 W and this workload was increased by
25 W every minute. The test was terminated at the end of
the minute that participants reached 75% of their estimated
maximal heart rate (220 — age x 0.75) [14]. The fitness test
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score was calculated as the power output that coincided
with the 75% maximal heart rate as determined through
interpolation techniques [13]. This calculated result was
then divided by body mass (kg) and expressed as Wkg™".
Ratings of perceived exertion were measured using the
15-grade Borg scale [15]. Strength was measured by
recording the weight used during the performance of
specific exercises (i.e. bicep curls, leg presses and chest
extensions) at baseline and postintervention.

Statistical analyses

Twenty-five participants were needed per group to detect a
large standardized effect size (d = 0.80) with a power of
0.80 and a two-tailed alpha of 0.05. A large standardized
effect size on the FACT-B is approximately 10 points
based on a standard deviation of 13 and exceeds the 7-8
point minimally important difference (MID) identified for
this scale [16]. Our goal was to randomize 60 participants
to allow for a 10% loss-to-follow-up.

Statistical analysis was performed using SPSS version
12.0 software (SPSS Inc, Chicago, IL). Baseline descriptive
statistics were compared using independent ¢-tests for con-
tinuous data and Pearsons y° analysis for categorical data.
Missing data were remedied using last-observation-carried-
forward and all analyses were intention-to-treat. The
primary analysis employed a 2 (group) by 5 (time) Repeated
Measures Analysis of Variance (RM-ANOVA) to test for
interactions between Time and Group on QoL, fatigue, and
SPA. Post-hoc analyses were performed on significant
interactions using paired and independent-sample t-tests.
These analyses were repeated using analysis of covariance
with the respective baseline score as a covariate.

Paired sample t-tests were used in order to assess
changes in fitness over the 12-week intervention period in
both the IEG and the DEG, while an independent sample
t-test was used to compare fitness values between the
groups at 12 weeks (i.e., the IEG’s post-intervention scores
and the DEG’s baseline score). Pearson product-moment
correlations were used to examine the associations between
changes in physical fitness and changes in patient-rated
outcomes.

Results

Participant recruitment took place between January and
March 2005 and the trial commenced in April 2005.
Figure 1 presents the flow of participants through the
study. We recruited 58 of 131 (44.3%) eligible participants.
Common reasons for refusal included not willing to travel
(n = 13) and having family or holiday commitments over
the study period (n = 16). Table 1 presents the baseline

characteristics. The groups were balanced on all medical
and demographic variables. The average IEG attendance
was 60.4% (21.7 of 36 sessions) with a median of 23
(63.9%) and a range of 11-36. The average DEG atten-
dance was 62.2% (22.4 of 36 sessions) with a median of 24
(66.7%) and a range of 12-35. Groups were balanced on
baseline values for the primary and secondary endpoints.

Changes in the primary endpoint

Repeated measures ANOVA revealed a significant Time by
Group interaction for the FACT-B [F = 21.8, P < 0.001;
Fig. 2]. Follow-up paired r-tests revealed that the IEG
demonstrated a significant increase in QoL from baseline to
week 6 [mean change = 12.6; 95% CI=7.8 to 17.4,
P <0.001] and from week 6 to week 12 [mean
change = 8.2; 95% CI =4.8 to 11.5, P < 0.001] with a
borderline significant increase from week 12 to week 18
[mean change = 3.1; 95% CI = —0.6 to 6.9, P = 0.096] and
a further significant increase from week 18 to week 24
[mean change =4.9; 95% CI=2.0 to 7.8, P =0.002].
Conversely, the DEG demonstrated a borderline significant
decrease in the FACT-B from baseline to week 6 [mean
change = -3.0; 95% CI = -6.4 to 0.2, P = 0.063], a sig-
nificant decrease from week 6 to week 12 [mean
change = -2.3; 95% CI = —4.5 to -0.2, P = 0.034], and
significant increases from week 12 to week 18 [mean
change = 27.7; 95% CI =22.6 to 32.8, P <0.001] and
from week 18 to week 24 [mean change = 4.0; 95%
CI = 1.4 to 6.6, P = 0.003]. Follow-up independent #-tests
revealed that there were no differences between the groups
at baseline [mean group difference = 1.8; 95% CI = 4.9
to 8.5, P = 0.593], however, scores for the IEG were sig-
nificantly higher at week 6 [mean group difference = 17.9;
95% CI =118 to 24.0 P <0.001] and week 12 [mean
group difference = 28.6; 95% CI=220 to 35.1,
P < 0.001]. FACT-B scores were not significantly different
at week 18 [mean group difference = 4.1; 95% CI = -2.6
to 10.9, P = 0.224] but were borderline higher in the IEG
at week 24 [mean group difference = 5.1; 95% CI = -1.6
to 11.7, P = 0.059]. The FACT-B subscales of FACT-G,
TOI, physical well-being, emotional well-being, functional
well-being and breast cancer subscale (BCS) all demon-
strated the same pattern of results (Table 2). Results were
not altered after adjusting for baseline values.

Changes in the secondary endpoints

Repeated measures ANOVA revealed a significant Time by
Group interaction for fatigue [F = 8.8, P < 0.001; Fig. 3].
Follow-up paired r-tests revealed that the IEG demon-
strated a significant decrease in fatigue from baseline to
week 6 [mean change = -2.7, 95% CI =-4.1 to -1.4,
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Fig. 1 Flow of participants
through study

131 breast cancer survivors that recently completed
adjuvant therapy assessed for eligibility

60 ineligible:
- Diagnosed pre 2003 (n = 9)
L] Receiving active treatment (n = 4)
. Unable to complete tri-level bike
test (n=2)
= Cardiac disease (n = 1)
L] Not willing to travel (n = 13)
- Holiday or family commitments (n
=16)
= Non-contactable (n = 8)
- Exercising 3 times per week (n =
6)
- Hip replacement operation (n = 1)
13 eligible participants not interested:
. Working full-time (n = 4)
- Too much time commitment
(n=4)
L] Other (n=5)

58 breast cancer survivors randomly assigned

A

29 assigned
to IEG

y

29 assigned
to DEG

29 completed baseline fitness
test and questionnaires

29 completed baseline
questionnaires

29 completed week 6
questionnaires

29 completed week 6
questionnaires

29 completed week 12 fitness
test and questionnaires

29 completed week 12 fitness test and
questionnaires

28 completed week 18

28 completed week 18

questionnaires

questionnaires

questionnaires

28 completed week 24

29 completed week 24 fitness tests
and 28 completed week 24
questionnaires

P < 0.001], a borderline significant decrease from week 6
to week 12 [mean change = -1.0; 95% CI =-2.2 to 0.2,
P = 0.096], a significant decrease from week 12 to week 18
[mean change = —1.8; 95% CI = -3.0 to —0.6, P = 0.005],
and no significant change between weeks 18 and 24 [mean
change = -0.1; 95% CI =-1.0 to 0.7, P = 0.749]. Con-
versely, scores for the DEG did not significantly change
from baseline to week 6 [mean change = -0.5; 95% CI =
-2.2to 1.3, P = 0.587] or from week 6 to week 12 [mean
change = -0.5; 95% CI = -1.9 to 0.9, P = 0.466], but did
significantly decrease from week 12 to week 18 [mean
change = —6.3; 95% CI = -8.2 to 4.3, P < 0.001] with no
further change occurring between week 18 to week 24
[mean change = —0.9; 95% CI = -2.0 to 0.2, P = 0.108].
Follow-up independent #-tests revealed that there were no
significant differences between the groups at baseline

@ Springer

[mean group difference = -0.8; 95% CI=1.3 to -2.9,
P = 0.458], week 18 [mean group difference = —1.1; 95%
CI=0.7 to 3.0, P =0.234] or week 24 [mean group
difference = -0.4; 95% CI=1.5 to -2.3, P=0.448],
however, scores for the IEG were significantly lower at
week 6 [mean group difference = -3.9; 95% CI = -1.8 to
—6.0, P < 0.001] and week 12 [mean group difference =
-5.4; 95% CI = -3.3 to -7.6, P < 0.001].

Repeated measures ANOVA revealed a significant Time
by Group interaction for SPA [F = 3.4, P = 0.030; Fig. 4].
Follow-up paired #-tests on the interaction effects revealed
that the IEG demonstrated a significant decrease in SPA
from baseline to week 6 [mean change = —1.5; 95% CI =
-3.2 to -0.1, P =0.049] and from week 6 to week 12
[mean change = -2.6; 95% CI = —-4.8 to —0.3, P = 0.026].
There were no significant changes from week 12 to week
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Table 1 Baseline demographic and medical variables of study participants
Variable Overall N = 58 IEG n =29 DEG n =29 P
Demographic profile
Age (+SD; range) 55.1 (8.20; 36-71) 55.2 (8.4; 38-71) 55.1 (x8.0; 36-71) 0.975
Smoker
Yes 3 (5.2%) 0 (0%) 3 (10.3%) 0.237
No 55 (94.8%) 29 (100%) 26 (89.7%)
University education 26 (4.8%) 11 (37.9%) 15 (51.7%) 0.368
Married 41 (70.7%) 23 (79.3%) 18 (62.1%) 0.441
Part/full-time employed 32 (55.2%) 16 (55.2%) 16 (55.2%) 0.728
Medical profile
BMI (+SD; range) 26.3 (+4.6; 19.2-44.6) 26.1 (+4.1; 20.340.2) 26.5(£5.1; 19.2-44.6) 0.668
BMI score
<18.5 (Underweight) 0 (0%) 0 (0%) 0 (0%) 0.660
18.5-24.9 (Normal) 23 (39.7%) 13 (44.8%) 10 (34.5%)
25.0-29.9 (Overweight) 25 (43.1%) 12 (41.4%) 13 (44.8%)
30+ (Obese) 10 (17.2%) 4 (13.8%) 6 (20.7%)
Age (£SD; range) 55.1 (£8.20; 36-71) 55.2 (£8.4; 38-71) 55.1 (+8.0; 36-71) 0.975
BMI (+SD; range) 26.3 (+4.6; 19.2-44.6) 26.1 (4.1; 20.340.2) 26.5 (£5.1; 19.2-44.6) 0.668
Disease stage
1 (T1NO) 15 (25.9%) 6 (20.7%) 9 (31.0%) 0.360
IIa (TIN1, T2NO) 25 (43.1%) 14 (48.3%) 11 (37.9%)
IIb (T2N1, T3NO) 16 (27.6%) 9 (31.0%) 7 (24.1%)
Ila (TIN2, T2N2, T3N1-2) 2 (3.4%) 0 (0%) 2 (6.9%)
Surgical protocol
Breast conservation 30 (51.7%) 12 (41.4%) 18 (62.1%) 0.479
Chemotherapy
Yes 41 (70.7%) 20 (69%) 21 (72.4%) 0.773
No 17 (29.3%) 9 (31%) 8 (27.6%)
Radiotherapy
Yes 35 (60.3%) 15 (51.7%) 20 (69.0%) 0.180
No 23 (39.7%) 14 (48.3%) 9 (31.0%)
Hormone therapy
Yes 43 (74.1%) 23 (79.3%) 20 (69.0%) 0.368
No 15 (25.9%) 6 (20.7%) 9 (31.0%)
Length of treatment (M + SD; range) 169.5 (+47.5; 90-270) days 170 (+42.9; 90-270) days 168.7 (£52.5; 90-270) days 0.510
Months since treatment (M + SD; range) 13 (£3.97; 2-21) months 12.6 (+4.62; 2-21) months  13.4 (x£3.4; 8-21) months 0.886
Lymphoedema
Yes 13 (22.4%) 8 (27.6%) 5 (17.2% 0.345
No 45 (77.6%) 21 (72.4%) 24 (82.8)
Menopausal status
Pre 14 (24.1%) 6 (20.7%) 8 (27.6%) 0.474
Post 44 (75.9%) 23 (79.3%) 21 (72.4%)

Data are presented as mean (SD) for continuous data, and frequency (percentage) for categorical variables, P value for difference between groups

18 [mean change = 1.1; 95% CI = 0.4 to 2.5, P = 0.136]
or from week 18 to week 24 [mean change = 0.8; 95%
CI =-0.5 to 2.1, P = 0.208]. Conversely, scores for the
DEG did not significantly change from baseline to week 6
[mean change = 0.1; 95% CI = —-1.6 to 1.6, P = 0.964] but

demonstrated a borderline significant increase from week 6
to week 12 [mean change = 0.9; 95% CI = -0.1 to 2.0,
P =0.070] and a significant decrease from week 12 to
week 18 [mean change = —4.0; 95% CI = -6.1 to -2.0,
P <0.001] and from week 18 to week 24 [mean
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Fig. 2 FACT-B scores from baseline to week 24 by group
assignment (N = 58). Abbreviations: FACT-B = Functional assesment
of cancer therapy-breast; IEG = Immediate exercise group; DEG =
Delayed exercise group

change = -1.7; 95% CI=-3.1 to -0.2, P =0.023].
Follow-up independent #-tests revealed that there were no
significant differences between the groups at baseline
[mean group difference = —-0.7; 95% CI=3.0 to —4.3,
P = 0.723], at week 6 [mean group difference = -2.0; 95%
CI=1.5to -5.5, P =0.220], or at week 24 [mean group
difference = —-1.6; 95% CI = 1.2 to 4.3, P = 0.265], but
scores for the IEG were significantly lower at week 12
[mean group difference = -5.5; 95% CI =-2.4 to -8.7,
P =0.001] and week 18 [mean group difference = -2.4;
95% CI = -0.5 to -5.3, P = 0.039].

Changes in physical fitness endpoints

Descriptive statistics for aerobic fitness and muscular
strength are presented in Table 3. Paired #-tests showed that
both the IEG [#28) =3.5, P=0.002] and the DEG
[#(28) = 2.2, P = 0.034] significantly improved their aero-
bic fitness over the course of the intervention. Independent
t-tests revealed that the IEG postintervention fitness scores
were significantly higher than baseline scores in the DEG
[t(53) = 2.1, P = 0.049]. Results for strength revealed that
weight load values recorded postintervention were signifi-
cantly higher than those recorded at baseline for both
groups for bicep curls: IEG [#(28) = 12.9, P < 0.001];
DEG [#28) =10.1, P <0.001]; leg press: IEG
[#(28) = 12.2, P < 0.001]; DEG [#(28) = 13.9, P < 0.001]
and chest extension: IEG [#(28) = 9.0, P < 0.001]; DEG
[#(28) = 18.3 P < 0.001]. Independent r-tests revealed that
that the IEG postintervention muscular strength scores
were significantly higher than the DEG baseline scores for
bicep curls [#(56) =93, P <0.001], leg press
[#(56) = 10.6, P < 0.001], and chest extension [#(56) = 4.1,
P < 0.001].
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Associations between exercise adherence and changes
in endpoints

Pearson correlations among variables are presented in
Table 4. Exercise adherence was significantly associated
with changes in aerobic fitness (r = 0.29; P = 0.034), bicep
curls (r=0.43, P =0.001), chest extensions (r = 0.30,
P =0.024), FACT-B (r=0.26, P =0.047), FACT-G
(r = 0.30, P = 0.025), and functional well-being (r = 0.26,
P = 0.048). Changes in aerobic fitness were significantly
associated with changes in FACT-B (r = 0.34, P = 0.012),
fatigue (r=-0.28, P =0.038), FACT-G (r=0.34,
P =0.012), social well-being (r = 0.30, P = 0.029), and
emotional well-being (r = 0.27, P = 0.045). Change in
bicep curl load was significantly associated with change in
SPA (r = -0.27, P = 0.040).

Discussion

As hypothesized, a combined aerobic and resistance
exercise program initiated soon after the completion of
adjuvant breast cancer therapy resulted in reliable and
meaningful improvements in QoL, fatigue, SPA, aerobic
fitness, and muscular strength. These improvements were
evident after 6 weeks of exercise training, with further
improvements occurring at 12 weeks. We also found that
improvements in aerobic fitness were associated with
improvements in QoL and fatigue, whereas improvements
in muscular strength were associated with improvement in
SPA. These data provide compelling evidence that a
combined aerobic and resistance exercise program is an
effective intervention in breast cancer survivors after the
completion of adjuvant therapy.

The improvements in QoL are larger than those reported
in a recent meta-analysis of exercise RCTs in breast cancer
survivors [7] of 4.8 (95% CI = 0.35 to 8.8) for the FACT-G
and 6.6 (95% CI 1.21 to 12.03) for the FACT-B. Our trial
reported improvements in QoL of over 26 points on the
FACT-B. This magnitude of improvement is the largest
reported to date in the exercise literature and is over three
times the minimally important difference of 7-8 points for
the FACT-B scale [17]. It is unclear why our exercise
intervention provided such a large and rapid improvement
in QoL compared to previous exercise trials. Possible
explanations include: (a) the initial lower QoL scores of
our participants, (b) the initiation of the intervention soon
after adjuvant therapy when QoL may be at its lowest and
motivation at its highest, (c) the fact that 75% of our par-
ticipants were on hormone therapy at the time of the trial,
(d) the combined aerobic and resistance exercise
intervention, and (e) the group format with individual
supervision. Ancillary analyses showed that higher
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Table 2 Changes in patient-rated outcomes over the 24-week study

Baseline 6 weeks 12 weeks 18 weeks 24 weeks Time X group
Mean (xSD) Mean (xSD) Mean (xSD) Mean (xSD) Mean (xSD) P*

FACT-B (0-144)
1IEG 89.7 (£13.0) 102.3 (+8.4) 110.5 (x10.3) 113.7 (=10.0) 118.6 (+9.4) <0.001
DEG 87.9 (x12.4) 84.9 (£14.0) 82.6 (x14.3) 108.3 (x15.1) 112.1 (x15.5)

FACT-G (0-108)
IEG 70.6 (x11.4) 80.7 (£7.1) 86.4 (+8.3) 88.5 (£7.7) 92.4 (£7.2) <0.001
DEG 69.6 (+9.5) 66.3 (£10.6) 64.1 (x10.8) 83.8 (x11.2) 86.9 (x11.8)

TOI (0-92)
IEG 53.1 (=11.1) 63.0 (7.2) 70.3 (£7.9) 72.4 (+8.3) 76.3 (x7.4) <0.001
DEG 50.5 (x10.4) 48.2 (x13.2) 46.5 (x12.8) 67.9 (x12.7) 70.8 (x12.4)

PWB (0-28)
1IEG 17.5 (£5.0) 21.9 (£3.0) 24.0 (£2.6) 24.5 (£2.1) 25.3 (x2.4) <0.001
DEG 18.6 (+3.7) 16.0 (#4.3) 15.6 (#4.5) 22.5 (#4.8) 23.3 (x4.4)

SWB (0-24)
IEG 20.1 (£3.9) 20.6 (+4.0) 20.7 (z4.0) 21.5 (x2.9) 21.7 (£3.1) 0.505
DEG 19.8 (£3.8) 19.5 (£3.8) 19.4 (£3.9) 21.1 (z3.4) 214 (£3.4)

EWB (0-24)
1IEG 16.5 (£3.3) 19.8 (£2.4) 19.6 (x2.4) 19.7 (£3.0) 20.6 (+2.0) 0.003
DEG 17.7 (£3.3) 17.2 (£3.5) 16.7 (z4.1) 19.4 (x2.4) 19.9 (£3.0)

FWB (0-28)
IEG 16.4 (£5.6) 19.5 (#4.5) 22.2 (£3.0) 22.8 (£3.6) 24.8 (+2.8) <0.001
DEG 13.6 (24.9) 13.7 (£5.7) 12.5 (+4.8) 20.8 (#4.2) 22.3 (x4.4)

BCS (0-36)
IEG 19.2 (5.4) 21.6 (+4.0) 24.1 (+4.9) 25.1 (#4.7) 26.2 (x4.2) <0.001
DEG 18.3 (+5.6) 18.6 (£5.8) 18.5 (#5.8) 24.6 (+5.6) 25.2 (¢5.2)

Fatigue
1IEG 15.7 (#4.1) 12.9 (£3.0) 11.9 (#3.2) 10.1 (£3.3) 10.0 (£3.5) <0.001
DEG 16.5 (#4.0) 16.9 (+4.7) 17.4 (x4.7) 11.6 (£3.8) 10.7 (£3.9)

SPA
IEG 19.5 (#7.1) 17.9 (26.8) 15.3 (£6.2) 14.3 (#5.5) 13.5 (#5.0) 0.030
DEG 20.1 (26.9) 20.1 (6.3) 21.0 (£5.7) 17.2 (£5.7) 15.7 (£5.8)

Note: FACT-B = Functional assessment of cancer therapy-breast; FACT-G = Functional assessment of cancer therapy-general; TOI, Trial
outcome index; SPA, Social physique anxiety; PWB, Physical well-being; EMB, Emotional well-being; SWB, Social well-being, FWB,

Functional well-being; BCS, Breast cancer subscale; IEG (n = 29); DEG (n = 29); P* value for Time by Group interaction

adherence and improvements in aerobic fitness, but not
muscular strength, were associated with improvements in
QoL. These data are consistent with the trial by Courneya
et al. [18] that also reported a positive association between
improvements in aerobic fitness and improvements in QoL.
Future trials should be designed to explain the anticipated
improvements in QoL with exercise after adjuvant breast
cancer therapy.

The second main finding of our study was that exercise
training had a significant impact on reported fatigue. This
result is consistent with the recent meta-analysis by
McNeely et al. [7] that demonstrated a pooled moderate-to-
large effect size between exercise and fatigue but only
post-treatment studies showing statistically significant dif-
ferences [18, 19]. Our results demonstrated significant

decreases in fatigue by 5 to 6 points for both groups, which
exceed the minimal important difference of 5.0 points on
the SCFS [20]. This result supports (previous post-treat-
ment research that has demonstrated a reduction in fatigue
with exercise [18, 21-23]. The discernible decline in fati-
gue over the course of the exercise program may in part
contribute to the large reported increases in QoL. This
result is important given that fatigue can persist among
long-term survivors [24]. Further, these findings provide
additional evidence that exercise is a powerful mechanism
for decreasing fatigue symptoms [18, 19].

We also found that the IEG and DEG reported decreases
in SPA of 6.0 and 4.4 points, respectively. This result is
important since the groups were on average 13 months
post-treatment and any short-term visible side effects of
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Fig. 3 Fatigue scores from baseline to week 24 by group assignment
(N = 58). Abbreviations: IEG = Immediate exercise group; DEG =
Delayed exercise group
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Fig. 4 Social physique anxiety scores from baseline to week 24 by
group assignment (N = 58). Abbreviations: IEG = Immediate exer-
cise group; DEG = Delayed exercise group

confidence in participants to use their arms. This result is
important given the assumed increased susceptibility to
lymphedema when engaging in exercise despite reports
that it is unfounded [25, 26]. Our trial is the first to report
the effects of exercise on this important psychosocial
outcome.

Our exercise adherence rate was satisfactory but not
optimal. On average, the participants in the IEG and DEG
completed 61% of their training sessions (approximately
two sessions per week). This finding is slightly lower than
that reported in other RCTs. For example, Segal et al. [27]
reported that their self-directed exercise group and the
supervised exercise group completed 71.5% of prescribed
exercise sessions and Courneya et al. [18] reported a 98.4%
adherence rate. Despite the modest adherence rate, partic-
ipants still demonstrated meaningful improvements in
aerobic fitness (6-8%) and strength (50-100%). These
results support previous research that demonstrated that
resistance training could improve QoL [28], and that only
two sessions per week was necessary to elicit strength
benefits [29]. Future RCTs should attempt to determine the
optimal number of training sessions needed per week to
accrue health benefits.

There are a number of strengths and limitations of this
trial that merit comment. The main strengths include the
randomized controlled trial design, the complete cross-over
design with replication of the results, the supervised
exercise program, the combined aerobic and resistance
exercise program, minimal loss-to-follow-up, and inten-
tion-to-treat analysis. One limitation of the study was the
61.3% adherence rate, while a second limitation was the
short length of the intervention. Finally, fitness testing all
participants at baseline, 12 weeks, and 24 weeks would
have provided a more accurate assessment of fitness
changes across the study.

Table 3 Changes in aerobic fitness and muscular strength from baseline to postintervention in both groups

IEG

DEG

Baseline mean (+SD)

Postintervention mean (+=SD)

Baseline mean (xSD) Postintervention mean (+=SD)

Fitness test (Wkg™) 1.38 (+0.24) 1.49 (0.31)
Bicep curl (kg) 8.7 (£3.5) 16.8 (£3.7)
Leg press (kg) 42.4 (£9.5) 66.2 (£10.2)
Chest extension (kg) 4.0 (£1.8) 7.6 (£2.9)

1.40 (+0.44) 1.48 (£0.43)
8.7 (£2.9) 16.8 (x4.2)
40.7 (£8.0) 61.7 (£11.0)
4.8 (£2.2) 9.4 (+2.6)

adjuvant therapy such as hair loss, surgical scarring, or
treatment burns that could impact self-esteem should have
diminished. This result also suggests that women who
experience any longer term body image or self-esteem
issues could benefit from an exercise program. Further,
SPA was shown to be positively associated with change in
bicep curl scores, which may be indicative of a growing

@ Springer

Overall, this trial provides compelling evidence that a
combined aerobic and resistance exercise program is an
effective strategy for improving overall QoL, reducing
fatigue and SPA, and improving physical fitness soon after
the completion of adjuvant therapy for breast cancer.
Explanatory trials examining how and why exercise im-
proves patient-rated outcomes may provide information on
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Table 4 Associations among exercise adherence, changes in physical fitness and changes in patient-rated outcomes
Change in patient-rated outcomes Adherence Change in aerobic fitness Change in muscular strength
Bicep curl Leg press Chest extension
FACT-B 0.26% 0.34* 0.11 0.08 0.07
TOL 0.23% 0.26 0.06 0.14 0.13
Fatigue -0.25 —0.28* —-0.01 0.19 0.00
SPA -0.11 -0.21 —0.27* -0.09 0.07
FACT-G 0.30* 0.33* 0.13 0.04 0.08
Physical well-being 0.21 0.23 0.04 0.00 0.13
Social well-being 0.24 0.30* 0.13 -0.10 0.3
Emotional well-being 0.17 0.27%* 0.09 0.19 0.16
Functional well-being 0.26%* 0.17 0.13 -0.06 -0.17
BCS 0.09 0.23 0.02 0.14 0.02

Abbreviations: FACT-B, Functional assessment of cancer therapy-breast; FACT-G, Functional assessment of cancer therapy-general; TOI, Trial
outcome index; SPA, Social physique anxiety; BCS, Breast cancer subscale; * P < 0.05

how to further optimize the exercise prescription. Cancer
care professionals should feel comfortable recommending
a combined exercise program to breast cancer survivors
under their care.
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