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ABSTRACT
Introduction  Individuals living with and beyond cancer 
from rural and remote areas lack accessibility to 
supportive cancer care resources compared with those in 
urban areas. Exercise is an evidence-based intervention 
that is a safe and effective supportive cancer care 
resource, improving physical fitness and function, well-
being and quality of life. Thus, it is imperative that exercise 
oncology programs are accessible for all individuals 
living with cancer, regardless of geographical location. To 
improve accessibility to exercise oncology programs, we 
have designed the EXercise for Cancer to Enhance Living 
Well (EXCEL) study.
Methods and analysis  EXCEL is a hybrid effectiveness-
implementation study. Exercise-based oncology 
knowledge from clinical exercise physiologists supports 
healthcare professionals and community-based qualified 
exercise professionals, facilitating exercise oncology 
education, referrals and programming. Recruitment began 
in September 2020 and will continue for 5 years with the 
goal to enroll ~1500 individuals from rural and remote 
areas. All tumour groups are eligible, and participants must 
be 18 years or older. Participants take part in a 12-week 
multimodal progressive exercise intervention currently 
being delivered online. The reach, effectiveness, adoption, 
implementation, and maintenance (RE-AIM) framework is 
used to determine the impact of EXCEL at participant and 
institutional levels. Physical activity, functional fitness and 
patient-reported outcomes are assessed at baseline and 
12-week time points of the EXCEL exercise intervention.
Ethics and dissemination  The study was approved by 
the Health Research Ethics Board of Alberta. Our team 
will disseminate EXCEL information through quarterly 
newsletters to stakeholders, including participants, 
qualified exercise professionals, healthcare professionals 

and community networks. Ongoing outreach includes 
community presentations (eg, support groups, fitness 
companies) that provide study updates and exercise 
resources. Our team will publish manuscripts and present 
at conferences on EXCEL’s ongoing implementation efforts 
across the 5-year study.
Trial registration number  NCT04478851.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ A strength of EXercise for Cancer to Enhance Living 
Well (EXCEL) is that it incorporates methodology 
(ie, outreach, program delivery, continued support) 
tailored for developing partnerships with healthcare 
professionals and qualified exercise professionals in 
rural and remote communities on a national scale 
for sustainable exercise oncology implementation.

	⇒ An additional strength of the EXCEL study is the 
integration of health behaviour change techniques 
within the online 12-week exercise intervention, 
addressing a critical gap in the current exercise on-
cology literature.

	⇒ The primary limitation of the EXCEL study is the 
inability to compare individuals who exercised to 
a usual care group as this hybrid effectiveness-
implementation study design includes a single ex-
ercise group.

	⇒ Additional limitations include ensuring consistent 
delivery of the exercise intervention across different 
qualified exercise professionals as well as address-
ing the current culture of ‘standard cancer care’, 
which does not include exercise and thus may im-
pact our ability to build clinic-to-community links.
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INTRODUCTION
While cancer incidence and survival rates are relatively 
similar across Canada, health disparities in oncological 
and survivorship care persist. Many Canadians living 
with and beyond cancer remain underserved in rural 
and remote communities with respect to supportive 
cancer care services and resources, and consequently 
report greater psychological distress and poorer 
health compared with urban counterparts.1 2 Lack of 
access to supportive cancer care, such as community-
based exercise oncology programmes, is a significant 
concern, as exercise is an evidence-based intervention 
that can improve overall health, well-being, and quality 
of life (QOL) for those living with and beyond cancer.3 
Barriers to supportive cancer care in rural and remote 
communities include having populations with lower 
socioeconomic status as well as geographical isola-
tion resulting in fewer healthcare providers, increased 
travel distances/times to the nearest supportive 
resources and facilities, and lack of infrastructure (eg, 
unable to access telehealth services).4–6 Furthermore, 
as the COVID-19 pandemic places further strain on 
healthcare systems, those from underserved commu-
nities continue to be disproportionately impacted as 
supportive cancer care is delayed and inaccessible tele-
health services persist.7 As such, these disparities have 
increased the burden of cancer on overall health and 
QOL, and there is a clear need to make exercise as a 
supportive cancer care resource more easily accessible 
for those in rural and remote areas.

Exercise improves cancer survivorship outcomes and 
QOL,8 and research has resulted in the development 
of cancer-specific exercise guidelines.9–12 However, 
despite this evidence, guidelines and advocacy, less 
than a quarter of people with cancer are considered 
to be physically active,13 and these participation rates 
may be even less for rural and remote populations due 
to a lack of exercise oncology resources within these 
communities.14 To ensure equitable access, there must 
be development, dissemination and implementation of 
exercise oncology evidence-based resources to deliver 
sustainable exercise programmes safely and effectively 
for all individuals with cancer.

Members of our team are conducting a community-
based, hybrid effectiveness-implementation exercise 
oncology study, the Alberta Cancer Exercise (ACE) 
study.15 A limitation of the ACE study is that it focuses 
on delivering services to urban populations and only 
in one region (Alberta), and as such, the implemen-
tation processes may not be generalisable to rural 
and remote communities. Moreover, an important 
opportunity exists to examine wide-spread implemen-
tation and assess the development and dissemination 
of exercise intervention effectiveness on a national 
scale. This type of evaluation is critical for building 
exercise as a supportive cancer care resource for 
more individuals living with and beyond cancer in all 
regions of a geographically and sociodemographically 

diverse nation, providing valuable information on 
feasibility and impact on participant and system-
level outcomes in real-world settings. To specifically 
address the commonly reported barriers to exercise 
for rural and remote individuals with cancer, we aim to 
improve accessibility of required expertise, make use 
of digital technology and develop a network of clinic-
to-community partnerships for sustainable implemen-
tation.16 17 Accordingly, we have designed a 5-year 
hybrid effectiveness-implementation study to address 
these disparities in access to exercise—the EXercise 
for Cancer to Enhance Living Well (EXCEL) study.

Previous work indicates that successful implemen-
tation for rural and remote populations requires 
personnel training, program support from healthcare 
professionals (HCPs) and sustainable community part-
nerships.14 17 Therefore, we will implement our exer-
cise oncology ‘hub and spoke’ model (figure  1) that 
connects exercise oncology expertise and clinical 
support in primarily hub settings (ie, urban areas) 
to intervention implementation within spokes (ie, 
rural and remote communities). Specifically, EXCEL 
will provide HCPs with exercise oncology resources, 
including education and support for participant 
intake (referral and screening) in the clinical setting, 
and build clinic-to-community referral pathways that 
bridge HCPs and rural and remote communities 
with qualified exercise professionals (QEPs). This 
will reduce the reliance on participant self-referrals. 
In addition, EXCEL will provide exercise oncology-
specific training to QEPs in these ‘spokes’ to deliver an 
evidence-based exercise oncology programme online 
that is safe, effective and tailored to meet participants’ 
needs. Our objectives are to disseminate, implement 
and assess the effectiveness of EXCEL to increase the 
reach, delivery and impact of an exercise intervention 
to rural and remote individuals living with cancer. In 
doing so, the EXCEL study will provide a better under-
standing of the various factors associated with making 
evidence-based exercise oncology interventions acces-
sible and sustainable.

METHODS AND ANALYSIS
Design and setting
A hybrid effectiveness-implementation study design18 
that uses mixed methods is being used to determine the 
effectiveness and implementation of the EXCEL exercise 
intervention (NCT04478851). Due to the pandemic, the 
original clinical trial registration varies in methodology 
with the current version of EXCEL. Specifically, EXCEL is 
primarily being implemented in an online format, rather 
than delivering in-person community-based fitness classes 
and assessments. As such, fitness assessment method-
ology differs slightly from the clinical trial registration to 
feasibly and safely use the online format. It is important to 
note that EXCEL was intended to include online delivery 
via ZOOM to increase reach to the targeted underserved 

https://clinicaltrials.gov/ct2/show/NCT04478851


3Culos-Reed N, et al. BMJ Open 2022;12:e063953. doi:10.1136/bmjopen-2022-063953

Open access

populations. As the pandemic allows, the study will begin 
to implement in-person exercise classes and fitness assess-
ments, with slight variations to the current protocol (see 
online supplemental appendix 1 for a list of program 
components for online and in-person delivery).

The effectiveness-implementation research design has 
been used previously by members of the research team 
to implement ACE.15 EXCEL is implemented by estab-
lishing geographical hubs in urban settings that link 
to both academic and clinical expertise. Hub expertise 
includes clinical exercise physiologists (CEPs), respon-
sible for exercise screening of participants, developing 
and maintaining partnerships with HCPs and QEPs for 
exercise referral and delivery, and when required, deliv-
ering the supervised exercise intervention for high-risk 
participants. Refer to table 1 for hub outreach roles. Hubs 
established at the project outset are in Alberta, Nova 
Scotia and Ontario, with plans to add British Columbia 

and Quebec in years 2–4. See figure  2 for the current 
geographical map of EXCEL hub and the community 
rural and remote regions (ie, spokes) they currently 
serve. EXCEL employs the Canadian Institutes of Health 
Research knowledge to action framework19 to guide the 
process of translating research evidence into practice, as 
well as a participant-oriented research approach to tailor 
implementation strategies to better address participants’ 
needs. Specifically, a monthly Participant Advisory Board 
(PAB) meeting with former exercise oncology program 
(including EXCEL) participants discusses recurring 
implementation issues that need to be addressed, and 
6-month quality improvement (QI) cycles (electronic 
surveys sent to participations, HCPs and QEPs), provide 
feedback to the study team regarding outreach, interven-
tion delivery and provision of supportive resources (eg, 
educational webinars), all of which are used to inform the 
continued implementation and evaluation of EXCEL.

Figure 1  Exercise oncology survivorship hub and spoke model. CEP, clinical exercise physiologist; HCPs, healthcare 
professionals; QEP, qualified exercise professional; QI, quality improvement; QOL, quality of life.

https://dx.doi.org/10.1136/bmjopen-2022-063953
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Participants and screening
EXCEL participant enrolment occurs from September 
2020 to September 2025. Participants are included if they 
are: 18 years or older living with and beyond cancer, able 
to participate in mild levels of physical activity, can consent 
in English (French translation work is underway), and 
live in underserved rural/remote communities that do 
not have access to exercise oncology programs (The term 
‘underserved’ expanded during COVID-19 restrictions 
to also include those from additional areas (eg, smaller 
urban areas) who did not have any access to exercise 
oncology resources.).

Participants can self-refer or be referred by an HCP to 
a hub CEP who screens for study eligibility and provides 
participants with the electronic study consent form (see 
online supplemental file 1). Consent forms and study 
data are collected and managed using Research Elec-
tronic Data Capture (REDCap).20 21 REDCap is a secure, 
web-based software platform designed to support data 
capture for research studies, providing (1) an intuitive 
interface for validated data capture; (2) audit trails for 
tracking data manipulation and export procedures; (3) 
automated export procedures for seamless data down-
loads to common statistical packages; and (4) procedures 
for data integration and interoperability with external 
sources. After providing informed consent, intake infor-
mation is gathered about cancer-related medical history, 
treatment-related side effects, other chronic conditions or 
injuries, and physical activity readiness via the PARQ+.22 

The intake form and PARQ+ are reviewed by the hub CEP 
to screen for exercise participation.

Exercise intervention
Prior to delivering the EXCEL exercise intervention, 
QEPs are provided with exercise oncology and health 
behaviour change training to facilitate exercise interven-
tion delivery of our ‘Exercise and Educate’ model (see 
further description below). Training includes online 
modules related to exercise screening, cancer exercise 
prescription, and psychosocial, and health behaviour 
change principles from Thrive Health Services (www.​
thrivehealthservices.com). An EXCEL-specific training 
day also covers study-specific needs, additional health 
behaviour change educational topics delivered as part 
of the intervention, and logistics of the overall exercise 
program delivery. Prior to leading an exercise class, QEPs 
are required to moderate exercise classes to become 
familiar with online exercise delivery. Moderating ranges 
from 6 to 24 classes and is dependent on the QEPs back-
ground and previous experience working in exercise 
oncology.

The exercise intervention is guided by the template 
for intervention desciption and replication (TIDieR) 
checklist23 and is based on previous successful online 
implementation of ACE15 and current exercise 
oncology guidelines.11 EXCEL’s online exercise inter-
vention is delivered via ZOOM with password-protected 
exercise classes, and the exercise class instructor (QEP 
or CEP, depending on the participant needs; eg, high-
risk individuals such as those on-treatment are always 
under the exercise supervision of a CEP) is assisted by 
a trained moderator (QEP). Each class consists of 8–15 
participants to ensure safety and ability to tailor to meet 
participant needs within the online delivery format. 
The intervention is a standardised 12-week evidence-
based exercise intervention with two sessions per week, 
with at least 1 day of rest between classes. Classes are 
60 min in duration and include the following: (1) 
5 min warm-up; (2) 45–50 min of circuit style training 
consisting of strength/resistance, balance, and aerobic 
activities and (3) 5–10 min cool-down consisting of full-
body stretching. Instructors demonstrate each exercise, 
tailoring to address participants’ needs including exer-
cise progressions (eg, push-ups from wall to floor) or 
regressions (eg, push-ups from floor to wall). Fidelity 
checks are carried out by the central (Calgary) hub 
CEPs to ensure consistency and safety in the delivery 
of the exercise intervention across partner sites. Using 
a standardised fidelity reporting form for each site, 
a random 10% of exercise classes for each 12-week 
session are observed and reviewed, and any feedback 
to improve delivery is provided to the exercise leaders 
(CEP/QEP).

To support both adoption and maintenance of phys-
ical activity, the EXCEL study implements the ‘Exercise 
and Educate’ model within the exercise intervention. 
The trained QEPs are tasked with implementing 

Table 1  Outreach from central hubs to healthcare and 
qualified exercise professionals

Outreach from central hubs

HCPs 	► HCP exercise oncology education sessions 
are provided to discuss the EXCEL study 
and provide general exercise oncology 
information.

	► Emailing established cancer centre contacts 
with EXCEL recruitment materials (ie, posters, 
brochures, closed-circuit television slides).

	► Reminder emails for referrals to the EXCEL 
program ~6 weeks prior to each new program 
start.

	► Direct phone calls to HCPs are made a 
minimum of twice a year to address referral 
barriers and provide study updates.

QEPs 	► Targeted to QEPs within rural and remote 
communities interested in delivering cancer-
specific exercise.

	► QEPs interested in delivering EXCEL exercise 
classes are provided exercise oncology and 
behaviour training.

	► QEPs are provided continuing education.
	► QEPs are paid through the EXCEL study to 
support their delivery of exercise classes, with 
the goal of establishing a sustainable exercise 
oncology class at their site and/or online, to 
facilitate long-term exercise maintenance.

EXCEL, EXercise for Cancer to Enhance Living Well; HCPs, Healthcare 
Professionals; QEPs, qualified exercise professionals.

https://dx.doi.org/10.1136/bmjopen-2022-063953
www.thrivehealthservices.com
www.thrivehealthservices.com
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‘Exercise and Educate’ within each exercise class, via a 
positive motivational approach to instructing (ie, teach 
from the positive, focusing on what someone can do vs 
cannot do to build a sense of confidence and control 
within participants) and engaging in discussion within 
classes on the key behaviour change techniques. In 
addition, throughout the 12-week exercise interven-
tion participants are provided weekly educational 
and worksheet handouts and attend webinars to facil-
itate further learning and connecting with experts on 
behaviour change techniques and key exercise princi-
ples as they relate to their physical activity engagement. 
Specifically, the education topics include (1) Princi-
ples of Exercise and Cancer, (2) Self-Monitoring for 
Physical Activity (3) Setting Physical Activity Goals, (4) 
Behaviour Change and Relapse Prevention, (5) Fatigue 
and Stress Management, and (6) Social Support and 
Long-Term Maintenance. These education topics have 
been built based on participant feedback (ie, what 
they want to learn more about), and are designed to 
engage participants in discussion, foster self-efficacy 
and equip them with the behaviour change techniques 
to apply in their daily life. Specific skills learnt include 

self-monitoring, barrier management, planning, goal 
setting, how to build social support, and building 
confidence to see oneself as ‘an exerciser’.

Assessing implementation: the reach, effectiveness, adoption, 
implementation, and maintenance framework
The reach, effectiveness, adoption, implementation, 
and maintenance (RE-AIM)24 framework is used to eval-
uate the implementation of EXCEL (refer to table 2 for 
a summary of outcomes), and has been used previously 
for the ACE exercise oncology programme implemen-
tation evaluation.15 This framework has also been used 
to assess health/lifestyle behaviours and their public 
health impact25–28 as a function of five factors: reach, 
effectiveness, adoption, implementation, and mainte-
nance. Reach and effectiveness are considered at the 
individual/participant level, while adoption, implemen-
tation and maintenance are factors typically specific to 
programs and sites. Reach is assessed by tracking refer-
rals and enrolment into the EXCEL program. Referral 
types are classified as ‘direct HCP referral’, ‘indirect 
HCP referral’ or ‘self-referral’. Direct HCP referral is 
defined as a hub CEP receiving a referral directly from 

Figure 2  EXCEL hub and spoke map. EXCEL, EXercise for Cancer to Enhance Living Well.
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an HCP, whereas indirect HCP referrals are defined as 
a participant contacting the hub CEP after receiving 
information about EXCEL from an HCP (eg, HCP hands 

participant a study brochure in clinic). Self-referrals are 
defined as participants contacting the hub CEP without 
any interaction with an HCP (eg, participant heard 
about EXCEL through word of mouth, saw a poster or 
video ad). Enrolment is assessed by tracking the number 
and characteristics of eligible participants who enrol in 
EXCEL compared with those eligible who do not enrol. 
Reasons for study refusal will be tracked in addition to 
context specific needs to rural and remote areas such as 
distance to the nearest cancer centre and internet acces-
sibility. Effectiveness of EXCEL is assessed through the 
functional fitness outcomes, patient-reported outcomes 
(PRO), and objective and self-reported physical activity 
measures that are detailed below. To assess adoption of 
EXCEL, characteristics of adopting and non-adopting 
spoke sites throughout rural and remote communities will 
be tracked. This includes tracking the number of referral 
sites (clinical sources), resources that are being used to 
refer to EXCEL, and the number of clinical personnel 
involved to implement EXCEL (ie, who is involved and 
how many personnel at the respective clinical site). Addi-
tional measures of adoption include fitness professional 
partnerships and characteristics, tracking the number of 
trained QEPs, number of exercise classes provided at each 
site, and both the number and type of fitness partnership 
that is implementing EXCEL (eg, individual QEPs, estab-
lished fitness centres, fitness partners through healthcare 
settings, other sites). Implementation is tracked through 
fidelity checks, number of adverse events via the Common 
Terminology Criteria for Adverse Events V5.0,29 exercise 
class adherence (ie, attendance at each scheduled exer-
cise session), and overall program costs per site (training, 
personnel/administrative support, other costs). Main-
tenance is assessed through long-term engagement 
with exercise/physical activity from both program sites 
(eg, the number of established exercise programmes in 
the community) and participants (eg, long-term phys-
ical activity levels and exercise program participation, 
assessed at follow-up time points up to 1 year after base-
line program participation).

Outcome measures
Outcome measures are completed at four time points: 
(1) baseline; (2) 12 weeks (postintervention); (3) 
24 weeks; and (4) 1 year (see table  3 for measurement 
time points). Online functional fitness assessments take 
place at baseline and 12-week time points, PROs are 
completed at each time point via REDCap,20 21 and wear-
able physical activity trackers are worn from baseline to 
the 24-week time point, with all wearable data stored in 
the Wearable Technology Research and Collaboration 
(We-TRAC), a level-4 secure database at the University of 
Calgary supported by funding from the Natural Sciences 
and Engineering Research Council of Canada (NSERC). 
Qualitative data collected through semistructured inter-
views occur on a rolling basis as part of the 6-month 
recurring QI cycles.

Table 2  RE-AIM summary outcomes

Construct Reporting outcomes

Reach 	► Referral
	– Indirect-HCP referral
	– Direct-HCP referral
	– Self-referral

	► Enrolment
	– # of participants enrolled
	– # of participants who do not enrol
	– Characteristics of enrolled and non-

enrolled
	– Using Canadian Norms as reference

	– Reasons for study refusal
	► Rural and remote specific barriers

	– Internet accessibility
	– Distance to nearest cancer centre

Effectiveness 	► Patient-reported outcomes
	– QOL, fatigue, physical activity, exercise 

barriers, symptom burden
	► Functional fitness outcomes

	– Aerobic endurance, musculoskeletal 
fitness, balance, flexibility

	► Self-report and objective physical activity

Adoption 	► Characteristics of adopting/non-adopting 
clinical sites
	– # and type of educational and referral 

resources provided
	– Personnel involved – # and type/who

	► Fitness professional partnerships and 
characteristics
	– # of trained QEPs
	– # of exercise classes provided
	– # organisations and type (ie, individuals, 

fitness centres)

Implementation 	► Fidelity checks
	– Consistent delivery of exercise 

programme completed per a review 
of exercise sessions and standardised 
checklist by CEPs

	► Safety of exercise programme
	– Tracking and reporting of adverse 

events29

	► Programme acceptability (ie, adherence)
	– Exercise class attendance tracking

	► Programme costs
	– Training, site delivery and administrative 

support costs

Maintenance 	► Sustainability of exercise programmes 
within the community
	– # of ongoing programmes

	► Participation in home-centred or centre-
based exercise programmes
	– # of participants continuing to engage 

in structured exercise post 12 Week 
EXCEL programme

	► Physical activity levels at 24 week (objective 
and self-report) and 1-year follow-up 
(self-report)

CEPs, clinical exercise physiologists; EXCEL, EXercise for Cancer 
to Enhance Living Well; HCP, healthcare professional; QEPs, 
qualified exercise professionals; QOL, quality of life; RE-AIM, reach, 
effectiveness, adoption, implementation and maintenance.
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Functional fitness outcomes
Online functional fitness assessments are completed indi-
vidually for each participant before and after the 12-week 
exercise intervention, with results recorded in REDCap. 
Assessments take approximately 30 min and follow the 
Canadian Society of Exercise Physiology’s Physical Activity 
Training for Health Protocol (CSEP-PATH).30 All assessors 
at each hub are trained in the assessment protocol and have 
exercise oncology experience and specific training. Primary 
assessors (CEPs) explain and demonstrate each assessment 
prior to the participants’ attempt. Secondary assessors (QEP 
or volunteers) help to ensure participant safety through 
additional monitoring during fitness assessments and record 
results, confirming results with the primary assessor after 
each assessment and during data entry. The functional fitness 
assessment includes measures of (1) self-reported height 
and weight (calculation of body mass index); (2) upper 
body flexibility via shoulder flexion range of motion31; (3) 
musculoskeletal fitness via a 30 s sit to stand assessment32 33; 
(4) lower body flexibility via a sit and reach assessment34; (5) 
aerobic endurance with a 2 min step test35 and (6) balance 
with a single-leg balance assessment.36 Due to the pandemic, 
modifications were required to assess participants to the best 
of our ability while maintaining scientific rigour (see online 
supplemental appendix 1 for comparison of in-person vs 
online assessment tools).

Shoulder flexion range of motion
Participants begin by sitting perpendicular to their computer 
camera in their chair, with arms by their side and palms 
facing inward. Participants are instructed to raise their arm 
in forward flexion, while remaining in the sagittal plane, 

with the goal of bringing their hand above their shoulder. 
Ensuring that the elbow is visible, this final position is held 
briefly while the CEP takes a screenshot on their computer 
screen. This process is repeated twice for each arm with 
the participant changing their chair position for the oppo-
site arm. Range of motion is determined in degrees by 
measuring the final angle (screenshot) with a goniometer, 
using the head of the humerus, midline of the humerus 
and mid-axillary line as anatomical landmarks for consistent 
measurements.

30 s sit to stand
Participants start in a seated upright position (~43 cm chair) 
with arms across the chest and hands placed on opposite 
shoulders, with no contact on the back of the chair. Partici-
pants are then instructed to complete as many ‘sit to stands’ 
as possible within 30 s, with one ‘sit to stand’ defined as 
standing with full hip extension and arms remaining in the 
crossed-chest position. On a ‘ready-set-go’ cue, participants 
begin the assessment and the number of fully completed sit 
to stands within the 30 s time frame is recorded.

Chair Sit and Reach
Participants complete warm-up stretches before the test is 
conducted. They start in a seated position on the edge of 
a chair with one leg fully extended and ankle bent at 90°. 
Participants are then instructed to place one hand on top of 
the other (palms facing down), fully extend their arms and 
slowly reach forward while keeping their back and extended 
leg straight. They hold this stretch for 20 s, on each leg twice. 
The test is performed by repeating the same stretching move-
ment in the warm-up, however, participants are then asked to 

Table 3  Outcome measures and time points

Domain/outcome Measure Baseline 12 weeks 24 weeks 1 year

Physical fitness/function

Shoulder range of motion Shoulder flexion X X

Musculoskeletal fitness 30 s sit-to-stand X X

Lower body flexibility Chair sit-and-reach X X

Aerobic endurance Two-minute step test X X

Balance Single-leg stance X X

Patient-reported outcomes

Physical activity Godin Leisure Time Exercise Questionnaire X X X X

Health status EQ-5D 5L X X X X

Quality of life Functional Assessment of Cancer Therapy-
General

X X X X

Fatigue Functional Assessment of Cancer Illness 
Therapy-Fatigue

X X X X

Symptom burden Edmonton Symptom Assessment Scale X X X X

Barriers and facilitators Exercise Barriers and Facilitators X X X X

Wearable activity tracker

Objective physical activity Garmin Vivo Smart4 X X X

Notes: All Functional Fitness Assessments are completed online via ZOOM with results stored in REDCap, PROs are completed online via REDCap, 
and Objective Physical Activity is tracked and stored within We-TRAC online secure database.
EQ-5D 5L, EuroQol-5 Dimension 5 Level; WE-TRAC, Wearable Technology Research and Collaboration.

https://dx.doi.org/10.1136/bmjopen-2022-063953
https://dx.doi.org/10.1136/bmjopen-2022-063953
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measure the distance from their toes to their fingertips with 
a tape measure, which is then reported to the nearest±0.5 cm 
(+=fingers went beyond toes; 0 cm=fingers just touched toes; 
−=fingers did not reach toes). This process is repeated twice 
on both legs, with the highest number being reported for 
each leg.

2- min Step Test
Participants begin by standing perpendicular to the camera 
(ie, right leg facing the camera) while marching in place for 
2 min. The target knee height is determined by having the 
participant measure the distance between the patella and 
iliac crest to find the midpoint of the thigh. Participants 
are then instructed to measure the distance from the thigh 
midpoint to the floor, and this distance is recorded by the 
assessor. If the participant is unable to determine the thigh 
midpoint, target knee height is set so that the thigh is parallel 
to the floor when marching. On a ‘ready-set-go’ cue, partic-
ipants begin marching in place and the number of steps 
completed within the 2 min time frame on the leg facing the 
camera are recorded. Rate of perceived exertion (1–10)37 is 
recorded after the assessment has been completed.

Single leg balance
Participants start by standing on a flat surface, with shoes 
removed and eyes open, near a stable object (ie, chair or wall) 
for safety purposes, while facing the camera. Participants 
start with arms placed across their chest (or hands on hips) 
with feet shoulder width apart, and the assessment begins 
when the participant lifts one foot off the ground to the 
height of the opposite ankle with eyes remaining open. The 
assessment ends when either arms move away from the body, 
the raised foot touches the floor, the raised foot touches the 
standing leg, the raised leg moves from static position or the 
maximum limit of 45 s is reached. This process is repeated 
for the opposite leg and both balance times are recorded. If 
the assessments end before three seconds (due to the above 
listed conditions), they may repeat the test one more time 
and the longest duration is recorded.

Patient-reported outcomes
Questionnaires are completed online in REDCap at base-
line, 12 weeks, 24 weeks, and 1 year. Self-reported phys-
ical activity is assessed using the modified Godin Leisure 
Time Exercise Questionnaire,38 which asks participants to 
recall average typical weekly exercise. Recall includes the 
frequency and duration of mild, moderate and vigorous 
aerobic activity, in addition to resistance and flexibility exer-
cise. QOL is measured with the EuroQol-5 Dimension 5 
Level (EQ-5D-5L)39 questionnaire and the Functional Assess-
ment of Cancer Therapy-General (FACT-G)40 questionnaire. 
The EQ-5D 5L measures general health as well as clinical 
and economic evaluations of healthcare. The FACT-G 
assesses QOL through four subdomains: physical, social/
family, emotional and functional well-being. A final score 
is calculated from the sum of each subdomain score and is 
representative of overall QOL. Fatigue is assessed with the 
Functional Assessment of Chronic Illness Therapy-Fatigue41 

scale. The Edmonton Symptom Assessment Scale-Revised42 
assesses symptom burden from nine cancer related symp-
toms. Confidence (ie, self-efficacy) to participate in exercise 
is assessed with the Exercise Barriers and Facilitators ques-
tionnaire.43 Participants are asked to rank their confidence 
level to participate in exercise in certain situations (eg, 
when they feel nauseated, during bad weather, when there 
is lack of time). Barrier and facilitator self-efficacy scales are 
rated from 0% to 100% at 10% intervals. Interpretation 
of the scales are as follows: 0%–20%=not at all confident; 
20%–40%=slightly confident; 40%–60%=moderately confi-
dent; 60%–80%=very confident and 80%–100%=extremely 
confident.

Objective physical activity levels
An activity tracker (Garmin Vivo Smart4) is used to capture 
objective data on exercise volume in a subset of the EXCEL 
participants. This is a commercially available activity tracker, 
and similar models have been found to be highly acceptable 
in cancer populations.44 45 Categories of meeting or not-
meeting current exercise oncology guidelines11 are used as 
a marker of implementation success (ie, achieving 90 min 
of moderate to vigorous physical activity per week), as well 
as percent change in physical activity levels over time (base-
line to postintervention; maintenance to follow-up). Activity 
trackers are distributed across hubs, based on the number of 
active participants at each hub and the number of trackers 
available. Participants are mailed the tracker after consent 
into the study and provided with instructions for use (an 
additional webinar is available to support use and trouble-
shoot common issues). Participants are instructed to wear 
the activity tracker for at least 10 hours per day, for 24 weeks, 
unless the device is charging. To be included for weekly phys-
ical activity calculations, at least four valid days are required. 
Valid days are defined as wearing the activity tracker for at 
least 10 hours/day46 47 with non-wear time being defined as 
not wearing the tracker for 60 consecutive minutes.48 Objec-
tive physical activity data are synced weekly and stored in the 
NSERC supported We-TRAC secure database at the Univer-
sity of Calgary. Collected data includes step counts and 
continuously recorded heart rate.

Semistructured interviews
The RE-AIM QuEST49 framework guides the semistructured 
qualitative interviews conducted as part of the 6-month 
recurring QI cycles. RE-AIM QuEST supplements quan-
titative measures by identifying and providing additional 
context to implementation barriers and can subsequently be 
used to help improve interventions in real time. Interviews 
occur with a purposive sample of participants, QEPs and 
HCPs to assess program implementation as well as outcomes 
from the exercise program itself. Sampling of participants 
includes considerations of location, participation age and 
cancer diagnosis, gender and activity levels at baseline. For 
QEPs and HCPs, sampling considers location, role and 
years of experience. This purposive sampling will ensure 
diverse views are collected across program participants and 
networks of HCPs and QEPs. The interviews are guided by 
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interpretive description methodology,50 which has been used 
as a reliable qualitative guide within multiple health-related 
disciplines.51–53 Interviews are conducted either online (ie, 
ZOOM) or via telephone with trained study personnel. The 
qualitative analysis will provide a deeper understanding into 
program implementation and effectiveness from partic-
ipant, HCP, and QEP perspectives, complementary and 
adding depth of potential understanding to the PROs and 
exercise data.

Sample size and statistical analysis
Based on previous work with the ACE study,15 with alpha level 
set at 0.05, we will need to enrol 1225 individuals to evaluate 
the effectiveness of the exercise intervention on our primary 
outcome of physical activity. Assuming a 15% drop-out rate, 
EXCEL will enrol 1500 individuals living with and beyond 
cancer from underserved rural and remote communities 
across Canada. The sample size estimation and proposed 
enrolment goal also take into account testing for differences 
in secondary outcomes. This helps ensure we will have suffi-
cient power to examine the effectiveness of the exercise 
program on physical activity as well as to examine effects on 
secondary outcomes with consideration for covariates (ie, 
age, gender, primary cancer diagnosis, comorbidities and 
treatment received). In addition, due to physical restric-
tions imposed during the COVID-19 pandemic, EXCEL will 
include participants from larger centres (ie, more urban loca-
tions) who do not have access to exercise oncology resources 
during this time. This inclusion is practical and ensures reach 
of the evidence-based exercise oncology resource during a 
time of restrictions to an underserved population who may 
benefit both physically and mentally during the pandemic by 
having access to exercise as a supportive cancer care resource. 
Analyses will, therefore, consider geographical location within 
subanalyses and/or as a covariate in the primary analysis.

Descriptive statistics will summarise participant demo-
graphic factors of age, sex, rural/urban, primary diagnosis 
of cancer, comorbidities, treatment received, including 
the procedure, chemotherapy, radiotherapy and exercise-
related variables, as well as RE-AIM dissemination and imple-
mentation components. The indicators of effectiveness of 
implementation observed in this study will compare between 
groups at preimplementation and post-implementation 
using χ2 test or Student’s t-test, where appropriate. We will 
perform generalised linear mixed models to evaluate effec-
tiveness changes in outcome measures over time. To deal 
with the geographical variance in effectiveness of imple-
mentation, we will employ multilevel modelling to examine 
site differences (ie, geographical location) in relation to 
reported physical activity levels and adherence to the exer-
cise intervention. Quantitative data will be analysed using 
SAS statistical software (V.9.4). Qualitative analyses will be 
transcribed in ExpressScribe, coded in NVivo V.12, and 
thematically analysed by two independent authors per the 
interpretive description methodology.50

Patient and public involvement
Rural and remote individuals living with and beyond cancer, 
in addition to caregivers, have informed the EXCEL Project 

conception, delivery, assessments and implementation of 
our hub and spoke model to support the ‘Exercise and 
Educate’ training and intervention. Three individuals living 
with cancer from rural and remote communities make up 
our PAB, which has better informed our team in conceptu-
alising and delivery the 12-week exercise intervention. Our 
team also engages with HCPs and QEPs while evaluating 
ongoing implementation components of the entire project 
(ie, referral support and exercise programme delivery) to 
continually improve the exercise programme experience for 
participants.

ETHICS AND DISSEMINATION
Ethics approval was received from the Health Research 
Ethics Board of Alberta (HREBA.CC-20-0098). Our team 
will disseminate information regarding the EXCEL study via 
quarterly newsletters sent to our partnership networks (ie, 
HCPs, QEPs and participants). Quarterly newsletters will 
include study updates on overall recruitment in addition to 
suggested changes and subsequent actions taken as a result 
of QI cycle feedback. EXCEL education sessions will also be 
provided to both HCPs (ie, during grand rounds) and QEPs 
(ie, wellness organisations) to continue to build partnership 
networks. Our team also plans to submit abstracts to research 
conferences and publish manuscripts that are guided by the 
RE-AIM framework. Analyses for conference presentations 
and published manuscripts will focus on the ongoing imple-
mentation efforts over the course of the 5-year study.

DISCUSSION
Exercise is an evidence-based supportive cancer care 
resource that is both safe and effective at alleviating symptom 
burden, improving fitness, QOL3, and survival.54 55 Unfortu-
nately, disparities in access to exercise for rural and remote 
individuals living with and beyond cancer prevent equitable 
potential realisation of these benefits.5 The EXCEL study 
aims to address this inequity by implementing and evalu-
ating the effectiveness of bringing evidence-based exercise 
oncology programs to these communities via our hub and 
spoke model to facilitate online and in-person delivery when 
available. As the first large-scale study to disseminate, imple-
ment and evaluate the effectiveness of exercise for rural and 
remote individuals living with and beyond cancer, findings 
will inform how to reduce disparities in access to exercise 
as a supportive cancer care resource and ensure sustainable 
implementation of evidence-based exercise oncology inter-
ventions. This will enhance the physical and mental well-
being, and ultimately the overall QOL, of more individuals 
living with and beyond cancer.

The final products for EXCEL dissemination and imple-
mentation across Canada will include training, program 
protocols (assessment and delivery), and established clinic-
to-community partnerships that are sustainably supported 
within the hub and spoke model. Resources within each of 
these elements will be available to support the continued 
building and implementation of our exercise oncology 
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‘Exercise and Educate’ intervention, training and network 
development, linking participants in clinical settings to exer-
cise as an evidence-based supportive cancer care resource 
that can be accessed within community settings (online 
and/or in-person). Building clinic-to-community path-
ways through the hub and spoke model to support exer-
cise oncology as part of standard supportive cancer care is 
a unique feature and overall strength of the EXCEL study. 
Implementation will ‘bridge the gap’ from clinic to rural and 
remote communities, building referral sources at the clin-
ical level and a network of trained fitness professionals at the 
community level. Bridging between these two networks is the 
critical role of the CEP, which is not yet a widespread role 
within cancer care. Building on our ‘pathways model’,56 57 
CEP expertise ensures that referral to exercise resources is 
appropriately addressed through expert screening, under-
standing of tailored needs within an exercise setting, and 
supports access to safe and effective exercise resources that 
will meet participant needs. Ultimately, building exercise 
via EXCEL into standard supportive cancer care will equip 
individuals living with and beyond cancer with the resources 
to use exercise to manage their wellness, health, and overall 
QOL.
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