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List of abbreviations
BC

Breast cancer

HRQoL

Health-related quality of life

EORTC

The European Organisation for Research and Treatment
of Cancer

QoL

Global health status/QoL (Presented in EORTC)

MST

Maximal strength training

1RM

One repetition maximum

Mqf

Quadriceps femoris muscle mass

6MWD

Six minutes walking distance

LBM

Lean body mass

RFD

Rate of force development

DNA

Deoxyribonucleic acid

WHO

World Health Organization

ICF

The International Classification of Functioning,
Disability and Health

CRF

Cancer related fatigue

BMD

Bone mineral density

DEXA

Bone densitometry

VO2max

Maximal oxygen uptake

ACSM

American College of Sports Medicine

COPD

Chronic obstructive pulmonary disease

PAD

Peripheral arterial disease
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Introduction
Breast cancer (BC) is the most frequently diagnosed type of cancer among
women, with more than 2 million new cases and over 600 000 deaths annually
(Bray et al., 2018), and its global incidence is steadily rising. BC patients through
the cancer continuum experience complex health and psychosocial challenges.
BC and anti-cancer treatment accompanied by an inactive lifestyle may further
impair muscle strength and muscle force development characteristics.
Historically, patients diagnosed with cancer were advises to rest and avoid
vigorous activity following their diagnosis, but this dogma has changed markedly
over the last 20 years as exercise oncology intervention studies have gained
broad acceptance and acknowledgment. Strength training can optimally affect
muscles and increased muscle strength may contribute to participation in daily
activities, thus potentially improving the health-related quality of life (HRQoL).
However, the optimal type, intensity and frequency of strength training, as a part
of cancer care, that will most enhance muscle strength during anti-cancer
treatment is yet unknown.
Christensen et al. (Christensen et al., 2014) investigated newly confirmed
(breast, gastric, colorectal, lung and pancreas) cancer patients and concluded that
these patients had 0.9 kg lower muscle mass compared with healthy controls even
before the initiation of anti-cancer treatment. Furthermore, during adjuvant
chemotherapy, BC patients lost 1.3 kg lean body mass (LBM), and continued to
lose LBM after therapy was completed. Ultimately, BC survivors evaluated after
completion of primary therapy displayed 20–30% lower muscle strength
compared with healthy counterparts. Most physical activity interventions for BC
patients combine aerobic endurance training with strength training and diverse
relaxation therapies, hence making it more complicated to evaluate the impact of
training type. There has been a limited number of well-defined clinical trials on
5

BC patients that include higher intensity strength training, moreover when
intervention is administered during adjuvant treatment.
Training intensities vary substantially across cancer studies ranging from
25–80% of one-repetition maximum (1RM), although, it has been documented
that higher training intensities yield greater strength gains in young healthy
individuals (Campos et al., 2002). Similarly, greater gains in muscle strength are
documented with increasing intensity for cancer patients, however, these patients
are likely to have some improvement even at low training intensities (Fairman et
al., 2017). The common consent from clinical trials when strength training
interventions were applied for cancer patients states that training programs were
well tolerated, they are safe, feasible and showed strength improvements that led
to improved physical functioning and improved HRQoL (Segal et al., 2003), (De
Backer et al., 2007), (Battaglini et al., 2014). Recognizing that training intensity
during strength training is a key factor to improve maximal muscular strength
and strength related characteristics. Therefore, well-defined training methods
with high intensity could also be preferable to induce greater physiological
adaptations, thus contribute to faster recovery from specific cancer treatment and
enhancing the completion of prescribed anti-cancer treatment.
Aim of the study
The Aim of this doctoral thesis was to investigate the effects of maximal
strength training (MST) on one-repetition maximum (1RM), functional
performance, walking economy, muscle mass and health-related quality of life
(HRQoL) in women with I–III stage breast cancer undergoing adjuvant
chemotherapy.
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Objectives of the study:
Explore the effect of leg press MST on muscle strength of lower



extremities, applying high training intensity  90% of one-repetition
maximum (1RM) and emphasizing maximal intended velocity in the
concentric phase of the movement.
Elucidate weather MST has an impact on quadriceps femoris muscle



mass (Mqf) for BC patients during treatment.


Explore whether MST affects aerobic endurance capacities.



To investigate MST induced effects on functional performance applying
standardized functional tests before and after the intervention.
To determine whether MST has an impact on HRQoL using the



European Organisation for Research and Treatment of Cancer
(EORTC) core questionnaire (C30) and supplementary questionnaire
(BR23).
Hypothesis of the study
Twelve weeks of MST with emphasis on maximal mobilization of force
in the concentric action will increase maximal muscle strength of lower
extremities and result in improved functional performance, walking economy,
HRQoL, and maintain muscle mass during adjuvant chemotherapy. In contrast,
maximal strength, functional performance, walking economy, muscle mass,
HRQoL would decrease following adjuvant chemotherapy without strength
training.
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Novelty of the study
Anti-cancer treatment and inactivity following BC diagnosis induce loss
of muscle strength and thus have created a large number of BC patients with very
low physical capacities. Despite the well-documented neuromuscular and
functional adaptations resulting from strength training, very few studies, quite
surprisingly, have investigated the effects of strength training in the early critical
phase of BC treatment. Furthermore, the few previous studies (Courneya et al.,
2007b), (Battaglini et al., 2007), (Campbell et al., 2012), (Cheema et al., 2008)
that have applied clinical strength training also appear to have applied low to
moderate loading intensities (< 75% of 1RM). Results from studies document
reduced lower extremity muscle strength following chemotherapy for BC
(Schwartz and Winters-Stone, 2009) and others present no relevant effects
(Buffart et al., 2020; Cornette et al., 2016; Courneya et al., 2007a; Mijwel et al.,
2018b; Schmidt et al., 2015; Travier et al., 2015; van Waart et al., 2015a).
Of note, aerobic endurance related exercise interventions are the primary
choice for cancer patients during clinical trials. Thus, few trials that involve
strength training are gaining its recognition but still adds to a conflicting body of
evidence that inconsistency between observations may be attributable to the type,
duration and cumulative dose of chemotherapy. Typically, strength training
interventions in an oncology setting include conventional strength training
methodology witch is characterized using low to moderate intensity 25–75 % of
1RM, using 1–3 sets with 8–12 repetitions in each set, with a slow movement in
the concentric phase, interventions last from 4 weeks to12 months, typically
including cancer survivors and initiating strength training once treatment is
completed (Buffart et al., 2020; Cornette et al., 2016; Mijwel et al., 2018b;
Schmidt et al., 2015).
To our knowledge, there are no studies that have applied high-intensity
strength training methodology in BC setting and especially during adjuvant
8

chemotherapy. Therefore, in this study, MST to induce neural adaptations using
few repetitions (≤ 5) with a higher intensity (~ 85–95% 1RM), and resting
periods longer than ≥ 3 minutes between sets, 2 times a week for 12 weeks was
applied, moreover, training was carried out during adjuvant chemotherapy.
Importantly, the dynamic leg press apparatus was chosen as a testing and training
modality not only because it closely reflects functional performance during daily
tasks (Unhjem et al., 2017), but also involves multi-joint execution in the lower
extremities.
Recognizing the adverse early phase side effects of adjuvant therapy, in
particular, due to the impact of anthracyclines, and low functional status
immediately after treatment it remains unknown whether high-intensity strength
training could yield similar neuromuscular and functional effects as observed in
other patient populations, and whether it is feasible in BC patients shortly after
surgery.
Importantly, in the Republic of Latvia medical rehabilitation for cancer
patients is limited, and not all effective strength exercise methods have been
recognized. As concluded by Health authorities – rehabilitation for patients with
cancer are lacking and for a long time has not been a priority (L.R.V.K, 2018).
A decrease in physical capacities and functionally are expected, especially during
the early phase of treatment (Klassen et al., 2017), thus as a result of impaired
physical capacities majority of patients are more likely to experience reduced
HRQoL (Møller et al., 2020).
Therefore, ascertain the growing number of BC patients and survivors,
theses thesis covers an important knowledge of strength exercise benefits for BC
patients and could encourage health care professionals and health policymakers
to use this information and results for an innovative, cost-effective and timeefficient strategy to develop effective rehabilitation programs, and further
contribute to exercise oncology research field.
9

Personal contribution
The author of the study has carried out all pre and post-testing
(110 procedures), supervised and carried out 1248 training sessions. Collected
scientific data, interpreted data, performed the statistical analysis and has written
these theses.
Structure and volume of the Doctoral Thesis
The Doctoral Thesis was written in English language. Thesis consists of
four chapters – literature review, methods, results, discussion – and conclusion.
The thesis is written on 93 pages, including 6 tables, 8 figures and two original
articles.

10

1. Materials and methods
1.1. Participants
A 57 of newly diagnosed stage I–III BC patients scheduled for adjuvant
treatment at the Oncology Center of Latvia, Riga participated in the study.
Inclusion criteria were females between 18–63 years of age with newly (< 3
weeks) diagnosed stage I–III invasive BC, assigned for treatment with
lumpectomy /mastectomy, and adjuvant therapy (radiation therapy and/or
adjuvant chemotherapy). Exclusion criteria were verified heart disease, diabetes,
musculoskeletal disorders of lower extremities or any disorder that prohibited
participation in the testing procedures or maximal strength training (MST).
Patients were randomized into an MST group or control group. Before
randomization patients were stratified into 3 blocks based on diagnosed BC
stage, stage I, stage II and stage III respectively, then patients in each block using
block randomization were randomized to the MST group or control group.
Shortly after inclusion and before randomization, 2 patients (mean age 52 years)
dropped out due to family or work circumstances. Therefore, 55 patients (MST
group; N=27), (Control group; N=28) were randomized and completed the study
(Table 2.1.). The study was performed in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of Riga Stradiņš University
and the Scientific Department of Riga East University Hospital.

1.2. Study timeline
Included patients attended a standardized 1.5-hour testing procedure 2–3
weeks’ post-surgery. The aim was to initiate MST as soon as possible postoperation, after the surgeon’s approval that the healing process on the operated
site was without complications. After this was confirmed, patients were
11

randomly allocated 1:1 to standard treatment with or without 12 weeks of
supervised MST. The patients allocated to the MST group started their training
1–2 days after the testing and 1 week before receiving adjuvant therapy,
subsequently all patients trained during adjuvant therapy. After 12 weeks, the
1.5-hour testing procedure was repeated (Figure 2.2.). The testing procedure
started with measurements of quadriceps femoris muscle mass (Mqf), then
patients continued with a battery of functional performance tests. Following a
short break, dynamic maximal muscle strength of the lower extremities was
assessed, then patients continued with walking economy and time to exhaustion
testing. Finally, patients completed HRQoL questionnaires.

1.3. Breast cancer treatment
All included patients were treated according to the European Society for
Medical Oncology (ESMO) and the National Comprehensive Cancer Network
(NCCN) guidelines. Surgery consisted of oncoplastic lumpectomy or
mastectomy and sentinel node biopsy or axillary node dissection. After surgery,
patients were scheduled for adjuvant anti-cancer therapy potentially receiving
chemotherapy and/or radiation therapy and/or Trastuzumab and/or endocrine
therapy. Chemotherapy consisted of 4–8 cycles of doxorubicin (50–60 mg ⋅ m-

2) or epirubicin [60-90 mg ⋅ m-2] and cyclophosphamide (600 mg ⋅ m-2)

administered once every third week. Following the completion of anthracycline,

some patients were furthermore scheduled to 4 cycles of paclitaxel (135–175 mg
⋅ m-2) or docetaxel (75–100 mg ⋅ m¬-2) administered once every third week.

Patients with HER2-positive tumors were treated with 18 cycles of trastuzumab

(600 mg ⋅ m-2) administered once every third week after completion of

chemotherapy. Some patients received endocrine therapy (aromatase inhibitors

and/or tamoxifen) and biphosphates following completion of chemotherapy
(Table 1.1.).
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Table 1.1.
Anthropometric parameters and treatment
MST group
(n=27)
48 ± 7
77.0 ± 15.2
170 ± 6

Control group
(n=28)
49 ± 8
72.3 ± 17.4
167 ± 6

P-value

Age (years)
0.69
Bodyweight (kg)
0.29
Height (cm)
0.07
Disease stage, TNM
0.57
classification (%)
IA, IB
9 (33)
13 (46)
IIA, IIB
12 (44)
9 (32)
IIIA, IIIB, IIIC
6 (23)
6 (22)
Surgery (%)
0.37
Lumpectomy
16 (59)
22 (78)
SSM
5 (19)
4 (14)
AB
4 (15)
1 (4)
MRM
2 (7)
1 (4)
Adjuvant therapy (%)
Radiation
23 (85)
26 (92)
0.42
Anthracyclines
25 (93)
24 (86)
0.70
Cyclophosphamides
14 (52)
17 (61)
0.51
Taxanes
16 (59)
16 (57)
0.88
Trastuzumab
3(11)
3(10)
0.99
Endocrine therapy
15 (44)
15 (46)
0.75
Continuous variables are presented as mean ± standard deviation and categorical variables
are presented as n (%). SSM; skin-sparing mastectomy; AB = Amputation of the breast;
MRM = Modified radical mastectomy.

1.4. Muscle mass measurements
Quadriceps femoris (Mqf) was assessed by the following steps: the
volume (V) of the left thigh was estimated using the following equation (Layec,
Venturelli et al., 2014):
V = L ⋅ 12π - 1 · (C12 + C22 + C32) − (S − 0.4) ⋅ 2-1 · L · (C1 + C2 + C3) ⋅ 3-1

Utilizing standard measuring tape, the thigh-length (L) was measured

from the lateral femoral epicondyle to the greater trochanter. The thigh
circumferences were measured at the midpoint (C1) and 10 cm distal (C2) and
10 cm proximal (C3) of the midpoint. Further, at the midpoint three skinfold
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measures (S) were made: medial, anterior and lateral, and was then averaged for
the whole thigh using skinfold caliper (SH5020, Saehan Corporation, MD, South
Korea). Quadriceps femoris muscle mass (Mqf) was calculated as Mqf = 0.307 ⋅

V + 0.353 kg (Radegran, Blomstrand et al., 1999).

1.5. Maximal muscle strength measurements
Before all strength measurements, a warm-up procedure, consisting of 2–
3 sets of 6–8 repetitions was conducted. Maximal dynamic leg press strength for
lower extremities was measured as 1RM in a horizontal leg press apparatus
(Cybex Eagle 1040, USA). Starting from a near 180° knee-joint angle, the
patients were instructed to move slowly to a 90° knee-joint angle, after which
they moved concentrically back to the initial position (Figure 1.1.). The load was
increased by 2.5–7.5 kg until the patients were unable to complete the lift. 1RM
was defined as the heaviest lifted load and was typically obtained within 3–6
attempts. Rest periods of a minimum of 3 minutes were applied between each
lift.

Figure 1.1. One repetition maximum testing and training using dynamic leg
press apparatus
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1.6. Walking economy
The submaximal walking economy was assessed during the submaximal
walking exercise on a treadmill. Before the test patients were familiarized with
treadmill walking. Following a 5-minutes warm-up at a self-chosen speed,
patients continued with a 5 minutes submaximal walking economy test,
performed on a motorized treadmill (Spirit CT 100, Jonesboro, USA) at 5%
inclination. The speed was calculated to yield a workload of 40 Watt for the
individual patient, using the following equation (Høydal, Helgerud et al., 2007):
Speed (Km ∙ h�� ) =

�� ����
∙ 3.6
[m� ∙ �] ∙ ��� �

where mb is the individual patient’s body mass, N represents newton converted
to kg, and θ is the 5% inclination of the treadmill. Thus patients with different
body mass would all walk on a work rate corresponding to 40 Watts, implying
different walking speeds. The walking economy was defined as the average heart
rate, using a heart rate monitor (Polar Electro FT7, Kempele, Finland) at the last
minute of the 5 minutes 40 Watt work rate. Besides, patients were asked to state
their subjective rating of perceived exertion (Borg scale) (6–20) to assess
perceived exertion and the end of the fifth minute.

1.7. Time to exhaustion
Following the submaximal walking economy test, patients commenced
directly to the measurement of time to exhaustion. The speed was held constant
at 3.8 or 4.8 km ∙ h -1, depending on the patient’s condition, and the inclination
was increased by 2% every minute. If the patient was able to continue after
reaching an inclination of 12%, the speed was increased by 0.5 km ∙ h-1 per
minute until voluntary exhaustion (Wolthuis, Froelicher et al., 1977). The heart
rate and perceived exertion (Borg scale) were recorded immediately after the
exhaustion test.
15

1.8. Functional performance
Battery consisting of three functional performance tests were applied.
First, 6 minutes walking distance (6MWD) was measured. The patients were
instructed to walk back, forth and around two cones separated > 20 meters in
length, with distance interval markings every 3–5 meters, aiming to walk the
longest possible distance in 6 minutes (Dobson, Hinman et al., 2013).
Second, chair rising ability was assessed by 30 seconds sit to stand test.
Starting from a seated position with crossed arms, the patients were instructed to
rise from a 44 cm high chair as many times as possible in 30 seconds (Guralnik,
Simonsick et al., 1994).
Third, the stair climb test, ability to climb stairs was assessed as the time
needed to ascend and descend 10 stair steps of 18 cm without the use of handrail
support as quickly as possible, best out of two trials were recorded (Fiatarone,
O'Neill et al., 1994).

1.9. Level of physical activity
Shortly before the scheduled operation (typically 1–2 days), patients
were asked if they engaged in recreational physical activities weekly, applying
the short form of the International Physical Activity Questionnaire (IPAQ – SF).
The IPAQ aimed to determine the activity level of included patients in the present
study. Previously, in The Republic of Latvia, A. Kaupužs (Kaupužs, 2011) used
IPAQ in this Dissertation where it has been validated and retested. The IPAQ
calculates average weekly physical activity level by estimating the metabolic
equivalent of task (MET) score and accounts for the total number of minutes per
week spent with low, moderate and vigorous-intensity activities (3.3, 4.0 and 8.0
MET-minutes/week, respectively). The IPAQ has previously been tested and
documented to have good validity and reliability (Craig, Marshall et al., 2003).
16

Additionally, patients were asked whether they specifically were involved in
regular strength training for the last 6 months before diagnosis.

1.10. Health-related quality of life
HRQoL was measured by The European Organisation for Research and
Treatment of Cancer quality of life questionnaire (EORTC QLQ-C30) a 30-item
questionnaire (version 3.0) and an additional Breast cancer module (QLQ-BR23)
(Aaronson, Ahmedzai et al., 1993). EORTC QLQ-C30 and QLQ-BR23 is a
merged system for assessing HRQoL of cancer patients participating in clinical
studies. The QLQ-C30 consists of multi-item scales and single-item measures.
These include 5 functional scales (physical functioning, role functioning,
emotional functioning, cognitive functioning, social functioning), 3 symptom
scales, a global health status/QoL scale and 6 single items. Importantly that each
of the multi-item scales includes a different set of items – no item occurs in more
than one scale. Additionally, the QLQ-BR23 module consists of 23 questions
assessing disease symptoms, side effects of treatment (surgery, chemotherapy,
radiotherapy and hormonal treatment), body image, sexual functioning and
future perspective (Aaronson, Ahmedzai et al., 1993). All of the scales and
single-item measures range in scores from 0 to 100. A high score represents a
higher response level. Thus, a high score for a functional scale represents a
high/healthy level of functioning, a high score for the global health status /QoL
represents high QoL, but a high score for a symptom scale/item represents a high
level of symptomatology/problems (Fayers P, 2001).

1.11. Maximal strength training
The MST group attended two supervised training sessions per week for
12 weeks. The training was carried at the Breast Surgery Department at the
17

Oncology Centre of Latvia, Riga, Latvia. As for the testing, MST was performed
as a dynamic leg press in the horizontal leg press apparatus using a 90° kneejoint angle. Following two warm-up sets, the patients performed 4 sets of 4
repetitions at ~90% of 1RM. Emphasis was put on slow velocity in the eccentric
phase and maximal intended velocity in the concentric, contraction phase. A
marked stop of ∼0.5 seconds was applied between the eccentric and concentric

contraction phases. Rest periods minimum of 3 minutes were used between sets.
The load was increased by 2.5 kg when the patients were able to complete all
sets. The patients were trained in groups of 3–5 individuals and all training
sessions were supervised. A training session typically lasted for 20 minutes, and
each time the patients attended training they were asked if they experienced
MST-related discomfort, pain or other adverse events during or between the MST
sessions, except the lifted loads feeling heavy when executed. The control group
was instructed to perform 3 sets of 10 chair rises twice a week for 12 weeks. All
patients were encouraged to maintain their typical level of physical activity
during the study period. It was emphasized for both groups not to engage in
additional exercise training during the intervention period. After the study, all
patients (MST group and control group) received physical activity
recommendations based on ACSM guidelines (Campbell, Winters-Stone et al.,
2019).

1.12. Statistical analysis
Statistical analyses were performed using IBM SPSS (version 25), and
figures were made using Graph Pad Prism software (version 8). Changes in
dependent variables were examined using a repeated measure mixed ANOVA,
with a group (control, MST) and time (pre, post) as factors. Significant
interactions were followed up with independent sample t-tests for between-group
differences and paired sample t-tests for within-group differences. Spearman’s
18

correlation was used to assess associations between pre- to post-test changes in
1RM and pre- to post-test changes in the walking economy, TTE, QoL and
functional variables for combined groups. For categorical variables, χ2 or
Fisher’s Exact test was used to determine the difference between groups. The
statistical level of significance was set at P < 0.05. Cohen’s d: value effect 0.1–
0.2 small, 0.3–0.5 medium, 0.6–0.8 large, 0.9–1.10 + extreme large.
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2. Results
55 of 57 initially scheduled patients completed the study, additional
characteristics of patients who completed the study are presented at (Table 2.1.).

Table 2.1.
Patient characteristics and physical activity level at baseline
MST group
(n=27)

Control group
(n=28)

P-value

Physical activity level (%)
0.59
Low – 3.3 METs
22 (82)
21 (75)
Moderate – 4.0 METs 3 (11)
6 (21)
High – 8.0 METs
2 (7)
1 (4)
Strength training
0
0
<0.99
Smoking status (%)
<0.99
Current
3 (11)
3 (10)
Former
1 (4)
2 (7)
Non-smoker
23 (85)
23 (83)
Married, cohabiting or in a 20 (74)
23 (82)
0.70
relationship (%)
Categorical variables are presented as n (%). MST; maximal strength training, MET;
metabolic equivalent. Physical activity level was assessed by applying the short form of
the International Physical Activity Questionnaire short form.

2.1. One-repetition maximum
No between-group difference was observed in one-repetition maximum
(1RM) at the pre-test (P = 0.187), (Table 2.2.), (Figure 2.1.).
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Table 2.2.
Muscle strength of breast cancer patients before and after of control
period and maximal strength training
Variables

Baseline
Mean ± SD

After 12 weeks Estimated means
Mean ± SD
difference (95%
CI)

One repetition
maximum (kg)
Exercise
Control

P-value and
Cohen's dvalue after
intervention

106.8 ± 22.8
98.9 ± 20.7

127.2 ± 26.4
89.9 ± 20.9

0.001; (0.9)
0.001; (0.5)

20.4 (17.3 to 23.6)
-8.9 (-11.0 to -6.9)

P-value and
0.19; (0.3)
0.001; (1.6)
Cohen's d-value
between the
groups
Data are presented as mean ± standard deviation.



The MST group completed 23 ± 1 of 24 planned training sessions 96  4%.



The MST group increased 1RM by 20 ± 8% (P < 0.001) from pre- to posttest.



In contrast, 1RM decreased by 9 ± 5% in the control group (P < 0.001) from
pre- to post-test.



Resulting in 1RM being higher in the MST group compared to the control
group at post-test (P < 0.001), (Figure 2.1.).
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Figure 2.1. One repetition maximum (1RM) following 12 weeks of
adjuvant therapy with and without maximal strength training
(MST). Data are presented as mean ± SE. * p < 0.05, within-group
increase from pre- to post-test. $ p < 0.05, within-group decrease
from pre- to post-test. # p < 0.05, the difference between groups
from pre- to post-test.

2.2. Quadriceps femoris muscle mass


In the control group, Mqf decreased (7 ± 10%) from pre- to post-test (P <
0.001).



No changes were found in the MST group, resulting in Mqf being higher in
the MST group than the control group at post-test (P < 0.001)



Changes in Mqf was associated with the training-induced changes in 1RM
(r = 0.45; P < 0.001), (Figure 2.2.).
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Figure 2.2. Quadriceps femoris muscle mass following 12 weeks of
adjuvant therapy with and without maximal strength training
(MST). Data are presented as mean ± SE. $ p < 0.05, within-group
decrease from pre- to post-test. # p < 0.05, the difference between
groups from pre- to post-test.

2.3. Aerobic endurance performance
Walking economy and time to exhaustion are presented in (Table 2.3.)
with the group – time interactions for the walking economy, the speed at
exhaustion and inclination at exhaustion.


In the MST group, improvements in 1RM were accompanied by the
improved walking economy (9 ± 8%) and increased time to exhaustion
during incremental walking (9 ± 8%; both P<0.01).



In contrast, the control group reduced walking economy (4±4%) and time
to exhaustion (10 ± 8%; both P<0.01).



Rating of perceived exertion, as can be seen from (Table 2.3.), rating of
perceived exertion reported as Borg Score fairly well estimate the relative
exercise intensity expressed as a percent of maximal heart rate. During the
submaximal walking economy test, intensity corresponding to 40 Watts
23

now requires significantly more exertion for the control group compared
with the MST group, that perceived intensity as less strenuous. During the
time to exhaustion test, patients were able to push themselves till the very
hard feeling of exhaustion, both during pre-test and post-test.
Table 2.3.
Endurance performance before and after maximal strength training

Walking economy
HR (beats·min-1)
Exercise
Control
P – value between groups
RPE (6-20)
Exercise
Control
P – value between groups
Graded walking test
TE (s)
Exercise
Control
P – value between groups
HRmax (beats·min-1)
Exercise
Control
P – value between groups
Espeed (km·h-1)
Exercise
Control
P – value between groups
Einclination (%)
Exercise
Control
P – value between groups

Pre

Post

P-value after Interactions
intervention
(Time x
Group)

140 ± 16
134 ± 12
0.150

128 ± 15
149 ± 12
0.009

< 0.001
0.002

< 0.001

12 ± 1
12 ± 2
0.289

10 ± 2
13 ± 1
< 0.001

< 0.001
0.184

< 0.001

536 ± 71
531 ± 73
0.814

571 ± 68
476 ± 63
<0.001

<0.001
<0.001

<0.001

172 ± 8
167 ± 11
0.042

172 ± 7
166 ± 11
0.013

<0.99
0.275

0.443

4.8 ± 0.4
4.8 ± 0.5
0.454

5.1 ± 0.4
4.7 ± 0.3
0.001

<0.001
0.002

<0.001

11 ± 1
11 ± 1
0.402

12 ± 1
10 ± 2
0.010

0.009
0.003

<0.001
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Table 2.3. (Continued)
Pre

Post

P-value after
intervention

Interactions
(Time x
Group)

RPE (6-20)
Exercise
17 ± 1
18 ± 1
0.120
0.475
Control
17 ± 1
17 ± 1
0.563
P – value between groups 0.975
0.372
Data are presented as mean ± standard deviation. MST; maximal strength training, HR;
heart rate, RPE; rating of perceived exertion, TE; time to exhaustion, HR max; maximal
heart rate, Espeed; treadmill speed at exhaustion, Einclination; treadmill inclination at
exhaustion.

2.4. Functional performance


At post-test, the MST group displayed improvements in all functional
performance tests, the 6MWD improved by (10 ± 7%), chair rising
performance by (30 ± 20%) and stair climbing performance by (12 ± 7%;
all P < 0.001), presented at (Figure 2.3.).
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Figure 2.3. (A) 6MWD (m), (B) chair rising performance
(repetitions), and (C) stair climbing performance (s) after 12
wk of adjuvant therapy with and without maximal strength
training (MST). Data are presented as mean ± SE, *P < 0.05,
increase within-group from pretest to posttest. $P < 0.05,
decrease within-group from pretest to posttest. #P < 0.05
difference between groups from pretest to posttest.
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Conversely, in the control group, reductions were found in the 6MWD (5 ±
5%), chair rising performance (12 ± 12%), and stair climbing performance
(6 ± 8%; all P < 0.001).



As a result, 6MWD (P < 0.001), chair rising performance (P < 0.001), and
stair climbing performance (P = 0.004) were different between groups at
post-test.



The change in 1RM correlated with the change in walking economy
(r=0.754), time to exhaustion (r=0.793), six minutes walking distance
(r=0.807), chair rising performance (r=0.808), and stair climbing
performance (r=0.754; all P<0.001), presented at (Figure 2.4.).
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Figure 2.4. Associations between changes in maximal strength
(leg press one-repetition maximum) and changes in (A) 6minutes walking distance, (B) stair climbing performance, (C)
chair rising performance, (D) time to exhaustion during
incremental walking and (E) walking work economy following
12 weeks of breast cancer adjuvant therapy with and without
maximal strength training (MST).
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2.5. Health-related quality of life
Changes in Health-related quality of life were measured using The
European Organisation for Research and Treatment of Cancer Core Quality of
life Questionnaire-C30 (Table 2.4.) and additional Breast cancer module BR23
(Table 2.5.) for MST group and control group followed 12 weeks of the
intervention period.

The core questionnaire; QLQ-C30
No significant differences in baseline values between the groups were
observed (p > 0.05), (Table 2.4.).
Global health status


The Global health status/QoL (QoL) improved by 13% for the MST group
with a large effect (P=0.002, d=0.6), but no relevant changes were observed
in the control group (P=0.44, d=0.2). The results obtained from the posttest revealed changes with extreme large effect size in QoL between the
groups (P=0.002, d=0.9).



The improvements in 1RM correlated with the change in QoL (r=0.60;
P<0.001), (Figure 2.5.).
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Figure 2.5. Correlation between changes in maximal strength
(leg press one-repetition maximum 1RM) and changes in
Global health status/QoL (QoL) following 12 weeks of breast
cancer adjuvant therapy with and without maximal strength
training (MST).

Functional scales


Role functioning for MST group increased by 23% (P=0.001, d=0.7), social
functioning by 12% (P=0.01, d=0.5), emotional functioning improved by
13% (P=0.001, d=0.5), while emotional functioning decreased by 11%
(P=0.02, d=0.4) in the control group.



At post-test, differences with large effect size were observed between
groups in emotional functioning (P=0.005, d=0.7) and social functioning
(P=0.004, d=0.9).



In other functional scales – physical functioning and cognitive
functioning – no changes were observed within groups from pre to posttest, however, physical functioning was higher with extreme large effect
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size in the MST group compared to the control group after the intervention
(P=0.003, d=0.9).
Symptom scales
Cancer-related fatigue (CRF) diminished by 24% (P=0.03, d=0.6) in the
MST group, while it became worse by 25% (P=0.02, d=0.4) in the control group
(Table 2.4.). Differences between groups after the post-test with a large effect in
this variable size were observed (P=0.01, d=0.6).
Table 2.4.
Changes in health related quality of life using the core
questionnaire (QLQ-C30) before and after the intervention
Variables

Global health status / QoL
Exercise
Control
P value and Cohen's d value
between the groups
Functional scales
Physical functioning
Exercise
Control
P value and Cohen's d value
between the groups
Role functioning
Exercise
Control
P value and Cohen's d value
between the groups
Emotional functioning
Exercise
Control
P value and Cohen's d value
between the groups

Baseline
Mean ± SD

After 12
weeks
Mean ± SD

P-value and
Cohen's d
value after
intervention

67.2 ± 15.6
66.3 ± 16.5
0.84; (0.1)

76.2 ± 14.3
63.5 ± 14.7
0.002; (0.9)

0.002; (0.6)
0.44; (0.2)

88.6 ± 8.2
84.2 ± 14.6
0.18; (0.3)

90.6 ± 6.4
81.6 ± 13.2
0.003; (0.9)

0.17; (0.3)
0.07; (0.2)

70.0 ± 26.7
69.1 ± 25.5
0.89; (0.01)

85.9 ± 18.2
77.0 ± 19.5
0.09; (0.01)

0.001; (0.7)
0.13; (0.4)

72.4 ± 21.1
74.4 ± 23.9
0.76; (0.1)

82.1 ± 18.8
66.3 ± 21.3
0.005; (0.8)

0.002; (0.5)
0.02; (0.4)
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Table 2.4. (Continued)
Variables

Baseline
Mean ± SD

After 12
weeks
Mean ± SD

Cognitive functioning
Exercise
86.3 ± 15.4
87.0 ± 14.1
Control
86.2 ± 18.2
80.8 ± 19.5
P value and Cohen's d value 0.99; (0.1)
0.19; (0.4)
between the groups
Social functioning
Exercise
76.4 ± 24.1
85.7 ± 16.4
Control
74.3 ± 27.3
70.2 ± 20.9
P value and Cohen's d value 0.76; (0.1)
0.004; (0.8)
between the groups
Symptom scales
Fatigue
Exercise
33.5 ± 17.1
25.5 ± 15.5
Control
29.5 ± 18.5
36.8 ± 16.7
P value and Cohen's d value 0.41; (0.2)
0.01; (0.6)
between the groups
Data are presented as mean ± standard deviation.

P-value and
Cohen's d
value after
intervention
0.83; (0.1)
0.11; (0.3)

0.01; (0.5)
0.29; (0.2)

0.03; (0.6)
0.16; (0.4)

Breast cancer module QLQ-BR23
Changes in the EORTC QLQBR23 supplementary model are listed in
(Table 2.5.).
Functional scales


A decrease in body image with medium effect size (P=0.05, d=4) was
noticed in the control group at the post-test. This variable did not alter in
the MST group but showed a medium effect size (P=0.2 d=0.3).

Symptom scales


Systemic therapy side effects worsen with the large effect size for the
control group (P=0.001, d=0.8), while there were no considerable changes
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for the MST group, indicating medium effect size (P=0.4, d=0.3).
Differences with large effect size (P=0.04, d=0.5) were observed between
the groups at post-test.
Table 2.5.
Changes in health related quality of life using Breast cancer
module: QLQ-BR23 before and after the intervention
Variables

Baseline
Mean ± SD

After 12 weeks
Mean ± SD

Functional scales
Body image
Exercise
64.9 ± 25.9
72.1 ± 24.7
Control
72.4 ± 24.6
62.9 ± 25.4
P value and Cohen's
d value between the
0.27; (0.3)
0.18; (0.4)
groups
Symptom scales
Systemic therapy side
effects
Exercise
24.2 ± 14.7
21.5 ± 9.9
Control
17.1 ± 14.1
29.3 ± 17.0
P value and Cohen's
d value between the
0.74; (0.5)
0.04; (0.6)
groups
Data are presented as mean ± standard deviation
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P-value and
Cohen's d value
after intervention
0.19; (0.3)
0.05; (0.4)

0.46; (0.3)
0.001; (0.8)

3. Discussion
Adjuvant BC therapy is associated with reduced muscle strength, muscle
mass and amount of physical activity (Irwin et al., 2003), (Klassen et al., 2017),
(Mijwel et al., 2018c), contributing to the reduced overall HRQoL (Mijwel et al.,
2018a). Despite the well-documented effectiveness of strength training to
improve these factors in other patient groups, evidence of the strength training,
particularly applying higher intensity, in the important initial phase of BC
treatment is very limited.
Therefore, the current thesis sought to investigate the effect of strength
training in functionally relevant lower extremities, performed with high loads
(90% 1RM) and few repetitions (4), in newly diagnosed BC patients undergoing
adjuvant therapy. The major findings were that three months of MST yielded
large improvements in lower extremity maximal muscle strength, walking
economy and functional performance, and maintained muscle mass.
Additionally, improved strength contributed to increased HRQoL, and improved
role functioning, emotional functioning, social functioning, simultaneously
reducing the sense of CRF. Importantly, improvements in body image and
reduction in side effects experienced during treatment showed significant
changes after the intervention period. Conversely, patients assigned to the control
group receiving prescribed treatment alone without any strength training
displayed reductions in all assessed variables. The majority of the patients were
not physically active starting adjuvant treatment, thus it has been shown that
lower physical activity level has the potential to increase the risk of being
diagnosed with cancer (McTiernan et al., 2019). The results of the current study
add to a growing body of evidence supporting the inclusion of structured strength
exercise prescription and advocate that lower extremity MST should be
considered as part of BC management post-surgery, preferably starting before
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initiation of adjuvant chemotherapy to maintain, or even improve, physical and
mental health.

3.1. Muscle strength following maximal strength training
Strength training has the purpose of inducing neural and muscular
adaptations. Strength training programs for BC patients vary considerably in
training volume (the amount of work done: including repetitions per exercise and
the total amount of sets per training session), frequency (how often certain
exercise is performed/practiced or certain muscle trained) and intensity
(percentage of 1RM of weight that has been used during exercise) (al-Majid and
McCarthy, 2001), (Campbell et al., 2012).
Most of the strength training interventions in oncology settings apply low
to moderate training intensities < 75% of 1RM, using 1–3 sets and performing
 8 repetitions. Typically training interventions last 4–weeks to even 12 months,
carried out in clinical setting or home-based training programs, performing an
exercise with a slow movement in concentric action, and initiation of the training
commonly starts after completion of primary treatment (Wernbom et al., 2007),
(Schmitz et al., 2010), (Hagstrom et al., 2019). Therefore, a need to expand
knowledge and contribute to the exercise oncology field, well-defined strength
training methods with higher strength training intensity are gaining recognition.
To our knowledge, the present study is the first to test the effects of high-intensity
strength training in BC patients receiving adjuvant therapy.
In the present study, the control group that received standard adjuvant
treatment alone without strength training displayed a 9% decrease in leg press
maximal muscle strength, apparent after only 12 weeks of adjuvant therapy,
corresponds to more than one decade of typical aging (Lindle et al., 1997),
whereas patients in the MST group performed strength training two times a week
had 30% higher maximal muscle strength after three months than the control
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group. This MST-induced effect is similar to what has been observed after a
comparable volume of leg press MST in healthy individuals (Hoff et al., 2002)
and other patient populations (Hoff et al., 2007), (Wang et al., 2010), (Helgerud
et al., 2011) where leg press MST has been examined in COPD and peripheral
arterial disease patients (PAD). Even though the pathology is different, COPD,
PAD and BC patients share the condition of being untrained and with lower
physical capacities. The strength improvements in the COPD and PAD patients
were similar to the improvements observed in the present study with dynamic
1RM. It is striking that MST seems to cause similar improvements in strength
across age, level of physical capacities and patient populations when the intensity
is kept constant. Importantly, the 20 kg improvement in leg press 1RM for the
MST group in the current study is about 2.5 times larger compared to the 8 kg
1RM increase observed in a previous study were the patients exercised three
times a week with an intensity corresponding to 60–70% of 1RM (Courneya et
al., 2007b).
Several mechanisms might explain large strength gains despite receiving
adjuvant chemotherapy. The repeated, regular, episodic bouts of muscle
contraction associated with strength training stimulate numerous physiological
adaptations, altering the phenotype of skeletal muscle; including changes in the
contractile apparatus, mitochondrial function, metabolic regulation and
intracellular signaling, amount of contractile protein and stiffness of the
connective tissue (Wernbom et al., 2007). The adaptations to strength training
are generally observed after 8 to 12 weeks (Folland and Williams, 2007), which
may result in an increase in muscle size by increasing cross-sectional area, neural
adaptations (motor output) and improved muscle strength (maximal force
production). Adaptations evident within the neuromuscular system have centered
on increases in motor learning through the nervous system and increased
maximal muscle activation by motor unit synchronization, muscle recruitment
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and increased neural activation (Endo et al., 2020). All of these adaptations play
important role in strength increase following effective strength training.
Typically MST has been shown to improve both maximal strength and
RFD, generally, RFD improves ranging from 26% to 60%, and is important in
functional performance

(Heggelund et al., 2013), (Unhjem et al., 2016).

Although not measured in the present study, similar improvements in RFD might
have been gained for BC that participated in the MST. This is also supported by
improved walking economy, which has been mainly attributed to improved RFD
(Støren et al., 2008). Contrary, the control group performing chair rises three
times per week did not reach the required intensity, thus not ensuring enough
stimulus to excite motor units, and muscle strength decreased were accompanied
with reduced walking economy and functional performance.
Reduce muscular strength and RFD have been associated with a higher
risk of falls and fractures (Moreland et al., 2004). Increased age, anti-cancer
treatment side effects and decreased bone density (Winters-Stone et al., 2013)
along with the reduced RFD, put BC patients at higher risk of falls and impaired
daily functions.

3.2. Changes in muscle mass
Muscle atrophy or cancer-related muscle wasting also known as cachexia
may be triggered as a consequence of many different physiological and
pathological processes. Cachexia is the cause of death for approximately
2 million people worldwide and severely reduces HRQoL (Burckart et al., 2010),
which is a prevalent side-effect, often occurs as a consequence of anti-cancer
treatment and is indicative of worse outcomes and poor participation in daily
activities in cancer patients (Mazzuca et al., 2018). Cachexia is associated with
approximately 80% of severe cancer cases and it is responsible for more than
30% of all cancer-related deaths (Isaac, Tan et al., 2015).
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The molecular mechanisms underlying cancer-related muscle wasting
have not been fully elucidated. Available evidence suggests that a notable role is
played by increased muscle protein degradation and impaired muscle protein
synthesis and insufficient myogenesis. Multiple factors appear to contribute to
alterations in muscle wasting, such as several pro-inflammatory cytokines that
have been produced by some of the tumor cells: tumor necrosis factor-alpha
(TNF- α), interleukin 1 (IL-1 α, β), interleukin-6 (IL-6), interferon-gamma –
(IFN-γ), leukemia inhibitory factor (LIF), ciliary neurotrophic factor (SNTF)
(Schneider, Hsieh et al., 2007), (Battaglini et al., 2012). These inflammatory
mediators and tumor products limit anabolism and increased catabolism that
contributes to loss of the lean muscle mass that occurs due to decline in protein
synthesis and increased protein degradation (Argiles, Costelli et al., 1999),
(Yakovenko et al., 2018) if unchecked, these physiological responses/
adaptations lead to a gradual reduction in functionality and thus worse HRQoL.
Also, alterations in energy metabolism involving mitochondrial dysfunction have
been linked to the cancer-related muscle wasting process (Johns et al., 2013). For
example, while the loss of contractile proteins predominantly affects the type II
fast fibers during aging or cancer cachexia, causing a rise to a higher proportion
of slow type I versus fast fibers (Fanzani et al., 2012). These alterations in
combination with anti-cancer treatment and absence of strength training for the
control group lead to significantly reduced Mqf by (7 ± 10%).
Researchers for several years have taken this integrative physiology
approach in an attempt to examine the influence of exercise training on
mitigating the cachectic effects in cancer patients (Battaglini et al., 2007), (Lira
et al., 2011). Importantly the positive influence of physical exercise on protein
synthesis in skeletal muscle through an up-regulation of anti-inflammatory
cytokines: the interleukin-1 receptor antagonist (IL-1RA), interleukin 4 (IL-4),
interleukin 10 (IL-10), interleukin 15 (IL-15), soluble tumor necrosis factor
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receptors (sTNFR), soluble IL-6 receptor (sIL6R)

and acceleration of

myoplasticity events (i.e., protein synthesis) within the skeletal muscle have been
recognized (Kim et al., 2015), (Suzuki, 2018). Our study supports and
demonstrates that BC patients can engage in regular strength training and that
physical exercise have the potential to shift the balance of protein turnover
towards an anabolic vs. catabolic state (Montalvo et al., 2018). That is, the
appropriate amount of strength training facilitates muscle mass retention or even
hypertrophy.
However, only a few studies have been able to demonstrate the effect of
strength training on muscle mass during anti-cancer treatment (Christensen et al.,
2018). Importantly, muscular adaptations to training, first occur at the neural
level, before morphological changes, which are dependent on protein synthesis
and myofibrillar transformation, thus, taking a relatively longer adaption period
(Folland and Williams, 2007). As previously described and typically observed
for BC patients following anti-cancer treatment, the control group in the present
study, displayed reductions in Mqf, indicating that muscular alterations
contributed to the reduction in lower extremity maximal muscle strength. Indeed,
our results revealed a tendency for alterations in Mqf to be associated with
changes in lower extremity maximal muscle strength. In this perspective, the
length of most strength exercise-trials for cancer patients are relatively short (<3
months), suggesting that while the time for morphological adaptations might be
too limited to observe large-enough adaptations, but might be adequate for neural
adaptations (Egan and Zierath, 2013). Although MST primary is tailored to
induce neural adaptations and has a relatively low metabolic stress, it was
effective to maintain Mqf in the current study for the MST group. This may be
unsurprising considering a recent study, documenting that MST led to similar
improvements in muscle morphology as what is seen following conventional
(hypertrophy) training with 10–12 repetitions of moderate-intensity (70–75% of
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1RM) in older adults (Wang et al., 2017). Our results show and support previous
findings that MST primary is tailored to increase the muscle strength through
neural mechanisms, importantly that muscle mass can be maintained during
adjuvant treatment, emphasizing that BC can experience both neural and muscle
morphological adaptations during adjuvant chemotherapy.
The absence of strength training led to reduced muscle mass in the control
group with a Mqf decrease (7 ± 10%) from pre-to post-test (p < 0.001). Emerging
evidence supports that chemotherapeutics promote a reduction of muscle fiber
size, causing severe depletion of skeletal muscle (sarcopenia) (Guigni et al.,
2018). Depletion of muscle mass can lead to chemotherapy toxicity, which in
turn may necessitate dose reduction or delayed administration (Prado et al.,
2011). Indeed, it has been an important field of interest that patients who continue
to be active during anti-cancer treatment and include strength training in their
weekly routine can tolerate and enhance treatment efficacy and regain physical
function much faster after treatment is completed (Segal et al., 2003), (Campbell
et al., 2012), (Courneya et al., 2014), further supporting adding strength training
during anti-cancer treatment. Patients diagnosed with BC often reduce daily
physical activity, due to adverse effects like pain, physical weakness or
chemotherapy-induced toxicity, also lack information, dialogue with physicians
and encouragement to stay physically active during treatment, augment effects
of inactivity (Christensen et al., 2014).
Our results further support that incorporation of strength training as a part
of the therapeutic regime of cancer treatment can result in skeletal muscle protein
synthesis, thus potentially maintaining muscle mass.

3.3. Functional performance
The present study highlights that MST improved functional performance,
measured as stair climbing, sit to stand test and 6MWD. Again, a reduction in
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functional performance was observed in the control group in all measured
functional tests. In combination, these findings indicate that the loss of muscle
strength and mass during anti-cancer treatment is reflected in daily functional
tasks, thus potentially having a large negative impact in HRQoL. Since the
majority of weight-bearing activities are performed using the legs, strength
training of the lower extremities may especially be an advantageous investment
for the BC patients during anti-cancer treatment. For this purpose, leg press
exercises, tasking the entire stretch apparatus may be a simple and effective
strategy to improve the strength of important weight-bearing muscle groups.

3.4. Maximal strength training improves walking economy
After the intervention period walking economy improved the following
24 sessions of MST, by reduced heart rate during the submaximal walking
economy test. The increased strength in BC patients led to improved aerobic
endurance performance, by improving one of the main components; walking
economy.
Several previous investigations have found MST to improve the work
economy (Barrett-O'Keefe et al., 2012), (Wang et al., 2017), (Berg et al., 2018)
and our study supports these findings adding that MST can effectively improve
work economy measured during submaximal walking also for BC patients.
Importantly that training compliance also was high in the current study,
indicating that MST appears to be tolerable and feasible. Furthermore, in the
present study, the improved walking economy correlated positively with
improved muscle strength. This is in accordance with observations from Wang
et al., (Wang et al., 2010), strengthening our assumption that the walking
economy improvements were indeed related to the improved muscle strength.
The ability to sustain a selected work rate over a longer duration is
important in daily life. As most activities in everyday life are carried out at light
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to moderate intensities, the VO2max is rarely required (Støren et al., 2008).
However, with declining VO2max as a result of inactivity or disease, these chores
would become increasingly difficult, or the intensity at which they were
conducted would need to be reduced (Støren et al., 2008). Also, the absolute
metabolic cost of everyday tasks is increased in several patient groups and with
aging (Knaggs et al., 2011), further contributing to CRF.
Improvements in the walking economy contributed along with the other
measures of physical function (6MWD; stair climbing; sit to stand; time to
exhaustion) to an overall consideration that BC patients that had trained MST not
only were able to avoid the typical reduction in daily function but were able to
improve their performance correspondingly as is seen in healthy.
Contrary, the control group reduced the walking economy. It has been
reported that neural mechanisms are responsible for early strength loss to muscle
unloading. Indeed, a study by Deschenes et al. (2002) showed that after 2 weeks
of right leg immobilization in a lightweight orthopedic knee brace to six male
and four female college students decreased strength by 10%, the velocity of peak
torque decrease 17% in quadriceps muscle evaluated by electromyography
recordings, muscle biopsy and total work performed. Results confirm that the
loss of strength can primarily be attributed to a decreased capacity of the nervous
system to excite the muscle (Deschenes et al., 2002).
Alterations in muscle resulting from reduced levels of physical activity
may also contribute to a decrease in muscle endurance. These alterations reduce
blood supply to less active muscles that leads to reduced capillary density, which
impairs glucose transport and substrate availability, lower mitochondrial density
and decreased oxidative enzyme activity, these reverse changes also reduce
muscle ability to generate force (Thompson, 2002). Inverse adaptations to
inactivity occur fast, and during the first week of immobilization muscle strength
is reported to decline by approximately 4% each day (Suetta et al., 2004).
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Furthermore, it has been reported that muscle strength reduces 25 to 30% after
6 weeks of bed rest (Berg et al., 1997). Work economy is a major determinant of
aerobic endurance performance. In real life, these performances may range from
professional competitions and daily activities in patients with reduced physical
capacities. In cancer patients work economy, more likely is at a level that
challenges the performance of daily activities and may lead to reduced HRQoL.
This study advocates MST using heavy loads and explosive movement in
concentric action to improve the walking economy. After MST training walking
economy improved by ⁓ 9%. In other words, a person now has the ability to
perform more walking or to perform the same amount of work with reduced
effort as observed in the present study, were walking at 40 Watts now required
less energy. Opposite, 4% reduced walking economy would likely have
significant practical implications for control group.

3.5. Tolerance of the high-intensity program
Importantly, while MST may be considered strenuous, the 96%
completion rate in the present study indicates that BC patients are, despite
suffering adverse side effects of early phase adjuvant therapy, capable of
performing strength training of the lower extremities with a targeted intensity
90% of 1RM. Furthermore, the intervention was completed without any
reported difficulties or injuries, indicating that the feasibility and safety of leg
press MST during BC treatment should be considered satisfactory.
Of notice, it is only the concentric phase of movement during MST that
is carried out with high intensity. The eccentric phase, which is more associated
with muscle soreness and microdamage to the muscle (Toien et al., 2018), is
carried out in a slow and controlled fashion. This is a likely reason why MST
may be safely performed, as the high impact force associated with eccentric
muscle action is avoided (Toien et al., 2018). Importantly, again, the concentric
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phase may preferably be performed with maximal intended velocity, to maximize
neural stimulation (Behm and Sale, 1993). It is important aspect, as included
patients in the present study are not considered well trained, therefore such
methodology is safe and also effective for untrained individuals.
The targeted training intensity was met during all training sessions, and
the sessions were also executed following the protocol. Included patients
completed the study, and except for the repeated lifts typically being perceived
as heavy, no patients reported MST-related adverse events during or between the
testing or training procedures.

3.6. Health-related quality of life
HRQoL is part of objective quality of life and attributes to components of
quality of life that center upon or are directly and indirectly affected by health
condition (treatment side effects, physical, cognitive, emotional and social
functioning, etc.) and as such HRQoL overlaps with the concept of health status
(Karimi and Brazier, 2016). HRQoL is persons perceived physical, mental, social
and functional health that is integrated these different domains in a common
score, thus the universal goal for exercise trials in oncology seems to be focused
on different physiological outcomes, to improve persons HRQoL.
Results in the present study show that 12 weeks of MST contributed to
improved Global health status/QoL (QoL) by 13% for the MST group, but no
relevant changes were observed in the control group. Importantly, that
intervention period induced improvements in role functioning by 23%, emotional
functioning by 13%, social functioning by 12%, simultaneously reducing the
sense of CRF by 24% for the MST group. Thus, the benefit of strength training
on fatigue appears to be not only statistically significant but also clinically
relevant, as many BC patients experience fatigue as the most distressing side
effect of chemotherapy (Berger et al., 2012).
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Similar to our findings, a trial was done by van Waart et al., (van Waart
et al., 2015b) who included moderate to high-intensity aerobic endurance
exercise and progressive strength exercise demonstrated that a combined
exercise program was effective in counteracting CRF. In contrast, another trial
by Mutrie et al., (Mutrie et al., 2007) showed no difference in CRF between
participants performing combined aerobic endurance and strength exercises
versus a control group at moderate-intensity, concluding that higher
intensity/load was required to counteract increases in CRF and that multimodality of exercise may interfere with typical physiological adaptions from
strength training alone. As our study investigated strength training alone without
aerobic endurance exercise, therefore our results suggest that MST is an effective
type of exercise, likely reducing fatigue with maintained muscle mass and
improved physical functioning.
Noteworthy, the control group was not able to counteract a decrease in
CRF following the intervention period, CRF worsened by 25%. This indicates
how severely disease and treatment without strength training impacts
productivity tasks, leisure‐time activities, family life and relationships with
friends, all of these socially and emotionally important activities now would
demand more energy. It seems that intensity is important not only to improve
CRF but also to improve HRQoL. In the study by Courneya et al., (Courneya et
al., 2007b) a multimodal training intervention did improve physical capacities
but did not improve HRQoL, elucidating that strength training with and intensity
(60–70% of estimated 1RM) was not sufficient, and 70% adherence of training
sessions, have reduced total training volume. In contrast, 96% adherence rate in
our study far exceeds the typically observed exercise trial adherence rate (Rejeski
et al., 2007), this supports that high intensity indicates large strength gains and
has substantially improved CRF, and HRQoL, despite the continuation of
adjuvant anti-cancer therapy. In our study, BC patients continued MST with
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excellent adherence. Additionally, MST was initialized as early as possible, and
before receiving the first chemotherapy session patients were familiar with
training and already got initial strength improvements that kept them regularly
to attend MST.
To our knowledge, this is the first trial to demonstrate the effects of MST
on the role, social and emotional functioning in patients with BC during
chemotherapy as observed from EORTC QLQ-C30 questionnaire. Our findings
might be explained that being involved in a supervised exercise program can
improve both role and emotional functioning, and such positive interaction might
potently give noticeable improvements (McAuley et al., 2000). In our study,
typically training was carried out in small groups of 3–5 patients, thus factors
such as social support from the training pears, talking to other cancer patients,
attention from an exercise physiologist, traveling to an exercise facility twice a
week, and having a positive attitude by becoming proactive, may give an
additional role for observed improvements. An increased level of self-efficacy
has been suggested as a possible mechanism for improved emotional functioning
in the elderly engaged in exercise (McAuley et al., 2000), which in our study
may be linked to feelings of being able to carry out the MST and continue to
carry out daily activities. Also, results from the EORTC QLQ-BR23
questionnaire reveal that systemic therapy side effects and body image worsen
for the control group, whiles changes in these scales were mitigated for the MST
group.
A cancer diagnosis is an especially challenging period for a person, MST
has shown to be an effective method and contribute to improve HRQoL and
reduce CRF for BC during early anti-cancer therapy. Although the guidelines of
the American College of Sports Medicine and the American Cancer Society
include strength training in exercise recommendations, predominantly exercise
programs focus on aerobic endurance exercise. Therefore, our results will
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support raising awareness that strength training is effective and important in
addition to aerobic endurance exercises. Importantly, our results support that
MST works effectively not only on the physical aspect but also on the
psychosocial aspect, thus positively influencing HRQoL.

3.7. Strengths and limitations of the study
Few studies have investigated the effects of strength training in the initial
phase of BC treatment. A strength of the present study is the application of
effective high-intensity strength training of functionally relevant muscle groups
of the lower extremities. MST is time- and cost-efficient, demanding less than an
hour of training per week, and patients may train in groups of 3–5 individuals
per training apparatus during the same training session. Despite adverse early
phase side effects of adjuvant therapy, the patients had a completion rate of 96%,
suggesting leg press MST to be a feasible exercise modality in this critical phase
of BC treatment. Importantly, the strength training was also carried out without
any observed injuries during the training period. Ultimately, the major strength
in the current study was that the large improvements in lower extremity muscle
strength were strongly associated with improvements in the patient's functional
performance and also reduced CRF and improved HRQoL.
A limitation of the current study is the lack of measurements of neural
and muscular components. This may have provided important information about
the origin of the strength training-induced improvements, and if certain
components of adjuvant therapy possibly affected some factors more than others.
As BC patients may suffer attenuated bone health, it would also have been
beneficial to include musculoskeletal measurements. Increased lower extremity
muscle strength has previously been documented to result in enhanced bone
formation and bone mineral density (Nygard et al., 2018), and it would have been
of great value to investigate if this was also the case in our study. Finally, the
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relatively short duration of the study also represents a limitation, as information
on long-term effects would have provided a better understanding of the role of
exercise in breast cancer treatment and 5-year survival rate.

3.8. Clinical implications for cancer rehabilitation
The present study demonstrates the importance of counteracting the
detrimental effects of adjuvant BC therapy on neuromuscular function. Indeed,
while patients commencing leg press MST improved lower extremity maximal
muscle strength, walking economy, functional performance, maintained muscle
mass and improved HRQoL, the control group was subject to reductions in all
these variables. Notably, 20 minutes of leg press MST 2 times per week was
sufficient to gain lower extremity muscle strength and functionality. Only one
exercise, dynamic leg press, was performed. Although it would be beneficial to
include strength training of other muscle groups, the lower extremities should be
prioritized due to their weight-bearing function. Taken together, the findings in
the current study certainly support previous suggestions of implementation of
strength training in adjuvant BC treatment and extend recommendations to
include effective high-intensity MST of the lower extremities. However, when
higher training intensities are applied, supervision of trained medical personal
should be mandatory to avoid the risk of injuries. Strength training with
progression should be accessible and implemented as soon as possible following
the BC diagnosis, to maintain or even improves HRQoL.
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Conclusion
1.

The present study showed that three months of leg press maximal
strength training was an effective, safe and feasible method for
improving maximal muscle strength during adjuvant breast cancer
treatment.

2.

Starting a strength training early during breast cancer treatment may
prevent impaired muscle mass, maximal strength training ensured
sufficient stimulus to maintain muscle mass for breast cancer patients
during adjuvant therapy.

3.

Improved lower extremity maximal muscle strength in breast cancer
patients

receiving

adjuvant

treatment

was

associated

with

improvements in the aerobic endurance capacity, by improving walking
economy.
4.

Maximal strength training on functionally relevant lower extremities
improved functional performance.

5.

Maximal strength training contributed to improved health-related
quality of life, by reducing the sense of fatigue, improving global health
status, social factors and lighting treatment side effects.
These results advocate that lower extremity high-intensity strength

training should be considered a part of BC treatment to not only counteract the
typically observed decline in lower extremity muscle strength but also to improve
physical health, functionality and HRQoL from the time of diagnosis.
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