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ABSTRACT

CESEIKO, R., S. N. THOMSEN, S. TOMSONE, J. EGLITIS, A. VETRA, A. SREBNIJS, M. TIMOFEJEVS, E. PURMALIS, and E.
WANG. Heavy Resistance Training in Breast Cancer Patients Undergoing Adjuvant Therapy. Med. Sci. Sports Exerc., Vol. 52, No. 6,
pp. 1239-1247, 2020. Background and Purpose: Adjuvant breast cancer therapy may reduce maximal muscle strength, muscle mass,
and functional performance. Although maximal strength training (MST) has the potential to counteract this debilitating outcome and is shown
to be superior to low- and moderate-intensity strength training, it is unknown if it can elicit effective adaptations in patients suffering
treatment-induced adverse side effects. Methods: Fifty-five newly diagnosed stage I to III breast cancer patients (49 = 7 yr) scheduled for
adjuvant therapy were randomized to MST or a control group. The MST group performed 4 x 4 repetitions of dynamic leg press at approx-
imately 90% of one-repetition maximum (1RM) twice a week for 12 wk. Results: In the MST group, improvements in 1RM (20% =+ 8%;
P < 0.001) were accompanied by improved walking economy (9% =+ 8%) and increased time to exhaustion during incremental walking
(9% + 8%; both P < 0.01). Moreover, the MST group increased 6-min walking distance (6MWD; 10% + 7%), and chair rising
(30% =+ 20%) and stair climbing performance (12% + 7%; all P < 0.001). All MST-induced improvements were different from the control
group (P < 0.01) which reduced their IRM (9% + 5%), walking economy (4% + 4%), time to exhaustion (10% + 8%), 6MWD
(5% =+ 5%), chair rising performance (12% + 12%), and stair climbing performance (6% + 8%; all P <0.01). Finally, although MST main-
tained estimated quadriceps femoris muscle mass, a decrease was observed in the control group (7% = 10%; P <0.001). The change in IRM
correlated with the change in walking economy (r = 0.754), time to exhaustion (» = 0.793), 6MWD (r = 0.807), chair rising performance
(r = 0.808), and stair climbing performance (» = 0.754; all P < 0.001). Conclusions: Lower-extremity MST effectively increases
lower-extremity maximal muscle strength in breast cancer patients undergoing adjuvant therapy and results in improved work economy,
functional performance, and maintenance of muscle mass. These results advocate that MST should be considered in breast cancer treat-
ment. Key Words: EXERCISE ONCOLOGY, CHEMOTHERAPY, STRENGTH TRAINING, WALKING ECONOMY, MUSCLE
MASS, NEUROMUSCULAR FUNCTION

reast cancer is the most frequently diagnosed type of
cancer among women, with more than 2 million new
cases in 2018 worldwide (1). In combination with sur-
gical resection, adjuvant therapy constitutes the mainstay in
the management of breast cancer and is considered a key
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contributor to the steadily increasing survival rates. Yet, its wide-
spread application comes at the expense of numerous side-
effects that adversely affect patients’ health and functional
performance, and counteracting strategies are requested to ad-
vance current breast cancer treatment.

Breast cancer patients are shown to display lower levels of
lower-extremity maximal muscle strength after primary adju-
vant treatment compared with healthy age-matched individuals
(2). Although the cause of this reduction is uncertain, it may, in
turn, lead to the impaired walking economy (3,4) and impede
the ability to perform force-demanding everyday activities such
as stair climbing and chair rising (5). Further, adjuvant breast
cancer treatment has been documented to induce skeletal
muscle atrophy (6), potentially affecting tolerability to chemo-
therapy (7). The reduction in muscle strength observed after
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adjuvant treatment is likely attributable to direct effects of an-
tineoplastic therapeutic agents (e.g., anthracyclines) on skeletal
muscle fibers (8) and augmented levels of physical inactivity (9).

Strength training has been suggested as a strategy to coun-
teract cancer treatment-induced reductions in maximal muscle
strength, muscle mass, and functional performance (10). Im-
portantly, loading intensity is established as a key determinant
of neuromuscular adaptions to strength training, with higher
intensity (>85% of one-repetition maximum [IRM]) eliciting
superior improvements in muscle strength compared with lower
intensity (<75% of IRM) (11). In accordance with this concept,
maximal strength training (MST), using three to five repetitions
of high loads (85%—90% of 1RM) and maximal indented con-
traction velocity in the concentric phase, has been shown to
induce large improvements in maximal muscle strength and
walking economy, and have the potential to improve func-
tional performance (4). Notably, the feasibility and safety of
MST extend across a variety of populations, including elderly
(4,12), chronic obstructive pulmonary disease (3), coronary
artery disease (13), peripheral arterial disease (14), and osteo-
porosis (15) patients. We recently documented that MST also
has the potential to improve breast cancer patients’ quality of life
when they undergo primary adjuvant therapy (16). Although
MST primarily is tailored to target the neural system, Wang et al.
(4) recently documented that MST also induces muscle fiber
hypertrophy, suggesting that MST may counteract treatment-
mediated reductions in muscle mass.

Despite the well-documented neuromuscular and functional
adaptations resulting from strength training, very few studies
have, somewhat surprisingly, investigated the effects of strength
training in the initial critical phase of breast cancer treatment.
Furthermore, the few previous studies that have applied strength
training also appear to have applied low to moderate loading
intensities (<75% of 1RM) (17-19). However, recognizing
the adverse early phase side effects of adjuvant therapy, in par-
ticular, due to the impact of anthracyclines, it remains unknown
whether high-intensity strength training could yield similar neu-
romuscular and functional effects as observed in other pop-
ulations, and whether it is feasible in breast cancer patients
shortly after surgery. Therefore, the aim of the current study
was to examine if leg press MST yielded a typical impact on
lower-extremity maximal muscle strength, walking economy,
muscle mass, and functional performance in newly diagnosed
breast cancer patients scheduled for adjuvant treatment. Spe-
cifically, it was hypothesized that lower-extremity maximal
muscle strength, walking economy, muscle mass, and func-
tional performance would be superior after the intervention
in patients receiving leg press MST as a part of the adjuvant
therapy, compared with standard treatment alone.

METHODS

Patients. The present study was a part of a study investi-
gating the effects of heavy resistance training on functional
performance and quality of life (16), in breast cancer patients
undergoing primary adjuvant therapy at the Oncology Centre

of Latvia, Riga, Latvia. A total of 55 breast cancer patients
were recruited, and inclusion criteria were women between 18
and 63 yr with newly (<3 wk) diagnosed stage I to III invasive
breast cancer, assigned for treatment with breast-conserving
surgery/mastectomy and adjuvant therapy (radiation therapy
and/or chemotherapy). Exclusion criteria were known heart
disease, diabetes, musculoskeletal disorders, or any disorder that
prohibited participation in the testing procedures or MST. The
study was performed in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of Riga
Stradin$ University and the Scientific Department of Riga East
University Hospital. Informed consent was obtained from all
patients before inclusion.

Study timeline. The patients attended a standardized 1.5-h
testing procedure 2 to 3 wk postsurgery. We aimed to initiate
MST as soon as possible after operation, after the surgeon had
confirmed that the healing process on the operated site was
without complications. After this was confirmed, patients were
randomly allocated 1:1 to standard treatment with or without
12 wk of supervised MST. The patients allocated to the MST
group started their training 1 to 2 d after the testing and 1 wk
before receiving adjuvant therapy, subsequently all patients
trained during adjuvant therapy. After 12 wk, the 1.5-h testing
procedure was repeated. The testing included assessments of
dynamic maximal muscle strength of the lower extremities,
walking economy, time to exhaustion (TTE), quadriceps femoris
muscle mass, and functional performance.

Maximal muscle strength. After a standardized warm-up
consisting of eight repetitions at 50% of predicted IRM and five
repetitions at 70% of predicted 1RM, maximal muscle strength
of the lower extremities was assessed 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. The load was in-
creased by 2.5 to 7.5 kg until the patients were unable to com-
plete the lift. The 1RM was defined as the heaviest lifted load
and was typically obtained within three to six attempts. Rest pe-
riods minimum of 3 min were applied between each lift.

Walking economy. After a 5-min warm-up at a self-
chosen speed, a 5-min submaximal, steady-rate walking econ-
omy test was performed on a motorized treadmill (Spirit CT
100; Jonesboro, AR) at 5% inclination. The speed was calcu-
lated to yield a workload of 40 W for the individual patient,
using the following equation (20):

40 W

speed (kmh™') = TrN]sin x 3.

where my, is the individual patient’s body mass and 6 is the
5% inclination of the treadmill. Thus patients with different
body mass would all walk on a work rate corresponding to
40 W, implying different walking speeds. The walking
economy was defined as the average HR (Polar Electro
FT7, Kempele, Finland) at the last minute of the 5-min 40-W
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work rate. In addition, the Borg scale (6-20) was used to assess
perceived exertion.

Time to exhaustion. After the submaximal walking
economy test, the patients commenced directly to the measure-
ment of TTE. The speed was held constant at 3.8 or 4.8 kmh ™,
depending on the patient’s condition, and the inclination was in-
creased by 2% every minute. If the patient was able to continue
after reaching an inclination of 12%, the speed was increased by
0.5 kmrh™"*min"" until voluntary exhaustion. The HR and per-
ceived exertion were recorded immediately after exhaustion.

Functional performance. Functional performance was
assessed using three tests. First, the 6-min walking distance
(6MWD) was measured. The patients were instructed to walk
back, forth, and around two cones separated by 30 m, aiming to
walk the longest possible distance in 6 min. Second, chair rising
ability was assessed by 30 s 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 s. Third, the ability to climb stairs was assessed as
the time needed to ascend and descend 10 stairs of 18 cm
without the use of handrail support. Familiarization was given
before all tests.

Anthropometrical measurements. The volume (V) of
the left thigh was estimated using the following equation (21):

V=Lx 121" x (CI? +C22 +C3%) = (S—04) x 27! x L
x (C14C2+C3) x 37! 2]

Utilizing standard measuring tape, the thigh length (L) was
measured from the lateral femoral epicondyle to the greater
trochanter, and thigh circumferences were measured at the
midpoint (C1) and 10 cm distal (C2) and proximal (C3) to
the midpoint. Skinfold measurement was taken at the midpoint
of'the thigh, using skinfold caliper (SH5020; Sachan Corpora-
tion, MD, South Korea). Quadriceps femoris muscle mass
(Mys) was calculated as Mqe= 0.307 x ¥+ 0.353 kg (22).

Level of physical activity. Patients were asked if they
engaged in recreational physical activities weekly, applying
the short form of the International Physical Activity Question-
naire (IPAQ-SF). The IPAQ calculates average weekly physi-
cal activity level by estimating the metabolic equivalent of task
(MET) score, and accounts for the total number of minutes per
week spent on low-, moderate-, and vigorous-intensity activi-
ties (3.3, 4.0, and 8.0 MET-min'wk !, respectively). The
IPAQ has previously been tested and documented to have
good validity and reliability (23). The patients were also asked
whether they specifically were involved in regular strength
training for the last 6 months before diagnosis.

Maximal strength training. The MST group attended
two supervised training sessions per week for 12 wk. The
training was carried at the Oncology Centre of Latvia, Riga,
Latvia, and was initiated 3 wk after surgery. As for the testing,
MST was performed as a dynamic leg press in the horizontal
leg press apparatus using a 90° knee-joint angle. After two
warm-up sets, the patients performed four sets of four repeti-
tions at approximately 90% of 1RM. Emphasis was put on

slow contraction velocity in the eccentric phase and maximal
intended contraction velocity in the concentric phase. A
marked stop of approximately 0.5 s was applied between the
eccentric and concentric contraction phases. Rest periods min-
imum of 3 min were used between sets. The load was in-
creased by 2.5 kg when the patients were able to complete
all sets. The patients trained in groups of three to five individ-
uals and were supervised by an exercise physiologist. A train-
ing session typically lasted for 20 min, 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, with the exception of 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 wk. All patients were encouraged to maintain their typical
level of physical activity during the study period.

Breast cancer treatment. The patients were treated ac-
cording to the European Society for Medical Oncology and the
National Comprehensive Cancer Network guidelines. Surgery
consisted of oncoplastic breast-conserving surgery or mastec-
tomy and sentinel node biopsy or axillary node dissection. Af-
ter surgery, patients were scheduled for adjuvant radiation and
potentially chemotherapy and Trastuzumab. Chemotherapy
consisted of 4-8 cycles of doxorubicin (5060 mg-m ?) or
epirubicin [60-90 mg'm 2] and cyclophosphamide (600 mg:m )
administered once every third week. After the completion of
anthracycline, some patients were furthermore scheduled to
four cycles of paclitaxel (135-175 mg:m 2) or docetaxel
(75-100 mg'm ?) administered once every third week. Patients
with HER2-positive tumors were treated with 18 cycles of
trastuzumab (600 mg'm ) administered once every third week
after completion of chemotherapy.

Statistical analysis. Statistical analyses were performed
using IBM SPSS (version 25), and figures were made using
Graph Pad Prism software (version 8). The power analysis in
this study was estimated by setting the standard deviation of
a 1RM to 15 kg. Presuming a mean difference of 12 kg be-
tween the groups in this study at posttest, we needed a total
of 52 patients (n = 26 in each group) to maintain statistical
power of 0.80 and alpha 0.05. Data distribution was assessed
using Quantile-Quantile plots. All independent and dependent
variables were approximately normally distributed for each
group at pretest and posttest. Prechanges to postchanges in
the 6-min walking test and the walking economy were approx-
imately normally distributed, whereas changes in I1RM, TTE,
thigh volume, and M, were skewed. Changes in dependent
variables were examined using a repeated measure two-factor
ANOVA, with group (control, MST) and time (pre, post) as
factors. Significant interactions were followed up with inde-
pendent sample #-tests for between-group differences and paired
sample #-tests for within-group differences. Spearman’s correla-
tion was used to assess associations between pretest to posttest
changes in 1RM and pretest to posttest changes in walking
economy, TTE, and functional variables for combined groups.
For categorical variables y* or Fisher’s exact test were used to
determine difference between groups. Values are expressed as
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TABLE 1. Anthropometric parameters and treatment.
MST Group (n = 27)

Control Group (n = 28) P

Age (yr) 48+7 49+8 0.69
Body weight (kg) 77.0£15.2 723174 0.29
Height (cm) 170+6 167 + 6 0.07
Breast cancer stage (%) 0.57
I 9(33) 13 (46)
I 12 (44) 9(32)
I 6 (23) 6 (22)
Surgery (%) 0.37
0BCS 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(11) 0.99

Continuous variables are presented as mean + standard deviation and categorical variables
are presented as 1 (%).

OBCS, oncoplastic breast-conserving surgery; SSM, skin-sparing mastectomy; AB, ampu-
tation of the breast; MRM, modified radical mastectomy.

mean =+ standard deviation in text and tables and as mean =+ stan-
dard error in figures.

RESULTS

Baseline patient anthropometric parameters and adjuvant
therapy are presented in (Table 1), and patient characteristics
and physical activity levels are presented at (Table 2), and
no significant differences between groups were observed for
the demographic and clinical factors at baseline. All patients
completed adjuvant therapy without interruptions or dose
modifications.

Training compliance and adverse events. The MST
group completed 23 + 1 of 24 planned training sessions
(96% =+ 4%). The targeted training intensity was met during
all training sessions, and the sessions were also executed in ac-
cordance with the protocol. All included patients completed
the study, and except for the repeated lifts typically being per-
ceived as heavy, no patients reported MST-related adverse
events during or between the training or testing procedures.

Maximal muscle strength. A group-time interaction
was found for leg press IRM (P < 0.001). The MST group in-
creased 1RM by 20% + 8% (P < 0.001) from pretest to post-
test. In contrast, IRM decreased by 9% = 5% in the control

TABLE 2. Patient characteristics and physical activity level at baseline.
MST Group (n=27) Control Group (n = 28) P

Smoking status (%) 1.00
Current
Former
Nonsmokers
Married, cohabiting, orin a
relationship (%)
Physical activity level (%) 0.59
Low—3.3 METs 22
Moderate—4.0 METs 3
2
0

) 0.70

High—8.0 METs

Strength training (%) 0(0) 1.00

Categorical variables are presented as n (%). Physical activity level was assessed applying
the short form of the International Physical Activity Questionnaire short form.
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FIGURE 1—A, 1RM and (B) quadriceps femoris muscle mass after 12 wk
of adjuvant therapy with and without MST. Data are presented as mean + SE.
*P < 0.05, within-group increase from pretest to posttest. $P < 0.05, within-
group decrease from pretest to posttest. #P < 0.05, the difference be-
tween groups from pretest to posttest.

group (P < 0.001) from pretest to posttest, resulting in IRM
being higher in the MST group compared with the control
group at posttest (P < 0.001; Fig. 1). No between-group differ-
ence was apparent in IRM at pretest (P = 0.187).

Body mass, thigh volume, and quadriceps femoris
muscle mass. No group-time interaction was found for
body mass (P =0.147). In contrast, there was a group—time in-
teraction for thigh volumes (P = 0.045). A tendency toward a
pretest to posttest increase (2% =+ 4%) was found in the MST
group (P=0.076). No changes (0% =+ 4%) occurred in the con-
trol group (P = 0.287). There was a tendency toward a
between-group difference at pretest (P = 0.068), whereas a
between-group difference was found after the intervention
(P =10.034). No correlation was apparent between change in
thigh volume and change in 1RM (= 0.17; P =0.197).

A group-time interaction was observed for My (P = 0.004).
In the control group, My¢ decrease (7% + 10%) from pretest to
posttest (P <0.001). No changes (1% * 2%) were found in the
MST group (P = 0.683), resulting in M being higher in the
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MST group than the control group at posttest (P <0.001; Fig. 1).
Changes in My was associated with the training-induced
changes in IRM (» = 0.45; P <0.001).

Functional performance. Group-time interactions were
found for 6-min walking test (P < 0.001), chair rising performance
(P <0.001), and stair climbing performance (P < 0.001). At
posttest, the MST group displayed improvements in the
6MWD (10% =+ 7%; P < 0.001), chair rising performance
(30% =+ 20%; P < 0.001), and stair climbing performance
(12% + 7%,; all P < 0.001). Conversely, in the control group,
reductions were found in the 6MWD (5% + 5%, P < 0.001),
chair rising performance (12% + 12%), and stair climbing per-
formance (6% + 8%; P < 0.001). As a result, 6-min walking
test (P <0.001), chair rising performance (P < 0.001), and stair
climbing performance (P = 0.004) were different between
groups at posttest (Fig. 2). No differences in 6-min walking
test, chair rising performance, and stair climbing performance
were observed between the groups at baseline. Changes in
6-min walking test (» = 0.807; P < 0.001), chair rising per-
formance test (» = 0.808; P <0.001), and stair climbing per-
formance (» = 0.754; P <0.001) exhibited an association with
changes in 1RM (Fig. 3).

Walking economy and TTE. Pretest and posttest walk-
ing economy and TTE are presented in Table 3 with group—
time interactions for walking economy, speed at exhaustion,
and inclination at exhaustion. Prechanges to postchanges in
walking economy (7 = 0.754; P <0.001) and TTE (» = 0.793;
P <0.001) were associated with prechanges to postchanges in
IRM (Fig. 3).

DISCUSSION

Adjuvant breast cancer therapy is associated with reduced
muscle strength, muscle mass, and physical activity (2,6,9).
Despite the well-documented effectiveness of strength training
to improve these factors in other populations, evidence of the
impact of strength training, particularly applying high inten-
sity, in the important initial phase of breast cancer treatment
is scarce. Therefore, this study sought to investigate the effect
of strength training performed with high loads (~90% 1RM)
and few repetitions (3—5) in newly diagnosed breast patients
undergoing adjuvant therapy. The major findings were that
3 months of MST yielded large improvements in lower-extremity
maximal muscle strength, walking economy and functional
performance, and maintained muscle mass. Conversely, pa-
tients assigned to the control group displayed reductions in all
assessed variables. The results of the current study advocate that
lower-extremity MST should be considered part of breast
cancer management postsurgery, starting before initiation of
adjuvant therapy, to improve and maintain physical health
and functionality.

Maximal muscle strength, adjuvant therapy, and
MST. Primary adjuvant treatment, without strength training,
resulted in reductions in lower-extremity maximal muscle
strength, muscle mass, and functional performance in the
current study. The approximately 9% decrease in leg press
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FIGURE 2—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 dif-
ference between groups from pretest to posttest.

maximal muscle strength, apparent after only 12 wk of adju-
vant therapy, corresponds to more than one decade of typical
aging (24). This is in accordance with several previous studies
(2,18), which has documented especially chemotherapy to re-
duce the main determinants of muscle strength such as muscle
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FIGURE 3—Associations between changes in maximal strength (leg press 1IRM) and changes in (A) TTE during incremental walking, (B) walking work
economy, (C) 6-min walking distance, and (D) chair rising performance after 12 wk of breast cancer adjuvant therapy with and without MST.

fiber cross-sectional area (25) and diminish motoneuron excit-
ability (26). However, strength reductions are not always ob-
served (27-29). Of importance, the latter studies applied
single-joint isometric measurements of muscle strength, whereas

we applied dynamic leg press, and the equivocal findings may
partly be explained by the application of different measurement
techniques. Additionally, a discrepancy between studies may be
attributable to type, duration, and dose of chemotherapy. Indeed,

TABLE 3. Endurance performance before and after maximal strength training.

Between Groups

MST Group (n=27) Control Group (n = 28) Interactions (Time-Group) P
Pre Post P Pre Post P P Pre Post

Walking economy

HR (bpm) 140 + 16 128+ 15 <0.001 13412 149+ 12 0.002 <0.001 0.150 0.009

RPE (6-20) 121 102 <0.001 122 131 0.184 <0.001 0.289 <0.001
Graded walking test

TTE (s) 536 + 71 571 + 68 <0.001 53173 476 + 63 <0.001 <0.001 0.814 <0.001

HRmax (bpm) 1728 1727 1.000 167 + 11 166 + 11 0.275 0.443 0.042 0.013

Espeea (km-h™") 48+04 51+04 <0.001 48+05 47+03 0.002 <0.001 0.454 0.001

Eingiination (%) 11£1 12+1 0.009 11+1 10+2 0.003 <0.001 0.402 0.010

RPE (6-20) 17 £1 18+1 0.120 17 £1 17 1 0.563 0475 0.975 0.372

Data are presented as mean + standard deviation.
Espeeq, treadmill speed at exhaustion; Eingiination, treadmill inclination at exhaustion.
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reductions in muscle strength induced by therapeutic agents
typically applied in breast cancer treatment (e.g., anthracyclines)
have been shown to be dose-dependent (30).

Compared with the control group that received standard ad-
juvant treatment, the patients that performed strength training
two times a week had approximately 30% higher lower-extremity
maximal muscle strength after 3 months. This MST-induced
effect is similar to what has been observed after a comparable
volume of leg press MST in healthy individuals (31) and other
patient populations (3,14,32). The approximately 20 kg improve-
ment in leg press 1RM in the current study is about 2.5 times
larger compared with the approximately 8 kg 1RM increase ob-
served in a previous study were the patients exercised three times
a week with an intensity corresponding to 60% to 70% of IRM
(17), and even similar to improvements observed after 1 yr of
home-based training 4 d-wk ' (18). Albeit, again, direct compar-
ison between studies should be made with caution due to differ-
ences in type, dose, and duration of chemotherapy. Importantly,
although MST may be considered strenuous, the 96% comple-
tion rate in the present study clearly indicates that breast cancer
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 of approximately
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 breast cancer
treatment should be considered satisfactory. Of notice, it is only
the concentric phase of movement during MST that is carried
out with high intensity. This is a likely reason why MST may
be safely performed, as the high-impact force associated with
eccentric muscle action is avoided (33).

Muscle mass, adjuvant therapy, and MST. Although
breast cancer patients undergoing adjuvant therapy typically
are weight stable or gain weight, recent data reveal that chemo-
therapy may cause muscle fiber atrophy (34). Accordingly, in
the present study, the control group displayed reductions in
My, indicating that muscular alterations contributed to the re-
duction in lower-extremity maximal muscle strength. Indeed,
our results revealed a tendency for alterations in M¢ to be as-
sociated with changes in lower-extremity maximal muscle
strength. Although MST primarily is tailored to induce neural
adaptions, it may also cause muscle hypertrophy (4), and thus
potentially counteract chemotherapy-induced reductions in
muscle mass. In line with this finding, muscle mass was pre-
served in the MST group. Depletion of muscle mass can lead
to chemotherapy toxicity, which in turn may necessitate dose
reduction or delayed administration (7).

Endurance performance, adjuvant therapy, and
MST. In accordance with previous interventions (4,14), the
increments in lower-extremity maximal muscle strength were
associated with improvements in the walking economy, one of
three major determinants of aerobic endurance (35). When
lower-extremity maximal muscle strength is improved, the
load imposed by each stride becomes relatively lower and may
lead to decreased reliance on the less efficient high-threshold type
II muscle fibers and to lower motor unit recruitment (4). The

improved walking economy is likely to have implications for
the patients’ everyday function as a given submaximal work-
load now requires less energy compared with before the inter-
vention. In accordance with previous findings (14), the improved
walking economy likely also led to the observed improvements
in TTE observed in the present study. This implies that the breast
cancer patients that had performed leg press MST not only
were able to walk with a lower energy cost but also that they
increased their maximal walking effort.

Functional performance and MST. Importantly, MST-
induced improvements in lower-extremity maximal muscle strength
were accompanied by improved functional performance in the
current study. Particularly the chair rising performance, stair
climbing, and 6MWD tests exhibited strong relationships with
the changes in lower-extremity maximal muscle strength. These
findings are in accordance with previous observations, documenting
changes in muscle strength to occur in conjunction with changes
in functional performance. Especially functional tasks involving
upward displacement of the body are shown to be susceptible
to change with enhanced lower-extremity muscle strength (36).
In contrast, low-force activities, such as walking, appear to be less
dependent on muscle strength (36). The MST-induced increases
in chair climbing performance and chair rising in the current
study are in accordance with this notion, whereas the improved
6MWD may to a greater extent be attributable to the improved
walking economy. In contrast to their strength training coun-
terpart, the control group displayed impaired functional per-
formance, further consolidating the close relationship between
lower-extremity muscle strength and physical functioning.

Strengths and limitations of the study. Few studies
have investigated the effects of strength training in the initial
phase of breast cancer 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.
Maximal strength training is time- and cost-efficient, demand-
ing less than an hour of training per week, and patients may
train in groups of three to five 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 breast cancer treatment. Impor-
tantly, the strength training was also carried out without any ob-
served 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 patients’ functional performance. A limita-
tion with 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 breast can-
cer 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 (37), and it would have been of great value to
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investigate if this was also the case in our study. Finally, the rel-
atively 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 survival rate.

Clinical implications. The present study clearly demon-
strates the importance of counteracting the detrimental effects
of adjuvant breast cancer therapy on neuromuscular function.
Indeed, although patients commencing leg press MST im-
proved lower-extremity maximal muscle strength, walking econ-
omy, functional performance, and maintained muscle mass, the
control group was subject to reductions in all these variables.
Notably, 40 min of leg press MST per week was sufficient
to gain lower-extremity muscle strength and functionality, and
we recently documented that it also improved the patients’
overall quality of life (16). In fact, only one exercise, dynamic
leg press, was performed. Although it would be beneficial to
include strength training of other muscle groups, the lower ex-
tremities should be prioritized due to their weight-bearing
function. It is noteworthy that MST appears to be safe, despite
the heavy loads applied in the training. Of importance, only the
concentric phase of movement has a high intensity. The ec-
centric phase, which is more associated with muscle soreness
and microdamage to the muscle (33), is carried out in a slow
and controlled fashion. In combination with few repetitions (4)
and sets (4), and low actual velocity also in the concentric phase,
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