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Abstract

Background: There has been growing evidence of the benefits of high-intensity aerobic interval training (HIIT) and resistance 
training (RES) for populations with cancer. However, these two modalities have not yet been performed alone in rectal cancer 
patients undergoing neoadjuvant chemoradiotherapy (NACRT). Therefore, this study aimed to determine the feasibility of HIIT 
and RES in rectal cancer patients undergoing NACRT.

Materials and methods: Rectal cancer patients set to undergo NACRT were randomly assigned to HIIT intervention, RES inter-
vention, or the usual care. Feasibility of HIIT and RES was assessed by measuring recruitment rate, adherence (retention rate, 
attendance rate, and exercise sessions duration and intensity), and adverse events. Endpoints (changes in fatigue, health-relat-
ed quality of life, depression, daytime sleepiness, insomnia, sleep quality, functional exercise capacity, and executive function) 
were assessed at baseline and at week 5.

Results: Among the 20 eligible patients, 18 subjects were enrolled and completed the study, yielding a 90% recruitment rate 
and 100% retention rate. Attendance at exercise sessions was excellent, with 92% in HIIT and 88% in RES. No exercise-related 
adverse events occurred. 

Conclusion: This study demonstrated that HIIT and RES are feasible in rectal cancer patients undergoing NACRT. 

Trial registration: www.clinicaltrials.gov, NCT03252821 (date of registration: March 30, 2017)
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Introduction

The current standard treatment for locally ad-
vanced rectal cancer is neoadjuvant chemoradio-
therapy (NACRT) followed by surgery [1]. Its in-
troduction in the management of rectal cancer has 
reduced rates of local recurrence and has facilitated 
surgical resection [2]. Despite these benefits, pa-
tients experience physical and psychological impair-
ments related to NACRT, such as fatigue, reduced 
exercise capacity and sleep disturbances [3–5] that 
negatively affect health-related quality of life [6]. 

A growing number of studies have shown that 
exercise training is an effective way to mitigate 
adverse effects during cancer treatment [7–9]. An 
expert scientific roundtable recognized aerobic 
and resistance exercise intervention as significant 
strategies to counter toxicities from cancer treat-
ment [8]. During radiotherapy, resistance training 
(RES) has been shown to improve fatigue, muscle 
strength and sleep disturbance in breast cancer pa-
tients [10–12]. Moderate-intensity continuous aer-
obic training has been reported to improve fatigue, 
functional exercise capacity, and muscle strength 
in men undergoing radiation therapy for prostate 
cancer [13, 14], and its feasibility has been reported 
in rectal cancer patients during and after NACRT 
[15]. However, previous studies showed the supe-
riority of high-intensity aerobic interval training 
(HIIT) to improve cardiorespiratory fitness and 
body composition compared to moderate-inten-
sity aerobic training in colorectal cancer survivors 
[16, 17]. In addition, HIIT is a time-efficient and 
more motivating training modality [18, 19]. The 
comparison of HIIT and RES with a usual care 
control group (UC) in men with prostate cancer 
undergoing radiotherapy showed that HIIT and 
RES were effective to counteract increase in fatigue 
and improve functional exercise capacity compared 
to UC, while no additional benefit of HIIT was 
found compared to RES [20]. Although there has 
been growing evidence of the benefits of RES and 
HIIT for populations with cancer, the feasibility, 
safety, and efficacy of these two exercise modalities 
are unknown in rectal cancer patients undergoing 
NACRT as well as the optimal exercise prescription. 

Therefore, the objective of this randomized con-
trolled trial was to determine the feasibility of HIIT 
and RES during NACRT in rectal cancer patients. 
In addition, we investigated whether the benefits of 

one of the two modalities are superior to UC to im-
prove the physical and psychological impairments 
related to NACRT. 

Materials and methods 

Study design 
The present study was a single-center, three‑arm, 

randomized controlled study. Ethical approval was 
granted by the regional Ethics Committee of the 
Cliniques universitaires Saint-Luc and Université 
catholique de Louvain in Brussels (B403201732718). 
The study was conducted in accordance with the 
Good Clinical Practice and the Declaration of 
Helsinki. Written informed consent was obtained 
from all participants before enrollment. This study 
was prospectively registered at clinicaltrials.gov 
(NCT03252821) and reported using the CONSORT 
guidelines [21].

Recruitment and randomization
Localized rectal cancer patients scheduled to un-

dergo NACRT were recruited between November 
2017 and September 2019 from the radiotherapy 
department at the Cliniques universitaires Saint-
Luc in Brussels. The study coordinator consecutive-
ly screened patients and invited eligible patients to 
participate in the study at the radiation simulation. 
After a baseline assessment, the study coordinator 
randomly allocated consenting subjects to either 
the HIIT, the RES, or the UC. Allocation was on 
a 1:1:1 basis, using computer-generated numbers 
(JMP Pro 12 software). The study coordinator (E.P.) 
was responsible for conducting evaluations and ex-
ercise supervision. Participants were not blinded 
due to the study design. As a safety precaution, 
subjects allocated to the HIIT were required to 
complete a cardiac stress test prior to starting the 
high-intensity physical training to check for po-
tential contraindications to high-intensity training.

Eligibility criteria
Eligibility criteria included: subject (1) diagnosed 

with a localized rectal cancer; (2) planned to receive 
long-course NACRT; (3) aged over 18 years; and (4) 
able to understand and speak French or English. 
Exclusion criteria included: (1) any conditions that 
could prevent participation in both assessments 
and exercise training, such as uncontrolled cardiac 
disease, uncontrolled pulmonary disease, uncon-
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trolled insulin-dependent diabetes mellitus, or any 
other physical or mental disorder; (2) participation 
in a regular exercise program; and (3) an abnormal 
cardiac stress test. 

Chemoradiotherapy treatment
Radiotherapy treatment was delivered using an 

intensity-modulated radiation therapy. Patients re-
ceived a total dose of 45.0 Gy in 25 fractions on 
all weekdays over five weeks with concurrent oral 
capecitabine (dose of 1500 mg/m2 twice daily on 
days of radiotherapy) or continuous intravenous in-
fusions of 5-fluorouracil (5-FU) (dose of 225 mg/m2 
daily, five days per week).

Intervention 
Both exercise interventions (HIIT and RES) were 

performed thrice weekly for five weeks, starting the 
same day as the radiation therapy and ending on 
the penultimate day. Exercise sessions took place 
in the department of Physical Medicine and Reha-
bilitation after the radiotherapy fraction and was 
supervised one-on-one by a trained physiothera-
pist. Each participant received a training journal in 
which exercise attendance, the intensity and dura-
tion of the exercise session, the reason for missing 
a session, or any exercise-related adverse events 
were reported. 

Participants allocated to the HIIT intervention 
performed training on a cycle ergometer with 
a work-recovery ratio of 1:1 with a 60-s work in-
terval at a cadence range of 90–100 revolutions 
per min at ≥ 85% of the theoretical maximal 
heart rate (THRmax = 220 – age) interspersed 
by 60-s active rest, unloaded, at a cadence range 
of 50–60 revolutions per minute. Warm-up and 
cool-down were done at 65–70% THRmax for 5 
min each. Each training session lasted between 26 
and 40 min, including warm-up and cool-down. 
During high-intensity bouts, the power output 
was enhanced until the required exercise intensity 
was reached. The number of intervals performed 
was set to eight for the first session and then in-
creased week by week until 15 intervals, based 
on target heart rate and effort perception. Heart 
rate was monitored throughout the session using 
a Polar heart rate monitor (Polar, FT7, Electro Oy, 
Kempele, Finland). 

Participants allocated to the RES intervention 
performed resistance training in which major mus-

cle groups (abdominal, pectoral, deltoid, trapezius, 
latissimus dorsi, erector spinae, biceps, triceps, 
quadriceps, hamstrings, gastrocnemius, soleus, and 
gluteus) were targeted for 30 to 40 min. Subjects 
performed 1–3 sets of 8–12 repetitions of eight ex-
ercises at a rating of perceived exertion of 4–6 on 
the modified Borg scale [22]. Resistance training 
equipment included body weight, resistance bands, 
or dumbbells. The physiotherapist provided indi-
vidual adjustments and progression throughout the 
intervention based on the perceived exertion to 
prevent overload. 

Participants randomized to UC received infor-
mation about physical activity and health according 
to the World Health Organization’s recommenda-
tions at the baseline assessment. 

Endpoints
Feasibility of HIIT and RES was determined by 

calculating the recruitment, adherence, and safety. 
Recruitment rate was defined as the percentage of 
the number of recruited patients out of the number 
of eligible subjects. Adherence was determined by 
measuring the retention rate, attendance rate, and 
exercise session duration and intensity [23]. Reten-
tion rate was defined as the percentage of patients 
who complete intervention and assessments out 
of the number of enrolled patients. Exercise ses-
sion attendance was calculated as the percentage 
of the number of exercise sessions attended out of 
the prescribed number of sessions. Duration and 
intensity adherence were based on adherence to 
predefined minutes and prescribed exercise inten-
sity. Safety was determined as any exercise-related 
adverse events.

Self-reported and objective measure outcomes 
were assessed 10 days before NACRT treatment 
start (T0) and the last fraction of RT (T1). Self-re-
port outcomes were used to assess fatigue, QoL, 
depressive symptoms, daytime sleepiness, insom-
nia, and sleep quality. Functional exercise capacity 
and cognitive function were measured with objec-
tive tests.

Self-report outcomes
Fatigue was evaluated with the Functional As-

sessment of Chronic Illness Therapy–Fatigue (FAC-
IT–F) [24]. FACIT–F is a 13-item instrument and 
uses a 5-point Likert scale ranging from 0 (not at 
all) to 4 (very much). The FACIT–F score range is 
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from 0 to 52, with a high score indicating a low level 
of fatigue. 

Quality of life was measured by the Functional 
Assessment of Cancer Therapy–General (FACT–G) 
questionnaire [25]. The FACT–G includes 27 items 
divided into four domains: physical well-being, 
social/family well-being, emotional well-being, 
and functional well-being. Ratings were based on 
a 5-point Likert scale ranging from 0 to 4, with 
a total score ranging from 0 to 102. On all scales, 
the higher the score, the better the QoL. 

Depressive symptoms was evaluated using the 
20-item Center for Epidemiologic Studies Depres-
sion Scale (CES-D) [26]. Respondents were asked 
to rate, on a 4-point scale (0–3), how often they 
had experienced different symptoms/feelings over 
the past week. The total score ranges from 0 to 
60, with a higher score denoting more depressive 
symptoms. 

Daytime sleepiness was measured using the Ep-
worth Sleepiness Scale (ESS), an 8-item question-
naire used to identify the respondent’s tendency to 
fall asleep during daytime [27]. The ESS score varies 
from 0 to 24, with higher scores indicating more 
daytime sleepiness. 

The Insomnia Severity Index (ISI) is a 7-item 
questionnaire assessing the patient’s perception of 
both nocturnal and daytime symptoms of insomnia 
over the two previous weeks [28]. The total score 
ranges from 0 to 28 and is interpreted as follows: no 
clinically significant insomnia (0–7), sub-threshold 
insomnia (8–14), moderate insomnia (15–21), and 
severe insomnia (22–28). 

The Pittsburgh sleep quality index (PSQI) is 
a self-reported questionnaire that assesses sleep 
quality and disturbances over the past month [29]. 
PSQI consists of 19 individual items yielding seven 
components (subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleeping medication, and daytime 
dysfunction), each ranging from 0 to 3. The total 
score, obtained by adding the seven component 
scores, varies from 0 to 21. 

Objective measured outcomes
Functional exercise capacity was evaluated by the 

total distance walked during a 6-min walking test 
(6MWT) in a 30-m hallway [30]. This submaximal 
test is a valid and reliable instrument in cancer 
patients [31]. 

Cognitive function was measured with the 
trail-making test (TMT), a standardized, reliable, 
and valid neuropsychological tool [32, 33]. The test 
consists of two parts (A and B) in which the subject 
is instructed to connect numbers and/or letters in 
a logical order. The test was administered according 
to the guidelines presented by Spreen and Strauss. 
The total time needed to complete each part was 
recorded, with higher values indicating a worse 
cognitive function. 

Statistical analysis 
Since there are no specific sample size recom-

mendations for feasibility aims in healthcare re-
search [34], it was arbitrarily decided to obtain 
a sample size of 18 subjects (six per group). Cat-
egorical and dichotomous data were presented as 
numbers (percentages) and continuous data were 
expressed as median [interquartile range]. Non-
parametric tests were applied because of the small 
number of subjects per group. Chi-square and 
Kruskal-Wallis tests were used to investigate differ-
ences in sociodemographic and medical variables 
between the three groups. The Kruskal-Wallis test 
was employed to detect differences in changes and 
percentage changes from pre- to post-intervention 
in self-reported questionnaires and objective mea-
sures between the three groups. Where appropriate, 
Mann-Whitney tests were applied to identify any 
significant difference between groups. Data were 
analyzed with an intention-to-treat approach using 
IBM SPSS software, version 25.0 (IBM Corp., Ar-
monk, NY, USA). The statistical significance for all 
analyses was set to p < 0.05.

Results 

Participant characteristics 
Figure 1 provides the CONSORT flow diagram 

of the study.21 Eighteen subjects were recruited and 
randomized to the study: six to the HIIT group, 
six to the RES group and six to the UC group. 
Baseline participant characteristics were compa-
rable between the three groups (Tab. 1). Most pa-
tients were male (72%) with a median age of 62.0 
(59.8 to 68.8) years, married/cohabiting (83%), 
still working (56%), and nonsmokers (72%). All 
participants received a total radiation dose of 45 
Gy in 25 fractions concurrent with capecitabine 
(83%) or 5-Fu (17%). 
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Feasibility 
Of the 23 subjects assessed for eligibility, three 

did not meet the inclusion criteria (due to a lan-
guage disorder, orthopedic problem, and postop-
erative chemoradiotherapy, respectively) (Fig. 1). 
Among the 20 eligible patients, two refused to par-

ticipate, citing a lack of time and interest. There-
fore, 18 subjects were enrolled in the study, yielding 
a 90% recruitment rate (18 subjects out of 20). No 
patient enrolled in the HIIT group was excluded 
because of an abnormal cardiac stress test. All ran-
domized patients completed the study, yielding 

 
Figure 1. CONSORT flow diagram. Abbreviation: HIIT: high-intensity aerobic interval training; RES — resistance training; 
UC — usual care

Analysed (n = 6)
• Excluded from analysis (n = 0)

Lost to follow-up (n = 0)
• Discontinued intervention (n = 0) 

RES group (n = 6)
• Received allocated RES intervention 
  (n = 6)

Analysed (n = 6)
• Excluded from analysis (n = 0)

Lost to follow-up (n = 0)
• Discontinued intervention (n = 0) 

HIIT group (n = 6)
• Received allocated HIIT intervention 
  (n = 6)

Assessed for eligibility 
(n = 23)

Excluded (n = 5)
• Not meeting inclusion criteria (n = 3)
• Decline to participate (n = 2)

Analysed (n = 6)
• Excluded from analysis (n = 0)

Lost to follow-up (n = 0)
• Discontinued intervention  (n = 0) 

UC group (n = 6)
• Received allocated UC intervention 
  (n = 6)

Allocation

Analysis

Follow-up

Randomized 
(n = 18)

Enrollment

Allocation

Analysis

Follow-Up

Table 1. Participant characteristics [median (interquartile range 25–75) or n (%)]

Variables UC (n = 6) HIIT (n = 6) RES (n = 6) p-value

Age [years] 64.5 (62.5; 72.5) 61.0 (54.5; 65.3) 61.5 (52.8; 73.5) 0.233

BMI [kg/m²] 25.3 (23.3; 28.3) 27.0 (25.4; 31.0) 27.0 (24.4; 30.1) 0.519

Gender 0.758

Male 4 (66.6%) 5 (83.3%) 4 (66.6%)

Female 2 (33.3%) 1 (16.7%) 2 (33.3%)

Employment status 0.407

Working 2 (33.3%) 4 (66.6%) 4 (66.6%)

Retired 4 (66.6%) 2 (33.3%) 2 (33.3%)

Marital status 0.301

Married/cohabitant 4 (16.6%) 6 (100%) 5 (83.3%)

Divorced/separated 2 (33.3%) 0 (0.0%) 1 (16.7%)

Ethnicity 1.000

Caucasian 6 (100%) 6 (100%) 6 (100%)  
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a 100% retention rate (18 subjects out of 18). At-
tendance at exercise sessions was 92% (77 exercise 
sessions out of 84) in HIIT and 88% in RES (74 
exercise sessions out of 84), from which four and 
two subjects, respectively, attended 100% of the 
prescribed sessions. The most common reasons for 
missing a session were intense diarrhea and fatigue. 
Mean resistance training duration was 31.1 ± 6.7 
min per session (RPE = 4.2 ± 1.1). Mean HIIT 
duration increased from 26.3 ± 3.2 per session to 
38.5 ± 6.3 per session. Regarding HIIT intensity, all 
the participants in the HIIT reached the target heart 
rate during high-intensity bouts. In both groups, no 
exercise-related adverse events occurred.

Outcome measures
Self-reported outcomes

Baseline self-reported questionnaire scores were 
comparable between the three groups (Tab.  2). 
Changes in FACIT–F, FACT–G, CES-D, ESS, 
ISI, and PSQI were not different between groups 
(p > 0.05), except for the social/family well-being 
subscale of the FACT–G (p = 0.022), which in-
creased in RES compared to HIIT [+2.0 (–0.5; 4.3) 
vs. –3.1 (–5.5; –1.5), p = 0.017].

Objective measured outcomes
TMT-A (p = 0.459) and TMT-B (p = 0.050) were 

similar between groups at the baseline (Tab. 2). In 
contrast, significant differences between the three 

groups were observed at the baseline for 6MWT 
(p = 0.028) and TMT B-A (p = 0.038). The gains 
in 6MWT, TMT-A, TMT-B, and TMT B-A were 
not significantly different between the three groups 
(p > 0.05). 

Discussion 

The primary purpose of this study was to investi-
gate the feasibility of HIIT and RES in rectal cancer 
patients undergoing NACRT. Our findings demon-
strated that both exercise modalities are feasible, 
safe, and well tolerated during NACRT in these 
patients, as they reported keen interest in partici-
pating in exercise programs, adhered to the inter-
vention, and had no exercise-related adverse events. 

All eligible patients were invited to participate in 
the study. Most rectal cancer patients were willing 
and able to participate in an exercise program: we 
had a recruitment rate of 90%. The eighteen sub-
jects recruited were generally representative of the 
rectal cancer patients undergoing NACRT in terms 
of age, sex and disease diagnosis stage [2]. The pres-
ent recruitment rate is higher than the 56–75% rates 
observed in studies performing supervised exercise 
training during NACRT in rectal cancer patients 
[35–37]. The interest in participating in the current 
study might be attributable to patient education by 
a certified physiotherapist about the importance 
and benefits of performing exercise training during 

Table 1. Participant characteristics [median (interquartile range 25–75) or n (%)]

Variables UC (n = 6) HIIT (n = 6) RES (n = 6) p-value

Highest education level 0.407  

Secondary school 2 (33.3%) 2 (33.3%) 4 (66.6%)

Higher education 4 (66.6%) 4 (66.6%) 2 (33.3%)

Smoking status 0.188  

Non-smoker 4 (66.6%) 4 (66.6%) 5 (83.3%)

Current smoker 2 (33.3%) 0 (0.0%) 0 (0.0%)

Ex-smoker 0 (0.0%) 2 (33.3%) 1 (16.7%)

Comorbidities* (no.) 1.0 (0.0; 2.3) 1.0 (0.0; 1.3) 2.0 (0.0; 2.8) 0.562

Chemotherapy regimen 1.000

5-FU 1 (16.7%) 1 (16.7%) 1 (16.7%)

Capecitabine 5 (83.3%) 5 (83.3%) 5 (83.3%)

Cancer stage 0.472

II 2 (33.3%) 3 (50.0%) 1 (16.7%)

III 4 (66.6%) 3 (50.0%) 5 (83.3%)

5-FU — 5-fluorouracil; BMI — body mass index; HIIT — high-intensity aerobic interval training; RES — resistance training; UC — usual care; *obesity, high blood 
pressure, cardiac disease, hyperlipidemia
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Table 2. Differences between groups at baseline and (%) change differences from pre- to post-intervention between groups 
for the measured outcomes [median (interquartile range 25–75)]

Variables UC (n = 6) HIIT (n = 6) RES (n = 6) p-value

FACIT-F

T0 42.5 (20.6; 49.5) 45.0 (37.5; 51.3) 45.0 (31.8; 48.0) 0.684

T1 36.2 (22.9; 48.3) 39.5 (29.8; 41.3) 40.5 (22.0; 47.0)

Change from T0 to T1 –1.6 (–6.8; 1.6) –11.0 (–16.3; 3.8) 0.0 (–9.5; 2.5) 0.610

FACT-G

T0 85.6 (57.6; 92.3) 87.2 (73.2; 96.0) 76.9 (64.7; 95.7) 0.767

T1 79.6 (60.6; 92.0) 75.0 (71.5; 84.0) 83.5 (68.0; 94.3)

Change from T0 to T1 0.6 (–9.6; 7.6) –10.8 (–17.6; 0.0) 7.3 (–6.5; 11.1) 0.316

Physical well-being

T0 26.5 (13.0; 28.0) 26.3 (21.3; 28.0) 24.7 (21.5; 27.0) 0.750

T1 21.5 (16.8; 26.3) 22.5 (17.8; 23.3) 23.0 (18.3; 26.0)

Change from T0 to T1 –1.5 (–5.0; 3.3) –3.8 (–7.3; 1.5) –1.5 (–3.5; 0.7) 0.649

Social/family well-being

T0 25.9 (22.1; 28.0) 23.0 (21.5; 28.0) 21.5 (15.2; 28.0) 0.534

T1 24.2 (23.0; 25.6) 19.9 (17.8; 22.8) 24.3 (18.8; 26.5)

Change from T0 to T1 –1.2 (–3.0; 1.2) –3.1 (–5.5; –1.5)(RES)* 2.0 (–0.5; 4.3)(HIIT)* 0.022

Emotional well-being

T0 15.0 (12.8; 19.3) 19.0 (17.0; 23.0) 20.0 (14.3; 21.3) 0.249

T1 19.5 (14.5; 21.2) 20.5 (19.3; 22.0) 22.0 (18.8; 22.3)

Change from T0 to T1 1.8 (0.0; 6.0) 0.5 (–2.3; 4.5) 1.5 (0.0; 6.8) 0.608

Functional well-being

T0 18.5 (5.5; 22.3) 15.5 (13.3; 24.0) 14.5 (8.8; 26.0) 0.932

T1 13.5 (6.3 ; 20.3) 14.5 (11.8; 17.3) 15.0 (10.8; 22.3)

Change from T0 to T1 –2.0 (–6.3 ; 3.6) –3.5 (–6.5; 2.5) –0.5 (–4.8; 4.0) 0.794

CES-D

T0 14.5 (7.5; 31.3) 7.5 (4.8; 21.5) 6.5 (4.5; 14.0) 0.215

T1 15.0 (4.8 ; 26.3) 12.0 (10.0; 14.3) 9.5 (7.3; 17.5)

Change from T0 to T1 –3.0 (–6.5; 1.5) 4.0 (–7.3; 5.5) 3.5 (–2.0; 6.5) 0.377

ESS

T0 4.0 (2.8; 7.0) 5.5 (3.8; 6.3) 5.5 (3.5; 7.5) 0.800

T1 3.0 (2.5; 8.8) 6.5 (4.5; 7.3) 6.0 (2.8; 9.0)

Change from T0 to T1 0.5 (–2.0; 1.8) 1.0 (0.0; 1.3) 0.0 (–2.3; 1.3) 0.363

ISI

T0 9.5 (5.5; 20.8) 5.5 (3.0; 9.3) 8.5 (3.0; 12.8) 0.303

T1 11.5 (3.8; 16.5) 9.0 (6.8; 10.8) 9.5 (6.0; 12.8)

Change from T0 to T1 0.5 (–6.3; 3.5) 3.0 (1.5; 4.0) 1.0 (–2.0; 4.0) 0.367

PSQI

T0 6.0 (5.5; 16.5) 5.0 (2.5; 8.3) 6.5 (4.0; 9.0) 0.527

T1 8.5 (6.6; 13.5) 6.5 (4.3; 10.0) 6.5 (4.5; 9.0)

Change from T0 to T1 1.0 (–2.5; 3.1) 1.0 (1.0; 2.3) 0.5 (–0.8; 2.0) 0.612

6MWT [m]

T0 463.0 (375.0; 530.8) 581.5 (535.0; 612.8) 498.0 (445.0; 534.0) 0.028

T1 498.0 (388.0; 574.3) 609.0 (552.3; 636.5) 522.5 (463.0; 547.5)

% change from T0 to T1 9.9 (2.2; 16.6) 2.5 (–3.7; 6.7) 4.2 (–8.6; 8.3) 0.236
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cancer treatment performed. An additional reason 
may be that exercise sessions were held in the reha-
bilitation department, close to the radiotherapy de-
partment and immediately following the radiother-
apy session, which reduced the travel burden and 
minimized wasted time for participants. Indeed, 
time and distance to the training site are frequently 
cited reasons for declining to participate. 

The study retention rate was also maximal 
(100%). Indeed, all randomized participants in the 
three groups completed the study. This was con-
sistent with the study of Egegaard et al. who per-
formed HIIT in NSCLC patients during NACRT 
[38], but was higher (69–78%) than in trials includ-
ing rectal cancer patients who participated in exer-
cise training during NACRT [35–37]. Overall at-
tendance at HIIT training sessions was 92% versus 
88% for RES, which is similar to a study that per-
formed the same exercise design in prostate cancer 
patients undergoing radiotherapy (94% for HIIT 
and 92% for RES) [20]. Other supervised programs 
in studies recruiting rectal cancer patients undergo-
ing NACRT showed a lower or similar attendance 
at exercise sessions (74–95%). As mentioned above 
for the recruitment rate, the location and timing 
of the exercise sessions are also likely to contrib-
ute to the retention rate and attendance at exercise 
sessions. The proximity between the rehabilitation 
center and the radiotherapy department was appre-
ciated by the patients, indicating that performing 

the exercise intervention in the same area as the ra-
diotherapy department can maximize attendance at 
exercise training. In addition, the supervision, the 
adjustment of the training contents to individual 
needs, and flexibility to reschedule training sessions 
at an opportune time for the patient may have also 
contributed to the high retention and attendance 
rate. Furthermore, given the fact that enjoyment 
is a predictor of exercise adherence [39], we set up 
a HIIT program with a work–recovery ratio of 1:1 
with 60-s intervals of work interspersed by 60-s 
intervals of rest, which has previously been shown 
to result in positive affective responses [18, 40]. In 
addition, Martinez et al. showed greater enjoyment 
and positive affect for shorter intervals of 30 s and 
60 s than for longer intervals [41]. These results 
suggest that intervals ≤ 60 s with a work–recovery 
ration of 1:1 could be the optimal setting of HIIT to 
have a high adherence to exercise. Resistance train-
ing has also been shown to elicit feelings of pleasure 
in healthy populations [42]. 

Regarding safety, no exercise-related adverse 
events occurred throughout the NACRT, similar to 
other studies in this field [35–37, 43]. However, it 
is interesting to note that gastrointestinal perturba-
tion is a known side effect that occurs throughout 
NACRT in rectal cancer patients and this pertur-
bation negatively influences tolerance of exercise 
programs [44]. In this study, diarrhea was one of 
the most frequently reported reasons for missing 

Table 2. Differences between groups at baseline and (%) change differences from pre- to post-intervention between groups 
for the measured outcomes [median (interquartile range 25–75)]

Variables UC (n = 6) HIIT (n = 6) RES (n = 6) p-value

TMT-A [s]

T0 45.2 (33.7; 55.2) 35.8 (27.4; 43.3) 42.0 (23.9; 59.7) 0.459

T1 41.8 (33.7; 52.0) 32.6 (26.3; 37.2) 31.1 (21.1; 45.1)

% change from T0 to T1 –14.9 (–33.6; 7.6) –6.2 (–17.5; 4.6) –10.8 (–17.7; 8.4) 0.593

TMT-B [s]

T0 102.4 (100.2; 124.0) 80.2 (69.6; 98.2) 86.0 (55.1; 101.5) 0.050

T1 83.1 (70.5; 130.7) 59.8 (54.9; 79.0) 73.3 (46.4; 99.1)

% change from T0 to T1 –18.1 (–20.7; –1.7) –26.3 (–29.2; –11.8) –16.0 (–33.6; 8.1) 0.484

TMT B-A [s]

T0 64.9 (48.5; 85.2) 46.4 (37.1; 55.6) 33.1 (29.4; 54.0) 0.038

T1 42.9 (32.3; 82.3) 31.3 (23.1; 40.7) 34.8 (26.0; 65.1)

% change from T0 to T1 –5.0 (–25.0; 31.9) –33.4 (–50.9; –15.2) –32.4 (–48.2; 18.0) 0.302

6MWT — 6-minute walk test; CES-D — epidemiological studies depression scale; ESS — epworth sleepiness scale; FACIT–F — functional assessment of chronic 
illness therapy-fatigue; FACT–G — functional assessment of cancer therapy-general; HIIT — high-intensity aerobic interval training; ISI — insomnia severity index; 
PSQI — pittsburg sleep quality index; RES — resistance training; T0 — assessment 10 days before NACRT treatment start; T1 — assessment after intervention; 
TMT — trail-making-test; UC — usual care; *statistically significant differences between RES and HIIT (p = 0.017) for social/family well-being
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an exercise session, but no patients withdrew from 
the study for this reason. We observed that the di-
arrhea frequency gradually increased throughout 
NACRT, but the intensity varied from one day to 
the next. In general, gastrointestinal disturbances 
were present before the radiotherapy fraction and 
did not worsen directly after the radiotherapy ses-
sion. Therefore, the exercise session performed after 
the radiotherapy session was well tolerated and it 
does not seem necessary to perform the exercise 
session prior to an RT session, as proposed by Singh 
et al. [36], which would be more uncomfortable for 
patients who were treated with a full bladder. The 
high intensity of the HIIT did not seem to influence 
bowel activation more than RES as the number of 
missed sessions due to diarrhea was similar be-
tween the two groups. 

Both exercise interventions in the present study 
were performed throughout the neoadjuvant treat-
ment. By implementing exercise training during 
this period, we sought to evaluate the effects of 
exercise on treatment-related adverse events. We 
observed no significant change in any measured 
outcome between the three groups except for the 
social/family well-being subscale of FACT–G, 
which increased in RES compared to HIIT. Re-
garding functional exercise capacity, one patient 
in the HIIT group and two patients in the resis-
tance group decreased walking capacity from pre- 
to post-intervention. Interestingly, these patients 
were the only ones to have an attendance rate to 
exercise sessions of less than 70%, underlining that 
effectiveness of exercise training is related to the 
amount of exercise performed. The lack of signifi-
cant results may be attributed to the small number 
of patients in each group. Similar to our findings, 
Egegaard et al., who randomized non-small-cell 
lung cancer patients undergoing NACRT either to 
a daily moderate-to-high-intensity interval train-
ing group or to UC did not show between-group 
differences after intervention for physiological 
outcomes [38]. In contrast, a recent study used 
the same RCT design with a power sample size in 
prostate cancer patients undergoing radiotherapy 
and showed that HIIT and RES were effective for 
counteracting fatigue and improving functional 
exercise capacity compared to UC, while no ad-
ditional benefit of HIIT was found compared to 
RES.20 Other studies with a supervised exercise 
program in rectal cancer patients undergoing NA-

CRT reported interesting but limited results be-
cause of the single-arm design [35–37, 43]. 

This study, to our knowledge, is the first to per-
form an HIIT or a RES alone for rectal cancer pa-
tients undergoing NACRT. Both exercise interven-
tions were conducted using a patient-centered ap-
proach, in which sessions were supervised, tailored 
to individual patient abilities, performed close to 
the radiation department and immediately after the 
radiation session, and could be rescheduled at a time 
convenient to the patient. In addition, this study di-
rectly compared two different exercise training inter-
ventions. However, certain limitations to this study 
have to be highlighted. Firstly, although the sample 
size is considered appropriate for a feasibility study 
[34], this study was underpowered to evaluate the 
effects of exercise on the physical and psychological 
variables. In addition, neither the participants nor 
the evaluator were blinded to the intervention, which 
affect the internal validity of the study.

This study showed that the majority of rectal 
cancer patients were interested and able to engage 
in HIIT or RES during NACRT and both exercise 
training programs were feasible in this population. 
It is essential that the exercise intervention take 
a patient-centered approach to maximize adher-
ence to the program. Although this study found 
that both interventions are feasible in this popula-
tion, adequately powered randomized controlled 
trials are needed to determine their effectiveness 
on the physical and psychological impairments 
related to NACRT. Furthermore, more high-qual-
ity studies directly comparing different exercise 
training are warranted in order to develop specific 
exercise intervention for rectal cancer patients un-
dergoing NACRT. 

Conclusion

In conclusion, this study showed that HIIT and 
RES are feasible in rectal cancer patients undergo-
ing NACRT. A high recruitment rate and adherence 
were demonstrated, with no exercise-related ad-
verse events. In view of our results, none of the two 
exercise programs was superior to UC to improve 
the physical and psychological impairments relat-
ed to NACRT. Future randomized controlled trials 
are needed to determine the effect of both exercise 
programs on physical and psychological outcomes 
in these patients. 
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