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Abstract Evidence is currently limited for the effect of exer-
cise on breast cancer clinical outcomes. However, several of
the reported physical benefits of exercise, including peak ox-
ygen consumption, functional capacity, muscle strength and
lean mass, cardiovascular risk factors, and bone health, have
established associations with disability, cardiovascular disease
risk, morbidity, and mortality. This review will summarize the
clinically relevant physical benefits of exercise interventions
in breast cancer survivors and discuss recommendations for
achieving these benefits. It will also describe potential differ-
ences in intervention delivery that may impact outcomes and,
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lastly, describe current physical activity guidelines for cancer
survivors.
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Introduction

Exercise is a safe, accessible, and inexpensive non-
pharmacological therapy associated with numerous health
benefits in breast cancer survivors [1+¢]. General physical ben-
efits of exercise interventions both during and after breast
cancer treatment include improved cardiorespiratory and mus-
cular fitness, body composition, and physical function [1ee, 2,
3], along with a reduction in common negative side effects
during active treatment including nausea and vomiting [4, 5¢].
Psychological benefits include improved health-related quali-
ty of life, reduced anxiety and depression, and improved body
image and self-esteem [6]. Furthermore, exercise results in
benefits for biobehavorial outcomes that span these two do-
mains including fatigue, pain, and sleep disturbance [1¢e, 3, 6].

Preliminary evidence suggests that exercise may also have
positive effects on oncological care including chemotherapy
completion rates [5e, 7] and cancer outcomes [8¢]. Several of
the aforementioned physical benefits of exercise also have
established associations with clinically relevant outcomes. In
this review, we will summarize the clinically relevant physical
benefits of exercise interventions in breast cancer survivors
and discuss recommendations for achieving these benefits.
We will also describe potential differences in intervention de-
livery that may impact outcomes and, lastly, describe current
physical activity guidelines for cancer survivors.
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Cardiorespiratory Fitness and Functional Capacity

Maximal (VO,max), or peak oxygen consumption
(VO,peak), when measured by a cardiopulmonary exercise
test, is the gold standard measurement of cardiorespiratory
fitness [9]. Oxidative phosphorylation is the fundamental
energy-producing biochemical process that utilizes oxygen
within the mitochondria to produce the ATP necessary for
aerobic muscular work. VO,max represents the upper limit
to the rate of oxygen utilization and therefore maximal oxida-
tive ATP production and exercise capacity [10]; this is dem-
onstrated by a plateau in oxygen uptake with increasing work-
load during cardiopulmonary exercise testing. In practice,
maximal oxygen consumption may not be reached in clinical
populations as a result of a variety of reasons, including unfa-
miliarity to maximal physical efforts or musculoskeletal lim-
itations, and the VO,peak, or the highest achieved level of
oxygen uptake during the cardiopulmonary exercise test, is
used as a surrogate marker of cardiorespiratory fitness.

A reduction in VOpeak of 5-10 % has been reported over
the course of chemotherapy in women with breast cancer [7,
11], and VO,peak remains, on average, 22 % lower in breast
cancer survivors after treatment completion than in healthy
sedentary controls [12¢]. This chemotherapy-induced reduc-
tion in VO,peak, occurring over a time course of 12 to
24 weeks, is equivalent to the reduction reported with 30 years
of normal aging [12+, 13]. Large cohort studies demonstrate
that peak exercise capacity is the strongest predictor of all-
cause mortality in healthy populations and those with heart
disease [14—16]. There is also evidence of a relationship be-
tween VO,peak and risk of cancer-related death in females
and with breast cancer-specific death [14, 17]. In non-cancer
populations, improvements in VO,peak over time are associ-
ated with decreased risk of mortality [18].

Other surrogate measures of cardiorespiratory fitness in-
clude the 6-min walk test and gait speed. The 6-min walk test
is a reliable, standardized, submaximal assessment of func-
tional capacity that is increasingly being used to assess the
effect of exercise in cancer populations [19]. An improvement
of 50 m is considered clinically significant in most popula-
tions [20], but a specific threshold has not been established for
cancer populations. Gait speed, or walking velocity, is a valid,
reliable, and sensitive measure that correlates with functional
ability and balance and predicts future health status, hospital-
izations, falls, and mortality in non-cancer populations [21].
Usual gait speed was demonstrated to be one of the best pre-
dictors of mortality in gynecological cancer survivors aged
65 years or older [22] and predicted survival and disability
in mixed-diagnoses cancer survivors aged 70 to 79 years
[23]. While gait speed may be lower in cancer survivors
who have received chemotherapy than in age-matched con-
trols [24], it was not shown to be a predictor of falls in older
breast cancer patients [25].
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Impact of Exercise

During adjuvant treatment for breast cancer, aerobic exercise
training can maintain or improve VO,peak relative to usual
care controls [1ee, 26¢°]. Following treatment completion, aer-
obic exercise training is effective at improving VO,peak and
surrogate measures of aerobic capacity including submaximal
walking tests [lee, 26¢]. Interventions that have improved
VO,peak have typically lasted 8—14 weeks and involve a pre-
scription of 2045 min of aerobic exercise two to three times
per week at moderate intensity that may progress to vigorous
intensity [26¢]. Many studies have also included resistance
training. These varied prescriptions have resulted in improve-
ments in VO,peak ranging from 2 to 15 % [26+]. Most ran-
domized controlled trials (RCTs) that measured the effect of
exercise on 6MWT distance have reported a mean change less
than the clinically significant improvement of 50 m [26¢].
Depending on the baseline activity level, a prescription of
moderate intensity aerobic exercise performed 3—5 days per
week for 20—-60 min is likely to result in improvements in
aerobic fitness [27, 28].

While exercise interventions in community-dwelling elder-
ly adults have consistently demonstrated improved gait speed,
the impact of exercise interventions on gait speed among can-
cer survivors has not been well studied. In one RCT in post-
menopausal women who had completed breast cancer treat-
ment, gait speed improved in both the resistance training and
impact loading group and the whole body stretching and re-
laxation group [29]. Similarly, improved gait speed was ob-
served in both arms of a RCT of aerobic versus resistance
training in mixed-diagnoses cancer survivors [30]. A single-
arm interdisciplinary intervention consisting of aerobic, resis-
tance, and flexibility training, concurrent with nutritional,
medical, and occupational therapy intervention components,
also significantly improved gait speed among mixed-
diagnoses advanced cancer survivors [31]. Although it ap-
pears that all types (i.e., acrobic, resistance, flexibility) of ex-
ercise can improve gait speed, the limited number of studies
measuring this outcome in exercise interventions of cancer
survivors prevents determination of the required frequency,
intensity, and duration at this time.

Strength and Lean Mass

Muscular strength, especially handgrip and lower extremity
strength, is an established prognostic variable for disability
and mortality in elderly populations [32, 33]. Handgrip
strength also offers prognostic value for middle-aged adults
[34, 35]. Handgrip strength is reliable and easily measured
with handgrip dynamometry, and most cancer survivors can
perform this test [36]. Following mastectomy, 40 % of breast
cancer survivors had a handgrip strength deficit of 10 % or
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more on their surgical side relative to the contralateral side
[37]. Handgrip strength in breast cancer survivors has also
been shown to be associated with quality of life [38]. In other
cancer populations, a relationship between grip strength and
mortality has been examined but failed to demonstrate a rela-
tionship [22, 23].

Age-related reductions in lower extremity strength, speed,
and power are associated with reduced capacity to perform
basic activities of daily living such as rising from a chair,
walking unassisted, and climbing stairs, as well as with in-
creasing morbidity [39]. Lower extremity strength can be
evaluated with a measured or estimated one-repetition maxi-
mum (1-RM) of leg press [40+¢] or with the chair-stand test, a
valid surrogate measure of leg press strength [39]. The ability
to perform the sit-to-stand movement is an important determi-
nant of physical independence [39]. Loss of lean mass is a
primary mechanism for decreases in muscle strength [41],
and loss of skeletal muscle, a primary component of lean
mass, is associated with disability and decreased quality of
life [42]. Chemotherapy for breast cancer is associated with
loss of lean mass, particularly in the legs [43], that worsens
with time since completion of treatment [44]. Lower extremity
strength, as measured by the 30-s chair-stand test, is a signif-
icant predictor of cancer-related fatigue in breast cancer sur-
vivors aged 60 or older [45]. Reduced leg strength increases
future risk of fracture in breast cancer survivors [46].

Impact of Exercise

A recent systematic review reported that exercise interventions
in breast cancer survivors significantly improved lean body
mass and composite scores for upper and lower body strength
[26°]. However, the single study that measured handgrip
strength in breast cancer survivors reported no change with
resistance training among both the resistance training and flex-
ibility groups [29]. The American College of Sports Medicine
recommends that cancer survivors participate in two to three
resistance-based exercise sessions per week, with a particular
focus on strengthening major muscle groups, such as the chest,
legs, and core [47]. Further, to gain the most strength-related
benefits, individuals should perform one to three sets of § to 12
repetitions, at an intensity of 25 to 85 % of 1-RM, which will
vary depending on individual factors such as mobility and pre-
vious experience with resistance training [47]. Specific to
breast cancer survivors, recommendations include teaching
proper biomechanics via supervised training and starting with
a low weight and progressing slowly [48].

Cardiovascular Disease and Risk Factors

Older women with breast cancer are more likely to die of
cardiovascular disease than they are to die of their cancer

[49]. Women who have had a breast cancer diagnosis are at
elevated risk for cardiovascular diseases including heart fail-
ure and myocardial infarction relative to women who have not
had a breast cancer diagnosis [50, 51]. Chemotherapy, most
notably the anthracycline agents and trastuzumab, can have
direct effects on left ventricular function, while radiotherapy
can also lead to valvular disease and accelerated coronary
artery disease [52]. Furthermore, there is an increased preva-
lence of cardiovascular risk factors in this population at base-
line, which may further increase due to the effects of cancer
treatment [52]. Established modifiable risk factors for cardio-
vascular disease that may be more prevalent in breast cancer
patients include hypertension, dyslipidemia, overweight and
obesity, and raised blood glucose or diabetes [53].

The most prevalent comorbid condition in breast cancer
survivors is hypertension, which occurs in 25-50 % of survi-
vors [54]. Hypertension is more than twice as common among
breast cancer survivors than age-matched female controls
[55]. Chemotherapy agents used to treat breast cancer that
may cause hypertension include cyclophosphamide, cisplatin,
and carboplatin [56]. On a population level, small reductions
in blood pressure are associated with reduced mortality [57].
In long-term breast cancer survivors, the presence of hyper-
tension increased the risk of coronary artery disease, empha-
sizing the need for long-term blood pressure control in this
population [58].

Lipid abnormalities are also associated with increased risk
of cardiovascular disease [59]. Prior to treatment, women with
breast cancer have higher total cholesterol, triglyceride, and
low-density lipoprotein (LDL) levels and lower high-density
lipoprotein (HDL) levels than healthy controls [60—64].
Chemotherapy treatment may also increase triglyceride levels
[65], while tamoxifen decreases total cholesterol and LDL
levels [66].

Up to 84 % of women gain weight following a breast can-
cer diagnosis [67, 68], and the average reported gains range
from 2.5 to 5.2 kg [69°¢]. Overweight and obesity are
established risk factors for the development of cardiovascular
disease [70] and are also associated with reduced survival and
an increased risk of cancer recurrence [69¢]. The prevalence of
type II diabetes mellitus (T2DM) appears to be approximately
double that of age-matched women [55]. Breast cancer survi-
vors with T2DM also have an elevated risk of mortality [54].
In newly diagnosed early breast cancer survivors, high blood
insulin levels are indicative of insulin resistance and are asso-
ciated with obesity, poor lipid profiles [71], and greater risk of
cancer recurrence or death [72].

Impact of Exercise
The benefits of exercise in preventing direct cardiotoxic ef-

fects of cancer therapy are not clear. Although animal studies
have suggested that exercise may be protective against the
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harmful effects of anthracycline chemotherapy, benefits have
yet to be demonstrated in human studies [73¢]. However, sev-
eral studies have demonstrated exercise benefits on cardiovas-
cular risk factors in breast cancer survivors.

Trials of exercise interventions during and after breast can-
cer treatment have consistently demonstrated reductions in
systolic blood pressure [73+]. During treatment, exercise inter-
ventions reduced systolic blood pressure by 4.4+2.0 mmHg
and diastolic blood pressure by 1.3+0.1 mmHg on average,
while posttreatment, interventions reduced systolic blood
pressure by 4.6+4.6 mmHg and diastolic blood pressure by
4.4+3.0 mmHg [74]. Large epidemiologic studies in the gen-
eral population have estimated that a 5-mmHg decrease in
systolic blood pressure is associated with reductions in the
risk of coronary artery disease and stroke mortality of 9 and
14 %, respectively [57].

In non-cancer patients with hypertension, as little as
4 weeks of either aerobic or resistance exercise training can
significantly improve both systolic and diastolic blood pres-
sure and other measures of vascular function [75]. The exer-
cise interventions reporting a positive impact on blood pres-
sure in breast cancer survivors included at least 20-min ses-
sions of aerobic exercise two to three times per week, and
some also included resistance training [74]. Aerobic exercise
intensity prescriptions were 60 to 90 % of VO,peak or 40—
75 % of heart rate reserve (the difference between maximum
and resting heart rates) or a rating of perceived exertion of 11—
13. The exercise intervention periods ranged from 8§ to
16 weeks long [74].

Studies of the impact of exercise interventions, with or
without dietary interventions, on serum triglycerides and
HDL in breast cancer survivors have had conflicting results
[73¢]. Future research in this area is needed to better under-
stand the potential favorable influence of exercise on these
important cardiovascular risk factors. Comparing the effects
of different exercise prescriptions, including resistance versus
aerobic training, would be useful in future trials to explore the
potential link between exercise and positive changes in blood
lipid levels.

Exercise is effective in controlling cardiometabolic factors
including obesity, insulin resistance, glucose intolerance, and
T2DM in non-cancer populations [28]. Trends in weight gain
among breast cancer survivors, especially during adjuvant
chemotherapy, appear to be offset by exercise interventions
[69°]. Women who participate in an aerobic exercise program
during adjuvant chemotherapy are more likely to maintain
their pre-chemotherapy weights [76]. A systematic review
and meta-analysis of recent exercise RCTs in breast cancer
survivors reported an overall significant decrease in body fat
percentage and increase in lean body mass [26¢]. Trials that
included resistance training produced significant increases in
lean body mass (+0.65 kg) among exercise groups [26°].
Another systematic review noted that weight loss
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interventions in breast cancer survivors that included a com-
bination of diet, physical activity, and behavior modification
were typically able to achieve mean weight losses of 5 % or
greater from initial body weight [77]. This is an important
benchmark, as a decrease in body weight of 5 % of baseline
has been associated with significant improvements in waist
circumference, plasma glucose, serum insulin, serum lipid
levels, blood pressure, and risk of diabetes in overweight
adults [78].

Interventions lasting longer than 6 months often achieve
greater weight loss, while interventions with more segregated
physical activity and dietary components and a weaker focus
on behavior modification tend to result in less weight loss
[77]. Among exercise trials in breast cancer populations, ben-
eficial body composition and body weight changes do not
occur until approximately week 20 of an intervention [26¢].
There is no clear evidence on the best time to intervene with a
weight loss intervention in breast cancer survivors, and posi-
tive effects of exercise and other weight management inter-
ventions have been demonstrated both during and after cancer
treatment [77].

Exercise training, via repeated muscular contractions that
occur with both aerobic and resistance exercise, has signifi-
cant effects on glucose transport and insulin sensitivity [69¢].
However, results from studies testing the effect of exercise
training on fasting insulin and glucose levels or markers of
insulin resistance have not consistently demonstrated clinical-
ly relevant benefits of this strategy in breast cancer survivors
[79-86]. The only study to report significant improvements in
fasting insulin and glucose implemented 25 to 45 min of light
intensity aerobic exercise twice weekly in addition to twice
weekly full body resistance exercise on different days [84]. In
contrast, a similar exercise program with a larger sample size
did not result in significant between-group differences in met-
abolic parameters [83], indicating further research is needed to
clarify the optimal exercise prescription for metabolic
improvements.

Bone Health

Breast cancer survivors are at an elevated risk for osteoporo-
sis, falls, and fractures [25, 87]. Chemotherapy can inhibit
bone proliferation directly and, along with ovarian ablation
or suppression, indirectly reduces bone turnover via reduced
estrogen [88]. The hormonal treatment, tamoxifen, improves
bone mineral density (BMD), while aromatase inhibitors can
increase the risk of fractures [88]. As in the general popula-
tion, osteoporosis has been associated with increased risk of
fracture among breast cancer patients who fall [64], and 58 %
of early-stage breast cancer survivors currently receiving hor-
monal therapy reported a fall within the past year [25]. In
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addition, both hip and vertebral fractures have been associated
with increased mortality among breast cancer survivors [88].

Impact of Exercise

Exercise effects on bone health outcomes, including BMD
and bone remodeling markers, in breast cancer survivors are
mixed. Relative to usual care controls, aerobic exercise, but
not home-based Thera-band resistance exercise training,
maintained spinal BMD during treatment [89]. After treat-
ment, aerobic exercise maintained total body BMD, and resis-
tance training plus impact training preserved spinal BMD [90,
91]. A program of walking with a weight belt resulted in a
decrease in total body BMD and bone remodeling, while re-
sistance training combined with bisphosphonate treatment in-
creased BMD at the hip and spine [91]. In contrast, while the
addition of resistance training to bisphosphonate treatment did
not improve BMD or bone remodeling markers in another
study, it did reduce the number of women with reduced
BMD at 24-month follow-up [92]. It is encouraging, however,
that in the general population, a 1-2 % improvement in BMD
reported in some of the aforementioned studies has been as-
sociated with a 7-14 % decrease in fracture risk [90].

Based on this limited evidence, moderate-intensity aerobic
or resistance exercise may preserve bone health during or after
breast cancer treatment but may have limited benefits relative
to bisphosphonate treatment alone [91]. There are several ex-
ercise prescription recommendations for influencing bone
health outcomes specific to cancer survivors. First, exercise
programs should specifically load target bones at risk of frac-
ture, such as the hip and spine, using exercises such as lunges,
squats, and rows [91]. Second, exercise programs must be of
greater intensity than loading experienced in daily life, in or-
der to stimulate bone remodeling and improve BMD, espe-
cially among postmenopausal women, where greater loading
may be required to offset estrogen-induced bone loss [91].
Further recommendations for the optimization of bone health
in postmenopausal women include strength training more fre-
quently than twice weekly and resistance training program
durations of at least 400 days [92].

Impact of Exercise on Cancer Outcomes

Recently, the role of exercise in modifying cancer-related out-
comes has been explored [5e, 7, 8¢]. Two large RCTs have
reported a small positive benefit on chemotherapy completion
rate with resistance exercise only or a combined aerobic and
resistance intervention completed during chemotherapy for
breast cancer [5¢, 7]. In a three-arm RCT of early-stage breast
cancer survivors randomized to aerobic exercise, resistance
exercise, or usual care during adjuvant chemotherapy,
Courneya et al. reported a mean relative dose intensity of

89.9 % in the resistance exercise group, which was signifi-
cantly higher than the usual care mean of 84.1 %, but not
different from the aerobic exercise group mean of 87.4 %
[7]. In a three-arm RCT of supervised aerobic and resistance
intervention, home-based aerobic intervention, or usual care
in early-stage breast cancer survivors during adjuvant chemo-
therapy, van Waart et al. used binary logistic regression to
determine whether group assignment predicted the occurrence
of a single dose reduction. Although a dose reduction was less
likely in the exercise groups, it should be noted that a single
dose reduction could result in the patient still receiving 96.4 %
of their planned treatment dose [93].

The potential of exercise to improve chemotherapy com-
pletion rate is a promising potential link to understanding if
exercise can improve cancer outcomes, as chemotherapy dose
reductions are associated with worse cancer outcomes [94].
However, it is unclear whether the small effects reported by
these studies are of clinical importance. An 8-year follow-up
to the study by Courneya et al. reported a trend toward im-
proved disease-free, distant disease-free, and overall survival
in the participants in the exercise groups relative to the usual
care group [8¢]. However, the authors duly noted that the
original study was not powered for this outcome and a larger
sample size would be required to establish a statistically sig-
nificant effect. Although the currently available evidence in
this area is limited, as outlined in this review, a number of the
established benefits of exercise for cancer survivors are pre-
dictors of disability, morbidity, and mortality.

Impact of Exercise Intervention Delivery Method

In the studies discussed above, the type and structure of the
exercise interventions varied widely, which may be a reason
for differences in observed training effects. For example,
home-based interventions, which may or may not include
counseling through phone calls, emails, and face-to-face ses-
sions, may result in smaller effect sizes relative to supervised
exercise programming administered by exercise professionals
with accountability for missed sessions, and potentially higher
prescribed exercise intensity. In fact, the single RCT compar-
ing a supervised aerobic and resistance program to a home-
based aerobic program in breast cancer survivors reported
greater improvements with the supervised exercise arm rela-
tive to the home-based exercise arm in cardiorespiratory fit-
ness, physical functioning, treatment symptoms, and less che-
motherapy dose adjustments [Se].

Adherence to prescribed exercise is critical for the efficacy
of interventions, whether supervised or home-based. The goal
of behavioral change interventions is to improve adherence to
physical activity levels long term. A systematic review and
meta-analysis of interventions aimed at physical activity be-
havior change in breast cancer survivors reported that more
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intense supervision and/or monitoring produced larger im-
provements in physical activity levels [95]. A positive trend
toward improved physical activity levels was observed in the
treatment groups who received behavioral counseling, and
many of the larger effect sizes were associated with interven-
tions supported by phone or email counseling [95].

Home-based exercise interventions can also improve phys-
ical health outcomes in breast cancer survivors and may be
easier for patients to adhere to during chemotherapy [5¢]. In a
three-arm RCT by Yuen et al., the efficacy of 12-week home-
based aerobic versus home-based resistance exercise interven-
tions was compared to usual care [96]. The aerobic interven-
tion reduced patient-reported fatigue, while the resistance in-
tervention improved functional capacity, as measured by the
6-min walk test. Due to the accessibility of home-based exer-
cise interventions, evaluating and improving the impact of
these interventions is of high interest. Increasing communica-
tion and support through phone calls, emails, and face-to-face
sessions with research staff may be ways to increase the over-
all impact of the home-based interventions [95].

Exercise Guidelines for Breast Cancer Survivors

Participation in physical activity during cancer treatment has
been established as both safe and effective for numerous health
benefits [1+¢]. The American College of Sports Medicine en-
courages individuals undergoing treatment for various types of
cancer to aim to achieve the same physical activity guidelines
for health as the general population [1¢¢]. These guidelines
include 75 to 150 min of moderate- to vigorous-intensity aero-
bic exercise per week, two to three days per week of resistance-
based training, and flexibility exercises performed daily to
maintain range of motion and reduce risk of injury [1e]. It is
important to note that when developing an exercise program for
cancer survivors, individual differences must be considered and
adjusted for when necessary, including individual fitness level,
health status, treatment protocols, and side effects, surgeries,
and disease stage [1e¢]. In addition, potential risks related to
side effects associated with cancer treatment, such as increased
risk of fracture due to hormonal therapies, should be considered
when developing an exercise program, as inappropriately per-
formed or planned exercise programs may increase risk of in-
jury [lee]. In summary, physical activity during cancer treat-
ment should be tailored to appropriately suit the individual’s
diagnosis, exercise tolerance, and physical ability in order to
gain the most benefits and avoid injury.

User-friendly, evidence-based resources around physical
activity both during treatment and following treatment are
available from the American Cancer Society (http://www.
cancer.org/treatment/survivorshipduringandaftertreatment/
stayingactive/physical-activity-and-the-cancer-patient). An
article providing recommendations by an expert panel
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around lifestyle factors for cancer survivors has recently
been updated and published for clinicians [97].

Conclusion

Although direct evidence of the benefit of exercise for clini-
cally relevant cancer and mortality outcomes in breast cancer
survivors is currently limited, a number of the reported phys-
ical benefits of exercise training have established associations
with disability, mortality, and fracture risk in cancer and non-
cancer populations. Improvements in cardiorespiratory fit-
ness, muscle strength and lean mass, body composition, car-
diovascular risk factors, and bone health are reported benefits
of exercise training in breast cancer survivors with established
associations with clinical outcomes. However, RCTs with
long-term follow-up are required to confirm that the beneficial
effect of exercise on these surrogate markers translates to im-
proved clinical outcomes in breast cancer survivors.
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