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Abstract
Background This systematic review aims to identify the effects of exercise interventions in patients with breast cancer (BCP)
and survivors (BCS) on selected variables of physical fitness.
Methods A comprehensive literature search was conducted using Medline and Scopus. Randomized controlled trials with
isolated exercise interventions in BCP and BCS women (< 5 years from therapy completion) were included. The risk of
bias (RoB) assessment was conducted using the Cochrane RoB-2-tool. Variables regarding cardiorespiratory fitness (CRF),
strength (ST), fatigue (F) and health-related quality of life (HRQoL) were discussed.
Results Of the 336 studies initially identified, 22 met all the inclusion criteria and were deemed eligible. RoB assessment
indicated that the studies had predominantly “some concerns” or had “low RoB”, with only 3 studies presenting a “high
RoB”. The mean duration and frequency of exercise interventions were 19 weeks and 3 sessions/week, performed at moderate intensity (65% VO2max and 66% 1RM, for aerobic and resistance-training interventions, respectively).
Conclusions Exercise interventions seem to be a valuable strategy in BCP to avoid the decline of CRF, ST, F and HRQoL.
Conversely, improved physical function among BCS is observed for the same variables. Resistance training and combined
interventions seem to provide the most encouraging variations of the selected outcomes.
PROSPERO registration ID CRD42021237917.
Keywords Breast neoplasm · Physical activity · Strength · Fatigue · Quality of life
Abbreviations
1RM	1-Repetition maximum
A	Aerobic intervention
BC	Breast cancer

BCP	Breast cancer patients
BCS	Breast cancer survivors
CG	Control Group
COMB	Combined A + RT intervention
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CRF	Cardiorespiratory fitness
F	Fatigue
HRQoL	Health-related quality of life
IG	Intervention group
MST	Maximal strength training
RCT	Randomized controlled trial
RoB	Risk of bias
RT	Resistance training intervention
ST	Strength
VO2max	Maximal oxygen consumption

Introduction
According to the World Health Organization, cancer is a
leading cause of premature death (age < 70 years) in different countries [1]. Female breast cancer (BC) is the most
frequently diagnosed cancer, nearing 2.3 million diagnosed
cases in 2020 and ranking first for incidence in 159 out of
185 countries [2]. Its incidence is greater in high-and very
high human development index countries, which likely
occurs due to the increased prevalence of risk factors (e.g.
estrogen replacement, contraceptive pills, high-fat, low-fiber
diets, alcohol consumption, obesity, late pregnancy or nonpregnancy) as well as from increased early detection/diagnosis through mammographic screening [2, 3].
Currently, BC management and treatment combine different approaches in response to disease type, stage and progression and include targeted therapies, hormonal treatment,
radiation and chemotherapy, and surgery [3]. Independent
of the surgical technique (lumpectomy, mastectomy with or
without breast reconstruction), surgery may require a substantial amount of time before recovering Health-Related
Quality of Life (HRQoL) and can cause physiological and
psychological side effects [3, 4]. Chemotherapy and radiation may also cause physical alterations and physiological
side effects [5], which frequently include fatigue, insomnia, nausea, emesis, neuropathy, cardiotoxicity and strength
impairment [5–7]. Fatigue (F), in particular, is the most frequently experienced side effect among all cancer typologies
[8–10]. The frequent administration of additional standard
BC therapies before (neoadjuvant therapies) and/or after surgery (adjuvant therapies, that occur when primary disease is
defeated) can further cause additional side effects to what is
already experienced by primary treatment [3, 11].
Still, despite the onset of new symptoms, neo- and adjuvant
therapies have increased the survival rate among BC patients
(P) [12, 13]. However, with the resultant increased life expectancy, side effects from therapy can also persist long term,
which can further impact HRQoL [8, 9]. Consequently, detrimental effects on indices of physical fitness, including cardiorespiratory fitness (CRF) and strength (ST), are frequently
observed [7]. CRF is related to cardiovascular health that is
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usually impaired in BCP and BCS, leading to premature mortality. ST attenuations can reduce functionalities and strongly
limit independence, and therefore, HRQoL [14]. Within this
context, BCP and BC survivors (S), could enter a vicious cycle
wherein the symptoms and side effects of cancer and its treatment impair CRF and ST, increasing sedentary level. This is
further exacerbated by rest prescriptions, which often occur
because medical procedures do not always consider exercise
for cancer patients [8, 15, 16]. Thus, to improve or maintain
CRF through exercise, reducing rest, must be essential to lower
the mortality derived by cardiovascular diseases (relevant
cause of death for BCS) [17, 18]; while ST improvements are
required to allow survivors and patients to maintain independency avoiding HRQoL declines.
However, due to BC complexity and its multiple side
effects (both physiological and psychological), a single
complementary approach is usually inadequate. Psychological support, physical therapy, acupuncture, massages, and
behavioral changes management are commonly employed
and administered with or without exercise therapy [19].
Among these complementary approaches, exercise is particularly effective in either preventing BC or mitigating decrements in indices of physical fitness in both BCP and BCS
[20–27]. The current American College of Sports Medicine
guidelines, suggest at least three times/week (30 min per session) of moderate aerobic training and an additional 2 sessions/week of resistance training (8–15 repetitions at 60% of
1-Repetition Maximum—1RM) for all cancer survivors [28].
The Exercise and Sports Science Australia position statement for cancer patients suggests moderate to high intensity
exercise with a flexible multimodal approach, individualized to patients characteristics (therapy cycles, surgery, side
effects) [29].
A previous systematic review and meta-analysis was conducted in 2006 that showed the beneficial effects of exercise
interventions on several parameters of physical functioning
and quality of life [20]. However, as scientific research has
significantly advanced during the last 20 years, both in terms
of methodological advancement and the quantity of research
available, an update assessing the effects of exercise in BCP
and BCS is warranted. Therefore, the aim of this systematic
review is to determine the effects of isolated exercise interventions on selected variables of physical fitness and major
symptoms in BCP and BCS, from published research in the
last 20 years.

Materials and methods
The review adhered to the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
[30] Statement. The current review protocol was registered
in the PROSPERO database [Reg. ID CRD42021237917].
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Search strategy

Intervention

The search strategy for this systematic review was conducted for peer-reviewed articles published between January 2000 and November 2020 using two databases: PubMed (MEDLINE) and Scopus. Original studies examining
the effects of exercise interventions in BCP and BCS were
screened. Preliminary research using “breast cancer” AND
“exercise” to define the keywords through a snowball sampling was applied. The following keywords were identified
and applied in the final search strategy: “breast cancer”,
“breast neoplasm”; “exercise” and “physical activity”. An
example of the full electronic database search for one database with the additional applied filters is provided in the
Electronic supplementary material.
Reference lists were also screened in relevant studies
and only available full texts were included. Authors were
contacted to obtain the unavailable full text and studies
were excluded when authors were unreachable or if they
could not provide the full text.
An Excel (Microsoft Corp., Redmond, WA) spreadsheet
was used to manage all potentially eligible study titles.
After the title screening, duplicates were removed and eligibility criteria were then applied during the subsequent
abstract and full-text screening. The selection process was
conducted independently by two authors for title, abstract
and full-text screening. A third author was consulted to
resolve any disagreements between the two authors. The
final searches were then implemented using the appropriate specifications of each database using the PICOS format
(see Electronic supplementary material).

Only exercise interventions ≥ 4 weeks were included. Studies with clear exercise protocols without any additional
approach were included and studies that implemented physical therapy, psychological approach, mind–body therapy,
nutritional advice or diet management were excluded. Since
stretching has cardiovascular outcomes [32], studies with
combined stretching interventions (e.g. during warm-up and
cool-down) were excluded. Furthermore, studies with nonstandardized protocols (e.g. personal training and/or individualized interventions) were excluded.

Eligibility criteria
After the title screening, the following inclusion and
exclusion criteria were applied during the abstract screening and in all full-text sections.

Comparators
We considered the groups within the studies which provided usual care and associated control groups (without any
interventions). Others exercise interventions different from
those deemed eligible within the “intervention” section were
also considered comparators. Groups within included studies which provided interventions different from exercise or
physical activity (e.g. relaxation, mind–body therapy) were
excluded.
Outcomes
Four variables were included in this review: (1) cardiorespiratory fitness considered as an indicator of the cardiovascular and respiratory system capacity to deliver oxygen to tissues during activities [33]; (2) strength defined as the force
generated by a specific muscle or muscle group [34]; (3)
fatigue symptoms identified as a tiredness condition from
which it is impossible to recover with rest [8–10]; and (4)
Health-Related Quality of Life which represent the health
status perception of the individual [35]. Only studies with
pre- and post-intervention data on CRF, ST, F and HRQoL
available were included in the review. Objectively measured
data were included.
Study design

Patients
Studies that included female BCP currently in therapy or
BCS that were < 5 years from the conclusion of all therapy
(excluding hormonal therapy as it is usually administered
as a long-term adjuvant therapy [31]) were selected. Both
neoadjuvant and adjuvant therapy patients were considered as BCP. Due to the BCP/BCS characteristics, age and
comorbidities were not considered as exclusion criteria.
Male patients or the presence of other cancer diagnoses
were excluded from analysis.

Only randomized controlled trials (RCTs) with BCP and
BCS were included.

Study record
Studies were categorized into two groups according to the
type of population: (1) BCP and (2) BCS. Four subgroups for
exercise intervention typology were subsequently created:
(1) aerobic (A), (2) resistance training (RT), (3) combined
aerobic and resistance training (COMB) and (4) Pilates and
Yoga interventions. Pre- and post-intervention measures
were extracted from tables, text, and graphs of each study.
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For graphical interpretation, data were extracted using WebPlotDigitizer (version 4.2, San Francisco, CA) software. All
data were managed using tables created in Word (Microsoft
Corp., Redmond, WA) and descriptive statistics were implemented with Excel (Microsoft Corp., Redmond, WA). Study
characteristics, including the mean age of participants and
the type (e.g., RT, COMB), length (weeks), frequency (sessions/week), and intensity of the intervention were reported
as well as which outcomes were measured and the methods
by which they were measured.

Risk of bias assessment
Risk of bias (RoB) assessment was implemented through
the Cochrane RoB 2 tool for RCTs, following the Cochrane
Handbook for Systematic Reviews of Interventions [36]. The
tool has five different domains used to generate the overall
RoB. The RoB judgement for the second domain (RoB due
to deviations from the intended interventions) was carried
on to quantify the effect of assignment to intervention. Each
domain was evaluated with one of the following options:
“Low RoB”, “Some Concerns” and “High RoB”. Following
the individual domain assessment, we then categorized studies with just 1 out of 5 risk domains with a “Some Concerns”
judgement as a “Low RoB”. Studies with 2 or more “Some
Concerns” judgements were judged as “Some Concerns”.
Studies with 1 domain in “High RoB” were judged as “High
RoB”. RoB for each study was evaluated by two authors and
disagreements were resolved by negotiation. Only already
available additional documents concerning protocol and/or
statistical analysis plan were screened to assess RoB.

Data processing
Results are expressed as means ± SD. Differences from
baseline and post-intervention were obtained and reported
in tables. Percentage differences between pre- and post-intervention were calculated. When only pre-test and variations
were reported, post-test data were calculated. CGs (Control
Groups) results were also extracted, but only percentage differences between pre- and post-test are reported. An overall
mean percentage difference was obtained for every outcome
included for both IGs (Intervention Groups) and CGs.

Results
After the initial search, 16,891 studies were identified.
Four additional records were found through other sources.
Following the title screening, 2017 relevant studies were
detected, 1568 duplicates were removed and 449 remaining
studies were deemed eligible. After the abstract screening,
112 records were excluded with reasons and 337 studies
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remained. After full-text screening, 22 studies were included
in the review (Fig. 1). Characteristics of the studies included
in the analysis are presented in Table 1.
A total sample of 2013 (734 BCP and 1279 BCS)
participants were included in the quantitative analysis.
The mean ages for BCP and BCS were 50.9 ± 7.41 and
55.7 ± 7.04 years, respectively. Studies were stratified
according to BC status, with 8 studies performed in BCP
[37–44] and 14 studies in BCS [45–58].
Adherence and/or attendance rate to training sessions was
reported in 18/22 included studies. Studies among BCP (6/8)
showed high-to very high adherence rate (79.9%) while only
two reported attendance below 75% (71% and 71.5%) [40,
43]. Is not possible to determine whether adherence and/or
attendance in BCP were related to intervention typology due
to the limited number of studies.
Among BCS, high rates of adherence were also observed
(83.6%), with 76% and 75.4% as minimum values in only
two studies [49, 52] and only one study showing 62% attendance rate [55]. No differences regarding adherence were
observed across intervention typology, weekly frequency
and exercise intensity in both populations (BCP and BCS).
However, higher adherence rates were observed for both
groups in fully supervised [37–41, 44, 46–48, 50, 53, 54,
56, 57] vs. partially supervised/unsupervised interventions
[39, 42, 43, 45, 49, 51, 52, 55, 58] (83.3% vs 71.8% mean
BCP adherence; 85.5% vs 79.2% mean BCS adherence).
Overall attrition rate was reported in 19/22 studies. Mean
attrition rate was 8.4%, and 11.8% for studies including BCP
and BCS, respectively. The majority reported an overall
attrition rate below 10%. Only two studies reported attrition
rate above 20% both including BCS [56, 58].
Levels of evidence and the grades of recommendation are
presented in the Electronic supplementary material.

Risk of bias
RoB evaluations for each outcome are summarized in Fig. 2.
Overall, the judgements predominantly exhibited “some concerns” mostly due to the lack of availability of additional
documents. The variables F and HRQoL exhibited a higher
RoB than CRF and ST due to the self-reported nature of
the outcomes and a lack of additional documentation. The
designation of “high RoB” was assigned only to three studies [41, 48, 55].

In therapy
Table 2 presents results regarding the included studies with
BCP and a specific training effects summary for each variable, as well as the comparisons with CGs pre-post percentage differences. There were 8 included studies conducted
in BCP, with all of them in adjuvant therapy [37–44],

Identification

Breast Cancer

Records identified through
database searching
(n = 16891)
Medline (n = 3189)
Scopus (n= 13702)

Additional records identified through
other sources
(n = 4)

Screening

Records after Inclusion/exclusion criteria
(n = 2017)

Records after duplicates removed
(n = 449)

Included

Eligibility

Records screened
(n = 449)

Full-text articles assessed
for eligibility
(n = 337)

Full-text articles excluded
(n =315),
due to:
Design (n = 212)
Participants (n = 46)
Outcomes (n = 49)
Other reasons (n = 8)

Studies included in the
review (n = 22)

Fig. 1  Flow diagram of the screening process. From Moher et al. [30]

comprising a total sample of 734 participants. Mean duration and frequency of interventions were 16 (range 12–26)
weeks and 3 (range 2–5) sessions/week. The reported mean
exercise intensity was 60% maximal oxygen consumption
(VO2max) and 72% 1RM, for A and RT interventions,
respectively. There were 4 studies with A interventions [39,
41–43], 6 studies with RT interventions [37, 38, 40–42, 44],
and 2 studies that presented both A and RT experimental
intervention groups [41, 42]. One study implemented a
COMB intervention [39]. To be noted that, in the following
lines and in Tables 2 and 3, regarding CRF, ST and QoL
improved outcomes are represented by a percentage increase
(+), while F symptoms represent improvements through a
percentage decrease (−).

Aerobic
Of the four studies proposing A interventions, two studies implemented home-based walking/jogging activities
[42, 43] while the other two used different aerobic training equipment [39, 41]. CRF [38, 39, 43], ST [39, 42], F
[39, 41] and HRQoL [39, 41, 43], showed a mean difference
of + 2.1%, + 9.7%, + 17.1% and + 4%, respectively (Table 2).
Resistance training
Six studies carried out RT interventions, [37, 38, 40–42,
44]. Three studies administered multiple exercises (averaging 2–3 sets, 8–12 repetitions at 50–80%1RM) [40, 41,
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39

186
62
28

67

Hagstrom et al. 2016

Kiecolt-Glaser et al. 2014
Murtezani et al. 2014
Nikander R. et al. 2007

Nikander et al. 2012

734

Tot/mean

91

77

Steindorf et al. 2014

Dieli-Conwright et al.
2018

123

Segal et al. 2001

52

66

Schwartz et al. 2007

Courneya et al. 2003

67

Schmidt T. et al. 2015

19

49

Schmidt et al. 2015

Survivors
Campbell et al. 2018

27
298

Cešeiko et al. 2020
Courneya et al. 2013

27

In therapy (ADJ)
Cešeiko et al. 2019

51.6 ± 9.2
52.0 ± 11.0
A 52.5 ± 6.4
CG 51.3 ± 7.3
COMB 53.7 ± 6.8
CG 52.6 ± 7.1

51.9 ± 8.8

53.5 ± 10.4

59.0 ± 6.0

52.4 ± 6.2

50.9 ± 7.4

RT 53.0 ± 2.6
A 56.0 ± 0.2
CG 54.0 ± 1.2
A 48.3 ± 12.6
RT 50.1 ± 8.7
CG 46.3 ± 9.8
A 51.4 ± 8.7
A 51.0 ± 8.7
CG 50.3 ± 8.7
55.2 ± 9.5

52.2 ± 9.9

RT 48.2 ± 6.7
CG 49.0 ± 8.0
49.0 ± 7.0
50.0 ± 8.9

Sample size (n) Mean age (y)

Author, year

Table 1  Study characteristics

12
12
24
26
12

RTa
Aa–RTa
Ab–RTb
Ac–Ab
RTa

24
15
16

16
12
10
12
48

Ac
Aa
COMBa

RTa
Yogac
Aa
Ac
COMBc

16

12
16

RTa
A–STANa
A–HIGHa COMBc

–

12

RTa

3–4

2
3
3–4

3

3

3

4

3

2

5

4

2

2

2
3

2

Intervention typology Weeks (n) Frequency
(n/w)

CRF, F, HRQoL

CRF, F

–

F, HRQoL

CRF, HRQoL

CRF, ST

F, HRQoL

F, HRQoL

CRF
CRF, ST,
F, HRQoL

ST, F, HRQoL

Outcomes

n/a

n/a
50–75% HRR
n/a

CRF, ST

F
CRF, HRQoL
CRF, ST

RT: 60% and 80% 1-RM for CRF, ST, F,
upper and lower extremity, HRQoL
respectively
A: 65–80% HRmax
n/a
ST, F, HRQoL

70–75% VO2max

60%-80% HRR

A 60% VO2max—RT
72%1RM

60%–80% 1RM

50–60% VO2max

n/a

RT: 50% h1RM

60–80% 1RM

85–90% 1RM
A: 55–75% of VO2peak
RT: 60%-75% 1RM

85–90% 1RM

Intensity (%)

Leg press 1RM test; FACITF; FACT-G
MFSI-SF
12MWT; FACT-G/B
2-km walk test; Isometric Leg
Extension
2-km walk test; Isometric Leg
Extension

Graded maximal treadmill
exercise test; FACT-F
Incremental exercise protocol
on a cycle ergometer;
FACIT-F; FACT-G/B
Single-stage submaximal
treadmill test; 10RM test;
BFI; FACT-G/B; SF-36

FAQ; EORTC QLQ C-30/
BR-23
–

mCAFT; SF-36

12MWT; Leg extension 1RM
test

Leg press 1RM test; EORTC
QLQ-C30/BR23
6 MWT
Maximal incremental exercise protocol; 10RM test;
FACIT-F; SF-36
FAQ; EORTC QLQ-C30 /
BR-23
MFI-20; EORTC QLQ C-30/
BR-23

Assessment tools
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16
1279

15
117
63.0 ± 9.3
55.7 ± 7.0

Pilates 59.4 ± 1.2
Yoga 59.1 ± 1.4
A 52.3 (36–68)
CG 52.4 (35–68)
58.0 ± 8.4
LET 59.0 ± 9.0
NLET 58.0 ± 9.0

62.9 ± 7.8

48
24
16
12
22

Ac
RTa
A—LETa
A—NLETa
RTb
–
3–5
3

1
3–4

3–4

3

> 50% h1RM
70% VO2peak A(linear)
55%—> 95% VO2peak
A(nonlinear)
n/a
A 69%VO2max/HRR—RT
60%1RM

F, HRQoL
–

F, HRQoL
CRF, F, HRQoL

F, HRQoL

48

Pilatesa—Yogaa
n/a

A(Moderate): 55–65% Peak CRF
Power A(HIIT): 105%
Peak Power (90%HRmax)
and self-selected active
recovery
Pilates: 45%-60% HRR
HRQoL

3

12

A—HIITa
A—MODa

Outcomes

Intensity (%)

Intervention typology Weeks (n) Frequency
(n/w)

MFSI-SF; FACT-G/B
–

FACIT-F; EORTC QLQ C-30
/ BR-23
EORTC QLQ-C30 / BR-23
Symptom-limited CPET;
FACIT-F; FACT-G/B

FACT-B

Maximal cycle ergometer
incremental test

Assessment tools

c

b

a

Supervised and unsupervised intervention

Unsupervised intervention

Supervised intervention

ADJ adjuvant therapy, CG control group, A aerobic training, RT resistance training, COMB combined aerobic and resistance training, STAN experimental group that follow the Physical Activity Guidelines for Americans endorsed for cancer survivors by the American College of Sports Medicine and the American Cancer Society (75 min/week of vigorous aerobic exercise on 3 day/
week), HIGH experimental group that follow double the STAN protocol (150 min/week of vigorous aerobic exercise on 3 day/week), HIIT high-intensity interval training, MOD Moderate
intensity continuous aerobic exercise, LET linear intensity exercise training, NLET nonlinear intensity exercise training, 1/10RM/h1RM one/ten repetition/s maximum/hypothetical one repetition maximum, VO2peak/max peak of oxygen consumption/maximal oxygen consumption, RPE rate of perceived exertion (based on Borg Scale), HRR heart rate reserve, HRmax maximal heart
rate, CRF cardiorespiratory fitness, ST strength, F fatigue, QoL Quality of Life, 6/12MWT 6/12 Minutes Walking Test, mCAFT modified Canadian Aerobic Fitness Test, CPET Cardiopulmonary
Exercise Test, FACIT-F Functional Assessment of Chronic Illness Therapy—Fatigue, FAQ Fatigue Assessment Questionnaire, MFI-20 Multidimensional Fatigue Inventory with 20 questions,
MFSI-SF Multidimensional Fatigue Syndrome Inventory-Short Form, BFI Brief Fatigue Inventory, EORTC QLQ-C30/BR23, European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-C30/BR23 Modules, SF-36 Short Form Health Survey with 36 items, FACT-G/B Functional Assessment of Cancer Treatment—General/Breast

Stan et al. 2016
Tot/mean

Schmidt T. et al. 2012
Scott et al. 2020

500

70

Odynets et al. 2019

Saarto et al. 2012

17

Sample size (n) Mean age (y)

Northey et al. 2019

Author, year

Table 1  (continued)
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Fig. 2  Risk of bias assessment summary, stratified by outcome. D domain, CRF cardiorespiratory fitness, ST strength, F fatigue, HRQoL health-related quality of life

13

Breast Cancer
Table 2  Studies with in therapy BCP results pre–post-intervention and percentage differences within groups (both intervention and control
group)
Author year
CRF
Courneya et al. 2013—STAN
Courneya et al. 2013—HIGH
Schwartz et al. 2007
Segal et al. 2001—HB
Segal et al. 2001—S
Cešeiko et al. 2020
Schwartz et al. 2007
Courneya et al. 2013
Total

ST
Courneya et al. 2013 –STAN
Courneya et al. 2013 –HIGH
Schwartz et al. 2007
Cešeiko et al. 2019
Schwartz et al. 2007
Courneya et al. 2013
Total

F

Courneya et al. 2013 –STAN
Courneya et al. 2013 –HIGH
Schmidt et al. 2015 -EORTC QLQ C-30
Schmidt et al. 2015 -MFI-20
Cešeiko et al. 2019
Schmidt et al. 2015
Schmidt et al. 2015 -EORTC QLQ C-30
Schmidt et al. 2015 -MFI-20
Steindorf et al. 2014 -EORTC QLQ C-30
Steindorf et al. 2014 – FAQ
Courneya et al. 2013
Total

HRQoL
Courneya et al. 2013 –STAN
Courneya et al. 2013 –HIGH
Schmidt et al. 2015
Segal et al. 2001 –HB
Segal et al. 2001 –S
Cešeiko et al. 2019
Schmidt et al. 2015
Schmidt et al. 2015
Steindorf et al. 2014
Courneya et al. 2013
Total

Type of exercise

Pre-value

Post-value

%Diff IG

%Diff CG

A
A
A
A
A
RT
RT
COMB
A
RT
COMB

29.0 ± 6.4 ml/kg/min
28.9 ± 6.4 ml/kg/min
983.0 ± 289.0 m
25.9 ± 5.2 ml/kg/min
25.5 ± 5.4 ml/kg/min
491.4 m
1020.0 ± 357.0 m
27.5 ± 6.4 ml/kg/min

25.6 ml/kg/min
26.4 ml/kg/min
1228.0 ± 322.0 m
26.8 ml/kg/min
26.1 ml/kg/min
538.0 m
1055.0 ± 177.0 m
23.9 ml/kg/min

− 11.7
− 8.7
+ 24.9
+ 3.5
+ 2.4
+ 9.5
+ 3.4
− 13.1
+ 2.1
+ 6.4
− 13.1

/
/
− 8.8
0
/
− 4.9
− 8.8
/
− 4.4
− 6.9
/

A
A
A
RT
RT
COMB
A
RT
COMB

83.7 ± 24.2 kg
77.6 ± 24.7 kg
64.0 ± 26.0 kg
106.8 ± 22.8 kg
60.4 ± 31.8 kg
87.1 ± 27.4 kg

86.2 kg
80.1 kg
78.6 ± 30.5 kg
127.2 ± 26.4 kg
75.3 ± 34.5 kg
95.7 kg

+ 3.0
+ 3.2
+ 22.8
+ 19.1
+ 24.7
+ 9.9
+ 9.7
+ 21.9
+ 9.9

/
/
+ 7.0
− 9.1
+ 7.0
/
+ 7.0
– 1.1
/

A
A
A
A
RT
RT
RT
RT
RT
RT
COMB
A
RT
COMB

40.4 ± 9.3
40.6 ± 9.4
31.1 ± 26.4
8.8 ± 4.31
33.5 ± 17.1
36.4 ± 19.2
22.2 ± 21.9
9.3 ± 3.1
42.0 ± 25.0
5.9 ± 2.2
40.7 ± 10.2

34.2
36.0
48.0 ± 21.8
12.4 ± 4.4
25.5 ± 15.5
36.1 ± 20.6
38.6 ± 17.4
10.6 ± 3.2
34.0 ± 28.0
5.4 ± 2.3
34.9

+ 15.3
+ 11.3
+ 54.3
+ 40.9
− 23.9
− 0.8
+ 73.8
+ 14.0
− 19.0
− 8.5
+ 14.3
+ 17.1
+ 5.9
+ 14.3

/
/
+ 42.4
+ 29.8
+ 24.7
/
+ 42.4
+ 29.8
/
/
/
+ 36.1
+ 32.3
/

A
A
A
A
A
RT
RT
RT
RT
COMB
A

46.9 ± 7.4
48.2 ± 8.1
30.4 ± 18.2
76.1 ± 15.6
76.5 ± 19.2
67.2 ± 15.6
61.5 ± 17.5
24.8 ± 14.0
59.0 ± 21.0
47.9 ± 7.8

44.0
45.7
36.8 ± 18.0
81.8
78.7
76.2 ± 14.3
61.7 ± 18.3
31.3 ± 15.9
64.0 ± 25.0
44.4

− 6.2
− 5.2
+ 21.1
+ 7.5
+ 2.9
+ 13.4
+ 0.3
+ 26.2
+ 8.5
− 7.3
+ 4.0

/
/
− 0.6
− 4.9
/
− 4.2
/
− 0.6
/
/
− 2.8
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Table 2  (continued)
Author year

Type of exercise

Pre-value

Post-value

RT
COMB

%Diff IG

%Diff CG

+ 12.1
− 7.3

− 2.4
/

Bold indicates percentage difference mean values for specific exercise intervention typology
+ increase*, − decrease*, * to be noted that regarding CRF, ST and QoL improved outcomes are represented by increases, while F symptoms represent improvements through decrease. %Diff percentage differences within group, CRF cardiorespiratory fitness, ST strength, F fatigue,
HRQoL health-related quality of life, A aerobic training, RT resistance training, COMB combined aerobic and resistance training, STAN experimental group that follow the Physical Activity Guidelines for Americans endorsed for cancer survivors by the American College of Sports Medicine and the American Cancer Society (75 min/week of vigorous aerobic exercise on 3 day/week), HIGH experimental group that follow double
the STAN protocol (150 min/week of vigorous aerobic exercise on 3 day/week), HB Home-Based Exercise Group, S Supervised Exercise Group,
EORTC QLQ C-30 Quality of Life Questionnaire by the European Organization for Research and Treatment of Cancer, MFI-20 Multidimensional Fatigue Inventory with 20 questions, FAQ Fatigue Assessment Questionnaire

44] while the remaining applied just one exercise (4 sets, 4
repetitions at 85–90% 1RM) [37, 38] or unsupervised RT
using resistance bands and tubing (2 sets, 8–10 reps for
each exercise) [42]. CRF [38, 42], ST [37, 42], F [37, 40,
41, 44] and HRQoL [37, 40, 41, 44] showed a mean difference of + 6.4%, + 21.9%, + 5.9% and + 12.1%, respectively
(Table 2).

cycling [51, 55]. CRF [45, 46, 50, 51, 53, 57], ST [51], F
[45, 46, 55, 57] and HRQoL [46, 50, 55, 57] showed a mean
difference of + 9%, + 4.7%, − 15.5% and + 6.8%, respectively
(Table 3).

Combined interventions

Three studies implemented RT interventions. Two studies
implemented both machine-based exercise and free-weight
exercise (3sets, 8–10 repetitions, 6 different exercises per
session) [48] or only workout machines (1 set, 20 repetitions, > 50% h1RM) [56]. The remaining study implemented
home-based RT (administered via DVD) using resistance
bands (8–10 repetitions, 5 upper and 5 lower-body exercises with additional core muscle engagement) [58]. None
of the RT interventions assessed CRF. Only Hagstrom et al.
provided ST measurements and showed improvements
of + 33.9% [48]. All of the included studies [48, 56, 58]
assessed F and HRQoL and showed a mean decrease of
− 39.4% for F and a mean increase of + 10.5% for HRQoL
(Table 3).

Only the study of Courneya et al. administered a COMB [39].
The study reported changes of − 13.1%, + 9.9%, + 14.3% and
− 7.3% for CRF, ST, F and HRQoL, respectively (Table 2).

Survivors
Table 3 summarizes results regarding the included studies
with BCS and a specific training effect summary for each
variable as well as the comparisons with CGs percentage
difference. There were 14 included studies in BCS for a
total sample of 1279 participants. Mean duration and frequency of interventions were 22 (range 10–48) weeks and
3 (range 1–4) sessions/week. Mean exercise intensity was
69% VO2max/Heart rate reserve and 60% 1RM, for A and
RT interventions, respectively. There were seven studies that
proposed A interventions [45, 46, 50, 51, 53, 55, 57], three
studies that applied RT interventions [48, 56, 58], and two
studies with COMB interventions [47, 52]. Furthermore,
two studies with Yoga and Pilates protocols were included
[49, 54].
Aerobic
In A interventions, four studies utilized different aerobic
training equipment (treadmill, stationary bicycle and stairclimbing machine, cycle ergometer) [46, 50, 53, 57]. The
remaining two studies included aerobic step, rope-jumping
and skate-jumping exercises with additional walking or
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Resistance training

Combined interventions
Two studies implemented COMB interventions [47, 52].
The first study [47] administered two A sessions (treadmill running, rowing or cycling, 65–80% Maximal heart
rate, 30–50 min) and one RT session/week (circuit training
approach, 10–15 reps, 80% and 60% 1RM intensity for lower
and upper-body exercises, respectively). The second study
administered aerobic steps, rope-jumping, and skate-jumping along with additional walking or cycling (A) and dumbbell exercises for upper extremities (RT) [52]. Both studies assessed CRF and ST [47, 52]. They showed a + 27.6%
mean improvement for CRF and a + 42.6% mean increase
for ST. Only Dieli-Conwright et al. assessed F, and showed

Breast Cancer
Table 3  Studies with BCS results pre–post-intervention and percentage differences within groups (both intervention and control group)
Author-year
CRF
Campbell et al. 2018
Courneya et al. 2003
Murtezani et al. 2014
Nikander et al. 2007
Northey et al. 2019 –HIIT
Northey et al. 2019 –MOD
Scott et al. 2020 -LET
Scott et al. 2020 –NLET
Dieli-Conwright et al. 2018
Nikander et al. 2012
Total
ST
Nikander et al. 2007
Hagstrom et al. 2016
Dieli-Conwright et al. 2018-Leg Extension
Dieli-Conwright et al. 2018-Leg Flexion
Nikander et al. 2012
Total

F

Campbell et al. 2018
Courneya et al. 2003
Saarto et al. 2012
Scott et al. 2020 -LET
Scott et al. 2020 –NLET
Hagstrom et al. 2016
Schmidt et al. 2012
Stan et al. 2016
Dieli-Conwright et al. 2018
Kiecolt-Glaser et al. 2014
Total

HRQoL
Courneya et al. 2003 -FACT-G
Courneya et al. 2003 -FACT-B
Courneya et al. 2003 -TOI
Murtezani et al. 2014 -FACT-G
Murtezani et al. 2014 -FACT-B
Saarto et al. 2012
Scott et al. 2020 -LET- FACT-G
Scott et al. 2020 -NLET-FACT-G
Scott et al. 2020 -LET-FACT-B
Scott et al. 2020—NLET-FACT-B
Hagstrom et al. 2016
Schmidt et al. 2012

Type of exercise
A
A
A
A
A
A
A
A
COMB
COMB
A
COMB

Pre-value
23.9 ± 7.0 ml/kg/min
18.6 ± 3.9 ml/kg/min
799.6 ± 81.0 m
17.9 ± 1.5 min
18.5 ± 3.9 ml/kg/min
21.8 ± 3.4 ml/kg/min
21.5 ± 4.4 ml/kg/min
22.2 ± 4.3 ml/kg/min
23.3 ± 6.1 ml/kg/min
17.7 ± 2.0 min

Post-value

%Diff IG

%Diff CG

27.3 ml/kg/min
21.3 ± 3.7 ml/kg/min
875.1 ± 86.7 m
17.6 ± 1.3 min
22.0 ± 3.5 ml/kg/min
23.1 ± 4.3 ml/kg/min
22.2 ± 4.6 ml/kg/min
23.1 ± 4.8 ml/kg/min
35.1 ± 8.0 ml/kg/min
16.9 ± 1.9 min

+ 14.2
+ 14.5
+ 9.4
+ 1.7
+ 18.9
+ 6.0
+ 3.3
+ 4.1
+ 50.6
+ 4.5
+ 9.0
+ 27.6

+ 1.1
− 3.2
+ 1.1
+ 3.4
− 2.9
/
/
/
− 15.0
+ 2.8
− 0.1
− 6.1

1305.0 ± 177.0 N
158.0 ± 45.6 kg
75.7 ± 10.8 kg
63.6 ± 11.2 kg
136.0 ± 23.0 kg

+ 4.7
+ 33.9
+ 66.7
+ 61.0
0
+ 4.7
+ 33.9
+ 42.6

+ 0.7
+ 3.1
− 4.5
− 2.7
+ 1.5
+ 0.7
+ 3.1
− 1.9

A
RT
COMB
COMB
COMB
A
RT
COMB

1246.0 ± 177.0 N
117.9 ± 41.6 kg
45.4 ± 10.6 kg
39.5 ± 9.6 kg
136.0 ± 23.0 kg

A
A
A
A
A
RT
RT
RT
COMB
Yoga
A
RT
COMB
Yoga

71.4 ± 21.1
17.6 ± 11.5
40.5 ± 8.3
36.7 ± 11.9
42.8 ± 8.9
39.1 ± 10.0
49.0 ± 23.7
13.6 ± 18.5
7.1 ± 2.0
14.3 ± 19.6

76.1
8.3 ± 7.9
42.9
39.5 ± 12.2
44.8 ± 9.0
45.7 ± 7.6
26.0 ± 23
6.2
2.9 ± 1.5
6.2

− 6.6
− 52.8
− 5.9
− 7.6
− 4.7
− 16.9
− 46.9
− 54.4
− 59.2
− 56.6
− 15.5
− 39.4
− 59.2
− 56.6

− 0.7
− 18.5
− 5.9
/
/
− 4.0
/
/
+ 6.9
− 40.5
− 8.4
− 4.0
+ 6.9
− 40.5

85.5 ± 12.4
110.5 ± 19.0
70.8 ± 13.7
77.4 ± 9.0
99.8 ± 11.4
69.8 ± 17.8
85.3 ± 13.6
90.3 ± 11.6
104.8 ± 17.2
111.6 ± 14.1
89.1 ± 11.7
59.0 ± 16.6

91.3 ± 11.0
119.6 ± 16.9
77.0 ± 12.0
86.5 ± 7.3
113.2 ± 9.7
74.0
87.1 ± 16.8
93.8 ± 11.3
107.8 ± 20.7
116.7 ± 14.0
96.0 ± 8.7
76.0 ± 12.9

+ 6.8
+ 8.2
+ 8.8
+ 11.8
+ 13.4
+ 6.0
+ 2.1
+ 2.9
+ 3.9
+ 4.6
+ 7.7
+ 28.8

+ 0.6
+ 0.3
− 0.1
− 0.6
− 0.8
+ 8.0
/
/
/
/
+ 1.8
/

A
A
A
A
A
A
A
A
A
A
RT
RT
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Table 3  (continued)
Author-year
Stan et al. 2016 -FACT-G
Stan et al. 2016 -FACT-B
Stan et al. 2016 –TOI
Dieli-Conwright et al. 2018 -FACT-G
Dieli-Conwright et al. 2018 -FACT-B
Dieli-Conwright et al. 2018 -SF-36
Odynets et al. 2019
Odynets et al. 2019
Total

Type of exercise
RT
RT
RT
COMB
COMB
COMB
Pilates
Yoga
A
RT
COMB
Yoga

Pre-value
83.3 ± 12.5
110.9 ± 15.8
68.9 ± 12.4
77.2 ± 9.0
98.3 ± 14.1
66.1 ± 9.3
84.7 ± 2.6
82.5 ± 1.9

Post-value

%Diff IG

%Diff CG

86.4
116.4
73.8
88.3 ± 9.9
113.0 ± 13.0
72.7 ± 10.5
117.0 ± 2.6
119.2 ± 3.1

+ 3.7
+ 5.0
+ 7.1
+ 14.4
+ 15.0
+ 10.0
+ 44.5
+ 38.1
+ 6.8
+ 10.5
+ 13.1
+ 41.3

/
/
/
− 0.4
− 2.4
− 3.2
/
/
+ 1.2
+ 1.8
− 2.0
/

Bold indicates percentage difference mean values for specific exercise intervention typology
+ increase*, − decrease*, * to be noted that regarding CRF, ST and QoL improved outcomes are represented by increases, while F symptoms
represent improvements through decrease. %Diff percentage differences within group, CRF cardiorespiratory fitness, ST strength, F fatigue,
HRQoL Health-Related Quality of Life, A aerobic training, RT resistance training, COMB combined aerobic and resistance training, HIIT highintensity interval training, MOD Moderate intensity continuous aerobic exercise, LET linear intensity exercise training, NLET nonlinear intensity
exercise training, FACT-G/B Functional Assessment of Cancer Treatment—General/Breast, TOI Trial outcome index score, SF-36 GHI Short
Form Health Survey with 36 items

a − 59.2% mean reduction [47]. HRQoL showed a + 13.1%
mean improvement (Table 3).
Pilates and yoga
Pilates and/or Yoga interventions studies were also screened
but the majority was excluded from this review due to the
frequently added meditation phase. For this reason, only two
studies without meditation were included [49, 54]. The study
of Kiecolt-Glaser et al. showed a reduction in F symptoms
(56.6% and 40.5% in both IG and CG, respectively) after
a 12-week (2 sessions/week) Yoga intervention [49]. The
study of Odynets et al. showed improvements in HRQoL in
response to one year (3 sessions/week) of Pilates or Yoga
(+ 44.5% and + 38.1% in the Pilates and Yoga group, respectively) [54] (Table 3).

Discussion
The purpose of this systematic review was to understand the
isolated effects of exercise interventions on CRF, ST, F and
HRQoL among BCP and BCS.
The main results show that exercise interventions among
BCP, which were all in adjuvant therapy, were able to attenuate deteriorations in fitness and the symptom exacerbation
displayed in the CGs. Interestingly, after RT protocols, there
were minor increments of F symptoms (+ 5.95%) which
were observed with a greater extent in all other protocols,
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and improvement of all other indices (by + 6.4%, + 21.9%
and + 12.1%, for CRF, ST and HRQoL, respectively). However, we are not able to clearly understand the role of COMB
protocols in BCP since only one study with COMB intervention was included.
Results regarding BCS exhibited improvements in indices
of physical fitness following exercise interventions, while no
changes were observed in the CGs. COMB and RT interventions for BCS showed encouraging data, with reductions in
F and improvements in CRF, ST and HRQoL. Interestingly,
RT interventions yielded higher percentage improvements
in HRQoL and ST and also a more substantial reduction in
F than the observed changes for A interventions. Positive
effects were also observed for Pilates and Yoga interventions
despite more studies are needed for corroboration.

Cardiorespiratory fitness
CRF can be a useful indicator to understand how much side
effects and sedentary choices contribute and are leading to
health impairment [59]. From the included studies in this
review, we observed overall positive results for both BCP
and BCS.
Only the results from Courneya et al. demonstrated a
reduction in CRF in BCP patients during adjuvant chemotherapy, yet they were able to demonstrate that a higher
aerobic exercise dose was more effective than COMB and
standard A interventions to avoid CRF decline [39]. Similarly, nonsignificant improvements were found in BCP after
low to moderate intensity A by Segal et al. [43]. However,
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during exercise prescriptions it’s important to consider, that
different outcomes can be found regarding CRF when different chemotherapy administrations occur [39, 60]. Therefore, exercise specialists should take into account different
chemotherapy regimens considering that they could lead to
different training outcomes [39].
Collectively, our results are consistent with a review
from Maginador et al., in which moderate A interventions
showed no effects on CRF, while a significant improvement
was observed following high intensity A interventions for
BCP during chemotherapy [59].
For BCS, A and COMB interventions also resulted in
positive effects on CRF. A deviation from this observation
occurred in Nikander et al.’s study, which showed a higher
improvement in the CG than in the IG following an A intervention, although this was likely due to the recovery process after adjuvant therapy [51]. Still, high-intensity interval
training interventions seem to be more effective than moderate A training [53], indicating that low-intensity A training
may not be sufficient to obtain demonstrable changes among
BCS.

Strength
The ability to conduct activities of daily living could be limited by a lack of strength that, prior to diagnosis of the illness
and the start of therapies, could be easily undertaken. While
reductions in CRF decrease general activity, ST loss reduces
functionality, which requires more external help and reduces
the patient’s independence, leading to a decrease in HRQoL
[61]. For these reasons, assessing and improving ST is crucial for designing effective training interventions in clinical
trials and in practice [62, 63].
ST appeared to improve consistently in BCP, independently from the type of prescribed activity. Is important to
note the ST improvement observed by Cešeiko et al. in the
1RM strength test (+ 19.1%) following 12 weeks (2 sessions/week) of maximal strength training (MST) performed
on a horizontal dynamic leg press (intensity 85–90%1RM)
[37]. This study demonstrated that MSTs are feasible, safe,
and effective among BCP (when performed in supervised
and individualized circumstances) [37]. Interestingly, even
higher percentage improvements were found by Schwartz
et al. (+ 22.8–24.7%), which was likely due to the longer
intervention period (24 weeks) and higher weekly frequency
(4 sessions/week) [42].
In general, there was a lack of studies assessing ST following both A and RT interventions among BCS. RT and
COMB interventions demonstrated higher mean percentage
improvements (+ 33.9% and + 42.6% in RT and COMB,
respectively) than A interventions (+ 4.7%), but more evidence is needed to corroborate these findings.

Overall, our results showed that exercise interventions at
least maintain fitness levels for BCP and improve it for BCS,
with promising substantial responses from RT interventions. These results are in alignment with the review from
Montaño-Rojas et al. and the review from Strasser et al. in
which ST improvements were found in either BCS and BCP
[64, 65].

Fatigue
F is one of the most frequent symptoms and side effects
of cancer therapy [9, 10]. It is also one of the first factors
that could initiate the vicious cycle established between
symptoms, side effects, and the resultant sedentary lifestyle
that contributes to a patient’s CRF and ST loss [8]. Thus,
several studies have focused on the effects of exercise on
cancer-related fatigue. According to a review by Kessels
et al., which assessed the effects of exercise on F among
cancer survivors, exercise can both directly affect F since
it counteracts deconditioning (restoring CRF and ST) and
indirectly affect F by mitigating F-associated conditions (e.g.
insomnia, pain, anxiety and depression) [66]. The authors of
this review suggest A activities (focusing on patients adherence) to manage F, because it showed greater effects when
compared with other and low-adherence interventions [66].
These results are in contrast with our review, in which RT
and COMB interventions presented overall higher percentage reductions in F when compared to A to manage fatigue
in BCP and BCS. To be noted that the review by Kessels
et al. did not independently evaluate RT as stand-alone exercise interventions [66].
When examining RT, two studies implemented similar
interventions and used the Fatigue Assessment Questionnaire among BCP during adjuvant radiotherapy [44] or
chemotherapy [40]. The promising outcomes in these studies
are mainly due to the physical dimension of fatigue (while
no significant effects were found among affective and cognitive dimensions) [40, 44]. These results are confirmed by
the review of van Vulpen et al. among BCP during adjuvant
therapy [67]. Thus, in addition to exercise other complementary interventions could be necessary during adjuvant
therapy to also improve cognitive and affective fatigue
dimensions in BCP.
All studies conducted in BCS observed reductions in
F-symptomology. This is probably due to the absence of
current therapy side effects that may exacerbate fatigue. RT
interventions appeared to further improve F levels when
compared to A interventions. Consistently, a recent review
of systematic reviews by Jiang et al. on cancer-related fatigue
management through exercise in BCS, showed that both A
and RT are helpful [68].
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Health‑related quality of life
Improving physical fitness (in both CRF and ST) and symptom management, especially F, could lead to an improved
HRQoL [61]. Implementing a healthy and active lifestyle
could increase patients’ social interactions, leading to an
improved psychological condition. Questionnaires implemented in cancer exercise trials usually include questions
regarding tiredness, sleep/resting necessities, ability to
work or perform simple to complex exercise tasks [69–71].
Thus, assessing HRQoL is very important because it allows
caregivers to understand whether or not the physiological
improvements (e.g. on CRF and ST) are related to a better
everyday life.
In our work, all of the studies conducted in BCP showed
improvements in HRQoL, except for Courneya et al. which
found a reduction in HRQoL in every group, which was most
likely due to the chemotherapy side effects [39].
All the included studies concerning BCS participants presented HRQoL improvements in IGs while decreases were
found in CGs. The only exception was the study of Saarto
et al. in which HRQoL improvements in both IG and CG
were probably caused by CG motivation (“high RoB” judgement) [55]. Also the meta-analysis by Zhu et al. showed
similar results to ours regarding the effects of exercise on
HRQoL in BCS. The authors showed additional beneficial
effects of exercise on depression, anxiety, body composition, muscle strength and physiological markers. However,
a broad variety of exercise interventions were included making it hard to identify the effects of isolated exercise interventions [72].
Overall, our results indicate that exercise interventions
have a positive effect on HRQoL on both BCP and BCS.
Two other Cochrane reviews analyzed the effect of exercise
among BCP during and after adjuvant therapy, respectively
[73, 74]. The first review found that exercise during adjuvant therapy yielded small, if any improvements, in HRQoL
and improved cancer site-specific HRQoL [73]. The second
review found small-to-moderate improvements on general
HRQoL [74]. Another review from Gebruers et al. assessed
the effects of exercise on BCP during treatment [24]. Similar
to the findings of this review, the results of Gebruers et al.
highlight that RT and COMB protocols are able to further
manage F and improve fitness compared to A interventions
while HRQoL was the least influenced outcome after exercise [24].
Our review presented some limitations. We aimed to
understand the isolated effect of exercise interventions on
BCP and BCS. However, it is not possible to control patients
in their everyday life and avoid deviations from the intended
interventions that may have biased the results. Fortunately,
the majority of the interventions involved supervised programs. Additionally, the included studies usually involved
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patients without exercise contraindications or disabilities
which may, in some cases, have predisposed the analysis to
include patients with a higher physical fitness level.
Another limitation of this study was the impossibility to
include studies that assessed the effects of exercise among
BCP during neoadjuvant therapy, or among patients with
BC related long-term side effects (e.g. lymphedema and
aromatase inhibitor arthralgia). It is probable that BCP
necessitate specific multidimensional approaches either
when they are administered with neoadjuvant therapy or
when long-term side effects occur [75, 76].
There were also no eligible studies with patients with
metastatic BC included. However, thanks to the results
showed by Singh et al.’s review, we also know that exercise is safe and effective for stage II + local, regional and
distant BCP patients [26].
Despite the abovementioned limitations, our work
showed important results similar to the review of McNeely
et al., who found exercise as an effective treatment in BCP
and BCS to improve CRF, physical functioning, fatigue
and quality of life, notwithstanding a small number of trials included [20]. In our review, we expanded upon previous works by including results pertaining to either breast
cancer patients and survivors for each administered intervention, obtaining a reasonable number of included studies. However, well-designed studies with large samples
are required to better define the exercise guidelines for this
specific population.
In conclusion, a structured exercise program seems to
be a useful strategy for preventing the exacerbation of cancer symptoms and the deterioration of physical fitness and
health-related quality of life among breast cancer patients
during adjuvant therapy. Exercise can also reduce fatigue
symptoms and improve cardiorespiratory fitness, strength,
and health-related quality of life in breast cancer survivors. Our results recommend resistance training and combined aerobic-resistance training interventions for positive
changes to the evaluated outcomes. However, exercise prescriptions should be delivered and initially supervised by
trained exercise specialists. Knowledge regarding breast
cancer patients is essential to design optimal and individualized exercise protocols that allow a gradual and safe
progression of components of physical fitness.
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