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Abstract
Purpose Exercise training is an effective and safe way to counteract cancer-related fatigue (CRF) and to improve health-
related quality of life (HRQoL). High-intensity interval training has proven beneficial for the health of clinical populations. 
The aim of this randomized controlled trial was to compare the effects of resistance and high-intensity interval training 
(RT–HIIT), and moderate-intensity aerobic and high-intensity interval training (AT–HIIT) to usual care (UC) in women 
with breast cancer undergoing chemotherapy. The primary endpoint was CRF and the secondary endpoints were HRQoL 
and cancer treatment-related symptoms.
Methods Two hundred and forty women planned to undergo chemotherapy were randomized to supervised RT–HIIT, 
AT–HIIT, or UC. Measurements were performed at baseline and at 16 weeks. Questionnaires included Piper Fatigue Scale, 
EORTC-QLQ-C30, and Memorial Symptom Assessment Scale.
Results The RT–HIIT group was superior to UC for CRF: total CRF (p = 0.02), behavior/daily life (p = 0.01), and sensory/
physical (p = 0.03) CRF. Role functioning significantly improved while cognitive functioning was unchanged for RT–HIIT 
compared to declines shown in the UC group (p = 0.04). AT–HIIT significantly improved emotional functioning versus 
UC (p = 0.01) and was superior to UC for pain symptoms (p = 0.03). RT–HIIT reported a reduced symptom burden, while 
AT–HIIT remained stable compared to deteriorations shown by UC (p < 0.01). Only RT–HIIT was superior to UC for total 
symptoms (p < 0.01).
Conclusions 16 weeks of resistance and HIIT was effective in preventing increases in CRF and in reducing symptom burden 
for patients during chemotherapy for breast cancer. These findings add to a growing body of evidence supporting the inclu-
sion of structured exercise prescriptions, including HIIT, as a vital component of cancer rehabilitation.
Trial registration Clinicaltrials.gov Registration Number: NCT02522260.
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Introduction

Adjuvant chemotherapy improves survival and decreases 
the risk of recurrence of breast cancer [1]. However, the 
treatment is associated with considerable side effects that 
negatively impact an individual’s health-related quality of 
life (HRQoL) [2–4]. Cancer-related fatigue (CRF) is often 
reported as the most debilitating of all symptoms experi-
enced during chemotherapy [4, 5], and has been described 
as a cancer treatment toxicity that can last for several years 
into survivorship [6].

Exercise training has been shown to improve HRQoL 
[7] and has been established as an effective intervention to 
manage CRF [8], being superior to both pharmacological 
and psychological interventions [9]. While both aerobic 
exercise and resistance exercise alone have shown positive 
health effects for women with breast cancer [10], cancer-
specific exercise guidelines recommend that people with 
breast cancer engage in a combination of aerobic and resist-
ance exercise [11].

There is increasing evidence highlighting the benefits of 
shorter bursts of high-intensity exercise for clinical popula-
tions [12, 13]. The evidence shows not only improvements 
in cardiorespiratory fitness compared to moderate-intensity 
aerobic training, but also added benefits on quality of life 
[14], mood state [15, 16], and cognitive health [17] and 
increases endorphin release in brain areas associated with 
controlling emotion and pain [18]. Pilot studies have shown 
that patients with cancer can perform HIIT safely [19–21]. 
Given that one major barrier to perform physical exercise is 
lack of time and motivation [22], HIIT during chemother-
apy may be favorable for optimizing health outcomes. We 
hypothesize that combining HIIT with conventional exer-
cise provide added benefits on CRF, HRQoL, and symp-
tom burden. This is the first large RCT to incorporate this 
emerging training modality in patients with breast cancer 
during chemotherapy. The aim of this study was to compare 
the effects of two training interventions: 1) resistance and 
high-intensity interval training (RT–HIIT), and 2) moder-
ate-intensity aerobic and high-intensity interval training 
(AT–HIIT), to a control group receiving usual care (UC) on 
CRF, HRQoL, and symptoms in women with breast cancer 
undergoing chemotherapy.

Methods

Study design

The OptiTrain randomized controlled trial (NCT02522260, 
www.clinicaltrials.gov) was an in-clinic randomized con-
trolled exercise trial [23]. Participants were randomly 

allocated to either group 1: RT–HIIT, group 2: AT–HIIT, 
twice a week for 16  weeks, or group 3: control group 
receiving UC. The primary endpoint CRF and the second-
ary endpoints HRQoL and symptom/symptom burden were 
measured 1 week prior to the participants’ second chemo-
therapy session and at 16 weeks. The intervention groups 
(RT–HIIT and AT–HIIT) commenced the exercise training 
3 days after the second chemotherapy session. The rationale 
for performing baseline assessments after the first round of 
chemotherapy was the limited time to perform ECG and 
baseline testing between randomization and the first chemo-
therapy session.

Setting and participants

Recruitment took place at two different oncology clinics in 
Stockholm, Sweden from March 2013 to July 2016 and 628 
patients were eligible and invited to participate in the study 
by the referring oncologists. Two hundred and forty women 
volunteered to participate in the study. Eligibility criteria 
were as follows: women (i) aged 18–70 years, (ii) diagnosed 
with I–IIIa stage breast cancer, and (iii) planned to receive 
adjuvant chemotherapy (consisting of anthracyclines, taxa-
nes, or a combination of the two). Participants were excluded 
if they had advanced disease, heart or lung disease, cognitive 
dysfunction, or did not speak or understand the Swedish 
language. Interested participants answered a questionnaire 
about their cardiovascular health history [24] and under-
went a resting echocardiogram before enrollment to rule 
out cardiac pathologies. Ethical approval was obtained from 
the Regional Ethical Review Board in Stockholm Sweden 
(Dnr 2012/1347-31/1, 2012/1347-31/2, 2013/7632-32, and 
2014/408-32) and all participants gave written informed 
consent.

Randomization and blinding

The participants were randomly allocated to RT–HIIT, 
AT–HIIT, or UC, by the Clinical Studies Unit at Karolinska 
University Hospital, using a random assignment computer 
program at a 1:1:1 ratio blinded to the research team, prior 
to the first assessment. Participants, exercise supervisors, 
and outcome assessors were not blinded to group allocation.

Exercise intervention

The RT–HIIT and AT–HIIT groups undertook the exercise 
sessions in an exercise clinic twice weekly for 16 weeks. 
Exercise session duration was approximately 60 min, super-
vised by an exercise physiologist or an oncology nurse [23]. 
The program was extended for participants with delays 
in chemotherapy (RT–HIIT, n = 8, range: 15–35 days; 
AT–HIIT, n = 5, range: 13–32 days). All exercise sessions 

http://www.clinicaltrials.gov
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began with a 5-min warm up on a cycle ergometer or tread-
mill at a rating of perceived exertion (RPE) of 10–12 on 
the Borg scale [25], and ended with a 10-min cool down of 
dynamic muscle stretching. The RT–HIIT group performed 
both resistance and high-intensity interval aerobic exercise 
at each session. The resistance training component con-
sisted of exercises targeting the major muscle groups using 
weight stack training equipment, participants’ body mass, 
free weight dumbbells or barbells. Exercises included leg 
press, biceps curls, squat jumps, triceps extensions, lunges, 
bench press, sit-ups or Russian-weighted abdominal twist, 
shoulder press, and prone-lying back extensions. Participants 
performed two to three sets of 8–12 repetitions at an initial 
intensity of 70% of their estimated one repetition maxi-
mum (1-RM) using a prediction equation [26], progressing 
to 80% of 1-RM when more than 12 repetitions could be 
performed. To ensure overload, new estimated 1-RM tests 
were performed when participants could lift more than 12 
repetitions of their 80% 1-RM. The aerobic component of 
the RT–HIIT program consisted of 3 × 3-min bouts of high-
intensity interval aerobic exercise on a cycle ergometer at 
a rating of perceived exertion of 16–18 on the Borg scale 
interspersed with one min of low-intensity active recovery. 
The AT–HIIT group commenced with 20 min of moderate-
intensity, continuous aerobic exercise at an RPE of 13–15 
on a cycle ergometer, elliptical ergometer, or treadmill. This 
was followed by the same high-intensity interval exercise 
training as RT–HIIT. The UC group was given written infor-
mation about physical activity at the initiation of the inter-
vention period about exercise recommendations for patients 
with cancer according to American College of Sports Medi-
cine guidelines [11].

Outcome measures

All outcome assessments took place at baseline and at 
16 weeks.

Primary outcome

CRF was self-assessed using the Swedish version of the 
22-item Piper Fatigue Scale (PFS) which has been validated 
in the Swedish population [27], covering four dimensions of 
fatigue: behavioral/daily life (6 items), sensory/physical (5 
items), cognitive (6 items), and affective/emotional mean-
ing (5 items). Each item is composed of a scale from zero 
to ten, with zero indicating “no fatigue.” Scores were calcu-
lated according to recommended scoring procedures [28]. 
The instrument is reliable and has been used extensively in 
patients with breast cancer even though sensitivity to change 
is yet to be established [27].

Secondary outcomes

The 30-item EORTC-QLQ-C30 questionnaire (version 3.0) 
was used to assess HRQoL [29]. This questionnaire incor-
porates a global HRQoL score, five functional subscales, 
and nine symptoms, including general CRF. Despite lacking 
different dimensions of CRF, the EORTC-QLQ-C30 is valid 
and reliable to assess CRF [30], and is sensitive to change 
when used for patients with cancer during chemotherapy 
[31]. Symptoms and symptom burden were assessed using 
the 32-item Memorial Symptom Assessment Scale (MSAS) 
[32, 33]. The scale includes occurrence, frequency, severity, 
and distress associated with each symptom using four- and 
five-point rating scales. Total symptom score was calculated 
as the average of all 32 symptoms, and symptom burden 
(the degree to which the symptoms affect daily life) was 
calculated as the average of the frequency of four psycho-
logical symptoms and the distress associated with six phys-
ical symptoms. The physical and psychological symptom 
subscales were calculated as the average of the frequency, 
severity, and distress associated with 12 physical symptoms, 
and six psychological symptoms, respectively.

To explore if baselines values influenced change over the 
intervention, sub-analyses were performed for the outcomes 
CRF, global HRQoL, symptom burden, and total symp-
toms. Cut-off values at baseline were categorized as CRF 
(score > 0) and low global HRQoL according to a validated 
cut-off score (score < 80) [34]. For symptoms, the cut-off 
was chosen based on participants’ mean score at baseline: 
high symptom burden (score > 0.79), and high total symp-
tom (score > 0.66). No statistics were performed for these 
variables.

Additional measures

Demographic and medical information were collected 
through questionnaires and extracted from patients’ elec-
tronic medical records. Objectively measured activity pat-
terns were assessed at baseline by an accelerometer (GT3X 
 ActiGraph® Corp, Pensacola, Florida, USA), which the par-
ticipants were instructed to wear on an elastic belt over their 
right hip during all waking hours for seven consecutive days. 
Data were downloaded using the ActiLife v.6.10.1 software 
and analyzed using validated wear-time specifications and 
cut-offs for adults [35].

Attendance was calculated as the mean of the individual 
percentages (attended exercise sessions divided by the total 
number of sessions). Adherence to the exercise regimen 
was calculated as the number of patients who successfully 
completed 90% of the exercise sessions according to plan 
(i.e., intensity and duration), divided by the total number of 
patients in the intervention groups.
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Adverse events

At each exercise session, participants reported any adverse 
events to the exercise supervisors and these were recorded 
in the participants’ log records.

Statistical methods

With CRF as the primary outcome measure, a sample size 
of 65 participants per group was required, based on an effect 
size of 0.53 and 80% power at an alpha level of 0.05 (two-
tailed). With an expected attrition rate of 20%, 80 partici-
pants were required per group. Data were analyzed using the 
 IBM®  SPSS® version 22 statistical package for Windows. 
Analyses included standard descriptive statistics, one-way 
analysis of variance (ANOVA), and analysis of covariance 
(ANCOVA), controlling for baseline scores, chemotherapy 
treatment (taxanes/no taxanes), and menopausal status. 
Where appropriate, the Bonferroni post hoc procedure for 
multiple comparisons was used to locate the source of sig-
nificant differences. Data not normally distributed were log-
transformed prior to ANCOVA analyses. RM-ANOVA or 
the Wilcoxon signed rank test was applied for within-group 
analyses (within-group results shown in Tables 2, 3, and 4). 
Clinically important changes were estimated as standard-
ized effect sizes (ES) where between-group differences of 
pre- and post-intervention means were divided by the pooled 
baseline standard deviation [36]:

According to Cohen’s guidelines, effect sizes with scores 
of 0.2–0.5, 0.5–0.8, and  >  0.8 were considered small, 
medium, and large effects, respectively [37]. An intention-
to-treat analysis (ITT) approach was used for the analyses, 
with missing values from the post-assessment being replaced 
using the expectation maximization method [38]. Partici-
pants that dropped out after baseline assessment and did not 
complete questionnaires at baseline were excluded from the 
analysis (n = 2). The expectation–maximization algorithm 
was based on group change. All tests were two-tailed and 
statistical significance was set at p < 0.05.

Results

In total, 240 women agreed to participate, and 182 partici-
pants completed the baseline and follow-up testing. Post-
assessment data were imputed for participants (n = 22) who 
had completed baseline assessment for all outcomes. The 
main reasons for declining to participate after randomiza-
tion were too time consuming, feeling ill, or did not want 

(Mpost.T −Mpre.T) − (Mpost.C −Mpre.C)

SDpooled pre

.

to be randomized to the UC group. The CONSORT study 
flow chart is shown in Fig. 1. There were no significant dif-
ferences at baseline between groups regarding participant 
characteristic data (Table 1). Immediately following rand-
omization, fourteen participants dropped out, while ten per-
cent of the participants dropped out during the intervention. 
There were no significant differences in participant charac-
teristics between those who withdrew and participants who 
completed the study. Attendance rates for participants in the 
RT–HIIT and AT–HIIT groups were 68 and 63%, respec-
tively, and adherence to the training program was 83% in the 
RT–HIIT group and 75% in AT–HIIT group.

Changes is CRF

Following the intervention, CRF assessed by the Piper 
Fatigue Scale increased significantly in the UC group and 
was significantly different from maintained levels found for 
RT–HIIT: total CRF (ES = − 0.51), behavior/daily life CRF 
(ES = − 0.62), and sensory/physical CRF (ES = − 0.47) 
(Table 2). Similarly, CRF assessed by the EORTC-QLQ-
C30 showed a significant increase for UC that was sig-
nificantly different from the unchanged CRF for RT–HIIT 
(ES = − 0.61) and for AT–HIIT (ES = − 0.47) (Table 3). 

Changes in HRQoL

HRQoL measured by the EORTC-QLQ-C30 instrument 
showed a significant difference in role functioning in favor of 
RT–HIIT (ES = 0.81) and AT–HIIT (ES = 0.64) compared 
to declines for UC. Cognitive functioning was superior for 
RT–HIIT compared to declines reported by UC (ES = 0.35), 
while AT–HIIT significantly improved in emotional func-
tioning compared to UC (ES = 0.40). The magnitude of 
negative change in physical functioning for RT–HIIT 
(ES = 0.49) and AT–HIIT (ES = 0.48) were significantly 
lower compared to UC. UC reported significantly higher 
pain scores compared to unchanged pain scores reported by 
AT–HIIT (ES = − 0.36) (Table 3).

Changes in symptoms and symptom burden

A significant difference was found for symptom burden 
as measured by the MSAS, with RT–HIIT (ES = − 0.43) 
reporting a reduced symptom burden score and AT–HIIT 
(ES = − 0.42) was unchanged compared to an increased 
score for UC. The RT–HIIT group reported unchanged levels 
of total symptoms being significantly different compared to 
the increase in symptoms experienced by UC (ES = − 0.52) 
(Table 4).
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Baseline status and changes in CRF, HRQoL, 
and symptom burden

Changes at 16 weeks for the outcomes CRF, global HRQoL, 
symptom burden, and total symptoms based on baseline 
status are shown in Fig. 2. In the sub-analysis, we show 
that, for the participants experiencing CRF at baseline, 
those in the UC group reported a further increase in CRF at 

the follow-up, while those in the exercise groups reported 
decreased levels of CRF. Similar results were shown for 
global HRQoL, symptom burden, and total symptom score 
where the participants exhibited beneficial effects from exer-
cise training if they had reported a low global HRQoL or 
displayed a high symptom burden at baseline.

At baseline, objectively assessed physical activity was 
significantly higher in groups reporting no CRF compared 

Fig. 1  CONSORT diagram. RT–HIIT resistance and high-intensity interval training, AT–HIIT moderate-intensity aerobic and high-intensity 
interval training, UC usual care
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to those experiencing CRF (p = 0.02), with high global 
HRQoL levels compared to low global HRQoL at base-
line (p = 0.01) and with a low total symptom score com-
pared to high total symptom score at baseline (p = 0.04) 
(Fig. 3).

No adverse events were reported as a result of the 
testing or the exercise sessions. Of particular clinical 
importance, no adverse events were reported in relation 
to peripherally inserted central catheters (inserted in 
the majority of the participants’ arms) during the study 
period.

Discussion

In the current trial, the effects of RT–HIIT, and aerobic 
and high-intensity interval training (AT–HIIT) compared 
to UC were assessed in women with breast cancer under-
going chemotherapy. We show that 16 weeks of RT–HIIT 
counteracts several dimensions of CRF and reduces symp-
tom burden. Both RT–HIIT and AT–HIIT groups showed 
beneficial effects for vital aspects of HRQoL.

Table 1  Participant characteristics at baseline (mean ± SD)

RT–HIIT resistance and high-intensity interval training, AT–HIIT moderate-intensity aerobic and high-intensity interval training, UC usual care, 
SD standard deviation, MVPA objectively measured moderate- to vigorous-intensity physical activity, SED objectively measured sedentary 
behavior

RT–HIIT
n = 74

AT–HIIT
n = 72

UC
n = 60

Mean ± SD Mean ± SD Mean ± SD

Age (years) 52.7 ± 10.3 54.4 ± 10.3 52.6 ± 10.2
Body mass (kg) 68.7 ± 11.3 67.7 ± 13.0 69.1 ± 11.0
Height 165.7 ± 6.7 165.3 ± 6.6 166.4 ± 7.0
MVPA (min/day) 79.0 ± 25.0 71.0 ± 31.0 68.0 ± 31.0
SED (min/day) 530.0 ± 70.0 544.0 ± 60.0 548.0 ± 67.0

n (%) n (%) n (%)

Married or partnered 60.6 59.7 69.5
Education level completed
 Primary school 16.9 16.2 17.0
 Secondary school 15.5 19.1 17.0
 Tertiary education 67.6 64.7 66.0

Current smoker 4.3 5.9 5.2
Employed 74.6 86.8 79.7
Menopausal status
 Premenopausal 47.3 36.1 38.3
 Postmenopausal 51.4 63.9 61.7
 Not known 1.4 0.0 0.0

Tumor profile
 Triple negative 14.9 11.0 16.7
 HER2+, ER+, PR+ 16.2 15.1 5.0
 HER2+, ER−, PR− 0.0 11.0 10.0
 HER2−, ER+, PR+ 54.1 46.6 53.3
 HER2−, ER+, PR− 8.1 12.3 8.3
 HER2+, ER+, PR− 5.4 4.1 5.0
 HER2−, ER−, PR+ 1.4 0.0 1.7

Chemotherapy regimen
 Anthracycline 39.3 37.0 40.0
 Taxane 2.7 5.5 0.0
 Anthracycline + taxane 37.8 37.0 33.3
 Anthracycline + taxane + herceptin 18.9 20.6 25.0
 Anthracycline + herceptin 1.4 0.0 1.7
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RT–HIIT counteracted increases in total CRF 
(ES = − 0.51), including physical (ES = − 0.48) and behav-
ior/daily life aspects (ES = − 0.62) of CRF. However, no 
effects for cognitive or emotional CRF were found. This is 
in line with a recent meta-analysis [5] showing that not all 
dimensions of fatigue are affected by exercise training. Simi-
lar to our findings, a recent trial [39], including moderate- to 
high-intensity aerobic exercise and progressive resistance 
exercise, demonstrated that concurrent resistance and aero-
bic exercise training was effective in offsetting CRF, with 
an effect size of − 0.63 for physical CRF and − 0.29 for 
general CRF. Superior effects of moderate/high intensity was 
also shown compared to lower intensity, home-based exer-
cise for physical CRF (ES = 0.42). In contrast, other trials 
[10, 40, 41] showed no difference in CRF between partici-
pants performing moderate-intensity combined aerobic and 
resistance training versus a control group, suggesting that 
higher intensity/load combined exercise training is required 
to counteract increases in CRF. Noteworthy, in the present 
study, the AT–HIIT group was not able to counteract an 

increase in multi-dimensional measures of CRF following 
the intervention period. However, results from the unidimen-
sional EORTC-QLQ-C30 scale showed that participants in 
the AT–HIIT group were able to counteract CRF, similar to 
effects displayed by the RT–HIIT group, although the effect 
size for RT–HIIT was higher (− 0.61) compared to AT–HIIT 
(− 0.47). Only one previous trial [42] incorporating multi-
modal training, which included high-intensity exercise 
training, has shown positive effects on CRF from the uni-
dimensional EORTC-QLQ-C30 scale, leading us to, again, 
speculate that the beneficial and clinically relevant effects 
of exercise on CRF are intensity-dependent. The discrep-
ant results for AT–HIIT when assessing multi-dimensional 
versus unidimensional fatigue are unclear. It may be that the 
PFS is not sensitive enough to detect clinically meaningful 
changes over time [27].

This is the first trial to demonstrate significant beneficial 
effects of exercise training on role and emotional function-
ing in patients with breast cancer during chemotherapy. The 
large effect size for the RT–HIIT group compared to UC for 

Fig. 2  Baseline status and 
change after 16 weeks for the 
outcomes. a CRF (assessed 
by the Piper fatigue scale), 
b global HRQoL (assessed 
by the European Organiza-
tion for Research and Treat-
ment of cancer quality of life 
questionnaire), c symptom 
burden (assessed by the Memo-
rial symptom assessment 
scale), and d total symptom 
score (assessed by the Memorial 
symptom assessment scale). 
CRF cancer-related fatigue, 
HRQoL health-related quality of 
life, CRF cancer-related fatigue, 
HRQoL health-related quality 
of life, RT–HIIT resistance and 
high-intensity interval training, 
AT–HIIT moderate-intensity 
aerobic and high-intensity inter-
val training, UC usual care
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role functioning (ES = 0.81) suggests an important role for 
the resistance training component in particular. It has been 
shown that being involved in a supervised exercise program 
can improve both role and emotional functioning [43], likely 
through interactions with supervising personnel and peers 
in the exercise setting. Notably, only AT–HIIT improved 
in emotional functioning. Aerobic training has been proven 
superior to resistance training alone in improving emotional 
functioning in elderly [44]. Moreover, aerobic exercise has 
been shown to decrease depressive and anxiety symptoms 
in breast cancer survivors [45]. An increased level of self-
efficacy has been suggested as a possible mechanism for 
improved emotional functioning in elderly engaged in exer-
cise [43], which in this case may be linked to feelings of 
being able to carry out the exercises and feeling more revi-
talized after the exercise sessions.

Results from the current trial demonstrated that RT–HIIT 
counteracted increases in self-reported cognitive problems. 

The effect size of 0.35 is comparable to one previous trial 
that included high-intensity exercise, with a similar effect 
size (0.32) [39], while other trials [42, 46, 47] have failed to 
show beneficial effects of exercise on cognitive functioning. 
Once more, we speculate that intensity may play a crucial 
role in offsetting a lowered HRQoL. Cognitive dysfunction 
experienced during chemotherapy is associated with psy-
chological distress and persists for several years post chemo-
therapy [48]. Pain is another debilitating symptom caused 
by chemotherapy. In the current trial, the AT–HIIT group 
experienced significantly less pain compared to the UC 
group. A substantial number of patients receiving anthracy-
cline/taxane-based chemotherapy experience pain, particu-
larly during the taxane component [49] that is not relieved 
by analgesics [50]. Therefore, it is of great importance to 
implement successful interventions, such as high-intensity 
training, at an early stage in the survivorship continuum to 
aid in symptom relief.

No CRF at
bas

eli
ne

CRF at
bas

eli
ne

0

20

40

60

80

100

M
od

er
at

e-
vi

go
ro

us
PA

at
   

  b
as

el
in

e
(m

in
/d

ay
) *

A

High global

HRQoL at
bas

eli
n

Low
global

HRQoL

at
bas

eli
ne

0

20

40

60

80

100

M
od

er
at

e-
vi

go
ro

us
PA

at
   

ba
se

lin
e

(m
in

/d
ay

)

*
B

Low
sy

mptom

burd
en

at
bas

eli
ne

High sy
mptom

burd
en

at
bas

eli
ne

0

20

40

60

80

100

M
od

er
at

e-
vi

go
ro

us
PA

at
   

ba
se

lin
e

(m
in

/d
ay

)

C

Low to
tal

sy
mptom

    
sc

ore
at

bas
eli

ne

High to
tal

sy
mptom

sc
ore

at
bas

eli
ne

0

20

40

60

80

100

M
od

er
at

e-
vi

go
ro

us
PA

at
   

 b
as

el
in

e
(m

in
/d

ay
)

*
D

Fig. 3  Activity levels at baseline based on the subgroups. a CRF and 
no CRF at baseline (assessed by the Piper fatigue scale), b low global 
HRQoL and high global HRQoL at baseline  (assessed by the Euro-
pean Organization for Research and Treatment of cancer quality of 
life questionnaire), c high symptom burden and low symptom burden 

at baseline  (assessed by the Memorial symptom assessment scale), 
and d high total symptom score and low total symptom score at base-
line (assessed by the Memorial symptom assessment scale). CRF can-
cer-related fatigue, HRQoL health-related quality of life. *p  <  0.05 
between subgroups
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Our results demonstrate that exercise training during 
chemotherapy is effective to minimize the burden of symp-
toms related to chemotherapy. Few exercise trials have 
reported on symptom burden among women with breast 
cancer [45]. One consequence of a high degree of symptom 
burden may be chemotherapy dose reductions or even dis-
continued treatment, which in turn may influence prognosis 
[51]. In fact, two previous trials [10, 39] showed the poten-
tial of exercise to improve chemotherapy completion rates, 
and a trial by Courneya et al. [52] demonstrated that add-
ing exercise to standard chemotherapy may improve breast 
cancer outcomes. With an increasing breast cancer survival 
rate, a larger number of women will experience different 
long-term side effects [2], including symptoms related to 
chemotherapy, which not only affects individuals’ HRQoL 
negatively, but also aspects of daily life involving family and 
work performance [53]. Given the findings from this trial 
showing the effectiveness of exercise for managing symp-
tom burden, it is of great importance to support patients to 
be physically active during treatment in order to prevent a 
progressive downward spiral in declining health for these 
patients.

In concordance with a recent trial [54], in a sub-analysis, 
we found that the participants with the highest levels of 
fatigue and symptoms and the lowest HRQoL were those 
who gained the greatest benefits from the exercise training. 
Importantly, participants with higher levels of CRF, symp-
toms, and lower HRQoL were also significantly less active 
than those with lower levels of CRF, symptoms, and a bet-
ter HRQoL at baseline. It is therefore likely that beneficial 
effects from any exercise training regimens are dependent 
on fitness status at baseline.

Strengths of the OptiTrain trial are the RCT design, that 
two types of supervised exercise regimens were trialed dur-
ing chemotherapy, the use of validated instruments, and a 
large sample size. Limitations of the study include the high 
dropout rate by the UC patients directly following rand-
omization that may have led to a selection bias. This aspect 
should generally be considered when drawing conclusions 
from exercise intervention studies. While our recruitment 
and attendance rates are within the range commonly reported 
in exercise trials [55], supporting participants to complete 
exercise programs as prescribed remains a challenge for the 
field of exercise oncology.

Conclusion

In conclusion, results from the OptiTrain study show that a 
training program including RT–HIIT is effective to coun-
teract both multi- and unidimensional aspects of CRF and 
to reduce symptom burden, in women with breast cancer 
during chemotherapy. Both RT–HIIT and AT–HIIT were 

effective to improve or maintain vital aspects of HRQoL. 
Findings from the OptiTrain trial add important evidence 
on benefits of high-intensity interval training for health out-
comes for patients during chemotherapy, allowing health 
professionals in the oncology setting to recommend adding 
high-intensity interval exercise to specific and targeted pro-
grams for patients with breast cancer.
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