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Abstract
Introduction: Increased moderate to vigorous physical activity (MVPA) can 
improve clinical and psychosocial outcomes for people living with and beyond 
cancer (LWBC). This study aimed to assess the feasibility and acceptability of trial 
procedures in a pilot randomised controlled trial (RCT) of a theory- driven app- 
based intervention with behavioural support focused on promoting brisk walking 
(a form of MVPA) in people LWBC (APPROACH).
Methods: Participants diagnosed with breast, prostate or colorectal cancer were 
recruited from a single UK hospital site. Assessments at baseline and 3 months 
included online questionnaires, device- measured brisk walking (activPAL ac-
celerometer) and self- reported weight and height. Participants were randomised 
to intervention or control (care as usual). The intervention comprised a non- 
cancer- specific app to promote brisk walking (National Health Service ‘Active 
10’) augmented with print information about habit formation, a walking planner 
and two behavioural support telephone calls. Feasibility and acceptability of trial 
procedures were explored. Initial estimates for physical activity informed a power 
calculation for a phase III RCT. A preliminary health economics analysis was 
conducted.
Results: Of those medically eligible, 369/577 (64%) were willing to answer 
further eligibility questions and 90/148 (61%) of those eligible were enrolled. 
Feasibility outcomes, including retention (97%), assessment completion rates 
(>86%) and app download rates in the intervention group (96%), suggest that the 
trial procedures are acceptable and that the intervention is feasible. The phase III 
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1  |  INTRODUCTION

Cancer is a leading cause of death worldwide and ac-
counts for over 167,000 deaths in the United Kingdom 
every year.1 However, advances in the detection and 
treatment of cancer have led to increased survival rates 
in recent years, with a rising population of people living 
with the immediate and long- term effects of a cancer di-
agnosis and its treatments.2 It is estimated that there are 
presently over 375,000 new cases of cancer in the United 
Kingdom each year, and this is predicted to rise to over 
500,000 by 2040.3 Long- term effects include fatigue, low 
mood, persistent emotional distress and anxiety states, 
trauma- related responses, reductions in physical capabili-
ties, being at increased risk for development of other can-
cers and other chronic conditions and experiencing lower 
quality of life.4–9 Supportive interventions that can miti-
gate some of these effects are urgently required and need 
to be cost- effective, easily accessible and scalable to large, 
diverse populations.

1.1 | Physical activity and cancer

A large body of evidence demonstrates that physical ac-
tivity can improve many outcomes for people living with 
and beyond a cancer diagnosis (LWBC).10–14 Exercise (one 
domain of physical activity) is safe and recommended for 
people who are still undergoing cancer treatment and im-
proves multiple physical and psychosocial outcomes.15 
While breast, prostate and colorectal cancer comprise 
three of the four most commonly diagnosed cancers in 
the United Kingdom, these cancer types also demonstrate 
the strongest evidence supporting a positive role of physi-
cal activity on health and psychosocial outcomes after 
a cancer diagnosis.16,17 This includes several systematic 
reviews and meta- analyses presenting evidence of an in-
verse association between physical activity and the risk 
of all- cause and cancer- specific mortality in these cancer 

populations.12,13,18–20 The importance of physical activity 
after diagnosis is highlighted by Schmid and Leitzmann's 
systematic review reporting that an increase in physical 
activity by any amount was associated with reduced total 
mortality risk in people diagnosed with breast or colorectal 
cancer.21 Furthermore, meta- analyses of hundreds of inter-
ventional trials find that higher levels of physical activity 
in people LWBC are associated with reduced sleep distur-
bance and pain, and improved emotional well- being and 
quality of life.22–24 Reflecting this evidence, as well as the 
more recent recognition of the benefits of jointly increas-
ing physical activity while reducing time spent sedentary 
(i.e. sitting time), the World Cancer Research Fund recom-
mends that adults LWBC should aim to engage in ≥150 min 
of at least moderate- intensity physical activity per week if 
possible, or aim to ‘move more and sit less’.25–27 To support 
people LWBC in engaging with these recommendations, 
the Independent Cancer Taskforce recommend that every 
person diagnosed with cancer should receive physical ac-
tivity guidance as part of their care.28

Despite these recommendations, people LWBC are 
rarely provided with physical activity advice from their 
care team.29–32 Qualitative exploration with healthcare 
professionals (HCP) including general practitioners, on-
cology nurses and specialised physicians has identified 
barriers such as lack of time in appointments, lack of 
knowledge of resources to direct patients to and not self- 
identifying as the right person to provide this advice to 
people LWBC.33–35 These findings highlight the need to 
develop low- cost, widely accessible resources for people 
LWBC that are feasible to implement into the cancer care 
pathway with a low burden to the HCP.

1.2 | Physical activity interventions in 
people LWBC

Digital interventions offer the possibility of remotely deliv-
ering large- scale physical activity interventions to people 
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RCT will require 472 participants to be randomised. As expected, the preliminary 
health economic analyses indicate a high level of uncertainty around the cost- 
effectiveness of the intervention.
Conclusions: This pilot study demonstrates that a large trial of the brisk walking 
intervention with behavioural support is both feasible and acceptable to people 
LWBC. The results support progression onto a confirmatory phase III trial to de-
termine the efficacy and cost- effectiveness of the intervention.
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LWBC.36 In a recent scoping review of 231 trials using 
digital health interventions for people LWBC, Lee et  al. 
reported that web- based digital health technology was the 
most commonly used type of digital intervention (50%) and 
this was followed by mobile apps (13%). The UK Office of 
Communications reported that over 90% of the population 
own a smartphone in 2022, with 68% of people aged over 65 
reporting that they personally use them.37, p. 203 As smart-
phone apps can offer scalable behaviour change interven-
tion to a wider population at a relatively low cost once 
developed, this presents a promising opportunity to target 
older age groups who are also at higher risk of a cancer di-
agnosis.38 Furthermore, Khoo et al. reported that personal 
contact complementary to a smartphone intervention 
may improve intervention efficacy, with Wallbank et  al. 
suggesting that this contact may help address any lack of 
personalisation that is inherently associated with using 
technology- based supports.39,40

Our group conducted a meta- analysis of 15 studies of 
digital interventions and identified that digital behaviour 
change interventions may successfully increase physi-
cal activity rates among people LWBC by up to 49 min 
per week.41 However, only two studies tested apps, most 
follow- up periods were only 3 months and studies were 
generally of low quality, highlighting the need for inves-
tigation with larger randomised controlled trials (RCTs), 
using device- based, rather than self- reported physical ac-
tivity and with longer follow- up than 3 months. In a more 
recent review of 18 studies investigating digital physical 
activity interventions for people diagnosed with breast 
cancer, Kang and Moon42 reported that half of these used 
apps to deliver the intervention. Similar to our findings, 
their meta- analysis of five studies revealed that digital 
physical activity interventions significantly improved 
physical activity duration with a medium effect size in 
people diagnosed with breast cancer. These results were 
also supported by qualitative findings.42

In their study of 627 Canadian adults diagnosed with 
cancer, Ester and colleagues reported widespread own-
ership of smartphones (88%) along with considerable 
use of physical activity/health- related apps in this sam-
ple (32%).43 Additionally, over 80% of respondents rated 
physical activity/health apps as useful or very useful for 
supporting physical activity engagement, suggesting that 
incorporating such apps would be an effective strategy 
with this population. While there are many health and 
fitness apps available to download, few studies have in-
vestigated whether these are suitable for promoting phys-
ical activity among people LWBC.44–46 In preparation 
for the current study, along with the aforementioned 
meta- analysis, we conducted qualitative user experience 
research in 32 people diagnosed with breast, prostate 
and colorectal cancer. Participants were given apps that 

promote physical activity that are designed for the gen-
eral public rather than specifically for those LWBC and 
we sought to assess the acceptability of this approach. In 
line with previous research, participants reported that 
they found the idea of an app- based intervention appeal-
ing for physical activity promotion and should focus on 
walking.45,47 This preference for walking was also reported 
in two recent reviews of over 100 studies of physical ac-
tivity participation across all cancer types and treatment 
stages.48,49 Previous research conducted by our group and 
others suggests that people LWBC find that walking is 
the most achievable form of physical activity both during 
and after treatment.45,48 While after treatment has been 
identified by people LWBC as the preferred time to start 
physical activity programmes,48 evidence suggests that 
limited awareness about the benefits of physical activ-
ity engagement during treatment may also play a role in 
these findings.48,50 In their recommendations for cancer 
survivorship, the American Cancer Society reported that 
engaging in exercise during treatment is associated with 
a positive impact on quality of life in this population.51 
Moreover, there is preliminary evidence to support that 
physical activity during cancer treatment may improve 
treatment response and tolerance.51–53 In a study of 279 
women diagnosed with breast cancer, Phillips et  al.47 
reported that a technology- supported exercise interven-
tion was rated as somewhat/very helpful at all stages of 
the cancer care pathway, with high interest during (83%) 
and after treatment (90%–93%). Physical activity research 
with people LWBC has primarily been conducted in peo-
ple diagnosed with early- stage cancers. However, ad-
vancements in treatment have led to improved survival in 
patients with diagnosed metastatic disease54 and the avail-
able physical activity guidelines are applicable to all peo-
ple LWBC across the continuum of care inclusive of those 
with metastatic disease, albeit with more supervision and 
support.55 However, due to the experience of higher bur-
den of symptoms among this group, compliance and ad-
herence to physical activity can be challenging, with high 
drop- out rates reported in some studies.56–58 Despite this 
challenge, Wilk and colleagues noted the importance of 
including patients with metastatic disease in studies as 
evidence supports the beneficial role of physical activity 
in supporting improvements in health and psychosocial 
outcomes in this population.59 Collectively, this evidence 
highlights the importance of conducting research to ex-
plore the acceptability of implementing physical activity 
interventions at all stages of the cancer care continuum 
and recognises the need for designing interventions that 
can be applied in practical contexts and delivered as part 
of routine contact and care.

The importance of physical activity guidance com-
ing from a trusted source is well documented within the 
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literature.48,60,61 In our qualitative research study, partic-
ipants expressed a preference for the intervention being 
recommended by direct members of their care team 
(ideally their cancer nurse), badged under a recognised 
organisation (such as the UK National Health Service 
[NHS]).45,47 This preference was also demonstrated in a 
qualitative study of 14 patients with breast cancer, where 
participants indicated that their belief in the credibility 
of the app would increase if it was recommended or val-
idated by their healthcare professional.62 We conducted 
qualitative interviews with 19 cancer nurses and found 
willingness to embed app- based referral programmes into 
care so long as there was evidence of efficacy.63

1.3 | Objectives

Informed by habit theory,64 we developed an intervention 
that implements a multitude of behavioural change tech-
niques that have shown promise in promoting physical 
activity.65–67 This complex intervention includes a publicly 
available app with additional brief behavioural support 
to promote brisk walking (as a form of MVPA) after a 
cancer diagnosis [APPROACH].68 The Medical Research 
Council published seminal guidance on the development 
and evaluation of complex interventions, and continu-
ously emphasised the importance of assessing the feasi-
bility and acceptability of interventions with pilot studies 
before progressing to larger- scale evaluations of interven-
tions.69,70 The feasibility study should assess the criteria 
that will be necessary for the evaluation design (e.g. trial 
procedures) as well as the intervention itself.70 The guid-
ance also asserted the importance of including economic 
considerations surrounding intervention effectiveness 
and recommended including an assessment of the likeli-
hood of cost- effectiveness at the feasibility stage of inter-
vention development.70 Preliminary economic modelling 
is important to determine if the anticipated benefits of 
the intervention justify the costs involved, including the 
costs of additional research and this is essential for guid-
ing the decision to proceed with larger- scale evaluations.71 
In addition to preliminary economic modelling, this fea-
sibility study will allow for planning of a larger- scale trial 
and inform on any necessary refinements to the interven-
tion to improve engagement.70 Following this guidance, 
this paper describes a pilot study assessing the feasibility 
and acceptability of the outcome measures and trial pro-
cedures to assist in the planning of a confirmatory phase 
III RCT. This larger trial will determine the efficacy and 
cost- effectiveness of the intervention. This pilot study also 
aimed to inform the larger RCT by obtaining estimates for 
the parameters required in the sample size calculation for 
the intended future primary outcome (such as estimates of 

the variability in each arm and dropout rate), and by im-
plementing a preliminary health economic analysis.

2  |  METHODS

2.1 | Design

The full protocol for the current pilot has been previously 
published.68 This was a single- centre, two- arm pilot RCT 
comparing an app- based brisk walking intervention with 
behavioural support against a control (usual care) arm 
in people diagnosed with localised or metastatic breast, 
prostate or colorectal cancer. After completion of baseline 
assessments, participants were randomised using mini-
misation (1:1 allocation), stratified by cancer type and 
disease status (local vs. metastatic disease), to either the 
control or intervention arm.

2.2 | Participants

Participants were individuals living with localised or met-
astatic breast, prostate or colorectal cancer recruited from 
a single hospital site in Yorkshire (UK). All participants 
were smartphone owners, able to provide informed con-
sent, willing to answer online questionnaires and had ac-
cess to a computer and email address. Patients who met 
any of the following criteria were excluded: had localised 
disease and it had been more than 6 months since com-
pletion of radical treatment (i.e. surgery to remove can-
cer, radiotherapy, systemic therapy with curative intent), 
were unable to understand spoken/written English, had 
an Eastern Cooperative Oncology Group (ECOG) per-
formance status ≥3, a diagnosed cognitive impairment 
(e.g. dementia), a cognitive and/or physical impairment 
that prevents participation in brisk walking, a clinician- 
estimated life expectancy of <6 months, or were receiving 
end of life care, due to having surgery to remove cancer in 
the next 5 months, were <6 weeks after surgery to remove 
cancer, reported already achieving 150 min of at least 
moderate- intensity physical activity weekly, reported pre-
vious/current use of the intervention app (Active 10), or 
reported current or recent (<6 months) participation in 
a health behaviour change study. Hormone therapy was 
not considered a radical treatment as it is not a treatment 
with curative intent. A timeframe of within 6 months was 
selected based on previous research reporting a prefer-
ence for receiving information from their clinical care 
team.48,60,61 This timeframe aligns with the assumption 
that people would still be receiving support within the 
NHS at this stage, rather than having transitioned into 
long- term survivorship.
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2.3 | Procedure

Medical records (lists of patients seen at multidisciplinary 
team meetings) were screened for potential participants 
against a set of initial eligibility criteria. This included 
having a diagnosis of breast, prostate or colorectal can-
cer, being more than 6 weeks post- surgery, being less than 
6 months after finishing treatment (localised disease), not 
due surgery in the next 5 months, being able to provide 
consent, understanding English, having no diagnosis of 
cognitive impairment, not having an ECOG ≥3 and having 
clinician- estimated life expectancy of over 6 months and/
or not receiving end of life care. Identified patients were 
then sent a brief information letter about the study and 
could indicate their interest via telephone or email.

Further eligibility was assessed by telephone where 
potential participants were asked if they were able to un-
derstand and complete the assessments in English, if they 
had any health conditions that would prevent them from 
walking, what treatment they had completed and plans 
for future treatment. Their ECOG status was confirmed 
(based on hospital records). Their physical activity levels 
were assessed using the screening question ‘As a rule, do 
you do at least half an hour of moderate or vigorous exer-
cise (that makes you breathe faster and feel warmer) on 
five or more days of the week?’ (ineligible if yes).72,73 They 
were asked if they had taken part in a health behaviour 
study in the past 6 months (ineligible if yes), whether they 
owned a smartphone (ineligible if no), had access to a 
computer (ineligible if no), and if they have ever used an 
app for tracking activity before (ineligible if they named 
Active 10). If eligible, participants were sent an email with 
a link to the online participant information sheet and con-
sent form. This was hosted on the electronic data capture 
tool REDCap.74,75

At baseline, participants were sent a weighing scale 
(Seca 803 if they weighed less than 150 kg and Seca 813 
if they weighed over 150 kg) and tape measure (Seca 
201) with instructions on how to complete assessments. 
Participants were also sent an activPAL accelerometer 
(PAL Technologies Ltd., Glasgow, UK) to wear for 7 days 
and a log sheet to track their waking/sleeping times. Two 
links were sent to participants. One was to complete the 
main online baseline questionnaire and the other was to 
input their measurements in the anthropometrics ques-
tionnaire, both of which were hosted on REDCap.75 If 
participants found this challenging, they could contact the 
research team to enter their data over the phone. Table 1 
presents the schedule of assessments and the measures in-
cluded in the online questionnaire.

Participants in the intervention group were mailed an 
intervention pack containing a leaflet, a walking plan-
ner and a letter from their clinical care team. The leaflet 

provided information on the benefits of physical activity 
after a cancer diagnosis with a focus on brisk walking. 
Information on forming walking habits was also pro-
vided in the leaflet, along with instructions to download 
the freely available NHS Active 10 app. The Active 10 app 
encourages users to do 10 min of brisk walking (known 
as one ‘Active 10’) and at the time of the pilot study, al-
lowed users the flexibility to set their own goal of com-
pleting between one and three Active 10 s each day. This 

T A B L E  1  Schedule of study assessments.

Assessment
Baseline 
(T0)

12–16 weeks 
from T0 (T1)

Demographics X

Medical Information X

Physical activity (GLTEQ) X X

Anthropometrics 
(height, weight, waist 
circumference)

X X

Health- related quality of life 
(EQ- 5D- 5L)

X X

Cancer- specific quality of life 
(FACT- G)

X X

Fatigue (FACIT- F) X X

Sleep Quality (PSQI) X X

Anxiety (GAD- 7) X X

Depression (PHQ- 9) X X

Physical activity self- efficacy 
(PAAI)

X X

Self- efficacy to manage 
cancer (CS- SES)

X X

Habit strength for walking 
(‘Going for a walk’ 
and ‘Walking briskly’) 
(SRBAI)

X X

Health and social care 
service usage (CSRI)

X X

Question about usage of any 
physical activity app

X

Question about usage of 
Active 10 app

X

Intervention engagement 
(DBCI Engagement Scale)

X

Chronotype (MEQ) X

Abbreviations: CSRI, Client Service Receipt Inventory76; CS- SES, 
Cancer Survivors Self- Efficacy Scale77; DBCI Engagement Scale, digital 
behaviour change intervention Engagement Scale78; EQ- 5D- 5L, Five- level 
EuroQol- 5D79; FACIT- F, Functional Assessment of Chronic Illness Therapy- 
Fatigue80; FACT- G, Functional Assessment of Cancer- General81; GAD- 7, 
General Anxiety Disorder Assessment82; GLTEQ, Godin Leisure- Time 
Exercise Questionnaire83; MEQ, Morning- Eveningness Questionnaire84; 
PAAI, Physical Activity Appraisal Inventory85; PHQ- 9, Patient Health 
Questionnaire- 986; PSQI, Pittsburgh Sleep Quality Index87; SRBAI, Self- 
Report Behavioural Automaticity Index.88
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was to support users to reach 30 min of at least moderate- 
intensity physical activity each day. The app tracks ac-
tivity and distinguishes between total walking and brisk 
walking. Users could see how many minutes per day they 
spent in each walking type. Brisk walking was captured 
by Active 10 when participants walked at a cadence of ap-
proximately 100 steps per minute or more.89 The weekly 
walking planner was designed to allow participants to 
engage in action planning and monitor their walking. 
The letter from their care team endorsed physical activity 
participation and provided an appointment time for their 
first intervention behavioural support video/telephone 
call. The first intervention call involved the facilitator dis-
cussing the physical activity guidelines for people LWBC, 
talking through the benefits of physical activity, using the 
intervention materials, setting goals and forming habits. 
Intervention participants were subsequently invited to 
a second call approximately 4 weeks after the first call to 
check if they are using the Active 10 app and if they are 
increasing their brisk walking, as well as talking through 
their goals and recapping the information provided in the 
first call. A detailed description of the behavioural change 
techniques employed across the intervention components 
is described in the published protocol.68 Participants in the 
control group were informed of their group allocation by 
telephone and continued with their standard care without 
any additional support. Three months after their randomi-
sation date (T1), all participants were asked to complete 
the assessments and online questionnaires again.

2.4 | Measures

2.4.1 | Sociodemographic and medical 
information

Participants' cancer diagnosis (date and type) and stage, 
treatment, prior cancer diagnoses and other health con-
ditions (osteoporosis; osteoarthritis/degenerative arthri-
tis; rheumatoid arthritis; type 1 diabetes; type 2 diabetes; 
asthma; a mental health condition; Parkinson's disease; 
dementia; heart disease; high blood pressure; lung dis-
ease; back pain; irregular heart rhythm) were collected 
from hospital records. Participants also self- reported any 
comorbid health conditions from the same predefined list 
of conditions. Data from both sources were combined and 
where a comorbid condition was identified in either the 
medical records or by self- report, this was coded as having 
this health condition. Similarly, participants were asked to 
self- report any prior cancer diagnoses to their most recent 
diagnosis of breast, prostate or colorectal cancer (date and 
type) and where a prior cancer diagnosis was identified 
in either the medical records or by self- report, this was 

coded as having had a prior cancer diagnosis. The type 
(surgery; radiotherapy; chemotherapy; hormone therapy; 
biological therapy) and stage of treatment (due to start; 
undergoing; completed; not had/having) were collected 
from the medical records. This was recorded at the time 
the participant was sent the baseline assessment pack, al-
though this was difficult for researchers to confirm from 
records due to the possibility of attending other hospital 
sites for treatment(s). Participants self- reported their age 
(years), gender (male; female), employment status (em-
ployed full- time; employed part- time; full- time education; 
unemployed; retired; unable or too ill to work), education 
level (7 levels ranging from ‘no formal qualifications’ to 
‘Masters/PhD/PGCE or equivalent’), marital status (mar-
ried/in a relationship; single/divorced/separated; wid-
owed), living arrangements (alone; with partner only; 
with family; with friends; in a residential care/nursing 
home) and ethnicity (White; Asian/Asian British; Black/
African/Caribbean/Black British; Mixed/Multiple ethnic 
groups; other ethnic group). Socioeconomic position was 
determined from participants' postcodes and the English 
Index of Multiple Deprivation (IMD).90

2.4.2 | Feasibility outcomes

The feasibility and acceptability outcomes (listed in 
Table  2) were used to investigate the potential for this 
study design to be used in a phase III trial and to further 
inform the final sample size calculation. We pre- specified 
that a study enrolment rate < 30% or a 3- month retention 
rate < 65% would require a reconsideration of trial proce-
dures to make them more acceptable to participants.68

2.4.3 | Intervention feasibility

During their first behavioural support call, the researcher 
recorded if participants in the intervention group had 
downloaded the Active 10 app (before the call, during the 
call) or had not downloaded it. Intervention participants 
were also asked how long they had used the app for (once; 
1 week; 2 weeks; 1 month; 2 months; 3 months) in the fol-
low- up online questionnaire. Participants were asked to 
rate how useful they found the intervention using a Likert 
scale (not at all useful; slightly useful; somewhat useful; 
very useful; extremely useful).

Linking to UK cancer registries
The consent form included an optional additional consent 
to access Hospital Episode Statistics (HES) and National 
Cancer Registration and Analysis Service (NCRAS) data 
about participants. This was to assess willingness to give 
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   | 7 of 24LALLY et al.

Feasibility outcomes Detail of specific outcome

Interest • % of medically eligible interested/willing to 
answer eligibility questions

Enrolment • % fully eligible patients enrolled

Acceptability of randomisation • % of participants who withdraw post- 
randomisation (within 1 week of being 
informed)

• % potential participants who state that 
randomisation is their reason for declining

Feasibility of administering 
intervention

• % of intervention group who received a 
behavioural support call

• % of intervention group who self- reported 
downloading the app

Acceptability of intervention • % of participants who reported that no aspect 
of the intervention was useful

• % of participants in the intervention group 
who report using the app for less than a month

• % of withdrawals from the intervention group 
compared to control group

• % of reasons for withdrawal relating to the 
intervention

Retention rate • % of participants, in each group, who complete 
any of the T1 follow- up assessment

Acceptability of outcome 
assessments

• % of participants who consent who complete 
any baseline assessments

• Completion rates, in each group, for each of 
the assessments at baseline and follow- up

Willingness to consent to linkage 
with HES/NCRAS registries for 
long- term follow- up

• % of participants who consent for this aspect 
of the study

Acceptability of online assessments • % of participants who required help to 
complete the questionnaires

• % of potential participants who give this 
method of data collection as a reason for 
declining to participate

Acceptability of providing informed 
consent online

• % of participants who give online informed 
consent as a reason for declining

Proportion of screened participants 
ineligible and reasons for 
ineligibility

• Number of participants screened and deemed 
ineligible for each inclusion/exclusion criteria

Potential sociodemographic biases in 
recruitment

• Comparison of sample demographics with 
hospital level data on patients with breast, 
prostate and colorectal cancer

Fidelity of intervention delivery in 
telephone/video calls

• Average % of required behaviour change 
techniques covered in intervention calls

Contamination of the control group • % of participants who report using the 
Active 10 app or that a health professional 
recommended it to them, during the study 
period

Abbreviations: HES, Hospital Episode Statistics; NCRAS, National Cancer Registration and Analysis 
Service.

T A B L E  2  Feasibility outcomes.
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8 of 24 |   LALLY et al.

this consent, as we may wish to explore the impact of the 
intervention on longer- term cancer outcomes in the RCT, 
but this data was not accessed in the pilot.

Potential sociodemographic biases
We intended to collect anonymous sociodemographic data 
on patients who were potentially eligible to participate but 
who did not participate. This was not possible due to data 
protection concerns. The hospital site was, however, able 
to provide aggregate anonymous data on cancer type, sex, 
ethnicity, age and IMD scores for all patients who were 
diagnosed with breast, prostate or colorectal cancer (due 
to how the data was stored this included those diagnosed 
with localised breast, prostate or colorectal cancer and 
those diagnosed with metastatic breast or colorectal can-
cer) between August 2021 and August 2022, regardless of 
participation, to allow identification of any recruitment 
bias.

Fidelity of intervention calls
The content of the intervention calls is outlined in our 
published protocol.68 Intervention calls were designed to 
include 25 behaviour change techniques (BCTs) from the 
Behaviour Change Technique Taxonomy v1.67 A 25- item 
checklist was created by the researchers based on these 
BCTs. Each BCT was coded as either delivered or not de-
livered by examining the intervention call transcripts. One 
researcher (SW) carried out the coding of the intervention 
calls with a second researcher (SS) coding a subset of calls 
(n = 5). It was agreed that an 80% level of agreement would 
be acceptable. Any discrepancies that exceeded 20% were 
discussed among the researchers until consensus was 
reached. This occurred for 20% of the transcripts that were 
double- coded (n = 1/5).

Contamination
At T1, all participants were asked if they used any physical 
activity app to help them do physical activity during the 
study period (yes; no) and if they answered yes, they were 
asked to name the app.

2.4.4 | App engagement

It was not possible to retrieve actual app use data from NHS 
Digital as the data were not stored in a way that could link 
with our trial data. In the T1 questionnaire, intervention 
participants were asked if they ever used the Active 10 app 
to track their walking (Yes and I'm still using it; Yes but I'm 
not using it any more; No). Participants who reported still 
using it were asked how often they used the app (less than 
monthly; monthly; fortnightly; weekly; three to four times 
per week; almost every day or every day). Participants 

who had ceased using the app were asked how long they 
had used it for (once; Less than a week; 1 week; 2 weeks; 
1 month; 2 months; 3 months). The Digital Behaviour 
Change Intervention Scale was used to assess engagement 
with the app.78 Participants were asked questions explor-
ing their first use and their most recent use of the app 
for tracking their walking. Participants were asked how 
strongly they remembered experiencing feelings from a 
specified list (interest, fatigue, focus, inattention, distrac-
tion, enjoyment, annoyance, pleasure) while using the app 
(7- point scale from not at all to extremely), how much time 
they spent on the app (minutes per day) and what compo-
nents in the app they remembered using from a specified 
list (e.g. viewing today's walks). The full set of questions is 
presented in the Supporting Information.

2.4.5 | Physical activity

Physical activity was measured using an activPAL4 micro 
accelerometer worn on the midline of the thigh. The ac-
tivPAL was waterproofed in specialist nitrile sleeves and 
waterproof dressing and was supplied with adhesive for 
attaching to the thigh. The sampling frequency was pro-
grammed at the default setting of 20 Hz. Participants were 
asked to wear the activPAL continuously for 7 days and to 
complete log sheets to record when they got up and went 
to bed across these 7 days and if they removed the device 
at all. Wearing the activPAL monitor was implemented to 
assess the feasibility and acceptability of using this out-
come measure but this was not a mandatory requirement 
for participation in the study.

A valid day of wear was defined where the activPAL 
was worn for the full 24 h and 3 days of valid wear were 
necessary to be included in the analysis.91 The collected 
data were processed using the Processing PAL software 
V1.3.92 The previously validated default settings were ap-
plied,93 apart from setting the minimum number of steps 
to delineate waking to wear time to 200 steps as this was 
more suited to our patient population. ‘Sleep’ encompassed 
all time spent in bed and was not subclassified into time 
spent asleep by biological definitions and/or other time 
spent in bed.93,94 This broad definition included brief pe-
riods out of bed inclusive of trips to the bathroom during 
the night. Heat maps were created to visualise periods of 
‘sleep’ versus waking wear time for each participant, at 
each time- point. These were compared to participant log 
sheets to identify possible scenarios where the algorithm 
may have incorrectly coded ‘sleep’ and waking time.91 
Where discrepancies were identified (e.g. approximately 
1 hour of data was inaccurately coded) corrections were 
made to reclassify periods of time as ‘sleep’ or wake time as 
appropriate. Brisk walking was defined as >100 steps per 
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   | 9 of 24LALLY et al.

minute as this is the threshold identified to elicit the suffi-
cient walking intensity for MVPA in adults.95,96 Total min-
utes of brisk walking per day were derived from the data 
as this is the intended primary outcome for the definitive 
trial. Total minutes walking at any pace was also derived to 
compare groups at baseline.

2.4.6 | Trial experience interviews

Semi- structured interviews were conducted with par-
ticipants in both arms by two researchers (FK and SS) to 
explore experiences of all aspects of trial participation. 
Engagement with the app and intervention materials were 
explored with intervention arm participants and are re-
ported briefly here with more detail reported in a separate 
process evaluation paper (in preparation for publication).

2.5 | Statistical analysis

The target sample size was based on a minimum of 30 par-
ticipants per arm required for estimating parameters in a 
feasibility study97,98 and a conservative drop- out rate of up 
to 33%. Analyses of all data, including feasibility outcomes 
and physical activity are descriptive in nature. The sample 
size calculation for the phase III confirmatory trial was 
carried out in PASS 2023 Power Analysis and Sample Size 
Software (2023).

2.6 | Qualitative analysis

Coding of the interviews was completed by a single re-
searcher (SS) due to time constraints, which impacted 
the availability of resources for data analysis. However, 
any uncertainties surrounding participant responses 
were resolved with a second researcher (FK). Content 
analysis was used to systematically explore participants' 
experience of taking part in the study and to quantify re-
sponses related to the feasibility and acceptability of study 
procedures.99

2.7 | Cost- effectiveness analysis

An exploratory health economic analysis was carried out 
to provide preliminary cost- effectiveness estimates and to 
inform the design of the larger trial and economic analy-
ses. A Markov- style health economic model was developed 
that linked increases in physical activity to reductions in 
cancer and other cause of mortality over a lifetime horizon. 
The model baseline population was a cohort of individuals 

with characteristics taken from the APPROACH pilot par-
ticipant data. Intervention effectiveness data from the trial 
was converted into metabolic equivalent tasks (METs) to 
enable stepping at different rates to be represented within 
a single metric.100,101 The model took an NHS perspec-
tive on costs and health benefits. Intervention costs were 
calculated at £62.52 per person based on resources used 
in the trial. This included printing and posting materials 
which were costed directly, and nurse time for training 
and to deliver the intervention, which were costed using 
PSSRU unit costs.102 It was assumed that a mid- Band 7 
hospital nurse would deliver the intervention on an in-
dividual basis to 200 patients per year, taking 55 min per 
patient; whilst a Band 8a hospital nurse would deliver a 
day of training to ten Band 7 nurses, which would be valid 
for 3 years. As the Active 10 app is a publicly available app 
developed by the NHS that exists outside of this interven-
tion, the cost of the app per person was not included as 
an intervention cost. Quality- adjusted life years (QALYs) 
were estimated based on patient- reported EQ5D scores at 
baseline, projected over the patient's lifetime. Full details 
of the model methodology are reported in the Supporting 
Information.

Probabilistic sensitivity analysis (PSA) was used to es-
timate mean lifetime costs, QALYs and cost- effectiveness, 
with a discount rate of 3.5% applied for costs and QALYs 
in line with National Institute for Health and Care 
Excellence (NICE) guidelines.103 Expected value of perfect 
information (EVPI) and perfect parameter information 
(EVPPI) were estimated.104 Structural uncertainties were 
investigated through scenario analyses.

2.8 | Ethical considerations

This pilot study was approved by the Yorkshire & The 
Humber- South Yorkshire Research Ethics Committee 
(21/YH/0029) and the Health Research Authority.

3  |  RESULTS

3.1 | Overview

Figure  1 presents the flow of participants from initial 
screening to enrolment and participation. Of the 1037 pa-
tients diagnosed with breast, prostate or colorectal cancer 
that were assessed for eligibility, 460 (44%) were excluded 
at the medical records stage. A further 577 patients were 
sent the initial letter about the study and 429 (74%) were ex-
cluded either due to not being interested in participating or 
based on follow- up eligibility screening, as outlined below. 
The Study Information Sheet was sent to 148 patients, with 
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10 of 24 |   LALLY et al.

93 (63%) consenting to participate and 90 (61%) being ran-
domised. Reasons given for declining to participate are pre-
sented in the Supporting Information but include finding 
that the study would be ‘too much’ currently (n = 7), that 
they had too much already going on with treatment (n = 6) 
and that they were too busy (n = 4).

3.2 | Sample characteristics

Table  3 presents sociodemographic and clinical factors, 
as well as physical activity outcomes at baseline in the 

sample. Participants were mainly breast (n = 36, 40%) and 
prostate (n = 36, 40%) cancer patients, with fewer colo-
rectal cancer patients (n = 18, 20%). The mean age of par-
ticipants was 63 (SD = 11, range = 40–85), with a similar 
number of males (n = 47, 52%) to females.

3.3 | Feasibility outcomes

Table  4 presents the results of the feasibility outcomes. 
The trial procedures were acceptable to participants with 
no participants giving randomisation as their reason for 

F I G U R E  1  Full Consolidated Standards of Reporting Trials (CONSORT) diagram†. †Non- eligibility reasons could be ≥1. ‡This potential 
participant was informed by telephone that we had met our recruitment target and did not have the sufficient extra resources to include 
them in the study.
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   | 11 of 24LALLY et al.

T A B L E  3  Descriptive statistics for sociodemographic and clinical factors, and physical activity outcomes at baseline.

Total (N = 90) Intervention (n = 44) Control (n = 46)

Age (years): mean (range) 63 (40–85) 63 (40–85) 62 (41–78)

Sex n (%)

Male 47 (52) 22 (50) 25 (54)

Female 43 (48) 22 (50) 21 (46)

Ethnicity n (%)

White 87 (97) 42 (96) 45 (98)

Asian/Asian British 2 (2) 1 (2) 1 (2)

Othera 1 (1) 1 (2) 0

Education level n (%)

No formal qualifications 11 (12) 5 (11) 6 (13)

High school/secondary school 31 (34) 15 (34) 16 (35)

AS & A levels or equivalent 13 (14) 8 (18) 5 (11)

Level 4–5 vocational qualifications 12 (13) 2 (5) 10 (22)

Bachelor's degree or equivalent 14 (16) 11 (25) 3 (7)

Master's degree, PGCE, PhD or equivalent 9 (10) 3 (7) 6 (13)

Employment n (%)

Employed full- time 19 (21) 8 (18) 11 (24)

Employed part- time 15 (17) 9 (21) 6 (13)

Unemployed 2 (2) 2 (5) 0

Retired 47 (52) 22 (50) 25 (54)

Unable/too ill to work 7 (8) 3 (7) 4 (9)

Marital status n (%)

Married/in a relationship 75 (83) 37 (84) 38 (83)

Single/divorced/separated 8 (9) 3 (7) 5 (11)

Widowed 7 (8) 4 (9) 3 (7)

Living arrangements n (%)

Alone 12 (13) 5 (11) 7 (15)

With partner only 53 (59) 25 (57) 28 (61)

With family 25 (28) 14 (32) 11 (24)

Index of multiple deprivation quintile n (%)

1 (most deprived) 18 (20) 8 (18) 10 (22)

2 15 (17) 6 (14) 9 (20)

3 17 (19) 9 (21) 8 (17)

4 27 (30) 16 (36) 11 (24)

5 (least deprived) 13 (14) 5 (11) 8 (17)

Cancer type n (%)

Breast 36 (40) 18 (41) 18 (39)

Prostate 36 (40) 18 (41) 18 (39)

Colorectal 18 (20) 8 (18) 10 (22)

Cancer stage n (%)

1 29 (32) 15 (34) 14 (30)

2 30 (33) 14 (32) 16 (35)

3 24 (27) 12 (27) 12 (26)

4 7 (8) 3 (7) 4 (9)

(Continues)
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12 of 24 |   LALLY et al.

Total (N = 90) Intervention (n = 44) Control (n = 46)

Treatment type and stageb n (%)

Surgery n (%)

Underwent surgery 55 (61) 25 (57) 30 (65)

Not had/having surgery 35 (39) 19 (43) 16 (35)

Radiotherapy n (%)

Due to start of radiotherapy 26 (29) 13 (30) 13 (28)

Currently undergoing radiotherapy 2 (2) 0 (0) 2 (4)

Completed radiotherapy 19 (21) 9 (21) 10 (22)

Not had/having radiotherapy 43 (48) 22 (50) 21 (46)

Chemotherapy n (%)

Due to the start chemotherapy 0 (0) 0 (0) 0 (0)

Currently undergoing chemotherapy 10 (11) 3 (7) 7 (15)

Completed chemotherapy 14 (16) 8 (18) 6 (13)

Not had/having chemotherapy 66 (73) 33 (75) 33 (72)

Hormone therapy n (%)

Due to start of hormone therapy 4 (4) 2 (5) 2 (4)

Currently undergoing hormone therapy 39 (43) 20 (46) 19 (41)

Completed hormone therapy 6 (7) 2 (5) 4 (9)

Not had/having hormone therapy 41 (46) 20 (46) 21 (46)

Biological therapy n (%)

Due to the start biological therapy 0 (0) 0 (0) 0 (0)

Currently undergoing biological therapy 7 (8) 3 (7) 4 (9)

Completed biological therapy 2 (2) 2 (5) 0 (0)

Not had/having biological therapy 81 (90) 39 (89) 42 (91)

Months since diagnosisc: median (IQR) 5 (4–8) 6 (4–8) 5 (4–7)

Previous cancer diagnoses n (%)

Previously diagnosed with one other cancerd 12 (13) 8 (18) 4 (9)

No previous diagnosis of cancer 78 (87) 36 (82) 42 (91)

Comorbid health conditions n (%)

None 28 (31) 13 (30) 15 (33)

1 condition 34 (38) 16 (36) 18 (39)

2+ conditions 28 (31) 15 (34) 13 (28)

Body Mass Indexe: median (IQR) 28 (25–33)e 27 (24–31)e 28 (25–34)

Minutes spent brisk walking per weekf: median 
(IQR)

181 (116–363) 211 (126–374) 171 (105–255)

Minutes spent walking at any pace per weekf: 
median (IQR)

607 (433–784) 626 (493–912) 557 (396–751)

Hours spent sitting per dayf: median (IQR) 10 (9–11) 10 (9–11) 10 (9–11)

Hours spent standing per dayf: median (IQR) 3 (3–4) 4 (3–4) 3 (2–4)

Abbreviations: IQR, interquartile range; PGCE, postgraduate certificate of education; PhD, Doctor of Philosophy.
aParticipants could specify their ethnicity in the textbox.
bAt the date when the baseline assessment pack was sent to the participant.
cAt the date of randomisation.
dNo participants had received a diagnosis of more than one other cancer.
eWhen cleaning the data, the BMI of one participant was removed from the analysis due to an outlier weight value that was deemed implausible.
f88 participants consented to wearing and received the activPAL and 85 participants' activPAL data are reported as three participants did not provide data for 
the specified sufficient number of days to be included (3 days36,55).

T A B L E  3  (Continued)
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T A B L E  4  Results of the pre- specified feasibility outcomes.

Feasibility outcomes Detail of specific outcome Result
Interest • % of eligible interested/willing to answer eligibility 

questions
• 64% (369/577)

Enrolment • % eligible patients enrolled • 61% (90/148)

Acceptability of randomisation • % of participants who withdraw post- randomisation 
(within 1 week of being informed)

• None

• % potential participants who state that randomisation 
is their reason for declining

• None

Feasibility of administering 
intervention

• % of intervention group who received a behavioural 
support call

• 98% (43/44)a

• % of intervention group who self- reported 
downloading the app

• 96% (42/44)

Acceptability of intervention • % of participants who reported that no aspect of the 
intervention was useful

• None

• % of participants in the intervention group who report 
using the app for less than a month

• 5% (2/39b)

• % of withdrawals from the intervention group 
compared to control group

• 5% (2/44) in intervention group. None in 
control group

• % of reasons for withdrawal relating to the 
intervention

• None

Retention rate • % of participants, in each group, who complete any of 
the T1 follow- up assessment

• 97% (87/90) completed any follow- up 
assessments, and there were similar rates 
between study groupsc

Acceptability of outcome 
assessments

• % of participants who consented completed any 
baseline assessments

• 100% (91/91d)

• Completion rates, in each group, for each of the 
assessments at baseline and follow- up

• Completion rates were high for all 
assessments (>86%) and similar between 
study groupsc

Willingness to consent to linkage 
with HES/NCRAS registries for 
long- term follow- up

• % of participants who consent for this aspect of the 
study

• 100% (90/90)

Acceptability of online assessments • % of participants who required help to complete the 
questionnaires online

• 4% (4/90) participants required partial help 
completing questionnaires

• % of potential participants who give this method of 
data collection as a reason for declining to participate

• None

Acceptability of providing informed 
consent online

• % of participants who give online informed consent as 
a reason for declining

• None

Potential sociodemographic biases in 
recruitment

• Comparison of sample demographics with hospital 
level data on patients with breast, prostate and 
colorectal cancer

• The sample was similar in terms of age, 
gender, ethnicity, IMD and cancer type 
to potentially eligible participants at the 
recruiting NHS sitee

Fidelity of intervention delivery in 
telephone/video calls

• Average % of required behaviour change techniques 
(BCT) covered in intervention calls

• 96% of the 25 BCTsf

Contamination of the control group • % of participants who report using the Active10 app or 
that a health professional recommended it to them

• Noneg

a97.7% received the first support call (43/44); 88.6% received the second support call (39/44).
bFive intervention participants did not provide data for this outcome. Two participants withdrew several weeks after randomisation, and one did not complete 
this intervention feedback section of the questionnaire. The further two participants who stated they did not download the app were not shown this question.
cSee Table S2.
dOf the 93 participants who consented, two of these were not sent the questionnaire link due to (1) choosing not to take part due to family crisis and (2) 
as the study had met its recruitment target and did not have sufficient resources to recruit this participant. The other participant completed the baseline 
questionnaires but withdrew to focus on their treatment, prior to wearing the activPAL.
eSee Table 5.
fMost intervention participant calls were coded (42/43), except where there was a recording error (n = 1). One participant did not receive any call (n = 1). In 
total, 81 intervention calls (42 first calls and 39 second calls) from 42 participants were included.
gEight participants from the control group reported using an app to help them with physical activity since beginning their participation in the study and the 
named apps are presented in Table S3.
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14 of 24 |   LALLY et al.

declining (0%) or withdrawing (0%), high completion rates 
(>86%) and a 96% participant retention rate. Delivery of 
the intervention was feasible with 98% of the interven-
tion group receiving the behavioural support call and 96% 
downloading the app.

3.3.1 | Potential sociodemographic biases

Table  5 presents a descriptive comparison of enrolled 
participants to the aggregate data of the population of 
people diagnosed with breast, prostate and colorectal 
cancer at the recruiting NHS Trust. Accounting for the 
small sample size, enrolled participants were similar in 
terms of gender, age, ethnicity and IMD quintile. There 
was a more equal ratio of men to women in this study, 
but a lower proportion of colorectal cancer patients and 
a greater proportion of prostate cancer patients were re-
cruited than what would be representative of the popu-
lation at the site.

3.4 | App engagement

Two participants withdrew several weeks after randomisa-
tion, and one did not complete this intervention feedback 
section of the questionnaire. Two participants reported 
not downloading the app and weren't shown any further 
questions on app use. Out of 39 participants asked if they 
ever used Active 10 to track their walking, 85% reported 
using and still using the app (n = 33). Out of these partici-
pants, 82% reported using it almost every day or every day 
(n = 27) and 18% reported using it three to four times per 
week (n = 6). Fewer participants reported using the app but 
were no longer using it (n = 5, 13%). Of those who said that 
they had stopped using the app, they reported using the 
app for the following time periods: 1 week (n = 1), 2 weeks 
(n = 1), 1 month (n = 1), 2 months (n = 1), 3 months (n = 1). 
One participant reported not using the app at all.

Results from the DBCI assessing engagement with 
the app are presented in Table 6. The mean reported time 
spent using the app on their first day of use was 19.6 min 
(range 2–60, SD = 16.0). On their most recent day of use, 
the mean reported time spent using the was 17.1 min 
(range 1–60, SD = 16.7). The proportion of app compo-
nents used was relatively high with participants reporting 
a mean use of 67.5% of the six key components on their 
first use of the app and a mean use of 46.3% of the com-
ponents on their most recent use. The most frequently re-
ported components used by participants at first use of the 
app were ‘Setting or reviewing targets’ (n = 35), ‘Viewing 
today's walks’ (n = 34) and ‘Viewing my walks’ (n = 33). 
On their most recent use of the app, the most frequently 

reported components used by participants were ‘Viewing 
today's walks’ (n = 34), ‘Viewing my walks’ (n = 30) and 
‘Viewing rewards’ (n = 19). Results of the use of all the 
available components are presented in Table S4.

3.5 | Intended primary outcome: 
physical activity

Table 7 presents the time spent brisk walking derived from 
the ActivPAL data for the 82 participants (91%) who pro-
vided data at both timepoints (intervention n = 40; control 
n = 42). Due to the small sample size, the data are reported 
for descriptive purposes only, with median and interquar-
tile ranges presented due to the skewness of the data.

3.6 | Main trial power calculation

A total of N = 472 participants are required in the larger 
RCT to detect an effect size of 0.10 h per day of activity at 
100 steps per minute, with 90% power and two- sided 5% 
significance level, after allowing for up to 10% dropout. 
This is equivalent to a difference of 6 min per day (42 min 
per week) between the experimental and control arms. 
This calculation assumes a standard deviation of 0.20 h 
per day in the control group with a variance ratio of 1:4 
(control:intervention) and is supported by the data ob-
served at both timepoints.

3.7 | Trial experience interviews

All participants who remained in the study at T1 were ap-
proached about taking part in the end of study interviews 
(n = 87; n = 2 withdrawn, n = 1 deceased). In total, 72 par-
ticipants completed trial experience interviews. Seven par-
ticipants provided no reason for declining to participate. 
Other reasons for not taking part included: not responding 
to the invitation to interview (n = 3); not feeling up to it due 
to illness- related side effects (n = 2); not feeling confident 
speaking on the phone (n = 1); not feeling like they had 
much to offer (n = 1); being too busy (n = 1). Overall par-
ticipants were generally happy with the trial procedures 
and a more detailed presentation of the feedback from 
the qualitative interviews is presented in the Supporting 
Information. Participants reported mixed feelings about 
randomisation, with some indicating indifference, and 
others sharing views that related to their experimental 
group allocation (Table S5). Participants generally found 
the completion of study assessments at both timepoints to 
be acceptable, including wearing the activPAL, complet-
ing their body measurements and completing the online 
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questionnaires (Table  S6). Most participants expressed 
that the timing of being approached to take part was rea-
sonable, despite being at different points of their cancer 
care plan (Table  S7). All participants reported a willing-
ness to consent linkage to HES/NCRAS registries for long- 
term follow- up, describing an understanding of why this 
data would be important and a willingness for the data to 
be used to help others (Table S8).

3.8 | Preliminary 
cost- effectiveness analysis

As expected, there was high uncertainty around the re-
sults of the preliminary cost- effectiveness analysis, given 
that the feasibility study had not been designed to pro-
duce statistically significant effectiveness data. The base- 
case health economic analysis suggests that based on the 

Pilot study participants 
(N = 90)

Aggregate site data 
(N = 1072)

Age (years): mean 63 66

Sex, n (%)

Male 47 (52) 435 (41)

Female 43 (48) 637 (59)

Cancer type, n (%)

Breast 36 (40) 405 (38)

Prostate 36 (40) 71 (7)

Colorectal 18 (20) 596 (56)

Ethnicity, n (%)

White 87 (97) 977 (91)

Other 3 (3) 95 (9)

Index of multiple deprivation quintile, n (%)

1 18 (20) 271 (25)

2 15 (17) 225 (21)

3 17 (19) 203 (19)

4 27 (30) 270 (25)

5 13 (14) 103 (10)

T A B L E  5  Comparison of recruited 
participants in the pilot study and 
anonymised aggregate data at hospital site 
to examine potential recruitment bias.

T A B L E  6  Results of the Digital Behaviour Change Intervention Scale assessing engagement with the app (N = 38a).

First use ratings, mean 
(standard deviation)

Last use ratings, mean 
(standard deviation)

Interestb 5.9 (1.0) 5.5 (1.3)

Intrigueb 5.3 (1.3) 4.1 (1.9)

Focusb 5.7 (1.1) 5.0 (1.7)

Inattentionb,c 6.2 (1.1) 6.2 (1.2)

Distractiona,c 6.1 (1.1) 6.2 (1.2)

Enjoymentb 5.3 (1.3) 5.2 (1.5)

Annoyanceb,c 6.70 (0.65) 6.5 (0.9)

Pleasureb 5.1 (1.5) 4.8 (1.8)

How long (in min) do you roughly think that you spent on 
the app that day?

19.6 (16.0) 17.1 (16.7)

Which of the app's components do you remember visiting 
(tick all that apply)?d

67.5% (28.1) 46.3% (26.7)

aTwo participants withdrew several weeks after randomisation, and one did not complete this intervention feedback section of the questionnaire. Two 
participants reported not downloading the app and weren't shown any further questions on app use.
bPossible range 1–7, with 7 being more engagement.
cReverse scored.
dPresented as the proportion (%) of components that participants reported using (out of a possible 6 components).
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study results, APPROACH would cost £69 (95% credible 
intervals: £34; £102) and produce 0.0019 (−0.0078; 0.111) 
QALYs over the lifetime of the average participant com-
pared with no intervention, resulting in an incremental 
cost- effectiveness ratio (ICER) of £36,475 and a net mon-
etary benefit of −£31 (−£195; £124) at a willingness to pay 
threshold of £20,000 per QALY. Whether or not the in-
tervention is cost- effective is highly uncertain, with a 37% 
probability that the intervention is cost- effective at this 
threshold, and a 63% probability that it is not (Figure 2). 
EVPI analysis suggests that it could be worth spending up 
to £18.83 per person likely to be affected by the decision 
(that is, whether to make the intervention available in the 
NHS) to remove parameter uncertainty and ensure that 
the correct decision is made. This is equivalent to a value 
of approximately £2.8m across all patients diagnosed 
with breast, prostate and colorectal cancer in the United 
Kingdom each year. 95% of this value comes from uncer-
tainty around the physical activity intervention effective-
ness parameters, particularly changes in stepping at a rate 
lower than 100 steps per minute.

Given the small sample size in this pilot study, no de-
finitive inferences could be drawn about the effect of the 
intervention and the durability of the effect. However, sce-
nario analysis indicates that the intervention would have 
a strong likelihood of being cost- effective if one or more of 

the following were true: (a) intervention effectiveness is 
higher than observed in this small pilot study; (b) duration 
of intervention effect is longer than 7 years; (c) interven-
tion costs are reduced; (d) NHS resource use is reduced by 
a small % in the intervention arm; (e) the selected popula-
tion have a higher baseline mortality risk (e.g. older, more 
advanced cancer stage or lower baseline physical activity) 
(see Table  S6). A definitive trial should help to inform 
these parameters more accurately.

4  |  DISCUSSION

The results of this pilot study suggest that an app- based 
intervention with brief behavioural support is a feasible 
and acceptable way to promote brisk walking in people 
LWBC. The data provided in this study informed the de-
sign of a larger, funded, efficacy trial that is powered to 
determine the impact of the intervention in terms of brisk 
walking and the cost- effectiveness of this intervention.

4.1 | Interest in and 
acceptability of the study

Previous research reports that people LWBC have a strong 
desire to receive physical activity advice but are often not 
provided with it as part of their care.29,30 This reported 
desire is supported by the high interest in taking part in 
this study (64%) and supports the need to develop physical 
activity interventions that can be delivered and are acces-
sible to people LWBC. Although many of these interested 
patients were not enrolled due to exclusion criteria, this 
was expected and does not undermine the feasibility of the 
recruitment strategy going forward. Furthermore, partici-
pants in this study were similar to the population of people 

T A B L E  7  Minutes spent brisk walking per week at T0 and T1 
(N = 82).

Experimental group T0 T1

Intervention (n = 40): 
median (IQR)

211 (124–378) 276 (179–427)

Control (n = 42): 
median (IQR)

167 (103–269) 192 (91–310)

Abbreviation: IQR, interquartile range.

F I G U R E  2  Base- case analysis cost- effectiveness results. Left: Spread of probabilistic sensitivity analysis (PSA) results on the cost- 
effectiveness plane. Right: Cost- effectiveness acceptability curve showing the probability the intervention would be cost- effective at different 
willingness to pay thresholds.
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diagnosed with breast, prostate and colorectal cancer at 
the hospital site. Although there was a higher percentage 
of white participants than that observed in the aggregate 
population data, this can be attributed to the small sample 
size and the location of the pilot site. Additionally, the final 
sample included proportionally fewer colorectal cancer 
patients and more prostate cancer patients than the aggre-
gate data. This is likely due to differences in engagement 
from the clinical staff involved in the care of these patient 
populations at the single hospital site where the pilot was 
undertaken. This should be overcome by involving more 
sites in the confirmatory RCT, as well as monitoring re-
cruitment closely and adapting strategies if needed to in-
crease engagement with clinical staff.

The relatively high enrolment rate (61%) and very high 
retention rate (97%) show that the trial is feasible. Despite 
previous research suggesting that randomisation may be 
unacceptable to some participants, no participants in the 
present study withdrew directly after randomisation and 
no potential participants gave randomisation as their rea-
son for declining to take part.105,106 Despite some reported 
disappointment related to control group allocation, the 
qualitative interviews indicated that participants found 
randomisation acceptable and being disappointed did not 
lead to any withdrawals. The outcome assessments were 
acceptable to participants and there were high comple-
tion rates (over 86%) for all assessments at baseline and at 
follow- up. This is in line with high retention and assess-
ment completion rates reported in other studies in simi-
lar samples with similar follow- up times and provides a 
good premise for the potential of sufficient retention rates 
in a larger trial with more participants and longer follow- 
ups.107,108 These results informed the power calculation 
for such a trial and suggested that 472 participants would 
be required for the larger trial to allow for similar reten-
tion rates.

This study recruited participants across the cancer 
care continuum and included patients with localised and 
metastatic disease, as well as those still receiving treat-
ment and those within 6 months of radical treatment 
completion. This inclusive approach was a key consid-
eration at this pilot stage, considering previous research 
highlighting varying preferences in the timing of the de-
livery of physical activity interventions.47,48 In their qual-
itative research, Ijsbrandy and colleagues reported how 
some participants felt that during treatment felt too soon 
to begin rehabilitation, while others felt that it should 
have been offered earlier.109 Similarly, some participants 
felt that they would prefer to avoid the hospital after ap-
pointments, while others felt it should be integrated into 
hospital care. Most participants in the current study felt 
that the timing of being approached was suitable and this 
aligns with the proposed integration of the intervention 

into standard NHS care while patients still have contact 
with their clinical care team. By including a diverse range 
of participants, we aimed to capture the complexities and 
challenges associated with delivering a physical activity 
intervention across different disease contexts and aimed 
to replicate the implementation of this type of interven-
tion in a realistic setting as closely as possible. This allows 
for a more inclusive approach that aims to maximise the 
reach of the intervention to patients at different stages of 
the cancer care pathway, while the randomisation strategy 
helps mitigate the potential confounding effects resulting 
from heterogeneity across treatment and disease stages. 
When participants are randomly allocated to the interven-
tion and control group, it is assumed that the distribution 
of patients across these factors is balanced, reducing the 
risk of confounding bias.110

4.2 | Cost- effectiveness uncertainty

As expected, preliminary investigations into the cost- 
effectiveness of the intervention indicate a high level of 
uncertainty driven by the physical activity intervention 
effectiveness parameters. While this is partly due to the 
small study size, it is compounded by the outcome meas-
ures used in the study which are relatively crude (weekly 
minutes spent walking >100 steps per minute vs weekly 
minutes spent walking at any pace). The economic analy-
sis converted this measure to METs and used this single 
metric, as this enabled changes in physical activity to be 
linked to mortality. However, this required some assump-
tions about how many METs are represented by each 
of the primary outcome measures, introducing further 
uncertainty. Furthermore, there was uncertainty in the 
physical activity parameters, where the studies used for 
linking physical activity and mortality in people LWBC in-
cluded both self- report and objective measures of physical 
activity. Previous research suggests that self- report may 
significantly underestimate the effect of physical activ-
ity on risk reduction, compared to objective measures.111 
Future research in the planned main trial should adopt a 
more comprehensive approach to estimating METs with 
more precision from the accelerometer data, as well as 
reducing uncertainty by accounting for the potential dif-
ferences in the measurement of physical activity across 
studies. Taking these steps will not only improve accuracy 
in the estimates of physical activity change but will also 
reduce uncertainties surrounding the cost- effectiveness of 
the intervention. Scenario analyses demonstrate the need 
for a larger RCT, not only to reduce uncertainty around 
intervention effectiveness but also to capture potential 
differences in NHS resource use between arms, which 
could make a large impact on model results. A larger trial 
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would also enable more comprehensive subgroup data to 
be collected. In the economic modelling, a uniform effect 
was assumed across all population subgroups due to the 
small sample size prohibiting the analysis of subgroups. 
However, data exploration suggested that the intervention 
may be more cost- effective in people who are older, with 
increased morbidities, or less active at baseline. Our EVPI 
analyses suggest that the value of conducting the larger 
RCT is likely to be high.

4.3 | Potential of the intervention

The results suggest that intervention delivery in a future 
larger- scale trial can continue as per the pilot study with 
some refinement and optimisation.68 A second paper re-
ports the process evaluation of the intervention as per the 
Medical Research Council guidance to improve the imple-
mentation of complex interventions.70 This has allowed for 
refinement of the intervention for the larger trial, based 
on both qualitative interview feedback and questionnaire 
feedback from pilot participants. Adherence to physical 
activity interventions is a key challenge in healthy popu-
lations and this challenge is heightened in people LWBC 
due to several factors including treatment effects, fatigue 
and comorbid conditions.112 However, adherence can be 
improved with well- designed physical activity interven-
tions that employ behaviour- change techniques and en-
courage habit formation.113 Supporting the intervention 
design, participant engagement with the app was very high 
with most of the intervention participants reporting that 
they were still using Active 10 after 1 month (95%). This 
may be attributed to the promotion of habit formation in 
the intervention, inviting an exploration of the habit scores 
in a larger scale trial with a longer follow- up. The results 
of the DBCI also demonstrated good engagement with the 
app and participants reported a high proportion of use of 
the app's key features and demonstrated continuing to use 
these during their most recent use of the app (e.g. viewing 
today's walks).

While the intervention demonstrates potential for im-
proving MVPA, it is important to note that device- based 
measures of physical activity suggest that participants 
in this study were already relatively active. Participants 
were screened before taking part, and this already higher 
level of MVPA could be attributed to discrepancies in 
device- based versus self- reported recall of physical ac-
tivity.114–116 While people typically perceive their partici-
pation in physical activity in relation to a total duration 
of purposeful physical activity (e.g. 30 min of walking), 
accelerometers can fragment the movement behaviours 
further (e.g. 5 min of brisk walking during a 30- min dura-
tion walk).115,117,118 However, the screening tool employed 

was validated and appropriate for our clinical population, 
given that it would not be feasible to objectively measure 
physical activity at this early stage of recruitment and the 
eligibility questions mirrored the physical activity rec-
ommendations, which are based on self- report.72,73,115 In 
any case, the intervention group demonstrated a larger 
increase in the primary outcome than the control group 
when using the device- based measure of physical activity. 
This supports the appropriate use of the activPAL to accu-
rately capture our primary outcome in the phase III trial 
physical activity measurement.

4.4 | Strengths and limitations

Strengths of this study included that the sample was sim-
ilar in terms of gender, ethnicity, age and IMD quintile 
to the population diagnosed with the relevant cancers at 
the participating hospital site. This intervention was de-
signed and developed based on data collected from peo-
ple LWBC and drew on behavioural change theory and 
habit theory to promote brisk walking.45,64,67 The concept 
development considered the practical implementation of 
the intervention beyond the trial and therefore is a low- 
cost, scalable, time- effective intervention that could be 
incorporated into routine care in people LWBC and po-
tentially delivered by cancer specialist nurses.63 The use 
of accelerometers to measure physical activity is favour-
able to self- report and the activPAL has shown strong 
reliability and validity in the measurement of walking at 
different paces.119

Limitations of this study include that participants were 
recruited from a single site, and thus may not be demo-
graphically and ethnically representative of the larger pop-
ulation of people LWBC. The larger, confirmatory trial will 
recruit from multiple sites. This study also required par-
ticipants to have a smartphone which may have excluded 
participants of older age and lower socioeconomic posi-
tion.120 Despite this being a reported exclusion reason for 
81 individuals (although non- eligibility reasons could be 
>1 and therefore some individuals may have been ineligi-
ble on other criteria as well), smartphone ownership is still 
increasing.37 Particularly given the lasting effects of the 
COVID- 19 pandemic on remote delivery of cancer care, an 
app- based behavioural intervention such as APPROACH 
may be preferable as it can support a wide population 
while still incorporating the proposed benefit of personal 
contact in effectively changing behaviour.39,121 It is how-
ever important to note that app usage was collected via self- 
report which may be impacted by recall errors and recency 
biases.122 However, it was not possible to access direct apps 
using analytics. Another limitation of the present study 
was the limited availability of resources which prevented 
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the involvement of additional coders in the qualitative 
interview analysis. Despite this constraint, it is widely ac-
knowledged that including qualitative data in pilot studies 
provides important insights that would have been other-
wise overlooked if the data had been excluded completely 
due to this limitation.123 Lastly, as expected, the health eco-
nomic analysis was limited by the uncertainty surrounding 
the economic modelling, due to the small study size and 
crude effectiveness data collected.

5  |  CONCLUSION

This pilot study demonstrates that the APPROACH in-
tervention is feasible and acceptable to people living with 
and beyond a diagnosis of breast, prostate or colorectal 
cancer. This supports the progression of a confirmatory 
phase III trial with a larger sample to determine the clini-
cal effectiveness of the intervention and to evaluate its 
cost- effectiveness.
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