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METHODS: PubMed, MedlinePlus, the Cochrane Li- tients reported outcomes

brary, Web of Science, SportDiscus, Embase, Scorpus,
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to November 2013 to identify exercise training studies view was to investigate the role of exercise training the
that used objective measurements of fithess and/or past 25 years on major physiological-psychological out-
patient reported outcomes assessed pre and post- comes studied thus far in this patient population. Exer-
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cise training appears to be safe for most breast cancer
patients and improvements in physiological, psycho-
logical, and functional parameters can be attained with
regular participation in moderate intensity exercise.
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INTRODUCTION

Despite being the most commonly diagnosed cancer
among women and the second most diagnosed type of
cancer overall in the world (approximately 1.7 million
diagnosed cases in 2012, 11.9% of all cancer cases) the
incidence of breast cancer continues to rise with a con-
cerning increase of 20% of newly diagnosed cases since
2008". This worldwide increase in new breast cancer cas-
es has been been attributed, in part, to changes in lifestyle
in developing countries due to economic growth and
societal changes similar in nature to those of developed
industrialized nations'". These lifestyle changes are often
associated with poor dietary choices and lack of physical
activity; both considered major risk factors for the devel-
opment of the disease”. However, in developed coun-
tries, new diagnostic tools that allows for faster detection
and technological advances in anti-cancer treatments,
have been credited as the main factors for the increased
longevity observed in oncology patients, especially in the
breast cancer populationlz’jl.

Living longer with a history of the disease often
comes with the deleterious effects of treatments, which
regrettably are associated with reduced quality of life in
the patients. Matked reductions in physical capacities (i.c.,
reduced cardiac function and muscular strength), negative
body composition alterations (7.c., increase in body mass,
reduction in muscle mass, and increases in fat mass),
and detrimental patients reported outcomes (PROs) (ie.,
increased levels of fatigue, depression, and anxiety) are
among the common side-effects of cancer treatments
that negatively impact the overall quality of life of these
patients and also put them at a greater risk for the de-
velopment of other co-morbidities™. If not addressed,
these side effects can increase the likelihood for the de-
velopment of secondaty cancers as well as diminish life
expectancy”.

During the past 3 decades, complementary therapies
known as Complementary Alternative Medicine, have
received more attention by the medical community due
to its ability to mitigate some of the side-effects com-
monly experienced by cancer patients during and post-
completion of cancer treatments. One intervention that
has gained increasingly more attention due its efficacious
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ability to positively impact many physiological systems
that are altered during cancer treatment, its non-invasive
nature, and relatively low cost, is exercise.

The effects of exercise training in breast cancer pa-
tients began to be examined in the late 1980%. The first
study examining the effects of exercise in breast cancer
patients was published in 1989 and demonstrated that
the patients tolerated exercise training and significant im-
provement in cardiorespiratory functional capacity [rep-
resented by the variable VOzmax (I./min)] was observed
in the exercise-training group. Since then, an ever-grow-
ing number of studies examining the effects of exercise
in breast cancer patients has continued to be one of
the most studied populations in this relatively new and
exciting area of exercise oncology research. The results
of the evaluation of these studies are promising and af-
firming, but clearly warrant further and more extensive
investigations.

The purpose of this systematic review of the litera-
ture on the effects of exercise training in breast cancer
patients was to present and evaluate the results of stud-
ies conducted in this area of research during the past 25
years, divided into the following time petiods: (1989-1999,
2000-2006, 2007-2013). Most specifically, this review
focuses on presenting and discussing the results of the
effects of exercise training on the most commonly evalu-
ated outcomes in the area including physiological param-
eters of cardiorespiratory function, body composition,
and muscular strength, and PROs that evaluated fatigue,
depression, anxiety, and overall quality of life. For organi-
zational purposes a chronological description of studies
results, studies common characteristics, and commentar-
ies on changes observed in this area of research over the
past 25 years are discussed.

MATERIALS AND METHODS

A systematic review of the literature using PubMed,
MedlinePlus, the Cochrane Library, Web of Science,
SportDiscus, Scorpus, Embase, and Google Scholar was
conducted from September to November 2013 to iden-
tify exercise-training studies in breast cancer patients. The
MeSH terms and text word used for the search of studies
included: exercise and cancer, exercise oncology, breast
cancer, breast cancer and exercise, oncology, exercise
training, exercise therapy, neoplasms, and malignancies.
All references relevant to the topic were hand-searched.

Studies selection criteria

Included in the review were all exercise training studies
that used aerobic training or aerobic in combination with
resistance exercise training, or had a study arm evaluating
the effects of aerobic training or aerobic in combination
with resistance exercise training. These studies objectively
assessed the effects that these exercise training modes
had in breast cancer patients on at least one of the fol-
lowing fitness and/or patient rated outcomes variables
including: cardiorespiratory function, body composition,
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‘ 210 Potential citations included ‘

‘ 1693 Potential citations excluded

[ | (1) No objective measure of fitness

51 Citations included | 159 Citations excluded

Motives for Exclusion
(1) No objective measure of fitness
in least one of the following outcome
variables: Cardiorespiratory function, body
composition, muscular strength, fatigue,
depression, and overall quality of life
(2) No exercise intervention
(3) Exercise plus other therapy

together

Motives for exclusion

and/or patient reported outcomes
‘ (2) No exercise intervention
(3) Study on non-cancer population
(4) Not published in English
(5) Animal studies
(6) Pediatric oncology studies
(7) Mixed cancers evaluated

(8) No data (guideline,
review, letters to editor)

(4) Study on non-cancer population

(5) Not Published in English

(6) No data (guideline, review, letters to
editor, or could not retrieve data)

51 Citations included in review ‘

Figure 1 Literature review citation selection flow chart.

muscular strength, fatigue, depression, and overall qual-
ity of life. These outcome variables were chosen because
they have been the most commonly evaluated variables
in the area of exercise oncology during the past 25 years.
Studies excluded from the review involved those con-
ducted in pediatric patients (age below 18 years); that
used non-conventional exercise prescriptions (e, Yoga,
aqua aerobics, Tai Chi, e#.); not published in English;
used traditional exercise training programs in combina-
tion with other interventions (.e., dietary manipulations,
psychosocial therapies, counseling, ef.); secondary articles
from the same research team with data previously pub-
lished on initial original article of outcome variables of
interest of this review; studies that evaluated the results
of the exercise intervention in breast cancer patients
mixed with other types of cancers; studies with non-
retrievable incomplete data sets, review articles, guidelines
articles, letters to editor, and animal based studies. Since
very few studies have used resistance training as the main
mode of exercise, a separate evaluation summarizing the
results of studies that objectively measured muscular
strength using the 1 maximum repetition (1-RM) and
presented data on at least one of the major outcomes
mentioned above are also presented. Five reviewers (Mills
RC, Phillips BL, Lee JT, Story CE, Nascimento MGB)
independently identified the studies that met the criteria
for the review mentioned above and discrepancies were
resolved by consensus among all authors.

Statistical analyses
Descriptive statistics were used in the form of mean and
standard deviations for the presentation of main out-
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come variables data at baseline and post-exercise inter-
vention. Comparisons between baseline and post-exercise
training data were conducted using dependent samples 7
tests for both the exercise and control (non exetcise train-
ing) groups. For studies where there was more than one
exercise arm (ze., self-directed and supervised exercise),
when no differences were observed for changes between
groups, both groups were included in the analyses. An
alpha of 0.05 set a priori was used for all tests. No alpha
level adjustment was performed for the multiple compar-
isons. Due to differences of instruments used to evaluate
the main outcome variables included in this review, only
variables evaluated by at least two independent studies
were included in the analyses. For variables evaluated by
only one study, means, standard deviations, and change
from baseline to post-intervention values were provided
when data was retrievable.

RESULTS

Between September and November of 2013, 1903 poten-
tial citations for inclusion in the review were identified.
After an initial screening of all of 1903 potential cita-
tions, 210 citations were included in a second screening
for further evaluation of inclusion eligibility criteria. After
the second screening, 51 citations were deemed eligible.
The literature review citation selection process flow chart
is presented in Figure 1.

For organizational purposes a chronological descrip-
tion of studies results conducted in this area of research
during the past 25 years was arbitrarily divided into the fol-
lowing time periods: (1989-1999, 2000-2006, 2007-2013).
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Table 1 1989-1999 study results summary

Measure No. of studies N Baseline Post-intervention Change P
Mean SD Mean SD Mean 95%Cl
Cardiorespiratory function
Bike VOzpeak (L/min)
Exercise 1 45 1.02 - 1.45 - 0.43 - -
Control 0
12-min walk test (m)
Exercise 2 25 1123.7 71 1216.7 423 93.1 -632 0.166
Control 2 16 1052.6 76.2 965.5 30.1 -87.1 -2476 0.536
Body composition
Body mass (kg)
Exercise 1 22 66.57 - -
Control 1 24 62.16 - -
Body fat (%)
Exercise 1 12 - - -0.51
Control 1 12 - - 2.19
Lean body mass (kg)
Exercise 1 12 - - 2.04
Control 1 12 - - -1.26
Quality of life
QOL Index, 0-100
Exercise 1 27 61.4 - 56.8 - -4.60 - -
Control 0 - - - - - - - -
Fatigue
SympASF, 0-100
Exercise 2 31 12.5 21 22.0 5.7 9.50 -63.5 0.164
Control 2 29 19:5 7.8 415 5.0 22 -50.8 0.058
Depression
SymptASD, 0-100
Exercise 2 31 11.5 6.4 11.5 21 0.00 -76.2 1.000
Control 2 29 9.5 21 14.5 9.1 5.00 -127 0.500

Lower scores reflect lower fatigue and lower depression. VOzpeak: Peak oxygen uptake; QOL: Quality of life; SympASF: Symptom Assessment Scale-Fatigue;

SymptASD: Symptom assessment Scale-Depression.

1989-1999

During the decade between 1989 and 1999, only 5 studies
met the inclusion critetia for this review” . All 5 studies
were conducted while patients were receiving active treat-
ment including chemotherapy and/or radiation therapy
and the average age was 46.4 £ 1.5 for the patients who
participated in the exercise interventions and 46.6 + 3.4
for patients in the control groups. Four of the studies
were randomized controlled trials and more than half
of the studies were home-based interventions (# = 3)"”,
The summary of the results of the studies is presented in
Table 1.

Only 1 study” assessed the effects of exercise training
on cardiorespiratory function using a direct measurement
through a cardiopulmonary exercise test (CPET) on a
cycle ergometer with gas exchange; 2 evaluated overall
physical function using the 12-min walk test; 1 focused
on the effects of exercise training on body weight and
body composition'; the other 3 studies focused on pa-
tient reported outcomes' . The overall exercise prescrip-
tion used in these 5 initial studies included 100% aerobic
exercise training presctiptions, with two studies using an
interval-training methodology[s’G]. The frequency of train-
ing ranged from 3-5 sessions per week (average of 3.7
sessions per week), with training sessions of 15-45 min
(average of 27 min). The only modes of exercise used on
these studies included either walking or cycle ergometry
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with an exercise training program length varying from
6-24 wk of training (average of 11 wk). For the stud-
ies that used heart rate for the prescription of exercise
intensity, 60%-85% of heart rate reserve was used. The
majority of studies that used walking as the mode of ex-
ercise, the description of exercise intensity was subjective
and included terms such as brisk walk, self-paced, low to
moderate, or incremental exercise.

No statistical significance was observed for changes
in any outcome variable analyzed. However, within the
results the most noticeable effect of the exercise training
was observed for the variable fatigue. A trend towards
significance was observed for the variable fatigue in the
control group with increased values from baseline to
post-exercise training of 22 points in a scale from 0-100
representing a 22% increase in fatigue levels. This in-
crease was of clinical relevance since the exercise group
showed a much lower fatigue response. No data on body
composition was analyzed, however, a trend towards a
reduction in body fat % and gain in lean body mass was
observed in the exercise group while the control group
experienced the opposite effect. Even though no statisti-
cal analysis was performed on the variable cardiorespira-
tory function (only one study), an increase of VOamax of
0.43 L/min was observed, representing a clinically rel-
evant improvement on this variable with exercise training;
No adverse events resulting from the exercise training
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was reported in any study.

2000-2006

From 2000 to 2006, 11 studies"™ met the review inclu-
sion criteria with 6 of them being randomized controlled
trials. More than half of the studies during this time
period were conducted in patients who had completed
chemotherapy and/or radiation therapy (# = 6, 54.5%)
while all of the other studies (45.5%) were conducted
with patients undergoing treatment (# = 4), and 1 study
including patients in and off-treatment as part of the
study design“z]. The average age for patients that par-
ticipated in the exercise interventions was 51.09 * 4.6
and 51.03 £ 4.9 for patients in the control groups. The
majority of studies used an exercise prescription that
combined aerobic with resistance training (68.8%) with
only 31.2% of the studies using aerobic training only.
The major modes of aerobic exercise included walking,
swimming and cycling. No studies during this time period
used resistance training exclusively as the major mode of
exercise. On average, aerobic exercise was prescribed 2-4
d/wk for approximately 30 min, with intensities varying
from 50%-80% of peak heart rate, 50%-75% of heart
rate reserve, rate of perceived exertion between 11-15
with overall training duration between 8-14 wk. The
resistance training portion of the exercise prescription
lasted approximately 40 min (37 * 17 min) and consisted
of exercises targeting major muscles groups performed
for 2-3 sets, with approximately 10-12 repetitions us-
ing weight training machines, dumbbells, and rubber
bands. The description of exercise intensity used in the
2000-2006 studies that included resistance training as a
portion of the exercise intervention varied significantly
and clear descriptions of the intensities used were often
missing. For example, one study used the patient’s own
body weight to induce a training responsem while one
study would increase the resistance between 5%-10% of
the previous load as soon as patients were able to achieve
the maximum number of repetitions prescribed"”. All
other studies that used resistance training did not de-
scribe the intensity used during the resistance portion
of the exercise intervention. The duration of training in
studies that used aerobic or a combination of aerobic and
resistance training was approximately 11 wk (10.9 £ 6.78).
As mentioned, six studies were randomized controlled
trials!""">' """ The primary mean for prescribing and
monitoring exercise intensity was heart rates, which var-
ied from 70%-75% of VOzpeax, 40%-70% of estimated
VO2max, 60%-90% of predicted maximum heart rate,
and 60%-70% of heart rate reserve. This heterogene-
ity in prescribing exercise intensity is troublesome since
significant differences in the determination of exercise
intensity from using one method versus the other can
produce significantly different prescriptions. Eleven stud-
ies were performed between 2000-2006""*", Seven were
conducted in a supervised setting“1’12’13’15’16’19’20], while 3
were home-based interventions*™"™"". One study used a
supervised exercise session plus 2 self-monitored exercise
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sessions at home per week"!, while 1 study used a period
of two weeks familiarizing subjects to the exercise inter-
vention in a supervised setting followed by a home-based
self-monitored exercise training for the remaining of the
study". The summary of the results of the studies con-
ducted between 2000-2006 is presented in Table 2.

Cardiorespiratory function, when assessed directly
using maximal CPET with gas exchange v cycle ergom-
eter, showed significant improvements in patients who
underwent exercise training (P < 0.0001). An improve-
ment corresponding to an approximately 9% (2.14 mL/
kg per minute) from baseline testing was observed for the
exercise group while the control group showed no signifi-
cant changes“1’13’14’18’w]. When cardiorespiratory function
was indirectly measured (z.c., using submaximal/estimated
VO:zmax testing protocols), no significant changes in either
the exercise or control groups were observed, however,
a trend towards improvements in the exercise group was
observed. Conversely, patients in the control group did
not change or end up decreasing cardiorespiratory func-
tion from baseline to completion of study protocolsm.
Due to the small number of studies that have assessed
some strength parameter and the lack of a control group
in studies conducted during the period of 2000-2000, it
is not possible at this time to provide an evaluation on
the effects of a combined aerobic and resistance training
exercise intervention on measurements of strength in
breast cancer patients.

The only body composition parameter that signifi-
cantly changed from baseline was body fat % in the ex-
ercise group (change of 1.51%). No significant changes
in any other body composition parameter was observed
in either exercise or control groups. However, a trend
towards positive changes for the exercise group (i.e., re-
duction in body mass and fat mass) and some negative
changes in the control group such as increases in body
mass, fat mass, and body fat %, suggesting that exercise
training may be a promising intervention in alleviating
negative body composition changes in breast cancer pa-
tients warranting further research’.

Significant improvements in overall quality of life
assessed using the Functional Assessment of Cancer
Therapy-Breast was observed in the exercise group (P =
0.027) with no changes in the control group. No other
PROs were significant in either group; however, trends
of reductions in fatigue and depression were observed in
the exercise but not in the control groupm. A few adverse
events were reported during 2000-2006 and included
lymphedema (3 cases), gynecologic complications (1
case), and influenza (1 case)™.

2007-2013

From 2007 to November 2013, 35 exercise studies involv-
ing breast cancer patients were conducted”™ ™. Twenty-
seven (77%) of all studies conducted during this time
period were randomized controlled trials. Out of all
35 exercise studies, 22 examined the effects of exercise
training in patients undergoing treatment (62.8%), 1
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Table 2 2000-2006 study results summary

Measure No. of studies N Baseline Post-intervention Change P
Mean SD Mean sD Mean 95%CI

Cardiorespiratory function
Bike VOzpeak (mL/kg per minute)

Exercise 5 81 23.26 2.95 25.40 2.75 2.14 -4.28 0.000
Control 2 36 23.10 6.08 21.95 5.30 -1.15 -13.98 0.284
Bike VOzpeak (L/min)
Exercise 1 22 1.67 0.35 1.81 0.37 0.14 - -
Control 1 19 1.6 0.36 1.63 0.35 0.03 - -
Est. Treadmill. VOzpeak (mL/kg per minute)
Exercise 1 40 30.58 - 35.20 - 4.62 - -
Control 0 - -
VOzpeak (L/ min)
Exercise 1 22 1.67 - 1.81 - 0.14 - -
Control 1 19 1.6 - 1.63 - 0.03 - -
MCAFT VOzpeak (mL/kg per minute)
Exercise 1 82 25.7 0.28 26.45 0.49 -0.75 - -
Control 1 41 25.1 6.10 25.10 6.10 0.00 - -
12-min walk test (m)
Exercise 2 56 1032.35 898 12648 126.15 23245  -2428.16 0.248
Control 2 37 1045.2 59.11 944.8 194.03 -100.4 -2424.34 0.484
6-min walk test (m)
Exercise 1 9 672.9 - 776.03 - 103.13 - -
Control 0
1 mile walk test (min)
Exercise 1 43 17.45 - 16.34 - -1.11 - -
Control 1 43 17.65 - 17.85 - 0.20 - -

Body composition
Body mass (kg)

Exercise 9 248 69.47 10.36 68.43 9.54 -1.04 -2.83 0.131
Control 7 183 75.80 6.46 76.64 6.31 0.84 -2.62 0.166
Fat mass (kg)
Exercise 4 75 25.95 9.73 23.93 8.57 -2.03 -7.57 0.187
Control 3 73 32.90 8.18 33.20 6.52 -0.30 -8.44 0.789
Body fat (%)
Exercise 8 218 33.82 8.25 B2l 8.03 151 0.37-2.66  0.017
Control 6 165 36.48 9.29 36.66 8.96 0.18 -2.03 0.673
Strength
1RM UB composite (kg)
Exercise 1 21 9.1 1.93 10.16 2.08 0.96 - -
Control 1 15 8.77 1.75 8.59 1.29 -0.18 - -
1RM UB (kg)
Exercise 2 67 22.63 10.15 30.23 13.39 7.61 -58.33 0.187
Control 0
1RM LB (kg)
Exercise 3 76 99.87 31.29 133.19 57.10 33.32 -141.42 0.180
Control 0
Psychosocial Measures
FACT-G
Exercise 2 37 78.75 9.55 87.60 5125 8.85 -77.50 0.211
Control 2 38 83.90 6.93 82.70 9.33 -1.20 -43.20 0.609
FACT-B
Exercise 3 47 100.3 9.30 111.03 7.42 10.73 -15.37 0.027
Control 2 38 105.75 13.79 105.05 15.20 -0.70 -25.42 0.611
SE-36
Exercise 1 42 76.30 0.28 94.75 8.98 18.45 - -
Control 1 41 83.50 - 102.4 - 18.90 - -
WHO-QOL BREF
Exercise 1 27 8.2 0.92 8.8 0.78 0.60 - -
Control 0
PFS
Exercise 2 22 5.07 0.24 3.47 0.47 -1.61 0.50-4.81  0.194
Control 1 10 4.87 2.50 4.62 2.50 -0.25 - -
SCFS
Exercise 1 44 10.70 3.75 10.20 6.00 -0.50 - -
Control 1 27 10.80 0.00 13.40 5.60 2.60 - -
LAS
Exercise 1 43 4247 23.54 27.08 21.41 -15.39 - -
Control 1 43 41.66 25.04 42.28 26.20 0.62 - -
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Control

HRSD
Exercise 1
Control
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4.90 3.92 4.00 -1.92 - -

6.00 5.00 -3.36 - -

VOzpeak: Peak oxygen uptake; mCAFT: Modified Canadian Fitness Test; UB composite: Upper body combined strength measures; UB: Upper body strength
test; LB: Lower body strength test; EORTC: European Organization for Research and Treatment of Cancer; FACT-G: Functional Assessment of Cancer
Therapy-General; FACT-B: Functional Assessment of Cancer Therapy-Breast; SF-36: Short-Form-36; WHO-QOL BREF: The World Health Organization-
BREF Quality of Life Instrument; PFS: Piper Fatigue Scale; SCFS: Schwartz Cancer Fatigue Scale; LAS: Linear Analog Scale; BDI: Beck Depression Inventory;
HRSD: The Hamilton Rating Scale for Depression; Est. Treadmill VOzpeak: VO2peak estimated via submaximal CPET; CPET: Cardiopulmonary exercise test.

study studied patients in and off treatment™ and 1 study
examined the effects of exercise in patients receiving
neo-adjuvant therapy[ssl. The average age for patients that
participated in the exercise interventions was 58.0 + 3.9
and 53.7 = 4.5 for patients in the control groups. Most
of the studies were conducted in a supervised setting (»
= 27, 77% of all studies conducted between 2007 and
November 2013). Sixteen studies used aerobic exercise
as the main mode of exercise training, 12 used a combi-
nation of aerobic and resistance exercise training, while
only 7 used resistance exercise training as the main mode
of exercise training or had a study arm that examined
the effects of resistance training on outcome measure-
ment/variables of interest to this review. The modes of
exercise for the aerobic exercise training interventions
included walking, jogging, treadmill, cycle ergometer, el-
liptical, low-impact acrobics, stepping, arm ergometet,
rowing ergometer, mini-trampolines, step-up blocks, and
circuit training. For studies that used resistance train-
ing as their major mode of exercise or as the mode of a
study arm, weight machines, free weights, elastic bands,
tubing, therapeutic balls, and resistance-training circuits
were used. The average frequency of training was 3 d/wk
ranging from 2-5 training sessions per week, with overall
training duration average of 23 wk (range of 3-48 wk).
Each training session lasted on average 46 min, with
training sessions ranging from 15-90 min. The intensity
for aerobic training varied from 40%-85% of maximum
heart rate, 40%-90% of VOzpeak, while the intensity for
resistance training ranged from 55%-85% of 1RM. Mini-
mal adverse events due to exercise were reported; when
reported, events such as lightheaded, hypotension, nau-
sea, and weakness during exercise testing were basically
the extent of the complications with patients recovering
quickly afterwards.

Most studies assessed cardiorespiratory function using
estimated measurement protocols. When using estimated
measurements derived from a submaximal treadmill
testing protocol, a significant improvement in cardiore-
spiratory function was observed for the exercise group
(improvement from baseline of 3.54 mL/kg per minute,
P < 0.0005). When cardiorespiratory function was mea-
sured directly using a cycle ergometer maximal oxygen
uptake test protocol with gas exchange, improvement
from baseline approached significance in the exercise
group (improvement from baseline of 2.38 mL/kg per
minute, P = 0.057). Significant decrease in meters walked
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during a 6 min and 2 km walk tests was observed in the
control group (-9.52 m, -0.61 m, P = 0.008 and P = 0.010
respectively) while improvements in a 12 min walk test
approached significance in the exercise group (improve-
ment of +162 m, P = 0.062). A summary of the results
of the effects of exercise on cardiorespiratory function is
presented in Table 3.

Positive body composition changes with exercise
training were observed in the exercise group, with the
most notorious changes in significant decrease in body
fat % (P = 0.037) and increase in lean body mass (P =
0.002). The control group experience significant increases
in body fat % (P = 0.009) and a trend toward an inctease
in overall body mass (P = 0.065). Table 4 provides a sum-
mary of studies that evaluated changes in body composi-
tion outcomes.

Quality of life significantly improved in the exercise
group when the Functional Assessment of Cancer Ther-
apy-General was used (improvement of +6.90 points, P
= 0.022). Also, when using the Beck Inventory, the ef-
fects of exercise training significantly reduced depression
levels in the exercise group (reduction of -3.40 points, P
= 0.037). Even though many of the analyses performed
on other PROs showed no significant changes in cither
group, there is a clear trend towards greater improvement
in quality of life, reduction in fatigue and depression in
the exercise group when compared to the control group.
The summary of the analyses performed on reported
PROs is presented in Table 5.

Resistance training

Due to the limited number of studies that used resistance
training as the main mode of exercise training[42’46’52‘54],
and those that used resistance training as an arm part of
the study design[27’29’43], we were unable to conduct analy-
ses to evaluate the effects of resistance training on car-
diorespiratory function measured directly through CPET
with gas analyses. However, the effects of resistance
training on cardiorespiratory function evaluated using a
12-min walk test, showed improvement in the exercise
group of 35 m while a decline of 91 m was observed for
the control group. Regarding the effects of resistance
training on changes in body composition, a significant in-
crease in body mass and lean body mass was observed in
the exercise group (increase of 1.20 and 0.65 kg, P = 0.016
and P = 0.049, respectively). Upper body strength signifi-

cantly increased in the exercise group (increase of +5.31
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Table 3 2007-2013 cardiorespiratory function study results summary

Measure No. of studies N Baseline Post-intervention Change P
Mean SD Mean SD Mean 95%Cl
Cardiorespiratory function
Treadmill VOzpeak (mL/kg per minute)
Exercise 1 71 25.20 - 25.70 - 0.5 - -
Control 1 73 24.80 - 23.50 - -1.3 - -
Treadmill VOzpeak (L/min)
Exercise 1 71 1.72 - 1.77 - 0.05 - -
Control 1 73 1.76 - 1.68 - -0.08 - -
Est. Treadmill VOzpeax (mL/kg per minute)
Exercise 9 265 23.51 4.56 27.05 512 3.54 -4.84-2.26  <0.0005
Control 5 88 24.45 6.08 25.02 6.80 0.57 -2.85 0.328
Bike VOzpeak (mL/kg per minute)
Exercise 2 37 2211 3.68 24.49 3.38 2.38 -5.47 0.057
Control 2 89 21.98 6.34 20.83 6.82 -1.15 -8.77 0.185
Bike VOzpeak (L/min)
Exercise 1 10 1.41 - 152 - 0.18 - -
Control 1 10 1.34 - 1.20 - -0.14 - -
Est. Bike VOzpeak (mL/kg per minute)
Exercise 1 18 21.07 - 23.88 - 2.81 - -
Control 0 0 - - - - - - -
6-min walk test (m)
Exercise 2 30 463.23 56.37 48257 49.84 19.34 -117.4 0.149
Control 2 32 450.14 3357  440.62 33.40 -9.52 8.05-10.98 0.008
12-min walk test (m)
Exercise 3 129 931.00 102.93  1093.0 160.18 162 -364.7 0.062
Control 3 124 921.03 148.50 888.13 132.92 -32.9 -258.0 0.387
2 km walk test (min)
Exercise 3 313 18.05 0.44 17.38 0.42 -0.67 -1.60 0.070
Control 3 280 17.94 0.33 17.33 0.23 -0.61 0.34-0.86 0.010

VOzpeak: Peak oxygen uptake; Treadmill VOzpeak: VOzpeak obtained directly through CPET with gas exchange; Est. Treadmill VOzpeak: VO2peak estimated via sub-

maximal CPET; CPET: Cardiopulmonary exercise test; Est.: Estimated.

Table 4 2007-2013 body composition study results summary

Measure No. of studies N Baseline Post-intervention Change P
Mean SD Mean SD Mean 95%Cl
Body composition
Body mass (kg)
Exercise 10 550 74.66 3.94 74.25 3.84 -0.41 -0.38 to 1.20 0.268
Control 9 527 73.59 4.63 74.72 4.69 +1.13 -2.35t0 0.09 0.065
Fat mass (kg)
Exercise 1 262 25.73 - 26.43 - +0.70 - -
Control 1 236 24.45 - 25.12 - +0.67 - -
Body fat (%)
Exercise 13 609 38.00 5.03 37.15 5.80 -0.85 0.06 to 1.64 0.037
Control 11 536 38.50 4.41 39.00 4.12 +0.50 -0.84to-0.16  0.009
Lean body mass (kg)
Exercise 3 330 4391 0.32 44.29 0.31 +0.38 -045t0-031  0.002
Control 3 308 43.45 0.37 43.27 0.56 -0.18 -0.49 to 0.87 0.358
Lean body mass (%)
Exercise 1 10 71.00 - 74.10 - +3.10 - -
Control 1 10 69.10 - 68.90 - -0.20 - -
kg, P = 0.005) while for lower body, strength significantly DISCUSSION

increased in both, exercise and control groups (P = 0.25,
P = 0.008 respectively) with a greater increase observed
in the exercise group (increase of +17.82 kg »s +5.42
kg, respectively). No significant changes in quality of life
were observed in either the exercise and control groups.
The summary of the results of the effects of resistance
training on outcomes included in this review is presented

in Table 6.
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During the past 25 years, studies examining the effects of
exercise training in breast cancer survivors have steadily
increased. Based of the inclusion criteria adopted by
this systematic review, from 5 initial studies published
between 1989-1999, 35 studies were published during
the last 7 years. The increase in published studies in this
area of research is a testament of the growing interest
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Table 5 2007-2013 patient reported outcomes study results summary

Measure No. of studies N Baseline Post-intervention Change P
Mean SD Mean SD Mean 95%Cl
Quality of life
EORTC, 0-100
Exercise 2 296 74.05 13.36 79.95 7.71 +5.90 -101.64 0.379
Control 1 236 80.90 - 84.30 - 3.40 - -
FACT-G, 0-104
Exercise 4 165 78.98 3.30 85.88 422 6.90 -10.05 0.022
Control 4 178 79.74 6.89 79.63 10.88 -0.11 -21.22 0.976
FACT-B, 0-104
Exercise 5 99 103.92 6.75 110.32 4.25 6.40 -17.44 0.111
Control 5 82 108.76 5.72 106.53 9.98 -2.23 -22.82 0.616
SF-36 physical function, 0-100
Exercise 1 25 47.41 - 50.80 - 3.39 - -
Control 0 0 - - - - - - -
Fatigue' piper, 0-10
Exercise 3 140 3.88 1.05 3.08 0.41 -0.80 -4.34 0.250
Control 2 45 3.78 0.17 3.91 0.35 0.13 -3.30 0.500
FSI, 1-10
Exercise 1 11 3.40 - 3.40 - 0.00 - -
Control 1 9 3.25 - 3.30 - 0.05 - -
FACIT-F
Exercise 4 373 37.85 2.95 39.58 5.87 1.73 -10.49 0.372
Control 4 351 40.11 4.07 40.08 3.73 -0.03 -6.12 0.975
Depression2 BDI, 0-63
Exercise 2 93 11.75 0.07 8.35 0.35 -3.40 0.86-5.94 0.037
Control 2 102 10.96 2.89 11.21 0.42 0.25 -44.48 0.910
R-Beck Inventory
Exercise 2 295 8.53 7.11 4.60 1.98 -3.93 -92.24 0.475
Control 2 271 7.15 5.15 6.67 5.18 -0.48 0.23-0.73 0.027
CES-D, 0-24
Exercise 1 71 12.80 - 9.70 - -3.10 - -
Control 1 73 13.90 - 10.80 - -3.10 - -
HADS, 0-21
Exercise 1 30 417 - 2.70 - -1.47 - -
Control 1 28 4.79 - 4.64 - -0.15 - -

"Lower scores reflect lower fatigue; *Lower scores reflect lower depression. BDI: Beck Depression Inventory; EORTC: European Organization for Research
and Treatment of Cancer; FACT-G: Functional Assessment of Cancer Therapy-General; FACT-B: Functional Assessment of Cancer Therapy-Breast; SF-36:

Short-Form-36; FSI: The Fatigue Symptom Inventory; FACIT-F: Functional Assessment of Chronic Illness Therapy-Fatigue; BDI: Beck Depression Inven-

tory; R-Beck Inventory: R-Beck Depression Inventory; CES-D: Center for epidemiologic studies depression scale (short-form); HADS: Hospital anxiety and

depression scale.

by health care professionals and the medical community
on exploring complementary therapies that have the po-
tential to improve the overall care and health of breast
cancer patients while promoting alleviation of cancer
treatment-trelated side-effects. The evolution of the sci-
ence examining the effects of exercise in breast cancer
patients has progressed from studies using simpler exer-
cise prescriptions (ze., aerobic exercise only prescriptions)
to more complex designs incorporating prescriptions
that combined aerobic and resistance training exercises.
Interestingly, however, of the studies conducted dur-
ing first decade”™., all examined the effects of exercise
while patients were undergoing major cancer treatments
(i.e., surgery, chemotherapy and/or radiation therapy)
and the majorities were home-based interventions' .
Besides some limitations presented by these initial stud-
ies®™ (including relatively small sample sizes and lack of
more rigorous exercise prescriptions) the overall results
were promising. Breast cancer patients, who exercised
while undergoing cancer treatments, were not only able
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to tolerate the exercise prescriptions but also presented a
mortre favorable trend towards alleviation of decrements
in functional capacity, fatigue levels, and depression when
compared to patients who did not exercise. Also, and
very importantly, no adverse events were reported and
patients seemed to have no problems engaging in regular
exercise training. Although limited data were available
for a more precise evaluation of these initial studies, the
results were promising and served as the basis for subse-
quent trials conducted with breast cancer patients.

The most noticeable differences between the initial
studies conducted between 1989-1999 and those between
2000-2006 were the use of aerobic exercise combined
with resistance training in the majority of the studies
(68.8%) and the fact that over 50% of these studies were
conducted in patients who had completed their major
cancer treatments. Furthermore, the heterogeneity of
exercise prescriptions and a variety of different measure-
ments used to assess the major outcome variables in-
cluded in this review makes it impossible for direct com-
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Table 6 2007-2013 resistance exercise study results summary

Measure No. of studies N Baseline Post-intervention Change P
Mean SD Mean SD Mean 95%CI
Cardiorespiratory fitness
Treadmill VOzpeak (mL/kg per minutes)
Exercise 1 77 515 - 24.20 - -1.30 - -
Control 1 73 24.8 - 23.50 - -1.30 - -
Treadmill VOzpeak (L/min)
Exercise 1 77 1.73 - 1.67 - -0.06 - -
Control 1 73 1.76 - 1.68 - -0.08 - -
Est. Treadmill VOzpeax (mL/kg per minutes)
Exercise 1 9 23.46 - 24.22 - 0.76 - -
Control 0 0 - - - - - - -
12-min walk test (m)
Exercise 1 21 1020.00 - 1055.00 - 35.00 - -
Control 1 23 1035.00 - 944.00 - -91.00 - -
Body composition
Body mass (kg)
Exercise 3 136 72.53 2.96 73.73 2.70 1.20 -1.32 0.016
Control 3 129 72.33 1.81 73.30 0.95 0.97 -4.29 0.192
Fat mass (kg)
Exercise 2 59 28.10 3.25 28.70 3.11 0.60 -2.54 0.105
Control 2 56 26.70 3.25 27.50 212 0.80 -20.32 0.500
Body fat (%)
Exercise 4 145 36.75 2.82 36.60 3.05 -0.15 -1.18 0.476
Control 5 129 37.27 2.57 37.97 2.15 0.70 -3.94 0.266
Lean body mass (kg)
Exercise 2 59 4435 1.34 45.00 141 0.65 -1.29 to -0.01 0.049
Control 2 56 44.70 0.00 45.15 0.07 +0.45 -1.28 0.070
Muscular strength
1-RM upper body composite (kg)
Exercise 1 43 32.93 - 39.38 - 6.45 - -
Control 1 19 31.45 - 3230 - 0.85 - -
1-RM upper body single test (kg)
Exercise 5 166 26.37 5.03 31.68 4.78 5.31 -7.94 to -2.69 0.005
Control 4 152 27.60 3.79 28.65 3.15 +1.05 -2.27 0.059
1-RM lower body single test (kg)
Exercise 5 200 70.58 29.80 88.40 38.01 17.82  -32.06 to -3.58 0.025
Control 5 171 68.19 25.36 73.61 27.74 +5.42  -851t0-2.33 0.008
Quality of Life
SF-36 physical function, 0-100
Exercise 2 79 47.80 3.54 50.28 2.02 +2.48 -27.31 0.261
Control 2 50 49.00 3.96 48.85 4.88 -0.15 -16.52 0.856
Fatigue' SCFS, 6-36
Exercise 1 36 9.90 - 10.10 - 0.20 - -
Control 1 31 9.30 - 9.00 - -0.30 - -
FACIT-F
Exercise 1 77 34.30 - 36.30 - 2.00 - -
Control 1 73 34.60 - 34.90 - 0.30 - -
Depression” CES-D, 0-24
Exercise 1 77 13.80 - 10.60 - -3.20 - -
Control 1 73 13.90 - 10.80 - -3.10 - -

"Lower scores reflect lower fatigue; *Lower scores reflect lower depression. VOzpeak: Peak oxygen uptake; Est.

Treadmill VOazpeak: VO2peak estimated via sub-

maximal CPET; CPET: Cardiopulmonary exercise test; Est.: Estimated; RM: Repetition Maximum; SF-36: Short-Form-36; SCFS: Schwartz cancer fatigue

scale; FACIT-F: Functional assessment of chronic illness therapy-fatigue; CES-D: Center for Epidemiologic Studies Depression Scale (short-form).

patison to be made between studies. Importantly during
2000-2006, a significant increase in number of breast
cancer patients studied and overall improvements in the
quality of study methodologies, marked a new era in this
area of research with significant improvements observed
in physiological (z.e., improved VOamas, decreases in body
fat %) and overall quality of life in the exercise group,
while the control patients continued to present not so fa-
vorable outcomes during and post completion of cancer
treatments. Out of studies that utilized exercise prescrip-
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tions following a training progression (ze., considered by
the exercise physiology scientific community as effica-
cious training methodologies in the promotion of more
pronounced training responses) a study conducted by
Courneya ¢ al'", showed a remarkable improvement in
cardiorespiratory function using a prescription derived
from the results of a gold standard evaluation of cardio-
pulmonary function (CPET with gas analyses). Not only
did Courneya’s study show an improvement of 17.4%
in cardiorespiratory function in patients randomized
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into the exercise group, the patients in the control group
decreased their cardiopulmonary function by 3.4%. Fur-
thermore, these authors provided a better description of
the sample, exercise testing procedures, and exercise pre-
scription, along with the reporting of adverse events that
occurred during the study improved the scientific rigor
in this area, which was later followed by many groups
around the world.

Overall, the results of all studies conducted during
2000-2006 continued to show promising results, mainly
on cardiorespiratory function, body composition, and
overall quality of life of patients, increasing even more
the interest of the medical community for the use of ex-
ercise as an intervention to alleviate treatment-related side
effects. With improved science approaches, the challenges
faced by investigators around the globe began to surface
even more. The heterogeneity in exercise prescriptions
characteristics, different instruments that were used to
evaluate major outcome variables, different treatment
regiments, and testing of different exercise interventions
designed to provide the most benefit to patients were
among major issues that preclude ones ability to evaluate
the real benefit of exercise in breast cancer patients.

During the last 7 years of research evaluating the
effects of exercise in breast cancer patients, more pro-
nounced improvements were observed in all major out-
come variables included in this review when compared to
previous years. Significant improvements in cardiorespira-
tory function of 2.38 mL/kg per minute, when measured
directly using cycle ergometry and slightly higher values
(3.54 mL/kg per minute) observed when cardiorespira-
tory function was estimated used submaximal testing
protocols were reported. The larger improvement in car-
diorespiratory function can be explained, in part, by the
more rigorous exercise prescriptions as well as due to the
inclusion of the resistance training as a component of
training, Furthermore, more pronounced improvements
were also observed in various body composition param-
eters. Significant decreases in body fat % and increases in
lean body mass were observed in the exercise group while
significant increase and no change in body fat % and lean
body respective were observed for the control group.
Furthermore, a trend of overall weight gain was more
noticeable in the control group than the exercise group.
Again, the inclusion of resistance training on study de-
sign of a large portion of the studies conducted between
2007-2013 may help explain the more pronounced posi-
tive changes observed in the exercise groups. Lastly, sig-
nificant decrease in depression along with improvements
in quality of life observed in the exercise group (PROs),
while no change in quality of life and slight increases in
depression in patients on the control group, once again
support the idea that exercise during breast cancer help
patients to live a higher overall quality of life than pa-
tients that do not engage in regular exercise training;

The inclusion of resistance training on the study
designs during 2007-2013 as a study arm or even as the
main exercise training mode, has been utilized with the
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objective of producing more effective changes in overall
functionality and to alleviate the negative alterations in
body composition commonly observed in breast cancer
patients during the entire cancer continuum (ie., increases
in body mass, with concomitant increase in fat mass and
loss of muscle mass; condition known as sarcopenic
obesity). The inclusion of this type of training has also
provided for variety in the training prescription of cancer
patients, which results in increased adherence; a key fac-
tor to promote more robust physiological adaptations.
A few studies did not meet the inclusion critetia for this
review, however, those studies examined the effects of
exercise on biological markers associated with the nega-
tive changes in body composition. This area of study is
highly significant due to the influence negative changes
in body composition may have on the development of
secondary cancers, mortality and co-morbidities (e.g., sat-
copenic obesity development consequences)m. Recently,
an exercise-related model proposed by our group on the
alleviation of negative changes in body composition and
its potential associations with biomarkers of inflamma-
tion and androgenic hormones has been developed and
initial investigations are prornising[%].

Very little data available today allow for a good un-
derstanding on the effects of resistance training on the
outcomes included on this review. However, as expected,
due to the known effects of resistance training on muscle
mass gain and muscular strength, significant improve-
ments were observed on lean body mass and upper and
lower body strength on patients who participated in ex-
ercise training and were objectively measured on these
outcomes.

Unfortunately, due to the small number of studies
that met the rigorous criteria for inclusion in this review,
the data on effects of strength training on PROs are
very limited and no definite conclusion can be drawn at
this time regarding the effects of resistance training on
fatigue, depression, and overall quality of life in breast
cancer patients. More research is desperately needed in
this area of study.

There are limitations within this systematic review
on the effects of exercise in breast cancer survivors that
must be considered when evaluating the overall results;
including a small number of studies per outcome variable
included in this review, the heterogeneity of tools used
to evaluate the outcome variables of interest, significant
differences in the characteristics of the exercise prescrip-
tion utilized, and to a much lesser extent, the evaluation
of patients in and off treatment included together in the
analyses of the data. The later could impose difficulty
in interpreting the results, however, a priori evaluation
of the overall changes in the parameters included in this
review indicated very little clinical difference between re-
sults of studies that evaluated patients undergoing treat-
ment and those off treatment. Therefore, we decided
that for a chronological overview of the current literature
in the topic, the clinical difference observed between
patients in and off treatment would not drastically under
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or overestimate the evaluation of the outcome variables
studied. Since this is a relatively new area of research and
until larger randomized trials are completed (controlling
for many vatiables that can confound study tesults such
as type, frequency, intensity of exercise, different types of
cancer treatments, age of patients, previous fitness levels,
and other co-morbidities that can further diminish the
tolerability for exercise participation) definite conclusions
and more precise exercise summary guidelines can be
presented.

Despite these methodological limitations and our in-
ability to currently provide specific exercise guidelines
for breast cancer patients, general-generic exercise guide-

lines™

are available and can be used to guide safer par-
ticipation in exercise programs It is recommended by the
exercise guidelines set forth by the American College of
Sports Medicine”, that patients should engage, whenever
possible, in 150 min/wk of moderate-intensity exetcise
spread throughout the week, that the exercise prescrip-
tion should include aerobic and resistance modes of ex-
ercise, and that the prescription should be individualized
taking into consideration the limitations of each patients.

In conclusion, order to improve the knowledge in
the area of research examining the effects of exercise in
breast cancer patients more studies are necessary. These
studies should include larger samples sizes, involve ran-
domized clinical controlled trials, provide more detailed
descriptions of the sample studied (ie., presence of other
co-morbidities, previous physical activity levels, amount
of therapies received, e«.) and all testing and exercise pro-
tocols (extremely important consideration for improve-
ment in the quality of the science) in their published
reports, and provide better reporting on adverse events
due to exercise testing and training. Furthermore, studies
examining the mechanisms involved in the plasticity of
different physiological systems due to different exercise
training protocols in breast cancer patients are critical for
continued progress of this area of research. Neverthe-
less, based on the cutrent data available in this area of
research, exercise training appears to be safe for most pa-
tients and improvements in physiological, psychological,
and functional parameters can be attained with regular
participation in moderate intensity exercise.

COMMENTS

Background

An ever-growing number of studies in the area of exercise oncology, especially
those examining the effects of exercise training in breast cancer survivors,
speak loudly to the increased interest by the medical community in exploring
complementary interventions that can alleviate treatment-related side effects
and improve quality of life of cancer patients.

Research frontiers

Most specifically, this review focuses on presenting and discussing the results
of the effects of exercise training on the most commonly evaluated outcomes
in the area including physiological parameters of cardiorespiratory function,
body composition, and muscular strength, and patients reported outcomes that
evaluated fatigue, depression, anxiety, and overall quality of life.
Innovations and breakthroughs

For organizational purposes a chronological description of studies results, stud-
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ies common characteristics, and commentaries on changes observed in this
area of research over the past 25 years are discussed.

Peer review

The arm of this study was to review the effect of exercises for patients with
breast cancer in the past 25-years. It is fairly well designed and the statistical
analyses appear reasonable. It is worthy of recommending for publication.
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