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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.

SCIENTIFIC SUMMARY: THE PROSPER RCT

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

vi



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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