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Abstract
Purpose To investigate the feasibility of a municipality-based 16-week group-based HIFT-program (e.g. CrossFit) as a part 
of the physical rehabilitation of cancer survivors at different stages of cancer treatment. 
Methods Non-randomised clinical feasibility study. Younger adult patients (age 18–44 years) diagnosed with cancer who 
were referred to rehabilitation between August 2019 to December 2019 were eligible for inclusion. The group-based HIFT 
intervention was designed as a 16-week program with two sessions weekly (1.25 h each). The intervention program was not 
developed with pre-defined progression in terms of gradually added resistance, intensity, or volume during the 16 weeks 
period but the physiotherapist leading the sessions was trained in scalability. Feasibility was evaluated as retention, adherence, 
and accrual rates. Data on quality of life and cancer-related fatigue were measured EORTC QLQ-C-30 and evaluated using 
paired t-tests or Wilcoxon signed-rank test.
Results Eighty-three percent of the eligible patients were included and initiated the HIFT program. However, 25% of the 
patients were not adherent to the intervention and only 34% of the patients were still adherent to the intervention after 
4 months. Nonetheless, a significant improvement in cancer specific HRQoL was found from baseline [Mean = 53.4, 95%CI 
(47.6, 59.1)] to the end of the intervention [Mean = 66.3, 95%CI (60.8, 71.9)].
Conclusion It is possible to recruit patients diagnosed with cancer to a municipality-based HIFT rehabilitation program, 
however, adherence to the intervention is found to be difficult for the majority of the patients.
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Introduction

High Intensity Functional training (HIFT) is defined as 
a form of combined aerobic and resistance training that 
incorporates functional, multimodal movements, performed 
at relatively high intensity (relative to an individual’s 
ability), and designed to improve parameters of general 
physical fitness and performance [12]. In the last two 
decades HIFT has gained increasing attention in the fitness 
industry and in recent years also in research [40], especially 
due to the increased popularity of the HIFT program and 

worldwide fitness brand  CrossFit© [12]. HIFT facilitates 
strong sense of community, continued participation, 
exercise enjoyment, satisfaction and intrinsic motivation 
among healthy participants [5, 15, 20, 32, 42]. HIFT is also 
associated with numerous physiological benefits in healthy 
adults including improvements in muscle flexibility and 
endurance [9], maximal strength [9, 11, 13, 33], physical 
work capacity [11], anaerobic capacity [11], aerobic capacity 
[27, 33], reduced resting heart rate [4], body composition 
and bone health [4, 13, 27, 33].

Systematic reviews highlight HIFT as a safe type of 
training with low injury rates that are similar to other 
types of aerobic and resistance training modalities 
[2, 16]. Recently, the HIFT methodology has drawn 
research attention for individuals with chronic conditions 
including cancer patients [3, 14, 29].Combined aerobic 
and resistance training is recommended for both healthy 
individuals and for patients diagnosed with cancer in the 
latest guidelines by the World Health Organization and 
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the American College of Sports Medicine [7, 13]. Patients 
diagnosed with cancer experience a variety of ongoing 
physical and psychological symptoms associated with 
the treatment of cancer [7, 31]. Additionally, survivors of 
cancer have an elevated risk of comorbid conditions such 
as cardiovascular disease and diabetes [31]. Consequently, 
there is a growing emphasis on rehabilitation strategies 
to optimise health-related quality of life (HRQoL) and 
cancer-related fatigue (CRF) during and after cancer 
treatment [34]. Studies show that exercise interventions 
are safe and effective for patients diagnosed with cancer 
[21], improving cardiovascular fitness and strength [41]. 
Interventions designed as high-intensity interval training 
(HIIT) and moderate-intensity training interventions 
seems to produce similar positive effects on physical 
fitness and health-related outcomes [22, 26]. Thus, clinical 
guidelines worldwide recommend both aerobic and 
resistance training as an integral part of the rehabilitation 
of patients diagnosed with cancer [7, 18, 35].

However, despite the established recommendations 
and demonstrated effectiveness, reported adherence rates 
to exercise interventions and physical activity guidelines 
among cancer patients is often as low as a third of patients 
[25, 28, 30]. Barriers to adherence include symptoms of 
pain and fatigue as well as lack of enjoyment and motiva-
tion to exercise [28].

Consequently, the development of exercise interven-
tions and strategies improving adherence remains a criti-
cal challenge in cancer rehabilitation settings. Effective 
interventions aimed at increasing motivation and enjoy-
ment as well as treating symptoms hold the potential to 
improve adherence to exercise and decrease the risk of 
comorbid conditions including cardiovascular disease 
and diabetes [25]. The preliminary evidence showing that 
HIFT is safe [20] and associated with physiological and 
psychosocial benefits as well as continued participation 
[6, 15, 19, 32, 42], suggests its potential utility within 
an outpatient cancer rehabilitation setting. The findings 
from one study indeed indicate that a HIFT intervention is 
feasible for patients diagnosed with cancer as 80% of the 
eligible participants initiated participation, and of these 
75% adhered to 5 weeks intervention [20]. However, the 
findings should be interpreted with caution as the study 
only included eight participants. Hence, the feasibility of 
HIFT interventions for cancer patients remains unknown.

Therefore, the primary aim of this study was to investi-
gate the feasibility of a municipality-based 16-week group-
based HIFT-program as a part of the physical rehabilita-
tion of younger cancer survivors (18–44 years) at different 
stages of cancer treatment. Additionally, we investigated 
changes in HRQoL and CRF following the 16-week exer-
cise intervention. Finally, we investigated the continuation 

of participation in any HIFT program, 3 months following 
completion of the exercise intervention.

Materials and Methods

Study Design

This study was a non-randomised clinical feasibility study. 
The manuscript is reported as recommended in the CON-
SORT checklist for reporting pilot or feasibility trials.

Setting

The Copenhagen Centre for Cancer and Health (CCCH) 
a municipality-based rehabilitation centre functioned as 
the non-hospital clinical facility site. Referral for reha-
bilitation at CCCH could come from various hospitals 
and discharging departments within the Capital Region of 
Denmark. Regulated by law, patients can only be referred 
to rehabilitation in the municipality if there is a medically 
justified need for rehabilitation, and furthermore, by the 
referring doctor is responsible for the content of the reha-
bilitation plan including any possible restrictions for reha-
bilitation (e.g. cancer-specific exercise contraindications).

Patients

Patients referred to municipality-based rehabilitation are 
upon referal divided into two groups defined by age younger 
adults (age 18–44 years) and adults (age 45 + years). In this 
study only the younger adults referred to CCCH between 
August 2019 to December 2019 were eligible for inclusion. 
All referred patients had an individual assessment with a 
physiotherapist upon referral that included goal setting with 
aim to increase long-term vision and motivation. All young 
adults were in the study period given the choice to partici-
pate in HIFT or the standard, group-based physical reha-
bilitation intervention. All cancer diagnoses and stages were 
included, as long as the patients were enrolled in rehabilita-
tion at the CCCH. Hence, patients undergoing active cancer 
treatment, and patients who had completed active treatment 
as well as cancer survivors were considered eligible for 
inclusion. Patients were excluded if they did not have an 
email (to answer surveys) and if they were not able to read 
and understand Danish. Eligible patients received oral and 
written information about the study by a physiotherapist, and 
if willing to participate in the study, the patient signed an 
informed consent. Patients could without any reason given 
decline to participate in the study without further conse-
quences for the present or future treatment and were offered 
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usual care rehabilitation which includes an individualised 
assessment of rehabilitation needs, and as standard, a group-
based physical rehabilitation intervention.

Intervention

The HIFT intervention, as defined by Feito et al. as “a train-
ing style or program that incorporates functional, multi-
modal movements, performed at a relatively high intensity, 
and designed to improve parameters of general physical fit-
ness and performance” [13]. The designed intervention was 
based on the principles of  CrossFit®. CrossFit is described 
as a strength and conditioning program that focuses on 
“constantly varying functional movements, performed at a 
relatively high intensity” [17]. This type of HIFT includes a 
variety of elements from gymnastics (e.g., floor, bar, or ring 
exercises), weightlifting (e.g., squats, cleans, snatches and 
presses with a barbell, dumbbell, or kettlebell), and cardio-
vascular training (e.g., running or rowing) [8]. Hence, this 
intervention is a pragmatic intervention where flexibility in 
the individual training response is accepted. Hence, no load 
control or ongoing measure of biochemical and physiologi-
cal optics were registered.

Depending on the number of patients one or two (if more 
than 12 participants) physiotherapists trained to deliver 
HIFT lead the supervised group-based sessions. All sessions 
were conducted in the clinical setting at CCCH. As the inter-
vention was designed to reflect the clinical setting patients 
were consecutively included in the open-ended cohort. The 
intervention was designed with 2 weekly exercise sessions 
for 16 weeks (supplementary file 1), and each HIFT session 
lasted for one hour and 15 min and included a warmup, a 
strength-focused workout, and an aerobic-focused workout. 
The exercise program was not developed with pre-defined 
progression in terms of gradually added resistance, intensity, 
or volume over the cause of 16 weeks. However, the physi-
otherapists leading the sessions was trained in scalability, 
and hence the difficulty of the exercises could be scaled (e.g. 
complexity, intensity, volume, load) to fit the individual skill 
and physical condition with the aim to ensure high intensity.

Outcomes

Participant characteristics including age, sex, cancer type, 
treatment status, body mass index, educational level, and 
smoking and employment status were obtained from the 
electronical patient journal. Data for measuring adherence, 
retention, and accrual rate were obtained from the electroni-
cal registration system at CCCH.

Adherence

As the intervention were planned as a 16-week program with 
two sessions weekly, a pragmatic adherence cut-off for the 
intervention were set to once weekly. The rationale for this 
cut-off is that muscle training stimuli once a weak is gen-
erally considered to maintain muscle mass [36]. Hence, a 
participant was categorised as adherent to the intervention 
if they participated in at least 16 sessions throughout the 
intervention period.

Retention

It was considered that the pragmatic design with a con-
secutive inclusion over time, holidays might cause smaller 
periods of non-adherence. Patients were categorised as still 
being adherent to the intervention after 16 weeks of inter-
vention if they participated in at least one of the last four 
sessions (week 15 or 16).

Accrual Rate

Accrual rate was determined by the total number patients 
assessed for eligibility and patients enrolled in the study 
divided by the number of months recruitment occurred.

A baseline survey was sent to the patients prior to com-
mencing the HIFT sessions. The baseline survey consisted 
of items regarding sociodemographic and lifestyle and the 
cancer specific health-related quality of life questionnaire, 
European Organisation for Research and Treatment of Can-
cer (EORTC QLQ-C-30). EORTC QLQ-C-30 includes five 
functional domains (physical, role, cognitive, emotional 
and social, where higher scores represent greater function 
or quality of life) and three symptom scales (fatigue, pain 
and nausea, where lower scores represent greater quality of 
life/lower symptom severity). EORTC QLQ-C-30 was cho-
sen for its established reliability and validity with specific 
emphasis on use in cancer populations [1, 24]. Scoring was 
conducted in accordance with the official user manual [39], 
and a 10 point difference between assessments were con-
sidered as the minimal important difference. After the end 
of the intervention (16 weeks) the patients were fulfilled the 
survey again. To minimize non-response and loss to follow-
up all patients received a survey reminder by email if the 
surveys were not fulfilled after 3 days.

Harms

All adverse events occurring after entry into the study were 
recorded. The participants were asked to report any serious 
adverse events (requiring hospitalization) or adverse events 
(all others) before every training session and in the survey at 
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the end of the intervention period. Furthermore, withdrawals 
due to adverse events were registered.

Sample Size

Due to the exploratory nature of this study, no power calcu-
lation was conducted. Data collection methods.

Self-reported baseline data were collected via online 
survey sent to patients 1 week prior to beginning the 
supervised HIFT intervention. After the intervention 
period patients received another survey with the purpose 
of evaluating the feasibility of the intervention.

Statistical Methods

A statistical analysis plan was developed prior to evalu-
ation of data.

Descriptive statistics were used to summarize patient 
characteristics including age, sex, cancer diagnosis and 
type of treatment. Data were summarized as means with 
standard deviations (SDs) and ranges or frequencies with 
percentages as appropriate. Feasibility were evaluated in 
relation to adherence, retention, and accrual rate, respec-
tively and presented as frequencies and percentages. Data 
on HRQoL and cancer-related fatigue were evaluated 
using paired t-tests or Wilcoxon signed-rank test respec-
tively of the distribution of data, and missing data were 

imputed using last observation carried forward. The pro-
portion of patients who continued participation in HIFT 
at follow-up were presented as frequency and percentage. 
RStudio version 1.3.1093 was used for all analyses and 
illustrations. An alpha level of 0.05 was considered sta-
tistically significant.

Results

Thirty-six patients were assessed for eligibility. The full 
study flow diagram is presented in Fig. 1.

Thirty-two patients completed the baseline assessment. 
Participants were primarily women (78%), with a median 
age of 33, and 50% were diagnosed with breast cancer, and 
60% of the included patients were in active medical treat-
ment with either chemo- or radiation-therapy at the time of 
inclusion. A full list of patient characteristics is presented 
in Table 1.

Tables 2 and 3 respectively presents the findings for 
feasibility and effectiveness of the HIFT intervention. All 
included participants provided data in relation to feasibility, 
and 78% fulfilled the patient reported outcomes at the end 
of the intervention period.

No withdrawals due to adverse events were registered. 
No serious adverse events were registered. As expected, all 
participants experienced at least some degree of delayed 
onset muscle soreness, however, no other adverse events 
were registered Fig. 2.

Fig. 1  Overview of the recruitment flow of each participant
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Discussion

This study aimed to investigate the feasibility of a 16-week 
group-based HIFT-program for cancer patients at different 
stages of cancer treatment. Overall, our result shows that it 
is possible to recruit patients for the intervention and some 
patients can adhere to a HIFT-program for 16 weeks, how-
ever, most of the patients in this study did not adhere to the 
pre-defined criteria for adherence to intervention and only 
a third of all patients were still actively participating at the 
end of the intervention.

In the current study the majority of eligible participants 
were included. This is in contrast to many studies investi-
gating a HIIT intervention were nearly half of the eligible 
patients declined to participate, and the primary reason for 
refusal was a lack of interest in exercise during chemother-
apy [23]. However, similar to other studies involving exer-
cise interventions and including cancer patients, adherence 
to the intervention was low. This is despite using a HIFT 
methodology to the exercise intervention which has previ-
ously in research been shown to facility enjoyment, motiva-
tion, sense of community and continued participation. Fac-
tors influencing attendance was not investigated in this study, 
however previous studies have established other barriers to 
adhering to exercise interventions including time constraints 
due to medical visits and social support from friends and 
family and travel distance to rehabilitation centre [30]. Fur-
thermore, some studies have also found adherence to super-
vised exercise predicted by cancer disease stage and fewer 
symptoms as well as a higher physical fitness level [10, 28].

It should be noted that 60% of the participants in this 
present study were in active chemo- or radiation therapy 
at enrolment. However, it remains unknown whether this 
or other factors such as lack of interest or motivation 
towards the exercise intervention are driving forces behind 
non-adherence.

Although this study was designed with an exploratory 
aim, and hence not designed to show improvement in a 
specific outcome, our results showed significant improve-
ments in HRQoL and CRF during the 16-week study period. 
Despite the low adherence rate in our study, our findings are 
in line with the body of evidence regarding the effective-
ness of rehabilitation intervention on HRQoL and CRF for 
patients diagnosed with cancer [37].

Methodologically, we aimed for this study to provide 
an accurate reflection of the everyday clinical setting. 
This entailed that all referred patients had an individual 
assessment with a physiotherapist upon referral including 
functional goal setting with the aim to understand patients 
rehabilitation needs and motivation. By allowing this, 
selection bias can be of importance when interpreting the 
results of this study. Theoretical, one would expect that the 

Table 1  Participant characteristics (n = 32)

IQR = interquartile range

Variable Baseline

Sex (Female), n (%) 25 (78%)
Age, median (IQR) (years) 33 (28.8 to 37.0)
Body Mass Index, median (IQR) (kg/m2) 21.7 (20.9 to 23.7)
Smoking
 Yes, n (%) 2 (6%)
 No, I have never smoked, n (%) 17 (53%)
 No, I stopped smoking, n (%) 13 (41%)

Employment
 Yes, n (%) 7 (22%)
 Unemployed, n (%) 5 (16%)
 Sick leave, n (%) 20 (63%)

Educational level
 Compulsory, n (%) 2 (6%)
 Secondary, n (%) 3 (9%)
 Tertiary, n (%) 7 (22%)
 University degree, n (%) 20 (63%)

Cancer type
 Breast cancer, n (%) 16 (50%)
 Lymphoma, n (%) 5 (16%)
 Testis, n (%) 3 (9%)
 Head and Neck cancer, n (%) 2 (6%)
 Uterus, n (%) 1 (3%)
 Soft tissue sarcoma, n (%) 1 (3%)
 Colon, n (%) 1 (3%)
 Melanoma, n (%) 1 (3%)
 Bladder, n (%) 1 (3%)
 Leukemia, n (%) 1 (3%)

In active chemo or radiation treatment therapy at 
enrollment, n (%)

20 (60%)

New or recurring cancer
 New, n (%) 29 (91%)
 Recurring, n (%) 3 (9%)

Table 2  Feasibility of 
intervention (n = 32)

IQR = interquartile range

Adherence

Number of 
attended classes, 
median (IQR)

10 (5 to 15)

Adherent, n (%) 8 (25%)
Retention, n (%) 11 (34%)
Accrual rates, 

patients included 
per months

6.4
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individual assessment would lead to a convenience sample 
of experienced exercise patients who were highly motivated 
for the intervention. However, only 4 out of 36 (11%) 
eligible patients declined to participate in the intervention. 
This is a low non-participant rate when taking the form and 
extent (16 weeks program) of the HIFT into consideration. 
Contrary, the low non-participant rate might be a reason 
for the low adherence rates if the patients, for example, 
were not adequately informed of the content or the extent 
of the intervention. On the other hand, it is possible that the 
low attendance to the exercise intervention partly can be 
explained by a busy calendar with treatment and medical 
consultations at the hospital and days with side effects after 
treatment since 60% of the included patients were treated 
with either chemo- or radiation-therapy. A study conducted 
in the same rehabilitation centre found that the primary 
reasons for cancelling exercise sessions were hospitalization/
appointments at the hospital, lack of motivation, or lack of 
time in a group lung cancer patients [38]. Low participation 
to exercise sessions in cancer rehabilitation is a condition 
and found that approximately 50% of the patients had an 
adherence to supervised group exercise under < 70% [38].

The findings of the present study offer promising 
implications for both clinical practice and future 
investigations. Rehabilitation programs may enhance 
patients' abilities to regain functional movement, promoting 
faster recovery and improved quality of life and HIFT 
intervention may be one alternative among others. Moreover, 
these results beckon further research avenues, encouraging 
in-depth exploration of HIFT's mechanisms, optimal 
protocols, and long-term effects.

Strength and Limitations

To our knowledge this is the first study presenting data on 
a study conducted in municipality-based clinical setting. 
The intervention was tested in a setting that functions as 
clinical practice, and hence should be an adequate reflec-
tion of the effectiveness of the intervention.

This study aimed to investigate the feasibility of a 
HIFT-program for a broad group of patients diagnosed 
with cancer and with few exclusion criteria. This is a 
strength in terms of generalizability on the other hand the 

Table 3  Baseline and end of 
intervention health-related 
quality of life (n = 32)

* Missing data imputed using last observation carried forward, IQR = interquartile range. ¤ paired t-test. § 
Wilcoxon signed-rank test

EORTC QLQ-C30* Baseline End of intervention P-value

Global Health / HRQoL, mean (95%CI) 53.4 [47.6;59.1] 66.3 [60.8;71.9] 0.003 ¤
Physical Functioning, median (IQR) 86.7 (73.3 to 100.0) 86.7 (73.3 to 95.0) 0.905 §
Role Functioning, median (IQR) 66.7 (33.3 to 100.0) 66.7 (45.8 to 100.0) 0.731 §
Social Functioning, median (IQR) 66.7 (62.5 to 83.3) 83.3 (66.7 to 83.3) 0.108 §
Fatigue, median (IQR) 55.6 (33.3 to 77.8) 19.4 (15.3 to 29.2) 0.000 §

Fig. 2  Change in HRQoL from 
baseline to end-of-intervention
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limitation of this study. However, due to the limited sam-
ple size it was not possible to conduct meaningful sub-
group analysis to test such hypothesis.

A strength of the present study is the acceptable 
response rate of 78% for the patient reported outcomes, 
especially taking into consideration the low adherence 
and retention rates. However, interpretation of the results 
on effectiveness of the intervention should be performed 
with caution as no power calculation was conducted due 
to the exploratory nature of this study. Furthermore, this 
study recruited a heterogeneous sample of patients with 
various cancer diagnosis and potentially higher adherence 
and retention rates in specific patient populations cannot 
be out-ruled.

The present study was designed to evaluating the fea-
sibility of a pragmatic intervention. Hence, interpretation 
of the results regarding effectiveness of the intervention 
should be done carefully. The intervention was designed 
as a pragmatic HIFT intervention where flexibility in the 
individual training response was accepted using scalabil-
ity. Hence, it was never designed as a HIIT intervention 
study with predefined intensity targets and rest periods. 
The lack of load control or ongoing measures of biochemi-
cal and physiological optics is a limitation of the study.

The patients were all residents in the municipality of 
Copenhagen at the time of referral, however, we did not 
obtain data in relation to how far away from the rehabilita-
tion center the patients lived. Distance to the rehabilitation 
center is a known significant predictor for adherence to 
exercise-based intervention [30]. Therefore, it cannot be 
ruled out that long transportation time to the rehabilitation 
center could have been a possible barrier and a reason for 
the low adherence rates found in this study.

Conclusion

It is possible to recruit patients diagnosed with various 
cancer diagnoses to a HIFT rehabilitation program deliv-
ered in a municipality setting. However, adherence and 
retention to the intervention in a clinical setting is found 
to be difficult, and hence, the intervention seems not to be 
feasible for a heterogenous group of patients diagnosed 
with cancer in the current context. Though it was pos-
sible to find improvements in fatigue and HRQoL in a 
community-based cancer rehabilitation setting.
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