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Abstract
Background  Low skeletal muscle mass and strength are common in patients with metastatic breast cancer 
(mBC) and have been associated with treatment toxicities and poor prognosis. The PREFERABLE-EFFECT study 
(NCT04120298) investigated exercise effects on body composition, muscle strength, and functional performance 
(secondary outcomes) in patients with mBC.

Methods  Patients with mBC (n = 357) were randomized to a 9-month supervised aerobic, resistance and balance 
exercise program (EX) or control. Body composition (subset n = 66), lower body strength (subset n = 126), handgrip 
strength and functional performance were assessed at baseline, 3 and 6 months. Changes between groups were 
compared using linear mixed models for repeated measures.

Results  EX significantly increased whole body lean mass at 3 months (between-group difference = 0.79 kg, 95%CI 
[0.14; 1.44], effect size = 0.14), appendicular skeletal muscle mass at 3 months (0.60 kg, [0.22; 0.97], ES = 0.19) and 6 
months (0.48kg, [0.09; 0.87], ES = 0.15), and lower body strength at 3 months (18.32 kg, [7.58; 29.06], ES = 0.44) and 6 
months (34.22 kg, [23.0; 45.45], ES = 0.83) compared to control. EX also improved functional performance, including 
balance, compared to control.
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Background
Globally, breast cancer accounts for almost 24% of all 
cancer cases in females, making it the most commonly 
diagnosed cancer and the leading cause of cancer deaths 
in women worldwide [1]. In high and upper-middle 
income countries, approximately 5–10% of breast cancer 
cases are metastatic at initial diagnosis and 20–30% of 
patients with early stage breast cancer develop metastatic 
disease [2–5]. While survival rates have improved and 
more people are living longer with metastatic breast can-
cer (mBC), mBC is still considered incurable and patients 
often undergo several lines of systemic treatment [6, 
7]. These treatments impact patients’ quality of life and 
cause debilitating side-effects such as fatigue, nausea and 
pain. Combined with the underlying disease itself and 
physical inactivity, they also negatively affect body com-
position, muscle strength and functional performance by 
causing a depletion of skeletal muscle mass [8–11].

Addressing skeletal muscle mass loss among people 
with cancer has become an important focus in oncology 
research as low skeletal muscle mass has been associated 
with worse clinical outcomes [12]. Skeletal muscle is the 
principal component of lean body mass. Hence, changes 
in lean body mass are mostly driven by an increase or 
decrease in skeletal muscle mass. Therefore the terms 
lean body mass and skeletal muscle mass are often used 
interchangeable, although the actual measure is usually 
lean body mass, which also includes fluids and viscera.

Low levels of skeletal muscle mass, muscle strength 
and physical performance are common in patients with 
mBC undergoing systemic treatments [9, 13–16]. In 
patients with localized and advanced disease receiving 
chemotherapy, low lean body mass and sarcopenia have 
been associated with increased treatment-related tox-
icities, more frequent dose reductions as well as poorer 
treatment outcomes and survival [14, 17–19]. Further, 
declines in skeletal muscle mass and muscle strength are 
generally associated with poorer physical performance, 
functional health and quality of life [20]. Low muscle 
strength of the lower extremities is also commonly asso-
ciated with balance issues, which can be further exac-
erbated by therapy-induced peripheral neuropathy and 
increase the risk of falls. Falls prevention is particularly 
important in patients with bone metastases, who have an 
increased risk of fracture. Yet, static and dynamic balance 

has been reported to be poor in 42–81% of patients with 
advanced breast cancer, depending on age and type of 
balance test [15]. Hence, there is a need to maintain or 
improve skeletal muscle mass, muscle strength and phys-
ical performance in patients with (metastatic) cancer.

There is strong evidence in the curative setting that 
exercise can improve skeletal muscle mass, muscle 
strength and physical performance in patients with 
breast cancer. For example, a meta-analysis including 
17 studies and involving 1,743 breast cancer survivors 
showed a significant benefit of exercise compared with 
control on lean body mass (0.58 kg, 95% confidence 
interval (CI) = 0.27 to 0.88). Positive effects were shown 
for both resistance training and aerobic training, and 
for exercise training conducted during and after cancer 
treatment [21]. In addition to improvements in body 
composition, a meta-analysis in patients with localized or 
locally advanced breast cancer undergoing chemotherapy 
also showed beneficial effects of resistance training on 
lower and upper body muscle strength and overall physi-
cal performance [22]. However, evidence on the effects 
of exercise on skeletal muscle mass, muscle strength and 
physical performance in patients with mBC is insufficient 
or lacking, in part because they have often been excluded 
from exercise-oncology trials [23]. Importantly, these 
patients differ from patients treated with curative disease 
as they have more extensive disease, often receive contin-
uous treatments and experience greater symptom burden 
[7, 8]. This can contribute to a greater risk of malnutri-
tion, physical inactivity, systemic inflammation and other 
dysregulations, exacerbating muscle dysfunction [11, 24, 
25]. The two published trials in patients with mBC (n = 49 
and n = 40, respectively) that involved a physical activity 
intervention and included body composition measures, 
did not find changes in lean body mass [9, 26]. Further, 
studies that found exercise effects on strength and physi-
cal performance outcomes have been small or single arm 
[10, 26–28].

The multinational randomized controlled PREFERA-
BLE-EFFECT study (NCT04120298) is the largest ran-
domized controlled trial in patients with mBC to date. 
It showed that a 9-month supervised exercise program 
significantly reduces fatigue and improves quality of life 
in patients with mBC [29]. Here we report on a second-
ary aim of the PREFERABLE-EFFECT study, which was 

Conclusions  The results support the promotion of supervised exercise for patients with mBC, with beneficial effects 
on skeletal muscle mass, muscle strength and physical performance.

Trial registration  The PREFERABLE-EFFECT study was registered on ClinicalTrials.gov on October 9, 2019 
(NCT04120298).
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to evaluate the effects of the exercise program on body 
composition (incl. lean body mass and fat mass), muscle 
strength and physical performance.

Methods
Design and participants
The study protocol and primary results of the study have 
been published previously [29, 30]. In brief, patients with 
mBC from five European countries (Germany, Spain, 
Netherlands, Poland, Sweden) and Australia were eligible 
to take part in this study if they were ≥ 18 years of age, had 
an ECOG performance status ≤ 2 and were able and will-
ing to participate in the exercise program. Exclusion cri-
teria included: unstable bone metastases as determined 
by the treating clinician; untreated symptomatic brain 
metastases; estimated life expectancy < 6 months; serious 
active infection; being too physically active (> 210  min/
week of moderate-to-vigorous intensity exercise) or 
already engaging in an exercise program comparable to 
the study intervention; any contraindication for exercis-
ing; any circumstances that would impede adherence to 
study requirements or ability to give informed consent; 
or pregnancy.

After baseline testing, participants were randomized 
to either a 9-month supervised and individualized exer-
cise program or the control group using a computerized 
blocked randomization procedure stratified by study cen-
tre and therapy line (1st/2nd vs 3rd or higher). Due to the 
nature of the intervention, participants, study staff and 
clinical personnel were not blinded to group assignment 
at the follow-up assessments.

Intervention
Participants in the exercise group received two super-
vised exercise sessions per week for the first 6 months. 
Thereafter, one supervised exercise session was replaced 
by an unsupervised exercise session for the last 3 
months. Supervision was provided by a qualified exercise 

specialist. All supervised exercise sessions lasted approx. 
60  min and included balance exercises (~ 5  min), mod-
erate-to-high intensity aerobic training (~ 15  min), and 
resistance training (~ 35 min) (Table 1). In addition, par-
ticipants in the exercise group were encouraged to be 
physically active for at least 30 min per day on all remain-
ing days of the week, which was supported by an exercise 
app.

Participants in both groups received standard medical 
care as well as the current exercise guidelines for people 
diagnosed with cancer (in written form at one time point) 
and a physical activity tracker (i.e., a Fitbit Inspire HR).

 

Outcome measures
At baseline, 3 months and 6 months, participants vis-
ited the study centre in person for body composition, 
physical fitness and performance assessments (secondary 
outcomes). Anthropometric data (i.e., body weight and 
height) were measured in light clothing without shoes. 
Body mass index (BMI) was assessed in all participants 
using the formula: BMI = weight (kg) / height2 (m2). In a 
subset of 66 participants, whole body and regional (arm 
and leg) lean mass and whole body fat (percentage) were 
derived from whole body dual-energy X-ray absorptiom-
etry (DXA) scans using a Lunar  iDXA ME scanner (GE 
Healthcare, Chicago, Illinois, USA). Scans were per-
formed at two sites that had access to a DXA machine 
(Australia and Sweden) and based on standard proce-
dures. Participants were instructed not to exercise vigor-
ously or drink alcohol in the 24 h prior the DXA scan and 
to abstain from smoking, food and drinks in the 2 h prior 
to the scan. Appendicular skeletal muscle mass was cal-
culated by summing the muscle mass of the four limbs. 
Appendicular skeletal muscle mass was indexed to height 
squared to determine the skeletal muscle mass index [31].

Lower body strength was assessed via hypothetical 
1-repetition maximum (h1-RM) test on the leg press, 

Table 1  The PREFERABLE EFFECT exercise programa

Week Balance training (5 min) Aerobic training (15 min) Resistance training (35 min)
1–3 Variety of different balance 

tasks (e.g., tandem stand on 
a balance pad)

Moderate-intensity continuous training: 15 min at 50–60% of Wpeak Six exercises. Three sets per exercisec. 
The intensity was periodized, alternating 
between 10 and 12 reps with 70–75% of 
h1-RM and 6 and 8 reps with 80–85% of 
h1-RM every month

4–14 Interval trainingb: 8 × 1 min at Wpeak, alternated with 1 min active rest 
at 30W

15–25 Interval trainingb: 3 × 3 min at 70% of Wpeak, alternated with 2 min 
active rest at 30W

26–36 Interval trainingb: 8 × 30 s at 65% of MSEC, alternated with 1 min ac-
tive rest at 30% of MSEC

Abb. h1-RM, hypothetical 1-repetition maximum; MSEC, Maximal Short Exercise Capacity derived from a Steep Ramp Test; Wpeak, peak Wattage estimated from a 
Steep Ramp Test
aThe exercise program included two supervised, multimodal exercise sessions of 1  h per week for the first six months. Thereafter, one supervised session was 
replaced by one unsupervised session for three months
bAll interval sessions started with a 3-min warm-up at 30 Watt and concluded with a 3-min cool-down. Interval training was introduced to provide some variation 
for participants, whilst ensuring new training stimuli are introduced over time
cMain exercises included the leg press, leg curl, leg extension, chest press, seated row, lat pulldown. Variations of these exercises were allowed and depended on 
the exercise modality
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where deemed safe (i.e., in participants who did not have 
bone metastases in the body regions that were loaded). 
The test was not conducted in one centre due to logisti-
cal issues. While machines used for lower body muscle 
strength measures differed between centres, they did not 
within centres. For the h1-RM test, the highest weight 
that was successfully lifted for 12 repetitions and the 
corresponding h1-RM were recorded [28]. Handgrip 
strength was assessed in all participants using a hand-
grip dynamometer (hydraulic Jamar®). The test was con-
ducted seated with elbows by the side and flexed to the 
right angle (70°), and a neutral wrist position. Three mea-
surements were performed for each hand, and the best 
attempt of each hand was recorded.

The 5 times sit-to-stand test was used to assess func-
tional strength of the lower limbs unless participants had 
spinal or pelvis metastases that made the test potentially 
unsafe to conduct, as determined by the assessor. The 
time (in seconds) required to perform 5 rises from a chair 
to an upright position as fast as possible was recorded 
[32]. The Short-Form Fullerton Advanced Balance (SF-
FAB) scale was used to assess static and dynamic balance 
during four tasks, including the tandem walk, standing 
on one leg, standing on a foam pad with eyes closed, and 
stepping up onto and over a 6-inch bench. SF-FAB tasks 
are rated on a 0- (unable to complete task) to 4-point 
(independent task completion) ordinal scale with higher 
scores indicating better balance [33].

Statistical analysis
Descriptive statistics were used to characterize the study 
population at baseline. Changes from baseline to 3 and 
6 months (i.e., primary time point) were compared 
between groups using mixed models for repeated mea-
sures. Models were adjusted for the baseline value of 
the outcome and stratification factors (i.e., study centre 
and therapy line). All analyses were performed accord-
ing to the intention-to-treat principle and included all 
participants for whom a baseline measure and data from 
at least one additional time point were available. Miss-
ing outcome values were considered missing at ran-
dom and dealt with using linear mixed-effect models. 
We report two-sided p-values. Cohen’s standardized 
effect sizes (ES) were calculated by dividing the adjusted 
between-group differences of the 3-month and 6-month 
post-intervention means by the pooled standard devia-
tion at baseline. All statistical analyses were performed 
in R (Version 4.3.2) using the tidyverse (data wrangling), 
lme4 and emmeans (statistics) and ggplot2 (visualisation) 
packages.

Results
In total, 357 patients were included in the PREFERA-
BLE-EFFECT study, 178 in the exercise group and 179 
in the control group. The baseline characteristics of all 
included participants as well as the subset of participants 
who completed the DXA scan (n = 66) and h-1RM leg 
press (n = 126) are outlined in Table 2. On average, par-
ticipants were 55.4 ± 11.1 years of age and had a BMI of 
26.2 ± 5.2kg/m2. Most participants were on their 1st/2nd 
treatment line (74.8%) and had bone metastases (67.2%).

In the subset of participants who underwent DXA 
scans and those who completed h1-RM tests, some dif-
ferences in sociodemographic and clinical characteristics 
between the exercise and control groups were observed. 
Regarding the subset who completed the DXA scans, 
the exercise group was slightly younger, had a higher 
percentage of participants who were still employed and 
had never smoked, compared to the control group. The 
exercise group also had a shorter time since mBC diag-
nosis, and a higher percentage of participants who were 
currently receiving chemotherapy. For the subset of par-
ticipants who completed the h-1RM testing, the exercise 
group had a slightly lower percentage of patients with 
triple negative breast cancer.

As previously reported, the overall dropout rate from 
the study was 12.3% at 3 months and 18.5% at 6 months. 
The median attendance rate of the supervised exercise 
sessions was 77% and the median adherence rate with the 
exercise protocol was 70% for the balance component, 
59–83% for the aerobic components and 63–100% for 
the resistance components. Two exercise-related serious 
adverse events (SAEs) were reported, a wrist fracture and 
a sacral stress fracture; however, neither was associated 
with bone metastases [29].

The following results are based on the model-based, 
between-group differences including participants for 
whom the outcome was available at baseline and at least 
one other time points. The percentage changes from 
baseline to 3 and 6 months are included in Additional 
File 1. The mean values (± SD) and number of partici-
pants who completed the assessments at each respective 
time point are provided in Additional File 2.

Body composition and BMI
The exercise program increased whole body lean mass, 
with statistically significant between-group differences 
at 3 months (between-group difference = 0.79kg, 95%CI 
[0.14; 1.44], effect size = 0.14) but not 6 months (0.32kg, 
[− 0.35; 0.99], ES = 0.06) (Table 3). Significant differences 
between groups at both 3 and 6 months were observed 
for appendicular skeletal muscle mass ((0.60kg, [0.22; 
0.97], ES = 0.19) and (0.48kg, [0.09; 0.87], ES = 0.15), 
respectively) and skeletal muscle mass index ((0.22kg/
m2, [0.08; 0.36], ES = 0.24) and (0.18kg/m2, [0.04; 0.33], 
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Complete study population Subset: DXA Scan
present

Subset: h1-RM
present

EX
(n = 178)

CON
(n = 179)

EX
(n = 32)

CON
(n = 34)

EX
(n = 62)

CON
(n = 64)

Sociodemographic characteristics
Age, years 54.9 (11.6) 55.9 (10.7) 50.2 (10.9) 58.5 (12.1) 51.5 (11.3) 55.2 (11.0)
Sex
Female 177 (99.4) 178 (99.4) 32 (100.0) 34 (100.0) 62 (100.0) 64 (100.0)
Male 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Marital status
Married 121 (68.0) 117 (65.4) 19 (59.4) 20 (58.8) 41 (66.1) 43 (67.2)
Living alone 57 (32.0) 62 (34.6) 13 (40.6) 14 (41.2) 21 (33.9) 21 (32.8)
Education
No or basic education 7 (3.9) 5 (2.8) 2 (6.3) 0 (0.0) 1 (1.6) 3 (4.7)
Middle education 35 (19.7) 40 (22.3) 1 (3.1) 4 (11.8) 9 (14.5) 16 (25.0)
Higher education 37 (20.8) 43 (42.0) 2 (6.3) 7 (20.6) 11 (17.7) 17 (26.6)
Academic education 99 (55.6) 90 (50.3) 27 (84.4) 23 (67.6) 41 (66.1) 28 (43.8)
Other 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Body Mass Index, kg/m2 25.9 (5.1) 26.6 (5.3) 26.5 (5.5) 24.4 (4.3) 25.3 (4.7) 26.6 (5.3)
Smoking status
Never smoked 93 (52.2) 92 (51.4) 24 (75.0) 18 (52.9) 32 (51.6) 36 (56.3)
Former smoker 76 (42.7) 67 (37.4) 7 (21.9) 14 (41.2) 27 (43.5) 22 (34.4)
Current smoker 9 (5.1) 20 (11.2) 1 (3.1) 2 (5.9) 3 (4.8) 6 (9.4)
Work status
Employed 83 (46.6) 77 (43.0) 24 (75.0) 15 (44.1) 35 (56.5) 30 (46.9)
 On sick leave 34 (41.0) 43 (55.8) 8 (33.3) 7 (46.7) 12 (34.3) 13 (43.3)
Permanently disabled 31 (17.4) 33 (18.4) 0 (0.0) 1 (2.9) 7 (11.3) 8 (12.5)
Unemployed 2 (1.1) 3 (1.7) 0 (0.0) 2 (5.9) 1 (1.6) 2 (3.1)
Retired 38 (21.3) 34 (19.0) 4 (12.5) 10 (29.4) 11 (17.7) 10 (15.6)
Home duties 12 (6.7) 14 (7.8) 1 (3.1) 0 (0.0) 2 (3.2) 8 (12.5)
Othera 11 (6.2) 28 (15.6) 3 (9.4) 6 (17.6) 5 (8.1) 6 (9.4)
Physical activity, median (IQR) min/week
Aerobic exercise
 Vigorous intensity 0 (0–0) 0 (0–0) 0 (0–1) 0 (0–0) 0 (0–0) 0 (0–0)
 Moderate intensity 0 (0–58) 0 (0–60) 0.5 (0–1) 1 (0–33) 0 (0–49) 0 (0–33)
 Light intensity 30 (0–150) 15 (0–132) 1 (0–90) 1 (0–146) 8 (0–120) 30 (0–150)
 Resistance exercises 0 (0–0) 0 (0–0)  0 (0–1) 0 (0–1)  0 (0–0)  0 (0–0)
Clinical characteristics
Disease presentation at the time of mBC diagnosis
De-novo stage IV 58 (32.6) 59 (33.0) 9 (28.1) 8 (23.5) 22 (35.5) 22 (34.4)
Recurrent disease 116 (65.2) 111 (62.0) 22 (68.8) 24 (70.6) 40 (64.5) 39 (60.9)
Time since mBC diagnosis, median (IQR) months 23.1 (8.1–54.3) 22.5 (9.1–49.9) 36.8 (11.8–68.6) 53.5 (11.8–71.4) 17.3 (4.5–40.3) 21.0 (8.5–38.9)
Line of treatment
1st line 98 (55.1) 91 (50.8) 12 (37.5) 10 (29.4) 42 (67.7) 38 (59.4)
2nd line 36 (20.2) 42 (23.5) 8 (25.0) 9 (26.5) 9 (14.5) 16 (25.0)
3rd or higher 44 (24.7) 46 (24.6) 12 (37.5) 13 (38.2) 10 (16.1) 8 (12.5)
Tumor subtype
Triple negative 13 (7.3) 22 (12.3) 3 (9.4) 4 (11.8) 2 (3.2) 9 (14.1)
HER2 positive 42 (23.6) 41 (22.9) 7 (21.9) 11 (32.4) 22 (35.5) 20 (31.3)
HER2 negative and hormone receptor positive 108 (60.7) 106 (59.2) 17 (53.1) 14 (41.2) 35 (56.5) 31 (48.4)
Current treatment
Endocrine treatment 94 (52.8) 93 (52.0) 12 (37.5) 12 (35.3) 31 (50.0) 34 (53.1)
Targeted therapyb 105 (59.0) 99 (55.3) 15 (46.9) 16 (47.1) 38 (61.3) 40 (62.5)
Chemotherapy 48 (27.0) 43 (24.0) 15 (46.9) 7 (20.6) 17 (27.4) 11 (17.2)
Bone-modifying agent 83 (46.6) 83 (46.4) 13 (40.6) 10 (29.4) 19 (30.6) 24 (37.5)

Table 2  Baseline characteristics of the patients with metastatic breast cancer in the PREFERABLE EFFECT study
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ES = 0.20), respectively), as well as leg lean mass and arm 
lean mass independently (Table 3 and Fig. 1), in favor of 
the exercise group. No significant differences between 
groups were observed for whole body fat percentage 
(− 0.28% [− 1.63; 1.08], ES = 0.04 at 6-months) or BMI 
(0.02 [− 0.22; 0.25], ES = 0.00 at 6-months) (Table 3).

Muscle strength
The exercise program improved lower body strength 
assessed via h1-RM leg press compared to control at 3 
months (18.32kg, [7.58; 29.06], ES = 0.44) and 6 months 
(34.22kg, [23.0; 45.45], ES = 0.83) (Table 3). No significant 
differences were observed between groups for handgrip 
strength at either time point, although handgrip strength 
improved significantly within the exercise group from 
baseline to 6 months (Table 3).

Physical performance
Changes in physical performance outcomes are presented 
in Table  3. A statistically significant difference between 
groups was observed for functional strength of the lower 
limbs assessed via 5 times sit-to-stand test at 6 months 
(− 1.53s, [− 2.11; − 0.94], ES = 0.41) but not 3 months 
(− 0.52s, [− 1.10; 0.06], ES = 0.14). The exercise program 
significantly improved static and dynamic balance tasks 
of the SF-FAB, leading to significant between-group dif-
ferences at 3 months (0.44, [0.12; 0.76], ES = 0.19) and 6 
months (0.74, [0.41; 1.1], ES = 0.31).

Discussion
The PREFERABLE-EFFECT study was the first large-
scale randomized controlled trial to demonstrate ben-
eficial effects of supervised exercise on fatigue, quality of 
life (primary outcomes) and a number of other patient-
reported health outcomes, such as pain, dyspnea and 
sexual health, in patients with mBC [29, 34]. Further a 
cost-utility analysis demonstrated that the intervention is 
cost-effective [35]. Our analysis of the study’s secondary 
outcomes, body composition, muscle strength and physi-
cal performance, provides novel evidence that a super-
vised combined aerobic and resistance exercise program 
can also improve these objectively assessed outcomes 
in patients with mBC. Thereby, we address a significant 
research gap—the lack of robust evidence in patients 
with metastatic (breast) cancer—that has been high-
lighted in national and international exercise guidelines 
for patients with cancer [36–38] and in recent systematic 
reviews [23, 39].

Low skeletal muscle mass has been associated with 
increased treatment-related toxicities, increased dose 
reductions as well as poorer treatment outcomes and 
survival in patients with breast cancer [14, 17–19]. Hence 
preserving or even improving muscle mass during can-
cer treatment has become an important aim in exercise-
oncology interventions. Yet, whether this is achievable in 
patients with mBC during ongoing treatment has been 
underexplored. Our study was able to demonstrate a sig-
nificant increase in whole body lean mass after 3 months 

Complete study population Subset: DXA Scan
present

Subset: h1-RM
present

EX
(n = 178)

CON
(n = 179)

EX
(n = 32)

CON
(n = 34)

EX
(n = 62)

CON
(n = 64)

Prior cancer treatment
Primary surgery 120 (67.4) 120 (67.0) 28 (87.5) 26 (76.5) 44 (71.0) 46 (71.9)
Surgery of metastases 21 (11.8) 17 (9.5) 0 (0.0) 2 (5.9) 9 (14.5) 8 (12.5)
Chemotherapy 115 (64.6) 114 (64.0) 24 (75.0) 22 (64.7) 43 (69.4) 46 (71.9)
Endocrine treatment 96 (53.9) 96 (53.6) 16 (50.0) 15 (44.1) 29 (46.8) 28 (43.8)
Radiotherapy 111 (62.4) 95 (53.1) 22 (68.8) 17 (50.0) 36 (58.1) 32 (50.0)
Location of metastases
Bone metastases 116 (65.2) 124 (69.3) 18 (56.3) 20 (58.8) 29 (46.8) 29 (45.3)
Lung metastases 49 (27.5) 46 (25.7) 9 (28.1) 11 (32.4) 16 (25.8) 27 (42.2)
Liver metastases 67 (37.6) 57 (31.8) 7 (21.9) 7 (20.6) 23 (37.1) 15 (23.4)
Lymph node metastases 68 (38.2) 70 (39.1) 10 (31.3) 15 (44.1) 23 (37.1) 24 (37.5)
Comorbidities
No comorbidities 104 (58.4) 104 (58.4) 26 (81.3) 28 (87.5) 42 (67.7) 39 (60.9)
1 comorbidity 37 (20.8) 33 (18.4) 4 (12.5) 3 (8.8) 11 (17.7) 13 (20.3)
>1 comorbidity 37 (20.8) 42 (23.5) 2 (6.3) 3 (8.8) 9 (14.5) 12 (18.8)
Continuous characteristics are presented as mean (± SD), whereas categorical characteristics are presented as n (%), unless stated otherwise.

Abb. CON, control group; DXA, dual-energy X-ray absorptiometry; EX, exercise group; mBC, metastatic breast cancer
aIncludes caregiver, working on projects when health status allows.
bIncludes both biologic agents, such as cyclin-dependent kinase 4 (CDK4) and CDK6 inhibitors, as well as human epidermal growth factor receptor 2 (HER2)-
targeted therapy.

Table 2  (continued) 
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of exercise training in the exercise group compared to 
the control group. The difference between groups of 
0.79kg is comparable to the difference observed in stud-
ies in the curative setting that have included a resistance 
exercise component (0.83kg) [21]. Notably, the difference 
between groups becomes even more apparent and is also 
significant at 6 months for appendicular skeletal muscle 
mass, skeletal muscle mass index and leg lean mass and 
arm lean mass independently, two body regions that 
host major muscle groups that were targeted during the 

exercise intervention. The significant differences in lean 
mass between groups at 3 and 6 months were primarily 
driven by a significant decline in arm lean mass within 
the control group and a significant increase in leg lean 
mass within the exercise group.

Our findings are novel as previous, smaller scale stud-
ies with less supervision have been unable to detect exer-
cise effects on lean body mass in patients with mBC. A 
randomized controlled lifestyle trial in patients with 
mBC (n = 40) found no effects on lean body mass as 

Table 3  Effects of supervised exercise on body composition, muscle strength and physical performance outcomes in patients with 
metastatic breast cancer in the PREFERABLE EFFECT study

Baseline Within-group differences Between-group differences
Baseline to 
3 months

Baseline to 
6 months

At 3 months At 6 months

Mean (± SD) Mean (95% CI) Mean (95% CI) Mean (95% CI) ES Mean (95% CI) ES
Weight (kg) EX 71.13 (15.38) - 0.13 (- 0.61–0.34) - 0.29 (- 0.76–0.18) - 0.01 (- 0.63–0.62) 0.00 0.02 (- 0.60–0.65) 0.00

CON 72.45 (14.34) - 0.18 (- 0.68–0.32) - 0.33 (- 0.83–0.18) Reference Reference
BMI (kg/m2) EX 25.88 (5.09) - 0.05 (- 0.22–0.13) - 0.10 (- 0.28–0.08) 0.00 (- 0.23–0.24) 0.00 0.02 (- 0.22–0.25) 0.00

CON 26.57 (5.28) - 0.07 (- 0.26–0.11) - 0.13 (- 0.31–0.06) Reference Reference
Whole Body Lean Mass (kg) EX 40.93 (5.52) 0.45 (- 0.00–0.90) 0.32 (- 0.15–0.80) 0.79 (0.14–1.44)* 0.14 0.32 (- 0.35–0.99) 0.06

CON 39.67 (5.51) - 0.32 (- 0.89–0.25) - 0.03 (- 0.61–0.55) Reference Reference
Arm Lean Mass (kg) EX 4.32 (0.83) 0.03 (- 0.06–0.11) 0.01 (- 0.08–0.11) 0.15 (0.02–0.27)* 0.19 0.13 (0.00–0.26)* 0.16

CON 4.27 (0.75) - 0.13 
(- 0.24–- 0.01)*

- 0.12 
(- 0.23–0.00)*

Reference Reference

Leg Lean Mass (kg) EX 14.25 (2.66) 0.24 (0.00–0.47)* 0.19 (- 0.06–0.43) 0.45 
(0.15–0.75)**

0.18 0.35 (0.04–0.66)* 0.14

CON 13.32 (2.23) - 0.21 (- 0.50–0.08) - 0.17 (- 0.46–0.13) Reference Reference
Appendicular Skeletal 
Muscle Mass (kg)

EX 18.57 (3.42) 0.26 (- 0.02–0.54) 0.20 (- 0.10–0.49) 0.60 
(0.22–0.97)**

0.19 0.48 (0.09–0.87)* 0.15

CON 17.59 (2.87) - 0.34 (- 0.70–0.01) - 0.28 (- 0.64–0.08) Reference Reference
Skeletal Muscle Mass Index 
(kg/m2)

EX 6.83 (1.01) 0.09 (- 0.02–0.20) 0.07 (- 0.04–0.18) 0.22 
(0.08–0.36)**

0.24 0.18 (0.04–0.33)* 0.20

CON 6.41 (0.83) - 0.13 (- 0.26–0.01) - 0.11 (- 0.24–0.03) Reference Reference
Whole Body Fat (%) EX 38.70 (8.00) - 0.53 (- 1.43–0.37) - 0.30 (- 1.24–0.65) -0.76 (- 2.10–0.58) 0.10 - 0.28 (- 1.63–1.08) 0.04

CON 36.79 (7.09) - 0.04 (- 1.17–1.09) - 0.14 (- 1.29–1.01) Reference Reference
Hypothetical 1-RM (kg) EX 102.92 (41.05) 31.38 

(23.29–39.46)**
44.68 
(36.27–53.09)**

18.32 
(7.58–29.06)**

0.44 34.22 
(23.00–45.45)**

0.83

CON 96.33 (41.78) 13.35 
(3.65–23.05)**

10.67 
(0.67–20.68)*

Reference Reference

5-times Sit-to-Stand Test (s) EX 10.42 (3.75) - 1.39 
(- 1.93–-0.85)**

- 1.20 
(- 2.54–-1.45)**

- 0.52 (- 1.10–0.06) 0.14 - 1.53 
(- 2.11–-0.94)**

0.41

CON 10.74 (3.68) - 0.88 
(-1.45–-0.31)**

- 0.48 (- 1.06–0.10) Reference Reference

SF-FAB EX 14.90 (2.22) 0.46 (0.15–0.76)** 0.55 
(0.24–0.86)**

0.44 
(0.12–0.76)**

0.19 0.74 (0.41–1.1)** 0.31

CON 14.50 (2.48) 0.12 (- 0.21–0.44) - 0.11 (- 0.44–0.22) Reference Reference
Handgrip Strength, right 
(kg)

EX 27.53 (6.74) 0.47 (- 0.25–1.19) 1.07 
(0.34–1.80)**

0.23 (- 0.67–1.13) 0.03 0.69 (- 0.23–1.60) 0.10

CON 27.79 (6.77) 0.22 (- 0.44–1.03) 0.28 (- 0.51–0.97) Reference Reference
Handgrip Strength, left (kg) EX 26.55 (6.06) 0.36 (- 0.25–1.19) 0.76 (0.34–1.80)* 0.00 (- 0.84–0.85) 0.00 0.47 (- 0.39–1.32) 0.07

CON 26.42 (6.48) 0.30 (- 0.54–0.98) 0.23 (- 0.49–1.05) Reference Reference
Models were adjusted for the baseline value of the outcome and stratification factors (i.e., center and therapy line) and included participants for whom the outcome 
was observed at two or more time points

Significant within-group and between-group differences are in bold (* p < 0.05; ** p < 0.01)

Abb. BMI, body mass index; CON, control group; ES, effect size; EX, exercise group; SF-FAB: Short-Form Fullerton Balance Scale; 1-RM, one-repetition maximum
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measured by DXA scan [26]. The trial involved a 12-week 
multimodal intervention to promote adoption of physical 
activity (150 min of moderate intensity physical activity 
and 2 sessions of resistance training per week) and nutri-
tion guidelines. In contrast to our trial, in-person support 
was limited to four supervised exercise sessions followed 
by weekly telephone sessions. Similarly, a single-arm fea-
sibility study found that a 6-month unsupervised physi-
cal activity intervention with activity tracker maintained 
but did not improve lean body mass, calculated based on 
skeletal muscle area at L3 following computed tomogra-
phy (CT) scan in 49 patients with mBC [9]. Patients in 
this study received a weekly goal of steps per day and 
weekly feedback by a physical activity instructor, but 
no supervised intervention and no resistance exercise 
advice. While aerobic exercise has also shown to improve 
lean body mass in people with breast cancer treated with 
curative intent, effects are larger for resistance exercise. 
Resistance exercise has been deemed the most effective 
intervention to improve lean body mass in women diag-
nosed with or at high-risk of breast cancer [21, 40]. Fur-
ther, supervised exercise has been established to provide 
greater benefits than unsupervised exercise interventions 
for a range of health outcomes [41–43].

Importantly, we found no difference between groups 
in BMI. This underscores the emergent recognition that 
BMI can mask changes in body composition and hence is 
not a reliable marker for determining body composition 
[14]. Shachar et al. and others found, that BMI and body 
surface area (BSA), commonly used to dose chemother-
apy, were not predictive of treatment-related toxicities 
in patients with mBC. However, sarcopenia and skeletal 

muscle measures, such as lean body mass and skeletal 
muscle gauge, were associated with clinical outcomes, 
such as toxicities, hospitalisations and time to treatment 
failure [14, 17]. While skeletal muscle measures appear to 
be clinically relevant factors that should possibly be con-
sidered when determining treatment doses and assess-
ing the likelihood of toxicities, further research on the 
prognostic value of body composition measures, includ-
ing lean mass and fat mass, in the metastatic setting is 
required, as disease and treatment types may play a role 
[16, 44].

Apart from improvements in lean body mass, we found 
beneficial effects of a combined aerobic and resistance 
training program on muscle strength. While both groups 
experienced improvements in lower body strength 
assessed via h1-RM leg press and the 5 times sit-to-stand 
test, the exercise program led to a greater improvement 
compared to control, with significant between-group dif-
ferences at 6 months. This is in line with a meta-analy-
sis on the effects of exercise in patients with advanced 
cancer undergoing palliative treatment (SMD = 0.48 
(95% CI = 0.12, 0.84) [45] and has also been observed in 
a few small or single arm studies in patients with mBC 
[10, 27, 28]. Two single-arm studies that assessed a 3- 
and 6  month intervention aimed at increasing physi-
cal activity levels with weekly feedback [27] or weekly 
cognitive and behavioural skill focussed sessions [28], 
found improvements in isometric quadriceps strength 
(22%) and the 30 s sit-to-stand test (27.5%), respectively. 
Further, one small randomized controlled trial (n = 14) 
evaluating an 8-week aerobic (unsupervised) and resis-
tance (supervised) exercise intervention also showed 
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Fig. 1  Changes in body composition outcomes in a subset of patients with mBC included in the PREFERABLE-EFFECT exercise intervention. Estimated 
marginal means for whole body lean mass (A), whole body fat (B), appendicular skeletal muscle mass (C), appendicular skeletal mass index (D), arm lean 
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improvements in lower limb strength, although with a 
smaller between group difference of 10.3 kg and assessed 
via back-leg dynamometer [10]. Importantly, a recent 
systematic review and meta-analysis found that, in stud-
ies with a high percentage of patients with advanced can-
cer, those with greater muscle strength had a significantly 
(23–46%) reduced risk of all-cause mortality compared to 
those patients with lower muscle strength [46]. Further, 
higher levels of physical function may also be associated 
with a reduction in overall-mortality in cancer survivors 
[47].

While we found significant improvements in handgrip 
strength within the exercise group, we did not observe 
a significant difference between groups. Delrieu et al. 
found no improvement in handgrip strength following 
a 6-month unsupervised physical activity intervention 
(without resistance training) [26]. However, Sheean et al. 
found a significant difference between groups in hand-
grip strength in favour of the intervention group, which 
received a 12-week multimodal intervention (includ-
ing both aerobic and resistance training) to promote 
adoption of physical activity and nutrition guidelines 
[26, 27]. During adjuvant chemotherapy for breast can-
cer and in patients with sarcopenia, resistance training 
has also been shown to improve handgrip strength [22, 
48]. Importantly, with an average handgrip strength of 
approx. 27 kg at baseline, and with a skeletal muscle mass 
index of approx. 6.6 kg/m2, participants in our study 
exceeded the cut-off point for sarcopenia (< 16 kg or < 5.5 
kg/m2 in women, respectively) [24]. Further, it is impor-
tant to consider the interventions that are offered and 
the muscles that are targeted when interpreting hand-
grip strength results (i.e., training specificity). Although 
the PREFERABLE-EFFECT intervention included upper 
body resistance training, it did not include exercises that 
specifically targeted the finger flexors. Nevertheless, the 
within-group changes in handgrip strength are consistent 
with the overall picture of improved muscle strength.

Balance is an important physical performance outcome 
for patients with mBC, particularly for those with bone 
metastases or treatment-induced osteoporosis where 
falls prevention is key to reducing the risk of fractures. 
However, the effects of exercise on balance have been 
understudied in this population. In the curative setting, 
and in particular in patients with chemotherapy-induced 
peripheral neuropathy, exercise that involves balance 
training has shown to improve stability [49]. In patients 
with metastatic colorectal cancer (n = 30), an eight-week 
supervised multimodal exercise program, including aero-
bic, resistance and balance training (2 × /week for 60 min) 
revealed no improvements in simple static and dynamic 
balance compared to control. However, significant differ-
ences between groups were observed for advanced static 
balance (including more challenging and complex tasks) 

[50]. Importantly, we had originally intended to use the 
Short Physical Performance Battery to assess physical 
performance [51]. However, we observed ceiling effects 
in our first participants in the simpler balance tasks. This 
led us to use the SF-FAB instead, which includes more 
challenging balance tasks. We found significant differ-
ences in balance assessed with the SF-FAB between 
groups at 3 and 6 months, despite only including approx. 
5 min of balance exercises per session. This suggests that 
other components of the exercise program, such as the 
resistance training, may have contributed to these results. 
This is in line with a systematic review that found that a 
range of different exercise interventions can improve bal-
ance in women treated with breast cancer [52].

We attribute the beneficial effects that we observed 
on lean body mass, muscle strength and physical perfor-
mance, but also on our previously reported primary out-
comes, fatigue and quality of life, to the tailored nature 
of the exercise prescription (moderate-to-high intensity 
aerobic and resistance exercise), the duration of the pro-
gram and the level of supervision. Supervision by a quali-
fied exercise specialist is not only important to maximize 
the benefits of exercise, keeping in mind that the control 
group also received written exercise advice and a Fitbit 
activity tracker, but also to ensure safety. Skeletal com-
plications (e.g., bone pain, pathological fractures, spinal 
cord compressions) related to bone metastases are a sig-
nificant concern in this population, which has historically 
led to the exclusion of patients with bone metastases 
from exercise trials. Further, patients themselves have 
reported fear of falls or injury as barriers to exercise 
participation, which may result in patients exercising at 
lower intensities and avoiding resistance exercise when 
no supervision is provided [53]. In the PREFERABLE-
EFFECT study, we sought medical clearance from the 
treating physicians and participants were asked before 
and after each exercise session if they experienced any 
new or increase in pain or symptoms. This close moni-
toring allowed the trainers to modify the program 
accordingly by alternating the exercise selection or load. 
This meant that in most situations participants could 
complete the exercise session. In line with the guidelines 
of the International Bone Metastases Exercise Working 
Group, trainers ensured exercises were conducted in a 
controlled manner and with the correct technique [54]. 
Further, trainers had the option to avoid loading affected 
bones or taking the ‘start low, progress slow’ approach 
during exercise sessions. Importantly, despite this cau-
tious approach, which possibly limited progressive over-
load at times, participants were still able to maintain and 
even improve skeletal muscle mass, muscle strength and 
functional performance. Moreover, the two exercise-
related SAEs that were reported—a wrist fracture and 
a sacral stress fracture—were not associated with bone 
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metastases. Following a temporary interruption and/or 
program adjustment, both participants continued the 
exercise program.

Limitations
Our study is not without limitations. CT and MRI 
scans are the gold standards for estimating muscle mass 
in research due to their precision. However, they are 
associated with higher costs, limited accessibility and 
higher radiation exposure, and hence DXA is the pre-
ferred alternative method. However, in our study, body 
composition via DXA scan was only assessed in a sub-
group of participants as only two sites had (free) access 
to DXA machines. This reduced our sample size for the 
body composition outcomes significantly. While it is 
likely that a larger sample size would have led to similar 
effects on lean body mass, it is unclear how this would 
have influenced the body fat outcomes. While studies in 
the curative setting have demonstrated changes in body 
fat following an exercise intervention, and this may be 
relevant to improving prognosis and preventing other 
chronic diseases [55], this requires further investigation 
in the metastatic setting [44]. Patients that are intending 
to lose weight, for example, may benefit from a combined 
exercise and dietary intervention.

We cannot rule out that there was a higher learn-
ing effect in the exercise group compared to the con-
trol group for the h1-RM test, as some participants 
used the leg press during training. This may have led 
to an overestimation of the effect. A further limitation 
is that it was not possible or deemed safe to conduct 
the h1-RM leg press test in all participants. Despite 
doing a 12-RM instead of a true 1-RM test, to maximize 
safety, we decided to avoid loading bones that had bone 
lesions in participants with bone metastases in the test-
ing environment. However, the 5 times sit-to-stand test 
was conducted in a larger sample size and supports the 
effects we observed in the h1-RM leg press test. Further, 
patient-reported physical functioning, measured with the 
EORTC QLQ-C30 and reported elsewhere, also signifi-
cantly improved in the exercise group compared to the 
control group [29].

An important aspect to consider when interpreting 
our findings is that we included patients into the study at 
any time during their treatment for mBC, and the major-
ity were on their 1st or 2nd line of treatment. While this 
contributed to a heterogeneous sample, it also increases 
the generalizability of our findings. Nevertheless, it 
would be interesting to further explore whether exercise 
responses differ based on treatment lines, tumour types 
and/or treatments received.

Lastly, there were some differences at baseline between 
the exercise and control groups in the subset of par-
ticipants that completed the DXA scan and h1-RM. For 

example, with regard to the DXA subset, the exercise 
group had a higher percentage of participants who were 
currently receiving chemotherapy. This may have nega-
tively affected their muscle mass outcomes and have led 
to an underestimation of the training effects. On the 
other hand, their time since mBC diagnosis was shorter.

Conclusion
In the PREFERABLE-EFFECT study, we were able to 
demonstrate that a supervised aerobic and resistance 
exercise program can improve lean body mass, muscle 
strength and physical performance in patients with mBC. 
There is growing recognition that skeletal muscle mass 
plays a pivotal role in treatment tolerance (i.e., reducing 
treatment-related toxicities), prognosis and overall health 
in patients with cancer. Further, greater muscle strength 
and physical functioning have been associated with bet-
ter quality of life and reduced risk of mortality. Therefore, 
our novel evidence further supports the call for exer-
cise, and specifically supervised exercise with a resis-
tance exercise component, to be integrated as a standard 
component of cancer care and for this to be extended to 
patients with metastatic disease.
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