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ORIGINAL ARTICLE

Heavy-load resistance exercise during chemotherapy in physically inactive
breast cancer survivors at risk for lymphedema: a randomized trial

Kira Bloomquista, Lis Adamsena, Sandra C. Hayesb, Christian Lillelunda, Christina Andersena,
Karl Bang Christensenc, Peter Oturaid, Bent Ejlertsene, Malgorzata K. Tuxenf and Tom Møllera

aUniversity Hospitals Centre for Health Research (UCSF), Copenhagen University Hospital, Copenhagen, Denmark; bInstitute of Health and
Biomedical Innovation, School of Public Health and Social Work, Queensland University of Technology, Kelvin Grove, Australia; cDepartment
of Public Health; Section of Biostatistics, University of Copenhagen, Copenhagen, Denmark; dDepartment of Clinical Physiology, Nuclear
Medicine and PET, Copenhagen University Hospital, Copenhagen, Denmark; eDBCG, Copenhagen University Hospital, Copenhagen,
Denmark; fOncology Department, Team MA, Herlev Hospital, Herlev, Denmark

ABSTRACT
Background: Due to long-standing concerns that heavy-load lifting could increase the risk of develop-
ing lymphedema, breast cancer survivors have been advised to refrain from resistance exercise with
heavy loads. This study prospectively evaluated the effect of heavy-load resistance exercise on lymphe-
dema development in women receiving chemotherapy for breast cancer.
Material and Methods: Physically inactive women receiving adjuvant chemotherapy for breast cancer
(n¼ 153) were randomized to a HIGH (supervised, multimodal exercise including heavy-load resistance
exercise: 85–90% 1 repetition maximum [RM], three sets of 5–8 repetitions) versus LOW (pedometer
and one-on-one consultations) 12-week intervention. Outcomes (baseline, 12 and 39 weeks) included
lymphedema status (extracellular fluid [bioimpedance spectroscopy] and inter-arm volume % differ-
ence [dual-energy X-ray absorptiometry], lymphedema symptoms [numeric rating scale 0–10]), upper-
extremity strength (1 RM), and quality of life domains (EORTC- BR23). Linear mixed models were used
to evaluate equivalence between groups for lymphedema outcomes (equivalence margins for L-Dex,
% difference and symptoms scale: ±5, ±3% and ±1, respectively). Superiority analysis was conducted
for muscle strength and quality of life domains.
Results: Postintervention equivalence between groups was found for extracellular fluid (0.4; 90% CI
�2.5 to 3.2) and symptoms of heaviness (�0.2; �0.6 to 0.2), tightness (�0.1; �0.8 to 0.6) and swelling
(0.2; �0.4 to 0.8). Nonequivalence was found for inter-arm volume % difference (�3.5%; �17.3 to
10.3) and pain (�0.7; �1.3 to 0), favoring HIGH. Strength gains were superior in the HIGH versus LOW
group (3 kg; 1 to 5, p< .05). Further, clinically relevant reductions in breast (�11; �15 to �7) and arm
(�6; �10 to �1) symptoms were found in the HIGH group.
Conclusion: Findings suggest that physically inactive breast cancer survivors can benefit from super-
vised heavy-load resistance exercise during chemotherapy without increasing lymphedema risk.

Trial registration: ISRCTN13816000
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Introduction

Breast cancer-related arm lymphedema (BCRL) is a chronic
condition characterized by swelling of the arm on the surgi-
cal side, experienced by almost a quarter of breast cancer
survivors and has adverse physical, social and psychological
ramifications [1–4]. While the pathophysiology of BCRL
remains unclear, consistent evidence supports several risk
factors including more extensive surgery (mastectomy and
axillary lymph node dissection and greater number of lymph
nodes removed), receipt of adjuvant therapies (chemother-
apy and radiotherapy) and lifestyle-related factors such as
obesity and physical inactivity [1].

Receipt of adjuvant chemotherapy for breast cancer is
associated with declines in physical activity [5]. This in turn

contributes to common increases in body weight [6–9] char-
acterized by no change or decline in muscle mass in the
presence of increased body fat (sarcopenic obesity) [6] and is
adversely associated with reductions in muscle strength and
functional impairment [10,11]. Therefore, interventions that
thwart sarcopenic obesity are pertinent, with heavy-load
resistance-exercise considered an effective strategy. This is
due to the dose–response relationship, whereby heavier
loads have been shown to elicit greater gains in muscular
size, structure and function than with lower loads [12,13].

However, there are anecdotal concerns that resistance
exercise with heavy loads may trigger the development of
BCRL [14,15]. While previous interventions have demon-
strated the safety of resistance exercise of low-to-moderate
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loads (60–80% of 1 repetition maximum (RM) or 8-20 RM)
[14,16–19], no studies to date have prospectively assessed
repeated exposure to resistance exercise with heavy loads.

Therefore, we prospectively compared the effect of a
supervised, multimodal intervention including heavy-load
resistance exercise (80–90% 1 RM or 5–8 RM) with a home-
based individual walking intervention in physically inactive
breast cancer survivors. A full report detailing the results on
aerobic capacity (the primary outcome), body composition
and quality of life can be viewed elsewhere
(ISRCTN13816000, Møller T et al., in submission). The purpose
of this manuscript is to report on the effect of the interven-
tions on BCRL and upper-extremity outcomes (secondary
outcomes). We hypothesized that changes in BCRL outcomes
would be similar irrespective of intervention allocation.
Further, we hypothesized that participation in the multi-
modal intervention would yield significant increases in
upper-extremity muscular strength and breast cancer-specific
functional and symptom domains compared to the walking
intervention.

Material and methods

This study utilized a parallel group, randomized design
(n¼ 153; detailed description of study design and methods
have been previously reported) [20,21]. The study was con-
ducted at the University Hospitals Centre for Health
Research, Copenhagen University Hospital, Rigshospitalet.
Written informed consent was provided by all participants
before inclusion to the study. The study was approved by
the Danish Capital Regional Ethics Committee (H-1-2011-131)
and the Danish Data Protection Agency (2011-41-6349) and
registered at Current Controlled Trials (ISRCTN13816000).

Participants

Women referred to adjuvant chemotherapy for stage I–III
breast cancer at the oncology departments of The
Copenhagen University Hospital, Rigshospitalet (RH) and
Herlev Hospital (HE) were screened for eligibility by nurses/
physicians upon initiation of chemotherapy. Women were eli-
gible if they had a World Health Organization performance
status 0–1, and retrospectively rated their physical activity
levels three months prior to diagnosis as less than
150minutes of, moderate- intensity physical activity and/or
2� 20minutes of high-intensity exercise per week [22]. If ini-
tial criteria were met, women were then referred to the
research team and matched against exclusion criteria [20,21]
(Figure 1).

Randomization

After successful completion of all baseline assessments (6–9
weeks postsurgery), women were sequentially numbered and
stratified by age (<48/48þ years) and hospital (RH/HE).
Intervention allocation (1:1) was determined by a computer-
ized, random number generated at the Copenhagen
Trial Unit.

Guidelines regarding BCRL

Participants were asked if they had received treatment for
BCRL at the baseline assessment (either preventatively or as
a means to reduce swelling after a diagnosis of BCRL) and
were given verbal and written information, highlighting cur-
rent evidence-based risk factors for developing BCRL [1].
Women diagnosed with lymphedema were not excluded.
Participants were encouraged to contact study personnel if
signs or symptoms of BCRL development presented or
exacerbation of an existing BCRL occurred during the study
period. Either scenario would then instigate referral to a lym-
phedema therapist for evaluation and treatment as well as
individual modifications of the exercise interventions based
on response to prescribed intensities and modalities.

Interventions

High
Participants randomized to the HIGH group participated in a
supervised twelve-week, group-based exercise program. The
first six weeks consisted of a previously described exercise
program ‘Body and Cancer’ [20,23,24], which entailed multi-
modal sessions including low- and high-intensity compo-
nents. The following six weeks consisted of an ‘All sport’
exercise program focusing on high-intensity components
combined with other aerobic activities performed at moder-
ate to high intensities. (Supplementary Table 1) [20]. The
high-intensity component included an aerobic-based warm-
up followed by resistance exercise and 15–30minutes of car-
diovascular interval training on stationary bikes with peak
loads equivalent to 85–95% maximal heart rate. The resist-
ance exercise program comprised of six machine-based exer-
cises (TechnogymVR , Gamettola, Italy) targeting major muscle
groups of the body including the chest press and latissimus
pull down. Resistance exercise loads were based on a 1 RM
strength test performed during the first exercise session.
During the first week, participants were instructed to lift
loads corresponding to 2–3 sets of 8–12 repetitions at 70% 1
RM, progressing to 80% 1 RM in week two. From week three
forward, loads lifted corresponded to 3 sets of 5–8 repeti-
tions at 80–90% 1 RM. To ensure progression, resistance
exercise programs were adjusted every third week based on
new 1 RM testing [20,23].

Low
The LOW intervention involved an individualized, home-
based walking program supported by a pedometer and one-
on-one consultations (Supplementary Table 1). Participants
were issued an Omron Walking Style Pro pedometer at base-
line and were encouraged to progressively increase steps
and ultimately to achieve 10,000 steps per day. Consultations
were regularly held to discuss daily walking targets, and
were encouraged to exercise and to integrate physical activ-
ity into activities of daily living.

Both interventions provided health promotion counseling
[20] including clinical advice concerning symptom manage-
ment and feedback regarding physiological outcomes.
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Outcomes

BCRL was objectively assessed (inter-arm volume % differ-
ence and extracellular fluid) at baseline, 12 and 39 weeks, by
medical technicians at the Department of Clinical Physiology

and Nuclear Medicine, Rigshospitalet. Muscle strength out-
come measures and self-reported outcomes were obtained
by research assistants at the University Hospitals Center for
Health Research, Rigshospitalet at baseline, 6, 12 and
39 weeks.

Figure 1. Flow of participants from recruitment and through the trial including 153 women receiving adjuvant chemotherapy for primary breast cancer.
Copenhagen University Hospitals, Herlev and Rigshospitalet, 2014–2016.
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Inter-arm volume % difference
Arm volume was obtained using Dual energy X-ray absorpti-
ometry (DXA) (Lunar Prodigy Advanced Scanner, GE
Healthcare, Madison, WI). DXA provides a sensitive measure
of tissue composition using a three-compartment model
[25,26]. Lying supine on the scan-table with arms slightly
abducted and hands in a mid-prone position, total body
scans were performed. From the total body scans, estimated
arm volumes were calculated using previously derived den-
sities (fat - 0.9 g/ml, lean mass �1.1 g/ml, bone mineral con-
tent - 1.85 g/ml)) with the region of interest extending from
the gleno-humeral joint to the finger tips [25,26]. Inter-arm
volume % differences (at-risk arm minus unaffected arm/
unaffected arm � 100) were then calculated. To ensure accur-
acy, participants were scanned fasting at the same time of
day (mornings) at all assessments.

L-Dex
To ensure obtainment of high-quality objective measures of
extracellular fluid, bioimpedance spectroscopy (BIS) (SFB7,
Impedimed, Brisbane, Australia) [27] was added to the test
battery after commencement of the study, with data con-
secutively collected from participant 71 forward.
Measurements were performed immediately after DXA scans
as previously described [28,29]. The ratio of impedance (at
R0) between the at-risk and non-affected arm was calculated
and converted into an L-Dex score taking arm dominance
into account [30].

Self-reported swelling
Participants were asked if they had observed a difference in
size between their surgical- and nonsurgical side within the
last week (dichotomous scale – yes/no). If they answered yes,
they were then asked to report where (fingers, hand, fore-
arm, upper arm, breast, torso). For the purpose of binary
analysis, categories were divided into ‘extremity’ (fingers,
hand, forearm, upper arm) and ‘body’ (breast, torso).

Self-reported BCRL symptoms
The severity of lymphedema symptoms on the surgical side
was monitored using a numeric rating scale (NRS) [31].
Participants rated perceptions of swelling, heaviness, pain
and tightness within the last week on a scale from 0 (no dis-
comfort) to 10 (very severe discomfort) [32].

Muscular strength
Maximal upper-extremity strength was assessed using the 1
RM strength test [33] in the chest press exercise. Prior to the
1 RM attempt, a warm-up consisting of 8–10 repetitions
using a low weight ensuring no muscle fatigue was per-
formed. Hereafter, load was increased based on ease of per-
formance, with one repetition lifted of each load, until the
participant was unable to lift a respective load.

Breast cancer-specific quality of life (QOL)
The 23-item European Organization for Research and Treatment
of Cancer (EORTC QLQ) breast cancer module (BR23) [34], ver-
sion 3.0, was used to assess breast cancer-specific QOL. This
validated breast cancer-specific module includes four functional
subscales, and four symptom specific subscales. The raw scores
were summed and converted to a score out of 100 [34,35].

Blinding

All data collection and subsequent data entry were per-
formed blinded to group allocation by study assessors.
Further, all data analyses were performed with no knowledge
of group allocation by a statistician with no other affiliation
to the study.

Statistical analysis

Descriptive statistics for continuous variables included mean-
s ± standard deviations (SD) for normally distributed data or
median with interquartile range (IQR) for non-normally distrib-
uted data. Categorical variables as well as BCRL point preva-
lence (defined as L-Dex >10, inter-arm volume difference
>5%, self-reported observation of swelling) are presented as
counts (percentages). Intention-to-treat analyses were per-
formed using linear mixed models with a heterogeneous
autoregressive (1) covariance structure to estimate changes
over time in each group. An exchangeable correlation struc-
ture was used to model the within-subject correlation of
repeated measurements over time and across interventions,
incorporating all available data including participants with
incomplete data. Also, effect sizes were calculated for muscu-
lar strength [36]. A two-sided significance level was set at 0.05
for outcomes where superiority was hypothesized.

A priori, equivalence margins were chosen for BCRL out-
comes. If the mean difference and interval between the
upper- and lower-confidence limits was within the predeter-
mined equivalence margin, equivalence between interven-
tions was declared [37]. An equivalence margin of ±3.0% was
used for inter-arm volume % differences based on findings
from Stout et al., [38] that volume increases of >3% from
pre-operative measures were indicative of sub-clinical BCRL.
For L-Dex, the margin of equivalence was set at ±5.0 units
based on normative data indicating that L-Dex scores fluctu-
ate between 9–11 units [30]. For lymphedema symptom
severity an equivalence margin was set at ±1.0 points based
on data that suggest a 2 point or 30% change to be clinically
meaningful for pain [31]. The principle of confidence interval
inclusion [39] was used to calculate two one-sided upper-
and lower-95% confidence limits for L-Dex, inter-arm volume
% differences, and BCRL symptom outcomes (reported as
90% confidence limits). A per-protocol analysis was per-
formed to determine equivalence of BCRL outcomes of par-
ticipants with an adherence rate >65% to the HIGH
intervention (n¼ 33). Means and 90% CI were calculated and
compared with the predetermined equivalence margins.
Analyses were conducted using Statistical Analysis Software
(SAS) version 9.4.
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Results

Between January 2014 and July 2016, 153 of 391 (39%) eli-
gible women receiving adjuvant chemotherapy for breast
cancer were recruited (Figure 1). Baseline characteristics were
balanced between the two intervention groups (Table 1).

For participants with and without L-Dex data, baseline
characteristics were balanced with the exception of chemo-
therapy regime, as more participants with L-Dex data had
received paclitaxel (13 (20%) vs. 6 (7%), respectively). Further,
differences were seen in the mean BMI of participants with
and without inter-arm volume data as the body dimensions
of some participants exceeded the DXA scan area (24 ± 4 kg/
m2 with DXA, vs. 32 kg/m2 ± 5 without DXA).

Retention, adherence and adverse events

Outcome data were available for 130 participants (85%) at
12-weeks postintervention, and for 121 (79%) at the 39 week
follow-up (Figure 1). On average, participants in the HIGH
group attended 66% (±18) of the planned exercise sessions.

Four women never partook in the intervention and an
additional six withdrew shortly after initiation of the pro-
gram. Adherence to resistance exercise prescription of the
upper-extremity corresponded to a median load of 10 RM
during the first two weeks. From week three forward (heavy-
load period), loads corresponded to 7 RM. Comparatively
loads lifted for the leg press were 14 RM and 8 RM,
respectively.

Eight participants experienced minor adverse events
related to exercise (see Møller et al., in submission), while no
adverse events prompting medical attention were reported
during the study period. In all, 11 participants (HIGH n¼ 6
(8%) vs. LOW n¼ 5 (6%)) developed swelling during the 12
week intervention and were referred to lymphedema thera-
pists. At 39 weeks, seven of these participants had received
treatment for BCRL following the intervention, while three
had not, and one was lost-to follow-up. During the interven-
tion period, resistance exercise prescription was modified for
one participant in the HIGH group (reduced loads to 10–15
RM), whereas the other five continued lifting loads corre-
sponding to 5–8 RM.

Table 1. Baseline characteristics of 153 women receiving adjuvant chemotherapy for primary breast cancer. Copenhagen University
Hospitals, Herlev and Rigshospitalet, 2014–2016.

Characteristics Total (n¼ 153) HIGH (n¼ 75) LOW (n¼ 78)

Age (years), mean ± SD 51.7 ± 9.4 51.5 ± 9.6 52.0 ± 9.3
BMI (kg/m2), mean ± SD 26.1 ± 5.1 26.2 ± 5.3 26.0 ± 4.9
Cancer stage, n (%)
Stage 1 56 (36.6%) 31 (41.3%) 25 (31.1%)
Stage 2 81 (52.9%) 36 (48.0%) 45 (57.7%)
Stage 3 16 (10.5%) 8 (10.7%) 8 (10.3%)

Breast surgery, n (%)
Lumpectomy 90 (58.8%) 47 (62.7%) 43 (55.1%)
Mastectomy 56 (36.6%) 26 (34.7%) 30 (38.5%)
Mastectomy plus expander 7 (4.6%) 2 (2.7%) 5 (6.4%)

Axillary surgery, n (%)
Axillary lymph node dissection 61 (39.9%) 26 (34.7%) 35 (44.9%)
Sentinel node biopsy 92 (60.1%) 49 (65.3%) 43 (55.1%)

Nodes removed, median (IQR) 3 (2-17) 3 (1-15) 5 (2-19)
Surgery on dominant side, n (%) 76 (49.7%) 39 (52.0%) 37 (47.4%)
Missing data n (%) 4 (2.6 %) 1 (1.3%) 3 (3.9%)
No. of seroma drainages, median (IQR) 1 (0-5) 1 (0-5) 1 (0-5)
Chemotherapy, n (%)
3-wkly CE x 3 -> 3 wkly docetaxel x 3 130 (85.0%) 66 (86.7%) 64 (82.1%)
3-wkly CE x 3 -> 1 wkly paclitaxel x 9 19 (12.4%) 8 (10.7%) 11 (14.1%)
Other 4 (2.6%) 1 (1.3%) 3 (3.9%)

Observations of swelling, n (%)
Extremity (hand, underarm, overarm) 5 (3.3%) 2 (2.7%) 3 (3.9%)
Body (breast, torso) 31 (20.5%) 14 (18.9%) 17 (22.1%)
Both (body & extremity) 11 (7.3%) 3 (4.1%) 8 (10.4%)
Missing data n (%) 2 (1.3%) 1 (1.3%) 1 (1.3%)

Treatment related to lymphedema, n (%)
Preventatively 4 (2.6%) 1 (1.4%) 3 (3.9%)
Existing lymphedema 5 (3.3%) 1 (1.4%) 4 (5.2%)
Missing data n (%) 2 (1.3%) 1 (1.3%) 1 (1.3%)

Symptom subscales EORTC-BR23
Arm symptoms, mean ± SD 16.2 ± 19.0 15.6 ± 20.1 16.8 ± 18.0
Breast symptoms, mean ± SD 18.9 ± 16.1 18.6 ± 16.4 19.2 ± 16.0

L-Dex, mean ± SD �0.3 ± 5.1 �0.6 ± 3.6 0.1 ± 6.2
Missing dataa n (%) 73 (47.7%) 36 (48%) 37 (47.4%)
Volume % difference, mean ± SD 1.3 ± 19.8 0.6 ± 19.7 1.9 ± 20.0
Missing datab n (%) 35 (22.9%) 20 (26.7%) 15 (19.2%)
1 RM upper-extremity strength (kg), mean ± SD 29.4 ± 8.3 29.0 ± 8.1 29.8 ± 8.6
Missing datac n (%) 15 (9.8%) 4 (5.3%) 11 (14.1%)
aBioimpedance spectroscopy not performed (n¼ 70) missing (n¼ 1), bilateral axillary surgery (n¼ 2); bBilateral axillary surgery
(n¼ 5), exceeded DXA scan area (n¼ 30, LOW (n¼ 13, mean BMI 32 ± 5.6) HIGH (n¼ 17, mean BMI 33 ± 5.5); cPost-surgery restric-
tions (n¼ 14), precautionary due to arm swelling (n¼ 1).
BMI: body mass index; CE: cyclophosphamide & epirubicin; EORTC QLQ-BR23: European Organization for Research and Treatment of
Cancer Breast Cancer Module; IQR: interquartile range; no: number; pctl: percentile; SD: standard deviation.

ACTA ONCOLOGICA 1671



Lymphedema

Point prevalence: While point prevalence of BCRL varied
depending on the method of assessment (Table 2), it was
similar between the HIGH and LOW group at all time points,
for any given method of assessment.

Self-reported diagnosis of BCRL at baseline: Five (3%) partic-
ipants (LOW (n¼ 4) vs. HIGH (n¼ 1)) reported at baseline
that they had been diagnosed with-, and were receiving
treatment for BCRL.

The one participant in the HIGH group continued treat-
ment by a lymphedema therapist throughout the 12-week
intervention and undertook the resistance exercise protocol
without need for modification (e.g., less load). At 12 weeks,
she reported no observations of swelling along with reduc-
tions in symptoms. No DXA or BIS data were available for
this participant.

Inter-arm volume % difference: Nonequivalence was
observed at all time points for inter-arm volume % differences
with deviations exceeding equivalence margins favoring the
HIGH group (Table 3). These observations were consistent with
findings from the per-protocol analysis (Supplementary
Table 3).

L-Dex: Equivalence between groups was found at both 12
and 39 weeks (Table 3). Equivalence to the predetermined
equivalence margin in the per-protocol analysis at 12 weeks
was also observed (Supplementary Table 3), while the upper
CI exceeded the margin of equivalence at 39 weeks, render-
ing nonequivalence.

BCRL symptoms: Equivalence between groups was found
in all symptoms except for pain post-intervention, and tight-
ness and pain at the 39-week follow-up (all favoring reduc-
tions for those in the HIGH group) (Table 3). Results of the
per-protocol analysis also indicated equivalence for heaviness
and swelling at 12 and 39 weeks, as well as pain postinter-
vention (Supplementary Table 3). Nonequivalence was found
for pain at 39 weeks and tightness at both 12 and 39 weeks.

Data detailing absolute values for BCRL outcomes, at all
time points for completers and noncompleters, can be found
in Supplementary Table 2.

Muscular strength

A significant change in maximal upper-extremity strength
was observed for participants in the HIGH group at all fol-
low-up assessments (Table 4). At 6- and 12-week follow-up,
these strength increases were significantly greater compared
to those in the LOW group and corresponded to effect sizes
of 0.55 (95% CI 0.40–0.75), 0.55 (0.35–0.70) and 0.35
(0.15–0.55) at 6, 12 and 39 weeks follow-up, respectively.

Breast cancer-specific QOL

No between group differences were observed for any sub-
scale score of the EORTC QLQ-BR23 at all assessments (Table
4 and Supplementary Table 4). Nonetheless, both groups
reported declines in breast symptoms at 6 and 12 weeks and
arm symptoms at 6 weeks follow-up, while reductions in arm
symptom at 12 weeks only was seen in the HIGH group.

Discussion

In line with the hypothesis, we found similar point prevalent
cases of BCRL between groups, as well as similar between
group L-Dex scores and perceptions of heaviness, swelling
and tightness post-intervention. While equivalence was not
demonstrated in inter-arm volume % differences or self-
reported pain, the negative deviations indicated reductions
of these outcomes, favoring the HIGH group. Notably, per-
protocol analysis of HIGH participants with >65% adherence
consistently supported equivalence to- or reductions beyond
the predetermined equivalence margins, adding strength to
the findings. Additionally, clinically relevant within group
reductions in breast and arm symptoms were found in the
HIGH group [40] at both 6 and 12 weeks.

Table 2. Point prevalence (N (%)) of lymphedema (L-Dex >10, inter-arm vol-
ume difference > 5% and self-reported swelling) based on all available data
for each outcome, in 153 women receiving adjuvant chemotherapy for pri-
mary breast cancer. Copenhagen University Hospitals, Herlev and
Rigshospitalet, 2014–2016.

Baseline 12 weeks 39 weeks

n N (%) n N (%) na N (%)

L-Dex > 10
HIGH 39 0 (0.0%) 33 3 (9.1%) 41 4 (9.8%)
LOW 41 2 (4.9%) 31 2 (6.5%) 34 3 (8.8%)

Inter-arm volume % difference > 5%b

HIGH 55 15 (27.3%) 45 14 (31.1%) 50 12 (24.0%)
LOW 63 15 (23.8%) 51 13 (25.5%) 49 13 (26.5%)

Observed difference in size between sides within the last weekc

HIGH 74 19 (25.7%) 62 18 (29.0%) 62 21 (33.9%)
LOW 77 28 (36.4%) 63 13 (20.6%) 59 22 (37.3%)

aAt 39 weeks BIS measures were included for twelve participants with no pre-
vious BIS measures; bn¼ 30, 28, 14 exceeded DXA scan area, respectively at
baseline, 12 and 39 weeks and were therefore not included in the analysis;
cOf the participants that observed size difference at baseline, 12 and 39
weeks; 31 (66%), 8 (25.8%), and 17 (39.5%) respectively, reported swelling
located to the body (breast, torso) only.

Table 3. Equivalence between groups for lymphedema outcomes in 153
women receiving adjuvant chemotherapy for primary breast cancer.
Copenhagen University Hospitals, Herlev and Rigshospitalet, 2014–2016.

Mean difference� Equivalence 90% CI

L-Dex (±5.0)a (n¼ 81) n
12 weeks 64 0.4 �2.5 to 3.2
39 weeks 63 0.7 �2.2 to 3.6

Inter-arm volume % difference (±3.0)a (n¼ 148)
12 weeks� 86 �3.5 �17.3 to 10.3b

39 weeks� 83 �1.7 �7.7 to 4.3b

Pain (±1.0)a (n¼ 153)
12 weeks 124 �0.7 �1.3 to 0b

39 weeks 121 20.8 �1.5 to 20.1b

Heaviness (±1.0)a (n¼ 153)
12 weeks 124 �0.2 �0.6 to 0.2
39 weeks 121 0.0 �0.7 to 0.6

Tightness (±1.0)a (n¼ 153)
12 weeks 124 �0.1 �0.8 to 0.6
39 weeks 121 �1.0 �1.8 to 0.2b

Swelling (±1.0)a (n¼ 153)
12 weeks 124 0.2 �0.4 to 0.8
39 weeks 120 0.0 �0.8 to 0.7

�Mean difference between groups with HIGH as comparator (HIGH minus
LOW); aPre-determined equivalence margin; �n¼ 28 and 14 not included at
12 and 39 weeks respectively, due to body dimension exceeding the DXA
scan area; Bold: equivalence not demonstrated; bnegative deviation reflecting
reductions beyond the equivalence margin favoring the HIGH group.
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This work extends the results of previous research finding
a similar acute lymphatic response to one bout of low-and
heavy-load resistance exercise [41], to repeated exposure of
resistance exercise with heavy loads. Further, our results are
in agreement with findings of Cormie et al. [32,42] who dem-
onstrated the safety of heavy-load (75–85% of 1 RM using
6–10 RM) resistance exercise in breast cancer survivors with
stable BCRL. As such, these results add to a growing and
consistent evidence base which suggests that resistance
exercise is safe for those with or at-risk of developing lym-
phedema [14,16–18].

Participation in HIGH significantly improved upper-extrem-
ity strength with increases corresponding to 17%, 13%, and
7% at 6, 12, and 39 weeks, respectively, compared to 3% at
all assessments in the LOW group. These are relevant
findings as upper-extremity strength in breast cancer survi-
vors (without intervention) has been found to be 12–16%
lower compared to healthy women [43]. As such, the present
study indicates that participation in heavy-load resistance
exercise during chemotherapy can mitigate declines in
muscle strength.

At 39 weeks follow-up, we found that the longer-term
effect of the LOW and HIGH intervention was similar
between groups or indicated reductions favoring the HIGH
group for all outcomes. These findings were consistent with
the per-protocol analysis of the HIGH group, with the excep-
tion of L-Dex and pain as upper CI’s indicated a slight
increase beyond the predetermined equivalence margin.
However, in general, care should be taken when interpreting
the 39-week follow-up results as no data regarding upper-
extremity resistance exercise behavior was collected post-
intervention, which is a limitation. Consequently, we cannot
determine whether effects seen at 39 weeks were related to
resistance exercise or other unknown factors.

Additional limitations should be considered when inter-
preting findings. First, usual care in Denmark includes muni-
cipality lead rehabilitation programs and was therefore
available for all participants. These programs are generally
offered one to two times per week and include resistance
exercise at low to moderate intensities. It is thus likely that a
proportion of those in the LOW group also participated in
resistance-based exercise at low to moderate loads during
the intervention period. While there exists uncertainty as to
the extent of this potential bias, the impact on findings
would likely dilute differences between interventions. In add-
ition, though groups were statistically balanced at baseline, it
should be noted that more participants in the LOW group
had ALND and had been diagnosed with BCRL at baseline
potentially swaying the results in favor of the HIGH group.
Further, in all 28% of the sample are missing inter-arm vol-
ume data due to body dimensions exceeding the DXA scan
table, why caution in generalizing these findings to obese
women is required. Future studies should be aware of this
limitation and perform separate arm scans [44] as an alterna-
tive for these individuals. Also, extracellular fluid measured
by BIS was added to the test battery from participant 71 for-
ward (54% of the sample). Therefore, complete data were
not available for these two outcomes. Nonetheless, the com-
prehensive assessment of BCRL used in this study (i.e., two
objective assessment methods, alongside self-report) ensured
that each participant contributed 100% data for at least one
outcome measure.

Strengths of the study include the randomized design as
well as blinded assessments and analyses. Further, intention-
to-treat analyses were performed for all outcomes as well as
per-protocol analyses of HIGH participants with adherence
rates >65% for BCRL outcomes, and consistency in findings
was observed. In addition, this study targeted breast cancer
survivors who were physically inactive before diagnosis. This

Table 4. Within group changes and between group differences for upper-extremity strength and breast cancer-specific functional and symptom domains in 153
women receiving adjuvant chemotherapy for primary breast cancer. Copenhagen University Hospitals, Herlev and Rigshospitalet, 2014–2016.

D 6 weeks-baseline D 12 weeks-baseline D 39 weeks-baseline

Variable n
Mean D
(95% CI)

Group difference
(95% CI) n

Mean D
(95% CI)

Group difference
(95% CI) n

Mean D
(95% CI)

Group difference
(95% CI)

Muscular strength 1 RM (kg)�
Chest press
HIGH 58 5 (3:6) 4 (2:6) 56 4 (3:6) 3 (1:5) 50 3 (1:5) 2 (0:5)
LOW 51 1 (�1:2) 55 1 (0:3) 44 1 (�1:3)

EORTC QLQ-BR23 scores��
Body Image
HIGH 62 2 (�3:7) 4 (�3:10) 60 �3 (�9:2) 2 (�5:10) 61 7 (2:11)a 1 (�6:8)
LOW 61 �1 (�6:3) 62 �6 (�11:-1) 56 6 (1:11)a

Systemic therapy�

HIGH 63 5 (1:10)a 1 (�6:8) 61 7 (2:12)a �2 (�9:6) 61 �19 (�23:215)b 1 (�5:7)
LOW 62 4 (�1:9) 65 9 (4:14)a 57 �20 (�24:216)c

Breast symptoms
HIGH 62 �6 (�9: �2)a 1 (�4:6) 60 �11 (�15:27)b �2 (�8:3) 59 �4 (�9:1) �4 (�12:3)
LOW 62 �7 (10: �3)a 64 �9 (�12: �5)a 55 1 (�4:6)

Arm symptoms
HIGH 62 �4 (�8:0)a 1 (�5:7) 60 �6 (�10:-1)a �2 (�8:4) 59 �1 (�6:4) �4 (�12:3)
LOW 62 �5 (�10: �1)a 65 �4 (�8:1) 56 3 (�2:9)

CI, confidence interval; Bold: statistical difference (p< .05); �No upper-extremity strength measures on one participant (LOW) at baseline due to visible and
untreated swelling. No upper-extremity strength assessment at subsequent data collections as the participant was receiving treatment for lymphedema. Three
participants (2 HIGH, 1 LOW) were not assessed for upper-extremity strength at 6, 12 and 39 weeks, as a precautionary measure due to swelling or because par-
ticipants refused. An additional participant (HIGH) received treatment for lymphedema at 12 and 39 weeks and was therefore not tested; ��Higher functional
scores (body image) indicate higher levels of functioning, lower symptom scores (systemic therapy, arm and breast symptoms) indicate a reduction in symptoms;
�Perceived treatment burden; a,b,cSubjective significance of changes from baseline in terms of a‘small’, b’moderate’, c’large’ (Osoba 1998).
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is important as fear of lymphedema has been identified as a
barrier for physical activity and especially vigorous or
strength activities [45], which in turn may lead to avoidance
and non-adoption of regular physical activity, further increas-
ing risk of BCRL for this significant group [1].

In conclusion, novel findings from this study suggest that
breast cancer survivors who are physically inactive before
diagnosis benefit from and can safely participate in a multi-
modal intervention that includes supervised, heavy-load
resistance exercise of the upper-extremities. Notably, the
findings are particularly relevant for the majority of breast
cancer survivors who receive taxane-based chemotherapy,
with generalized edema and ensuing arm swelling as a
known side-effect of this cytostatic agent. As such, these
findings can be used to encourage adoption of exercise
including heavy-load resistance exercise during breast can-
cer treatment.
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