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Introduction: Strong evidence supports the recommendation that individuals

living with or beyond cancer (LWBC) should be physically active and engage

in physical exercise to enhance health and improve cancer-related outcomes.

Many individuals LWBC are not achieving these benefits, partly due to a lack of

resources. To address this, Activating Cancer Communities through an Exercise

Strategy for Survivors (ACCESS) was developed to provide exercise programming

and investigate exercise strategies and barriers for those LWBC.

Methods: Using an e�ectiveness-implementation design, adults LWBC

joined ACCESS by healthcare provider or self-referral. A clinical exercise

physiologist triaged participants to either a hospital-based site or one of

two community-based sites to complete a 12-week, 24-session multimodal

individualized exercise program. Physical fitness and multiple patient-reported

outcomes were measured pre- and post-intervention.

Results: Between January 2018 and March 2020, there were 332 referrals. Of

these, 122 participants consented and completed the study. Completing ACCESS

was associated with improvements in physical fitness and participant-reported

outcomes, including general wellbeing, fatigue, negative emotional states, sleep

quality, and exercise self-e�cacy. The programwaswell-received by participants

and was deemed feasible and acceptable from an implementation perspective.

Discussion: The ACCESS program demonstrably improved several health

outcomes for individuals LWBC. Implementation outcomes have and

continue to guide ongoing e�orts to improve accessibility to ACCESS

and work with the regional health authority and cancer care program

to support the adoption of exercise into standard oncology care.
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1 Introduction

The field of exercise oncology has grown rapidly in the past few
decades (1–4), with over 2,500 clinical trials providing evidence of
the safety, feasibility and benefits of exercise for those living with
or beyond cancer (LWBC) (5). The benefits of exercise include
reduced disease and treatment-related side effects (e.g., anxiety,
depression, muscle loss/weakness, cancer-related pain, fatigue), as
well as a reduced risk of disease recurrence and cancer mortality
(5–8). Drawing on this research, several international evidence-
based guidelines for improving health outcomes for individuals
LWBC have been published and continue to evolve as additional
evidence becomes available (5, 9, 10). To achieve these benefits
however, individuals must be able to adopt and maintain a
regular exercise program. However, even with the development
of evidence-based guidelines, exercise has not yet been widely
implemented as a standard of care in the oncology setting. While
there are many contributing factors, a lack of resources, exercise
expertise, and awareness of benefits are notable barriers (11–
13). Consequently, a large majority of individuals LWBC do not
meet exercise guidelines, and promoting and supporting habitual
exercise behavior remains an ongoing challenge (14, 15).

Building on the work of the Alberta Cancer Exercise (ACE)
model (16), we created Activating Cancer Communities through
an Exercise Strategy for Survivors (ACCESS). ACCESS is a
hybrid effectiveness-implementation study designed to pilot the
implementation of exercise programming in cancer care and to
examine the effectiveness of individualized exercise programming
to improve health outcomes in persons LWBC in Nova Scotia,
Canada. Given the relative lack of cancer-specific exercise
programming in our region (13), ACCESS will improve access to
programming through (a) the development of a network of clinical
and community partnerships, (b) provision of cancer-specific
exercise education and training to qualified exercise professionals
(QEP; www.thrivehealthservices.com), (c) building clinician and
self-referral pathways, and (d) participant screening and triage
by a Clinical Exercise Physiologist (CEP) to appropriate exercise
programming. Implementing ACCESS in “real-world,” practice-
based conditions provides a pragmatic model of a standard of
care (17–19). This type of practical approach to research settings
is critical when investigating the implementation of exercise
programming in cancer care (20, 21).

The primary purpose of ACCESS is to achieve the following
in a real-world setting: (1) examine implementation outcomes
(e.g., clinician and self-referral to hospital and/or community-
based cancer exercise program, recruitment/accrual, participant
retention and program adherence, safety); and (2) explore
benefits of program participation in hospital and community-
based programming (i.e., participant satisfaction, fitness, quality of

life). This interim report is based on the data from participants
that completed ACCESS prior to the COVID-19 pandemic, which
forced a temporary pause of programming.

2 Materials and methods

2.1 Study design and procedures

ACCESS is a type 2 effectiveness-implementation study that
models a standard of care in an oncology setting (22). The hybrid
design allows for the testing and evaluation of both the effectiveness
of the intervention as well as insight into implementation strategies
in real-world settings. The study was approved by the Nova Scotia
Health Research Ethics Board and is registered at ClinicalTrials.gov
(NCT03599843). All participants included in this report partook
in the study between the study’s first recruitment in January 2018
until March 2020, when the program temporarily shut down
due to the COVID-19 pandemic. Following a virtual restart in
August 2020, ACCESS continues to be active in a hybrid (online
or in-person) format as of January 2024. Consenting participants
underwent baseline and post-intervention testing including mental
and physical health-related measures (described below). Additional
questionnaires regarding program evaluation and implementation
were completed following the exercise intervention. The Consort
guidelines were referenced when preparing this manuscript (23).

Following informed consent, participants were screened by the
study’s coordinator and CEP using the Physical Activity Readiness
Questionnaire (PAR-Q+) (24) and by self-reporting their relevant
medical history (e.g., cancer diagnosis and treatment status, co-
morbid disease, medication use, etc.) to confirm readiness to
participate in an exercise program. If participants were not
able to recall diagnostic and treatment details, the ACCESS
CEP sought explicit consent to review/abstract relevant medical
history to design a safe and effective exercise program. If safety
issues were identified, the coordinator and/or CEP consulted
the participant’s oncologist or primary healthcare provider for
additional evaluation and/or recommendation to participate in a
supervised exercise program.

2.2 Recruitment

Participants were directly referred to ACCESS either by
healthcare provider referral (e.g., oncologists, oncology nurses,
primary care physicians, etc.) or self-referral. Following clinical or
self-referral and confirmation of participant interest, prospective
participants were contacted by phone to discuss the study in greater
detail and explore study participation and/or other physical activity
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options (e.g., education) that were most suited to the individuals’
needs, abilities, and activity goals.

2.3 Eligibility criteria

Eligible participants for ACCESS had to: (1) have a diagnosis
of cancer or a history of cancer; (2) be ≥18 years old; (3)
be able to participate in low/mild levels of physical activity
at a minimum [assessed via PAR-Q+ (24) with consideration
for cancer specific concerns]; (4) be pre-treatment, receiving
active treatment, or have received cancer treatment within the
past 5 years or have late occurring/ongoing side-effects as a
result of the cancer diagnosis (e.g., fatigue); (5) be able and
willing to attend a twice weekly exercise program at our
central hub (high and low-to-moderate risk groups) under the
supervision of a CEP, or at one of our community partner
exercise facilities (low-to-moderate risk group only) under the
supervision of a QEP; and (6) be able to provide informed
written consent in English. For the purpose of this study, the
CEP identified participants as either “high risk” or “low-to-
moderate risk.” “High risk” was defined as those who: (1) had
a previous cardiac event (e.g., myocardial infarction, stroke)
or have unstable cardiovascular disease; (2) were currently
receiving a known cardiotoxic agent (e.g., currently receiving an
anthracycline-based therapy); and (3) those with known bone
metastases or advanced stage disease. High risk participants were
always supervised by a CEP and required physician/oncologist
clearance. Anyone not classified as “high risk” was deemed
“low-to-moderate risk.” All community-based programming was
supported by the ACCESS CEP and served those participants
cleared to exercise under a “Cancer and Exercise” trained QEP (see
www.thrivehealthservices.com), but without medical needs that
would require direct CEP supervision.

2.4 Intervention

The intervention consisted solely of a multimodal exercise
program which included a combination of aerobic, resistance,
balance, and flexibility exercises delivered in a circuit-type class
setting or group personal training format, twice weekly, for 12-
weeks. If participants could not attend a session, accommodations
were made so they would complete the missed session at a later
date with the aim that each participant would complete 24 sessions
total. Exercise programs were tailored to each participants’ unique
needs, goals, interests, and abilities. Participants self-identified
their fatigue and energy before each session, and their rating of
perceived exertion immediately following each session, on a 10-
point scale, where higher values mean higher fatigue, energy, and
perceived exercise intensity. Each training session lasted between
45–60min and included time for both a warm-up and cool-down.
Participants were also instructed to inform the CEP and/or QEP
if they felt that any exercise was beyond or below their comfort
level or ability, so that the exercises could be modified to better suit
their needs.

2.5 Cancer specific education and training

All fitness professionals (CEPs and QEPs) completed the
“Cancer and Exercise: Training for Fitness Professionals” course
offered through Thrive Health Services. To create a supply of QEPs,
all cancer-specific exercise training was subsidized using grant
funds. This online training program provides fitness professionals
with the skills and knowledge to work with individuals LWBC to
ensure their ongoing safety and success in an exercise setting.

2.6 Outcomes to support implementation

The RE-AIM (Reach Effectiveness-Adoption Implementation
Maintenance) framework was referenced when designing the
evaluation of effectiveness and implementation outcomes (25, 26).
Embedded within RE-AIM is a cost-effectiveness analysis
pertaining to individual and institution costs associated with
program participation and delivery. Reach was assessed using
data on referral frequency, accrual rate (number of participants
who consented to participate divided by the number of eligible
participants), reasons for exclusions/refusals to participate,
and characteristics of participants who consented/declined
participation. Effectiveness was assessed using fitness and patient
reported outcomes as described above. Program retention
and costs associated with program delivery were recorded.
Adoption was assessed by recording rates of clinician and
self-referral. Implementation assessment included investigating
barriers/facilitators to delivery for participants using a 0%−100%
scoring chart across multiple domains. Thirteen questions related
to exercise preference were provided alongside nine questions
identifying barriers to exercise, including key barriers like travel
and motivation. Participants were provided with these questions at
the start of the exercise program. Program fidelity was assessed by
examining how many participants adhered to the protocol’s weekly
frequency and total exercise sessions.Maintenance will be assessed
in future reports by considering factors that promote delivery
of the intervention over the long term at the site and individual
level. These implementation outcomes fit into a broader taxonomy
outlined by Proctor and colleagues, which are discussed in detail
below (27).

2.7 E�ectiveness outcome measures

2.7.1 Physical measurements
Participants’ height, weight, waist and hip circumference,

resting heart rate, resting blood pressure, 6-min walk test (6MWT),
hand grip strength, 30-second chair stand, single legged stance,
sit-and-reach, and shoulder flexibility were assessed based on
protocols from the Canadian Society of Exercise Physiology’s
Physical Activity Training for Health Protocol (CSEP-PATH) (28)
and the Senior Fitness Test (29). Improvements in physical fitness
measures were assessed to determine effectiveness. Non-modifiable
characteristics and smoking/alcohol history were recorded for
descriptive purposes.
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FIGURE 1

Participant flow and total number of participants for each stage of ACCESS, with percentage retained from the original referral number (332) in

brackets. *See Supplementary Figure 1 for a breakdown of referral source, program location, and ethnicity of participants. **Completion was 61%

while omitting COVID-19-related withdrawals.

2.7.2 Participant-reported outcomes
Participant-reported outcome measures included quality of life

[Functional Assessment of Cancer Therapy–General (FACT-G)]
(30), fatigue [Functional Assessment of Chronic Illness Therapy–
Fatigue (FACIT-F)] (31), physical activity behavior (Godin Leisure
Time Exercise Questionnaire, GLTEQ) (32–34), sedentary time
(International Sedentary Assessment Tool, ISAT) (35), sleep quality
(Pittsburgh Sleep Quality Index, PSQI) (36), negative emotional
states [Depression Anxiety Stress Scales-42 (DASS-42)] (37),
and a post-intervention participant satisfaction survey. General
health was self-reported on a 1–5 scale, where higher values
indicate worse health. The participant satisfaction survey asked
participants to rate the program across different dimensions in
two domains: program review (i.e., a critique of the program’s
administration) and instructional review (i.e., a critique of the
program’s instruction), both on a 5-point scale of agreeableness.
Participants also completed a 13-item survey designed to assess
self-efficacy related to exercising, exercise adherence, and physical
function on a 10-point scale ranging from 0%−100%.

2.8 Medical record follow-up

An exploratory post hoc analysis of emergency department
visits, inpatient stays, and survival was performed between
participants that finished the program vs. those that withdrew. This
was performed to better understand what differences in medical
system usage may be present between participants that completed
the ACCESS program vs. those that practically forewent it for a
variety of reasons, providing a surrogate control group. Of note,
only 13% of participants withdrew from the program as a result of

poor health (Figure 1), suggesting that any differences observed are
only partially due to changes in health status.

2.9 Statistical approach

2.9.1 Health outcomes
All health-related outcomes were analyzed using only data

from participants that completed the 12-week exercise program.
Continuous outcomes with two serial measurements were analyzed
using a paired t-test. Data were dichotomized when guidance
was available (e.g., so-called “normal” or “disturbed” sleepers for
the PSQI) and analyzed using a two-factor (time × baseline
level) analysis of variance (ANOVA) followed by Šídák’s multiple
comparisons post hoc test.

2.9.2 Record review
For hospital visits and stays, a Mann-Whitney U-test was

performed. For survival, contingency tables were created for those
that did or did not complete the program crossed with whether or
not survival was present at the end of follow-up and analyzed using
a χ

2 test.

2.9.3 General
Data are presented as mean ± standard deviation unless

otherwise stated and were analyzed using GraphPad Prism version
9.5.1 for Windows, GraphPad Software, Boston, Massachusetts
USA, www.graphpad.com. Statistical significance was considered at
or below the error rate of α= 0.05. Currency was converted to USD

Frontiers inCancerControl and Society 04 frontiersin.org

https://doi.org/10.3389/fcacs.2024.1389084
http://www.graphpad.com
https://www.frontiersin.org/journals/cancer-control-and-society
https://www.frontiersin.org


Heinze et al. 10.3389/fcacs.2024.1389084

TABLE 1 Characteristics for ACCESS participants that completed the

program (n = 122).

Age (years) 61 (11)

Sex (female) 71%

Height (cm) 166 (9)

Weight (kg) 74 (16)

BMI (kg/m2) 27 (5)

Ethnicity White 96%

Chinese 1%

South Asian 1%

Other 2%

Marital status Married 58.5%

Never married 11.3%

Living common law 9.4%

Widowed 7.5%

Divorced 6.6%

Separated 6.6%

Education Highschool (or less) 16.2%

Diploma from a
community college or
non-university
certificate

18.1%

Trade, technical, or
vocational school

7.6%

University certificate
below Bachelor’s level

10.5%

Bachelor’s degree 23.8%

Graduate degree 23.8%

Employment Full-time 18.9%

Unemployed 1.9%

Retired 43.4%

Part-time 4.7%

Homemaker 2.8%

On disability leave 27.4%

Doing unpaid or
volunteer work

0.9%

Income (CAD; annual) <$24,999 6.8%

$25,000–$49,999 21.4%

$50,000–$74,999 12.6%

$75,000–$99,999 21.4%

$100,000–$149,999 17.5%

$150,000–$199,999 5.8%

$200,000 or more 4.9%

Prefer not to answer 9.7%

Self-perceived health Excellent 1.9%

Very good 26.9%

Good 50.0%

(Continued)

TABLE 1 (Continued)

Fair 17.3%

Poor 3.8%

Smoking history (≥100
cigarettes in lifetime)

Yes 40%

No 57%

Do not know 3%

Current smoking habits Daily 3%

Occasionally 1%

Not at all 96%

Alcohol (consumed per week) Never 13.9%

Less than monthly 26.7%

About once a month 10.9%

2 to 3 times a month 16.8%

Once a week 9.9%

2 to 3 times a week 5.9%

4 to 5 times a week 9.9%

6 to 7 times a week 5.9%

Cancer type Bladder 0.9%

Brain/CNS 3.6%

Breast 39.1%

Cervical 0.9%

Colon 5.5%

Esophageal 2.7%

Kidney 3.6%

Leukemia 2.7%

Lung 6.4%

Lymphoma 7.3%

Melanoma 0.9%

Multiple Myeloma 0.9%

Non-Hodgkin’s
Lymphoma

0.9%

Ovarian 3.6%

Pancreas 0.9%

Prostate 7.3%

Rectum 3.6%

Other 9.1%

Continuous data are presented as mean (standard deviation), whereas categorical data are

given as a percentage of valid data. BMI, Body mass index.

from CAD on 15 March 2024 unless otherwise specified (exchange
rate: $1 USD to $1.35 CAD).

3 Results

3.1 Recruitment

A total of 332 persons LWBC were referred to the ACCESS
program between January 2018 and March 2020 (Figure 1).
Referrals peaked approximately 1-year intro recruitment, and
declined gradually until the trial was paused due to COVID-
19 (Supplementary Figure 1). Fifty-seven percent of the referrals
came from oncologists, 11% from oncology nurses, whereas
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23% were self-referrals (Supplementary Figure 2). The remaining
referrals were from other health care providers (e.g., non-oncology
physician or other non-oncology healthcare providers).

Of those referred, 274 people consented to the program (83%
accrual). Due to the proximity to the COVID-19 pandemic, 37
participants were unable to begin the study and were thus censored
from completion analyses given the extraordinary nature of the
pandemic. A total of 122 completed the program at the location
most appropriate and convenient for them. Most participants (n
= 89, 73%) completed ACCESS at the hospital site, while 27% (n
= 33) were split between the two community centers. Notably, 38
enrolled participants had to withdraw from the program due to the
perceived risk of COVID-19. Thus, the program retained 51%, or
122 of 237 of participants (i.e., attrition was 49%). However, this
was still contaminated with the 38 people that began the program
but were forced to withdraw due to COVID-19. Applying the rates
of attrition and completion calculated without these 38 provides an
estimated final attrition of 39% and a completion rate of 61%. The
main reasons for withdrawal are in Figure 1.

3.2 Participants

The baseline characteristics for participants that completed
the program are listed in Table 1. Participant age ranged from
29–85 years and had a median self-assessed health of “Good”
(Supplementary Figure 3). The most common cancer types for
participants that completed ACCESS were breast (39%), followed
by prostate (7%), lymphoma (7%), and lung (6%).

3.3 Program fidelity

The protocol of ACCESS was to invite all participants to
complete two exercise sessions per week for 12-weeks to accrue
24 sessions total. At this frequency it should theoretically take 84
days. However, this was difficult to maintain for most participants.
The average length of time to complete the program was 121-
days, averaging 1.4 sessions per week across participants. Eight
participants completed the 24-sessions either in 12-weeks or
within seven days of the 12-week mark, while five participants
completed all 24-sessions of ACCESS in fewer than 12-weeks. The
range of time-to-completion was 6–38 weeks. The proportion of
participants that finished the program by completing all 24 sessions
was 92%, with 8% completing 20-sessions or fewer. Average
attendance to the program was 22.8 sessions (95%).

3.4 Outcomes to support implementation
at the individual level

3.4.1 Costs for participants
Participants were asked to share information about costs

associated with attending the program related to purchasing
clothes, parking costs, and travel costs (Table 2). Eighteen
participants provided data on all three, with the average cost of

$224 USD with a standard deviation of $135. The range was $5 to
$471 USD.

3.4.2 Exercise preferences and facilitators
Participants shared their facilitators (13 questions) and

perceived barriers (nine questions) for exercise and using an
arbitrary cut-off of a median response above 75%, the following
attributes were found to be important for participants: having a
trained instructor; being able to stay involved in a regular program;
doing exercise that makes them feel good; exercising outdoors;
receiving feedback; having challenging exercises; and exercising to
improve health (Supplementary Figure 4).

3.4.3 Barriers to exercise
Barriers were assessed using the same format as facilitators and

are reported in Supplementary Figure 5. Using an arbitrary cutoff
of a median response above 25% (i.e., below the uppermost 75%),
barriers were wanting more information about recommended
exercises; feeling too tired to exercise; and it being too difficult to
begin exercising.

3.5 Outcomes to support implementation
at the program level

Between April 2018 and March 2020, a total of $36,631.14
USD was spent to support the entire ACCESS program, or
$18,315.57 USD per 12-month period (Supplementary Table 1).
The per capita cost for the 122 participants that completed
the program was $300.25 USD. When including consenting
participants that withdrew (excluding the 37 that could not begin
due to the pandemic), the per capita cost was $155 USD for
237 participants. Participants were reimbursed for parking costs,
which totaled $3,239 USD. Programming fees for participants that
attended satellite sites totaled $2,839 USD ($86 per participant),
which was paid to the community center to subsidize costs for
participants on a per-person basis. It is important to note that
these costs do not include the purchasing of exercise equipment
or administrative tools, like computers, as these were re-purposed
from existing resources.

3.5.1 Program sta�ng
The program was sustained by a combined part-time research

coordinator and CEP position with an annual salary of $15,042
USD ($30,084 between April 2018 and March 2020). QEPs at
community centers were paid by their centers. In addition, students
from a local kinesiology program (approximately six to eight, which
varied by semester) supported the program and were supervised by
the CEP as part of an experiential learning opportunity.

3.5.2 Equipment maintenance
A total of $469 USD was spent on maintaining equipment

between April 2018 and March 2020. These funds were spent on
water station refilling and exercise machine maintenance.
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TABLE 2 Participant costs associated with the program in USD.

n Range Minimum Maximum Mean Std. deviation

Costs associated with workout clothes for ACCESS
program

23 $207 $0 $207 $48 $53

Costs associated with parking at ACCESS program 55 $111 $0 $111 $56 $29

Costs associated with travel to and from ACCESS
program

50 $366 $3 $369 $86 $89

3.6 Physical measures, fitness, and activity
levels

Weight and body mass index (kg/m2) were unchanged
following the program (p = 0.211 and 0.556, respectively). Waist
circumference decreased on average by 2 cm (p < 0.001). Left
and right shoulder flexibility remained unchanged (p = 0.552
and 0.569, respectively), and there were no changes in single-
leg balance with eyes open or closed for left or right sides
(p > 0.37 for all). However, participants that completed the
intervention had improved personal fitness and activity levels
following the exercise intervention (Figure 2). Mean 6 MWT
distance was 55m greater following ACCESS (p < 0.001), chair
stands increased by an average of 4.4 stands/30 seconds (p
< 0.001), mean sit and reach scores increased by 4 cm (p <

0.001), and combined grip strength scores increased by 1.8 kg
(p = 0.016). Average levels of physical activity (GLTEQ’s leisure
score index) increased by 11.6 points (p < 0.001), while average
sedentary hours per week measured by the ISAT dropped by 3.22 h
(p= 0.016).

3.7 Patient-reported outcomes

3.7.1 General wellbeing and fatigue
General wellbeing mean scores, measured using the FACT-

G, increased (improved) by 4.3 points (p < 0.001; Figure 3).
An analysis of the four subdomains revealed that mean scores
improved for the physical (p = 0.002), emotional (p =

0.001), and functional subdomains (p < 0.001), while the
social wellbeing subdomain did not change (p = 0.889).
Cancer-related fatigue measured using the FACIT-F improved
following ACCESS, with mean scores increasing by 4.2 points
(p < 0.001).

3.7.2 Negative emotional states
Combined average levels of depression, anxiety, and stress

did not change significantly (p = 0.101; Supplementary Figure 6),
although there were significant changes in the depression
and anxiety subscales (p = 0.037 and 0.029, respectively).
A two-factor (time × severity) analysis of variance revealed
that individuals experienced significant improvement if they
entered the ACCESS program with higher than normal (37)
levels of depression, anxiety, or stress (p < 0.01 for all
interactions). Post hoc tests revealed significant improvements
in depression (p < 0.0001), anxiety (p < 0.0001), and stress

(p = 0.013) for those that began with higher-than-normal levels,
while those within the normal ranges tended to stay there
(Figure 4).

3.7.3 Sleep quality
A statistically significant mean decrease (improvement) of 0.5

points was observed across all participants (Figure 5). A subsequent
two-factor ANOVA (time × baseline level) using a cut-off of
5 to indicate disturbed sleep was performed (38). A post hoc

analysis revealed that disturbed sleepers improved their sleep scores
following the ACCESS program by an average of 1.2 points (p =

0.0002), while those that scored below the cutoff of 5 at baseline did
not see a significant change.

3.7.4 Self-e�cacy
Confidence in being able to exercise while feeling tired,

lacking discipline, nauseated, or disinterested, or lacking time
was improved (p < 0.05 for all; Supplementary Figure 7). On the
other hand, confidence in exercising when is it not a priority, in
poor weather, when it is not enjoyable, or without social support
remained unchanged. Self-rated confidence to walk briskly, jog,
climb stairs, and/or exercise at a higher intensity also increased (p
< 0.05 for all).

3.7.5 Intra-session states
Ratings of fatigue and energy remained similar across each

session, although ratings of exertion were significantly higher
in session two vs. session one and continued to rise until
approximately session four (Supplementary Figure 8).

3.8 Self-rated program satisfaction

Participants reported that the program was enjoyable,
well-organized, sufficiently challenging, and generally
effective at increasing strength, and physical function
(Supplementary Figure 9). Further, session length, the training
location, timing, and modalities were well-received. On the
other hand, ratings of parking convenience revealed that many
participants found parking difficult. Participants rated levels of
preparedness, knowledge, and interpersonal skills of the instructors
favorably (Supplementary Figure 10). Overall, participants rated
levels of satisfaction with the ACCESS program very high overall,
with all respondents stating they would recommend the program
to others LWBC (Supplementary Figure 11).
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FIGURE 2

Physical fitness, activity levels, and sedentary behavior improved after participating in the ACCESS program. *p < 0.05; ***p < 0.001; ****p < 0.0001.

3.9 Missing data

Missing data was present across several measures and is
presented in Supplementary Table 2.

3.10 Medical record follow-up

To explore healthcare usage and overall survival between
participants that completed the program and participants that
withdrew for any variety of reasons (Figure 1), healthcare
records for 162 participants that enrolled in the program

and either completed (n = 96) or withdrew (n = 66) were
reviewed for hospital admissions and mortality since their
program start date. The mean follow-up time was 4.6 ±

0.5 years. A non-parametric analysis suggested no significant
difference in the frequency of emergency room visits (p
= 0.191), or inpatient stays (p = 0.420). Participants that
withdrew had a higher frequency of mortality during the
follow-up period (p < 0.001). In the group that completed
ACCESS, 92% were alive at follow-up, vs. 72% for those
that withdrew. Values for each measure are visualized in
Supplementary Figure 12. No large differences in cancer type
frequency were present between groups, although participants
affected by kidney or lung cancer had ≥5% differences in
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FIGURE 3

General wellbeing (A–E) improved after participating in ACCESS, measured by the Functional Assessment of Cancer Therapy–General (FACT-G),

broken down into its physical, social, emotional, and functional subscales. Panel (F) depicts fatigue levels, which improved and were assessed with

the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) fatigue subscale. Higher scores equal better wellbeing/less fatigue. **p <

0.01; ***p < 0.001; ****p < 0.0001.

proportions within the withdrawal group vs. the completion
group (Supplementary Table 3). However, total numbers in all
cancer types other than breast were low (<10). Participants
that volitionally withdrew from ACCESS had worse self-reported
health and baseline wellbeing (FACT-G) scores, lower levels of
leisure activity, and higher (worse) DASS-42 scores, but were
similar in age, weight, BMI, physical fitness measures, fatigue
scores, and sleep quality scores in comparison to those that
completed the program (Supplementary Table 4). The history of
chemotherapy, radiotherapy, or surgery did not differ between
those who completed the program or withdrew (p = 0.763, 0.667,
and 0.273 respectively).

4 Discussion

The evaluation of exercise interventions in a cancer care
setting is crucial to inform evidence-based recommendations
for program creation that can facilitate systemic change in
cancer care. This effectiveness-implementation trial demonstrated
that a 12-week individualized multimodal exercise program for
individuals LWBC improved physical fitness, increased activity
levels, improved general wellbeing, reduced fatigue, reduced
negative emotional states when starting levels are high, and
improved sleep quality. The long-term goal of this work is to
support efforts to embed exercise programming as a standard
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FIGURE 4

Negative emotional states of depression (A), anxiety (B), and stress (C), measured using the Depression, Anxiety, and Stress Subscales-42, improved

for participants that began ACCESS with higher than “normal” levels. *p < 0.05; ****p < 0.0001; × denotes a significant interaction between baseline

levels and time.

FIGURE 5

Pittsburgh Sleep Quality Index (PSQI) levels improved following participation in ACCESS (A). This e�ect was driven by individuals with poorer sleep

quality (B). *p < 0.05; ***p < 0.001; × denotes a significant interaction between baseline levels and time.

of care through evaluation of effectiveness and implementation
success. Programs like ACCESS provide much needed exercise
oncology services that align with national guidelines on exercise
and physical activity recommendations (5, 39). The challenge
now is to demonstrate effectiveness and functionality during real-
world conditions and meet the call for healthcare systems to
integrate exercise oncology as a standard of care (21, 40). ACCESS
achieves this by providing an individualized exercise program for
people affected by cancer using highly inclusive inclusion/exclusion
criteria and engaging with local health authorities and community
partners to support implementation.

4.1 Implementation

The merits of ACCESS regarding implementation can be
assessed through a critical analysis using existing frameworks for

judging relevant outcomes for implementation science, like those
defined by Proctor and colleagues (27). In the order of presentation
in the mentioned article and availability of data (27), acceptability is
the perception that ACCESS was well-received by participants and
can be evaluated based on participant feedback about the program.
Program satisfaction, enjoyability, and organization were all scored
exclusively positively by participants, which likely explains why
100% of respondents would recommend ACCESS to other LWBC.
Despite most participants agreeing with statements about the
program’s effectiveness, quality, and administration, the statement
“Parking was convenient” was highly variable, highlighting the need
for flexibility in access to care. Virtual programming has been
shown to effective for those LWBC (41), and we have already
created a secure videoconferencing stream for current ACCESS
participants, as was necessitated by the COVID-19 pandemic.

Cost is a key implementation outcome, which was addressed
at the individual level and administrative level for ACCESS. As
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an aggregate it was found that participants spent on average
$224 USD to participate in ACCESS, which is comparable to
$350 USD reported by a similar trial, although the latter was
an estimate by a community partner (42). Other programs cited
personal costs in the range of an estimated $59 to $1,273 USD,
which vary by institution, insurance coverage, and what was
purchased (43–46). Of these programs, all but one reported that
their program would cost more than $416.50 USD per person,
and this program also incorporated nutritional counseling and
was heavily subsidized by participant health insurance (44). This
suggests that the cost for ACCESS for participants was similar
to other programs, but the evidence supporting this claim is
not extensive. From the program’s perspective, it was estimated
that the total cost of the program for 2-years was approximately
$37,000 USD, or $18,000 per year, inclusive of staffing, satellite
site subsidies, parking subsidies, and equipment maintenance. This
is lower than a similar, multimodal exercise program designed
to support patients during and after treatment that reported an
annual running cost of $41,766 USDwith four part-time employees
and multiple student volunteers (44). This difference may be due
to a greater involvement of student volunteers with ACCESS,
who helped substantially and lowered operational costs. In our
experience, ACCESS would benefit from further administrative
and training support, which has motivated our group to seek
additional funds to support current endeavors and would raise
the current administrative cost estimate. Greater administrative
support will allow us to reach more people LWBC and ensure
quality data.

From the perspective of feasibility, which is the extent to which
a new program can be carried out in a given setting, it was deemed
that ACCESS is feasible based on accrual and attrition rates. In our
experience there were several clinical champions that contributed
to referring to ACCESS, including oncologists, oncology nurses,
and other physicians and healthcare providers. Approximately 80%
of referrals came from healthcare providers despite self-referral
from advertisements being available, highlighting the importance
of clinician referrals. The accrual rate for our study was 83%, which
is slightly higher than similar trials, which ranged from 23%−72%
(43, 44, 47, 48). Attrition during ACCESS was estimated to be 39%,
which aligns with seven similar studies identified in a systematic
review that reported an average attrition of 38.4% with a range of
22%−56% (21). These studies investigated exercise interventions
offered alongside cancer care inclusive of survivorship. The average
attendance of ACCESS was 95%, which is high when compared
to 16 comparable studies that reported an average of 63.7% and
a range of 30%−83% (21). This likely relates to our flexibility
of scheduling sessions and allowing participants to complete 24-
sessions on their own terms, but a qualitative analysis of ACCESS
participants would be required to determine this. One possible
reason for the high attendance is a reduction in the program’s
fidelity, which is how closely an intervention follows the original
protocol (27). We allowed a high level of flexibility to the program
to accommodate participants’ schedules and as such, the proposed
twice-weekly exercise schedule was not strictly followed. In fact,
only 11% of participants completed ACCESS within or before
the end of the 13th week. This highlights an issue regarding the
feasibility of achieving the desired frequency of two sessions per
week with available staff, and points to the need for more flexible

programming or increased CEP staff members. Further, the impact
of scheduling flexibility on the effectiveness of the program is
difficult to judge, although frequency is a key factor in exercise
prescription, and reduced frequency would likely detrimentally
impact health gains from exercise, given that volume is not
matched. Future research investigating what impact this flexibility
has on health gains would be enlightening.

4.2 E�ectiveness

This study included a robust assessment of effectiveness using
five functional assessments, measures of physical activity and
sedentary behavior, fatigue, wellbeing, negative emotional states,
sleep health, and self-efficacy related to exercise. The improvements
in aerobic fitness following ACCESS were significant and surpassed
the estimated minimal clinically important difference of 30.5m for
adults with pathology or 32m for postoperative recovery (49, 50).
Further, improvements in lower-limb strength-endurance (i.e., 30-
second chair stands) were similar to another 12-week multimodal
exercise programs aimed at older adults with cancer and is
indicative of increased physical function (51). The average increase
in physical activity levels and reduction in sedentary time is also
noteworthy, given the high relative prevalence of physical inactivity
for those LWBC (52, 53). These outcomes, alongside increases
to self-efficacy to exercise, support evidence for the message that
individuals LWBC should avoid inactivity (5, 54).

Both fitness and physical activity levels are linked with

health-related quality of life, which is an important concern for
those LWBC, who tend to have diminished levels both across

treatment and into survivorship (55). Indeed, scores on the physical

wellbeing domain in the FACT-G improved following ACCESS,
underpinning an important improvement in physical health. Such
an improvement is particularly meaningful in this population,
where physical impairments play a large role in health-related
quality of life impairments (56, 57). Mean score improvements
of the combined four subdomains of the FACT-G were close to
achieving a minimal clinically important difference of 5-6 points
(58). Fatigue scores measured using FACIT-F surpassed a minimal
clinically significant difference of 3–4 points (59). Interestingly, this
was not captured in the more granular 0–10 daily fatigue scale used
to assess fatigue before each exercise session. The daily fatigue scale
may thus serve best as a clinical indicator to the CEP/QEP to direct
the intensity of the exercise session.

An interesting finding from this trial was the improvements
to depression, anxiety, and stress subscales of the DASS-42 for
those experiencing negative affective outcomes. The DASS-42 or
a similar measure could be useful to include within a screening
tool to facilitate recruitment of those that would derive the most
benefit from programs like ACCESS. Negative emotional states are
a concern for those LWBC,making this an important consideration
(60, 61). Likewise, although there was a statistically significant
change in sleep quality overall, we found that disturbed sleepers
were driving this change. In a relatively smaller trial, a minimum
clinically important difference using the PSQI was 1.3, which was
0.1 higher than the change detected in this study for disturbed
sleepers (62). Overall, the improvements acrossmental and physical
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domains of health speaks to the plurality of benefits available from
exercise programs for persons LWBC.

4.3 Considerations

The results of this trial should be interpreted with some
caution. One key consideration is that missing data was present
and substantial across multiple outcomes, limiting validity. Further,
more work is needed in additional implementation outcomes,
as highlighted by Proctor and colleagues (27). Adoption is an
implementation outcome used to denote the intention or action
to try a new evidence-based practice. The spike in referrals
approximately 1-year into recruiting followed by a steady decline
suggests that efforts to maintain adoption would be fruitful.
Adoption is connected to appropriateness, which is the perceived
fit of ACCESS in this setting by the provider. In this case, the
appropriateness of this intervention should likely be assessed
at the level of program administrators, hospital administrators,
and regional health system leaders. As discussed by Proctor and
colleagues, appropriateness is separated from acceptability given
its focus on the provider and how congruent the proposed
intervention is with the provider’s perceived scope and ability,
which was not identified in the present study (27). A future
analysis of the appropriateness of ACCESS within its specific
healthcare setting would likely aid further implementation efforts.
Further, understanding penetration (i.e., how many providers
referred compared to the total number of providers) would be
valuable. Penetration appears understudied in exercise oncology
effectiveness-implementation research, so increasing efforts to
investigate this could prove fruitful (21). In combination, these
topics will be further explored in future reports on ACCESS
by investigating the “maintenance” outcomes from the RE-AIM
framework (63). A future investigation of such processes would
better inform us on the room and routes for growth at the
health system level. Lastly, it was our experience that missing
data can occur, especially at centers without adequate supervision
by research-trained staff. Future trials using community partners
would benefit from support by research trained personnel to ensure
adequate data collection. Further, reducing the burden of research
on participants (e.g., lowering the number of questionnaires,
tests, etc.) is an important next step when transitioning solely to
implementation and program evaluation.

An exploratory medical record review of participants that
consented to the program that either withdrew or completed the
program revealed that individuals that withdrew were more likely
to pass away during the follow-up period. While it is tempting
to infer the difference is due to a sustained or increased level
of fitness or physical activity, which predicts better survivorship
in cancer survivors (64), it is almost certainly multideterminant.
Participants that withdrew had worse average scores of self-
reported health, measures of wellbeing, and leisure activity, and at
least 15 participants withdrew due to a decline in health. Although
not recorded, it is possible these participants were candidates for
palliative care, who would still benefit from an exercise program
(65). Further, 21 participants withdrew due to accessibility issues
like lack of time or travel.When taken in consideration with the low

percentage of participants that completed the program on schedule,
this suggests that there are populations of individuals LWBC that
we may be missing, such as those with poorer health and/or lower
accessibility, and that efforts should be made to ensure programs
are accessible to them. In response to these considerations, ACCESS
now operates using a hybridmodel, allowing participants to join via
secure video conferencing. We are striving to increase accessibility
and acknowledge that our sample has not adequately reached some
communities that are present in our region, namely Black and
Indigenous people.

5 Conclusion

The ACCESS program is piloting an innovative model of care
for our region that functions as a clinic-to-community exercise
oncology program. An analysis of outcomes from participants
that completed the program prior to March of 2020 suggests
that ACCESS can improve multiple aspects of physical fitness
and patient-reported outcomes including quality of life, wellbeing,
fatigue, and sleep. Results from this analysis have spurred further
development of this program internally and through collaboration
with local community centers, the regional health authority and
cancer care program to enhance implementation through scale and
accessibility of programs.
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