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Background: Upper limb problems are common after breast cancer treatment.

Objectives: To investigate the clinical effectiveness and cost-effectiveness of a structured exercise
programme compared with usual care on upper limb function, health-related outcomes and costs in
women undergoing breast cancer surgery.

Design: This was a two-arm, pragmatic, randomised controlled trial with embedded qualitative
research, process evaluation and parallel economic analysis; the unit of randomisation was the
individual (allocated ratio 1 : 1).

Setting: Breast cancer centres, secondary care.

Participants: Women aged ≥ 18 years who had been diagnosed with breast cancer and were at higher
risk of developing shoulder problems. Women were screened to identify their risk status.

Interventions: All participants received usual-care information leaflets. Those randomised to exercise
were referred to physiotherapy for an early, structured exercise programme (three to six face-to-face
appointments that included strengthening, physical activity and behavioural change strategies).

Main outcome measures: The primary outcome was upper limb function at 12 months as assessed
using the Disabilities of Arm, Hand and Shoulder questionnaire. Secondary outcomes were function
(Disabilities of Arm, Hand and Shoulder questionnaire subscales), pain, complications (e.g. wound-
related complications, lymphoedema), health-related quality of life (e.g. EuroQol-5 Dimensions,
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five-level version; Short Form questionnaire-12 items), physical activity and health service resource
use. The economic evaluation was expressed in terms of incremental cost per quality-adjusted life-year
and incremental net monetary benefit gained from an NHS and Personal Social Services perspective.
Participants and physiotherapists were not blinded to group assignment, but data collectors were blinded.

Results: Between 2016 and 2017, we randomised 392 participants from 17 breast cancer centres across
England: 196 (50%) to the usual-care group and 196 (50%) to the exercise group. Ten participants (10/392;
3%) were withdrawn at randomisation and 32 (8%) did not provide complete baseline data. A total of
175 participants (89%) from each treatment group provided baseline data. Participants’ mean age was
58.1 years (standard deviation 12.1 years; range 28–88 years). Most participants had undergone axillary
node clearance surgery (327/392; 83%) and 317 (81%) had received radiotherapy. Uptake of the exercise
treatment was high, with 181 out of 196 (92%) participants attending at least one physiotherapy
appointment. Compliance with exercise was good: 143 out of 196 (73%) participants completed three or
more physiotherapy sessions. At 12 months, 274 out of 392 (70%) participants returned questionnaires.
Improvement in arm function was greater in the exercise group [mean Disabilities of Arm, Hand and
Shoulder questionnaire score of 16.3 (standard deviation 17.6)] than in the usual-care group [mean
Disabilities of Arm, Hand and Shoulder questionnaire score of 23.7 (standard deviation 22.9)] at 12 months
for intention-to-treat (adjusted mean difference Disabilities of Arm, Hand and Shoulder questionnaire
score of –7.81, 95% confidence interval –12.44 to –3.17; p = 0.001) and complier-average causal
effect analyses (adjusted mean difference –8.74, 95% confidence interval –13.71 to –3.77; p ≤ 0.001).
At 12 months, pain scores were lower and physical health-related quality of life was higher in the
exercise group than in the usual-care group (Short Form questionnaire-12 items, mean difference 4.39,
95% confidence interval 1.74 to 7.04; p = 0.001). We found no differences in the rate of adverse events
or lymphoedema over 12 months. The qualitative findings suggested that women found the exercise
programme beneficial and enjoyable. Exercise accrued lower costs (–£387, 95% CI –£2491 to £1718)
and generated more quality-adjusted life years (0.029, 95% CI 0.001 to 0.056) than usual care over
12 months. The cost-effectiveness analysis indicated that exercise was more cost-effective and that
the results were robust to sensitivity analyses. Exercise was relatively cheap to implement (£129 per
participant) and associated with lower health-care costs than usual care and improved health-related
quality of life. Benefits may accrue beyond the end of the trial.

Limitations: Postal follow-up was lower than estimated; however, the study was adequately powered.
No serious adverse events directly related to the intervention were reported.

Conclusions: This trial provided robust evidence that referral for early, supported exercise after breast
cancer surgery improved shoulder function in those at risk of shoulder problems and was associated
with lower health-care costs than usual care and improved health-related quality of life.

Future work: Future work should focus on the implementation of exercise programmes in clinical
practice for those at highest risk of shoulder problems.

Trial registration: This trial is registered as ISRCTN35358984.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 26, No. 15. See the NIHR Journals Library website for further project information.
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Plain English summary

What is the problem?

Breast cancer is the most common cancer affecting women. Women now live longer because the
detection and treatment of cancer has improved over the last 40 years. The side effects of breast
cancer treatments can lead to complications, such as difficulties with arm movements, arm swelling
(lymphoedema), pain and poor quality of life. These problems can last for many years after the cancer
has been treated. Usual care after breast cancer surgery is to give patients an information leaflet
explaining arm exercises that they can undertake after their operation. Offering exercise support from
a physiotherapist may be a better way to help those at risk of developing shoulder problems after
breast cancer treatment than providing a leaflet only.

What did we do?

We compared two strategies to prevent shoulder problems in women having breast cancer treatment:
information leaflets and an exercise programme. We invited women with a new diagnosis of breast
cancer who were at higher risk of developing shoulder problems than other women with a new
diagnosis of breast cancer. We recruited 392 women aged 28–88 years from 17 breast cancer units
across England. Women were allocated to one of two groups by chance using a computer. Everyone
was given information leaflets that explained what type of exercises to do after surgery. Half of the
women (n = 196) were then invited to take part in an exercise programme, supported by a trained
physiotherapist. These women followed a programme of shoulder mobility, stretching and strengthening
exercises for up to 1 year. We measured changes in arm function, pain, arm swelling (lymphoedema) and
physical and mental quality of life, and the cost of treatments during the whole first year of recovery, in
everyone. We also spoke to the women and physiotherapists to find out whether or not these treatment
strategies were acceptable to them.

What did we find out?

Women doing the exercise programme had better arm function, less pain and better quality of life than
the women given an information leaflet only. Women said that the exercise programme helped with
their recovery during cancer treatment. Exercise was cheap to deliver (£129 per person) and led to
improved overall quality of life at 1 year after breast cancer surgery.
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Scientific summary

Background

Breast cancer is the most common cause of cancer in women in the UK. More women now survive for
longer than was the case previously, with two-thirds of women living for 20 years beyond their diagnosis.
Treatments usually involve surgery to the breast and axilla, with or without radiotherapy, chemotherapy
and hormone treatment. These treatments can affect the muscles, nerves and lymphatic system in the
upper limb, especially around the shoulder joint, resulting in musculoskeletal problems that can persist
for many years. It is important to identify prevention strategies to promote recovery and return to usual
activities after cancer treatment. We report an experimental study testing the hypothesis that an
exercise programme for women at higher risk of developing shoulder and upper limb disability after
breast cancer surgery is clinically effective and cost-effective compared with usual NHS care.

Aims and objectives

The aim was to undertake a multicentre, pragmatic randomised controlled trial (RCT) to determine the
clinical effectiveness and cost-effectiveness of two interventions for women undergoing breast cancer
treatment. We investigated whether or not an early, structured exercise programme, supported by a
physiotherapist, was clinically effective and cost-effective compared with best practice usual care for
women at high risk of developing shoulder problems after breast cancer treatment in terms of the
outcomes of upper limb function, complications and quality of life.

The study objectives were to:

l develop and refine a complex intervention of physiotherapy-led exercise, incorporating behavioural
strategies, for women at risk of developing musculoskeletal problems after breast cancer treatment

l assess the acceptability of the structured exercise programme and outcome measures
l optimise participant recruitment and refine trial processes during a 6-month internal pilot phase
l use findings from the internal pilot phase to undertake a definitive, full RCT in UK NHS breast

cancer centres.

A health economic analysis and qualitative substudy were embedded in the trial. Qualitative research
was undertaken throughout to inform intervention development and gain insight into the experiences
of both women and physiotherapists taking part in the trial interventions.

Methods

Study design and setting
The study was a two-arm, pragmatic RCT with an embedded qualitative study and a parallel economic
analysis. The unit of randomisation was the participant. The setting for the trial was secondary care in
breast cancer centres in NHS trusts across England.

Participants
The participants were women aged ≥ 18 years who were newly diagnosed with histologically confirmed
invasive or non-invasive breast cancer and were scheduled for surgical excision. Women considered at
high risk of developing shoulder problems after surgery were eligible for invitation to take part in the trial.
High risk was defined as planned axillary node clearance (ANC), planned radiotherapy to the axilla or
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supraclavicular nodes, existing shoulder problems [as per PROSPER (PRevention Of Shoulder ProblEms
tRial) criteria], obesity (body mass index ≥ 30 kg/m2), or any subsequent axillary surgery after sentinel
lymph node biopsy, or planned radiotherapy to the axilla or supraclavicular nodes within 6 weeks of
surgery. Existing shoulder problems included any patient with a history of shoulder surgery, shoulder
trauma injury (fracture or shoulder dislocation), frozen shoulder, osteoarthritis or rheumatoid arthritis
affecting the shoulder, non-specific shoulder pain, stiffness, or decreased function. We allowed late
entry to the trial for those informed postoperatively of the need for axilla/supraclavicular nodes
radiotherapy, if the exercise intervention could be commenced within 6 weeks of the primary surgery.

Interventions
After risk screening, eligible patients were invited, recruited and randomised. All trial participants were
provided with best practice usual care in the form of written information leaflets recommending
exercises after surgery and generic postoperative advice. We used leaflets freely available from the UK
charity Breast Cancer Care (London, UK). In addition to usual care, women randomised to the active
intervention group were referred to a physiotherapy-led structured exercise programme, comprising
between three and six sessions with a trained physiotherapist. The programme was individually
tailored, and it progressed over time and incorporated behavioural support strategies to encourage
adherence. Treatment was prescribed in accordance with a standardised protocol.

Outcomes
Our primary outcome was upper limb function at 12 months, measured using the Disabilities of the
Arm, Shoulder and Hand (DASH) 30-item scale. Secondary outcomes included upper limb function
(DASH subscales); acute, chronic and neuropathic pain [numerical rating scale (NRS), Douleur
Neuropathique (DN4), Functional Assessment of Cancer Therapy-Breast4 (FACT-B4)]; complications
[wound healing, surgical site infection (SSI)]; lymphoedema [Lymphoedema and Breast Cancer
Questionnaire (LBCQ)]; health-related quality of life (HRQoL) [Short Form questionnaire-12 items
(SF-12), EuroQol-5 Dimensions, five-level version (EQ-5D-5L)]; and health services resource use
over 6 and 12 months in women undergoing breast cancer surgery. We captured patient-reported
outcomes using participant questionnaires that were administered by post at follow-up time points.
Health service use was collected using self-report and routine data from NHS Digital Hospital
Episode Statistics (HES). Surgical and treatment-related data were gathered from medical records.

Sample size
The target sample size for the trial was 350 patients, allocated in a 1 : 1 ratio.

Randomisation and allocation sequence generation
The unit of randomisation was the individual participant. Three stratification variables were used: the
centre, whether it was the participant’s first or repeat surgery, and whether or not the participant had
been informed of the need for radiotherapy within 6 weeks of surgery. Randomisation was based on a
computer-generated randomisation algorithm held and controlled centrally within Warwick Clinical
Trials Unit by an independent programmer.

Blinding
Owing to the nature of the exercise intervention, it was not possible to blind participants or
physiotherapists delivering the intervention. Physiotherapists treated participants independently of
the oncology team. We undertook data cleaning blind to treatment allocation. Senior members of the
research team were blind to practice and treatment allocation for the duration of the trial. Treatment
codes were accessed only after data lockdown occurred for analysis. Final statistical analysis was
undertaken by a statistician independent of the core trial team.

Statistical analysis
The primary statistical analysis was intention to treat (ITT). We compared the primary outcome of
DASH score at 12 months between the usual-care group and the exercise intervention group using an
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ordinary linear regression model, as the clustering effect was found to be negligible. A complier-average
causal effect (CACE) analysis was also conducted for the primary outcome. In addition, we analysed the
change in DASH score from baseline to 6 and 12 months by treatment group. Models were adjusted for
age, baseline DASH score, breast surgery, axillary surgery, radiotherapy and chemotherapy. A post hoc
sensitivity analysis was undertaken to assess the impact of adjusting for only age, without any other
clinical variable, at baseline. Mean changes and 95% confidence intervals (CIs) were plotted graphically
to assess change over 12 months. The SF-12 was analysed using similar methods comparing scores
between treatment groups.

Health economic analysis
We undertook a within-trial economic evaluation comparing the incremental costs and quality-adjusted
life-years (QALYs) over a 12-month period from randomisation. The EQ-5D-5L was used to measure
preference-based health-related quality of life over time and QALYs were constructed using the area
under the curve approach. An NHS and Personal Social Services perspective was adopted. The health
economic analysis used a 12-month time horizon; hence no discounting of costs or outcomes was
required. Multiple imputation was used to address missing data and a hierarchical net benefit regression
framework was used to jointly examine costs and consequences while accounting for clustering and
baseline differences. Uncertainty around cost-effectiveness was characterised through the use of net
benefit plots and cost-effectiveness acceptability curves, in addition to sensitivity analyses.

Results

We randomised 392 women from 17 breast cancer centres across England: 196 to each treatment
group. We over-recruited to the trial to replace participants withdrawn at randomisation and those
who did not return baseline data. Of the 392 participants randomised, 10 (3%) were withdrawn before
treatment allocation: five from each intervention group. Of the remaining 382 participants allocated to
treatment, 191 (50%) were randomised to usual-care leaflets only and 191 (50%) to the PROSPER
exercise programme. The mean age of participants was 58 [standard deviation (SD) 12.1] years. Most
were screened as being overweight or obese on recruitment (277/392; 70%) and/or having planned
surgery for ANC (231/392; 59%). Most participants underwent ANC surgery (327/392; 83%) and 317
out of 392 (81%) had radiotherapy. A total of 32 out of 392 (8%) participants did not complete baseline
questionnaires (usual-care group, n = 16; exercise group, n = 16). Thus, baseline data were available for
350 out of 392 (89%) of those randomised: 175 out of 196 (89%) for each treatment group. Postal
questionnaire data were obtained for 303 out of 392 participants (77%) at 6 weeks, 278 out of 392
participants (71%) at 6 months and 274 out of 392 (70%) at 12 months. Of those returning baseline
data, this equated to 303 out of 350 participants (87%) at 6 weeks, 278 out of 350 (79%) at 6 months
and 274 out of 350 (78%) at 12 months. Of those randomised to the exercise group, uptake was high,
with 181 out of 196 participants (92%) attending at least one appointment with a physiotherapist
and 143 out of 196 participants (73%) completing the full exercise programme (i.e. attending three or
more physiotherapy sessions). Physiotherapists had a total of 622 contacts (mean 3.7 contacts, median
3 contacts) with 181 trial participants who attended the exercise programme.

Primary outcome
At 12 months, improvement in upper limb function was greater in the exercise group [mean DASH
score 16.3 (SD 17.6)] than in the usual-care group [mean DASH score 23.7 (SD 22.9)] in both the ITT
[adjusted mean difference (MD) DASH score –7.81, 95% CI –12.44 to –3.17; p = 0.001] and CACE
analyses (adjusted MD –8.74, 95% CI –13.71 to –3.77; p ≤ 0.001).

Secondary outcomes
At 12 months, we observed that those in the exercise group, compared with those receiving usual care,
exhibited a greater improvement in DASH activity limitations (adjusted MD –8.04, 95% CI –12.93 to
–3.14; p = 0.001), a greater improvement in DASH participation restrictions (adjusted MD –5.77,
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95% CI –10.67 to –0.88; p = 0.02) and a greater improvement in DASH impairment (adjusted MD
–7.15, 95% CI –13.19 to –1.11; p = 0.02). At 6 months, only DASH activity limitation scores were
improved more in the exercise group than in the usual-care group.

Postoperative pain scores for pain in the breast and armpit while at rest and during movement were
significantly lower at 6 weeks and at 12 months postoperatively for those randomised to the exercise
group than for those randomised to the usual-care group (adjusted MD numerical rating scale –0.68,
95% CI –1.23 to –0.12; p = 0.02). We observed more arm symptoms, with higher FACT-B4 scores,
in the usual-care group than in the exercise group at 6 months (adjusted MD FACT-B4 –1.06, 95% CI
–1.99 to –0.13; p = 0.03) and 12 months (adjusted MD FACT-B4 –2.02, 95% CI –3.11 to –0.93;
p = 0.001). We found no difference in the odds of reporting neuropathic pain at any time point over
the 12 months’ follow-up.

There were no differences in the rate of wound healing, SSI, lymphoedema or other postoperative
complications between treatment groups at 6 weeks, 6 months or 12 months. Physical HRQoL scores
were higher in the exercise group than in the usual-care group at both 6 months (adjusted SF-12
physical health composite score MD 2.73, 95% CI 0.24 to 5.21; p = 0.03) and 12 months (adjusted
physical health composite score MD 4.39, 95% CI 1.74 to 7.04; p = 0.001). There were no differences
in mental health scores by treatment group over time. Those randomised to the exercise group were
more confident in their ability to return to their usual activities and to regular physical activity than
those randomised to usual care, across all time points.

Qualitative substudy
The findings from the pre-pilot interviews informed the design of patient and intervention materials
and also informed aspects of intervention delivery. Through interviews with trial participants and
physiotherapists, we found that physiotherapists could reassure participants that it was safe to move
their arm in the acute postoperative period after their surgery. Exercise intervention participants were
motivated to comply with exercises because they felt that they were doing something proactive to
improve their well-being. Interviewed participants felt that being involved in the selection of exercises
and feeling as if they were progressing in their own recovery journey restored a sense of control,
which cancer treatment had removed. Physiotherapists described that they found delivering the
intervention rewarding. They felt that the extra time and focus on patient choice helped them feel
as if they were delivering high-quality care. Several considerations for future implementation were
identified, such as the need to integrate physiotherapists into the cancer team and to provide them
with emotional support.

Economic analysis
The primary analysis found that the exercise group dominated the usual-care group: the intervention
group accrued lower costs (–£387, 95% CI –£2491 to £1718) and generated more QALYs (0.029,
95% CI 0.001 to 0.056) than the usual-care group over 12 months. The intervention was found to be
more cost-effective than usual care, with the intervention having a 78% chance of being the more
cost-effective option at the National Institute for Health and Care Excellence-recommended cost-
effectiveness threshold of £20,000 per QALY, and an 84% chance at £30,000 per QALY. The economic
analyses suggest that exercise was cost-effective and our results were robust to a range of sensitivity
analyses. The intervention itself was relatively cheap to implement (an additional £129 per person) and
was associated with lower health-care costs and improved HRQoL. Given that the EQ-5D-5L utility
scores were diverging at the final time point, it is reasonable to conclude that these estimates are
conservative as benefits will likely accrue beyond the end of the trial.

Harms
No serious adverse events directly related to the interventions were reported. Six adverse events in
six participants were reported by physiotherapists treating participants in the exercise group: four of
the six participants who experienced an adverse event continued with the exercise programme.
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Limitations
Completion of postal questionnaires at baseline and subsequent follow-up completion rates were
lower than anticipated. This was largely because of treatment burden. However, we were sufficiently
powered for the primary analyses at 12 months.

Conclusions

This multicentre RCT recruited 392 women at high risk of developing shoulder problems after breast
cancer treatment. We found that an early, structured exercise programme improved upper limb
function, pain and quality of life at 1 year after breast cancer surgery compared with usual care.
Supported exercise started from the first postoperative week was safe: no serious adverse events were
reported and exercise did not increase the risk of lymphoedema. Exercise was relatively cheap to
implement (£129 per participant) and associated with lower health-care costs than usual care and
improved HRQoL. Thus, our economic analyses found evidence that exercise was beneficial, with
favourable estimates of cost-effectiveness relative to usual care.

Future work

We found robust evidence to support referral for early physiotherapy for women at an increased risk
of developing shoulder problems after non-reconstructive breast surgery. Future work should examine
strategies to support women to maintain compliance with exercise in the long term. Finally, work
should focus on knowledge mobilisation to implement this exercise intervention in clinical practice
within the NHS setting to prevent upper limb disability.

Trial registration

This trial is registered as ISRCTN35358984.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 26, No. 15.
See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction

Background

Breast cancer is the most common cancer in women in the UK, with over 55,000 new cases diagnosed
each year.1 Breast cancer incidence has increased by 20% since the early 1990s.1 Despite increasing
incidence, survival rates have improved dramatically as a result of advances in early diagnosis and
treatment.1 Breast cancer survival has doubled in the UK over the last 40 years; now, nearly 8 in 10
women (78%) treated for invasive breast cancer survive for ≥ 10 years.1 Treatments are complex and
can be toxic, causing side effects that persist in the long term. There is increased recognition of the
benefits of providing supportive care for people living with and beyond cancer treatment.2

Surgical treatment of breast cancer

Surgery is the mainstay of treatment for breast cancer, supplemented with chemotherapy, radiotherapy
and biotherapy, with or without reconstruction surgery.3 Treatment decisions are based on clinical
criteria, tumour stage, lymphatic spread and patient preference. Surgery to the breast consists of
either mastectomy or breast-conserving surgery (BCS), with newer oncoplastic conserving procedures
increasingly being used.4 Breast-conserving procedures, such as lumpectomy or wide local excision,
combined with whole-breast radiotherapy, aim to achieve disease control with minimal morbidity.
These breast-conserving treatments have been demonstrated to be as effective as mastectomy in
increasing long-term overall survival in patients with early breast cancer.5,6 Conservative surgery
followed by radiation therapy allows for the preservation of the breast, which can improve patient
quality of life (QoL) and satisfaction with treatment.7 Sentinel lymph node biopsy (SLNB) has largely
replaced axillary lymph node dissection (ALND) for disease staging, and also reduced the need for
extensive axillary node clearance (ANC). There is good evidence that 10-year survival among women
receiving SLNB only is equivalent to that among women receiving ANC after SLNB.8,9

Treatment-related side effects

Although largely curative, breast cancer treatments have negative sequelae. Surgery and radiotherapy
can affect the upper body, especially the shoulder joint and upper limb, causing restricted shoulder
range of movement (ROM), impaired strength and functional limitations. Arm morbidity has been
strongly associated with the extent of axillary node surgery. Although arm lymphoedema can affect
up to 20% of women, systematic reviews report higher rates of lymphoedema after ALND than
after SLNB up to 2 years after surgery [20%, 95% confidence interval (CI) 14% to 28%, n = 18 studies,
n = 3599 participants, vs. 6%, 95% CI 4% to 9%, n = 18 studies, n = 3583 participants].10,11

A systematic review11 of upper limb problems after surgery and radiotherapy (32 observational
studies) reported prevalence estimates for restricted shoulder ROM (up to 67%), arm weakness
(< 28%) and shoulder/arm pain (< 68%). Prevalence estimates vary widely, in part because of
differences in definitions, methods of measurement and timing of postoperative follow-up. Other
common postoperative complications include wound infection, seroma and axillary web syndrome
(cording) and chronic pain.11,12

A nationwide Danish study13 of 2500 women undergoing breast cancer surgery found that over
one-third of women reported persistent pain and half reported sensory disturbances up to 7 years
after treatment. Persistent upper limb dysfunction and pain are debilitating, affecting sleep quality,
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QoL and physical and emotional function. These enduring adverse sequelae of cancer treatment are
burdensome and associated with increased health-care utilisation.

Risk factors for persistent post-treatment complications

Research has examined patient- and treatment-related risk factors associated with upper body problems
after breast cancer treatment.11,14,15 Women undergoing mastectomy have higher odds of postoperative
shoulder restriction than those undergoing BCS [odds ratio (OR) 5.67, 95% CI 1.03 to 31.2].11 More
invasive axillary surgery is associated with greater impairments of abduction ROM and strength than
SLNB, up to 7 years post treatment.16 Radiotherapy to the axilla or chest wall, compared with no
radiotherapy, slightly increases the odds of shoulder ROM restriction (pooled OR 1.67, 95% CI 0.98
to 2.86) and lymphoedema (pooled OR 1.46, 95% CI 1.16 to 1.84).11 A higher body mass index (BMI)
was found to be an independent risk factor for shoulder external rotation problems up to 7 years after
treatment.16 Higher BMI (overweight or obese) is also a known risk factor for lymphoedema10 and
for development of chronic post-surgical pain (six studies, pooled OR 1.34, 95% CI 1.08 to 1.67).17

Evidence for the effect of exercise on shoulder dysfunction

A Cochrane systematic review,12 published in 2010 [24 randomised controlled trials (RCTs), 2132
participants], reported that exercise and/or physiotherapy may help to prevent shoulder and arm
morbidity after breast cancer treatment. This review12 found that physiotherapy, compared with
usual care or control, improved shoulder flexion only within the first 2 weeks and at 3 and 6 months
postoperatively. The timing of starting postoperative physiotherapy may also be important for shoulder
ROM and upper limb function. Early exercise, started on the first postoperative day, was beneficial in
improving flexion and abduction at 1 week postoperatively, and flexion at 4–6 weeks postoperatively,
when compared with delayed exercise (exercise that started after the fourth postoperative day).12

A more recent systematic review,14 published in 2015 (18 RCTs, 2389 participants), compared different
exercise modalities (multifactorial therapy, passive mobilisations, stretching and exercise therapy) and
the timing of application.14 The overall findings were similar, suggesting that early exercise improved
upper arm ROM in the short and long term after breast cancer treatment. However, exercising in the
first postoperative week also increased the risk of greater wound drainage volume and seroma
formation.14 Regarding physiotherapy modalities, adding stretching to an exercise programme may
improve postoperative ROM.14

Although these reviews suggest that physiotherapy may prevent postoperative shoulder problems, the
majority of trials conducted to date are small, methodologically weak and with short-term follow-up.
Many trials investigated exercise delay prescription until after completion of adjuvant therapy.12

Few fully report details of prescribed regimes; hence there is a lack of knowledge regarding the
optimum content, frequency, intensity, timing or safety of exercise prescription. Another limitation is
the exclusion of patients with existing shoulder problems, the very population who may benefit the
most from targeted postoperative support.18

Rationale for the PRevention Of Shoulder ProblEms tRial

We designed the PRevention Of Shoulder ProblEms tRial (PROSPER) to address the evidence gap and
to investigate whether or not an early supervised exercise programme, compared with usual care,
could prevent musculoskeletal shoulder conditions in patients undergoing treatment for breast cancer.
This research was commissioned in 2013–14 by the National Institute for Health Research (NIHR) Health
Technology Assessment (HTA) programme, with specifications to design an exercise intervention for
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women identified as being at higher risk of developing shoulder problems as a consequence of their
breast cancer treatment. At the time of funding, the UK National Institute for Health and Care Excellence
(NICE) recommended that all breast cancer patients should be provided with instructions on functional
exercises to start doing from the first postoperative day. Each breast cancer centre should have written
local guidelines for postoperative physiotherapy, but NICE recommended that patients be referred to
physiotherapy services only if they experienced persistent shoulder restrictions after cancer treatment.3

Literature update

We reviewed literature to identify new trials investigating exercise after breast cancer surgery published
since the commissioned call in 2014.We sought RCTs comparing exercise and/or physiotherapy with
standard or usual care (i.e. no active intervention), regardless of the type of outcome. Our search strategies
were adapted from previous systematic reviews12,14 and applied to MEDLINE (via Ovid), EMBASE (via Ovid),
PEDro (Physiotherapy Evidence Database) and LILACS (Latin American and Caribbean Health Sciences
Literature). We also searched for trials registered on the World Health Organization (WHO) search portal,
the European Union clinical trials register and www.clinicaltrials.gov (US National Library of Medicine).
We searched for citations published from 1 January 2014 to 10 December 2019. Of 439 potentially
eligible studies identified, after screening titles and abstracts, 12 trials were included, eight of which
were published trials and four of which were registered as ongoing. One trial reported ROM and grip
strength data across two separate publications.19,20

Recent evidence: physiotherapy compared with usual care

Of eight published trials, four were pilot RCTs and all studies were single centred with small sample
sizes (mean 79 participants), although one trial recruited 153 participants.21 Type of exercise varied and
included aquatic-based,22 aerobic23 and resisted exercises.19–21,24–26 Interventions were delivered either
in the clinic setting19–23,25,26 or using an online interface.24 Exercise programmes varied widely in terms
of duration and frequency, ranging from 3 to 9 months (Table 1).23,26 Outcomes also varied, but the
most commonly reported were health-related quality of life (HRQoL), function and lymphoedema. Five
studies reported improvements favouring the intervention group for the majority of outcomes (n = 427
participants). Three studies reported no differences between groups for function19 (n = 59 participants),
lymphoedema22 (n = 29 participants) or limb volume25 (n = 35 participants).

Forthcoming studies: registered trials

At the time of writing, we found four registered trials, all overdue for reporting, from Spain (n = 90
participants27 and n = 84 participants28), Brazil (n = 38 participants29) and the USA (n = 568 participants30)
(Table 2). These trials have different primary outcomes and postoperative follow-up points: ROM at
1 month,28 pain and fatigue after 7 weeks of exercise sessions,29 functional capacity at 12 months27 and
presence of lymphoedema at 18 months.30 The American lymphoedema trial30 has provided interim data
on the clinicaltrials.gov website suggesting early benefit on lymphoedema outcomes; final results are
pending. We present an overview of findings regarding the content and safety of exercise interventions
in Chapter 3, which describes the development of the PROSPER exercise intervention.

Aims and objectives of PROSPER

The overall aim of PROSPER was to investigate whether or not an early supervised exercise programme
compared with best practice usual care was clinically effective and cost-effective for women at high risk of
shoulder problems after breast cancer treatment on outcomes of upper limb function, complications and QoL.
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TABLE 1 Randomised controlled trials comparing physiotherapy with usual care published since PROSPER was commissioned

First author Country (design) Sample size (n) Participants Intervention Comparison Primary outcome Findings

Casla23 Spain (RCT) 94

I: 47

C: 47

Stages I–III breast cancer

1 month to 3 years
post completion of RT
or chemotherapy

Resisted and aerobic
supervised exercise

Frequency

Twice per week for
12 weeks plus
dietary counselling
(three sessions)

No intervention Cardiorespiratory
capacity: VO2 max

at 12 weeks and
6 months

Improvement in
VO2 max at 12 weeks in
favour of exercise

Only the exercise
group reassessed at
6 months: maintained
improvements from
12 weeks

Galiano-
Castillo24

Spain (RCT) 81

I: 40

C: 41

Stages I–III breast cancer

Completed adjuvant
therapy

Tailored exercise
programme using an
online interface

Frequency

Three times per
week for 8 weeks;
90 minutes for
each session

Information about
exercise only

QoL: EORTC QLQ-
C30 at 8 weeks and
6 months

Difference in QoL
at 8 weeks and
6 months in favour
of exercise

Ibrahim19,20 Canada
(Pilot RCT)

59

I: 29

C: 30

Stages I-III breast cancer

Younger women aged
18–45 years, scheduled
for adjuvant therapy

Progressive exercises

Frequency

6 weeks, with an
optional additional
6 weeks

Advice on healthy
lifestyle and
exercise

Function: DASH
score at 18 months
post radiotherapy19

ROM: goniometer at
18 months post
radiotherapy20

No differences
between groups
for function19

The intervention
group had better ROM
at 6 months, but it
was not sustained at
12 and 18 months20

Johansson22 Sweden
(pilot RCT)

29

I: 15

C: 14

Unilateral breast
cancer and lymphoedema
for at least 6 months

Aquatic
physiotherapy

Frequency

Three times per
week for 8 weeks;
30-minute sessions

Instructions to
continue exercises
if any

Lymphoedema:
volume,
bioimpedance and
tissue water
at end of 8-week
intervention

No differences in
lymphoedema at
8 weeks
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First author Country (design) Sample size (n) Participants Intervention Comparison Primary outcome Findings

Leal25 Brazil (RCT) 35

I: 17

C:18

Women undergoing
breast cancer surgery
and RT

Supervised exercise No intervention Volume:
circumference

No differences
observed at 8 weeks
post therapy

Rafn26 Canada
(Pilot RCT)

41

I: 21

C: 20

Women scheduled for
breast surgery

Patients assessed at
3, 6 and 9 months
after surgery.
Physiotherapy started
because of restricted
ROM,weakness or
lymphoedema

Usual care also
provided

Usual care: three
sessions at 3, 6 and
9 months post
surgery. Information
on nutrition, stress
and fatigue
management

Arm morbidity:
ROM – goniometer.
Strength: hand-held
dynamometer
and handgrip
dynamometer

Volume:
circumference

Function:
QuickDASH

Pain: NRS

QoL: FACT-B4

At 12 months, control
group had complex
arm morbidity
compared with
intervention group

Yuste
Sánchez21

Spain (non-
randomised
comparative
study)

153

I: 76

C: 77

Stages I and II breast
cancer, unilateral surgery
with ALND

Exercises plus MLD

Frequency

Three times per week
for 3 weeks, plus
information on
treatment, morbidity
and behavioural
change

Information on
treatment,
morbidity and
behavioural change

QoL: EORTC QLQ-
C30 + EORTC QLQ-
BR23 at 3 weeks,
and 3, 6 and
12 months

Differences in physical
and social dimensions
only at 3 and 6 months

The intervention
group showed greater
improvement

C, control; DASH, Disabilities of the Arm, Shoulder and Hand; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer core quality of life questionnaire;
EORTC QLQ-BR23, European Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire-Breast Cancer Module; I, intervention; MLD, manual lymph
drainage; NRS, numerical rating scale; RT, radiotherapy; VO2 max, maximal oxygen consumption.
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TABLE 2 Registered RCTs comparing physiotherapy with usual care

First author Country
Estimated
completion date

Target sample
size (n) Participants Intervention Comparator Primary outcome

de Santana29 Brazil December 2018 38 Women with
mastectomy,
without drain
within 4 months
of surgery

Supervised exercises

Frequency

Three times per
week for 50 minutes,
20 sessions (7 weeks)

Information leaflet. Patients to have face-
to-face sessions once per week, in which
the physiotherapist will help patients with
exercise and load progression; exercises
are performed at home three times
per week

Pain (NRS) at
7 weeks

Gomez27 Spain February 2017 90 Women with
breast cancer,
completed at least
6 months before,
with persistent
fatigue

Supervised
physiotherapy and
information about
healthy habits and
exercise following
breast cancer
treatment

Patients instructed to practice
exercises of their preference and
received information about healthy
habits and exercise following breast
cancer treatment

Functional
capacity: 6-minute
walking test at
12 months

Paskett30 USA December 2018 568 Stages I–III breast
cancer

Women, newly
diagnosed with
or without
neoadjuvant,
surgery and/or RT

Supervised
physiotherapy and
information on
lymphoedema

Information on lymphoedema only Lymphoedema
events at
18 months

Sánchez28 Spain August 2019 84 Women with
SLNB

Supervised six sessions
of physiotherapy over
4 weeks

Information on adequate recovery ROM at 4 weeks

NRS, numerical rating scale; RT, radiotherapy; SLNB, sentinel lymph node biopsy.
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The study objectives were to:

l develop and refine a complex intervention of physiotherapy-led exercises, incorporating behavioural
strategies, for women at risk of developing musculoskeletal problems after breast cancer treatment

l assess the acceptability of the structured exercise programme and outcome measures, to optimise
participant recruitment and refine trial processes during a 6-month internal pilot phase

l use findings from the internal pilot phase to undertake a definitive, full RCT in approximately 15 UK
NHS breast cancer centres.

A health economic analysis and a qualitative substudy were embedded within the trial. Qualitative
research was undertaken throughout to inform intervention development and gain insight into the
experiences of both women and physiotherapists taking part in trial interventions.

Overview of report

The report is structured across seven subsequent chapters. We present the methods and describe
intervention development and trial results, followed by separate chapters reporting the qualitative
findings and the health economic evaluation. Finally, we present an overarching discussion and conclusion.
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Chapter 2 Methods

Trial design and setting

This trial was a two-arm, pragmatic RCTwith an internal pilot study, an embedded qualitative evaluation
and a parallel economic analysis. A detailed description of the trial protocol has been published.31 The trial
was undertaken in secondary care settings, in breast cancer centres within NHS trusts across England.

Participants

Inclusion criteria
Those eligible to participate were women aged ≥ 18 years who had been diagnosed with primary breast
cancer scheduled for surgical excision and were willing and able to comply with the study protocol.
All participants provided signed, informed consent. Only patients considered at high risk of developing
shoulder problems were eligible to participate, defined in accordance prespecified PROSPER criteria.

Definition of high risk of shoulder problems
We specified high-risk criteria for the purpose of the trial. Participants deemed at higher risk of
developing shoulder problems were defined in accordance with one or more of the following criteria:
planned ANC, planned radiotherapy to the axilla or supraclavicular nodes, shoulder problems before
breast cancer treatment, obesity (defined as a BMI of ≥ 30 kg/m2) or any subsequent axillary surgery
related to the primary surgery. Existing shoulder problems were defined as a history of shoulder
surgery, shoulder trauma injury (fracture or shoulder dislocation), frozen shoulder, osteoarthritis or
rheumatoid arthritis affecting the shoulder, non-specific shoulder pain, stiffness or decreased function.
Decreased function was assessed using simple screening questions: ‘Can you do any of the following
without problems? (a) wash your hair, (b) wash your back, (c) reach up to a high shelf?’. Participants who
could not undertake one or more of these activities were eligible to be invited to take part in the trial.

Eligibility for late entry (within 6 weeks of surgery)
The decision about the need for radiotherapy is often taken after surgery, after pathological confirmation
of tumour size, grade, histology and margin status. Patients who were ineligible at the time of primary
surgery but who were later informed of the need for axillary and/or supraclavicular nodes radiotherapy
within 6 weeks of surgery were eligible to participate. Six weeks was selected as the cut-off point for
commencement of physiotherapy treatment.

Exclusion criteria
Men were excluded, as were women known to be undergoing immediate breast reconstruction surgery
at the time of recruitment, women undergoing SLNB without other high-risk criteria, women undergoing
bilateral breast surgery and those with known metastatic disease at the time of recruitment.

Participant recruitment and consent

Patients were identified from multidisciplinary cancer team meetings and preoperative oncology
and radiotherapy clinics. Screening was undertaken by a member of the clinical team (a specialist
breast nurse, surgeon, research nurse or facilitator trained in PROSPER screening and recruitment
procedures). Eligible patients were given a patient information sheet while attending an oncology clinic
and were given at least 24 hours to consider participation. In the case of those interested and willing
to participate, written informed consent was obtained by the delegated site investigator after discussion
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and clarification of any queries. We sought consent for multiple levels of access to medical data, including
medical records and routine data held by NHS Digital. At the time of trial launch, the wording of consent
forms was appropriate for access to Hospital Episode Statistics (HES) data and approved by the Ethics
Committee and relevant monitoring committees.

Trial setting and prespecified requirements

The trial was undertaken in secondary care settings in England, in NHS trusts with specialist breast
oncology services. Any centre could take part as long as hospital physiotherapy services had the
capacity to treat participants for the trial duration. We specified that a minimum of two physiotherapists
per site attend intervention training. Any hospital providing routine preoperative or postoperative
physiotherapy for non-reconstructive breast surgery could not take part. We also screened usual-care
practices at hospitals expressing an interest in taking part. A specification was the agreement of centres
to provide PROSPER usual-care leaflets for all trial participants.

Allocation sequence generation and randomisation

The unit of randomisation was the individual participant. Three stratification variables were used: the
centre, whether it was the participant’s first or repeat surgery and whether or not the participant had
been informed of the need for radiotherapy within 6 weeks of surgery. These stratification variables
accounted for late-entry participants and for those having multiple surgical procedures, which can
increase the risk of postoperative complications.We used a computer-generated randomisation algorithm
held and controlled centrally within theWarwick Clinical Trials Unit (WCTU) by an independent programmer.
Trial participants were registered after screening checks, then randomised to treatment.Treatment allocation
was coded and unavailable to the trial management team.

Blinding

We adhered to the Consolidating Standards of Reporting Clinical Trials (CONSORT) statement.32

Owing to the nature of the exercise intervention, it was not possible to blind participants or
physiotherapists delivering the intervention. Data entry staff were unaware of treatment allocation,
and we undertook data cleaning blind to treatment allocation. Senior members of the research team
and the statistical team were blind to treatment allocation for the duration of the trial. Final statistical
analysis was undertaken by a statistician independent of the core trial team.

Trial interventions

Full details of trial interventions are described in Chapter 3. In summary, all participants received best-
practice usual care consisting of two information leaflets describing postoperative exercises and advice for
recovery after surgery.33,34 The control group participants received no further intervention other than usual
clinical care. Participants randomised to the exercise intervention were then referred to physiotherapy.
We designed a new exercise programme that was underpinned with evidence and co-developed with
cancer rehabilitation specialists and breast cancer survivors. The newly developed intervention was
a physiotherapist-led, individualised, structured exercise programme comprising shoulder-specific
exercises, behavioural change strategies and physical activity.35 Three face-to-face appointments with a
trained physiotherapist were scheduled at specific postoperative time points, with up to three optional
appointments at any time up to 12 months after randomisation. An overview of the PROSPER
intervention is detailed in Figure 1.

METHODS
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Co-interventions

No restrictions were placed with regard to referral to other health-care providers or private
physiotherapy during the trial. At trial closure, participants continued with their usual health care.

Data collection

Baseline data
Baseline data were collected after participants provided informed consent. Baseline questionnaire
booklets were given to participants preoperatively either to complete in clinic or to take home and
return by post to the study office. Late entry trial participants completed booklets after surgery.
Descriptive data included age, height, weight, marital status, education level, employment, handedness,
ethnicity and self-reported comorbidity. Questionnaires also included all patient-reported outcome
measures, described in Outcomes. We gathered data on planned clinical treatment at recruitment.
Follow-up data were collected by postal questionnaire.

Outcomes

Primary outcome: function of upper limb
The primary outcome was upper limb function at 12 months measured using the Disabilities of the Arm,
Shoulder and Hand (DASH) scale.36 Breast cancer treatments mainly affect the axilla and shoulder
region, but can also affect the arm and hand, leading to functional problems with daily activities, such as
dressing, writing, opening or closing jars and lifting and/or holding shopping bags.37 We opted to use the
30-item DASH scale to measure upper limb function rather than the shorter Quick-DASH or a shoulder-
specific assessment tool. The DASH scores range from 0 (no disability) to 100 (most severe disability).36

PROSPER exercise intervention Usual care

Breast cancer care information leaf lets 

First appointment (7–10 days)
• ROM exercises
• Daily stretch
• Behavioural change strategies
• Physical activity

Second appointment (4–6 weeks)
• Progression of ROM
• Prescribe strength exercises
• Increase physical activity 

Third appointment (12–16 weeks)
• Exercise progression
• Increase physical activity

FIGURE 1 Overview of trial interventions.
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The DASH questionnaire includes 21 items on function, five items on symptoms (pain, activity-related
pain, tingling, stiffness and weakness) and three items on social/role function. There is good evidence
that the DASH scale can detect change in function over time and detect clinically important differences
between groups.38 The DASH scale has also been used in observational studies39 and clinical trials of
breast cancer populations.18,40,41 An overview of outcomes is provided in Table 3.

Secondary outcomes

DASH subscales (baseline, 6 months and 12 months)
The DASH scale has been used to generate three health outcome subscores for activity limitations,
impairment and participation restriction, as per the WHO International Classification of Functioning
Disability and Health taxonomy.42,43 DASH subscores were measured at baseline, at 6 months and
at 12 months.

TABLE 3 Outcomes by time point

Outcome Timing Instrument, description of outcome

Function Baseline, 6 months,
12 months

Primary outcome: upper-limb function – DASH 30 items
(no difficulty, mild, moderate, severe difficulty, unable to do).
Total score 0 (no difficulty) to 100 (extreme difficulty)

Function subscales Baseline, 6 months,
12 months

Secondary outcomes: AL 17 items, I 6 items and PR 5-item
subscale using DASH 30 items,a modified from Dixon et al.42

Wound related 6 weeks only Wound healing, self-reported and doctor-diagnosed SSI

Pain in breast and armpit
(acute, chronic, neuropathic)

Baseline, 6 weeks,
6 months, 12 months

Pain on movement and at rest in last week, NRS. Pain intensity
0 (no pain) to 10 (pain as bad as can imagine). Single NRS at
other time points. Neuropathic pain: DN4 – seven-item
descriptive scale; score of ≥ 4 indicative of neuropathic pain.
FACT-B4. Arm symptom scale from 0 (not at all) to 4 (very
much). Symptoms: arm swollen or tender, movement is painful,
poor range of arm movements, arm numbness, arm stiffness

Lymphoedema Baseline, 6 weeks,
6 months, 12 months

LBCQ: arm feels heavy and arm looks swollen, previous week.
Presence of both is indicative of lymphoedema

Physical activity Baseline, 6 weeks,
6 months, 12 months

PASE: two activity items: walking in home or garden and
strenuous sport/recreational activity, in the past week. How
many hours per day on average

Confidence in activity Baseline, 6 weeks,
6 months, 12 months

Confidence in return to usual activities and regular physical
activity in future

NRS: score 0 (not confident at all) to 10 (very confident)

HRQoL Baseline, 6, 12 months EQ-5D-5L+VAS: 5-item score converted into a single summary
score (–0.594 to 1). A score of 1 indicates maximum HRQoL.
VAS numerical 0 to 100, maximum health

SF-12: HRQoL: 12 items, score 0 to 100, higher score indicates
better HRQoL

Health-care resource use 6, 12 months Self-report and routine HES data for APC and outpatient
activity for years 2015–16, 2016–17, 2017–18

AL, activity limitation; APC, admitted patient care; DN4, Douleur Neuropathique; EQ-5D-5L, EuroQol-5 Dimensions,
five-level version; FACT-B4, Functional Assessment of Cancer Therapy-Breast version 4; I, impairment; LBCQ,
Lymphoedema and Breast Cancer Questionnaire; NRS, numerical rating scale; PASE, Physical Activity Scale for the
Elderly; PR, participation restriction; SF12, Short-Form-12; SSI, surgical site infection; VAS, visual analogue scale.
a Two items not allocated to I, AL or PR.42
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Health-related quality of life (baseline, 6 months and 12 months)
We used the Short Form questionnaire-12 items (SF-12)44 to measure physical function, engagement in
usual activities and mental functioning. The physical health composite scale (PCS) and mental health
composite scale (MCS) allow comparison with national norms and to cancer populations. We also used
the EuroQol-5 Dimensions, five-level version (EQ-5D-5L) questionnaire, a standardised measure of
self-reported HRQoL that includes five domains of mobility, self-care, usual activities, pain/discomfort
and anxiety/depression.45

Acute and chronic postoperative pain (baseline, 6 weeks, 6 months and 12 months)
We measured treatment-related complications, including pain intensity, pain character and neuropathic
pain at multiple time points. We measured acute postoperative pain using an 11-point numerical rating
scale (NRS) from 0 (no pain) to 10 (pain as bad as you can imagine) for pain at rest and movement-evoked
pain at 6 weeks postoperatively, as per recommended international guidance for postoperative pain
assessment.46 A single pain NRS was used to capture chronic pain at 6 and 12 months. We examined
proportions with none/mild (0–3 NRS) and moderate/severe intensity pain (≥ 4 NRS). We used the
Douleur Neuropathique (DN4)47 seven-item scale, validated for postal use, to capture neuropathic pain at
6 weeks, 6 months and 12 months.

Wound-related outcomes: surgical site infection (6 weeks)
We measured wound-related outcomes, including patient-reported wound healing and surgical site
infection (SSI), at 6 weeks: questions included whether or not a doctor or nurse had diagnosed a
wound infection, whether or not the participant thought that they had had a wound infection and
whether or not the participant had been prescribed antibiotics. Any other postoperative complication
could be reported using free text.

Lymphoedema (baseline, 6 weeks, 6 months and 12 months)
We also used the Functional Assessment of Cancer Therapy – Breast, version 4 (FACT-B4), five-item
subscale48 to capture symptoms of arm disability: higher scores indicate greater arm disability or
morbidity (scale range 0–20). We assessed patient-reported symptoms of lymphoedema using the
validated Lymphoedema and Breast Cancer Questionnaire (LBCQ).49 Two items (i.e. arm swelling
and arm heaviness) from the full LBCQ are predictive of arm swelling of at least 2 cm change in arm
circumference.49 Objective measurement, such as optoelectronic limb volumeters (perometry), was
not available across all NHS breast cancer units and thus was not feasible to use in this multicentre
trial. Patient-reported symptoms are more meaningful to patients and these self-reported LBQC items
have been used in other large-scale international trials investigating morbidity outcomes after axillary
treatment (NIHR-funded POSNOC50 and ATNEC51). Items included ‘my arm feels heavy’ and ‘my arm/hand
looks swollen’ on the side on which surgery had been carried out in the previous week. We accepted a
positive response to both questions as indicative of self-reported lymphoedema.

Physical activity (baseline, 6 weeks, 6 months and 12 months)
We collected physical activity data using selected items from the Physical Activity Scale for the
Elderly (PASE)52 for activity in the previous week: walking outside the home and sport/recreational
activities, with average hours per day for each. The term ‘yard’ was replaced with garden to align with
UK terminology.

Health-care resource use (over 12 months)
Health-care resource use was captured for health economic analyses, using self-report. This is described
further in Chapter 6. We obtained HES data from NHS Digital for three financial years, from 2015 to
2018. Data sets included admitted patient care and outpatient activity.
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Data collection

Follow-up data were collected at 6 weeks, 6 months and 12 months postoperatively. We used postal
questionnaires for all patient-reported outcomes with an explanatory cover letter. Questionnaire
booklets were professionally printed, in colour, with a freephone number on the front page and a
free-text section on the final page. Draft versions were modified after pilot testing and feedback from
women treated for breast cancer. Core outcome data were collected by telephone if no response was
received after one postal reminder. Clinical data on all surgeries and adjuvant treatment delivered over
the study duration were gathered from medical records after completion of the 12-month follow-up.

Process evaluation

We measured a range of process evaluation indicators relating to intervention uptake and delivery.
Data included time from randomisation to first appointment, participant uptake of the exercise
intervention, number of contacts with physiotherapists and number of quality control (QC) assessments.
We defined adherence to or compliance with the prescribed exercise programme as a participant having
three or more contacts with the physiotherapist. Those having one or two contacts only were defined as
partial compliers. We calculated ‘strength and work capacity’ for ROM and strength exercises, defined as
the product of repetitions and sets prescribed at each appointment. The terminology ‘work capacity’ is used
throughout to denote ‘strength and work capacity exercises’. For strength exercises, this was calculated
using the product of resistance for Therabands [Paterson Medical, Cascade Healthcare Solutions, Tukwila,
WA, USA (1.1 kg, 1.7 kg or 2.7 kg)] by repetitions and sets prescribed from the second appointment
onwards. Theraband length was standardised, although physiotherapists spent time with each participant to
demonstrate how to use the band correctly to ensure that the band length was suitable and to check their
technique. If necessary, the bands could be shortened by adjusting the grip.

Monitoring of intervention delivery

Physiotherapists completed treatment logs to record information on attendance, exercise prescription,
shoulder ROM, muscle strength, lymphoedema, wound healing, pain intensity and confidence in
exercising for every participant. Completed treatment logs were returned to the co-ordinating centre
after participants were discharged from physiotherapy. Chapter 3 describes quality assessment procedures
for intervention fidelity.

Data management

Questionnaires were entered manually by the research team into a bespoke database, designed by
the WCTU programming team. All data were checked for range, outliers, data missingness and date
discrepancies. Any identified anomaly was checked against original data sources for rectification.

Data analyses

Sample size calculation
The target sample size for the trial was 350 patients, allocated in a 1 : 1 ratio. This calculation was
based on data from a Dutch trial41 comparing the effects of a leaflet only with an exercise intervention,
started 2 weeks postoperatively in 30 women having breast surgery and ALND (n = 15 per group).
The authors reported a between-group difference of 7 points on the DASH scale at 6 months [mean
21.6 points in the control group; mean 14.6 points in the intervention group; pooled standard deviation
(SD) of 19.5 points at baseline and a standardised mean difference (SMD) 0.36 points] after a 3-month
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exercise intervention.41 At 80% power and significance level of < 0.05 points, this yielded a target total
sample of 242 participants. Accounting for therapist effects, with up to nine patients per therapist in
the intervention group, an intracluster coefficient (ICC) of 0.01, yielding a design effect of 1.05, gave a
target of 256 patients. The ICC estimate of 0.01 was based on previous experience of exercise interventions
in a range of musculoskeletal trials.53 We anticipated very little therapist effect but, in the eventuality
of lower therapist effects, we would have greater power with the given numbers to detect the same
difference. We considered a loss to follow-up of 25% because the complexity and challenges of cancer
treatment increase the risk of attrition over time. This higher percentage of loss to follow-up allows the
detection of smaller effects.

We considered the recommended minimally clinically important difference (MCID) for the DASH
scale.38 Observational studies of rheumatology and orthopaedic populations suggested that the MCID
is 10 points (95% CI 5 to 15 points) and that between-group difference for trials using the DASH
scale should be set at 10.38 However, this fails to account for many of the eventualities that occur in
pragmatic trials, notably that there is not a no-treatment control, and that some members of the
control group may be exposed by serendipity to an intervention of similar intensity, particularly in a
high-risk population. Previous studies also used shorter time frames for follow-up, assessing change
in function from weeks to several months.38,41 Therefore, we powered the trial to detect a 7-point
difference between groups at 12 months.

Statistical analyses
Statistical analyses were carried out using Stata® version 15 (StataCorp LP, College Station, TX, USA).
All statistical tests were two-sided and performed at the 5% significance level. We undertook two
levels of analysis: using intention to treat (ITT), as per CONSORT guidelines,32 and complier-average
causal effect (CACE).54 We reviewed other examples53,55 of CACE analyses from physiotherapy trials to
inform our definition of compliance with exercise. We found variation in the reporting of compliance
or adherence with exercise because definitions depend on the content and duration of interventions
being evaluated, for example defined as completing half of six recommended sessions53 or exploration
of different thresholds.55 For PROSPER, we defined ‘complete’ compliance with the intervention as
three or more sessions with the physiotherapist. This was the specified minimum number of recommended
contacts that would ensure that all elements of the exercise programme were introduced and progressed.
We defined non-compliance as none or fewer than three physiotherapy sessions.

Descriptive analysis
All baseline demographic and pre-randomisation clinical measures were summarised by treatment
allocation. Continuous data were summarised using mean, SD, median and range values. Categorical
data were summarised by number and proportion (%) by treatment group. For both types of data,
CIs were also specified.

Primary analysis
The primary analysis compared the DASH score at 12 months between usual care and the exercise
intervention. The clustering effect was assessed prior to data analysis and was found to be negligible.
For this reason, the primary outcome was assessed using ordinary linear regression. In each case, we
summarised the mean DASH change score from baseline to 6 and 12 months respectively, by treatment
group and for differences between treatment groups using unadjusted and adjusted estimates. We
adjusted for baseline scores, age, type of breast surgery (BCS vs. mastectomy), type of axillary surgery
(ANC vs. SNLB), radiotherapy (yes/no) and chemotherapy (yes/no). For the primary analyses, a post hoc
sensitivity analysis was undertaken to assess the impact of adjusting for age only at baseline, given that
participants had not completed adjuvant therapy on recruitment. Mean changes and 95% CIs were
plotted graphically to assess change over 12 months.
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Missing data
We followed the DASH scoring manual, which specifies that a score cannot be calculated if there are
more than three missing items. As a sensitivity analysis, the impact of the missing data was assessed
using multiple imputation. Two data sets were used for the statistical analysis, observed and imputed.
The observed data set comprised all observed data, including follow-up, with missing values. Impact of
data missingness was assessed using multiple imputation. Missing data due to participants or health
professionals incorrectly leaving fields blank (invalidly missing) were examined further to assess
whether multiple imputation was viable: missing completely at random, missing at random or not
missing at random. For normally distributed data, we used multiple imputation methods.56 These were
carried out using the imputation by chained equations (ICE) procedure.57 The imputed ITT data set was
used for sensitivity analyses.

Subgroup analyses
We prespecified subgroup analyses to examine differences in baseline DASH scores depending on
previous clinical history. We anticipated that women reporting a history of shoulder problems were
more likely to have arm disability than those without a history of shoulder problems, although this
would be reflected in DASH scores at baseline. This was explored and reported.

Sensitivity analyses
Various sensitivity analyses were planned: first by comparing high- and low-volume recruiting centres
to examine the impact on clustering effect and to analyse high-volume centres to examine therapist
effect. We also explored time of follow-up from randomisation. As this was a surgical trial, we
anticipated variation in follow-up in relation to timing of surgery. Most participants will have a short
time period between randomisation and surgery, except for late-entry participants informed of the
need for radiotherapy postoperatively. We assessed differences between date of randomisation and
date of surgery by treatment group, but these were negligible. As the clustering effect was also
negligible, the first two sensitivity analyses were discarded.

Adverse event reporting
An adverse event (AE) was defined as any untoward medical occurrence in a participant that did
not necessarily have a causal relationship with this intervention. We defined serious adverse events
(SAEs) as an untoward occurrence that resulted in death, was life-threatening, required hospitalisation
or prolongation of existing hospitalisation, resulted in persistent or significant disability or incapacity,
or was considered medically significant. Expected common postoperative AEs included superficial
and deep SSIs, seroma, bruising/haematoma and drain site infections. Some muscle soreness was to
be expected after stretching and strengthening exercises. We recorded postoperative events, but
they were not considered serious unless they arose as a direct consequence of the trial intervention.
All AE data were reviewed by independent monitoring committees. We compared the number of
AEs and SAEs by treatment group using chi-squared tests or Fisher’s exact test, with odds ratios (ORs)
and 95% CIs.

Withdrawals
There were different levels of withdrawal within the trial: (1) withdrawals from treatment (exercise
intervention), (2) withdrawals from postal questionnaires but with permission for all other data collected to
be used, (3) withdrawal of approval for access to routine hospital data (HES) and (4) complete withdrawal
of all data. The level of withdrawal from follow-up was explored by treatment group.

All planned analyses and template tables were detailed in the statistical analysis plan and reviewed and
approved by the Data Monitoring and Ethics Committee (DMEC) prior to any final statistical analysis.
One amendment was made to the statistical analysis plan after publication of the protocol to adjust
analyses for baseline DASH scores.
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Pilot study
A 6-month internal pilot was planned in three centres, with a target recruitment of 30 participants.
We launched the pilot study in January 2016 in three breast cancer units: Coventry, Oxford and
Wolverhampton. We launched the main trial after reaching recruitment targets and satisfying
stop/go criteria.

Monitoring and approval
Ethics approval for the trial was granted on 20 July 2015. The first amendment, granted on
16 December 2015, was for modifications to participant materials. Amendments 2 and 3, granted on
4 April and 18 July 2016, respectively, related to the opening of new centres and transfer to Health
Research Authority-regulated approvals. Amendment 4, granted on 18 April 2017, amended wording
on the 12-month data collection forms. The final amendment was to add qualitative interviews with
physiotherapists and was granted on 4 May 2018. We first applied for HES data in October 2017.
Approval was granted by the Caldicott Guardian in April 2019 and we received data in October 2019.

Patient and public involvement
Patient representatives were involved at multiple stages throughout the trial, from grant writing and
protocol refinement to intervention development and trial oversight. We sought input into the proposed
intervention from breast cancer survivors attending a local community support group, described in
Chapter 3. Our lead lay applicant passed away in 2017 (CH).

Trial Steering Committee
The Trial Steering Committee (TSC) was responsible for monitoring and supervising PROSPER progress.
The TSC comprised independent members with expertise in oncology, physiotherapy, radiotherapy and
medical statistics and one lay member (CH).

Data Monitoring and Ethics Committee
The DMEC reviewed trial progress, recruitment, protocol compliance and interim analysis of outcomes.
The committee included independent experts with expertise in surgical oncology, health services
research and medical statistics.
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Chapter 3 Intervention development

Parts of this chapter have been reproduced or adapted with permission from Richmond et al.35

This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt
and build upon this work, for commercial use, provided the original work is properly cited.
See: http://creativecommons.org/licenses/by/4.0/. The text below includes minor additions
and formatting changes to the original text.

Introduction

This chapter presents a description of the PROSPER usual-care and exercise interventions.
We developed an exercise intervention for the trial following Medical Research Council guidance
for the design of complex interventions.58 We present an overview of the evidence to inform
the selection of core components and we describe the final intervention as per the Template
for Intervention Development and Replication (TIDieR)59 recommendations and the Consensus
on Exercise Reporting Template (CERT).60

Control group: information leaflets

Participants allocated to the control group received best-practice usual care. At the time of trial
set-up, usual NHS care was to provide newly diagnosed breast cancer patients with information
leaflets describing cancer treatments and advice for postoperative recovery.61 Specialist breast
cancer nurses or oncology teams gave leaflets preoperatively. Patients undergoing non-reconstructive
surgery were not routinely referred to physiotherapy services unless for a specific postoperative
musculoskeletal problem. In 2005, a review61 of patient materials from 105 UK oncology departments
across England was undertaken to identify usual clinical practice for postoperative shoulder mobilisation
after breast cancer surgery. This survey61 found that half of the responding centres used materials
published by Breast Cancer Care (now Breast Cancer Care/Breast Cancer Now; London, UK). We
undertook a scoping survey of information leaflets used in breast cancer units across England and
evaluated materials published by breast cancer charities. The content and design of hospital leaflets
varied widely, although many were adapted or photocopied from charity materials. Most recommended
restricted arm movement in the first postoperative week. We reviewed all materials, in collaboration
with patient representatives and clinical rehabilitation experts, to select leaflets for best-practice
usual care. We selected two well-designed, colourful leaflets produced by the charity Breast Cancer
Care: Exercises After Breast Cancer Surgery33 and Your Operation and Recovery.34 These leaflets describe
exercises to do after breast surgery, lymph node removal and/or radiotherapy. Recommendations
were to start upper body exercises from the first postoperative day, with instructions for warm up,
basic arm exercises restricted to 90° of shoulder elevation, and a cool-down (BCC633). More advanced
exercises, such as wall climbing, arm lifts and elbow pushes, were recommended from the second
postoperative week onwards. The surgical recovery leaflet (BCC15134) covered generic postoperative
advice and common complications, including wound infection, pain, cording, seroma and lymphoedema.
These leaflets were provided to the study team free of charge by Breast Cancer Care. All participants
were given a copy of each leaflet on recruitment to the trial; these were given out by the surgical
oncology teams.
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Overview of exercise intervention development

We designed a new exercise programme specifically for testing within PROSPER. We followed multiple
steps to develop and refine the intervention before testing in the main trial. The key stages of
development included:

1. an exploratory phase incorporating a literature review to identify evidence of effectiveness and
harm from exercise interventions and of behaviour change techniques, a survey of postoperative
materials used in the NHS, a patient and public involvement (PPI) focus group with breast cancer
survivors and consultation with cancer rehabilitation experts

2. production of a draft intervention protocol for agreement at an intervention development
consensus day, hosted by the WCTU, attended by 20 clinical rehabilitation experts and two
breast cancer survivors

3. assessment of feasibility and acceptability of the prototype exercise programme with women attending
a community-based support group for breast cancer patients, testing the intervention with 15 newly
diagnosed breast cancer participants recruited to the internal pilot study from three NHS trusts

4. final refinement of the exercise programme based on patient and therapist feedback during the
internal pilot study.

The final PROSPER exercise intervention was a physiotherapist-led, early, progressive, home-based
postoperative programme that incorporated three components: shoulder-specific exercises, physical
activity and behavioural support strategies to encourage adherence. The PROSPER programme
was designed to be adaptable and flexible to allow for prolonged cancer treatment schedules and
cancer-related fatigue. The evidence and rationale for inclusion of core components are given below.

Overview of evidence for exercise after breast cancer surgery

We undertook a literature review to identify systematic reviews and clinical trials investigating the
effectiveness and potential adverse effects from exercise interventions for breast cancer patients.
We also reviewed national and international breast cancer clinical guidelines62–64 and the types of
exercises reported to be prescribed within the UK survey of physiotherapy and oncology departments.61

We considered the content, timing, duration and setting of delivery of exercises.

A Cochrane systematic review,12 published in 2010, investigated the effectiveness of exercise
interventions in preventing, minimising or improving upper limb dysfunction due to breast cancer
treatment (24 trials; 2132 participants). Exercise type was broadly classified as active, active-assisted,
passive, manual stretching and resistance. The review compared interventions on outcomes of ROM,
strength, lymphoedema and pain. Subgroup analyses compared the timing of exercise in relation to
cancer treatment (10 trials; 1304 participants) and the effect of postoperative exercise to usual care
(six trials; 354 participants). Authors defined early exercise as that commencing from days 1 to 3
postoperatively; in contrast ‘delayed’ exercise was defined as starting from day 4 onwards. This
definition differed from that used in the UK survey,61 which defined delayed exercise as starting after
1 week. Only one of the 24 trials in the Cochrane review was considered at low risk of bias:65 the
remainder were of low to moderate quality and with small sample sizes (mean 44 participants per
treatment arm). Included trials were published between 1979 and 2008 and older trials examined
rehabilitation after extensive breast surgery, such as modified radical mastectomy. These procedures
have since been replaced with less invasive surgeries; therefore, some rehabilitation practices, such as
wearing a sling, are no longer indicated.

We summarise findings from the literature review in relation to the core components considered
for the PROSPER intervention. The Cochrane review12 informed intervention development, although
the findings are now outdated as other trials of exercise interventions have been published or

INTERVENTION DEVELOPMENT

NIHR Journals Library www.journalslibrary.nihr.ac.uk

20



registered since publication of the Cochrane review in 2010. To date, however, only two trials have
ever been undertaken in the UK NHS: a small trial examining wound drainage, conducted in 197966

(n = 69 radical mastectomy), and a single-centre trial67 examining lymphoedema after breast surgery
with ALND (n = 116).

Evidence for early postoperative exercises

Axillary surgery and radiotherapy increase the risk of shoulder ROM restrictions, in particular flexion,
abduction and abduction with external rotation.14 Breast cancer treatments can damage the lymphatic
system, causing secondary lymphoedema. Patients may benefit from ROM exercises as active and
active-assisted ROM exercises can improve fluid drainage and lymphatic flow. These exercise modalities
activate physiological mechanisms as a result of muscle contraction, and they can also increase blood
flow to the joints and soft tissues.14,68

The Cochrane review12 found some evidence that early ROM exercises were more beneficial than
delayed exercise for shoulder flexion ROM in the short term, within 4–6 weeks postoperatively [mean
difference (MD) 12.12°, 95% CI 0.35° to 23.88°; I2 = 89%; three studies, 608 participants].12 However,
there was no evidence of a difference up to 2 years after surgery (MD 3.00°, 95% CI –0.65° to 6.65°;
one study, 181 participants).12 Early exercise was beneficial for shoulder abduction ROM at 1 week
(MD 11.65°, 95% CI 2.93° to 20.38°; I2 = 85%, three studies, 677 participants), with meta-analysis
suggesting some increased benefit at 6 months compared with delayed exercising (MD 4.31°, 95% CI
1.38° to 7.25°; I2 = 0%; two studies, 549 participants).12

Evidence for harm or adverse events after early postoperative exercise

Early ROM exercises, when compared with delayed exercises, did not increase the risk of seroma after
surgery (OR 1.52, 95% CI 0.82 to 2.82; five studies), delay wound healing (OR 1.30, 95% CI 0.82 to
2.31; four studies), increase the number of wound aspirations (weighted mean difference 0.11, 95% CI
–0.23 to 0.45; three studies), increase postoperative pain at 6 months (OR 1.87, 95% CI 0.70 to 4.96;
one study) or increase lymphoedema incidence at 6 months (OR 1.24, 95% CI 0.45 to 3.41; three studies).12

However, early ROM did increase volume of wound drainage (SMD 0.31, 95% CI 0.13 to 0.49; seven
studies, 912 participants) and extended duration of wound drainage by 1 day (weighted mean difference
1.15; 95% CI 0.65 to 1.65; five studies, 725 participants) compared with delayed exercises. In a sensitivity
analysis excluding older surgical trials published pre 1995, these findings did not change: early ROM
increased the volume of postoperative wound drainage.12

The single-centre UK trial,67 published since the Cochrane review,12 found that introducing ROM
exercises limited to 90° shoulder elevation in the first week after ALND did not increase the risk of
AEs compared with starting exercises after 1 week.67 As programmes incorporating ROM exercises
were known to be safe, we included shoulder ROM from the first week onwards while recommending
restriction of shoulder ROM below 90° in the first postoperative week. Early restriction of shoulder
ROM was also recommended in hospital information leaflets and cancer charity materials.

Evidence for stretching exercises

Surgery to the axilla and radiotherapy to the supraclavicular and infraclavicular nodes can lead to
structural and functional problems as a result of tissue inflammation and damage.69 Treatments can
lead to tightening and contracture across the shoulder and chest area.70 Studies report that the pectoralis
muscles can atrophy after treatment.71 Stretching exercises may contribute to remodelling injured
connective tissues and may prevent negative physiological adaptations to the muscle spindles.72,73
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Stretching may prevent the shortening of muscle fibres.74 Few trials provided details of the included
exercises, but, in those that did, stretching of the pectoral muscles was most commonly reported.65,75,76

Although study findings were largely inconclusive in terms of ROM improvement, there was no
evidence to suggest that exercise regimes incorporating pectoral muscle stretching increased the risk
of arm comorbidity.65,75 Some studies found evidence of benefit when stretching was combined with
other ROM exercises.14,77 Another consideration was the arm position required for radiotherapy, which
requires flexibility and adequate ROM of the shoulder joint. A minimum range of 90° of shoulder
abduction and lateral rotation is required for radiotherapy targeting the lateral side of the breast and
chest wall.61 Owing to the pectoralis major insertion on the humerus, a shortened pectoralis will affect
the ability to place the arm into the required position for radiotherapy.78 Given that we aimed to recruit
women already considered at risk of shoulder problems, the PROSPER exercise intervention included a
daily ‘stretch and hold’ exercise for the pectoralis muscles.

Evidence for strengthening exercises

Patients undergoing cancer treatment are at an increased risk of loss of muscle mass and reduced
muscle strength as a consequence of treatment-related pathophysiological changes.79,80 Older age is
also a risk factor for reduced muscle mass and strength. Muscle strength is greatest in our younger
years, with maximum strength peaking at age 20–40 years.81 Breast cancer is more common in
women aged > 50 years, when 10% of muscle mass is already lost. The rate of muscle decline then
accelerates,81 although this decline is thought to be, in part, due to decreasing levels of physical
activity. Strengthening exercises can prevent the loss of muscle and bone mass.82 The physiological
stimulus from strengthening exercises can improve muscle mass and strength even during active
treatment, as demonstrated in studies of cancer populations.82 Targeted strength training can stimulate
other changes, including improvements in insulin action, bone density and energy metabolism.81 One
systematic review found some evidence for improved HRQoL in adult cancer survivors participating
in resistance training compared with usual care or alternative exercise regimes (SMD –0.17, 95% CI
–0.34 to 0.00; I2 = 0%; six studies, 548 participants).83

Another systematic review84 investigated the impact of low- to moderate-intensity resistance
training on outcomes of muscle function, body composition and fatigue in cancer survivors (nine trials,
752 participants). Seven of the nine trials included breast cancer patients.84 A meta-analysis revealed
that resistance training improved upper limb muscle strength up to 1 year after cancer treatment
(weighted mean difference ≥ 6.9 kg, 95% CI 4.78 to 9.03 kg; I2 = 79%; nine studies, 752 participants).84

Improvements in lower limb strength and percentage body fat were also observed, but with weaker
evidence of an improvement in cancer-related fatigue [weighted mean difference 1.86 Functional
Assessment of Cancer Therapy – Fatigue, 95% CI –0.03 to 3.75; I2 = 0%; four studies, 437 participants].84

One trial82 included in the systematic review84 directly compared strengthening exercises to a stretching
only programme for breast cancer patients (n = 106).82 Those randomised to do strengthening exercises
three times per week for 1 year maintained their bone and muscle mass throughout cancer treatment,
in contrast to those following the stretching-only protocol.82 Given the evidence for the benefits of
strengthening exercises, we included progressive and individually tailored strengthening exercises to
the PROSPER intervention. We specified that strengthening exercises should start only after the first
postoperative month, to allow time for wound and tissue healing.

Evidence for physical activity

The American Cancer Society recommends that cancer patients should complete at least 150 minutes
of moderate activity and at least two sessions of strength training per week.85 This is in line with
Department of Health and Social Care recommendations for physical activity for adults.86 The American
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College of Sports Medicine recently recommended that cancer survivors should undertake aerobic and
resistance training for approximately 30 minutes, for three sessions per week.87 Physical activity during
and after cancer treatment is safe, and has been associated with improved survival, reduced cancer
recurrence and improvement in cancer-related side effects, with some studies reporting beneficial effects
on fatigue, anxiety and depression.83,88,89 Despite these benefits, only a small proportion of people achieve
the recommended activity levels. One systematic review90 found that up to 70% of cancer survivors did
not achieve the recommended activity targets. Cancer survivors are twice as likely to be physically
inactive as the general population.91

A Cochrane review,92 published since we developed the PROSPER intervention, found moderate-quality
evidence that exercise during adjuvant treatment for breast cancer improved physical fitness (SMD
0.42, 95% CI 0.25 to 0.59; 15 studies, 1310 participants) and slightly reduced fatigue (SMD –0.28,
95% CI –0.41 to –0.16; 19 studies, 1698 participants), although there was weaker evidence for physical
activity improving cancer-specific QoL or depression.92 Given international recommendations to increase
physical activity and evidence for improved outcomes during cancer treatment, without incurring risk of
AEs, we incorporated physical activity guidance as a core component within the PROSPER intervention.85

Evidence for behavioural change strategies

Early engagement with our lay representatives highlighted the need for a supported self-management
approach to rehabilitation. National guidelines93 recommended that behaviour change strategies
should be incorporated into any self-management interventions to support adherence and to achieve
long-term behaviour change.93 Adherence to any exercise intervention is essential to achieve the
expected positive outcomes. However, there are numerous barriers to adherence and engagement
with exercise, particularly during cancer treatment, when symptom burden can be overwhelming.94

Psychological factors play a key role, particularly fear of cancer recurrence and fear of being active
during treatment.94–96

We referred to the NHS Health Trainer Manual,93,97 which was developed by health psychology experts
in behaviour change. This practical guide summarises evidence-based strategies to promote positive
health-related behavioural change. We selected the most relevant techniques to meet the needs of our
patient population, while also considering demands placed on physiotherapy teams working in NHS
clinics. Our aim was to increase motivation to exercise and to encourage adherence to the PROSPER
programme. We recommended and trained physiotherapists in the motivational interviewing mode of
communication. Motivational interviewing uses techniques to encourage compliance and participation.
It has been found to be an effective technique for facilitating change in other lifestyle behaviours
leading to improved health outcomes, such as weight loss and increased physical activity, and also for
addressing the psychosocial needs of cancer survivors.98 We incorporated the motivational interviewing
approach into the PROSPER programme, along with other evidence-based psychological techniques.
These included working with participants to set short- and long-term goals, promoting confidence to
exercise, developing strategies to solve problems and reduce barriers and encouraging motivation and
sustaining exercise adherence.

Intervention refinement with clinicians and patients

We refined the draft intervention to produce a long menu of exercises after discussion with 20 cancer
rehabilitation specialists, upper limb physiotherapists and patient representatives who attended our
1-day consensus event at the WCTU in March 2015. We refined the menu of exercises after the
consensus meeting and applied a colour-coded classification framework to each movement direction
(e.g. flexion, abduction, external rotation with abduction). We described each exercise using lay-friendly
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terminology: for example, one shoulder abduction and external rotation movement was named ‘the
woodchopper’ exercise. We developed patient manuals using colour photographs with clear instructions
for each exercise. Qualitative interviews were held with seven women who had been recently treated for
breast cancer and recruited from the lead hospital site, University Hospitals Coventry and Warwickshire
(UHCW) NHS Trust. The women were positive about draft trial materials, preferring photographs to
cartoon diagrams commonly used in NHS materials; they also preferred the term ‘physiotherapy’ to
‘exercise’ on patient-facing materials.

We also attended a community-based breast cancer support group for feedback on the almost finalised
version of trial intervention materials before testing in the pilot study. This support group was
attended by women with a recent breast cancer diagnosis, but also by cancer survivors who had been
treated years previously. Feedback on materials was again positive, and the only recommendation was
that more information on lymphoedema should be included.

Pilot study

We tested pragmatic implementation of the intervention by testing the PROSPER intervention with
the first 15 women with newly diagnosed primary breast cancer recruited from three hospital sites
within the pilot study. The qualitative study (see Chapter 5), with feedback from participants and
physiotherapists, informed refinement of trial-related procedures and paperwork. Minor edits were
made to the wording of participant materials. We reviewed treatment pathways and algorithms for the
management of postoperative complications including pain, cording, wound infection, lymphoedema
and cancer-related fatigue.

Overview of exercise programme

The aim of the exercise intervention was to prevent shoulder problems, caused by breast cancer
treatments, by improving shoulder function through a physiotherapist-led, early, progressive, home-
based postoperative exercise programme. It used behavioural strategies to encourage exercise
adherence and support participants to be more physically active (see Table 5). Although several of the
upper body exercises were familiar to physiotherapists and used in clinical practice, the PROSPER
exercise programme was packaged as a new intervention to be prescribed and delivered as a whole.
The intervention was delivered by NHS physiotherapists with musculoskeletal expertise.

Number and duration of physiotherapy contacts
The trial was designed to be pragmatic rather than explanatory; hence we tested an exercise intervention
suitable for delivery in the NHS setting. All participants were advised to follow the Breast Cancer Care
leaflets (usual care) in the first postoperative week.99 For the intervention group, we then recommended a
minimum of three face-to-face appointments with the trained PROSPER physiotherapist. These sessions
were scheduled at specific time points after surgery: at 7–10 days, 4–6 weeks and 12–16 weeks
postoperatively. These timings were selected to broadly fit around the cancer treatment pathway and
expected tissue healing. Participants could also have up to three optional appointments, which could be
face to face or by telephone. These appointments could be arranged at any time over the 12-month
postoperative period, and physiotherapists could provide telephone support as and when needed.
A maximum of six physiotherapy contacts were specified.

The first appointment was scheduled for 1 hour, to allow sufficient time for physical assessment,
explanation of the programme and to prescribe stretches and ROM exercises. We recommended that
the subsequent face-to-face follow-up appointments should be approximately 30-minute appointments.
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Discharge from physiotherapy
Participants were discharged from physiotherapy when they had reached their long-term goals or when
ROM and muscle strength in relation to their functional needs was achieved. This was determined by the
physiotherapist, unless the participant decided that they no longer wanted to attend treatment sessions.
We allowed more than six appointments if the services had capacity. After discharge, the participant could
still contact their physiotherapist up to 12 months postoperatively.

Participant materials
Each trial participant was given an exercise folder, entitled ‘Your Exercise Folder’, which contained
the full menu of exercises with colour pictures and instructions. The folder contained information on
self-monitoring for postoperative complications. Each folder contained a supply of exercise diaries to
record progression at home.

Recommended content of physiotherapy sessions
Table 435 summarises the initial targeted exercise dosage; all prescription details were recorded in a
treatment log. All exercises are illustrated in Figure 1.

First physiotherapy appointment (7–10 days postoperatively)
Participants followed usual-care leaflets for the first postoperative week. At the first appointment,
physiotherapists were asked to complete a short medical history; assess usual physical activity, pain
intensity, wound healing, posture and active ROM; and screen for lymphoedema. Short- and long-term
goals were discussed, along with barriers to and facilitators of exercise and an assessment of the
participant’s confidence in their ability to do the prescribed exercises.

Participants were prescribed stretches and ROM shoulder movements above 90°. We recommended
three ROM exercises that targeted the three main shoulder movements affected by breast cancer
treatment (i.e. flexion, abduction and abduction with external rotation). One exercise of each movement
was selected from a menu of exercises after discussion between the participant and physiotherapist.
We encouraged collaborative decision-making rather than didactic prescription of exercise. The ‘daily
stretch and hold’ exercise of the pectoralis muscles was also recommended for either 10 minutes once
per day or 5 minutes twice per day. Participants were advised to first complete a warm-up comprising
an active posture check, shoulder circles and trunk twists. If there were early signs or symptoms of
lymphoedema, fist pump exercises were prescribed.

Manual therapy techniques
If the physiotherapist observed any signs of cording, we allowed two manual therapy techniques within
the programme: gentle massage techniques, using effleurage and petrissage, and cording release by
skin traction. We encouraged physiotherapists to teach participants how to do these techniques at
home, either by themselves or with a partner, to promote self-management. We provided training and
also laminated guides for physiotherapists on how to do these manual techniques.

Second face-to-face appointment (4–6 weeks postoperatively)
In the second appointment, recommended at 4–6 weeks postoperatively, the physiotherapist
monitored progress, assessed wound healing, progressed ROM exercises and introduced strengthening
exercises. We asked physiotherapists to repeat physical examinations and screen for postoperative
complications, including cording and lymphoedema, and assess pain intensity and wound healing.

Prescription of strength exercises (4–6 weeks postoperatively)
Shoulder ROM was reassessed and isometric muscle strength was tested. Muscle strength was tested
using a standardised protocol for glenohumeral flexion, abduction, and internal and external rotation.
Both shoulders were assessed and given a score from 3 (can hold position with no resistance) to 5 (can
hold position against maximal resistance), according to Kendall’s method.100 The intervention included
seven strengthening exercises: two flexion movements, two abduction movements and three abduction
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TABLE 4 The PROSPER exercise prescription

Exercise type/category Exercise Frequency Sets Repetitions Hold Initial load Progression

From 7 days after surgery

Warm-up Posture check Twice per
day

1 5 5 seconds – –

Shoulder circles N/A

Trunk twists (1–4) 3 seconds

Range of
movement

Daily
stretch

Daily stretch and hold Daily 1 × 10 minutes or 2 × 5 minutes

Forward Clasp hand raise or
forward wall slide

Twice per
day

1 5 3 seconds – Step 1: increase up to 10 repetitions

Step 2: if applicable, progress to
next level of difficulty for the
exercise

Side Morning stretch or
sideways wall slide

Open
chest

Back broom lift or
surrender

From 4 weeks after surgery

Strength Forward Forward band lift or
rocker (advanced only)

2–3 times
per week

1 10 (minimum 8 repetitions,
maximum 12 repetitions)

3 seconds Selected so that
two repetitions are
rated as 5 or 6 on
modified Borg scale

Step 1: maintain 5–6 rating on Borg
scale through increasing load (from
tan to red to blue Theraband tubing)

Step 2: build up to three sets with
1–3 minutes’ rest between sets

Side Sideways band stretch
or woodchopper

Open
chest

Overhead band stretch
or front band stretch or
low band row

Physical
activity

From
day 1

Gentle Daily 3 10 minutes – – Build up to 30 minutes continuous

From
4 weeks

Moderate 5 times
per week

– 30 minutes No restrictions after 12 weeks

From
12 weeks

Moderate to hard

N/A, not applicable.
Reproduced with permission from Richmond et al.35 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license,
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/
by/4.0/. The table includes minor additions and formatting changes to the original table.
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and external rotation movements (see Table 4). Selection of one strengthening exercise for each
movement was made after assessment and discussion with the participant. All strengthening exercises,
apart from the ‘rocker’ exercise, were performed using resistance bands (Theraband tubing). Each band
was cut to 1 m length and provided at 100% elongation resistance of 1.1 kg (tan), 1.7 kg (red) and
2.6 kg (blue).

Third face-to-face appointment (12–16 weeks postoperatively)
The third appointment was scheduled for approximately 3 months after surgery. This time period
was selected for exercise progression according to individual ability and final review of surgical
wounds, which were expected to be fully healed. We also expected muscle adaptation to stimuli
from strengthening exercises by this time. Exercises were progressed according to individual ability.
The focus at 3 months was on the return to usual activities and the ability to undertake more
demanding functional activities.

Establishing baseline level and progression for exercises

Range of movement and stretch exercises
At all appointments, the ROM of active scapula elevation, protraction and retraction was assessed. In
addition, glenohumeral flexion, abduction, and internal and external rotation were assessed. ROM was
graded as either ‘full’ or ‘restricted’ by comparing the affected (operated side) with the unaffected arm.
ROM exercises could be progressed by increasing the number of sets and repetitions and/or advancing
to the next difficulty level for the chosen exercise. The daily stretch was progressed by increasing time
spent stretching, if needed.

Strength exercises
Strength exercises were prescribed only from 4 weeks postoperatively. Given the challenges of
measuring a 1-repetition maximum (1RM) to determine the percentage to achieve an adequate stimulus
to increase muscle strength, a modified Borg scale was used to define the correct level of resistance
based on self-perceived effort. This 10-point scale has been validated for use in determining intensity of
resistance exercises.101 Participants were asked to perform two repetitions of each selected strength
exercise using a resistance band. The target resistance was reached if the participant rated their level
of exertion as 5 or 6 (‘hard’ rating) on the modified Borg scale. The initial prescription was to complete
one set of 8–12 repetitions, equivalent to a resistance of 70–80% of 1RM.When the participant could
perform 12 repetitions easily, progression was achieved by changing band resistance, progressing to the
next difficulty level exercise(s) or by increasing repetitions and/or sets. We specified that participants
should aim to build to three sets of 10 repetitions for each exercise. We recommended that strength
exercises be performed two or three times per week. This was to allow rest, recovery and adaptation of
muscles from overload.

General physical activity
General physical activity was encouraged during every contact. The aim was to progressively increase
activity every week. Participants were encouraged to start off gently, then gradually work up to
moderate or more intense activity. Physiotherapists were asked to work collaboratively with each
participant to develop an individualised plan and strategies to achieve 150 minutes of moderate
intensity physical activity per week. The specified amount was 30 minutes of activity, 5 days per week.

Behavioural support strategies
Behavioural support strategies were incorporated to promote confidence and encourage motivation
to exercise over the longer term (Table 5). Physiotherapists were encouraged to use a motivational
interviewing approach to communication to support self-management, explore any barriers to exercise
and problem-solve solutions. They were trained to help each participant define their own short- and
long-term upper limb and/or physical activity goals using SMART (specific, measurable, achievable,
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relevant and timely) principles. We provided SMART examples during intervention training, for example
to complete exercises every day after breakfast (short-term goal) and to be able to play one game
of tennis again by 8 months postdiagnosis (long-term goal). We prespecified that one short-term goal
was to complete the PROSPER exercises daily, to achieve and link to long-term goals. This strategy of
linking short- and long-term goals can improve adherence.93 Participants were asked to rate their
confidence in their ability to complete the prescribed exercises using a 10-point numerical rating scale.
If the participant scored ≤ 7, the physiotherapist would explore reasons and discuss possible solutions
to increase their confidence.

Exercise diaries
Each participant was provided with an exercise diary to record their exercises. These served as a
method of self-monitoring if they had achieved the short-term goal of completing their exercises.
Exercise planning, based on concepts of implementation intentions,93 was incorporated into the
exercise diary. Participants recorded the best time and place for them to do their exercises, which
acted as a prompt to regular exercise. At each follow-up appointment, the physiotherapist would
discuss if the participant had difficulties following the PROSPER intervention. They would explore any
barriers to and facilitators of exercise and the physiotherapist would help to find solutions to facilitate
adherence to the intervention.

Exercise quality control assessments

All intervention sites were visited by one of the research physiotherapists (HR/BM) to undertake QC
assessments. These visits were scheduled shortly after completion of training and after the physiotherapist
had undertaken one or more assessments with participants referred to the intervention group. The aim of
the QC assessment was to ensure that the intervention was delivered in a standardised manner, according
to the trial protocol and training. At least one appointment, either the first or follow-up appointment, was
observed. It was a requirement for all physiotherapists to demonstrate competency in the intervention.
We used a standardised checklist during the visit to monitor exercise prescription, to ensure safe delivery
of the programme and to check that the intervention was delivered according to the intervention manual.
Checks were also made of all trial-related documentation, including prescription logs, treatment forms,
withdrawal forms and electronic appointment spreadsheets. Each physiotherapist received a written
graded report at the end of the assessment, graded as satisfactory, minor concerns or serious concerns.
Follow-up visits were arranged if any concerns were identified. The chief investigator was notified if any
serious concerns were identified. The research physiotherapists provided regular supervision and support
to all physiotherapists over the duration of the trial.

TABLE 5 Overview of behavioural strategies

Strategy Example of activity

Collaborative goal setting Joint setting of short- and long-term functional and social goals

Confidence scale Measured using numerical rating scale 0–10. Low confidence in ability to complete
prescribed exercises defined as score of < 793

Implementation intentions Where, when and which exercises will be done

Exercise diary Complete diary at home, physiotherapist to review and monitor progress during contacts

Barriers and facilitators Barriers (hurdles) explored and discussed during contacts

Reproduced with permission from Richmond et al.35 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.
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Chapter 4 Results

Study timeline

The first trial participant was recruited in January 2016 and recruitment continued until July 2017.
Postal follow-up completed in August 2018 and NHS Digital data were received in October 2019.
We made no substantial changes to interventions from pilot to main trial other than minor adaptations
to physiotherapy treatment logs.

Recruiting centres

We recruited participants from 17 breast cancer units across England, from Lancashire to Cornwall.
These ranged from high-volume cancers centres within major teaching hospitals to smaller units
serving more rural localities. All hospitals had access to physiotherapy services. Appendix 1 provides
details of participating hospitals by NHS trust. The trial recruitment graph is displayed in Report
Supplementary Material 1.

Participant flow

Screening
The CONSORT flow diagram (Figure 2) illustrates the overall flow of participants through the study
from screening to the 12-month follow-up. A total of 951 breast cancer patients were screened.
Of these, 761 out of 951 (80%) were eligible for invitation to the study and 662 out of 761 (87% of
those eligible) patients were approached by clinical teams; 99 (13%) were not approached by clinical
staff owing to limited time to recruit. Of those invited, 392 out of 662 (59%) were consented and were
randomised to interventions (392/761; 52% of eligible patients). Table 6 reports screening by hospital
code and by treatment allocation. The mean number of participants randomised per recruiting centre
was 23 (range 7–73). The main reasons for not participating in the study included lack of transport or
car parking issues, having ‘too much going on’ or feeling overwhelmed with cancer treatment.

Recruitment
Our target sample was 350 participants; however, we extended recruitment by 1 month to replace
42 participants who either failed to return their baseline questionnaires or were randomised in error
(Figure 2). Hence, our final randomised sample was 392 participants, 196 allocated to each intervention
group. Of the 392 randomised, eight (2%) participants were randomised in error, as either they were
booked for or they changed their mind to request bilateral breast surgery or immediate breast
reconstruction after being screened as eligible (five from the usual-care group, three from the exercise
group). Two participants from the exercise group withdrew at randomisation because they changed
their mind or they did not want to complete questionnaires: no data were collected for these
participants. Of the 392 randomised, 350 (89%) returned their baseline questionnaire (usual-care
group, n = 175; exercise group, n = 175). The 32 out of 392 (8%) participants who did not return
baseline questionnaires were balanced by treatment group (usual-care group, n = 16; exercise group,
n = 16). Clinical- and patient-related criteria used for eligibility screening are reported in Table 7. Of
those randomised, 44 out of 392 (11%) participants were recruited later in their care pathway because
they were informed of the need for axillary radiotherapy postoperatively (usual-care group, n = 22;
exercise group, n = 22).
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Cancer treatments
We report cancer treatments for 382 out of 392 (97%) randomised participants; we did not collect
treatment data for 10 participants who were withdrawn or randomised in error. Of the 382 participants,
all underwent breast cancer surgery and most had adjuvant chemotherapy and/or radiotherapy over the
duration of the study (Table 8). Treatment pathways were complex, with one-fifth (22%) of participants
readmitted for resection of tumour margins, more invasive surgery or oncoplastic revisions over the

TABLE 6 Screening and randomisation by hospital site

Site code Screened, n (N= 951)

Randomised, n (%)a

Usual-care group (N= 191) Exercise group (N= 191) Total (N= 392)

UHCW 89 36 37 73 (82.0)

DCH 68 19 19 38 (55.9)

OUH 92 18 18 36 (39.1)

HH 89 18 17 35 (39.3)

NCH 57 16 17 33 (57.9)

CRH 97 14 14 28 (28.9)

BCH 58 11 12 23 (39.7)

WMH 72 12 10 22 (30.6)

HCH 53 7 8 15 (28.3)

MKH 23 7 8 15 (65.2)

RCH 35 7 8 15 (42.9)

RSH 45 7 7 14 (31.1)

MDH 16 5 7 12 (75.0)

BTH 93 5 4 9 (9.7)

MPH 10 6 3 9 (90.0)

GEH 11 4 4 8 (72.7)

QAH 43 4 3 7 (16.3)

a Per cent randomised of number screened.

TABLE 7 Clinical and patient-related risk criteria

Eligibility criteriona

Number of participants (%) meeting criterion

Usual-care group (N= 196) Exercise group (N= 196) Total (N= 392)

Randomised, no data collectedb 5 (2.6) 5 (2.6) 10 (2.6)

Randomised, data collected 191 (97.4) 191 (97.4) 382 (97.4)

Planned ANC surgery 117 (59.7) 114 (58.2) 231 (58.9)

Planned radiotherapy to axilla/
supraclavicular nodes

22 (11.2) 22 (11.2) 44 (11.2)

BMI ≥ 30 kg/m2 142 (72.4) 135 (68.9) 277 (70.7)

Existing shoulder problem 32 (16.3) 51 (26.0) 83 (21.2)

a Multiple screening criteria can apply.
b Randomised in error or participant withdrew on day of randomisation.
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follow-up period. Most participants had ANC surgery (322/382; 84%). Five participants had reconstruction
surgery after mastectomy over the course of the 12-month follow-up period (usual-care group, n = 2;
exercise group, n = 3).

Participant characteristics, completed baseline questionnaires (n = 350)
Among the 392 participants randomised, the mean age was 58.1 years (SD 12.1 years, range 28–88 years).
Among the 350 out of 392 (89%) participants who returned baseline questionnaires, the mean age
was similar: 58.2 (SD 11.9) years (see Table 9). For those randomised preoperatively, the median time
from completion of baseline questionnaire to surgery was 5 days [interquartile range (IQR) 1–14 days].
For the later-entry participants, the median time from surgery to completion of baseline questionnaire
was 9 days (IQR 4–33 days). Table 9 presents participant characteristics for those who returned
completed questionnaires (n = 350 used as denominator). Overall, characteristics were well balanced
across treatment groups. The majority of participants were white (321/350; 92%) and two-thirds of
the sample returning questionnaires were either married or co-habiting (251/350; 72%). One-third had

TABLE 8 Cancer treatments delivered over 12 months

Treatmenta

Treatment group, n (%)

Total (N= 392)Usual care (N= 196) Exercise (N= 196)

Randomised, no data collected 5 5 10

Randomised, treatment data collected 191 191 382

Breast surgery

BCS 116 (60.7) 106 (55.5) 222 (58.1)

Mastectomy 73 (38.2) 84 (44.0) 157 (41.1)

None 0 (0.0) 1 (0.5) 1 (0.3)

Missing 2 (1.0) 0 (0.0) 2 (0.5)

Axillary surgery

ANC 162 (84.8) 165 (86.4) 327 (85.6)

SLNB 26 (13.6) 26 (13.6) 52 (13.6)

None 2 (1.0) 0 (0.0) 2 (0.5)

Missing 1 (0.5) 0 (0.0) 1 (0.3)

More than two surgeries 42 (22.0) 40 (20.9) 82 (21.5)

Radiotherapy

Yes 166 (86.9) 151 (79.1) 317 (83.0)

No 14 (7.3) 26 (13.6) 40 (10.4)

Missing 11 (5.8) 14 (7.3) 25 (6.5)

Site of radiotherapyb

Breast 114 (59.7) 94 (49.2) 208 (54.5)

Chest wall 50 (26.2) 57 (29.8) 107 (28.0)

Axilla/supraclavicular nodes 62 (32.5) 51 (26.7) 113 (29.6)

Radiotherapy boost given 60 (31.4) 44 (23.0) 104 (27.2)

Chemotherapy 118 (61.8) 108 (56.5) 226 (59.2)

Chemotherapy and radiotherapy 111 (58.1) 97 (50.8) 208 (54.5)

ANC and axilla/supraclavicular nodes radiotherapy 65 (34.0) 53 (27.7) 118 (30.9)

a Treatments are based on most invasive procedure and adjuvant therapy administered by the 12-month time point.
b Radiotherapy administered to more than one site; hence, multiple response options are possible.
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TABLE 9 Characteristics of 350 participants returning baseline data by treatment allocation

Characteristics Usual-care group (N= 175) Exercise group (N= 175) Total (N= 350)

Age (years), mean (SD) 57.9 (11.7) 58.4 (12.1) 58.2 (11.9)

Age band (years), n (%)

< 50 49 (28.0) 48 (27.4) 97 (27.7)

50–70 98 (56.0) 97 (55.4) 195 (55.7)

> 70 28 (16.0) 30 (17.2) 58 (16.6)

BMI (kg/m2), mean (SD) 29.9 (6.7) 29.9 (7.1) 29.9 (6.9)

Missing 4 (2.3) 1 (0.6) 5 (1.4)

BMI (kg/m2), n (%)

< 25 44 (25.1) 50 (28.6) 94 (26.9)

25–≤ 30 48 (27.4) 42 (24.0) 90 (25.7)

≥ 30 79 (45.1) 82 (46.9) 161 (46.0)

Missing 4 (2.3) 1 (0.6) 5 (1.4)

Marital status, n (%)

Single 18 (10.3) 15 (8.6) 33 (9.4)

Married/co-habiting 127 (72.3) 124 (70.9) 251 (71.7)

Divorced/separated 16 (9.1) 20 (11.4) 36 (10.3)

Widowed 14 (8.0) 14 (8.0) 28 (8.0)

Missing 0 (0.0) 2 (1.1) 2 (0.6)

Education, n (%)

School only 54 (30.9) 58 (33.1) 112 (32.0)

Work qualification 36 (20.6) 35 (20.0) 71 (20.3)

College/university, non-degree 49 (28.0) 43 (24.6) 92 (26.3)

College/university, degree 35 (20.0) 37 (21.1) 72 (20.6)

Missing 1 (0.6) 2 (1.1) 3 (0.9)

Employment status, n (%)

Working full-time 40 (22.9) 45 (25.7) 85 (24.3)

Working part-time 25 (14.3) 25 (14.3) 50 (14.3)

Retired 67 (38.3) 65 (37.1) 132 (37.7)

Housewife, mother/carer 16 (9.1) 6 (3.4) 22 (6.3)

Illness/disability 11 (6.3) 19 (10.9) 30 (8.6)

Self-employed 6 (3.4) 10 (5.7) 16 (4.6)

Other 5 (2.9) 4 (2.3) 9 (2.6)

Missing 5 (2.9) 1 (0.6) 6 (1.7)

Ethnicity, n (%)

White 159 (90.9) 162 (92.6) 321 (91.7)

Indian/Pakistani/Bangladeshi 12 (6.9) 5 (2.9) 17 (4.9)

Other 3 (1.7) 7 (4.0) 10 (2.9)

Missing 1 (0.6) 1 (0.6) 2 (0.6)
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TABLE 9 Characteristics of 350 participants returning baseline data by treatment allocation (continued )

Characteristics Usual-care group (N= 175) Exercise group (N= 175) Total (N= 350)

Comorbidities (type), n (%)

Heart problems 20 (11.4) 32 (18.3) 52 (14.9)

Arthritis 52 (29.7) 45 (25.7) 98 (28.0)

Mental health problems 44 (25.1) 35 (20.0) 79 (22.6)

Diabetes 17 (9.7) 18 (10.3) 35 (10.0)

Back problems 40 (22.9) 40 (22.9) 80 (22.9)

Lung problems 19 (10.9) 16 (9.1) 35 (10.0)

Migraine/headaches 25 (14.3) 20 (11.4) 45 (12.9)

Irritable bowel syndrome 21 (12.0) 24 (13.7) 45 (12.9)

Other gastrointestinal problem 5 (2.9) 7 (4.0) 12 (3.4)

Any other condition 12 (6.9) 9 (5.1) 20 (5.7)

Comorbidities (number), n (%)

None 47 (26.9) 47 (26.9) 94 (26.9)

1 or 2 86 (49.1) 90 (51.4) 176 (50.3)

≥ 3 42 (24.0) 38 (21.7) 80 (22.9)

Missing 0 (0.0) 0 (0.0) 0 (0.0)

Outside walking, days per week

Never or seldom (1–2) 38 (21.7) 46 (26.3) 84 (24.0)

Sometimes (3–4) 51 (29.1) 54 (30.9) 105 (30.0)

Often (5–7) 85 (48.6) 75 (42.9) 160 (45.7)

Missing 1 (0.6) 0 1 (0.3)

Outside walking, hours per day

< 1 45 (25.7) 38 (21.7) 83 (23.7)

1–< 2 53 (30.3) 54 (30.9) 107 (30.6)

2–4 45 (25.7) 48 (27.4) 93 (26.6)

> 4 31 (17.7) 33 (18.9) 64 (18.3)

Missing 1 (0.6) 2 (1.1) 3 (0.9)

Strenuous sport/recreation, days per week

Never 134 (76.6) 132 (75.4) 266 (76.0)

Seldom (1–2) 26 (14.9) 25 (14.3) 51 (14.6)

Sometimes/often (≥ 3) 13 (7.4) 15 (8.6) 28 (8.0)

Missing 2 (1.1) 3 (1.7) 5 (1.4)

Strenuous activity, hours

No strenuous activity 136 (77.7) 135 (77.1) 271 (77.4)

< 1 hour 13 (7.4) 17 (9.7) 30 (8.6)

> 1 hour 26 (14.9) 23 (13.1) 49 (14.0)

Handedness, n (%)

Right-handed 157 (89.7) 168 (96.0) 325 (92.8)

Left-handed 17 (9.7) 6 (3.4) 23 (6.6)

Missing 1 (0.6) 1 (0.6) 2 (0.6)

RESULTS
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TABLE 9 Characteristics of 350 participants returning baseline data by treatment allocation (continued )

Characteristics Usual-care group (N= 175) Exercise group (N= 175) Total (N= 350)

Any shoulder problem, n (%)

Yes 29 (16.6) 45 (25.7) 74 (21.1)

No 120 (68.6) 105 (60.0) 225 (64.3)

Missing 26 (14.8) 25 (14.3) 51 (14.6)

Upper limb function

DASH score, mean (SD) 18.2 (19.8) 19.5 (21.2) 18.8 (20.5)

DASH score, median (IQR) 11.7 (1.7–30.0) 12.5 (2.5–30.8) 12.3 (1.7–30.2)

Missing, n (%) 4 (2.3) 8 (4.6) 12 (3.4)

Neuropathic pain, DN4

No pain, n (%) 95 (54.3) 89 (50.9) 184 (52.6)

≤ 3 non-neuropathic pain, n (%) 57 (32.6) 63 (36.0) 120 (34.3)

> 3 non-neuropathic pain, n (%) 17 (9.7) 16 (9.1) 33 (9.4)

Missing, n (%) 6 (3.4) 7 (4.0) 13 (3.7)

Pain intensity NRS, mean (SD) 1.9 (2.5) 1.9 (2.4) 1.9 (2.4)

Missing, n (%) 6 (3.4) 13 (7.4) 19 (5.4)

FACT-B4, mean (SD) 2.7 (4.0) 3.1 (4.2) 2.9 (4.1)

Missing, n (%) 0 (0.0) 1 (0.6) 1 (0.3)

Lymphoedema, LBCQ, n (%)

Arm feels heavy (yes) 38 (21.7) 43 (24.6) 81 (23.1)

Arm looks swollen (yes) 27 (15.4) 25 (14.3) 52 (14.9)

Not heavy and swollen (neither) 152 (86.9) 148 (84.6) 300 (85.7)

Arm heavy and swollen (both) 20 (11.4) 17 (9.7) 37 (10.6)

Missing 3 (1.7) 10 (5.7) 13 (3.7)

HRQoL

EQ-5D-5L, mean (SD) 0.67 (0.22) 0.68 (0.20) 0.67 (0.2)

Missing, n (%) 18 (10.3) 16 (9.1) 34 (9.7)

SF-12 PCS, mean (SD) 47.6 (11.6) 46.8 (11.6) 47.2 (11.6)

Missing, n (%) 8 (4.6) 7 (4.0) 15 (4.3)

SF-12 MCS, mean (SD) 44.7 (11.7) 46.8 (10.6) 45.8 (11.2)

Missing, n (%) 8 (4.6) 7 (4.0) 15 (4.3)

Confidence

Return to usual activities, mean (SD) 7.5 (2.5) 8.1 (2.3) 7.8 (2.4)

Missing, n (%) 2 (1.1) 0 (0.0) 2 (0.6)

Return to physical activity, mean (SD) 7.5 (2.3) 8.0 (2.3) 7.7 (2.3)

Missing, n (%) 2 (1.1) 0 (0.0) 2 (0.6)

Adapted with permission from Bruce et al.102 This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build
upon this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/
licenses/by/4.0/.
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school-only education (112/350; 32%), although almost half of participants had some college or university
education (164/350; 47%). Most participants were either full- or part-time employed (135/350; 39%)
or were retired (132/350; 38%). Three-quarters of those returning baseline questionnaires had a
BMI of ≥ 25 kg/m2 (277/350; 79%) and thus categorised as being overweight or obese on recruitment.
Approximately one-fifth (74/350; 21%) of participants recruited had a history of or existing shoulder
problems at baseline. Half of responding participants (175/350; 50%) reported one or two other
comorbidities, in addition to their cancer diagnosis on recruitment (see Table 9). Of those reporting
more than one health condition, the most commonly reported conditions were arthritis and mental
health disorders. Nearly half of participants were physically active at baseline, reporting walking outside
for 5–7 days per week (160/350; 46%), although most never took part in any strenuous sports or
recreational activities (266/350; 76%) (see Table 9).

Participant baseline outcome measures

We present a summary of baseline outcome measures in Table 9. All outcome measures were similar
across treatment groups at baseline as expected, owing to randomisation, and there was no difference
in mean DASH score at baseline (mean 18.8; SD 20.5). In relation to the sample size, we anticipated
that our pooled SD for the DASH score would be 19.5 at baseline. Of those returning baseline
questionnaires, completion of the DASH scale was good (338/350; 97%); this equated to 338/392 (86%)
of those randomised (Table 10). Approximately 10% (36/350) women reported some arm heaviness and
swelling, indicative of lymphoedema symptoms on recruitment, possibly as a consequence of preoperative
biopsy or investigative procedures. A similar proportion reported preoperative neuropathic pain in the
area of breast or armpit (33/350; 9%). QoL scores were comparable at baseline, with mental health scores
being slightly lower than physical health scores on recruitment.

TABLE 10 The DASH score completeness for postal responders by treatment allocation

Scale

Number (%) of participants with complete data

At baseline At 6 months At 12 months

Usual-care
group
(N= 175)

Exercise
group
(N= 175)

Usual-care
group
(N= 133)

Exercise
group
(N= 145)

Usual-care
group
(N= 139)

Exercise
group
(N= 135)

DASH

Completeda 171 (97.7) 167 (95.4) 125 (94.0) 134 (92.4) 138 (99.3) 132 (97.8)

Missing ≥ 4 4 (2.3) 8 (4.6) 8 (6.0) 11 (7.6) 1 (0.7) 3 (2.2)

DASH-I

Completed 170 (97.1) 172 (98.3) 125 (94.0) 141 (97.2) 137 (98.6) 133 (98.5)

Missing 5 (2.9) 3 (1.7) 8 (6.0) 4 (2.8) 2 (1.4) 2 (1.5)

DASH-AL

Completed 168 (96.0) 170 (97.1) 122 (91.7) 132 (91.0) 135 (97.1) 130 (96.3)

Missing 7 (4.0) 5 (2.9) 10 (7.5) 13 (9.0) 4 (2.9) 5 (3.7)

DASH-PR

Completed 170 (97.1) 159 (90.9) 124 (93.2) 132 (91.0) 133 (95.7) 126 (93.3)

Missing 5 (2.9) 16 (9.1) 9 (6.8) 13 (9.0) 6 (4.3) 9 (6.7)

AL, activity limitation; I, impairment; PR, participant restriction.
a Valid if 27/30 items completed.

RESULTS
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Outcomes and analyses

Participant follow-up
Postal response return rates were 87% (303/350 at 6 weeks), 79% at 6 months (278/350) and 78% at
12 months (274/350). As a proportion of all randomised participants, this equated to 303/392 (77%),
278/392 (71%) and 274/392 (70%) at 6 weeks, 6 months and 12 months, respectively. Response rates were
similar by treatment allocation, as detailed in the CONSORT diagram (Figure 2). Median time to return
questionnaires was also similar by group. The median time from randomisation to return of the 6-week
questionnaire was 1.8 months (IQR 1.6–2.3 months), with a median of 6.6 months (IQR 6.3–7.2 months)
and 12.5 months (IQR 12.3–13.3 months) for the return of 6- and 12-month questionnaires, respectively.

Withdrawals and loss to follow-up
Withdrawals and loss to follow-up were similar across treatment groups over the duration of the trial
(Figure 2). We were notified of five deaths over the follow-up period (5/392; 1%), two in the usual-care
group and three in the treatment group. Common reasons for withdrawal from the trial were ongoing
cancer treatment burden, cancer recurrence or the fact that participants did not want to complete
questionnaires. There were no differences in the number of participants excluded from analysis because
of withdrawal, death or non-response by treatment group (58/196, usual-care group; 56/196, exercise
group; Figure 2).

Primary outcome: DASH scale completion
We examined completion of the DASH questionnaire at each follow-up time point (Table 10). Of those
returning questionnaires, missingness of four or more items was low across each time point: 3% at
baseline, 7% at 6 months and 2% at 12 months of those returning questionnaires. The questions most
commonly omitted by participants were difficulty with ability to wash or blow dry hair and the question
relating to difficulty with sexual activities. Women reported they had hair loss from chemotherapy around
the 6-month follow-up time point.

Comparison of randomised sample with analysed sample
We report the descriptive characteristics of the randomised sample to those returning data at 12 months
(Table 11). Those who remained in the trial and who returned 12-month data were slightly older than
those who were randomised. There were no differences between groups in terms of marital status, clinical
treatment given over 12 months, BMI or self-reported comorbidity. Mean DASH scores, pain intensity
scores, rates of neuropathic pain, lymphoedema, arm symptoms and HRQoL scores differed between
the randomised sample and those providing 12-month follow-up data, although this is partly explained
by comparing outcomes before and after cancer treatment, thus comparing preoperative data with
post-treatment data.

Primary outcome: upper limb function

For the primary ITT analysis, we found evidence of a difference in upper limb function at 12 months,
with those randomised to the exercise programme having better upper limb function scores than
those in the usual-care group (Table 12). The unadjusted mean difference in DASH scores for usual
care versus exercise was –7.34 (95% CI –12.23 to –2.44; p = 0.003) and the adjusted mean difference
was –7.81 (95% CI –12.44 to –3.17; p = 0.001). Given that the primary outcome data were skewed, we
also examined non-parametric models, with similar findings of an improvement in the exercise group
compared with usual care for both unadjusted (median –4.89, 95% CI –7.84 to –1.58); p = 0.002) and
adjusted models (median –7.87, 95% CI –12.01 to –2.66; p = 0.01).

We also examined recovery trajectory in upper limb function over time (see Table 12). At 6 months, DASH
scores had improved from baseline in the exercise group but declined in those receiving usual care, resulting
in a statistically significant difference in the mean change from baseline to 6 months between groups, for
both unadjusted and adjusted comparisons (adjusted MD 4.60, 95% CI 0.31 to 8.90; p= 0.04) (see Table 12).
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TABLE 11 Baseline demographic characteristics of those randomised (ITT) and sample providing 12-month DASH scale
data (complete case)

Characteristic

Randomised sample
Sample providing 12-month primary
outcome data

Usual-care
group (N= 196)

Exercise group
(N= 196)

Usual-care group
(N= 139)

Exercise group
(N= 135)

Age (years), mean (SD) 57.8 (12.0) 58.4 (12.2) 58.6 (11.2) 59.7 (12.1)

Randomised, with treatment data N= 175 N= 175 N= 139 N= 135

ANC surgery, n (%) 162 (92.5) 165 (94.3) 115 (82.7) 116 (85.9)

Radiotherapy, n (%) 166 (94.9) 151 (86.3) 124 (89.2) 112 (83.0)

BMI (kg/m2), mean (SD) 30.6 (7.2) 29.9 (6.9) 29.7 (6.4) 29.2 (6.4)

Marital status, n (%)

Single 18 (10.3) 15 (8.6) 13 (9.4) 12 (8.9)

Married/co-habiting 127 (72.3) 124 (70.9) 98 (70.5) 91 (67.4)

Divorced/separated 16 (9.1) 20 (11.4) 11 (7.9) 13 (9.6)

Widowed 14 (8.0) 14 (8.0) 11 (7.9) 10 (7.4)

Comorbidity, n (%)

None 47 (26.9) 47 (26.9) 34 (24.5) 35 (25.9)

1 or 2 86 (49.1) 89 (50.9) 66 (47.5) 64 (47.4)

≥ 3 42 (24) 39 (22.2) 33 (23.7) 28 (20.7)

Walking outside, days per week, n (%)

Never/seldom (1–2) 38 (21.7) 46 (26.3) 24 (17.3) 20 (14.8)

Sometimes (3–4) 51 (29.1) 54 (30.9) 36 (25.9) 34 (25.2)

Often (5–7) 85 (48.6) 75 (42.8) 77 (55.4) 81 (60.0)

Strenuous sport/recreation, days per week

Never/seldom (1–2) 160 (91.4) 157 (89.7) 125 (90.0) 113 (83.7)

Sometimes/often (≥ 3) 13 (7.4) 15 (8.6) 13 (9.4) 20 (14.8)

Upper limb function

DASH score, mean (SD) 18.2 (19.8) 19.5 (21.2) 23.7 (22.9) 16.3 (17.6)

DASH score, median (IQR) 11.7 (1.7–30.0) 12.5 (2.5–30.8) 16.3 (4.2–35.3) 9.5 (3.5–23.3)

DN4, n (%)

≤ 3 non-neuropathic pain 57 (32.6) 63 (36.0) 75 (54.0) 82 (60.7)

> 3 neuropathic pain 17 (9.7) 16 (9.1) 32 (23.0) 22 (16.3)

Pain intensity, mean (SD) NRS 1.9 (2.5) 1.9 (2.4) 2.6 (2.4) 1.9 (2.0)

FACT-B4, mean (SD) 2.7 (4.0) 3.1 (4.2) 5.4 (5.2) 3.4 (4.0)

Lymphoedema, n (%)

Arm heavy and swollen 20 (11.4) 17 (9.7) 36 (25.9) 33 (24.4)

HRQoL

EQ-5D-5L, mean (SD) 0.67 (0.22) 0.68 (0.20) 0.63 (0.22) 0.71 (0.21)

SF-12 PCS, mean (SD) 47.6 (11.6) 46.8 (11.6) 43.8 (11.5) 48.1 (10.0)

SF-12 MCS, mean (SD) 44.7 (11.7) 46.8 (10.6) 46.6 (11.2) 48.7 (10.0)

RESULTS
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Primary outcome: complier–average causal effect analysis

Using our compliance definition of at least three physiotherapy contacts, 143 out of 196 participants
(73%) fully complied with the intervention. For the CACE analysis, we found a statistically significant
difference in upper limb function at 12 months by compliance status (adjusted MD –8.74, 95% CI
–13.71 to –3.77; p = < 0.001) (Table 13).

We also carried out multiple imputation as detailed in the statistical analysis plan. Owing to low missingness,
the imputation chained equation procedure was not valid for implementation. We replaced this with
imputation of the total DASH score, where some items were missing, to assess the impact. The results
for multiple imputation were similar to those presented for the CACE (see Table 13).

TABLE 12 The DASH scores by treatment group and time period: ITT analysis

Outcome

Usual care
group
(N= 196)

Exercise
group
(N= 196)

Unadjusted MD
(95% CI) p-value

Adjusted MDa

(95% CI) p-value

Primary outcome: upper limb function at 12 months, ITT analysis

n 138 132 –7.34 (–12.23 to –2.44) 0.001 –7.81 (–12.44 to –3.17) 0.001

Mean (SD) 23.7 (22.9) 16.3 (17.6)

Primary outcome: change in upper limb function, baseline to 12 months, ITT analysis

n 130 117 7.98 (3.03 to 12.92) 0.002 7.81 (3.17 to 12.44) 0.001

Mean (SD) –5.3 (19.7) 2.6 (19.7)

Secondary outcome: upper limb function at 6 months

n 125 134 –2.76 (–7.31 to 1.79) 0.23 –4.60 (–8.90 to –0.30) 0.04

Mean (SD) 20.8 (20.1) 18.0 (17.1)

Secondary outcome: change in upper limb function, baseline to 6 months

n 118 121 5.96 (1.23 to 10.70) 0.01 4.60 (0.31 to 8.90) 0.04

Mean (SD) –5.3 (19.4) 0.7 (17.8)

a Adjusted for age, baseline DASH score, type of breast surgery, axillary surgery, radiotherapy and chemotherapy.
Adapted with permission from Bruce et al.102 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/.

TABLE 13 Comparison of primary outcome by ITT and CACE analysis at 12 months

Analysis MD (95% CI) p-value

ITT

Unadjusted –7.34 (–12.23 to –2.44) 0.001

Adjusted –7.81 (–12.44 to –3.17) 0.001

CACE

Unadjusted –8.35 (–13.84 to –2.85) 0.003

Adjusted –8.74 (–13.71 to –3.77) < 0.001

Adapted with permission from Bruce et al.102 This is an Open Access article distributed in
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/.
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Secondary outcomes

Upper limb function: impairment, activity limitations and participation restriction
We observed a difference in DASH activity limitations at 12 months, with higher activity limitation
scores in the usual-care group relative to the exercise group (adjusted MD –8.04, 95% CI –12.93 to –3.14;
p = 0.001) (Table 14). For those receiving usual care, activity limitations were worse at 12 months than
they were at baseline, indicating greater limitation over time. Similarly, DASH participation restriction and
impairment scores differed between groups at 12 months: participation restrictions (adjusted MD –5.77,
95% CI –10.67 to –0.88; p = 0.02) and impairment increased over time in those randomised to usual care
compared with those randomised to exercise (adjusted MD –7.15, 95% CI –13.19 to –1.11; p = 0.02).
We examined non-parametric models, and this did not change the strength or direction of findings.We
also found differences in activity limitations, but not in impairment or participation restrictions, between
groups at 6 months.

Wound outcomes at 6 weeks
Of those returning postal questionnaires at 6 weeks (303/392; 77%), most participants reported that
their surgical wounds had fully healed (248/303; 82%) (Table 15). One-quarter of participants reported
having a wound infection diagnosed by a doctor or nurse. Level of agreement was high between
doctor/nurse diagnosed and patient-diagnosed SSIs, although as these were self-reported, assessments
were not independent of each other. Overall, 121 women used free-text boxes to describe other
postoperative complications (usual-care group, n = 61; exercise group, n = 60) at the 6-week follow-up.
The most frequently reported complication was wound seroma (64/303; 21%), which was described
as bothersome and often requiring multiple hospital visits for drainage. Of the reported seromas,
there were no differences by treatment group (see Table 15). Nine women described symptoms
indicative of cording syndrome in the axilla at 6 weeks (usual-care group, n = 3; exercise group, n = 6).
Other complications included pain, numbness, wound infection, haematoma or combinations of these.

Postoperative pain outcomes
Among responders at the 6-week follow-up, mean scores for acute postoperative pain intensity in the
area of the breast and armpit while at rest were higher for those randomised to usual care than for
those randomised to the exercise group (adjusted MD –0.58, 95% CI –1.09 to –0.07; p = 0.03) (Table 16).
All models were adjusted for baseline preoperative pain scores. We also observed differences between

TABLE 14 The DASH subscores by treatment group and follow-up

Subdomain

Mean (SD) score

Unadjusted MD
(95% CI) p-value

Adjusteda MD
(95% CI) p-value

Usual-care
group
(N= 196)

Exercise
group
(N= 196)

6 months

DASH-AL 20.0 (20.8) 16.5 (17.8) –3.47 (–8.25 to 1.31) 0.15 –5.21 (–9.78 to –0.63) 0.03

DASH-PR 19.7 (21.4) 16.1 (17.2) –3.60 (–8.37 to 1.16) 0.14 –4.25 (–8.81 to 0.31) 0.07

DASH-I 23.2 (20.3) 20.9 (17.7) –2.24 (–6.83 to 2.36) 0.34 –2.94 (–7.77 to 1.88) 0.23

12 months

DASH-AL 22.6 (23.3) 15.4 (18.2) –7.23 (–12.30 to –2.17) 0.005 –8.04 (–12.93 to –3.14) 0.001

DASH-PR 19.0 (22.4) 14.9 (20.2) –6.08 (–11.28 to –0.88) 0.02 –5.77 (–10.67 to –0.88) 0.02

DASH-I 26.8 (24.5) 19.1 (19.6) –7.65 (–13.00 to –2.33) 0.005 –7.15 (–13.19 to –1.11) 0.02

AL, activity limitation; I, impairment; PR, participant restriction.
a Adjusted for age, baseline DASH subscore, breast surgery, axillary surgery, radiotherapy and chemotherapy. Higher

scores indicate greater disability.
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TABLE 15 Wound-related outcomes for postal responders at the 6-week follow-up

Outcome

Number (%) of participants

Usual-care group (N= 150) Exercise group (N= 153) Total (N= 303)

Wound fully healed 122 (81.3) 126 (82.4) 248 (81.8)

Doctor-diagnosed SSI 40 (26.7) 38 (24.8) 78 (25.7)

Patient-reported SSI 40 (26.7) 39 (25.5) 80 (26.4)

Antibiotics prescribed for SSI 47 (31.3) 40 (26.1) 87 (28.7)

Any other complication
after surgery

58 (38.7) 61 (39.9) 119 (39.3)

Wound seroma 31 (20.7) 33 (21.6) 64 (21.1)

TABLE 16 Pain and lymphoedema outcomes by treatment group for postal responders by follow-up

Outcome
Usual-care
group

Exercise
group

Unadjusted
estimate (95% CI) p-value

Adjusted estimate
(95% CI) p-value

FACT-B4

6 weeks N= 150 N = 153

Mean (SD) score 4.5 (4.4) 4.1 (3.8) –0.37 (–1.32 to 0.56) 0.44 –0.48 (–1.40 to 0.43) 0.30

Missing, n 1 3

6 months N= 133 N = 145

Mean (SD) score 4.7 (4.4) 3.4 (3.4) –1.06 (–1.99 to –0.13) 0.03 –1.11 (–2.01 to –0.21) 0.02

Missing, n 0 0

12 months N= 139 N = 135

Mean (SD) score 5.4 (5.2) 3.4 (4.0) –1.99 (–3.10 to –0.88) 0.001 –2.02 (–3.11 to –0.93) 0.001

Missing, n 1 1

Pain, NRS

6 weeks N= 150 N = 153

Pain at rest, mean
(SD) score

2.2 (2.5) 1.6 (1.9) –0.54 (–1.05 to –0.03) 0.04 –0.58 (–1.09 to –0.07) 0.03

Pain on
movement,
mean (SD) score

2.6 (2.6) 2.1 (2.1) –0.48 (–1.01 to 0.05) 0.07 –0.55 (–1.10 to –0.01) 0.04

Missing, n 0 1

6 months N= 133 N = 145

Mean (SD) score 2.2 (2.3) 2.0 (2.1) –0.20 (–0.72 to 0.32) 0.45 –0.17 (–0.70 to 0.35) 0.52

Missing, n 0 0

12 months N= 139 N = 135

Mean (SD) score 2.6 (2.4) 1.9 (2.0) –0.72 (–1.25 to –0.17) 0.008 –0.68 (–1.23 to –0.12) 0.02

Missing, n 0 1

continued

DOI: 10.3310/JKNZ2003 Health Technology Assessment 2022 Vol. 26 No. 15

Copyright © 2022 Bruce et al. This work was produced by Bruce et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

41



TABLE 16 Pain and lymphoedema outcomes by treatment group for postal responders by follow-up (continued )

Outcome
Usual-care
group

Exercise
group

Unadjusted
estimate (95% CI) p-value

Adjusted estimate
(95% CI) p-value

Pain severity, NRS

6 weeks N= 150 N = 153

None–mild
(score 0–3), n (%)

104 (69.3) 124 (81.1) 1.96 (1.14 to 3.35) 0.01 1.90 (1.02 to 3.52) 0.04

Moderate–severe
(score 4–10), n (%)

46 (30.7) 28 (18.3)

Missing, n 0 1

6 months N= 133 N = 145

None–mild
(score 0–3), n (%)

103 (77.4) 120 (82.8) 1.40 (0.77 to 2.53) 0.27 1.42 (0.72 to 2.84) 0.31

Moderate–severe
(score 4–10), n (%)

30 (22.6) 25 (17.2)

Missing, n 0 0

12 months N= 139 N = 135

None–mild
(score 0–3), n (%)

96 (69.1) 113 (83.7) 2.30 (1.29 to 4.11) 0.005 2.41 (1.24 to 4.70) 0.01

Moderate–severe
(4–10), n (%)

43 (30.9) 22 (16.2)

Missing, n 0 0

Neuropathic pain

6 weeks N= 150 N = 153

Pain free, n (%) 81 (54.0) 89 (58.2)

Non-neuropathic
pain, n (%)

48 (32.0) 38 (24.8) 0.69 (0.34 to 1.43) 0.32 0.73 (0.22 to 2.45) 0.61

Neuropathic pain,
n (%)

21 (14.0) 24 (15.7)

Missing, n 0 2

6 months N= 133 N = 145

Pain free 28 (21.0) 28 (19.3)

Non-neuropathic
pain, n (%)

72 (54.1) 88 (60.7) 1.36 (0.74 to 2.52) 0.32 1.64 (0.63 to 4.23) 0.31

Neuropathic pain,
n (%)

29 (21.8) 26 (17.9)

Missing, n 4 3

12 months N= 139 N = 135

Pain free, n (%) 30 (21.6) 28 (20.7)

Non-neuropathic
pain, n (%)

75 (54.0) 82 (60.7) 1.59 (0.85 to 2.98) 0.15 1.29 (0.45 to 3.69) 0.64

Neuropathic pain,
n (%)

32 (23.2) 22 (16.3)

Missing, n 2 3

Lymphoedema

6 weeks N= 150 N = 153

No heaviness or
swelling, n (%)

129 (86.0) 128 (83.7) 1.11 (0.58 to 2.13) 0.76 1.07 (0.52 to 2.24) 0.85
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treatment groups in movement-evoked postoperative pain scores at 6 weeks, with those in the exercise
group reporting lower pain scores than those in the usual-care group (adjusted MD –0.55, 95% CI
–1.10 to –0.01; p = 0.05). At 6 months, there were no differences in mean pain scores. At 12 months,
mean pain intensity scores were again lower for those randomised to exercise than those randomised to
usual care (adjusted MD –0.71, 95% CI –1.23 to –0.14; p= 0.02). Pain data were negatively skewed; hence,
we examined non-parametric models, with similar findings of differences between treatment groups at
12 months (median NRS 2.0 usual care vs. 1.0 exercise; Mann–Whitney test p = 0.02).

Those randomised to usual care were twice as likely as those in the exercise group to report moderate
to severe pain (NRS ≥ 4) at 6 weeks (adjusted OR 1.90, 95% CI 1.02 to 3.52) and at 12 months
(adjusted OR 2.41, 95% CI 1.24 to 4.70) (see Table 16). There were no differences in the odds of
moderate to severe pain by group at 6 months.

We also observed group differences in arm symptoms, with higher FACT-B4 scores, indicating more
symptoms, in the usual-care group than in the exercise group at 6 months (FACT-B4 adjusted MD
–1.06, 95% CI –1.99 to –0.13; p = 0.02) and 12 months (adjusted MD –1.99, 95% CI –3.10 to –0.88;
p = 0.001). However, despite differences in pain intensity and arm-related symptoms, we found no
difference in rates of neuropathic pain over time (see Table 16). Although at 12 months rates of
neuropathic pain were higher in those randomised to usual care (32/139; 23%) than in those
randomised to exercise (22/135; 16%), this difference was not statistically significant (adjusted OR
1.29, 95% CI 0.45 to 3.69; p = 0.64).

Lymphoedema symptoms
We found no differences in the proportion of women reporting lymphoedema symptoms at baseline,
6 weeks, 6 months or 12 months. Among those responding to postal questionnaires, exercise did
not increase the risk of arm swelling or feelings of arm heaviness over the 12-month follow-up period
(see Table 16).

TABLE 16 Pain and lymphoedema outcomes by treatment group for postal responders by follow-up (continued )

Outcome
Usual-care
group

Exercise
group

Unadjusted
estimate (95% CI) p-value

Adjusted estimate
(95% CI) p-value

Arm heavy and
swollen, n (%)

20 (13.3) 22 (14.4)

Missing, n 1 3

6 months N= 133 N = 145

No heaviness or
swelling, n (%)

101 (75.9) 114 (78.6) 0.80 (0.45 to 1.42) 0.45 0.82 (0.43 to 1.56) 0.55

Arm heavy and
swollen, n (%)

32 (24.1) 29 (20.0)

Missing, n 0 2

12 months N= 139 N = 135

No heaviness or
swelling, n (%)

101 (72.7) 101 (74.8) 0.92 (0.53 to 1.58) 0.76 1.17 (0.62 to 2.23) 0.62

Arm heavy and
swollen, n (%)

36 (25.9) 33 (24.4)

Missing 2 1

Adapted with permission from Bruce et al.102 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/.
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Physical activity
We report descriptive data for physical activity by treatment group and follow-up time point in Table 17.
Of those responding at 6 weeks, 119 out of 150 (79%) usual-care participants reported walking outside
≥ 3 days per week, compared with 132 out of 153 (86%) of those allocated to exercise. At 6 months, the
proportion of responders who reported that they were active, in terms of walking outside regularly, was
slightly lower than at baseline and 6 weeks, (67% of usual-care group responders and 79% and exercise
group responders) (see Table 17). By 12 months, activity rates had increased again, with most participants
walking outside for at least 3 days per week [usual-care, 113/139 (81%), vs. exercise, 115/135 (85%)].
Very few reported taking part in strenuous sport or recreational activity at 6 weeks (14%), although this
proportion increased over time, with one-third of responders reporting taking part in strenuous sports by
12 months (usual care, 30%; exercise, 32%) (Table 18).

TABLE 17 Physical activity by treatment group for postal responders by follow-up

Physical activity

Number (%) of participants

Usual-care group Exercise group

6 weeks

Number of participants 150 153

Days walking per week

Never/seldom (1 or 2) 28 (18.7) 20 (13.1)

Sometimes (3 or 4) 36 (24.0) 36 (23.5)

Often (5–7) 83 (55.3) 96 (62.7)

Missing 3 (2.0) 1 (0.7)

Hours/day walking in past week

< 1 43 (28.7) 55 (35.9)

1–2 54 (36.0) 52 (34.0)

> 2 50 (33.3) 46 (30.1)

Missing 3 (2.0) 0

6 months

Number of participants 133 145

Days walking per week

Never/seldom (1 or 2) 27 (20.3) 20 (13.8)

Sometimes (3 or 4) 33 (24.8) 46 (31.7)

Often (5–7) 68 (51.1) 75 (51.7)

Missing 5 (3.8) 4 (2.8)

Hours/day walking in past week

< 1 27 (20.3) 35 (24.1)

1–2 42 (29.7) 43 (29.7)

> 2 59 (44.4) 64 (44.1)

Missing 5 (3.8) 3 (2.1)
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TABLE 17 Physical activity by treatment group for postal responders by follow-up (continued )

Physical activity

Number (%) of participants

Usual-care group Exercise group

12 months

Number of participants 139 135

Days walking per week

Never/seldom (1 or 2) 24 (17.3) 20 (14.8)

Sometimes (3 or 4) 36 (25.9) 34 (25.2)

Often (5–7) 77 (55.4) 81 (60.0)

Missing 2 (1.4) 0 (0.0)

Hours/day walking in past week

< 1 32 (23.0) 26 (19.3)

1–2 34 (24.5) 40 (29.6)

> 2 72 (51.8) 68 (50.4)

Missing 1 (0.7) 1 (0.7)

TABLE 18 Strenuous activity by treatment group for postal responders by follow-up

Strenuous activity

Number (%) of participants

Usual-care group Exercise group

6 weeks

Number of participants 150 153

How often

Never 126 (84.0) 130 (85.0)

Any 21 (14.0) 22 (14.4)

Missing 3 (2.0) 1 (0.7)

Hours per session

None 126 (84.0) 130 (85.0)

< 2 17 (11.3) 21 (13.7)

≥ 2 4 (2.7) 1 (0.7)

6 months

Number of participants 133 145

How often

Never 96 (72.2) 110 (75.9)

Any 32 (24.1) 31 (21.4)

Missing 5 (3.8) 4 (2.8)

Hours per session

None 101 (75.9) 115 (79.3)

< 2 25 (18.8) 25 (17.2)

≥ 2 7 (5.3) 5 (3.5)
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Confidence in return to usual activity
Confidence scores in ability to return to usual activities and to regular physical activity were
consistently higher among those participants randomised to exercise than those randomised to usual
care, across all time points (Table 19). All models were adjusted for baseline confidence score.

Health-related quality of life over time by intervention

We assessed HRQoL over time by treatment group. Findings for EQ-5D-5L HRQoL outcomes are
presented in Chapter 6. Table 20 presents SF-12 scores and missingness for PCS and MCS scores.
Among participants returning 12-month questionnaires (274/392; 70%), item missingness for the SF-12
was low (17/274; 6%). We found differences in mean physical HRQoL scores at 6 and 12 months, with
higher physical HRQoL scores observed in the exercise group than in the usual-care group (adjusted
MD at 12 months, 4.84; 95% CI 2.06 to 7.63; p < 0.001). In the usual-care group, mean scores for
physical HRQoL were lower at both 6 and 12 months than baseline scores (mean PCS score of 47.6 at
baseline vs. PCS score of 43.2 and 43.8 at 6 and 12 months, respectively). We found no differences in
mental HRQoL scores between groups at 6 or 12 months.

Serious adverse events and adverse events
No SAEs were reported. Six AEs were reported by physiotherapists treating participants in the exercise
group. Of the six events notified to the study team, four [one SSI, one drain fall-out during exercise
necessitating reinsertion in accident and emergency, one late-onset haematoma and some neck pain in
one participant with known cervical spondylosis] did not result in the participant stopping exercising.
Two participants experiencing AEs withdrew from treatment: one with a seroma that caused discomfort
while exercising and one awaiting review for calcific tendinosis who felt that postoperative activity and
exercises aggravated her existing condition.

Sensitivity analyses
Various sensitivity analyses were planned to compare high- and low-volume recruiting centres to
examine the impact on clustering effect and to consider high-volume centres to examine therapist
effect. We also examined differences between date of randomisation and date of surgery by treatment
group. We found that the clustering effect was negligible; therefore, these sensitivity analyses were
discarded. We observed a difference between those sites that returned data in the proportion of

TABLE 18 Strenuous activity by treatment group for postal responders by follow-up (continued )

Strenuous activity

Number (%) of participants

Usual-care group Exercise group

12 months

Number of participants 139 135

How often

Never 96 (69.1) 90 (66.7)

Any 42 (30.2) 43 (31.9)

Missing 1 (0.7) 2 (1.4)

Hours per session

None 100 (71.9) 92 (68.2)

< 2 31 (22.3) 35 (25.9)

≥ 2 8 (5.8) 8 (5.9)

RESULTS
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participants reporting a history of shoulder problems at recruitment. Sensitivity analyses explored the
impact of adjusting the primary analyses for history of shoulder problems; there was no change in the
direction or strength of observed effect of the primary outcome at 12 months (adjusted MD DASH
score –6.79, 95% CI –12.05 to –1.53; p = 0.01). Findings were similar for non-parametric sensitivity
analyses. As the primary analyses adjusted for baseline DASH score, there was a risk of over-adjustment
given the correlation between upper arm function and self-reported shoulder problems.

Process evaluation

Staff trained
Between December 2015 and March 2017, a total of 44 physiotherapists were trained to deliver the
PROSPER intervention. In April 2016, we hosted an intervention training day at WCTU, attended by
14 physiotherapists. We trained the remaining 30 physiotherapists in 15 training sessions delivered at
other venues, most commonly in NHS trust facilities. At least two physiotherapists were trained for

TABLE 19 Confidence in ability to return to activity (NRS 0–10) by treatment group for postal responders by follow-up

Return to activity
Usual-care
group

Exercise
group

Unadjusted estimate
MD (95% CI) p-value

Adjusteda estimate
MD (95% CI) p-value

6 weeks

Number of
participants

150 153

Usual activities,
mean (SD)

8.2 (2.4) 8.8 (1.9) 0.59 (0.10 to 1.07) 0.02 0.32 (–0.16 to 0.81) 0.19

Missing, n 3 0

Regular physical
activity, mean (SD)

7.6 (2.6) 8.5 (1.8) 0.87 (0.34 to 1.41) 0.002 0.67 (0.13 to 1.20) 0.02

Missing, n 1 1

6 months

Number of
participants

133 145

Usual activities,
mean (SD)

7.9 (2.2) 8.6 (1.7) 0.77 (0.27 to 1.26) 0.002 0.68 (0.22 to 1.14) 0.004

Missing, n 18 16

Regular physical
activity, mean (SD)

7.7 (2.2) 8.3 (2.0) 0.62 (0.09 to 1.14) 0.02 0.57 (0.07 to 1.09) 0.03

Missing, n 18 16

12 months

Number of
participants

139 135

Usual activities,
mean (SD)

7.6 (2.6) 8.5 (1.8) 0.87 (0.34 to 1.41) 0.002 0.67 (0.13 to 1.20) 0.02

Missing, n 1 1

Regular physical
activity, mean (SD)

7.4 (2.7) 8.3 (2.1) 0.87 (0.30 to 1.45) 0.003 0.73 (0.17 to 1.30) 0.01

Missing, n 1 1

a Adjusted for age, baseline confidence score, type of breast surgery, type of axillary surgery, radiotherapy
and chemotherapy.
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each of the 17 recruiting sites. Eight refresher training sessions were delivered. None of the participating
physiotherapists routinely treated breast cancer, although all were specialists in musculoskeletal
rehabilitation. Intervention training comprised three core components: (1) an overview of breast cancer
treatments and common complications, and an introduction to PROSPER; (2) details of the exercise
intervention, how to complete assessments and prescribe exercises, behavioural training and management
of postoperative complications; and (3) completion of trial-related paperwork, including safety reporting
and good clinical practice. Each physiotherapist received a detailed intervention manual.103

Quality control assessments
Of the 44 physiotherapists trained, 36 (82%) treated at least one trial participant. QC assessments were
undertaken with 16 out of 17 centres delivering treatment. One physiotherapy department referred
only three participants, who were all treated and discharged before the QC visit was completed.
One physiotherapist received a ‘minor concern’ report during the QC visit and a reassessment visit was
arranged within 3 weeks. These minor concerns were resolved after further therapist training and support.

Uptake and adherence to exercise intervention
Among those randomised to exercise, 181 out of 196 (92%) participants attended at least one
appointment with a PROSPER physiotherapist. Ten participants were randomised to exercise but did
not attend the exercise intervention (10/392; 3%). Of those who did attend, 38 out of 181 (21%)
attended either one or two appointments, thus partially complying with the recommended programme
(Table 21). The remainder (143/181; 79%) attended three or more appointments, thus fully complying
with the recommended exercise programme (see Table 22). This equates to 73% (143/196) of all
participants randomised to exercise (ITT). Although we recommended up to six physiotherapy contacts
over the 12-month follow-up period, four participants (4/196; 2%) exceeded this, having up to eight
(three participants) or nine sessions (one participant). These additional contacts were to support
women with ongoing, protracted, treatment-related problems.

TABLE 20 Health-related quality of life (SF-12) scores by treatment group by follow-up

SF-12 domain
Usual-care
group

Exercise
group

Unadjusted estimate
(95% CI) p-value

Adjusteda estimate
(95% CI) p-value

6 months

Number of
participants

133 145

PCS mean (SD) 43.2 (11.2) 45.9 (9.5) 2.73 (0.21 to 5.25) 0.03 2.73 (0.24 to 5.21) 0.03

MCS mean (SD) 45.9 (11.1) 48.0 (9.8) 2.11 (–0.42 to 4.64) 0.10 2.12 (–0.37 to 4.61) 0.09

Missing, n (%) 5 (3.8) 9 (6.2)

12 months

Number of
participants

139 135

PCS mean (SD) 43.8 (11.5) 48.1 (10.0) 4.30 (1.63 to 6.97) 0.002 4.39 (1.74 to 7.04) < 0.001

MCS mean (SD) 46.6 (11.2) 48.7 (10.0) 2.10 (–0.51 to 4.71) 0.11 1.99 (–0.58 to 4.57) 0.13

Missing, n (%) 7 (5.0) 10 (7.4)

a Adjusted for age, baseline SF-12 score, breast surgery, axillary surgery, radiotherapy and chemotherapy.
Reproduced with permission from Bruce et al.102 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.
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Time from surgery to exercise intervention
Median time from surgery to the first physiotherapist appointment was 9 days (IQR 8–10 days), thus
within the recommended time frame for the programme. Median time from the first to the second
physiotherapy appointments was 21 days (IQR 18–28 days) and median time from the second to third
appointments was 38 days (IQR 19–56 days) (see Table 21).

Type of physiotherapy contact
Physiotherapists had a total of 622 contacts with the 181 participants who attended physiotherapy
(mean 3.7, median 3). The majority of contacts were face to face (603/622; 97%) and the remainder
by telephone (19/622; 3%). We had partially completed physiotherapy treatment logs for contacts with
11 participants from one site (11/181 participants; 6%).

Length of physiotherapy appointments
Physiotherapists spent approximately 1 hour during the first appointment with trial participants, as per
the recommended exercise programme (Table 22). For the second and third face-to-face appointments,
these lasted on average 35 minutes per therapy session (see Table 22). For those participants who
had more than three appointments, the mean appointment duration was very similar to those having
two or three face-to-face contacts (mean 30 minutes).

Exercise progression over time: range of movement
We assessed progression in ROM by comparing exercise difficulty at each physiotherapy session.
We analysed exercises according to movement direction: forward/flexion (clasp hand raise and forward
wall slide exercises), abduction/sideways (morning stretch and sideways wall slide), and abduction
and external rotation exercises/open chest (back broom lift and surrender). We present ROM data
for compliers and partial compliers with the exercise progression in Table 23. We also present ROM
data by movement direction by number of participants across up to six appointments in Figures 3–6.
We calculated work capacity for ROM by calculating the product of total sets and repetitions, as recorded
by physiotherapists at each contact.

TABLE 21 Number of contacts and median duration (weeks) in exercise programme

Contacts with physiotherapist Number (%) of participants (N= 196) Median (IQR)a weeks

Withdrawn at randomisation 5 (2.6) 0

Did not attend 10 (5.1) 0

1 or 2 only 38 (19.4) 4 (3–7)

3 sessions 58 (29.6) 12 (8–15)

≥ 4 sessions 85 (43.4) 15 (12–19)

a Median time from first appointment to second, third or fourth appointment.

TABLE 22 Duration of physiotherapy appointments

Physiotherapy appointment Number of participants attending

Appointment duration (minutes)

Mean (SD) Median (IQR)

First 181 57.5 (13.6) 60 (50–60)

Second 163 37.9 (13.1) 35 (30–45)

Third 143 33.3 (15.2) 30 (25–40)

Fourth 85 30.7 (13.1) 30 (25–40)

Fifth 48 29.1 (9.5) 30 (25–30)

Sixth 19 30.9 (12.7) 30 (25–35)

DOI: 10.3310/JKNZ2003 Health Technology Assessment 2022 Vol. 26 No. 15

Copyright © 2022 Bruce et al. This work was produced by Bruce et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

49



TABLE 23 Progression in ROM exercises by intervention compliance

Movement
direction

Compliers, mean (SD) work capacitya

MD (95% CI) p-value

Partial compliers, mean work (SD)a

MD (95% CI) p-value

First
appointment
(N= 152)

Second
appointment
(N= 150)

Third
appointment
(N= 147)

First
appointment
(N= 32)

Second
appointment
(N= 19)

Flexion 10.1 (4.7) 10.3 (5.4) 10.3 (6.2) 0.17 (–1.45 to 1.14) 0.80 10.2 (2.9) 10.0 (2.8) 0.16 (–1.56 to 1.87) 0.86

Abduction 9.7 (4.6) 10.1 (5.3) 10.3 (6.2) 0.59 (–1.89 to 0.70) 0.37 8.6 (3.4) 8.4 (3.3) 0.17 (–1.80 to 2.15) 0.86

Abduction and
external rotation

9.7 (4.3) 9.8 (4.9) 9.6 (5.6) –0.07 (–1.12 to 1.25) 0.91 9.2 (3.6) 8.9 (2.6) 0.27 (–1.65 to 2.19) 0.78

a Calculated as sets × number of repetitions per set.
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At the first appointment, most participants (approximately 65%) started off at the easiest level for all
ROM exercises for flexion, abduction, and abduction and external rotation movements (Appendix 2).
We observed ROM progression across the second and third appointments: by the third appointment,
fewer than half of participants were still doing ‘easy’ exercises for flexion, abduction, and abduction
with external rotation (27%) (see Figures 3–5). For abduction ROM exercises, participants progressed
to advanced or very advanced ROM movements (Figure 5). We observed a small increase in mean (SD)
work capacity for flexion and abduction exercises, but this was not statistically significant (Table 23).

Progression over time: strength exercises
Strength exercises were prescribed only from 1 month postoperatively, corresponding to the second
physiotherapy appointment. We examined strength progression over time by calculating mean (SD)
work capacity (resistance × repetitions × sets), as presented in Table 24 and Figure 6. We observed an
increase in mean strength over time among exercise compliers for each of the movement directions:
flexion (t-test, p = 0.003), abduction (t-test, p = 0.01) and abduction and external rotation (t-test,
p = 0.004). As strength was prescribed from the second appointment, we had data for one time point
only for partial compliers (n = 19 participants). Although this was a very small sample, the partial
compliers had good baseline strength compared with the full compliers who attended the second
appointment of their programme (Table 24).

Figure 7 is a graphical representation of strength progression by Therabands prescribed across
follow-up appointments. For each of the three movement directions, most participants were started on
either the tan (1.1 kg resistance) or red bands (1.7 kg). By the third appointment, a large proportion of
participants had progressed to the more advanced blue bands (2.6 kg). In the case of those attending
four physiotherapy appointments (85/181; 47%), the blue band was the most commonly prescribed
band across all three movement directions (Figures 6 and 7).

TABLE 24 Mean (SD) work capacity for strength exercises by intervention compliance

Movement direction

Mean (SD) work capacity,a compliers

p-valueb

Mean (SD) work capacity,a

partial compliers

Second
appointment
(N= 152)

Third
appointment
(N= 138)

Fourth
appointment
(N= 81) Second appointment (N= 19)

Flexion 11.1 (14.9) 16.4 (19.1) 18.2 (19.1) 0.003 12.2 (13.1)

Abduction 13.3 (17.9) 16.7 (20.0) 20.0 (21.4) 0.01 12.6 (12.4)

Abduction and
external rotation

13.3 (17.0) 18.7 (20.1) 20.7 (19.7) 0.004 14.7 (15.0)

a Calculated as Theraband resistance × repetitions × sets.
b t-test with assumption of equal variances.
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Self-reported adherence with arm or exercises
Finally, all participants were asked at follow-up whether they had done arm or shoulder exercises in
the previous week (Table 25). Among postal responders, the proportion of participants doing shoulder-
specific exercises was higher in the exercise group than in the usual-care group both at 6 weeks
(exercise group 97% vs. usual-care group 90%) and at 6 months (exercise group 79% vs. usual-care
group 62%), but there was no apparent difference at 12 months (exercise group 75% vs. usual-care
group 72%) (Table 25). At the 6- and 12-month follow-ups, we asked all participants whether or not
they felt that doing arm/shoulder exercises had helped with their recovery. At 6 months, the proportion
responding positively was higher in the exercise group (118/145; 81%) than in the usual-care group
(91/133; 68%) but by the 12-month follow-up the proportions were similar (exercise group 79% vs.
usual-care group 74%) (Table 25).

TABLE 25 Adherence to arm and shoulder exercises among postal responders by treatment group and follow-up period

Question

Number (%) of participants

6 weeks’ follow-up 6 months’ follow-up 12 months’ follow-up

Usual-care
group
(N= 150)

Exercise
group
(N= 153)

Usual-care
group
(N= 133)

Exercise
group
(N= 145)

Usual-care
group
(N= 138)

Exercise
group
(N= 134)

Have you done arm or shoulder exercises in the last week?

Yes, n (%) 135 (90.0) 148 (96.7) 82 (61.7) 114 (78.6) 99 (71.7) 101 (75.4)

No, n (%) 12 (8.0) 5 (3.3) 34 (25.6) 15 (10.3) 38 (27.5) 32 (23.9)

Missing, n (%) 3 (2.0) 0 (0.0) 17 (12.8) 16 (11.0) 1 (0.7) 1 (0.7)

If yes, how often?, n (%)

Every day, n (%) 108 (72.0) 137 (89.5) 50 (37.6) 67 (46.2) 58 (42.0) 44 (32.8)

Every few days, n (%) 23 (15.3) 8 (5.2) 26 (19.5) 39 (26.9) 34 (24.6) 44 (32.8)

Once a week, n (%) 3 (2.0) 2 (1.3) 5 (3.8) 7 (4.8) 7 (5.1) 13 (9.7)

Missing, n (%) 16 (10.7) 6 (3.9) 52 (39.1) 32 (22.1) 39 (28.3) 33 (24.6)

Do you think these arm and shoulder exercises are helping your recovery?, n (%)

Yes, n (%) – – 91 (68.4) 118 (81.4) 102 (73.9) 106 (79.1)

No, n (%) – – 13 (9.8) 6 (4.1) 18 (13.0) 14 (10.4)

Missing, n (%) – – 29 (21.8) 21 (14.5) 18 (13.0) 14 (10.4)

DOI: 10.3310/JKNZ2003 Health Technology Assessment 2022 Vol. 26 No. 15

Copyright © 2022 Bruce et al. This work was produced by Bruce et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

53





Chapter 5 Qualitative study

Introduction

Qualitative research was undertaken in parallel with the trial to inform recruitment processes and the
refinement of intervention materials, and to understand experiences of the trial interventions from the
perspective of both participants and physiotherapists. Qualitative research can be used alongside RCTs
to achieve varying objectives, such as informing recruitment processes, developing interventions that
are acceptable and appropriate to the population of interest (and thus more likely to be taken up) and
understanding the context in which a complex intervention is introduced.104 In this study, qualitative
research was important to refine aspects of the intervention and trial processes, and to understand
the experiences of receiving and delivering the complex intervention.

This chapter reports on the qualitative research we conducted. First, we undertook pre-pilot interviews
with seven newly diagnosed breast cancer patients and two breast care nurses (BCNs) to refine our
procedures to approach and consent newly diagnosed patients. We also received early feedback on
draft information materials before launching the internal pilot study. We then completed interviews
with 10 participants randomised to usual care and 10 randomised to the exercise intervention to
understand experiences of each trial intervention. We aimed to interview a sample of patients who
declined participation in the trial: one patient agreed to interview. Finally, interviews were completed
with 11 physiotherapists to investigate experiences of delivering the intervention. Selected findings
from the qualitative research have been submitted for publication.105

Aims of qualitative study

The aims of the qualitative study were to:

l understand patients’ and BCNs’ perspectives of the trial materials and processes to refine these
materials and processes

l understand the acceptability of the exercise intervention to participants
l explore how the trial interventions affected experiences of recovery after cancer treatment
l investigate the experiences of physiotherapists delivering the exercise intervention
l explore participants’ and physiotherapists’ perspectives on issues related to the PROSPER programme

to inform future plans for implementation.

Methodology

Philosophical framework and methodology
This study was underpinned by critical realism.106 This perspective recognises the existence of multiple
interpretations of a phenomenon while acknowledging that these interpretations are based in a reality.
For example, pain and physical rehabilitation are real phenomena, but the meaning and experience of
these phenomena are mediated by sociocultural factors and vary between individuals. We used a qualitative
approach, enabling exploration, depth and understanding of experiences, thus taking an interpretive ‘sense-
making’ approach rather than a hypothesis-testing or confirmatory approach.We opted for semistructured
interviews and reflexive thematic analysis (see Data analysis).107
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Sampling for qualitative study

Pre-pilot interviews
We used opportunistic sampling at one breast cancer unit (UHCW) before the site was opened to
recruitment to recruit newly diagnosed breast cancer patients. We asked BCNs to identify women
who were potentially eligible to participate in PROSPER. These interviews explored women’s views on
being approached to take part in a study and views regarding draft trial materials. Interviews were
conducted until data saturation was achieved. A dyad interview was held with two specialist BCNs at
this site to explore their experiences of, and perspectives on, approaching participants.

Main trial interviews
On recruitment to the trial, all participants were asked if they were willing to be approached for an
interview at a later date; written, signed consent was recorded. This served as the sampling frame
for all subsequent trial participant interviews. Women in the intervention group were contacted
for interview after discharge from physiotherapy to avoid contamination bias. We had intended to
sample purposively based on participant characteristics (i.e. age, ethnicity, socioeconomic background,
geographical location and employment status); however, qualitative interviews were undertaken after
discharge from physiotherapy. Therefore, we did not wait until the end of intervention delivery to
sample from a large pool of all participants, but rather used convenience sampling, approaching
participants from different sites as they were discharged from physiotherapy.

After the completion and analysis of seven intervention group interviews, we then sought ethics
approval to interview a sample of usual-care participants to compare experiences of recovery.
We wanted to explore whether or not similar themes would emerge across the two intervention
groups to ensure that we had identified and explored the impact of the intervention. We used
theoretical sampling, and sampled usual-care group participants with a date of primary surgery close
to the date of surgery for intervention participants. This was to ensure that participants were similar
in terms of duration since their surgery to more accurately compare experiences of postoperative
recovery by allowing them to reflect over a similar length of time. For the physiotherapist interviews,
we purposively sampled from high- and low-recruiting centres, aiming for 10 interviewees. During the
pilot study only, patients who were eligible to participate but who declined were asked, when appropriate,
if they would be willing to participate in a short interview to discuss reasons for non-participation.

Recruitment and consent procedures

Pre-pilot interviews
Newly diagnosed patients were approached by the BCN team; those who consented to have their
contact details passed to a study researcher were then telephoned to further explain the purpose
of the interview and to arrange an appointment (SR). Written consent for these interviews was
obtained by post.

Main trial interviews
We used the PROSPER study database to identify trial participants who provided consent on
recruitment. The researcher telephoned each participant to explain the purpose of the interview and
ask if they were still interested. An information sheet and separate qualitative study consent form
were then mailed. Interviews were scheduled after receipt of signed consent forms. As the aim was to
explore experiences of postoperative recovery, we ensured that participants were at similar stages of
postoperative follow-up, based on date of primary surgery. Physiotherapists were informed of the
interview study by the study team. Physiotherapists were approached individually by the researcher
via e-mail or telephone, and given an information sheet and consent form.
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Data collection
Interview schedules were developed by the research team, based on the aims of the study and
informed by the relevant literature. All pre-pilot and trial participant interviews were conducted at
the participant’s home or by telephone, decided by mutual agreement between the participant and
researcher. Physiotherapist and BCN interviews were conducted at the place of work. The researcher
took copies of trial materials to prompt discussion. All interviews were audio-recorded, transcribed
verbatim and anonymised. Ethics permission was obtained as per Chapter 2. All interviews were
conducted sensitively by a researcher experienced in interviewing cancer patients (SR), recognising
that cancer patients may be at a heightened level of distress and taking care to avoid causing
additional distress.108

Data analysis
Interview transcripts were checked for accuracy and anonymity and then entered into NVivo 11
(QSR International, Warrington, UK). We used the same approach to analyse each data set (pre-pilot
and main trial) and each data set was analysed independently. The team had initially planned to use
framework analysis, which can be useful when there is a team of researchers conducting analysis
and when findings are being generated to inform policy and practice.109 Ultimately, we opted for a
thematic analysis to enable us to explore topics that were pre-identified (such as acceptability and
issues for wider implementation) but also to develop themes and subthemes based within participants’
responses. We wanted to make central the views of women with breast cancer and their caregivers
(physiotherapists). Reflexive thematic analysis is a form of thematic analysis that emphasises the
researcher’s role in knowledge production and awareness of philosophical and theoretical assumptions
informing decisions made during analysis.107 A thematic analysis was conducted, which involved three
phases.107,110,111 First, initial transcripts were closely coded to identify common themes. This informed
future interviews and also the decision to include usual-care group participants as a comparative
group. On completion of all interviews, transcripts were then coded using themes generated from the
first phase as a flexible guideline, allowing the adaption and addition of new themes according to
the data. Finally, umbrella nodes were printed, allowing analysis to be conducted by hand to identify
connections between nodes and within themes. The research team met regularly to discuss the
evolving analysis and findings (SR/JB/HR/BM).112

For the main trial interviews, we agreed that data saturation was reached after seven interviews with
intervention group participants (final sample, n = 10). After seven interviews, we sought ethics approval
to interview usual-care participants. Our interpretation of ‘saturation’ was that there were enough data
to flesh out each of the identified categories and themes.107 The same analytical approach was used for
the pre-pilot, participant and physiotherapist interviews.

Rigour was assessed using Lincoln and Guba’s113 conceptualisation of trustworthiness. Sophie Rees
collected the data and was immersed in the data during analysis. Sophie Rees reflected on her positionality
throughout analysis. Quotations are provided to illustrate themes.

Overview of interviewees

Pre-pilot interviews
The BCNs approached 11 female patients, who agreed to have their details passed to the researcher.
Two declined at the point of telephone contact, one because of time pressures and one because she
felt too upset. Two other women were uncontactable. One woman who had recently completed breast
cancer treatment approached the research team directly, expressing an interest in being involved.
Seven women were interviewed, all of white British identity (Table 1). Two experienced BCNs from one
breast cancer unit were interviewed to explore their views of the trial protocol, recruitment plan and
draft intervention materials.
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Main trial interviews
The characteristics of trial participants included in the substudy are shown in Table 26. All those
interviewed from the exercise intervention had been discharged from physiotherapy at the time of
their interview. Only one patient who declined to take part in the trial agreed to be interviewed. Dyad
interviews were conducted with physiotherapists; a dyad comprised two physiotherapists working at
the same hospital site. One interview was undertaken with an individual physiotherapist. A total of
six interviews were carried out with 11 physiotherapists. All participants were female and had treated
between 1 and 16 trial participants (mean 6.7, median 5).

Findings

An overview of the qualitative objectives and the key findings are summarised in Table 27.

Pre-pilot interviews

Recruitment

Willingness to be randomised and timing of approach
We recognised that we were approaching vulnerable patients and wanted to ensure that recruitment
and consent procedures were acceptable and appropriate. All women interviewed expressed a
willingness to be randomised when the process was explained to them in the interviews. Most women
felt that the time they were approached about the study was acceptable. One participant who was

TABLE 26 Characteristics of pre-pilot and main trial participants interviewed by researcher

Characteristic Pre-pilot (N= 7)

Main trial treatment allocation

Exercise (N= 10) Usual care (N= 10)

Age, mean (range), years 54 (27–73) 51 (28–69) 60 (44–79)

Age bands (years), n

< 40 1 5 2

40–59 3 3 3

60–69 3 2 3

≥ 70 0 0 2

Months since surgery (range) N/A 7 (3–11) 7 (3–12)

Ethnicity, n

White 7 9 10

Mixed 0 1 0

Treatment,a n

Mastectomy 4 4 3

BCS 3 6 7

ANC 6 10 8

SNLB 2 3 4

Chemotherapy – 9 7

Radiotherapy – 9 10

N/A, not applicable.
a Participants had multiple treatments. Adjuvant data were not recorded from pre-pilot interviewees.
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approached after having been given the news that the cancer had spread to her lymph nodes felt that
this was an unacceptable time to be approached, and had agreed only because she, as a retired nurse,
appreciated the value of research:

In a lot of cases the time that I was approached would perhaps not be a good time, but because
I was receptive to it y’know and have a very good relationship with the breast nurse . . . [but] I was
quite shocked.

Interviewee 6

Eligibility criteria
The BCNs indicated that they would not be keen to use BMI-related criteria as the only criteria to
screen for entry to the trial, as they felt that the criteria were impractical and potentially insensitive
risk factors. They were also unconvinced of its credibility as a risk factor:

I think it’s hard to say ‘You’re bigger so you’re at higher risk’ . . . Weight doesn’t tend to show shoulder
issues I’ve never come across [that].

BCN1

TABLE 27 Overview of qualitative objectives and key findings

Objective Method/timing Participants Key findings

Refine trial materials
and recruitment
processes

Pre-pilot
interviews

Patients (not trial
participants)

BCNs

Acceptable to approach women for
recruitment before surgery, liked
emphasis on getting back to their
everyday lives, changes made to title
of folder to use ‘physiotherapy’ instead of
‘exercise’, patients expressed willingness
to be randomised. BCNs advised on
timing to approach women for invitation
to participate, advised on clinical
pathways

Explore acceptability of
trial interventions

Post-treatment
interviews

Intervention trial
participants

Participants found intervention
acceptable and described characteristics
of the intervention that motivated them
to adhere over time

Explore how
intervention/usual care
shaped experience
of recovery

Post-treatment
interviews;
physiotherapist
interviews

Intervention and control
group trial participants;
PROSPER
physiotherapists

Intervention helped participants regain
a sense of control at a time of high
uncertainty, physiotherapists felt that
they could reassure patients about
postoperative movement, and control
group participants expressed sense of
‘living with’ their upper limb symptoms
rather than being able to improve them

Investigate
physiotherapists’
experiences of
delivering the
intervention

Physiotherapist
interviews

PROSPER
physiotherapists

Longer protected appointment time and
focus on shared decision-making, goals,
etc., made physiotherapists feel that they
were delivering an optimal intervention

Explore perspectives on
future implementation
in NHS

Physiotherapist
interviews

PROSPER
physiotherapists

Identified potential challenges for wider
implementation across NHS, for example
need for longer clinic appointment time,
provision of emotional support for
physiotherapists
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Obstacles and facilitators of recruitment
The BCNs felt comfortable about approaching women about PROSPER, as they were used to talking
to cancer patients in a sensitive manner about taking part in research studies. They did anticipate
problems with recruiting patients who lived further afield, who were elderly or who had young
children, because of time commitments and travel for physiotherapy appointments. Interviewees felt
that it should be made clear to women that they are at risk of experiencing shoulder problems, and
that this would aid recruitment:

When you’re going in for breast surgery you don’t realise . . . maybe they think ‘Oh y’know what’s my
shoulder or my arms got to do with it?’.

Interviewee 3

Women felt that it should be made clear to potential participants that they would have their own
physiotherapist, and that the study was to research postoperative recovery and mobility:

Interviewee 6: Having your own physiotherapist to help you through these exercises for your benefit,
there’s something quite uh I can’t think of the right word, nice isn’t good enough but . . .

Researcher: Mmm, it’s quite appealing?

Interviewee 6: Appealing, yes . . . Physiotherapy definitely is the word you need, the key word.

Although the term ‘exercise’ was not felt to be negative, participants felt that promoting the study
using the terms ‘recovery’ and ‘physiotherapy’ rather than ‘exercise’ might be viewed more positively.
As a result of feedback, we relabelled the patient folder ‘Your Physiotherapy Folder’.

Aids to encourage adherence
The study free telephone number was welcomed by women, but the idea of text message reminders
was considered intrusive and unnecessary:

I get text messages from my dentist, from my GP [general practitioner], from the hospital [. . .] it’s a
little intrusive.

Interviewee 6

The women thought that some patients may find exercise difficult owing to lack of motivation, the
physical effects of treatment and the effort required. However, they felt that the support provided to
women should ease this.

Intervention materials

Information
The PROSPER intervention folder contained information regarding upper limb symptoms. We showed
patients the draft trial materials and women thought that the exercise intervention folder was
straightforward and easy to understand. Women spoke about being given information from the hospital
that had not been translated from ‘medical speak’. These information packs about postoperative recovery
were often described as being of poor quality:

I just basically had a piece of A4 paper folded with just y’know an arm on there and an arrow pointing [. . .]
Interviewee 7

They appreciated the information about scar massage and what strange sensations they might experience.
They felt that surgeons were preoccupied with the cosmetic appearance of surgery and medical
professionals in general focused on clinical outcomes, but women themselves were more concerned
about how surgery would affect their everyday lives. They viewed the trial exercise materials (patient
folder) and the physiotherapy intervention as a positive step towards redressing this balance.
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Appearance of materials
Participants liked the photographs of the exercises and preferred images of a ‘real woman’ to drawn
illustrations. Women who were more interested in sport and exercise thought that some exercises
might be tricky for those less familiar with exercise, but this was not reflected in the interviews with
women who described themselves as less sporty; all felt that a physiotherapist would help explain any
exercises they were unsure about.

Participant exercise diaries:
The exercise diaries were received positively, but women asked that we ensured that physiotherapists
were understanding and sympathetic about the fact that some women would have chemotherapy after
their surgery and would have fatigue:

If you’re feeling absolutely rubbish y’know and you just can’t face doing anything and all you’re doing is
staying in bed then that’s fair enough but as long as they let you know.

Interviewee 7

Key findings from the pre-pilot study
Women wanted clear information that was easy to follow and made sense to them. We renamed
patient materials and opted not to use text reminders for appointments as a result of the interview
findings. Participants expressed a willingness to be randomised and felt that the information and
intervention materials were acceptable and understandable.

Main trial interviews
We aimed to interview a sample of women who chose not to take part in the trial; however, only one
woman agreed to this. In her interview, car parking and treatment burden were cited as reasons for
not agreeing to participate in the trial.

Exercise intervention: acceptability and experiences
We interviewed 10 participants in each trial group and 11 physiotherapists who delivered the intervention.
In this section, we describe the experiences of those taking part in the exercise intervention, considering
trial participants’ and physiotherapists’ perspectives in parallel, supplemented with direct quotations.We
also compare the experiences of participants across both intervention groups.We generated three themes.
Theme 1, ‘healing’, encapsulated the responses women and physiotherapists gave when talking about what
benefits they gained from the intervention, and how it shaped experiences of recovery. Theme 2, ‘being
a “perfect” physiotherapist’, refers to the physiotherapists’ views of delivering the intervention. Theme 3,
‘meeting the needs of breast cancer patients’, describes issues raised about the wider implementation of
the exercise intervention in the NHS setting and the challenges and opportunities that may bring.

Theme 1: healing
Our thematic analysis of the patient–participants’ experiences and perspectives of recovery, and
physiotherapists’ experiences of delivering the exercise intervention, resulted in an overarching
theme of ‘healing’ with subthemes of ‘reassurance’, ‘making progress’, ‘helping myself’ and ‘looking
ahead’. These subthemes focus on patients’ experiences of recovery and how these were shaped
by the intervention.

Reassurance from intervention physiotherapists
In the acute postoperative period, all participants described feeling afraid to move their upper body,
and felt unable to follow the exercises within the Breast Cancer Care information leaflet:33,34

It’s quite tender . . . you don’t feel like you ought to be doing it . . . you feel like it’s too soon . . .
I was aching so much that I just thought ‘I just can’t do this’.

Qualitative respondent (QR)24 (usual-care group participant)
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However, the physiotherapists could reassure women in the intervention group that they were capable
and that it was safe to move and that sensations such as stiffness were normal and not worrying:

The, er, physiotherapist was there to suggest, to help . . . was able to tell you whether you were doing
things right or wrong or how things were going within your body.

QR09 (intervention group participant)

I think it also prevented sort of fear avoidance . . . seeing them at quite an early stage kind of let us
discuss with them what was normal and kind of discussed any fears that they had.

PT03 (physiotherapist)

The physiotherapists felt strongly that this reassurance translated into greater confidence in general
for the patient about her well-being:

Interviewer: What do you think they get out of coming to see you?

PT02 (physiotherapist): Confidence to actually move . . . confidence to look after themselves, that they
can do things.

Some people it completely changed their kind of outlook on what they could achieve you know, um after
the surgery some people came in and were very negative because they couldn’t move their arm and they
had all this other stuff going on and they just wanted to be able to do normal tasks . . . so um it was
really encouraging for me to see like you’d given them a new lease of life or like a new hopefulness about
what they could achieve in the future.

PT08 (physiotherapist)

Making progress: a motivator to adhere
Another major theme was that of ‘making progress’ for those in the exercise programme. This was
related to experiencing the increase in difficulty of the exercises prescribed by the physiotherapist,
and also feeling the improvement in their bodies, for example in terms of how far they could stretch
or reach. For some women, this was a powerful way of reclaiming some sense of autonomy and control
of their body, which had been stripped away by cancer:

You could kind of measure it yourself and assess it yourself because you knew how far you could get your
group up.

QR08 (intervention group participant)

You saw results and sometimes with your cancer . . . you don’t see results until the end ‘til they say ‘You’re
all clear’ you are just going through awful, awful, awful praying and hoping . . . But it is a really positive
thing to think ‘Oh something is getting better’.

QR12 (intervention group participant)

This measurable and tangible progress was identified by both patients and physiotherapists as a motivator
for women to continue with their exercises:

When we would do the exercises and when we would move the kind of categories in the folder that was
given . . . that made me feel good and made me want to kind of continue.

QR13 (intervention group participant)

I think they were all quite happy when they went onto strengthening exercises it meant they were progressing.
PT03 (physiotherapist)

The progression element of the PROSPER programme made it much more fulfilling and rewarding,
particularly in the context of cancer treatment, which does not have a sense of progression.
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Helping myself: a motivator to adhere
During breast cancer treatment, patients reported feeling at the mercy of their health-care team,
having to surrender control of their body while passively receiving treatment.114–116 As one usual-care
group participant said, being a cancer patient is like being ‘a professional waiter, you just sit and
wait, and you just let everyone do what they’re doing’ (QR23). Those interviewed noted that the
exercise intervention gave them something that they could proactively do for themselves. They could
measurably perceive their progress in relation to strength and movement, which may have helped to
restore a sense of bodily autonomy:

I think it was more than the exercise. I think it was because you were doing something, because so much
of um cancer care is being done to you . . . It was just quite nice to have something proactive for you to
do rather than just turn up and have the drugs.

QR12 (intervention group participant)

That was the biggest thing was that they felt that they were doing something for themselves to try and
help their arm with the cancer that we weren’t always doing things to them, they had like the confidence
to do it for themselves.

PT02 (physiotherapist)

Another feature was that women could choose which exercises they felt most confident and happy
doing. The physiotherapists also felt that this patient-centred approach added to the sense of
ownership and control:

It gave them an element of control over the exercises didn’t it and a lot of patients also said to me that it
gave them something to focus on other than feeling helpless.

PT04 (physiotherapist)

Progress was not a major theme in the usual-care group interviews. Apart from a few highly
motivated individuals who spoke about pushing through their pain and even inventing their own
exercises to do, most control participants spoke about ‘living with’ problems and waiting for them
to get better:

If you sit around too long or if you are not, um, doing anything if you are not moving around you will get
stiff, it still gets stiff now but you just have to deal with it.

QR19 (usual-care group participant)

Lifting up now and I can feel the stretching down that left-hand side, but, um, you know I don’t know,
I suppose it’s had trauma . . . they said you know it takes a good 12 months for your tissue to settle down
after surgery.

QR15 (usual-care group participant)

Motivators to stick to the exercises for this group instead included wanting to be a ‘good’ patient and
doing as one was told:

Just the fact that the hospital gave them you and, you know, they know what they’re talking about.
You do it because you’ve been told to.

QR23 (usual-care group participant)

This was in stark contrast to the sense of self-determination and control that those in the exercise
group described. This suggested that the PROSPER exercise intervention encouraged a sense of
empowerment for patients, at a time when they may otherwise feel considerably disempowered.
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Looking ahead
A number of the exercise group participants said that they were still performing the exercises after
finishing the structured programme if they felt tight or sore. They appreciated having gained this
knowledge, which they felt they could continue to use when they experienced any upper limb symptoms:

It’s a nice thing to fall back on when I haven’t and I think ‘Oh this feels a bit tight’ then it’s like ‘Right’ get
your act into gear and then do it and it does straight away it loosens it.

QR12 (age 55, intervention group participant)

Now I’m just doing the massage for lymphoedema and exercises only if I feel the problem . . . For example if,
if I feel the problem to reach the shelf I’m taking [the] band and I might warm it up just do the exercises with
the elastic band exactly for this movement.

QR10 (age 50, intervention group participant)

Participants continued to draw on knowledge gained from the exercise intervention to alleviate any
ongoing problems with tightness and stiffness. Some were continuing their strength training, or planned to:

I still go to the gym and there’s a really nice instructor there and he’s set me a new, um, what do you call
it, programme [for] strengthening.

QR12 (age 55, intervention group participant)

In a couple of months or so, I would like to kind of start using weights so that I can strengthen my groups . . .
It’s kind of like building up the strength that I was building towards whilst I was doing the [PROSPER]
exercises before.

QR13 (age 28, intervention group participant)

The exercise intervention was a starting point for some women to continue with their strength and mobility
training, especially as treatment ended and life began to resume its normal structure and temporality. These
exercise group participants appeared to feel quite confident in managing this in the future. They felt assured
that continuing with such activities would help them, and that they would know how to continue or where
to seek help if they needed it. This was again in contrast to the control group participants, who, as described
above, did not feel that they could do much about their ongoing pain and stiffness.

Theme 2: being a ‘perfect’ physiotherapist
Another major theme identified from physiotherapist interviews was that of being the ‘perfect’
physiotherapist. Physiotherapists reflected on how the trial intervention compared with their usual
practice and implications for providing care:

It’s almost like it made you be the perfect physio and the perfect way you should treat patients but you
don’t always have time to do that.

PT03 (physiotherapist)

We did have extra time for these patients because we were allocated that time so it was nice to be able
to treat them properly . . . That sounds awful but we don’t get the time to do it.

PT09 (physiotherapist)

Physiotherapists felt that they had no time to provide such a high standard of care to routine patients
when some had experienced treating women post breast cancer surgery who struggled with mobility,
pain and psychological issues many years after diagnosis:

We get people coming in about 2 years later and they’ve never touched their scar, they never saw a
physio, they’re stiff, their scar’s horrible, they’ve got awful myofascial trigger points and tightness . . .
I’m like, ‘Has nobody talked to you?’ ‘Nah I just got given a leaflet but nobody told me to massage it
nobody told me it was OK to stretch it’. They still think 2 years down the line they’re going to hurt
themselves if they overstretch so if you get them in at the early stage then it’s just better . . . I had a lady
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who had a mastectomy it was 3 years later she never went back to work, she never went back to any
exercise, she never touched her scar, her mental well-being was like absolutely awful when I first started
seeing her because she just didn’t even know that she could have her life back.

PT01 (physiotherapist)

Physiotherapists connected this to the broader organisation of the NHS, and described the need to
provide preventative care and allocate resources where they are most needed:

I think we work too much reactive in the NHS don’t we and I think a direction to move in is work in
prevention rather than cure.

PT02 (physiotherapist)

Physiotherapists felt that they were providing an important service to participants, and there were specific
characteristics of the exercise intervention that facilitated this, namely having more time and the emphasis
on shared goals and shared decision-making, both of which encouraged adherence to the programme.

Theme 3: delivering physiotherapy after or alongside breast cancer treatment
This theme reports physiotherapists’ views on delivering a new physiotherapist-led exercise programme
for breast cancer patients.

Meeting the needs of breast cancer patients
Adjuvant treatment such as chemotherapy interfered with the patients’ ability to maintain the
exercise programme:

A patient would come in for their first appointment and probably just post surgery and most of them
were quite positive had quite a lot of goals . . . they’d start their chemotherapy and then it was a whole
different ball game because it was just kind of managing their fatigue and we struggled to get people back
in for appointments . . . that was the difficult bit wasn’t, that’s a new experience for me I’ve not really
treated people kind of in the middle of chemotherapy.

PT02 (physiotherapist)

After stopping the exercises when they became unwell, participants reported that it was physically
more difficult to restart the programme, and so it may be helpful for physiotherapists to intervene at
this particular point to encourage and motivate patients to continue.

The physiotherapists felt that it was more difficult to meet breast cancer patients’ emotional support
needs in a curtained cubicle within an open-plan space, where patients potentially felt more vulnerable:

If I was to launch a service based on this intervention I would try and get a private treatment room ’cause
we’re working in curtained cubicles a lot of the time and I felt that didn’t set the tone, I think if you’re
asking someone to take their bra off then and you can feel y’know curtains move with the best will in the
world, not move open necessarily but you have that sense of, ‘Oh it’s just a piece of material between me
and goodness knows who’.

PT10 (physiotherapist)

It was also suggested in two interviews that a woman would be better able to understand the meaning
of losing a breast, and that this was important for being able to engage in the emotional and physical
work of treating the patient:

They would probably connect better with a female and I was surprised how much women wanted to talk
to me about their connection with their breasts so for a lot of them they felt like that was their femininity
or that was um a connection to their womanhood and so I think most guys couldn’t relate to how that
feels so I could get where they were coming from.

PT08 (physiotherapist)
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Physiotherapists’ time, skills, and organisational integration
Although having extra time made the physiotherapists feel that they were providing high-quality care,
some expressed doubts about the practicalities of the implementation of the PROSPER intervention as
part of routine clinical care given current time restrictions on appointments:

I would say giving them the choice of exercise is time-consuming, which you wouldn’t have in real life,
you wouldn’t have the time.

PT09 (physiotherapist)

All the physiotherapists reported providing emotional support to the participants:

I am a person who cries quite easily so I was like, ‘OK I need to keep things under control myself because
I am the professional’.

PT08 (physiotherapist)

Although they felt used to providing some form of emotional support to patients, there were particular
challenges in relation to this patient group owing to the acute context of cancer treatment; for example,
patients were dealing with the fear of dying from breast cancer. This was in contrast to their usual caseload,
which often involved caring for musculoskeletal patients with chronic conditions.

The physiotherapists felt that were they to work routinely with these patients, they would need emotional
support themselves:

If we were permanent members of staff in oncology you would be given some . . . de-briefing or kind of
decompression but we were never offered that . . . both of us have had very close relatives die because
of cancer . . . nobody considered that at all.

PT06 (physiotherapist)

Cording, lymphoedema and seroma were postoperative complications that were unfamiliar to a number
of the physiotherapists until they took part in the trial, and they expressed a need for further training
about breast cancer, its treatments and the specific complications that they might see:

We are MSK [musculoskeletal] physios and we know what a tight shoulder is and we know how to get it
moving, so actually the assessment and the exercises wasn’t so much of a worry, but patients occasionally
asked me a question that maybe I couldn’t answer . . .

PT03 (physiotherapist)

Physiotherapists also felt disconnected from the surgical or oncology teams; this left them unsure about
delivering certain treatments and also unaware of the patients’ adjuvant treatment:

I think it does need to be a multidisciplinary approach and because we’re not involved with them it makes
it a little bit difficult [to know] whether we should or shouldn’t be doing those interventions.

PT03 (physiotherapist)

I sometimes found it difficult to ask about things like chemo, radiotherapy and repeat surgeries because
I almost felt like it was something that I should know . . . I find that, I feel a bit uncomfortable about
that, that I think they come in, and expect, and that’s what I’d want as a health-care professional
I want them to know what’s going on I shouldn’t have to tell you when I am having my chemo or this
is happening.

PT05 (physiotherapist)
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Discussion of qualitative findings
The pre-pilot interviews were valuable in informing the refinement of our trial materials and recruitment
and consent procedures. Women interviewed expressed a willingness to be randomised. On the whole,
they felt that they were approached about research sensitively and at the right time, and the BCNs felt
comfortable approaching patients, although expressed some concerns around using high BMI as a criterion
for entry to the study. Useful findings were that women preferred the photographs of women doing
exercises, suggested that we change the folder title from ‘Your Exercise Folder’ to ‘Your Physiotherapy
Folder’ and indicated that SMS text reminders to do the exercises would have been unwelcomed and
excessive. These findings informed procedures for the main trial.

Both participants and physiotherapists identified a need for the exercise intervention and recognised
the benefits it offered to patients, both physical and psychological. We found from our data from the
main trial interviews that exercise group participants felt that they were benefiting both physically
and mentally. This demonstrated the acceptability of an individual supported exercise intervention
to both patients and physiotherapists. We included all stakeholders in the study, and gained multiple
perspectives on the same issues, allowing us to identify themes that were present across all groups.

As well as improvement in their mobility and strength, patients described physical pleasure from doing
the exercises, which was a further motivator to sustain the exercise programme. Beyond this, patients
and physiotherapists also recognised emotional and psychological benefits. These included providing
cancer patients with the confidence to move and a feeling of control over part of their treatment, and
the fact that they could see tangible progress. This appeared to restore patients’ sense of autonomy
over their bodies, and improved their well-being as they felt less disempowered and hopeless. The
exercise intervention gave them something to focus on and a way of helping themselves throughout
their cancer treatment, an essentially disempowering experience. Uncertainty has been identified as
a feature of the experience of cancer.108,117 Being reassured by a physiotherapist that they were
improving cut through the uncertainty surrounding cancer and its treatment.

Previous research has also shown that being diagnosed with a serious illness such as cancer can cause
an individual to lose trust in their bodily knowledge, as they no longer feel confident that they know
what is happening within their bodies.118–120 Kinesiophobia is associated with lymphoedema and greater
pain intensity.121,122 Physiotherapists could reassure patients that their bodily sensations were normal
and they were safe to push themselves physically in ways that they would otherwise have been unsure
about. Through the physiotherapy they not only felt more cared for, but they also felt more in tune
with their bodies, and they began to trust their bodily knowledge and gain confidence. Their progress
was a joint enterprise between the patient and physiotherapist. The encouragement motivated them
to adhere to the programme. The interview data suggested that the role of the physiotherapist in
affirming this progress and confidence was crucial. Physiotherapists provided invaluable emotional
support, as patients unburdened on them and shared their fears about the future and their bodies. This
echoed existing research findings, which demonstrated that patients may feel increased empowerment
when participating in physical activity during active cancer treatment.96,123 Participants receiving usual
care in our study did not express this sense of empowerment or progress towards improvement.
Participating in a group activity can be a way of forgetting about the illness.124 Our study illustrated
that this can also be true for individual, home-based exercise interventions.

Our interviews with physiotherapists highlighted differences between experiences of treating the trial
participants versus their usual experiences of treating women who are referred at a much later stage,
often when problems have become chronic. These women were referred for therapy after struggling
with mobility and pain, affecting their mental and physical well-being. The experience of managing
referred patients was in contrast to the trial, in which physiotherapists expressed satisfaction in being
able to take preventative action against such future problems for the trial participants. We echo calls
for a more proactive model of health care provision for this patient group;125 we also identified a need
to improve physiotherapists’ confidence in supporting breast cancer patients.
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The interviews highlighted potential issues for the future implementation of the intervention.
The intervention should be delivered in a private walled room, ideally with a specially trained, female
physiotherapist who is well integrated into the multidisciplinary oncology team. The format of materials
provided in the trial were well received and may have helped to motivate patients, but these may
need modification for successful translation into routine NHS care. The patient diary was reported as
a useful prompt to do their exercises, and having photographs of ‘real’ women doing the exercises was
helpful. Longer appointments with physiotherapists, creating shared goals and making shared decisions
about exercises were viewed as the most important ingredients in the successful delivery of the intervention.
Some physiotherapists reported emotional distress owing to the patients’ distress or because of their
own experiences of cancer. Health-care professionals caring for oncology patients should be given the
opportunity of debriefing and emotional support.

Future research should evaluate any wider implementation of PROSPER, to understand the challenges
associated and the resources required to achieve the positive experiences identified in our study.
Research could also further explore obstacles to participating in an individual home-based supported
exercise programme after breast cancer surgery, and particular emphasis could be placed on underserved
groups, such as minority ethnic women.

Strengths and limitations
One major strength was the triangulation of data from multiple groups, which allowed exploration of
different perspectives. However, we accept that those interviewed may be a highly motivated group,
and it is possible we did not capture challenges that less motivated women may have experienced.
We expect our findings to be representative of breast cancer patients willing to participate in research
studies. Our sample was overwhelmingly white, with only one non-white participant. Findings thus may
not reflect the experiences of women from ethnic minority backgrounds. However, our interviewed
sample were, proportionately, similar in ethnic background (5% non-white) compared with all participants
recruited to the trial (8% identified as non-white). Although we aimed to interview a sample of women
who chose not to take part in the trial, only one woman agreed to this, limiting our ability to draw
conclusions. We cannot accurately estimate how many women were offered/invited to an interview to
explore reasons for not taking part in the trial; nevertheless, BCNs reported travel burden, car parking
and ‘feeling overloaded’ as common reasons for decline. The majority of women approached agreed
to take part in the trial and a high proportion expressed a willingness to be interviewed. We used
convenience sampling to approach participants soon after they were discharged from physiotherapy,
which may have resulted in a lack of diversity among participants. Time from randomisation was similar
between the two groups of intervention and usual-care group participants; however, the usual-care
group sample received the BCC leaflet, which was only relevant for first 2 weeks and so they sometimes
found it difficult to recall their experiences of that time.

In conclusion, the exercise intervention was highly acceptable to both trial participants and
physiotherapists and was viewed to benefit both physical and mental health. The findings suggest
that implementation in routine NHS care would be welcomed, although there may be challenges in
implementation related to the time and resources required.
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Chapter 6 Health economics

Overview of health economic analysis

We conducted a within-trial economic evaluation to estimate the cost-effectiveness of the PROSPER
exercise programme compared with usual care after breast cancer surgery. The primary health economic
analysis took the form of a cost–utility analysis, expressed in terms of cost per quality-adjusted life-year
(QALY) gained and incremental net monetary benefit. The analysis adopted the ITT principle. In line
with NICE guidance,126 the analysis was based on an NHS and Personal Social Services (PSS) perspective.
The price year adopted for the analysis was 2015, which was when the trial intervention materials were
developed. The health economic analysis used a 12-month time horizon and consequently no discounting
of costs or outcomes was required. Multiple imputation was used to address missing data. Hierarchical
linear models were used to analyse the single cost and QALY end points, whereas a hierarchical net
benefit regression framework was used to jointly examine costs and consequences. Uncertainty around
cost-effectiveness was characterised through the use of net benefit plots and cost-effectiveness
acceptability curves (CEACs), in addition to multiple sensitivity analyses.

Aim

We aimed to estimate the cost-effectiveness of the PROSPER exercise intervention compared with
usual care.

Methods

Data collection overview
To conduct the economic evaluation, it was necessary to capture information on costs and consequences.
Intervention costs were captured using a combination of methods including case report forms (CRFs),
an adapted Client Service Receipt Inventory (CSRI) at 6 months’ and 12 months’ follow-up, and
intervention delivery data collected by physiotherapists and the trial team. The EQ-5D-5L127 was
completed at baseline and the 6-month and 12-month follow-up. Utility values derived from the
EQ-5D-5L were used to calculate QALYs for the primary analysis. For use in the sensitivity analysis,
we also collected secondary care use data from NHS Digital. Data on inpatient hospital spells and
outpatient attendances over the duration of the trial were sourced from HES data for financial
years 2015–16, 2016–17 and 2017–18.

Costs: identifying resource use and costs
The costs within the analysis were divided into four components:

1. direct intervention costs (e.g. physiotherapy time and patient materials)
2. broader health-care/PSS costs (e.g. attendance at pain clinic)
3. wider costs (e.g. informal care)
4. set-up costs (e.g. intervention training costs).

The primary analysis adopted an NHS and PSS perspective and was concerned with the costs of
delivering the intervention within an NHS setting. Thus, the primary analysis was concerned only with
the direct intervention costs and the broader health-care and PSS costs. Set-up costs and wider costs
were considered within the secondary analysis. This section first outlines the delivery costs and then
set-up and training costs.
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Direct intervention costs
Direct intervention costs were the costs associated with the introduction of the intervention compared
with the usual-care group. All participants received usual care, which involved a 5-minute contact with
a specialist BCN who provided usual-care leaflets (BCC633 and BCC15134). In addition to leaflets, the
intervention group then received a physiotherapist-led exercise programme. Resource use was captured
prospectively alongside the trial and we summarise the collection of resource use components in Table 28.

Broader health-care costs
Health-care resource use was captured primarily through section D of the CRF at 6 and 12 months
(Table 29). Data on health-care use were collected for inpatient care, outpatient care, community
health care, medication and equipment provided. HES data were obtained for 242 patients who had
reached 12 months from randomisation by the end of the 2017–18 financial year, for use in secondary
analysis. The resource use data collected within the CRFs were the primary source of cost data
within the trial. Other wider costs considered within secondary analyses included out-of-pocket costs,
privately purchased equipment and private health-care costs. A further analysis included set-up costs,
which included resource use associated with training physiotherapists.

Outcomes

In line with NICE guidelines,126 QALYs were the primary outcome for the economic evaluation.

Estimating quality-adjusted life-years
We used QALYs within the health economic evaluation, as per national recommendations.126 QALYs
combine quantity and QoL into a single metric. To calculate QALYs, it was necessary to obtain health
state values for trial participants over multiple time points. We used the EQ-5D-5L, a five-dimension
measure of HRQoL recommended by NICE.126,127 There are value sets, also referred to as tariff values,
that allow the calculation of utility values associated with each and every state generated by the
EQ-5D-5L measure.131 At the time of writing, NICE preferred the use of the van Hout et al.132 algorithm;132

hence this value set was used to calculate utility values.

TABLE 28 Resource use: direct intervention costs for usual care and exercise intervention

Resource type Resource use Unit cost source

Usual care

BCC6 leaflet 1 per participant Trial team

BCC151 leaflet 1 per participant Trial team

Nurse time to explain information 5 minutes per participant PSSRU

Exercise intervention

BCC6 leaflet 1 per participant Trial team

BCC151 leaflet 1 per participant Trial team

Nurse time to explain information 5 minutes per participant PSSRU

Patient exercise planner 1 per participant Trial team

Your Exercise manual 1 per participant Trial team

Physiotherapist preparation time Treatment log PSSRU

Physiotherapist appointment (length) Treatment log PSSRU

Equipment CSRI/exercise log NHS Supply chain

Contacts between appointments Treatment log PSSRU

PSSRU, Personal Social Services Research Unit.
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Health states were measured prospectively using the EQ-5D-5L at three time points: baseline, 6 months
and 12 months. Health state values as measured by the EQ-5D-5L were combined with time to calculate
QALYs by calculating the area under the curve using the trapezium rule.133 This method assumes that
the health states reported at each time point were linearly interpolated. Participants who died during
follow-up were given an EQ-5D-5L score of zero at subsequent follow-ups beyond the date of death.

Secondary health economic outcome
The primary clinical outcome was the DASH upper limb disability questionnaire.36 A secondary
analysis used this clinical outcome measure to consider the cost per DASH point associated with the
exercise intervention.

Missing data and multiple imputation

Although resource use/cost component data are presented in their raw form, for the cost-effectiveness
analysis that combined multiple cost components and multiple EQ-5D-5L scores across time points,
multiple imputation was necessary to avoid the pitfalls associated with complete-case analysis with
substantial missing data. Multiple imputation avoids many of the issues encountered with simpler
imputation methods (e.g. last observation carried forward), which have been criticised for underestimating
uncertainty.134 Missing data were assumed to be missing at random. To maximise the use of available data,
multiple imputation was conducted at the component level (e.g. for each health-care cost variable and
EQ-5D-5L) at each time point. Costs and EQ-5D-5L scores were imputed jointly using chained equations
and predictive mean matching; the imputation model included age, ethnicity, marital status, employment
status and recruiting site as co-variates. For 15 participants lacking covariate data, these were dropped
from the multiple imputation analysis. Given that approximately 30–35% of data were missing for each
cost component, a total of 35 imputations were calculated to produce 35 complete data sets. Multiple
imputation procedures were conducted in Stata 16.

TABLE 29 Resource use: broader health-care, wider and intervention set-up resource use

Resource type Questiona Unit cost source

Broader health-care resource use

Inpatient and day hospital care D1 and D2 NHS reference costs128

Outpatient care D3 and D4 NHS reference costs128

Community health care D5 NHS reference costs/PSSRU129

Medication D7 NHS prescription cost analysis

Equipment D8 NHS supply chain130

Other wider resource use

Wider health care D9 Stated within CRF

Employment impacts D10 Income lost stated within CRF

Private health care D6 Stated within CRF

Intervention set-up resource use

Trainers’ time – trained on site Trial team PSSRU129

Trainers’ time – centrally trained Trial team PSSRU129

Trainees’ attendance Time and travel questionnaire PSSRU129

PSSRU, Personal Social Services Research Unit.
a Question number in follow-up questionnaire. Time and travel questionnaires were gathered at training sessions.
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Analyses of resource use, cost and quality-adjusted life-years

Resource use between trial groups was examined using standard statistical methods: descriptively and
using t-tests for continuous variables and chi-squared tests for categorical variables. Regression models
using the multiple imputation data were used to examine the impact of the intervention on the single
cost and QALY end points. The data were hierarchical, that is we expected participants within each site
to be more similar to each other than to individuals in different sites. Consequently, multilevel linear
models that accounted for clustering by including random-effect parameters were used to estimate end
points. Following recommendations, it was necessary to adjust for baseline differences between the
two groups when examining differences in QALYs.126 Consequently, the baseline EQ-5D-5L score was
included within the incremental analysis of QALYs as a covariate.

Estimating cost-effectiveness
To examine cost-effectiveness, it was necessary to jointly assess the incremental costs and incremental
effects. In its most simple form, an incremental cost-effectiveness ratio (ICER) was presented. An ICER
was calculated as follows:

ICER =
difference in cost

difference in QALYs
. (1)

Although ICERs provide a point estimate for cost-effectiveness, by themselves they do not characterise
the uncertainty that may surround them. ICERs are estimated through the analysis of sample data,
which may be subject to large variability, and there are inherent difficulties associated with characterising
uncertainty around ratios, for example when the CI of the ICER overlaps zero and when the effect size
approaches zero. Consequently, the net benefit approach is favoured for assessing the cost-effectiveness
and characterising uncertainty within this analysis.

Net benefit regression framework
The net benefit regression framework was chosen as it has several strengths: (1) it transforms the
cost/QALY data from a ratio into a continuous variable, allowing for easier manipulation while often
normalising the data; (2) by combining costs and outcomes, it can seamlessly account for correlation
between the two end points; (3) it allows easy control for baseline and covariate imbalances;135

(4) it can correct for clustering using a multilevel framework; (5) it effectively deals with uncertainty
around the decision-makers’ willingness to pay (WTP) for the health outcome of interest; (6) it facilitates
the generation of CEACs to present decision uncertainty; and (7) it is relatively straightforward to
implement in Stata using multiple imputation data.

Characterising uncertainty
It is important to present uncertainty in a manner that decision-makers can easily interpret. CEACs are
a graphical representation of the probability that an intervention is cost-effective at different levels of
WTP. NICE recommends that WTP thresholds of £20,000 and £30,000 per QALY are included in the
CEAC when assessing uncertainty.126 For a range of WTP thresholds, including those specified by NICE,
CEACs were created to characterise uncertainty within cost-effectiveness estimates.

Sensitivity analyses
A number of sensitivity analyses were conducted to examine the uncertainty surrounding trial results.
These sensitivity analyses included:

l Complete case analysis. This analysis considered only complete cases.
l Cost per DASH point. Should the intervention group be associated with higher costs than the

usual-care group, then the costs per DASH point were to be estimated.
l Costing from a societal perspective. In this sensitivity analysis, wider societal costs were included

within the cost-effectiveness analysis. This included NHS health costs, private costs and over the
counter (OTC) medication.
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l Incorporating training within the evaluation. Site staff were trained both centrally and at hospital
sites, this analysis used a conservative approach whereby it was assumed each site was trained
separately, with up to two trial staff undertaking training for 4 hours at each hospital site.

l Excluding high-cost cancer health-care use. This analysis limited costs to intervention costs,
community care costs, outpatient physiotherapy, outpatient pain clinics, outpatient complementary
therapies/exercise facilities and analgesics.

l Using HES cost data instead of CSRI data for hospital costs. This sensitivity analysis re-ran the
primary analysis for the 242 participants with 12 months of complete data post randomisation, prior
to the HES cut-off date (31 March 2018) and used HES data for costing hospital costs instead of
CSRI inpatient and outpatient data. As these hospital data are obtained centrally, we assumed that
these data were complete. Inpatient spells during the study and other hospital-based care costs
were estimated by linking hospital episode data with Health Resource Groups, using the Reference
Cost Grouper software136 and then costed using NHS reference costs.128

Results

Resource use: NHS and Personal Social Services resources
Health-care resource use by type and quantity of resource for both trial groups at 6 and 12 months,
along with statistical tests for difference between the two groups, is reported in Tables 30 and 31.

Inpatient resource use
Inpatient resource use was separated into breast cancer-related and non-breast cancer-related stays.
We observed a decrease in resources used between 6 months and 12 months, with the proportion of
inpatient contacts falling in both groups, and mean inpatient days falling from 1.8 to 0.4 for breast
cancer-related inpatient stays, and from 0.3 to 0.2 for non-breast cancer inpatient stays. At 6 months
there was no difference in resource use between the two groups for either breast cancer stays or
non-breast cancer stays. There was no difference in the number reporting breast cancer-related
inpatient stays (p = 0.25) or non-breast cancer-related inpatient stays (p = 0.81) by trial arm, and this
was reflected in costs, with very little difference between the two groups (p = 0.89). At 12 months,
there was no difference in contacts with inpatient services between breast cancer stays (p = 0.15) and
non-breast cancer stays (p = 0.60). When considering mean breast cancer inpatient days, the number of
days per person was lower in the intervention group than in the usual-care group (0.07 vs. 0.72 days,
respectively; p = 0.04). Considering multiple testing and the very few non-zero values, this finding
should be treated with caution. This is reflected in the relatively small and non-significant cost
difference between the two groups at this time point.

Outpatient resource use
Similar to inpatient use, we observed a fall in the number outpatient contacts from 6 to 12 months
(Table 30). The proportion of participants reporting breast cancer outpatient contacts fell in both
groups, with the mean number of breast cancer contacts falling from 18 to 8. However, non-breast
cancer contacts remained relatively steady, with an average of one contact per participant at each
time point. Regarding the proportion of participants having breast cancer contacts, there were no
differences between the two groups at 6 months (p = 0.08) or 12 months (p = 0.89). In terms of the
proportion having non-breast cancer contacts, there were no differences at 6 months (p = 0.37) or
12 months (p = 0.74). There was, however, a statistically significant difference (p = 0.02) in non-breast
cancer contacts at 6 months, with the intervention group having, on average, 1.3 contacts, compared
with 0.6 contacts in the usual-care group. Again, multiple testing should be considered when interpreting
this result. There were no differences at 12 months. In terms of cost, there was no significant differences
between the two groups at either of the two time points for breast cancer and non-breast cancer
outpatient contacts.
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TABLE 30 Inpatient and outpatient resource use

Resource use

Breast cancer related Non-breast cancer related

Total Usual-care group Exercise group p-valuea Total Usual-care group Exercise group p-valuea

Inpatient, 6 months

Any contact: no, n 149 76 73 241 118 123

Any contact: yes, n 125 55 70 0.25 30 14 16 0.81

Mean, days 1.84 1.98 1.71 0.55 0.29 0.34 0.25 0.71

Median, days 0 0 0 N/A 0 0 0 N/A

Mean cost (SD), £ 1453 (2270.74) 1451 (208.88) 1454 (183.51) 0.99 102.88 (529.91) 98.46 (478.76) 107.13 (576.65) 0.89

Inpatient, 12 months

Any contact: no, n 245 121 124 351 117 234

Any contact: yes, n 23 15 8 0.15 42 13 29 0.60

Mean, days 0.40 0.72 0.07 0.037b 0.25 0.22 0.28 0.67

Median, days 0 0 0 N/A 0 0 0 N/A

Mean cost (SD), £ 145.02 (610.36) 209.15 (761.20) 79.43 (393.92) 0.08 118.87 (515.38) 111.94 (420.20) 125.74 (596.61) 0.83
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Resource use

Breast cancer related Non-breast cancer related

Total Usual-care group Exercise group p-valuea Total Usual-care group Exercise group p-valuea

Outpatient, 6 months

Any contact: no, n 16 11 5 196 98 98

Any contact: yes, n 258 120 138 0.08 73 32 41 0.37

Mean, contacts 17.90 18.55 17.90 0.35 0.97 0.62 1.29 0.023c

Median, contacts 17 16 18 N/A 0 0 0 N/A

Mean cost (SD), £ 2669.64 (1821.39) 2567.48 (1882.44) 2765.65 (1763.81) 0.38 145.05 (361.02) 102.53 (288.80) 183.81 (413.39) 0.07

Outpatient, 12 months

Any contact: no, n 64 32 32 176 89 87

Any contact: yes, n 206 105 101 0.89 91 48 43 0.74

Mean, contacts 7.79 8.26 7.30 0.47 1.36 1.12 1.62 0.47

Median, contacts 3 2.5 3 N/A 0 0 0 N/A

Mean cost (SD), £ 855.45 (1285.35) 849.66 (1262.56) 861.19 (1312.70) 0.94 203.61 (798.58) 169.16 (346.70) 240.29 (1091.70) 0.48

N/A, not applicable.
a Test for difference: chi-squared test for categorical variables, t-test for continuous variables.
b Small number of non-zero values.
c Multiple testing issue: non-significant with Bonferroni correction.

D
O
I:
1
0
.3
3
1
0
/JK

N
Z
2
0
0
3

H
ealth

T
ech

n
o
lo
gy

A
ssessm

en
t
2
0
2
2

V
o
l.2

6
N
o
.1

5

C
o
pyrigh

t
©

2
0
2
2
B
ru
ce

et
al.T

h
is

w
o
rk

w
as

pro
d
u
ced

b
y
B
ru
ce

et
al.

u
n
d
er

th
e
term

s
o
f
a
co

m
m
issio

n
in
g
co

n
tract

issu
ed

b
y
th
e
Secretary

o
f
State

fo
r
H
ealth

an
d
So

cial
C
are.T

h
is

is
an

O
pen

A
ccess

pu
b
licatio

n
d
istrib

u
ted

u
n
d
er

th
e
term

s
o
f
th
e
C
reative

C
o
m
m
o
n
s
A
ttrib

u
tio

n
C
C

B
Y
4
.0

licen
ce,w

h
ich

perm
its

u
n
restricted

u
se,d

istrib
u
tio

n
,

repro
d
u
ctio

n
an

d
ad

aptio
n
in

an
y
m
ed

iu
m

an
d
fo
r
an

y
pu

rpo
se

pro
vid

ed
th
at

it
is
pro

perly
attrib

u
ted

.See:
h
ttps://creativeco

m
m
o
n
s.o

rg/licen
ses/b

y/4
.0
/.Fo

r
attrib

u
tio

n
th
e

title,o
rigin

al
au

th
o
r(s),th

e
pu

b
licatio

n
so
u
rce

–
N
IH

R
Jo
u
rn
als

Lib
rary,an

d
th
e
D
O
I
o
f
th
e
pu

b
licatio

n
m
u
st

b
e
cited

.

7
5



TABLE 31 Community, social, medication and other wider health-care resource use

Resource use Total Usual-care group Exercise group p-valuea

Community and social care, 6 months

Any contact: no, n 52 24 28 0.07

Any contact: yes, n 218 105 113

Mean, contacts 5.61 6.49 4.81 0.08

Median, contacts 3 3 2 N/A

Mean cost (SD), £ 305.15 (436.96) 345.12 (473.34) 267.61 (397.94) 0.16

Community and social care, 12 months

Any contact: no, n 75 34 41 0.27

Any contact: yes, n 193 102 91

Mean, contacts 3.02 3.05 2.99 0.92

Median, contacts 1 2 1 N/A

Mean cost (SD), £ 162.10 (232.66) 163.25 (202.51) 160.97 (259.54) 0.94

Special equipment resource use, 6 months

Any use: no, n 150 70 80 0.69

Any use: yes, n 114 56 58

Mean cost (SD), NHS, £ 26.12 (48.95) 25.64 (50.00) 26.56 (48.16) 0.88

Mean cost (SD), private, £ 48.29 (334.65) 32.13 (142.14) 63.04 (442.77) 0.46

Special equipment resource use, 12 months

Any use: no, n 157 76 81 0.29

Any use: yes, n 109 60 49

Mean cost (SD), NHS, £ 18.29 (41.87) 17.87 (41.90) 18.72 (42.00) 0.87

Mean cost (SD), private, £ 49.59 (337.88) 75.81 (524.81) 22.36 (68.03) 0.25

Private treatment resource use, 6 months

Any use: no, n 242 113 129 0.38

Any use: yes, n 25 14 11

Mean cost (SD), £ 29.40 (191.92) 27.56 (170.75) 30.49 (203.87) 0.90

Private treatment resource use, 12 months

Any use: no, n 231 113 118 0.54

Any use: yes, n 31 17 14

Mean cost (SD), £ 36.00 (203.94) 44.57 (241.60) 28.36 (163.69) 0.52

Medication resource use, 6 months

NHS mean cost (SD), £ 1886.29 (6384.83) 1874.38 (5819.52) 1897.40 (6889.87) 0.97

OTC mean cost (SD), £ 12.20 (44.20) 13.04 (36.89) 11.42 (50.17) 0.76

Medication resource use, 12 months

NHS mean cost (SD), £ 1504.86 (5547.08) 1991.46 (6584.38) 1018.25 (4236.03) 0.15

OTC mean cost (SD), £ 14.18 (72.34) 12.11 (47.29) 16.24 (90.90) 0.65
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Community care resource use
Regarding use of community care resources, the proportion reporting contacts fell over the 6–12 months
time period (Table 31). Likewise, the mean number of contacts fell from six to three over this time period.
However, there were no between-group differences in the proportion of community care contacts at
6 months (p = 0.07) or 12 months (p = 0.27). Likewise, there were no between-group differences in
number of community contacts at 6 (p = 0.08) or 12 months (p = 0.92). There were no differences in
cost between the two groups at either time point (p = 0.16 and p = 0.94).

Special equipment resource use: NHS/Personal Social Services provided
There was no difference in the number of individuals receiving specialist equipment/accessories (Table 31).
When focusing on equipment provided by the NHS and PSS, there were no difference in terms of cost
of equipment between the two groups, with there being, on average, less than a £1 cost difference to
the NHS between the two groups at both time points.

Medication resource use: NHS provided
Given the severity and burden of illness of trial participants, it is unsurprising to find high levels of cost
associated with medication use per participant (Table 31). Focusing on NHS medication, as opposed to
OTC, high mean costs were observed at both 6 months and 12 months. At 6 months, there were negligible
cost differences between the intervention group and the usual-care group (p = 0.97). At 12 months,
although there was a large cost difference (≈£900) between the two groups, this was not statistically
significant (p = 0.15). This discrepancy appeared to be due to a small number of participants within the
usual-care group receiving high-cost cancer drugs.

Direct intervention resource use
The direct costs related to the intervention were based on physiotherapy logs for participants who had
attended physiotherapy. Participants had a mean of four contacts with physiotherapist and the mean
length of appointment was approximately 40 minutes. The addition of physiotherapy administrative time
added 8 minutes to this consultation (Table 32). There were a number of other small intervention-related
costs, including an exercise manual and planner given to each intervention participant. Therabands were
also given after 1 month postoperatively. All participants received cancer rehabilitation leaflets during a
short preoperative session with a breast cancer nurse (Tables 32 and 33). Compared with other health-
care costs, these costs were relatively minor, with total intervention costs coming to just over £100 per
intervention participant.

TABLE 31 Community, social, medication and other wider health-care resource use (continued )

Resource use Total Usual-care group Exercise group p-valuea

Other wider costs, 6 months

Any use: no, n 126 57 69 0.44

Any use: yes, n 136 68 68

Mean wider cost (SD), £ 129.92 (443.11) 126.87 (285.13) 132.61 (443.11) 0.91

Other wider costs, 12 months

Any use: no, n 169 86 83 0.79

Any use: yes, n 95 50 45

Mean wider cost (SD), £ 84.48 (450.42) 57.04 (232.47) 112.39 (595.32) 0.34

N/A, not applicable.
a Test for difference: chi-squared test for categorical variables, t-test for continuous variables.
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Other resource use: non-NHS/non-Personal Social Services

Resource use: special equipment – privately obtained
There were some private costs associated with purchasing specialist equipment (Table 31). Across the
trial population, these remained relatively constant at the 6- and 12-month time points. There were no
statistically significant differences between treatment groups in terms of private costs at the 6- or
12-month time point.

Resource use: medication – over the counter
Compared with NHS provided medication, the costs associated with OTC medications were relatively
minor, accounting for only £12 per person at 6 months and £14 per person at 12 months (Table 31).
There was no difference in OTC medication costs at 6 months or 12 months between the two trial groups.

TABLE 32 Intervention resource use: physiotherapy appointments

Physiotherapy resource use Costs

Physiotherapy participant contacts

Mean (SD) 3.83 (1.59)

Minimum, maximum 1.00, 9.00

Appointment duration, minutes

Mean (SD) 39.86 (17.24)

Minimum, maximum 0.00, 120.00

Appointment duration including admin, minutes

Mean (SD) 48.20 (18.88)

Minimum, maximum 0.00, 120.00

Physiotherapy appointment costs

Mean (SD) cost, £ 102.56 (44.37)

95% CI 95.88 to 109.24

TABLE 33 Other intervention costs

Intervention Quantity Unit cost (£) Cost (£)

All participants

BCC6 leaflet 13 pages 0.15 1.95

BCC151 leaflet 32 pages 0.15 4.80

Nurse time, minutes 5 per participant 52 4.33

Additional cost to all participants 11.08

Exercise intervention only

Participant manual 1 manual 4.40 4.40

Additional sheets 7 pages 0.15 1.05

Physiotherapist manual 100 pages 0.15 15.00

Physiotherapist manual folder 1 1.00 1.00

Therabands 600m 960.98 5.03

Additional cost to intervention participants only 26.48
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Resource use: private treatment
Only a small number of participants reported using private treatment (Table 31). Costs per participant
across both groups were relatively low (£29 at 6 months and £36 at 12 months), with no differences
between trial groups.

Resource use: other wider costs
From 6 to 12 months, other wider costs fell across both trial groups (Table 31). There was no difference in
the proportion of participants in each trial group reporting wider costs at 6 months (p= 0.44) or 12 months
(p = 0.79). Likewise, there were no differences in the costs reported at each of the time points (p = 0.91
and p = 0.34, respectively).

Resource use: impact on employment
Reported impacts on employment are presented in Table 34. Across both groups, there was an increase
in the number and proportion of participants able to work at 12 months compared with 6 months,
although this was not a statistically significant difference. There were no differences between groups in
terms of the numbers who reported taking time off work, the number of days of work missed or lost
income as a result of missing work.

Health-care cost components

Direct intervention costs
The mean cost of physiotherapy appointments for those in the intervention group was £103 (Table 32).
Both trial groups received information leaflets; however, these contributed very little to cost. For the
intervention group, there were other small costs, such as a personalised exercise planner and manual,
manuals for the physiotherapist (Table 33) and Therabands; these costs were again relatively small
(£26). The total direct incremental cost associated with the intervention compared with the usual-care
group was £129.

Inpatient costs
In both trial groups, the costs associated with inpatient breast cancer care were significant (Table 35).
Total breast cancer-related inpatient costs per person were slightly (£69) higher in the usual-care
group than in the exercise group, but the difference was not statistically significant (p = 0.84).
Non-breast cancer-related inpatient costs were slightly (£49) higher in the exercise group than in
the usual-care group but, again, the difference was not statistically significant (p = 0.59).

Outpatient costs
The total costs associated with breast cancer-related outpatient care was over £3600 per person in
both groups (Table 35). This dwarfed the costs associated with non-breast cancer-related outpatient
visits. There was minimal difference between the two groups in terms of total cost (£20). By comparison,
non-breast cancer outpatient contacts were relatively low in both the usual-care (£239) and exercise
(£455) groups. Although the cost per person for non-breast cancer contacts was £217 higher in the
exercise group than in the usual-care group, the difference was not statistically significant.

Community care costs
The total community care costs were relatively small compared with the outpatient care costs, with the
average participant costing £531 in the usual-care group and £460 in the intervention group (Table 35).
Again, there were no significant differences between the two groups in terms of the cost of community
care accrued (p = 0.38).

Medication
Medication was the second biggest driver of cost (Table 35). The costs associated with medication were
high in both groups (≈£3000 per person). Although the cost per person of medication was £335 lower
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in the exercise group than in the usual-care group, the difference was not significant because in
both groups costs varied considerably between individuals (p = 0.79). The costs of OTC medication
were minimal compared with those of prescribed medication and were almost identical, at only
£27 per person in both groups (p = 0.99).

Equipment
There were few reported costs related to specialist equipment provided by the NHS (Table 35). There was
very little difference between the two groups in terms of NHS equipment costs. The intervention group
reported slightly lower (–£29) privately purchased equipment costs than the usual-care group (p = 0.7).

TABLE 34 Employment-related outcomes

Outcome Total Usual-care group Exercise group p-valuea

Able to work

6 months

No 187 92 95 0.51

Yes 81 36 45

12 months

No 153 78 75 0.95

Yes 111 57 54

Time off work

6 months

No 108 53 55 0.73

Yes 107 50 57

12 months

No 156 78 78 0.48

Yes 69 38 31

Number of days off work

6 months

Mean (SD) 20.41 (45.87) 20.53 (45.07) 20.30 (46.94) 0.98

95% CI 13.01 to 27.81 10.09 to 30.97 9.58 to 31.03

12 months

Mean (SD) 7.79 (28.97) 5.69 (24.42) 9.86 (32.86) 0.33

95% CI 3.63 to 11.95 0.69 to 10.69 3.17 to 16.56

Lost income (£)

6 months

Mean (SD) 1522.29 (4430.92) 1647.58 (5474.56) 1395.56 (3061.21) 0.71

95% CI 861.21 to 2183.37 487.63 to 2807.53 743.13 to 2048.00

12 months

Mean (SD) 1176.84 (4294.67) 1343.17 (5146.94) 1003.65 (3192.93) 0.58

95% CI 574.94 to 1778.73 327.10 to 2359.24 360.13 to 1647.17

a Test for difference: chi-squared test for categorical variables, t-test for continuous variables.
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TABLE 35 Total costs: inpatient, outpatient, community care, medication and other costs

Costs Mean (SD), £ 95% CI Mean difference p-valuea

Inpatient

Breast cancer related

Usual care 1707.20 (2748.50) 1201.71 to 2212.68 –69.06 0.84

Exercise 1638.14 (2345.37) 1210.54 to 2065.73

Non-breast cancer related

Usual care 149.46 (433.81) 68.60 to 230.31 48.98 0.59

Exercise 198.44 (852.21) 38.14 to 358.74

Outpatient

Breast cancer related

Usual care 3637.72 (2494.08) 3150.28 to 4125.16 –20.29 0.95

Exercise 3617.43 (2606.48) 3115.46 to 4119.41

Non-breast cancer related

Usual care 239.24 (466.88) 151.01 to 327.46 216.69 0.088

Exercise 455.93 (1239.94) 221.61 to 690.24

Community care

Usual care 530.56 (584.26) 417.50 to 643.63 –70.44 0.38

Exercise 460.12 (583.61) 347.73 to 572.52

Medication

Usual care 3211.05 (9508.71) 1527.71 to 4894.90 –334.68 0.79

Exercise 2876.37 (10 to 278.99) 1092.68 to 4660.06

OTC medication

Usual care 26.88 (65.34) 15.31 to 38.44 0.27 0.99

Exercise 27.14 (140.77) 2.71 to 51.57

NHS equipment

Usual care 45.62 (80.64) 30.52 to 60.72 3.16 0.77

Exercise 48.78 (80.23) 33.90 to 63.67

Wider equipment costs

Usual care 121.78 (601.79) 9.10 to 234.46 –28.9 0.70

Exercise 92.89 (530.82) –5.61 to 191.38

Private care

Usual care 44.57 (241.60) 1.80 to 87.34 –12.53 0.519

Exercise 28.36 (163.69) 1.01 to 55.71

Other wider costs

Usual care 147.44 (320.27) 81.48 to 213.40 114.29 0.23

Exercise 261.73 (865.30) 85.46 to 438.00

Lost income

Usual care 3408.41 (11,867.76) 557.46 to 6259.35

Exercise 2362.28 (5319.57) 999.87 to 3724.68 1046.13 0.26

a t-test.
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Other non-NHS/non-Personal Social Services costs
Private health care costs are shown in (Table 35). The cost of private health care was slightly lower (–£13)
in the exercise group than in the usual-care group but the difference was not statistically significant.
Wider costs were higher in the exercise group than in the usual-care group (+£114), but once more the
difference was not statistically significant (p = 0.23). Both groups reported significant loss of income as
a result of time off work, although lost income per person was over £1000 lower in the exercise group
than in the usual-care group. However, there was high missingness for this self-report variable and,
given the large variability in this variable, the difference was not statistically significant (p = 0.26).

Utility values by time point

Health utility at each time point is reported in Table 36 and Figure 8. At baseline, there was a very
slight imbalance between the two groups, with the usual-care group having a mean utility score of
0.666 and the exercise group a score of 0.683. The period from baseline to 6 months was associated
with a small decrease in health utility in both groups, with the mean utility score falling to 0.648 in the
usual-care group and to 0.673 in the exercise group. Between 6 months and 12 months the utility
scores diverged, with that in the exercise group increasing to 0.705 while, in contrast, the score in the

TABLE 36 EQ-5D-5L utility score by treatment group over time

Time point

EQ-5D-5L utility score

Usual-care group Exercise group

Mean 95% CI SE Mean 95% CI SE

Imputed data (multiple imputation)

Baseline 0.665 0.630 to 0.700 0.018 0.685 0.651 to 0.719 0.017

6 months 0.636 0.598 to 0.674 0.019 0.673 0.644 to 0.701 0.014

12 months 0.626 0.592 to 0.660 0.017 0.693 0.658 to 0.728 0.018

Complete cases

Baseline 0.666 0.633 to 0.699 0.018 0.683 0.651 to 0.719 0.015

6 months 0.648 0.611 to 0.685 0.019 0.673 0.643 to 0.702 0.015

12 months 0.633 0.597 to 0.669 0.018 0.705 0.670 to 0.741 0.018

SE, standard error.
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FIGURE 8 The EQ-5D-5L profile by group (multiple imputation data).
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usual-care group fell to 0.633. Thus, by 12 months, utility scores had improved compared with baseline
in the exercise group, but in the usual-care group were worse than at baseline. The utility scores that
use the multiple imputation data show a very similar picture. Imputed utility scores at all time points
are nearly identical to the complete case data; however, uncertainty surrounding those estimates is
reduced, as is reflected in the slightly narrower CIs.

Analysis of costs

Table 37 presents the incremental costs associated with intervention resulting from the multilevel
regression of NHS and PSS costs. There was an incremental cost difference of –£387 (95% CI –£2491
to £1718) in favour of the exercise group. This represents a cost saving. However, the wide CI shows
that there is a high degree of uncertainty surrounding this estimate. The cost difference using the
complete-case analysis also shows exercise to be cheaper than usual care; however, the difference is
slightly smaller (–£258.56). Reflecting the large numbers of missing data in the complete-case analysis,
the uncertainty (95% CI –£3609 to £3092) surrounding this estimate is much greater than in the
multiple imputation data set.

Analysis of quality-adjusted life-years

The analysis of QALYs is shown in Table 38. Using the multiple imputation data and controlling for
baseline imbalance, the intervention group accrued 0.029 (95% CI 0.001 to 0.056) more QALYs than
the usual-care group. This is a statistically significant increase (p = 0.04). The results of the complete-
case analysis reflect the multiple imputation results, with the intervention group accruing 0.030 QALYs
(95% CI 0.002 to 0.059), a statistically significant difference (p = 0.04).

TABLE 37 Incremental analysis of cost

Analysis MD SE t-value p-value 95% CI

Imputed data

Intervention –386.78 1073.48 –0.36 0.72 –2491.18 to 1717.62

Complete case (n = 158)

Intervention –258.56 1696.19 –0.15 0.88 –3609.01 to 3091.90

SE, standard error.

TABLE 38 Incremental analysis of QALYs adjusted for baseline utility

Analysis MD SE t-value p-value 95% CI

Imputed data

Intervention 0.029 0.014 2.050 0.041a 0.001 to 0.056

Complete case (n = 233)

Intervention 0.030 0.014 2.110 0.035a 0.002 to 0.059

SE, standard error.
a Significant at the 5% significance level.
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Cost-effectiveness analysis

To examine cost-effectiveness, incremental costs and QALYs were analysed simultaneously. From the
analysis of costs and QALYs it is evident that exercise dominated usual care. The results combining
costs and QALYs within a net benefit framework are shown in Figures 9 and 10. As seen in Figure 9, net
benefit was positive at all levels of WTP including zero; this reflects the domination of exercise over usual
care. That is, even if we are not willing to pay any money for health gains, the intervention group still
provides a greater net benefit to society because of the lower health-related costs. As can be seen
by the lower 95% CI for net benefit being below zero, there is uncertainty surrounding the results. This
aligns with the previous finding of a high degree of uncertainty surrounding the incremental cost estimate.

To examine the levels of uncertainty around the results, a CEAC (presented in Figure 10) was created.
This shows the probability that the intervention is cost-effective at different levels of WTP for QALYs.
Even at a WTP of £0 there is still a 61% chance that exercise is more cost-effective than usual care.
The CEAC is upwards-sloping because of the positive coefficient associated with incremental QALYs
in the intervention group. That is, as the WTP for health benefits increases, so does the probability that
the intervention is cost-effective. At the NICE-specified WTP threshold values of £20,000 per QALY and
£30,000 per QALY, there is, respectively, a 78% and 84% probability that exercise is more cost-effective
than usual care. Given that EQ-5D-5L utility scores were diverging at the final time point it is reasonable
to conclude that this probability would increase if the time horizon were extended beyond the trial,
as the exercise group would continue to accrue more QALYs than the usual-care group.
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Secondary analyses

Secondary analysis 1: complete-case analysis
Secondary analysis 1 considered the cost-effectiveness results using the complete-case data. The results
are shown in Appendix 3 in the form of a net benefit chart (Figure 11) and a CEAC (Figure 12). Again, the
complete-case analysis provided supporting evidence for cost-effectiveness, with there being a 65%
chance exercise is the more cost-effective option at a WTP of £20,000 per QALY, rising to 68% at a WTP
of £30,000 per QALY.

Secondary analysis 2: cost per DASH point
As reported in Chapter 4 and in Table 12, the exercise intervention was associated with improved DASH
scores and lower costs. Given this, exercise dominated usual care and so calculating a cost per DASH
point was deemed unnecessary because of the problems associated with interpreting a negative ICER.

Secondary analysis 3: including societal costs
Secondary analysis 3 considered the impact of broadening the costing perspective from NHS and PSS
to a societal perspective. This included other private health-care costs, private equipment purchases,
OTC medication and other costs. Income losses were omitted owing to the lack of data for this
variable. In terms of cost-effectiveness, this further strengthens the case for cost-effectiveness, with
the intervention continuing to dominate usual care. The results of the cost-effectiveness analysis are
presented in Appendix 3, Figures 13 and 14. As can be seen from the CEAC, the intervention at a
threshold of £20,000 per QALY has an 83% chance of being more cost-effective than usual care when
costed from a societal perspective.

Secondary analysis 4: including training cost
Across the 17 sites, a total of 312 hours of training time were accounted for, including the time of the
trainers. The inclusion of these costs led to an increase in costs per participant in the exercise group of
£55.54. As shown in Appendix 3, Figures 15 and 16, the inclusion of training costs had very little impact
on the results of the cost-effectiveness analysis. In this analysis the probability of the intervention
being cost-effective at a cost-per-QALY threshold of £20,000 falls marginally, to 76.8%.

Secondary analysis 5: excluding high-cost cancer treatment
This analysis considered a narrower costing perspective limited to those costs that are most likely to
be affected by shoulder problems, such as upper limb stiffness and pain, rather than cancer more
generally. This led to much lower cost estimates, with the mean costs falling to £732 (95% CI £649 to
£815) per person. In this analysis, the intervention was associated with an increased cost per person of
£106 (95% CI –£49 to £262). As shown in Appendix 3, Figures 17 and 18, at this limited cost perspective
the probability of the intervention being cost-effective at a cost-per-QALY threshold of £20,000 per QALY
increases to 97%. This reflects the low costs and reduced uncertainty around cost-estimates within this
analysis while QALYs remain the same.

Secondary analysis 6: using Hospital Episode Statistics costs for hospital care
This analysis used HES data to calculate hospital costs instead of CSRI data. Given the timescales
involved in obtaining HES data within the trial timeline, it was possible to obtain full 12-month data for
only 242 (62%) of the recruited participants. According to this analysis, costs were slightly higher in
the exercise group (£166), with a great deal of uncertainty surrounding the estimate (95% CI –£3849
to £4181). This is reflected in the CEAC shown in Appendix 3, Figure 19, in which the CEAC, while
maintaining similar overall shape to the primary analysis, has shifted downwards slightly. This reflects
the increased costs and smaller sample size, which manifest in increased levels of uncertainty.
However, there remains a 62% chance that the intervention is more cost-effective than usual care at
a threshold of £30,000 per QALY.
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Discussion

This economic evaluation examined the costs and outcomes associated with the PROSPER exercise
intervention in comparison with usual care. A multilevel net benefit regression framework was used
to assess the cost-effectiveness of the intervention and to estimate the uncertainty surrounding the
results. The results found that the exercise intervention was cost-effective compared with usual care,
with the exercise intervention in the primary analysis having a 78% chance of being the more cost-
effective option at the NICE cost-effectiveness threshold of £20,000 per QALY.126 The results were
robust to a range of sensitivity analyses. Given that the EQ-5D-5L utility scores were diverging at the
final time point, it is reasonable to assume that these estimates are conservative. This is reinforced by
secondary analysis 5, which found that there was a 97% chance of cost-effectiveness when excluding
likely non-attributable costs (e.g. high-cost cancer treatments and inpatient surgery), which drove much
of the uncertainty around the cost estimates in the other analyses.

There were a number of challenges in conducting this economic analysis. First, the hierarchical nature
of the data resulting from being a cluster RCT provided methodological challenges. To account for this,
a multilevel net benefit framework that adjusted for baseline differences in addition to clustering was
used. Although the number of missing EQ-5D-5L data as relatively small, a significant number of data
for health-care usage were missing, as is common within trials. To address this, multiple imputation was
used to make the most of available data while retaining uncertainty. Although the cost-effectiveness
estimates were favourable, there was a large uncertainty surrounding incremental cost estimates. This
is probably because of the high cost and variable nature of breast cancer treatments, whereby certain
cancer treatments unrelated to the rehabilitation of the shoulder post surgery account for the vast majority
of costs. Consequently, to focus on costs that are more likely to be attributable to shoulder pain and its
rehabilitation, we conducted a secondary analysis that included only those costs that might plausibly be
related to shoulder pain and discomfort. In this analysis, there was much less uncertainty around cost
estimates, which resulted in a very high probability of the intervention being cost-effective (97%).

This chapter has reported the results for the trial-based analysis. A limitation to this is that the EQ-5D-5L
utility scores had not converged by the final time point. Given that participants in the exercise group were
still in a better health state at the final time point than those in the usual-care group, and costs were
incurred largely upfront, it is likely that the strength of evidence for cost-effectiveness would be stronger
still if longer-term follow-up was conducted. This is an avenue for future research and as part of this study
we are conducting an additional beyond-trial time point outcome data collection. A further limitation
was that linear interpolation was specified as the method for calculating QALYs, as the time between
each follow-up was significant and trajectories may not follow a linear pattern. Given the prolonged
nature of treatment in this cohort, we, however, felt that this was the best approximation with the data
we had. Finally, there is still debate about the validity of the EQ-5D-5L.137 At the inception of the study
this measure was recommended by NICE126 and hence was chosen to ‘futureproof’ results. The use of
the three-level version, however, may have given slightly different results. Given the difference in QALYs
between the two groups, we do not anticipate that this would have meaningfully changed the results.
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Chapter 7 Discussion

Study findings and key messages

To our knowledge, this is the first large-scale, multicentre, pragmatic, definitive trial to investigate the
clinical effectiveness and cost-effectiveness of an early structured exercise programme for women
at higher risk of shoulder problems after breast cancer surgery. We delivered the trial in an NHS
setting, across 17 breast cancer centres within secondary care services. Treatments were delivered
by physiotherapists independent of multidisciplinary oncology teams. We aimed to provide evidence
of whether or not early postoperative physiotherapy, currently not offered to women undergoing
non-reconstructive breast surgery, is a clinically effective and cost-effective use of NHS resources.

We found evidence that the exercise programme led to greater intermediate and longer-term benefits
on upper limb function, postoperative pain, arm symptoms and QoL than information leaflets only.
Exercises started within 10 days of surgery were not associated with increased risk of wound-related
AEs at 6 weeks or chronic AEs, such as lymphoedema, over 1 year. Overall, our results suggest that
physiotherapy-supported exercise is a cost-effective intervention for women undergoing invasive cancer
treatments, particularly treatments targeting the axilla, which can increase the risk of shoulder problems.

Key findings from the trial are discussed below. We consider issues relating to recruitment, uptake
and retention, and also potential threats to the internal and external validity of the study. We also
consider the characteristics of trial participants, the implications of losses to follow-up, and intervention
adherence and fidelity. We then discuss our findings in relation to the current literature. Finally, we
consider the clinical implications of our findings on recommendations for breast cancer care.

Recruitment uptake

A total of 951 patients were screened in the clinical setting and, of these, 190 (20%) were deemed
ineligible for the trial. The main reasons for ineligibility were not being at higher risk of shoulder problems
and opting for immediate breast reconstruction surgery. Current UK guidance62 now recommends that
all women undergoing mastectomy should be offered either immediate or delayed breast reconstruction
and rates of immediate implant-based reconstruction surgery have doubled in England since 2005.138

Of those eligible to participate, a proportion of women were given study materials but had limited time to
consider the information (43/761; 6%). Recruitment staff did not always record the specific reason for
non-participation (77/761; 10%). Time from diagnostic testing of breast cancer to surgery can be rapid,
within weeks, as per recommended NHS cancer referral and treatment guidelines.3 Evidence from
the US139 suggests that fewer than 1 in 20 cancer patients approached to take part in clinical trials are
actually enrolled, although a recent meta-analysis suggested uptake to cancer clinical trials was nearer
8%.140 Enrolment and uptake into prevention trials and trials testing exercise interventions can present
additional challenges, such as the discounting of future perceived benefits,141 particularly when faced
with a distressing diagnosis. Other known barriers to participation in cancer clinical trials include
structural (e.g. access), clinical and attitudinal (physician and patient) factors.140

Of those eligible and approached, 270 out of 761 (35%) women declined to participate. Before starting
PROSPER, we considered the findings of a single-centre RCT67 conducted in the NHS in England,
in which two exercise programmes were compared after ANC surgery. The authors reported low
recruitment, with 64% of 345 women invited declining participation.67 Timing of invitation was cited as
a key issue, with women being distressed or more concerned with their immediate cancer treatment or
pending surgery when approached preoperatively.67 These authors recommended approaching women
to participate in research after breast cancer surgery.
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For PROSPER, we incorporated pre-pilot interviews with patients and BCNs specifically to inform our
recruitment procedures and development of trial materials. Based on the literature and interview findings,
we opted to screen and recruit women preoperatively. Most breast cancer surgery is undertaken as short-
stay or day-case surgery, as per the NHS 23-hour ambulatory care model; thus, postoperative recruitment
would be challenging. Consequently, uptake to PROSPER was good, with 59% (392/662) of women actually
approached by clinical/research staff about the study agreeing to take part. Our materials explained
equipoise, but also that, if allocated to the exercise intervention, participants would then be supported
by a trained physiotherapist with flexible appointments arranged around routine clinical follow-ups.

Participant retention

Although uptake was good, eight participants were randomised in error and two allocated to the exercise
group declined when notified of their treatment allocation. In all cases, errors in randomisation or declining
to participate occurred on the day of randomisation and no further data were collected. An additional 8%
of randomised participants were lost because they did not return their baseline questionnaires, and thus
the baseline DASH scores required for treatment group comparison over time could not be calculated.
These losses mostly occurred during the internal pilot study, when procedures were being refined.We
extended recruitment by 1 month to achieve the required sample size of 350.We analysed data according
to the ITT principle of allocated treatment, irrespective of subsequent non-compliance, and without
imputation. Imputation for data missingness did not change the strength or direction of our estimates.
Unlike other surgical trials, we did not undertake a modified ITT142 (excluding the 10 randomisations
in error and those withdrawn at point of randomisation) or a per-protocol analysis, although the
compliance-based approach does provide a realistic estimate of those who complied with treatment.

Response rates to follow-up postal questionnaires were lower than predicted, increasing the risk of
attrition bias.We predicted a 25% loss to follow-up at 1 year, based on other clinical trials investigating
exercise interventions.67 However, we observed a slightly higher loss to follow-up, with 70% (274/392)
of our randomised sample returning final 12-month questionnaires (although this equated to 78% of those
returning baseline data). Despite losses, the trial was sufficiently powered, as the required sample size
was calculated to be 256 participants at 12 months. Rates of withdrawal were comparable by treatment
group, and reasons for withdrawing were mostly cited as treatment burden, including being informed of
a cancer recurrence, or that women did not want to complete questionnaires during adjuvant treatment.

Risk screening criteria

Only women at high risk of developing shoulder problems after breast cancer treatment were eligible
to take part in the study. We developed our own criteria, based on the published literature, to
determine future risk of developing shoulder problems. Screening criteria were applied preoperatively,
based on planned cancer treatment pathways. Over half of participants (59%) were booked for ANC
surgery when recruited, although actual cancer treatments delivered after randomisation differed from
preoperative treatment plans. A total of 327 out of 392 (83%) of women underwent ANC, thus we are
confident that we recruited those who were, indeed, at higher risk of developing shoulder problems.
One-third of women had both ANC and radiotherapy to the axilla/supraclavicular area, regardless of
other entry criteria. A high proportion (75%) of women were screened as being overweight or obese,
having a BMI of ≥ 25 kg/m2. Preoperative height and weight were recorded at preoperative clinics and
used by clinical teams for risk screening. We also captured patient-reported height and weight from
baseline questionnaires. Patient-reported BMI was marginally lower than clinically recorded data
(72% overweight/obese). Cancer treatment covered a wide spectrum and different combinations of
modalities, including repeated surgeries, adjuvant chemotherapy, radiotherapy and hormonal therapy.
Although treatment modality and sociodemographic variables were well balanced across treatment
groups at baseline, we noted differences between planned and actual cancer treatments delivered over
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the 12-month follow-up. For example, a higher proportion of women in the exercise group underwent
mastectomy (44%) than those randomised to usual care (38%), and thus those in the exercise group
were more likely to have more extensive breast surgery and less likely to have breast-conserving
procedures with adjuvant therapy. We adjusted for cancer treatment in all analyses. We also noted
differences in proportions of participants reporting a history of shoulder problems, although this was
not reflected in baseline DASH scores. We did not stratify allocation by risk criteria; therefore, some
random variation is expected. Nevertheless, we undertook sensitivity analyses to explore this further,
but adjustment for self-reported shoulder problems did not change effect estimates.

Almost one-quarter of women (22%) underwent repeat surgery; this reoperation rate is similar to
that reported across 156 NHS trusts for women having breast conserving procedures over a 3-year
period (20%; 95% CI 19.6% to 20.3%), with higher repeat surgery rates (30%) noted after invasive
cancer surgery.138 Within PROSPER, reoperations were mostly revisions of tumour resection margins
undertaken as an additional day-case procedure. Five women opted for a delayed breast reconstruction.
No adjustment was undertaken for revisional surgeries, as these were equally distributed by treatment
group and all statistical analyses were adjusted based on the most invasive breast and axillary procedure
over follow-up. For intervention participants already following the exercise programme, physiotherapists
advised them to restart exercises from the 7th postoperative day after revisional surgery.

Participant characteristics

Our recruited sample had a mean age of 58 years and were, thus, representative of newly diagnosed
breast cancer patients.1 Over one-quarter (28%) of women were < 50 years. Among our sample
returning baseline questionnaires, participants were predominantly white (92%), although we had fair
representation from the black and ethnic minority population (8%) relative to national English statistics
(UK Census data: 86% white).143 As described, most women were overweight/obese and were relatively
inactive in the week prior to recruitment. Three-quarters (76%) reported not taking part in any
physical activities or sport, such as dancing, swimming, jogging, cycling or tennis. We are confident,
therefore, that we did not recruit a sample of highly active women who exercised regularly. This may
be important when considering generalisability and wider implementation of the intervention, as well
as the longer-term potential health benefits from promoting physical activity. Other studies have
shown that physical activity declines after a breast cancer diagnosis and during treatment.144 Women
receiving adjuvant treatment are least likely to remain physically active; one large cohort study found
that physical activity halved in those receiving both radiotherapy and chemotherapy.145

Despite being relatively inactive in the week before recruitment, our participant sample were confident
that they would return to usual activities and/or regular physical activity in the future, after cancer
treatment. Confidence scores were higher in the exercise group than in the usual-care group across
all postoperative time points. Some argue that the time of diagnosis is the window of opportunity to
identify and motivate sedentary patients with breast (and colon) cancer, to target motivational support
and sustain lifestyle changes.146 Having confidence in ability to return to future activity is therefore an
important consideration for encouraging behaviour change.

We found differences in rates of outdoor walking between groups over time, with higher rates of activity in
the exercise group than in the usual-care group at 6 weeks and 6 months, but rates were broadly similar
at 1 year. Light and moderate physical activity, as encouraged within the PROSPER exercise programme,
has been associated with improved QoL.147 Interestingly, at the 1-year follow-up, the majority of women
reported that the arm and shoulder exercises had helped their recovery, suggesting that participants in
both treatment groups attributed at least some of their recovery to exercise.We can assume that those in
the exercise programme undertook their prescribed exercises, but we cannot know what exercises those
in the usual-care group were following. Although women in the usual-care group perceived their exercises
as being helpful to their recovery, these did not have the same impact on their upper limb disability
(as measured by the DASH scale) as the structured, supported programme.
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Health-related quality of life

Our sample had lower QoL scores on recruitment than population normative scores for UK females
aged 45–64 years [SF-12 PCS 49.1 (SD 10.6); MCS 51.4 (SD 9.8)].148 We observed lower scores in our
sample for mental health at recruitment than at 6 and 12 months and also when compared with population
normative scores for women < 45 years and > 64 years.148 These lower scores at baseline may reflect
diagnosis-related distress and pending cancer surgery.149 QoL scores were lower at the 6-month follow-up
than at 1 year, reflecting the impact of ongoing adjuvant treatment. Among postal responders, item
missingness was low for SF-12 data at baseline (4%), 6 months (5%) and 12 months (6%). We followed
validated scoring guidelines for all standardised measures. Comparison of complete-case and imputed
data for EQ-5D-5L scores used in the cost-effectiveness analysis did not change estimates. At 12 months,
the exercise group had significantly better physical QoL than women receiving usual care.

Exercise intervention: uptake and adherence

Usual NHS postoperative care for non-reconstructive breast surgery is written information about
exercise, and referrals are made to physiotherapy only when a problem has been identified.
We designed an exercise programme cognisant of busy physiotherapy clinics and what could
reasonably be offered within the NHS. The exercise programme was planned to start after the
first postoperative week and continue throughout cancer treatment. Uptake of the intervention
was excellent, with 181 out of 196 (92%) of those randomised attending at least one appointment
with their physiotherapist (95% of referred). Despite the known barriers to exercise during cancer
treatment, adherence to the programme was good. Twenty per cent of participants either withdrew or
were discharged after two appointments, and the remainder completed three or more physiotherapy
sessions (143/191; 75%). The adherence rate was higher than those reported in other trials testing
exercise intervention with patients with breast cancer.150,151 We recommended that women continue
with shoulder-specific exercises and physical activity for up to 12 months, despite the fact that
symptom burden, such as fatigue and other side effects caused by chemotherapy, may overwhelm the
motivation to exercise.146

All participants were advised to restrict arm movements for the first postoperative week to avoid the
risk of increasing wound drainage.12 There is debate around the optimal timing to start exercise in
relation to cancer surgery.152 Our findings show that unrestricted ROM shoulder exercises started at
7–10 days postoperatively did not increase the risk of self-reported wound-related AEs at 6 weeks.
Physiotherapists notified the study team of six adverse events (6/191; 3%), although four of the six
women who experienced postoperative events continued with the exercise programme. We did not
objectively measure postoperative wound drainage (volume or duration), as this would have required
additional hospital clinic visits. For women requiring additional surgery after starting the exercise
programme, physiotherapists advised that they restart the programme from the 7th postoperative day.
The intervention was designed such that face-to-face appointments were strategically planned to allow
controlled, supervised progression of exercise difficulty while dovetailing with routine oncological
follow-up. We used the frequency, intensity, time and type (FITT) principle to prescribe and tailor
the exercise programme. The programme was adaptable and flexible, and thus could be adjusted in
accordance with individual needs, preferences and cancer treatments.

Comparison of findings with other studies

We found evidence of improved upper limb function, lower intensity acute pain, reduced chronic pain,
fewer arm symptoms and improved QoL in the exercise group over 1 year. We found statistically
significant differences between groups for the DASH score at 6 and 12 months; the mean difference
at 12 months was greater than the estimate specified a priori as the MCID. We defined MCID as a
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7-point difference and our primary and sensitivity analyses confirmed this difference. Other studies38

suggest that slightly larger differences are clinically meaningful but in relation to those with other
chronic conditions receiving different interventions with shorter follow-up time periods. We specified
7 points to account for the pragmatic nature of the trial and the longer duration of follow-up of over
1 year. This was also to account for the prolonged and complex cancer treatment pathways after
primary surgery. We are confident of some benefit from our programme, with CIs suggesting evidence
of benefit in total DASH score, and also for impairment, activity limitations and participant restriction
subscores, although CIs were wider for subscores.

The primary source of evidence for exercise after breast cancer treatment remains the Cochrane
review,12 which is now out of date given that at least 10 RCTs have since been registered or completed,
as per our literature review update. Our findings are similar to findings from some small trials comparing
exercise programmes to either non-active or information-only control groups.14 For example, the small
Dutch trial41 that we used for our sample size calculation compared a shoulder exercise programme
with information leaflets on outcomes at 3 and 6 months in 30 women. The authors reported improved
ROM and strength and lower pain scores in the exercise group, with a similar difference in DASH scores
(unadjusted MD –9.0; p = 0.03; n = 30 participants) at 6 months after exercise41 to that observed in
PROSPER (adjusted MD –8.74; p = 0.001; n = 235 CACE analysis).

Other trials have recruited patients to exercise postoperatively, either during or months after completion
of adjuvant therapy.12 ROM exercises are important to maintain shoulder mobility and to avoid common
problems related to axillary surgery, such as axillary web syndrome.We found evidence of progression in
ROM exercise difficulty, but this was not captured in the work capacity outcome. Participants increased
the difficulty of exercises over subsequent appointments but maintained the same number of repetitions
and sets. We observed improvements in strength over time using our composite measure of work capacity
(incorporating band resistance) among intervention compliers. Strength exercises are important to
maintain muscle strength and mass during cancer treatments; chemotherapy can reduce upper limb
strength by as much as 16%.80 A recent systematic review,153 based on several small trials with short-term
follow-up, concluded that there was low-level evidence regarding the effectiveness of range of motion
and muscle strength exercises to improve arm function. Our findings suggest that an early, structured,
progressive exercise programme is beneficial for improving upper arm function in those who are at
highest risk of shoulder problems and these findings are clinically relevant.

Intervention fidelity

Intervention fidelity is an important consideration for complex intervention trials. Multicentre trials
delivering complex interventions are more vulnerable than studies testing simple interventions, being
at greater risk of not being implemented as intended.154 We developed clear treatment pathways and
protocols throughout the first year, thus developing and testing the exercise intervention, incorporating
multidisciplinary expert and patient input to co-design a programme suitable for delivery within the
NHS. Some intervention elements were novel for physiotherapy staff, for example behavioural change
strategies and co-decision of exercise prescription to encourage adherence. Although participating
physiotherapists were experts in the management of musculoskeletal conditions, none was formally
embedded within oncology services. Each physiotherapist completed training and achieved the required
competence before training certificates were signed. Quality of training delivered was assessed and adapted
during the internal pilot study.We provided clear supportive materials (e.g. laminated prompt sheets for
motivational interviewing, ROM, strength assessment etc.). We did not undertake video recordings of
participant consultations, as this may have affected adherence, particularly given the sensitive nature of
consultations. Qualitative interviews revealed that some women became emotional during appointments,
particularly in the earlier postoperative assessments, when adjusting to their new body image.We are
confident, through our quality assurance procedures, that physiotherapists adhered to and prescribed the
recommended programme.We are also confident that our intervention is ‘futureproof’, given that women
underwent contemporaneous cancer treatment for those requiring invasive axillary treatment.
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Qualitative findings

We included the qualitative study to explore insights and perspectives from patients and health-care
providers taking part in the trial. Women described feeling motivated to comply with the exercise
programme because they felt that it contributed to their overall well-being and recovery. Women also
reported that it was something that they could achieve themselves during cancer treatment, thus
having control over their own body rather than passively receiving cancer treatments. Physiotherapists
described the exercise programme as rewarding; they enjoyed providing support and encouragement
to women and reassuring them that it was safe to move their arm after surgery. Other positives
described by physiotherapists included the longer appointment sessions and emphasis on patient
choice and joint decision-making. Several issues for future implementation within the NHS setting
were identified: the need for a private space for appointments, access to emotional support for
physiotherapists and integration of physiotherapy expertise within the multidisciplinary oncology team.

Strengths of the study

The strengths of the study included the methodological rigour, excellent uptake of exercise and good
adherence to interventions over time. Clinical data confirmed that most of our recruited sample had
axillary surgery or radiotherapy treatment; only 14% were recruited for other risk factors (obesity or
shoulder problems only). Although we cannot fully eliminate the risk of selection bias, we believe that
the risk of bias was low, as randomisation was stratified by site and we avoided the use of permuted
blocks. A major strength was the effort invested in the production of a well-designed programme with
high-quality intervention materials packaged as a deliverable, stand-alone treatment programme.
The intervention was delivered by NHS staff with the aim of testing the programme in an everyday
clinical setting. We carefully tracked treatment referrals and monitored compliance. We incorporated
an embedded processes valuation with qualitative interviews to better understand the challenges and
acceptability of our interventions from the perspectives of both patients and physiotherapists. For the
health economic analyses, data were triangulated from multiple sources: self-report and clinical records
and routine national statistics via HES data. We undertook sensitivity analyses and also explored the
impact of imputation for missingness, but these analyses did not change our findings.

Limitations

The main limitation of the trial was the loss to follow-up over study duration, being 5% higher than
predicted. Although disappointing, losses to follow-up were equally distributed by treatment allocation;
therefore, we are confident that systematic error (attrition bias) from disproportionate losses did not occur.
Drop-out mostly occurred between 6 weeks and 6 months during ongoing cancer treatments, with minimal
loss thereafter (2%).We compared the characteristics of the randomised sample with those of participants
remaining in the trial at 12 months and found no differences in marital status, comorbidity, body weight or
cancer treatments. However, younger women were more likely to withdraw, possibly because of family or
work commitments.We could postulate that younger women are possibly more physically active in general
or less in need of a supportive exercise intervention throughout cancer treatment. However, evidence from
many studies suggests that younger women are more likely to experience more problems with functional
limitations,155 delayed return to work, declines in physical activity156 and chronic post-surgical pain.13,15

Nevertheless, strategies to encourage adherence to exercise during periods of intensive treatment,
chemotherapy in particular, should be explored. Despite losses, the trial study was adequately powered
to be definitive and we completed all prespecified statistical analyses. We made one amendment to the
statistical analysis plan after protocol publication to adjust for baseline values. We observed consistency in
findings across a range of patient-reported outcomes, all of which support rejection of the null hypothesis.
Another limitation was that we used self-report indicators for the secondary outcome of lymphoedema,
rather than objective perometry, although our primary focus was to assess patient-reported upper limb
function as per the commissioned brief.
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Cost-effectiveness findings

Exercise was found to be more cost-effective than usual care, with the exercise intervention having a
78% chance of being the more cost-effective option at the NICE-recommended cost-effectiveness
threshold of £20,000 per QALY, and an 84% chance at £30,000 per QALY. These results were robust
to a range of sensitivity analyses. The intervention itself was relatively cheap to implement, at an
additional £129 per person, and was associated with lower health-care costs and improved HRQoL.
As QoL utility scores were diverging at the 12-month follow-up, we conclude that these estimates are
conservative as benefits may accrue beyond the end of the trial.

Patient and public involvement

We included lay members in our external committees and at all stages throughout the trial.
We included PPI in the design stage and during early intervention development. A patient
dissemination event was planned at the University of Warwick to feed back study findings to trial
participants. This was postponed because of coronavirus but will be rearranged in due course.
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Chapter 8 Conclusion

This high-quality, multicentre RCT recruited 392 women at high risk of developing shoulder
problems after breast cancer treatment from 17 breast cancer centres in England. We found that

an early, structured exercise programme improved upper limb function, pain reduction and QoL at
1 year after breast cancer surgery compared with usual care. Supported exercise started from the first
postoperative week was safe; no SAEs were reported and exercise did not increase the risk of surgical
site infections or lymphoedema. Exercise was relatively cheap to implement (£129 per participant) and
associated with lower health-care costs and improved HRQoL. Thus, our economic analyses found that
exercise was cost-effective relative to usual care.

We conclude that for women undergoing invasive axillary procedures or who are at risk of developing
shoulder and upper limb related problems after non-reconstructive breast surgery, this trial provided
robust evidence that referral for early physiotherapy can lead to improvements in upper limb function
and QoL at 1 year.

Future research should evaluate wider implementation of the PROSPER exercise programme in clinical
practice for those at highest risk of shoulder problems.
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Patient data

This work uses data provided by patients and collected by the NHS as part of their care and
support. Using patient data is vital to improve health and care for everyone. There is huge potential
to make better use of information from people’s patient records, to understand more about disease,
develop new treatments, monitor safety, and plan NHS services. Patient data should be kept safe
and secure, to protect everyone’s privacy, and it’s important that there are safeguards to make
sure that it is stored and used responsibly. Everyone should be able to find out about how patient
data are used. #datasaveslives You can find out more about the background to this citation here:
https://understandingpatientdata.org.uk/data-citation.
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Appendix 1 Recruitment centre by
hospital and NHS trust

Code Hospital and trust

BCH City Hospital, Sandwell and West Birmingham NHS Trust

BTH Burnley General Teaching Hospital, East Lancashire Hospitals NHS Trust

CRH Chesterfield Hospital, Chesterfield Royal Hospital NHS Foundation Trust

DCH Dorset County Hospital, Dorset NHS Foundation Trust

GEH George Eliot Hospital NHS Trust

HCH Hereford County Hospital, Wye Valley NHS Trust

HH Hillingdon Hospital, The Hillingdon Hospitals NHS Foundation Trust

MDH Macclesfield District General Hospital, East Cheshire NHS Trust

MKH Milton Keynes University Hospital NHS Foundation Trust

MPH Musgrove Park Hospital, Taunton and Somerset NHS Foundation Trust

NCH New Cross Hospital, The Royal Wolverhampton NHS Trust

OUH Churchill Hospital, Oxford University Hospital NHS Foundation Trust

QAH Queen Alexandra Hospital, Portsmouth Hospitals NHS Trust

RCH St Michael’s Hospital, Royal Cornwall Hospitals NHS Trust

RSH Royal Stoke Hospital, University Hospitals of North Midlands NHS Trust

UHC University Hospital Coventry, Coventry and Warwickshire NHS Trust

WMH Manor Hospital, Walsall Healthcare NHS Trust
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Appendix 2 Range of movement exercises
by intervention compliance

Exercises

Intervention compliance, n (%)

Compliers Partial compliers

First
appointment

Second
appointment

Third
appointment

Fourth
appointment

First
appointment

Second
appointment

Flexion

Number of
participants

152 150 147 86 32 19

Easy 99 (65.1) 83 (55.3) 69 (46.9) 40 (46.5) 29 (90.6) 11 (57.9)

Intermediate 36 (23.7) 46 (30.7) 53 (36.1) 31 (38.0) 3 (9.4) 7 (36.8)

Missing 17 (11.2) 21 (14.0) 25 (17.0) 15 (17.4) 0 (0.0) 1 (5.3)

Abduction

Number of
participants

148 148 148 88 32 19

Easy 94 (63.5) 70 (47.3) 55 (37.2) 35 (39.8) 27 (84.4) 11 (57.9)

Intermediate 10 (6.8) 21 (14.2) 11 (7.4) 8 (9.1) 0 (0.0) 3 (15.8)

Advanced 15 (10.1) 17 (11.5) 34 (23.0) 17 (19.3) 1 (3.1) 1 (5.3)

Very advanced 10 (6.8) 18 (12.2) 23 (15.5) 12 (13.6) 0 (0.0) 2 (10.5)

Missing 19 (12.8) 22 (14.9) 25 (16.9) 16 (18.2) 4 (12.5) 2 (10.5)

Abduction and external rotation

Number of
participants

146 144 140 82 32 19

Easy 96 (65.8) 58 (40.3) 38 (27.1) 24 (29.3) 22 (68.8) 5 (26.3)

Intermediate 32 (21.9) 64 (44.4) 74 (52.9) 41 (50.0) 7 (21.9) 11 (57.9)

Missing 18 (12.3) 22 (15.3) 28 (20.0) 17 (20.7) 3 (9.4) 3 (15.8)
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Appendix 3 Health economics
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FIGURE 11 Secondary analysis 1: complete-case analysis.
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FIGURE 12 Secondary analysis 1: complete-case analysis CEAC.
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FIGURE 13 Sensitivity analysis 3: including societal costs, CEAC.
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FIGURE 14 Sensitivity analysis 3: including societal costs, net benefit by WTP.
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FIGURE 15 Sensitivity analysis 4: including training costs, CEAC.
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FIGURE 16 Sensitivity analysis 4: including training costs, net benefit analysis.
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FIGURE 17 Sensitivity analysis 5: excluding high costs cancer costs, CEAC.
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FIGURE 18 Sensitivity analysis 5: excluding high costs cancer costs, net benefit by WTP.
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FIGURE 19 Sensitivity analysis 6: using HES data for hospital costs, CEAC.
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